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1. BASIC FACTS

The software described in this manual is distributed in one of two ways. For the PC market (Windows,
MS-DOS, 0S/2) the product is distributed in binary executable format. For all other platforms, it is dis-

tributed in shrouded C source code format and is known as FlexeLint. We use the term PC-lint/FlexeLint
throughout this manua as a generic term to identify behavior that is common to both systems.

PC-lint/FlexeLint is a software package that finds erratain C and C++ programs consisting of one or more
modules. It usesK&R [1] and ANSI [2] asthe assumed standard for C with historical allowances for K&R
C [1]. It usesthe ANSI/ISO committee document [10] as the standard for C++. A number of features of
the C '99 standard [4] have been incorporated in the product but we do not, at this date, support al of C
'99.

Total memory requirements will depend on the size of user programs. In particular, the storage require-
ments to a first approximation depend upon the size of header files. A crude estimate of storage usageis
1Mb of additiond available memory for each 2000 lines of header files.

The PC-lint package includes three executables: a Windows executable, a DOS-extended executable and
an OS/2 32-hit executable. The Windows executable runs as a 32-bit console application under Windows.
The DOS extended executable runs under MS-DOS and uses 80386 DOS extender technology to access all
the extended memory available. The OS2 32-bit executable runs only under OS/2.

The FlexeLint package consisting primarily of C source code may be compiled for any system. Details
concerning such installation can be found in the "FlexeLint Installation Guide" (AKA "FlexeLint Installa-
tion Notes") that is provided with the package.

1.1 About the Document

Our on-line document (which you are reading now) also serves as on-line help. Although it requires an
Adobe Acrobat Reader (TM), it hasthe great advantage of portability across many systems.

Several navigational aides may not beimmediately obvious. Both the Table of Contents and the Index are
clickable. Thus, if you find an index item you can click on each of the page numbers to take you rapidly to
the indicated page.

To get back from your excursion, you need to use the relatively non-intuitive:

Control + Left-Arrow.

Thisis, of course, documented and it is even amenu item (Document, Go Back). However, for folks com-
ing from aweb browser, where backing up is blatantly obvious, this subtlety desires pointing out.



2. INTRODUCTION

PC-lint/FlexeLint finds quirks, idiosyncrasies, glitches and bugsin C and C++ programs. The purpose of
such analysis is to determine potential problems in such programs before integration or porting, or to
reveal unusual constructs that may be a source of subtle and, yet, undetected errors. Because it looks
across several modules rather than just one, it can determine things that a compiler cannot. It is normally
much fussier about many details than a compiler wants to be.

2.1 An Example

Consider the following C/C++ program (we have deliberately kept this example small and comprehensi-
ble):

1:

2: char *report( short m short n, char *p)
3: {

4. int result;

5: char *tenp;

6: I ong nm

7: int i, k, kk;

8: char name[11] = "Joe Jakeson";
9:

10: nm=n*m

11: tenp = p ="" 2?2 "null" : p;
12: for( i =0; i <nm i++)

13: { k++; kk =1i; }

14: if( k==1) result = nm

15: else if( kk >0 ) result = 1;
16: else if( kk <0 ) result = -1;
17: if( m==result ) return tenp;
18: el se return nane;

19: }

Asfar asmost compilersare concerned, itisavalid C (or C++) program. However, it has anumber of sub-
tle errors and question marksthat will be reported upon by PC-lint/FlexeLint.

The string assigned to nane[ 11] in line 8 drops the nul character; the multiplication in line 10 unexpect-
edly loses precision even if | ong are longer than i nt ; the comparisonin line 11 is flawed; variablek in line
13 had not yet been initialized; variablekk in line 15 is conceivably not initialized; variable resul t inline
17 is possibly uninitialized; and the address of anaut o is being returned in line 18.



Most C programmers can readily identify such irregularities in small programs. However, picking out
such flaws in programs tens and hundreds of thousands of lines long is ajob more appropriate to machine
than man ... or madam.

2.2 A Lint for C++

C++ isan extraordinary language. No less acomputer authority than Ray Duncan has called the language
"one of the most grotesque and cryptic languages ever created".

Nonetheless, if C++ did not exist it would have to be created. Whereas C is a remarkably powerful sys-
tems programming language, it does not have complex numbers like Fortran, or strings like Basic, or sub-
script bounds checking like Pascal or the Objects of Smalltalk. With C++, you do not have these things
either but you have something more important ... the ability to create these and many other programming
constructs that a particular problem domain may require. With all this power there is bound to be a mix-
ture of confusion, reckless hype, sorrowful disappointment, exaggerated claims, total rejection, and
extreme euphoria.

Thiswriter is confident that, in time, the language and its capabilities will be better understood and that its
snares and pitfallswill be more readily identified. Itisour hope that PC-lint/FlexeLint can make its contri-
bution toward these ends, particularly the latter.

The original raison d'etre for lint was the relatively loose type checking of the original K&R C language
and the multiple module (independently compiled) approach to large C programming. Lint filled these two
needs by providing both stricter type checking within modules and cross-checking among several modules.
ANSI C, to some extent, and C++, to a much greater extent, offer stricter type checking. Pointers can no
longer masquerade asi nt or as anything other than as a pointer to the type to which it points; enumcannot
freely be mixed with i nt ; functions require a prototype and through name mangling, the prototypes must
agree across modules. Even the type-looseprintf () andscanf () can bereplaced by their type-safei os-

tream h equivalentscout and ci n. What isthereleft for alint to do?

While compiler technology has evolved to insure against the kinds of errors that lints would find 10 years
ago, lint tools too have evolved. To take a very crude measure, the 27 warnings and 9 informational mes-
sages of the original PC-lint in 1985 have grown to 229 warnings and 162 informational messages in its
current release. While severa of these messages are no longer relevant to C++ coding, most still are. For
example, expression analysis includes alookout for unusual combinations of operators, order of evaluation
problems, loss of precision, signed/unsigned mismatches, unusua constants, suspicious comparisons,
unusual indentation, suspicious truncation, unintended name hiding, suspiciousinitialization, inappropriate
use of pointers to auto variables and macro irregul arities.

In spite of C++'smany sophisticated features, it is still possible to create buggy programs. The type-check-
ing in C++ is gtill not as gtrict as in, say, Pascal but by using PC-lint/FlexeLint's strong type option (See
Chapter 8. STRONG TYPES.) type checking can be made arbitrarily strict. Uninitialized variables can

still be a problem with C++. Our original simple scan for uninitialized variables has been replaced by a
sophisticated flow-of-control analysis aimed at uncovering pathways that could lead to a variable being

used before initialization. See Section 9.1 Initialization Tracking.



With version 7.00 we introduced, for thefirst timein any lint, inter-statement value tracking. By this, vari-
able values and member values can be remembered or deduced. If later, such values are inappropriate for
a particular context so that, for example, they could cause an out-of-range subscript or an access of a

NULL pointer, an appropriate message can be given. See Section 9.2 Value Tracking. As an enabling
technology, value tracking can be used to check the calls to alarge number of standard library functions.
In addition, these checks can betransferred to user functions. See Section 10.1 Function Mimicry (-func-
tion).

PC-lint/FlexeLint can look across multiple modules. Even if all functions have been prototyped, declara-
tion mismatches of function and data can still occur across modules and this can lead to mysterious pro-
gram behavior. Global data may not have been initialized or not accessed; prototypes may have
unanticipated conversions; etc. At the very least, macros, enumeration constants, declarations, etc. may

remain unused or declared redundantly. Often such inconsistencies can be the tip-off to a more serious
problem.

Some features of C++ lend themselves to a static analysis that was not possible with C. The value of data
members can be tracked, at least within member functions. Constructors can be presumed to operate on
virgin data allowing us to report on the use of not-yet-initialized data members and the fact that data mem-
bers have not been initialized at al. Destructors are places where resources should be freed allowing usto
report on undel eted pointers.

Finally, C++ itself offers sufficient complexity (to somewhat understate the case) that proper use of its
many facilitiesis not aways easily achieved, especially by the novice. Literature exists that alerts users to

improper usage [12, 13, 17, 19, 20, 21, 22] and many of these recommended dos and don’ts have been
incorporated in this package.

However, the proof, as they say, isin the pudding. A simple test that will determine whether this lint or
any lintisuseful. Simply apply it to your programs and see what turns up.

2.3 Language Definition

The Kernighan & Ritchie (K&R) description of the C programming language [1] served as an early de
facto standard. An excellent exposition of this standard as well as a thorough description of current prac-
tice within the C community was provided by Harbison & Steele[3].

During the 1980's, the ANSI (American National Standards Institute) C committee (X3J11) developed aC
standard that is largely upward compatible with K&R (one of its major tenets was to "not break working
code"). Most major vendors have adopted the standard. 1SO (the International Standards Organization)
has adopted the ANSI C specification [2] and authors K& R and H& S have produced subsequent editions
of their respective works based on this ANSI standard. Recently that standard was amended and upgraded

to anew standard [4], which is known as C99.

In parallel with the C standardization efforts, Bjarne Stroustrup and others were "pushing the envelope" of
enhancements to the C language especially in the areas of abstract typing and "object-oriented" program-
ming. This enhanced version, known as C++, received widespread support in the C community and stan-
dardization efforts by ANSI (X3J16) and ISO (WG21) began in 1991. The base documents for the



standardization effort were the ANSI C standard [2] and the Annotated C++ Reference Manua (ARM)
[11]. There effortsled to an internationa standard for C++ [10].

For C modules, PC-lint/FlexeLint assumes the C89 definition of C and supports K& R where it does not
conflict with C89. It also supports common extensions to the standard especially for specific compilers.
See Chapter 12. NON-ANSI EXTENSIONS, Section 5.8 Compiler Adaptation and Chapter 13. PRE-
PROCESSOR for more information on common extensions. We are gradually incorporating parts of the
C99 standard largely on an as-need basis. For C++, PC-lint/FlexeLint is fully supporting the international
standard [10].



3. GETTING STARTED WITH PC-LINT

FlexeLint Users: Getting started with and using FlexeLint will depend on your operating system and
compiler. Please see the FlexeLint Ingtallation Notes accompanying this document.

3.1 Setup

This section is appropriate for Windows 95, Windows 98, Windows ME, Windows NT and Windows
2000. For other operating systems see Section 3.7 Other Operating Systems.

The distribution disc (CD-ROM) should automatically enter a setup program when thedisc is placed in the
drive. Should this not occur then execute setup directly from the root directory of the CD.

SETUPisatraditional setup/installation program, which verifies that thereis sufficient space on the desti-
nation drive and then will copy files into the directory you select. We will refer to this directory as the
Installation Directory. After installation, it will have the following contents:

l'int-nt.exe PC-lint executable.
config. exe Configuration file for PC-lint.
readne. t xt Addendum to the manual.
pc-1int. pdf On line manual in Portable Data Format.
pr.exe A convenient printing utility.
neg. t xt ASCII rendition of our message descriptions.
unwi se. exe An uninstall program.
install.log Aninstallation log.
Lnt\ A subdirectory containing ...
cO- .... I nt Compiler optionsfiles for specific compilers.
co. I nt A generic compiler optionsfile.
sl-...c Standard library modules for non-ANSI compilers.
sl.c A generic standard library module for non-ANSI compilers.
env-.... I nt Options files for various environments including Microsoft's Visua Studio and
various editors.
l'ib-....1nt Options files for special ‘challenge' libraries.
au- .... I nt Options files for author recommended checks.
Test\ A subdirectory that houses various test files. See Section 3.3 Running the Test

Programs.

At the conclusion of SETUP, you will have the option to check abox "I want to start the CONFIG.exefile
now". You should probably answer 'Yes as configuration is necessary to select an appropriate set of

options for your compiler and libraries.



3.2 Configuration

The configuration program (confi g. exe), which we refer to as the configuration wizard (or wizard for
short), has two basic modes of operation:

) Asawizard to assist you in selecting options appropriate to your compiler, libraries and personal
programming preferences. This mode is used after initial installation and any time in the future
when conditions change.

(i) As aprogram to be run later time to allow you to conveniently switch among previoudy prepared
configurations.

In either event, you will be prompted for a directory. We need to distinguish between two directories
(which may in fact be the same):

Installation Directory: where PC-lint isinstalled.
Configuration Directory: where configuration information is stored.

In the case that you have installed PC-lint on your own personal computer such that the installation direc-
tory is writable, the configuration and installation directories can be, and indeed probably should be, the
same. On the other hand, if PC-lint isinstalled on a read-only file server, the configuration directory will
need to be different than the installation directory.

PC-lint does not have a visual front end. It is designed to be run from the command line or from within an

integrated development environment or smart editor (See Section 3.5 Integrating With Your Environ-

ment.). The wizard will create afile caled Ii n. bat that you may use to lint C and C++ files using the
command:

lin options filel file2

Presumably, 1 i n. bat has been placed in your PATH either through you or the wizard copying thefileinto a
directory that is already in your PATH or by you adding the Configuration Directory to your PATH. Thereis
no way for the wizard to add a directory permanently to your path. If requested, it will produce a batch

script in afile called LSET. BAT, which you can be run beforelinting, which will ater your PATH.
l'i n. bat will contain acommand similar to the following:
InstDintint-nt -iConfDir std.Int & &2 ...

where InstDir is the Installation Directory, ConfDir is the Configuration Directory, and st d. I nt will con-
tain options appropriate for linting.

The -i option (fully described in Section 5.7 Other Options) is so named because it can specify include
directories and hence governsfile searching. File searching is actually employed for al files and not just
headers. In particular, std. I nt, which is placed in the Configuration Directory, is designed to be found



thisway. However, notethat ast d. I nt inyour current directory will take priority and thistoo has its uses.

st d. I nt will incorporate a compiler optionsfile, zero or more library optionsfiles, size options and a ref-
erenceto afile called opti ons. I nt which isintended to reflect your long-term error suppression strategy.
See Section 14.2 Recommended Setup.

To summarize, the wizard will create the following files:

LI N. BAT A batch file which can also be copied into your PATH and which contains a reference to
STD. LNT.

STD. LNT An indirect lint file that will "point to" a compiler options file and an options file and
optionally other files and options.

STD_...LNT A sequence of different versions of STD. LNT that the wizard can choose from later.

OPTIONS. LNT A convenient centrally located options file that you will tend to use for most of your lint-
ing.

LSET. BAT A batch file optionally generated to be used to place the PC-lint executable in your PATH.

Use of these filesis described in Section 3.4 Linting your Programs and Section 14.2 Recommended
Setup.

The wizard will aso copy a number of files from the installation directory (or its subdirectories) into the
configuration directory. Thefollowingistypical of the sorts of files you may expect to appear:

co-.... I nt Compiler options file(s)

env-.... | nt Environment options files

l'ib-....1nt Library optionsfiles

lib-..nh Headers referenced by | i b- .... I nt files.

au- .... I nt Options files for author recommended checks
file? cpp A pair of test programs described in the next section.

3.3 Running the Test Programs

For PC-lint, you have arrived here either after running SETUP and CONFIG or after having run INSTALL.
In the former case, the PC-lint executable will be lint-nt. exe and in the latter case, it will be one of
lint.exe Orlint-o0s2.exe. Inour examples, we will employ Ii n. bat, which has been artfully config-
ured to contain the appropriate executable.

For FlexeLint you will arrive here after creating an equivalent Shell script (or equivalent command script),
which for presentation purposes we assume is named | i n. In this section, to describe the basic operation
of the product we assume two small filesfil ea. cpp andfil eb. cpp defined below. These may be found
in directory dos-i ns\ t est of the PC-lint distribution diskette or you might find it less troubl e to type them
in fresh.

From your configuration directory type



lin filea fileb

This applies PC-lint to the samplefilesfil ea. cpp and fi | eb. cpp shown below.
filea.cpp:
//1int -w2 reduce the warning level to 2

class X

{

static int a;

}s

fileb.cpp:

class X

{
int a;

}s

You should see on your screen approximately the following message:

PC-lint for C/C++ (NT)Vers. 8.00, Copyright ...
--- Module: filea.cpp

--- Module: fileb.cpp

b
fileb.cpp 4 Warning 631: tag X defined differently at
line 3, filefilea.cpp

--- Global Wrap-up

Warning 1527: static member X::a(line5, filefilea.cpp)
not defined

Not everything you seeisan error message. The opening line identifies the version of PC-lint (and the ver-
sion of the DOS extender if any). The 2nd and 3rd lines are in-progress messages, which normally just dis-
play the names of the modules being processed. They are essentially a way of giving a progress report
when PC-lint/FlexeLint is processing many files and nothing else is being reported. Y ou can turn off these
‘verbosity' messages or increase their detail with the -v... option.

The 4th line is the start of an error message. Normally, an error message will begin with a pair of lines.
Thefirst line contains only the character * _* which points (downward) to the place on the second line (the
actual line of source code) where the error was first encountered. Thisisfollowed by aline containing, in
order, the name of the file being processed, the line number, the kind of message (Error, Warning, Infor-



mational, Elective Note) a message number and a brief description. It is important to note that a more
complete description can be found by looking up the message number toward the end of this manual
(Chapter 17. MESSAGES).

In many cases (including this example) a prior point in another module isreferenced. The name of thefile
and, possibly, the name of the module are given. (If theerror had occurred in a#i ncl ude file, the filename
would have been different from its module name and hence both would have been given).

Any option can be placed within afile within a special C or C++ comment asis showninfi | ea. cpp. The

only thing special is that the comment begins immediately with theword! i nt . As an experiment, remove
the special nature of the comment by introducing a blank before the word 1'i nt. You have changed the
warning level to 3 (the default) and aricher set of diagnostic messages will issue forth. You will notein

particular Message 832 which is issued for the sole purpose of allowing an automatic error processor to
go to the location cited within the immediately preceding message as described in the previous paragraph.

There are ways of customizing the format of error messages, especially for the automatic processing of
messages. See Section 5.6 M essage Presentation Options.

It is not normally necessary to perform further tests, but running the remaining tests can be instructive.

Create a convenient directory for the purpose and copy in all the files from InstDir\t est . (If you have

used INSTALL to get here (See Section 3.7 Other Operating Systems.), rather than SETUR, you should
copy thefiles from the distribution disc in directory \ dos- i ns\t est .)

For every file of theform
test? I nt
there will be an output file on the distribution disc named:
t est 2. out
To run thefirst of these type at command level:
lint testl.Int
and you should observe on the screen information identical totest 1. out .

Other test suites are run similarly.

3.4 Linting your Programs

To lint your own programs, enter a directory containing your C and C++ modules. We assumea | i n. bat

(or equivalent shell script in the host operating system) that can be run from any directory (i.e., has been
placed in your PATH). This has the advantage of simplifying the presentation and perhaps ssimplifying the
typing.
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Assuming your program consists of modules
al pha. cpp
beta.c
ganma. ¢

we could lint the entire program with

lin alpha.cpp beta.c gamm.c

Note that an extension of . cpp (aswell as . cxx) normally indicates a C++ module, an extension of . | nt
indicates an indirection file (command line extension) and all other extents indicate C modules.

Often it is better to first do a unit checkout (using the -u option) on separate modules. For example:
lin -u alpha.cpp
does a unit checkout for moduleal pha. cpp. (Any subset of your files may be subjected to unit checkout.)

When doing a unit checkout, certain messages are suppressed (such as "function not used").

3.4.1 Other Extentsfor C++ Modules

To override the default treatment of extents you may usethe+f cp flag. Thisindicates that the next module
(and subsequent modules) will be a C++ module. This will remain in effect until turned off with -f cp.
Thus

lin +fcp al.c a2.c a3.c -fcp a4.c a5.cpp
will treat al. ¢, a2. ¢ and a3. ¢ as C++ modules, a4. ¢ asa C module and a5. cpp as a C++ module.
The option +cpp(ext ensi on) can be used to add to the list of C++ extensions. Thus

lin +cpp(cc) al.cc a2.cc a3.c ad.cpp

will processal. cc, a2. cc and a4. cpp as C++ modules and a3. ¢ asa C module.

Options are grictly order-dependent.

3.4.2 Controlling the M essages

For previously unlinted code, you may get a discouragingly large number of messages. The default warn-
ing level is 3, meaning that you see al Errors, Warnings and Informational messages. To inhibit Informa-
tional messages, reduce the warning level to 2 with -w2 asin

lin -u -w2 alpha

11



(. cpp is assumed). Messages may also be suppressed by message number. For example, to suppress
Warning 547 you may use the option -e547 asin:

lin -u -e547 ganma.c

In any event, do not get discouraged. There are numerous error-suppression options (See Section 5.2
Error Inhibition Options.). For advice on establishing an error suppression policy, see Chapter 14.
LIVINGWITH LINT.

3.4.3 Options

In case you haven't noticed yet, there are numerous options, and a lengthy chapter devoted to them (Chap-
ter 5. OPTIONS). To obtain an option summary type

lin ?

3.4.4 Extendingthe Command Line

For projects of more than one module, you will find it convenient to place the names of all the modulesin
alint indirect file. Let us suppose the name of this project is alphabet. Create afile al phabet . | nt con-
taining:
al phabet . | nt:

al pha. cpp

beta.c

ganma. c
then use:

lin al phabet

to lint the entire project. You may place options within al phabet . | nt but this is not recommended
because if you then do a unit checkout on individual modules, you will not receive the benefits of these
options. Better, place project-independent options in a centralized file; we have started you off with the

fileoptions. I nt for this purpose. Project-specific options can be placed in afile called st d. I nt in your
project directory. Thisstd. | nt should be an augmentation of the centralized std. I nt. This is further

described in Section 14.2 Recommended Setup.

3.5 Integrating With Your Environment

PC-lint has been flexibly designed so that you should have no difficulty integrating it with your favorite
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Integrated Development Environment (IDE), or smart editor. The advantages are that you will be able to
launch PC-lint with a minimum number of keystrokes to process your current file or your current project.
Upon compl etion, moreover, you will be able, in most cases, to quickly and automatically sequence from
error to error (actually message to message) with hopefully a single keystroke and with your own editor
appropriately positioned in the file that needs attention.

We, of course, could have provided our own environment but we felt you probably would prefer to con-
tinue using your existing environment with your favorite editor. Hence, we have focused our attention on
facilities to bring that about. In particular, our message formatting is extremely flexible (See Section 5.6
M essage Presentation Options.). Message redirection is available not only via the standard redirection
character (>) on the command line but may also be embedded as an option (see-os(fi | €) in Section 5.7
Other Options). The banner line can be controlled (see -b in Section 5.7 Other Options) and it can be

arranged so that at least one messageis always produced (using option+e900) which is necessary for some
environments. In addition, indirect files (. I nt files) can themselves contain indirect files. The file name

extension, by which an indirect file is known as such, can be something other than . I nt (See +ext in Sec-
tion 5.7 Other Options). Indirect files can contain embedded environment variable names (Section 4.1
Indirect (.Int) Files.

We have added a number of files of the form env-.... I nt that assist in the process of integration with par-
ticular IDE's. At thiswriting this list includes:

File Environment

env- BC5. | nt Borland's 5.0 IDE

env- bwi n. | nt Borland's 4.0 IDE under Windows
env-cw. | nt Premia Codewright

env- pwb. | nt Microsoft's Programmer's Work Bench
env-si.|nt Source Insight Editor

env-sl ed. | nt Visual Slick Edit

env-tide.lnt Turbo/Borland IDE under DOS
env-vc. | nt Microsoft's Visual C/C++, Version 1
env-vc2. | nt Microsoft's Visual C/C++, Version 2
env-vc4. | nt Microsoft's Visual C/C++, Version 4
env-vch. | nt Microsoft's Visual C/C++, Version 5

These files are updated as needed. See our web site (under Version 8.00 patches) for the most current.

Instructions for using these . | nt files appear as comments within the files themselves. Simply print them
out and follow the directions.

3.6 .dsp processing

If you are using Microsoft Visual Studio, then an abstract of each project isretained in afile whose exten-
sionis.dsp. Thisfileisin ASCII and can be viewed with your editor. The file contains module names,
defines of pre-processor variables, and include paths. PC-lint/FlexeLint is able to process such files,
extract such information as would be related to linting, transform the information to lint directives and out-
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put the result to standard output. The resulting file, if it has a . nt extension, can be used as input to
PC-lint/FlexeLint. For example, the following creates alint project filefrom a. dsp file.

lint-nt project.dsp >project.|nt
The . dsp fileis, among other things, inspected for SOURCE= lines. These lines contain not only names of

modules (C and C++ files), but headers, resource files, text files, etc. PC-lint/FlexeLint, of course, wants
just the module names. By default, we select out any file whose extensionis”. ¢" and any file that bears a

C++ extension. By default, C++ extensions are . cpp" and ". cxx" but this list of extensions can be con-
trolled via the -cpp option. Note that if a programmer had an unusual C extension it could be dubbed a
C++ extension just for the purpose of file extraction. This givesthe user complete control over which files
are selected as modules.

To gain some insight into how the translation is being done, you may use the verbosity option to trigger a
message for each line. Thus:

lint-nt -v1 project.dsp >project.|nt
will provide aline-by-line account of the trandlation.
Within a. dsp file, there are conditional statements such as
I'NF "$(CFGQ" == "project - Wn32 Rel ease"

which alows you to select debug or release variants VariablecrGis generally specified to the most recent
configuration within the . dsp file. You can change the flow viaa"command line" option:

+d" CFG=pr oj ect - Wn32 Rel ease"
Thisis like a pre-processor define except that the +d (as opposed to -d) prohibits subsequent redefinition.
The use of quotes is necessary because the define contains blanks. Since there are a variety of ways of
parsing command line parameters (batch command, make file, command line) and since the ways of deal-
ing with quotes and blanks are all sightly different, it is best to place this option in a separate . I nt file
such as:

rel ease. | nt:

+d" CFG=project - Wn32 Rel ease"

and then use acommand line such as:

lint-nt release.Int project.dsp > project.|nt
Asindicated above, the output file (pr oj ect . I nt in these examples) will contain useful options as well as
alist of modules. For unit checkout, you may want the list of options but not the list of modules. For this

purpose, use the --u option (as opposed to -u). For example:

lin --u project.|lnt alpha.cpp
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This will do a unit check using all the options within project .| nt but none of the modules. Only
al pha. cpp will be processed.

3.7 Other Operating Systems

We have provided on the distribution disc an INSTALL program that is intended for OS/2, or DOS sys-
tems able to support DOS-extended technol ogy.

For operating systems other than these and other than Windows 9X, Windows 2000, Windows ME, and

Windows NT you will be using FlexeLint. For installation and getting started, see the FlexeLint Installa-
tion Notes.

To usethe INSTALL program, place your distribution disc into a CD-ROM drive, and type:
Drive-letter:\ DOS-i ns\i nstal |
Follow the instructions on the screen.

The INSTALL program does not actually copy files from the distribution disc nor does it modify your
environment variables and certainly not your AUTOEXEC. BAT or CONFI G SYS. Rather it creates batch files
that will do these things for you. In this way, you can see in advance what will happen when you do the
copy and you will have arecord of what transpired if some question ariseslater. Also, many programmers
have a suite of AUTCEXEC. BATs and need to know how to modify each one of them and not have the current
one blindly modified.

The batch files created are:

LCOPY. BAT Batch file to copy files from the distribution disc to the lint directory.

LSET. BAT (LseT. cvD for OS/2) Batch file to set environment variables (created only if needed).
Note: Under DOS, Lcory calls LSET upon termination (if needed).

The INSTALL program will aso create the following files:

LI N. BAT (1i n. cnd on OS/2) A batch file, which INSTALL will copy into your PATH and which
contains areference to STD. LNT.

STD. LNT An indirect lint file that will "point to" a compiler optionsfile and an optionsfile.

STD_...LNT Possibly multiple versions of STD. LNT (See Section 3.7.1 M ultiple Configurations.)

OPTI ONS. LNT A convenient centrally located options file that you will tend to use for most of your lint-
ing.

Use of these filesis described in Section 3.4 Linting your Programs and Section 14.2 Recommended
Setup
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3.7.1 Multiple Configurations

The INSTALL program for OS/2 and DOS serves a dual purpose. Firgt, it serves the purpose of copying
files from the distribution medium to a hard drive (which is done by SETUP for the various Windows plat-

forms). Next, it can create one or more configurations (as embodied in STD. LNT files).

Setting up for multiple configurations (i.e., multiple compilers, and/or multiple memory models and/or
multiple libraries) is done by establishing multiple candidates for STD. LNT and providing an easy way to

switch between them. See Section 14.2 Recommended Setup to see the central role played by STD. LNT.
If, during your install, you answer "Yes' to the question:
"Are you going to set up multiple compilers... "

then the questions about compiler, memory model and libraries will be repeated for as many times as you
request. The set of answers that you give to these questions are placed into a sequence of files whose
names are:

STD_A. LNT

STD B. LNT

STD _C. LNT

etc.
Asaways, LI N. BAT contains areference to STD. LNT, which isinitially identical toSTD_A. LNT.

To switch between configurations we provide a batch file called covFl G BAT. This can be run from your
working directory using the full path name (no arguments are needed), which may ook like:

C: \ LI NT\ CONFI G

Thiswill provide amenu of configuration choices. Select one by choosing the appropriate letter. Thislet-
ter will determine which of thefiles of theform STD_x. LNT will replace STD. LNT.

You, of course, do not have to use CONFI G in this way. For example, if, in a particular directory, you
always use the 'C' configuration (i.e., STD_C. LNT), you may create afile in that directory called STD. LNT,
which contains areference to the file:

STD _C. LNT
Alternatively, you could simply copy the contents of file STD_C. LNT from the lint directory to the file

named STD. LNT in the given directory.

3.7.2 DOS-insFiles

Running Lcory will copy files from the directory DOS-i ns on the distribution disc. The most prominent
fileisthe Lint Executable. Typically only one executable of the following three is copied.
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lint.exe DOS version with abuilt-in DOS extender
lint-nt.exe Windows version
lint-os2.exe OS2 Version

l'i nt. exe has been bound with the Phar Lap 386/DOS-Extender. You do NOT require a separate license
to run Phar Lap nor separate software. It does, however, require an 80386 (or better) machine.

l'int-nt.exe isa32-bit console application that runs on Windows 9X, Windows ME, Windows NT, and

Windows 2000 operating systems. Thisisidentical to the executable installed via SETUP and if thisisthe
executable you obtained you may have made a mistake since the recommended installation for these oper-

ating systemsis SETUP.

l'i nt - 0s2. exe isa32-bit OS/2 version.

Other filesin the Dos- i ns directory that may be copied are:

readne. t xt Supplementary information to this document.

pr.exe A convenient printing utility.

choose. exe A utility used by CONFIG.BAT described in Section 3.7.1 Multiple Configur ations.
neg. t xt An ASCII file describing the lint messages (essentially Chapter 17. MESSAGES).

In addition to filesin Dos- i ns there are three subdirectories from which files may be copied:

DOS-ins\ | nt
DOS- i ns\ t est
DCS- i ns\ pharl ap

Subdirectory DOs- i ns\ | nt contains the following files:

cO- .... I nt Compiler optionsfiles for specific compilers.

co. I nt A generic compiler optionsfile.

sl-...c Standard library modules for non-ANSI compilers.

sl.c A generic standard library module for non-ANSI compilers

env-.... I nt Options files for various environments including the Borland/Turbo IDE and Microsoft's
Visua Studio.

l'ib-....1nt Options files for special 'challenge' libraries.

au- .... I nt Options files for author recommended checks

Subdirectory DOS- i ns\ t est contains testing files, some of which are copied during installation.

filea.cpp testl.Int nodul el. cpp

fileb.cpp test2.Int nodul e2. ¢

test.h test 1. out nodul e3. cpp
t est 2. out nodul e4. cpp

See Section 3.3 Running the Test Programs below on how to use them.

Subdirectory DOs- i ns\ phar | ap contains files used to support the Pharlap DOS extender. See Section
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3.7.3 DOS Extender Notes.

3.7.3 DOS Extender Notes

When PC-lint was first developed, the operating environment was MS-DOS with its dreaded 640K DOS
limit. Relief from this limit came in a variety of ways: OS2, DOS extenders, and more recently, Win-
dows NT and Windows 95. For much of the early time period during which PC-lint has been commer-
cidly available, the primary method of obtaining large address space was through the use of the Phar Lap
32-bit DOS extender.

LI NT. EXE is bound with the Phar Lap 386 DOS extender. This will run under MS-DOS, Microsoft Win-
dows (though LI NT- NT. EXE is recommended for Windows 95 and later) and OS/2 (Version 2.x). It will
run under the memory managers QEMM, 386MAX and HIMEM.SYS. It supports &l the key industry
standards for memory management including EMS, XM S, VCPI and DPMI. The software is remarkably
robust but nonetheless field problems can occur.

If you suspect a difficulty with the DOS extender you should copy the contents of the DOS- i ns\ phar | ap
subdirectory onto your hard drive. This containsthe following files:

tell ne. exe A utility provided by Phar Lap to describe the system that you are using in case things go
wrong.

cfig386.exe A configuration utility provided by Phar Lap to configure the DOS extender embedded
within PC-lint and to be used only in case of field difficulties.

* txt Files whose names end in . t xt have been provided by Phar Lap to describe these utili-
ties.

Some users have reported difficulties running the DOS-extended PC-lint (LI NT. EXE) with DOS 6.00 and
EMMVB86. EXE. With aCONFI G. SYS assimpleas:

devi ce=c: \ dos\ hi mem sys
devi ce=c: \ dos\ ermB86. exe

they may experience long startup times (5-7 seconds before the banner line would be printed) or sometimes
the machine would hang and/or reboot. Moreover, these difficulties do not appear when running from
within Windows.

If you experience any of these symptoms you may find running the following program helpful:
C.\LINT>cfig386 lint.exe -maxv 2000000

this will have the effect of limiting the amount of memory available to PC-lint to approximately 2 Mega-
bytes. Adjust the numerica quantity to suit the memory requirements of your linted application (The -vs
option may be helpful here).

LI NT. EXE isinitialy set up to operate with normal DOS expectations, i.e., i nt and near pointers are 2

bytes with far pointers 4 bytes. LI NT- NT. EXE and LI NT- 0S2. EXE, by contrast, assume a 32-bit flat model
where i nt and pointers are both 4 bytes. To lint 386 native code programs (with any version of PC-lint)
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use the options:
-si 4 -spN4 -spF6

To lint DOS programs with any version of PC-lint use the options:
-si 2 -spN2 -spF4

See Section 5.3 Size and Alignment Options.
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4. THE COMMAND LINE

The command line for PC-lint/FlexeLint has the form:
lint options filel [file2 file3 ..]

where the command name 1i nt will vary depending on the operating system and installation choices;
opti ons (described in Chapter 5. OPTIONS) generally precede the files as shown here. They may also

be interspersed among the files to achieve special effects, as options and files are processed together in left
to right order. If no arguments are given to PC-lint/FlexeLint or if a? is provided as a single argument, a
short summary of help information is displayed on standard out.

A filename is any namethat can be passed to f open. Also, "wild card" characters are permitted in PC-lint
and in FlexeLint for Unix. Thus, *. ¢ representsal . ¢ filesin agiven directory.

Files are either C or C++ source files (modules) or indirect files (. I nt files). Indirect files may contain
more options and files. See Section 4.1 Indirect (.Int) Files.

A moduleis considered a C++ modul e (as opposed to a C module) if its name has an extension of . cpp or
.cxx or if the +fcp flag is ON. You may add to the list of C++ designation extensions using the +cpp

option (See Section 5.7 Other Options.).

Please note that you would not normally place the names of header files on the command line. Header files
are processed when they are encountered by #i ncl ude lines within other source files.

If afile extension is omitted, the extension . | nt istried first. If thefileis not found, the extension . cpp is
tried, and finally the extension . c istried. See +ext (...) option in Section 5.7 Other Options.

Files are subject to the same search agorithm as quote-style #i ncl ude files (See Section 13.2 include
Processing.), which is especially handy for indirect files.

If the environment variable LI NT is set, the associated value is prepended to the arguments on the I'i nt
command line with an assumed intervening blank. For example:

set LINT=-voif

has the effect of setting the LI NT environment variableto "-voi f ". Aswe will see later, thisis averbosity
option that displays all options, and all files processed including indirect files.

PC-lint/FlexeLint will return an exit code (See Section 4.2 Exit Code.).
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4.1 Indirect (.Int) Files

If the extensionis . | nt or equivaent (seeoption +I nt in Section 5.7 Other Options), thefileistaken as
an indirection,inwhichcaseit may contain one or several lines of information that would otherwise
be placed on the command line. Indirect files may contain indirect files to any depth. Indirect files and
other files may be interspersed in any manner desired. Indirect files may contain commentsin addition to

options and files. Both the standard C-style comment, /* ... */ and the C++ style of comment, // ...
end- of - | i ne, are supported.

Anindirect file may also contain environment variables (where supported by the operating systems) delim-
ited by '9 characters for most operating systems. Thus an indirect file containing

YSOURCE% a. ¢ /] first file
YSOURCE% b. ¢ /] second file

employs the environment variable SOURCE to specify where files are coming from. The environment vari-
able specification is case sensitive. For Macintosh systems the characters '{' and '} ' are used instead of '%
and '%.

If anindirect fileis not found in the current directory a search is made in the usual places. Asan example
l'i n. bat may contain

lin.bat:

C\lintpp\lint -iC\lintpp std.Int % % 98 %
The std. I nt will be found in the directory C:\1'i nt pp (if not overridden by the existence of std. I nt in
the current directory).
std. I nt could contain:

std. Int:

co. I nt
options.|nt

This illustrates the nesting of indirect files.

4.2 Exit Code

The operating system supports the notion of an exit code whereby a program may report a byte of informa-
tion back to a controlling program. PC-lint/FlexeLint will set the exit code to the number of messages
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reported (with an upper bound of 255). Thus, suppressing messageswill lower the exit code. If you want
the exit code to always be 0 use the option -zer 0. If you don't want all of the messages to be counted, use
-zero(#) and see Section 5.7 Other Options.

For most operating systems, you may use the exit code within batch procedures to conditionally alter the
flow of control. For example:

lint .. usual arguments...
if errorlevel 1 goto errorsfound

within a batch procedure will cause a jump to label errorsfound if one or more errors are detected by
PC-lint/FlexeLint. This could be used to jump around a compilation.

Non-zero exit codes are commonly used by make programs to terminate processing.
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5. OPTIONS

5.1 Rulesfor Specifying Options
Options begin with a plus(+) or minus(-) sign except for ! as noted below. They may be interspersed
among the filenames throughout the command line (and within an indirect file). They are processed i n
or der meaning that an option specified after a filename will not take effect until after that file is processed.
Options within Comments
Options may be placed within a source code file embedded within comments having the form:

/*lint optionl option2 ... optional comrentary */
or

//lint optionl option2 ... optional commentary

Options within comments should be blank-separated (but may under special circumstances contain blanks
-- See Section 5.1 Rulesfor Specifying Options.). The optional commentary should, of course, not begin
with aplus or aminus. Note that the i nt * within the comment must be |ower-case as shown and must lie

immediately adjacent tothe /*'or '//'. The/*1int comment nay span multiple lines. Note that within
indirect files (. 1 nt files), options appear just as on the command line. They need not and should not be
placed withina/*Ii nt comment.

PC-lint/FlexeLint also supports the Unix in-code options such as

/* LI NTLI BRARY */

See Section 11.9 Unix Lint Options.

Optionswithin M acros

It is also possible to place options within a macro. If amacro contains a lint comment (one of the form /
*1int option(s)...) then the comment and option(s) take effect when the macro is expanded. To take a
somewhat extreme example, the macro below allows for division by zero without complaint from lint.

#define DI VZERQ(x) /*lint -save -e54 */ ((x) /0) \ /*lint -restore */
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Indeed, this would be done automatically for you, were you to use the option -emacr o( 54, DI VZERO) .

At this writing there is an 80 character limit on the length of a lint comment embedded within a macro.
Thus a comment such as

/*lint -save -e54 */

may not exceed 80 characters. Exceeding this limit will resultin afatal diagnostic (message323). If you
have along sequence of options, simply decompose the sequence into two or more/ *1 i nt options.

Macros may not contain one line error suppression options, i.e. of theform !e....

Blankswithin Options

Since options are blank separated, blanks may not appear within options unless they appear within paren-
theses or are quoted. Even then, a blank-bearing option placed on the command line may be inadvertently
split by the operating system shell (command-line parser) whose designers may not have read this manual.
Hence, our discussion about blanks in options applies only to options appearing in indirect files or in lint
comments, which are beyond the control of the system argument crackers.

A number of our options are specified in terms of parenthetical arguments. With these, interior blanks
adjacent to the three characters) , ( areignored. By interior we mean within parentheses. Thus:

-esym( 534, printf, scanf, operat or new)

-esym( 534, printf, scanf, operator new)

-esym( 534 , printf , scanf , operator new )
are al equivaent, but are different from

-esym( 534, printf, scanf, operator new)
The last has two blanks separating oper at or from new. Thisincidentally is certainly an error because the
built in function oper ator new() has one blank separating the two keywords. The same ignore-blank
considerations apply recursively to sub-lists as used, for example, in the -f unct i on option. Thusthefol-

lowing two options are equivalent:

-function( operator new( r ) )
-function(operator new(r))

You may also employ double quote (*) -- but not single quote (* ) -- to protect a blank. For example, the
option

-" dWORD=unsi gned short"

islike placing
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#define WORD unsi gned short
at the head of each module. Y ou may place theinitial quote anywhere after the leading '-' and before the '='
to achieve the same effect. If you place the quote before the '-', the construct will not, in general, be taken
asan option. (If the operating system strips off the quotes for you, it may yet work.) If you placethe quote
after the '=' sign or after aleft parenthesis, the quotes will NOT be dropped. This has a purpose. Thus
-dMESSAGE="use unsi gned short"
is like placing the option:

#define MESSAGE "use unsigned short"

at the head of each module.

Option Display
Because options can be placed in obscure places and then forgotten, the verbosity option -vo, (See Section
5.4 Verbosity Options.) can be used to display al options as they are encountered.
Options and Meta Characters
Some of our more complex options have the form
-identifier(argl, arg2, ...)
Whereas these options can always be placed in . I nt indirect files and in/ *I i nt comments, they some-
times conflict with command interpreter meta characters and cannot be placed on the command line.

Alternative characters are then called for.

In particular, for Unix, use square brackets ([ and 1) as an alternative to parentheses as in the command:
lint -esyn{ 714, al pha]l...

For MS-DOS, for passing parameters to a batch file, use "' as an aternative to comma (', ). Thus,
although the command line

c:\lint\lint -esym(714,al pha) ...
may work you will need to modify the option when invoking! i n (the batch file) as follows:
lin -esyn(714!al pha)
Thefull setis:
0.S Meta Character Alternative

MS-DOS : :
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Unix O [ 1.
Macintosh MPW + " &'

It should be stressed that these characters are only supplementary alternatives. It isbetter to use the origi-
nals within files to promote file communi cation among systems.

5.2 Error Inhibition Options

Options beginning with -e enable the user to inhibit error messages. The same option beginning with +e
restores the message. All messages except the Elective Notes, (900 level and 1900 level) are ON by

default. Inhibiting a message (or message class) doesnot affect lint processing other than to suppress the
output of the message.

Additionally, -wl evel (in Section 5.7 Other Options) can alter the warning 'level’ and, hence, have the
effect of inhibiting messages. Also, see Chapter 14. LIVING WITH LINT for hints and guidance in
forming an error suppression policy.

Note that there is no option to suppress a message within somefile. Thisis typically something that pro-
grammers want to do when they have no control over some header file. To do this make sure the header is
classified as a Library header. The default process of categorizing headers as Library works well most of

the time but there are avariety of options to fine-tune the process (See Chapter 6. LIBRARIES.). Once
dubbed a library header, there are a variety of optionsto suppress messages associated with Library head-

ers (-el i b, -el i bsym) and an option, which independently sets the warning level within Library Headers
(-w i b). Most of the compiler options files supplied with our product sets this warning level to 1.

-e#  (where# isanumber or numeric pattern) inhibits, and

+e#  re-enables, error message(s) #.
For example -e504 will turn off error message 504. The number designator may contain 'wild
card' characters '?' (single character match) or *' (multiple character match). For example -e72?
will turn off al 700 level errors. Note: to turn off Informational messages it is better to use -w2
(See Section 5.7 Other Options.).

As another example:
-el*

suppresses all messages beginning with digit 1. This includes messages 12, 1413 and 1 itself.
The use of wild card charactersisaso alowed in -esym -el i b, -el i bsym -efi | e, -ef unc, -enacr o,

-etenpl ate, -e(#), —-e(#),-e{#} and —{#}.

-e(#[, #]...) will inhibit message number(s) # for the next expression.
(Presumably thisis used within alint comment). For example:

a=/*lint -e(413) */ *(char *)O0;
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will inhibit Warning 413 concerning the use of the Null pointer as an argument to unary *. Note
that the message inhibition is self-restoring so that at the end of the expression, Warning 413 is
fully restored. Because of thisrestoration, thereis no need for an option +e(#) .

This method of inhibiting messages is to be preferred over the apparently equivalent:

a=/*lint -save -e413 */ *(char *)0
/*lint -restore */;

Not only is the former method simpler but it is more effective. There are two phases to expression

analysis: a syntax analysis, which produces an expression tree and a semantic analysis, which walks
the tree. Expression trees can be saved and walked later. Thisisdonefor the controlling clauses of
the for and whi | e statements. In the case of the -e(#) option, the error suppression is placed

within the expression tree so that it is available for later evaluation. With the -save, -restore

method, it is not.

The phrase 'next expression' may require further elaboration. It may sufficeto say that there should
be no surprises. In particular, it may be any fully parenthesi zed expression, any function call, array
reference, structure reference, or unary operators applied to such expressions. It will stop short of
any unparenthesized binary (or ternary) operator.

-e( #[, #]...) will inhibit message number(s) # for the entire
expression before or within whichitisplaced. For example:

a=/*lint --e(413) */ *(int *)0 + *(char *)O0

will inhibit bothWarning 41 3's that would normally occur in the given expression statement. Had

the option -e(413) been used instead of --e(413) then only the first Warning 413 would have
been inhibited.

The entire expression can be an i f clause, awhi | e clause, any one of the f or clauses, aswitch
clause or an expression statement.

-e{ #[, # ...} will inhibit message number(s) # for the next statement or declaration (which
ever comes first). Thisis presumably used within alint comment. Consider the following exam-
ple:

/11int -e{715} suppress "k not referenced"

void f( int n, unsigned u, int k)

{

/11int -e{732} suppress "loss of sign"
u =n; /1 732 not issued

/11int -e{713} suppress "loss of precision"
if( n)
{
n = u; /1 713 not issued
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} /1 715 not i ssued

The —el i b{ 715} isused to suppress message /15 over the entire function but not subsequent
functions. The—e{ 732} is used to suppress message 732 in the assignment that follows. The —
e{ 713} isused to suppress message 713 over theentirei f x statement that follows.

Note that this construct can be used before a class definition or namespace declaration to inhibit
messages associated with that class or namespace body.

The use of —e{ #} isto be preferred over the seeming equivalent:

-save —e# ...-restore
Thisisnot only becauseit issimpler but also because inhibition of theform —e{} is embedded in
any statement tree that is constructed and so the inhibition remainsin effect during the Specific
Walk as well as the General Walk.

Wild card characters may be used with —{}. Thus—e{ 72?7} or —e{*} arelegitimate.

Notethat —emacro ( {#}, nane) will indirectly result in the —e{#} being used see
-emacro.

Notethat since/* 1int */ optionsthat appear in macros are retained you may define amacro for
error suppression that is parameterized by number. Given the definition:

#define Suppress(n) /* lint —e{n} */
then,

Suppress (715)

will suppress message 715 for the next statement or declaration.
--e{ #[,# ...} will inhibit message number(s) # for the entire braced region in which it is
placed. A braced region may be a compound statement, afunctionbody, a class, struct, or union
definition, a namespace body and linkage specification body. If the option is not placed within any
such braced region the suppression appliesto the module as a whole (from the point of appearance
until the end of the module). It does not extend past the end of the module into the next module. 1t
will affect wrap-up messages for the module but will have no effect on the global wrap-up.

Consider the following example:

//lint --e{528} suppress "f() not referenced"

static void f( int n, unsigned u, int k)
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le#

{

[llint --e{715} suppress "k not referenced"
/1lint --e{732} suppress "loss of sign"

u=n; /1l 732 not issued
if( n)
{
[1lint --e{713} suppress "loss of precision"
n = u /1 713 not issued
u = n; /1 732 not issued
}
} /] 715 not i ssued

The --e{ 528} suppresses the Warning 528 issued at module wrap-up, without affecting other

modules. The--e{715, 732} suppressesthe 715 and 732 issued within the function without
affecting other functions. The--e{ 713} suppresses the loss of precision message within its com-
pound statement.

Many of the remarks made about the-e{} also apply to--e{}. Like-e{},any --e{} optionis
embedded in the statement tree; it can result from a- - emacro({#} ... construct, it may appear in
your own macros; and it may use wild cards.

One-line message suppression (where # is a message number) is designed to beused ina/*!i nt
(or//1int) comment. It servesto suppress the given message for one line only. For example:

if( x = f(34) ) /1lint 'e720
y =y /l x

will inhibit message 720 for the one line. This takes the place of having to use two separate lint
comments as in:

//lint -save -e720
if( x =f(34) ) /[llint -restore
y=y/l x

For C code, the/ *1'i nt form of comment would be more appropriate:

if( x = f(34) ) /[*lint 1e720 */
y =yl x

Multiple error message suppression options are permitted as in the following, but not wild card
characters.

n=u/ -1; //1lint 1e573 1e721
A limitation is that the one-line message suppression may not be placed within macros. Thisis

done for speed. A rapid scan is made of each non-preprocessor input line to look for the character
1", If this option could be embedded in a macro, such arapid search could not be done.
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-eal etter

Argument Mismatch Inhibition. Note: This affects only non-prototype calls thus it has no

effect for C++ programs and decreasing significancefor C programs. letter is one of

i sub-integer

n nominal

u unsigned vs. signed
s samesize

This option suppresses warning 516 (argument type mismatch) for selected type differences.

Warning 516 is issued when actual arguments and/or formal parameters are inconsistent in func-
tion calls not made in the presence of a prototype.

-eai

-ean

-eau

-eas

refers to Argument type mismatches of the form char vs.int or short vsint. Such adif-
ference can occur when an old-style function definition of char (promoted to i nt) meets a
prototype of char. See also +f xc and +f xs. This option isrecommended only if your com-
piler always passes at least afull i nt as argument.

refers to Argument type mismatches where the arguments differ Nominally. Examples
include the case where one argument is i nt and the other is | ong and where both i nt and
| ong arethe same size. This also affects argument mismatches between unsi gned i nt and
unsi gned | ong where both are the same size. It can also suppress messages involving
short andi nt when these are the same size.

refers to type differences where one type is a signed and the other an Unsigned quantity of
the same type. For example, if the function f expects an unsigned integer and n isan i nt
then the call, f (n), will normally draw warning message # 516. This message will be
inhibited if -eau is set.

refers to unlike types where both types occupy the same Size. For example, if the function

f () expectsapointer argument then the call, f (3) , will normally draw amessage (# 516).
If pointers occupy the same space as integers (they do by default) then the message will be
inhibited if -eas is set.

-ean is orthogonal to -eau; neither option implies the other. If both options are set, i nt match up
with unsi gned | ong, etc. provided they are the same size. Note that -eas implies -ean and -eau.
E.g., if -eas isset, it is not necessary to also set -eau.

-efile(#, file[,file]..) inhibitsand

+efile( #, file[,file]..) reenables
error message # for the indicated files. This works exactly like -esymbut only on those messages
parameterized by Fi | eName (Eg., 7, 305, 306, 307, 314, 404, 405, 406, 537, 766).
Please note, this does not inhibit messages within af i | e but rather messages about afil e.

-efunc( #, Synbol [, Synbol ]..) inhibitsand
+efunc( #, Synbol [, Synmbol]...) reenables
message # issued from within any of the named functions. For example:

int f( int n)

30



{
return n / 0; /!l Error 54

}
will result in message 54 (divide by 0). To inhibit this message you may use the option:

-efunc( 54, f )

Thiswill, of course, inhibit any other divide by 0 message occurring in the same function.

The -ef unc option contrasts with the -esym option, which suppresses messages about a named
function or, indeed, about any named symbol, which is parameterized within the error message.

Both the error number and the Symbol may contain wild card characters. See the discussion of the
-esymoption.

Member functions must be denoted using the scope operator. Thus:

-efunc( 54, X :operator=)

inhibits message 54 within the assignment operator for class X but not for any other class. Creative
uses of the wild card characters can be employed to make one option serve to suppress messages
over awide range of functions, such as all assignment operators, or all member functions within a
class. Seethediscussionin-esym

-elib( # [,#]..) inhibitsand

+elib( #[,#]..) reenables
error message # within library headers or in regions of code denoted asbeing library. See Chapter
6. LIBRARIES. This is handy because library headers are usually "beyond the control" of the
individual programmer. For example, if the st di 0. h you are using has the construct

#endi f conment

instead of

#endi f /*conment */

as it should, you will receive message 544. This can be inhibited for just library headers by
-el i b(544) . # may contain wild cards. However, amore convenient way to set alevel of checking
within library codeisvia-wi i b(l evel ). Seealso -el i bsym().

-el ibsym( #[,#]...) inhibits

+elibsym( #[,#]..) re-enables
the numbered messages that are parameterized by library symbols. For example, suppose alibrary
defines a pair of classes:

class X { };
class Y : public X { ~Y(); };
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Thiswill result in message 1510, base class X has no destructor. Note that the message is deferred
until derived class Y bearing a destructor is seen. The option -el i b( 1510) will suppress this mes-
sage while processing library headers. If in the user's own code there is adeclaration:

class Z : public X { ~Z(); };

the diagnostic will be issued in spite of the fact that -el i b( 1510) is given because we are outside
library code. The user may suppress this by using

-esym( 1510, X))

But if there are a large number of such base classes al lacking a destructor the user may prefer to
issue the option:

-el i bsym( 1510 )
, which in effect does an -esyn( 1510, s) for al library header symbolss.

-emacro( #, synbol , ...) inhibits
+emacro( #, synbol, ...) reenables
message # for each of the macro symbols given. The option must precede the macro definition.

The option -emacr o(#, synbol , ...) is designed to suppress message number # for each of the
listed macros. For example,

-emacro( 778, TROUBLE )

will suppress message 778 when expanding macro TROUBLE. What actually happensis that when
the macro is#def i ne'd its defining string is preceded by the lint comment:

/*lint -save -e778 */
and is followed by the lint comment:
/*lint -restore */
You may wonder why we bother with this option because clearly the user can do this for him (or

her) self. But often it is compiler or third-party library macros that need the error suppression and
these, many of our users feel, should not be disturbed by the end-user.

-emacro( (#), synbol ,...) inhibits, for amacro expression,

-—-emacro( (#), synbol, ...) inhibits, for the entire expression,
message # for each of the macro symbols given. The macros are expected to be expressions (syn-
tactically).

There isan occasional problem with inhibiting messages emanating from expressions using the ear-

lier form (in which parentheses do not surround the error number). For example, assume that
macro ZERO is defined as follows:
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#define ZERO (*(int *)O0)

When zerO is actually used, this resultsin Warning 413 (use of NULL pointer). To suppress this
warning, you might think to use:

-emacro( 413, ZERO

This will not always work owing to the fact that message 413 is given in an expression-tree walk
separate from the syntax analysis phase. Thefix isto usethefollowing notation:

-emacro( (413), ZERO)

This inhibits 413 during syntax analysis and places a Warning 413 inhibition request in the tree
node associated with the macro. What happens is that the option -e( 413) isplaced withina/ *1i nt

comment before the expression. It isasif we had defined zERO as:
#define ZERO /*lint -e(413) */ (*(int *) 0)

You may confirm this experimentally through use of the -p option. Consult earlier in this section
for adescription of the-e(#) option.

For full generality you may place a list of error numbers including wild cards between parens.
Thus

-emacro( (413, 613), ZERO)
suppresses the two indicated messages for macro ZERO. Also
-emacro( (*), ZERO)
suppresses all messages for the macro.
'of f set of ' is treated as a special case. For this macro, message numbers are automatically paren-
thesized. If the user should select as an option, say, -emacr o(413, of f set of ) then this will auto-

matically be treated as if the option were -emacro((413), of fsetof ). The same is true for any
other message number.

The -- form of this option usesthe --e(#) option and this inhibits messages in the entire expression
inwhich it isembedded. Thus, the option

--emacro( (413), ZERO)
would, continuing the earlier example, be as if we had defined zERO as:
#define ZERO /*lint --e(413) */ (* (int *) 0)

This has the effect of inhibiting this message for the entire expression in which zErois embedded.
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-emacro( {#,synbol , ...) inhibitsfor amacro statement,

--emacro( {#,synbol , ...) inhibitsfor amacro within aregion,
message # for each of the macros given. For example, the macro swap below will swap
the values of two integers.

/11int —emacro( {717}, Swap )
#define Swap( n, m) do {int _k =n; n=m mr_k; } while(0)

By usingthedo {} whil e(0) trick the macro can be employed exactly asany function. However,

the trick will engender message 717 because of the ‘0’ in thewhi | e. The message can be sup-
pressed using the curly bracket version of the - emacro option as shown. This rendition will
prefix the body of the macro with the lint comment

[*lint -e{717} */

Useof the- -emacro( {# ... option will cause the lint comment
/[*lint -—e{#} */

to be prepended to the macro.

The example aboveis not particularly motivating as the same effect could be achieved without the
braces. The compelling reason to use the braced formisto control messages during Specific
Walks. When the braced form of the —enacr o option isused, the error inhibition is attached to the
statement tree that is produced. When this statement tree is walked during the Specific Walk the
curly brace error inhibition will have an effect, as will the —emacr o( (#) form, but the plain form
will not.

-epl ett er (s) Pointerto Type Mismatch
This option refers to pointer-to-pointer mismatch (Error 64) across assignment or implied assign-
ment as in initializers, r et ur n from function, or passing arguments in the presence of a prototype.
By selecting one or more of these options, the user can suppress natification of this error for
selected pointer differences. | et t er isone of

n nominal

u unsigned vs. signed

nc nominal char

uc unsigned vs. signed char
s samesize

p allindirect values

-epn  The pointed-to types differ Nominaly. For example pointer to short vs. pointer to i nt
wherei nt and short arethe samesize.

-epu  The pointed-to types differ in that one is an unsi gned version of the other. For example,
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pointer to char being assigned to pointer to unsi gned char .

-epnc The pointed-to types differ in that oneisachar and the other isasi gned char where char
are by default si gned, or where one is a char and the other is an unsi gned char where
char is by default unsi gned. This presumes that a distinction is being made between these
two typesin thefirst place (+f dc is on).

-epuc The pointed-to types differ in that oneisasi gned char and the other an unsi gned char.
This is useful for passing pointers to unsi gned char to alibrary routine that may ask for
pointersto si gned char without using a cast.

-eps  The pointed-to types differ but they are the same Size. For example, pointer to | ong Vs.
pointer to auni on containing al ong but nothing larger.

-epp  The pointed-to types differ in any way imaginable. Said another way... "Pointers are point-
ers’.

-epn is orthogona to -epu; neither implies the other and both can meaningfully be selected. -eps
implies both. If you select -eps you needn't bother selecting -epu or -epn. -epp implies the others.

-epnc isa specia case of -epn and -epuc is a specia case of -epu. If you specify the latter cases
you needn't specify the former.

-esym( #, Symbol [, Synbol ] ...) inhibitsand

+esyn( #, Synbol [, Synbol ]...) re-enables
error message # for the indicated symbols. Thisisone of the more useful options because it inhibits
messages with laser-like precision. For example -esyn( 714, al pha, bet a) will inhibit error mes-

sage 714 for symbols al pha and beta. Only messages that are parameterized by the identifier
Synbol or Nane can be so suppressed. Thus, if you examine Message 714 in Section 17.5 C
Informational M essages you will notice that the italicized word 'Synbol ' appears in the text of
the message. See also the entry for 'Synbol ' in the beginning of Chapter 17. MESSAGES.

It is possible to macroize a lint option in order to remove some of the ugliness. The following
macro NOT_REF(x) can be used to suppress message 7 14 about any variable x.

#def i ne NOT_REF(x) /*lint -esym( 714, x ) */

NOT_REF( al pha )
i nt al pha;

For C++, when the Symbol appearing within a message designates a function, the function's signa-
tureisused. The signature consists of the fully qualified name followed, in the case of afunction,
by alist of parameter types (i.e. the full prototype). For example, in the unlikely case that a C++
module contained only:

1:
2: class X
3: {
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4: void f(double, int);

5: };

6:

the resulting messages would include:

Info 754: local structure menber X::f(double, int) (line 4, file t.cpp) not ref-
erenced

To suppress this message with -esymyou must use:

-esym( 754, X :f )
The full signature of the Symbol is X: : f (doubl e, int). However, itsnameisX: :f, and itisthe
name of the symbol (signature minus any arguments) that is used for error suppression purposes.
Please note that the unqualified name may not be used. Y ou may not, for example, use

-esym( 754, f )

to suppress errors about X: : f .

Arguments (both error number and symbols) may contain 'Wild-card' characters as follows:

! any number of characters
2 any single character
For example

-esym( 715, un_* )

suppresses message /15 for any symbol whose first three characters are"un_". As another exam-
ple:

-esym( 512, ?, *::* )

suppresses message 512 for any symbol name containing exactly 1 character and for any name
containing a": : ", i.e. for any member name. An another example:

-esym( X, nane )
suppresses any message about symbol name.
Although an option containing wild card characters may not always be placed on a command line
because the special characters may trip up the shell (command interpreter), it can be placed in a

I nt file

The error inhibition of -esymisindependent of the -e# option. For a message regarding a particular
symbol to be reported, its number must not be inhibited by -e# and it must not be inhibited by

-esym(#, Synbol ). For example, the combination
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-e714 +esym( 714, al pha )

does not enable message 714 for al pha. The first option suppresses 714 completely indepen-
dently of any esymoption. The second option, unless there was aprior - esyn( 714, al pha) , has no
effect.

-etd( TypeDi ff [,..] ) inhibits
+etd( TypeDi ff [,..]) reenables
messages arising through certain specified type differences. Chapter 17. MESSAGES details the

various type differences (under the heading TypeDiff) and some messages are parameterized by
type differences. For example, -et d(el |i psis) will inhibit messages reported as the result of two

function types differing in that one is specified with an ellipsis and the other isnot. The TypeD-
i ff must bean identifier or of theform i denti fier/identifi er;itmaynotbeof theform
Type =Type, or Type vs. Ty pe or otherwise compound.

-etenpl ate( # [, #] ... ) inhibits

+etenplate( # [,#]... ) reenables
error message(s) # while expanding templates. This message suppression is in addition to other
message suppression that you may have specified.
The purpose of -et enpl at e isto reduce the scrutiny of templates owing to the fact that some types
and constants are unknown until expansion time. What may be a suspicious expression under nor-
mal circumstances becomes perfectly reasonable in atemplate situation.
Wild card characters are permitted. For example:

-etenmpl ate( 7??, 8?2, 17?? )

removes from template expansion all messages at the 700, 800 and 1700 levels.

By default the set of messages suppressed consists of only one message, 506. This suppression
could be removed with a +et enpl at e( 506) , Or even +et enpl at e(*) . Asthis example suggests, if
you attempt to re-enable a message with +et enpl at e that had not been inhibited by -et enpl at e,
there will be no effect. Internally thereisaset of messages associated with et enpl at e suppression.
Any -etenpl at e adds to thisset. Any +et enpl at e subtracts from it.

Also of interest ...

-wLevel Set warning Level - See Section 5.7 Other Options.

-w i b(Level ) Set warning Level for Library - See Section 5.7 Other Options.

Examplesof Error Inhibition Options

lint -e720 p.c
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will inhibit message 720.
lint -e???? +el526 p.c

will turn off all messages except number 1526. (Note: -wo is easier and just as effective as -e??22?).
lint -epp -eau -esym(526,alpha) p.c

will inhibit errors arising from pointer-pointer clashes and unsigned arguments and will suppress com-
plaints about al pha not being defined.

5.3 Sizeand Alignment Options

This group of options allows setting the sizes and alignment of various scalars (short, i nt, etc.) for the
target machine. The separate setting of these parameters is not normally necessary as the default settings
are consistent with most compilersin your environment. Use the size options for specifying architectures
other than the native architectures. For example, if you are linting for an embedded system wherei nt and
pointers are normally 16 bits you should specify

lint -si2 -sp2 ...
The current values of each of these size parameters can be obtained from the help screen. Try:

lin -sp6 ?

In the list below # stands for asmall integer.

-sb# The number of bitsin abyteis#. -sbs is the usual default. The number of bitsinanint is
presumed to be si zeof (i nt) times this quantity. The maximum integer is determined from
this quantity by assuming a 2's complement machine. The maximum integer, in turn, is used to
determine whether a constant isi nt or | ong.

-sho# si zeof (bool ) becomes PARAM The default valueis 1.

-sc# si zeof (char) becomes#. The default valueis, of course, 1. (In somerare cases the size of a
char is something other than 1.

-sl c# si zeof (1 ong char) becomes#. The default is 2. This requires the flag +f 1 ¢ (enable | ong
char). Thistypeisnon-standard and is employed by relatively few compilers.

-ss# si zeof (short) becomes#.

-si # si zeof (i nt) becomes #. For PC-lint, -si 2 is default for LI NT. EXE. -si 4 is default for
LI NT- NT. EXE, and for LI NT- OS2. EXE.
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-S|l #

-sl | #

-sf#
-sd#
-sl d#

-sp#

-spN#

-spF#

-spD#

-spP#

-spFD#
-spFP#
-spND#
-spNP#

-smp#

-spD#

-spP#

-snpFP#

-snpNP#

si zeof (1 ong) becomes#.

specifies the size of 1 ong 1 ong. The option -s!I | # can be used to specify the size of al ong
long int. By default the sizeis8. Specifying this sizealso enablesthe flag +f 11 .

si zeof (f1 oat) becomes#.
si zeof (doubl e) becomes#.
si zeof (1 ong doubl e) becomes#.

size of pointers becomes #. There are actually 4 different pointer sizes, near data, far data,
near program and far program. This option sets all four to be a given size.

indicates that the size of near pointers (both of program and data) is # bytes. The PC-lint
default valueis 2 for LI NT. EXE. The default is 4 for LI NT- NT. EXE.

indicates that the size of far pointers (both program and data) is # bytes. The PC-lint default
valueis4 for LI NT. EXE; for LI NT- NT. EXE the default is 6.

indicates that the size of a Data pointer (both near and f ar) is# bytes. This has no effect on
the assumed size of program (function) pointers.

indicates that the size of a Program (function) pointer (both near andf ar ) is# bytes. This has
no effect on the assumed size of data pointers.

indicates the size of af ar Data pointer.

indicates the size of af ar Program pointer.

indicates the size of anear Datapointer.

indicates the size of anear Program pointer.

size of Member Pointers becomes #. There are actualy 3 different member pointer sizes,
member data, member near program, and member f ar program. This option setsall threeto a

given size.

indicates that the size of member Data pointersis # bytes. This has no effect on the assumed
size of member program (function) pointers.

indicates that the size of member Program (function) pointers (both near and f ar) is# bytes.
This has no effect on the size of member data pointers.

indicates the size of amember f ar Program pointer.

indicates the size of amember near Program pointer.
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-swi The size of wehar _t is set to the indicated value. For example: -sw4 sets wide characters to
have a size of 4 bytes. Note this only affects a built-in wehar _t and is only useful if the
built-inwchar _t isenabled (with +f we or +f wu). Please see the comments for +f we.

Alignment

The address at which an object may be allocated must be evenly divisible by its type's alignment. For
example, if thetype i nt has an aignment of 2 then each i nt must be allocated on an even byte address.

Alignment has only minimal impact on the behavior of PC-lint/FlexeLint. At this writing there are only
two Elective Notes (958 and 959) that detect alignment irregularities.

For every size option of theform:
-sType #

(except for -sb #, the byte size) there is an equivalent alignment option having the form:
-aType #

For example, the option
-ai 1

indicates that the alignment of i nt is 1 byte. An aignment of 1 means that, no restriction is placed on the
alignment of types. (An alignment of 0 is undefined).

If an alignment for atype is not explicitly given by a -a option, an aignment is deduced from the size of
the type. The deduced alignment is the largest power of 2 that evenly dividesthetype. Thusif the sizeis
4 the deduced adignment is 4 but if the size is 6 the deduced alignment is 2. This deduction is made just
before the first time that alignment (and sizes) may be needed. An attempt to use the -aType option (or
the -s Ty pe option) after this point is greeted with Error 75.

5.4 Verbosity Options

Verbosity refers to the frequency and kind of work-in-progress messages. Verbosity can be controlled by
options beginning either with -v or with +v.

If -v is used, the verbosity messages are sent to standard out. On the other hand, if +v is used, the verbosity
messages are sent to both, standard out and to standard error. This is useful if you are redirecting error
messages to a file and want to see verbosity messages at your terminal as well as interspersed with the
error messages. For clarity, the options below are given in terms of v.

Except for the option +v by itself all verbosity options completely replace prior verbosity settings. It just
didn't make sense to treat +v as turning off verbosity.
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The genera format is: {-+}v[cdhoi st w][nf <i nt >]. There may be zero or more characters chosen from
the set "cdhi ost w#". Thisisfollowed by exactly one of "nf " or an integer.

-V

+Vv

Turn off all verbosity messages.

This does not turn off verbosity messages but directs those that exist to standard error as well
as to standard oui.

The'c' flag may be added to the verbosity option. Thiswill cause a message to be printed each
time a function is called with a unique set of arguments. Thisis referred to as a Specific Call.
See Section 9.2.2 Interfunction Value Tracking.

We have added a Dialect ('d") flag to the verbosity option (-v). The Dialect flag ('d") will cause
alanguage dialect identifier (either 'C' or 'C++'") to be appended to each module verbosity mes-
sage. Thusif the verbosity option is -vf d, then the module verbosity could resemble:

--- nmodul e: al pha.cpp (C++)

The flag will not affect the file verbosity message.

This will allow the user to, among other things, monitor the effectiveness of the +f cp and the
+cpp() options.

Print the names of Modules as they are encountered (this is the default).

Print the names of all source Files asthey are encountered. This means al headers as well as
module names. Thus, -vf implies -vm This option will indicate which headers are "Library

Header Files'. See Section 6.1 Library Header Files.

(where n is some integer) will print a message every n lines. This option implies -vf. This
option will aso trigger afile resumption message.

Output the names of Indirect files (. I nt) as they are encountered. This letter 'i * may be com-
bined with others.

Output Options as they are encountered whether they are inside lint comments or on the com-
mand line. Theletter ‘o' may be combined with other letters.

If the letter 's' is added to the verbose option, the amount of Storage consumed is printed along
with the verbosity message. For example, -vst will report the amount of storage consumed at
the start of every file processed.

The't ' flag may be added to the verbosity option. Thiswill cause a message to be printed each
time atemplate is to be instantiated.

This verbosity flag will issue a report whenever a function is to be processed with specific
arguments. Thisis called a Specific Walk. See Section 9.2.2 Interfunction Value Tracking.
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-vh... The letter 'n' requests that at termination of processing the strong type Hierarchy be dumped in
an elegant tree diagram. Seethe examplein Section 8.5.1 The Need for a Type Hierarchy.

-vh- ... The 'n' verbosity flag continues to mean that the strong type hierarchy is dumped upon termi-
nation. If the 'h' is followed immediately by a'-' then the hierarchy will be compressed, pro-

ducing the same tree in half the lines. See Section 8.5.5 Printing the Hierarchy Tree for an
example.

-V#... The character '#' is usually used with 'f " and will request identification numbers be printed with
each file. Thisis used to determine whether two files are regarded as being the same.

For example:

lint +vof filel file2 >tenp
will cause aline of information to be generated for each module, each header and each option. Thisinfor-
mation will appear at the console as well as being redirected into the filet enp. But not all systems support

such redirection. Fortunately, thereis the -os option

lint +vof -os(tenp) filel file2

5.5 Flag Options

Options beginning with +f , ++f, -f, or --f introduceflags. A flag is represented internally by an integer
and is considered

ON if theinteger >0
OFF if theinteger <=0

Default settings are either 1 if ON or 0 if OFF.

+ ... turnsaflag ON by setting the flag to 1.
-f... turns aflag OFF by setting the flag to 0.
++f L. increments the flag by 1.
-f ... decrements the flag by 1.

The latter two operations are useful in cases where you may want to turn aflag ON locally without disturb-
ing its global setting. For example:

[*lint ++flb */
int printf();
[*lint --flb */

can be used to set the f I b (library) flag ON for just the one declaration and, afterward, restoring the value
of the flag to whatever it had been.

42



The current setting of all flags can be obtained from the option summary. Try the following:

lin -oe(tenp) +fce ?

Thefilet enp will capture the option summary showing the settings of all flags and showing, in particular,
that the Continue-on-Error flag is ON.

fab

f ai

f an

fas

ABbr evi at ed st ruct ur e flag (default OFF).

Options:  +f ab -fab ++fab --fab

If this flag is ON, structure references may be abbreviated. Thus, instead of s. a. b, if it would
cause no ambiguity, you may uses. b. Few compilers support this feature.

Arguments pointed to get Initializedflag (default ON).

Options:  +f ai -fai  ++fai  --fai

When an argument is passed to a function in the form of the address of a scalar and if the receiv-
ing parameter is not declared as const pointer, then it is assumed by default that the scalar takes
on new values and that we do not know what those values are. Thus, in thefollowing:

void f( int **);

void g()
{
int *p = NULL;
f( & );
*p = 0; /1 OK, no warning.
}

we do not warn of the possibility of the use of a NULL pointer because our past knowledge is
wiped away by the presumed initialization afforded by the function f. However, if the flag is
turned OFF (using -f ai ), then we will warn of the possibility of the use of aNULL pointer.

ANonynous uni on flag (default OFF for C, ON for C++).

Options:  +f an -fan  ++fan --fan

If this flag is ON, anonymous unions are supported. Anonymous unions appear within structures
and have no name within the structure so that they must be accessed using an abbreviated nota-
tion. For example:

struct abc

{

int n;

union { int ui; float uf; };
}os;

. S.ul

In this way a reference to one of the union members (s. ui or s. uf) is made as simply as arefer-
ence to amember of the structure (s. n).

Thisis afeature of the Microsoft compiler and is also in C++.

Anonynous struct flag (default OFF).
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f ba

fbc

f bo

Options:  +f as -fas ++fas --fas
If this flag is ON (by default it is OFF), anonymous struct's are supported. Anonymous struct's
are similar to anonymous union's. Thisis, if astruct has no tag and no declarator asin:

class X

{

struct { int a; int b; };

}oxs

then references to the members of the inner struct are as if they are members of the containing
struct. Thus x. a refers to member a within the unnamed struct within class X. Some compilers
(most notably MSC) support this congtruct, but it is non-standard. When the -cnsc option is
given, thisflag is set ON.

Bit Addressability flag (default OFF).

Options:  +f ba -fba ++fba --fba

If thisflag is ON (by default itis OFF), an individua bit of an i nt (or any integral) can be speci-
fied using the notation:

a.i nteger-const ant

where a is an expression representing the integral and i nt eger - const ant is an integer con-
stant. The construct is treated as a bit field of length 1.

For example, the following code:

/*lint +fba Turn on Bit Addressability */
i nt
n. 2
n. 4

1;
0,

no s

|f( n2 || n4) ...
will set the 2nd bit of n to 1 and the 4th bit to 0. Later it tests those bits.

This syntax is not standard C/C++ but does represent acommon convention used by compilersfor
embedded systems.

Bi nary Const ant flag (default OFF).
Options:  +f bc -fbc  ++fbc --fhbc
If thisflag is ON, Binary constants having the form o{bB}{ 01} + are permitted. For example:

0B101010101 == 0x1555
0b1111 == OxF

Thisisnot an ANSI construct and few compilers actually support this feature.

Bool ean flag (default ON).
Options:  +f bo -fbo  ++fbo --fbo



f bu

fcd

fce

fcp

fct

fcu

If thisflag is ON, keywordshbool , t rue, and f al se are activated at the start of every C++ module.

Bit fields are Unsigned flag (default OFF).

Options:  +f bu -fbu  ++fbu  --fbu

When thisflagisON, bit fieldswill be considered unsi gned even though anominal i nt isusedin
its specification. For example:

struct S{ int b:1; };

has a one-bit bit field b whose values normally range from -1 to 0. It will receive an Informa-

tional message (806) warning about the unusua character of the declaration. However some
compilers, treat this asranging from 0 to 1. i.e,, they treat the bit field asunsi gned.

The preferred programmer response is to declare the bit field unsi gned, asthisisportable. If you
don't want to do this for some reason, you may set this flag ON, to match the behavior of your
compiler.

CDecl is significant flag (default OFF).

Options:  +fcd -fcd ++fcd --fcd

If thisflagis ON, adistinction is made between functions declared explicitly with thecdecl mod-
ifier (meaningful to users of PC-lint) and functions declared without this modifier. When gener-
ating prototypes (-od), cdec! isadded for all functions declared with this modifier.

Cont i nue-on-Error flag (default OFF).

Options:  +f ce -fce ++fce --fce

If a#error directive is encountered, processing will normally terminate. If this flag is ON, the
#error lineisprinted and processing will continue.

c++ flag (default OFF).

Options:  +f cp -fcp ++fcp --fcp

When thisflag is ON, all subsequent moduleswill be processed as C++ modules, not just the ones
having a distinguished extension (by default . cpp" and ". cxx").

Create Tag flag (default OFF).

Options:  +f ct -fct  ++fct  --fct

Any struct, union, enum or class that has no name following the keyword is considered
untagged. If thisflagis ON (the default is OFF), tagswill be created where they do not otherwise
exist. The created tag will consist of a compound name containing the file name and line number

where the structure is defined. There are a number of uses for such a flag. For one, it forces
untagged structs to be considered different typesif they are defined in different files. Also, some
subtle problems can occur when attempting to reconstruct | ob information that contains untagged
structures. The simple remedy in that caseis to set this flag.

Char - i s- Unsi gned flag (default OFF).
Options:  +fcu -fcu ++fcu --fcu
If thisflag is ON, plainchar declarations are assumed to beunsi gned. Thisis useful for compil-

ers, which, by default, treat char asunsi gned. Note that this treatment is specifically allowed by
the ANSI standard. That is, whether char isunsi gned or signed is up to the implementation.
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fdc

fdh

fdi

fdl

Seealso thef dc flag.

Di sti ngui sh-pl ai n- Char flag (default ON).

Options:  +f dc -fdc  ++fdc --fdc

This option in effect says that for the purpose of function overloading there are three distinct char
types. char, si gned char andunsi gned char. Thisisthe ANSI C++ draft [10] and is set auto-
matically if you turn on the ANSI flag (-A). If your compiler does not support al three, then the
option -f dc must be given in the compiler options file. You can tell if your compiler needs it by
noting whether, for example, both char and si gned char are overloaded for the same functions.
Look iniostream h for example. This option has no effect when you are processing C-only
code.

dot - h flag (default OFF).

Options:  +f dh -fdh  ++fdh --fdh

If this flag is ON and if you #i ncl ude afile without specifying an extension, thena". h" exten-
sion is assumed. For example:

#i ncl ude "stdio"

would cause "st di 0. h" to be included.

Directory of Including file flag (default varies).

Options:  +f di -fdi ++fdi --fdi

For Unix systems the default is ON. For PC-lint and for other systemsthe default is OFF. If this
flag is ON, the search for #i ncl ude files will start with the directory of the including file (in the
double quote case) rather than with the current directory. This is the standard Unix convention
and is also used by the Microsoft compiler. For example:

#i nclude "al pha. h"

begins the search for file al pha. h in the current directory if the f di flag is OFF, or in the direc-
tory of the file that contains the #i ncl ude statement if the fdi flag is ON. This normally won't
make any difference unless you are linting afile in some other directory asin:

lint sourcelal pha.c

If al pha. ¢ contains the above #i ncl ude line and if al pha. h aso lies in directory source you
need to usethe +f di option.

poi nter-Difference-is-Long flag (default OFF).

Options:  +f dI -fdl ++fdl --fdl

This flag specifies that the difference between two pointersistyped | ong. Otherwise the differ-
ence is typed int. This flag is automatically adjusted upon encountering a typedef for
ptrdiff_t.

If the value of the flag is 2, then pointer differences are assumed to bel ong |1 ong. This can occur
through the pair of options:
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fdr

feb

fem

fep

+f dl ++f dl

Deduce- Ret ur n- node flag (default OFF).

Options:  +f dr -fdr  ++fdr  --fdr

With the introduction and general acceptance of thevoi d type this option is amost obsolete. The
return mode of a function has to do with whether the function does, or does not, return a value.
This flag only affects function definitions and declarations that do not have an explicit return
type. This can be a very valuable option for older C programs. If the flag is ON, ret ur n state-
ments are examined to determine the return mode of such afunction. If the flag is OFF, such a
function is assumed to return an i nt . With the flag OFF we are adhering strictly to ANSI.

al | ow Enurerations as Bit fields flag(default ON).
Options:  +feb -feb ++feb --feb
Thefollowing istechnically illega but is allowed by some compilers.

enum col or { red, green, blue };
struct {
enum col or x : 2;
enum color y : 2;

}

The base type of abit field should beani nt (signed or unsigned). If thisflagis ON, no complaint
isissued at declaration time nor at assignment time when assigning a compatible enum

Early Modifiers flag (default OFF).

Options: +fem  -fem ++fem --fem

Microsoft modifiers such asf ar, _near, __huge, _pascal , etc. modify the declarator to its imme-
diate right and so strictly speaking

pascal int f();

isnot valid and will yield error 140. 1t should be:
int pascal f();

Some compilers (such as Metaware) accept both forms and some of their header files use the
former version. To support this aternative form (i.e. to alow early modifiers) use the +f emflag.
Alternatively you may want to have early modifiers flagged only in your own code. To suppress
the message only within library headers use-el i b( 140) instead of setting thisflag.

Ext ended Pre-processor variabl e flag (default OFF).

Options:  +fep -fep ++fep --fep

Normally, enumeration constants and const variables that serve as constants are ignored when
computing #i f directives. Although the standard does not allow such variables, some compilers
do. If thisflag is ON they are permitted. Thus:

I1lint +fep
const int N= 2;
enum{ M= 3 };
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ffb

ffd

fff

ffn

fhd

#if N<M /* allowed only if +fep is ON */
#endi f

for loop creates separate Bl ock flag (default ON).

Options:  +ffb -ffb  ++ffb  --ffb

The C++ standard designates that variables declared withinf or clauses are not visible outside the
scope of thef or loop. For example, in the following code, i can't be used outside thef or loop.

for( int i =0; i <10; i++)
{
1.,

}

// can't use i here.

Some compilersstill adhere to an earlier practice in which variables so declared are placed in the
nearest encompassing block.

By default, this flag is ON indicating that the standard is supported. If your compiler follows a
prior standard you may want to turn this OFF with the option

-ffb

Fl oat to Doubl e flag (default OFF).

Options:  +ffd -ffd  ++ffd --ffd

If thisflagisON, f 1 oat expressions are automatically promoted to doubl e when being used in an
arithmetic expression (just as char is promoted toi nt). Automatic f | oat promotion is K&R C
but not ANSI C.

Fol d Fil enames flag (default ON).

Options:  +fff Sfff HHfff - offf

On some operating systems, filenames are by default folded to either upper case (VMSand MV S)
or to lower case (DOS, OS2, Macintosh). This aids in filename identification and also provides
for amore uniform presentation. If such folding is unwanted, you may employ the - f f option to
reset the Fold Filenames flag.

For systems that do not fold filenames (E.g. Unix) this flag has no effect.

Full (file) Naneflag (default OFF).

Options:  +ffn -ffn  ++ffn --ffn

When ON filenames reported in error messages are full path names. This can assist editors in
locating the correct position within files when default directories may be different than during the
linting.

Flush Qutput files flag (default ON).

Options:  +ffo -ffo ++ffo --ffo

When ON, thef f 1 ush() function is called after each message. Otherwise messages are buffered.
If there are many messagesit is dightly faster tobuffer.

st rong- Hi er ar chy- Down flag (default ON).

48



f hg

f hs

f hx

fie

fil

Options:  +f hd -fhd  ++fhd --fhd

This flag is ON by default. The strong-Hierarchy-Down flag refers to assignments between
strong types related to each other viathe strong type hierarchy. Normally you may freely assign
up and down the hierarchy without drawing awarning. With this flag set OFF awarning will be
issued whenever you assigh down the hierarchy. For example:

typedef int X
typedef X'Y;

Then an assignment from an object of type X to a variable of type Y will draw awarning if the flag
isturned off. Seeaso-father() and-parent () in Section 5.7 Other Options.

H erar chy Graphics flag (default varies).

Options:  +f hg -fhg ++fhg --fhg

For PC-lint the default is ON; for FlexeLint the default is OFF. If thisflag is ON, IBM graphics
characters are used to display a type hierarchy tree. See Section 8.5.5 Printing the Hierarchy
Tree.

H er ar chy- of - St rong- t ypes flag (default ON).

Options:  +f hs -fhs  ++fhs --fhs

If thisflag is ON (it is by default) strong types are considered to form a hierarchy based on t ype-
def statements. See Section 8.5.2 The Natural Type Hierarchy and Section 8.5.3 Adding to
the Natural Hierarchy.

Hi er ar chy- of - st rong- i ndeXes flag (default ON).

Options:  +f hx -fhx  ++hx --fhx

If thisflag is ON (it is by default) strong index types arerelated viathe type hierarchy. See Chap-
ter 8. STRONG TYPES. Seealso the +f hs flag.

| nt eger - nodel - f or - Enumflag (default OFF).
Options:  +fie -fie ++fie --fie
If this flag is ON, aloose model for enumerations is used (loose model means that enumerations
are regarded semantically as integers). By default, a strict model is used wherein a variable of
some enumerated type, if it isto be assigned a value, must be assighed a compatible enumerated
value and an attempt to use an enumeration as an i nt is greeted with a (suppressible) warning

641. Animportant exception is an enumthat has no tag and no variable. Thus
enum {fal se, true};

is assumed to define two integer constants and is always integer model.

I ndent at i on- check- on- Label s flag (default OFF).

Options:  +fil Sfil il -ofi

Normally no indentation check is done on labels because frequently they are positioned far to the
left of alisting in a position of prominence and easy visibility. If you want labels checked, turn

this flag ON. See Section 11.3 Indentation Checking.
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I ncl ude- Mul ti pl e flag (default ON).

Options:  +fim  -fim ++fim --fim

With this flag ON, the -i option may specify multiple include directories (like the INCLUDE
environment variable). For example, for DOS,

-i C:\conpil er\incl ude; C:\ nyi ncl ude
will have the same effect as:

-i C:\conpil er\include
-i C:\ nyi ncl ude

| gnor e-def aul t- Qual i fier flag (default OFF).

Options:  +fiq -fiq ++fiq --figq

If this flag is ON, then an explicit memory model qualifier isignored if it matches the memory
model selected using the -moption. For example, if thisflag is ON then, in Large memory model
(-m ), the following two declarations:

extern char far *p;
extern char *p;

are not distinguishable. By default (OFF), they are distinguishable and will raise a diagnostic.
Normally you would want this flag OFF so that you can be aware that your declarations may not
be perfectly consistent. However, some compiler and/or library header files are inconsistent in
their use of these quaifiers and it is necessary to set this flag just to be able to process these
header files.

I nt egr al - const ant s- ar e- Si gned flag (default OFF).

Options:  +fis -fis ++fis --fis

If this flag is ON, integer constants are typed i nt or | ong, never unsi gned Or unsi gned | ong.
For example, by the rules of ANSI (rules described in Section 16.1 Size of Scalars), OxFFFF is

considered unsi gned if i nt are 16 bits. However, some older compilers regard all integral con-
stants as signed. To mimic these use+fi s.

K&R Preprocessor flag (default OFF).

Options:  +f kp -fkp ++fkp --fkp

A number of preprocessor facilities are alowed by the ANSI C standard, which are not alowed in
K&R C. Theseinclude blanks and tabs preceding the initial # sign. Setting this flag causes strict
adherence to the K& R preprocessor specification.

Li Brary flag (default OFF).

Options:  +fIb -flb  ++flb  --flb

If ON, code is treated as belonging to alibrary header (See Section 6.1 Library Header Files.).
That is, declared objects don't have to be used or defined and messages specified by -el i b (See
Section 5.2 Error Inhibition Options.) are suppressed. Theflag is automatically turned OFF at
the end of a module. This flag has been largely superceded by the notion of "Library Header
Files" (See Section 6.1 Library Header Files.). It still hasits usesthough. For example, the out-
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put of PC-lint/FlexeLint in preprocess mode (i.e. using the -p option) will contain Lint comments
bearing ++f | b before and --f | b after the positions at which library headers were included.

This setting and unsetting of this flag is kept independently of the notion of library header (or
module). Librariness of codeis determined by an OR of this flag and the Librariness of the file.
In thisway, sections of afile can belibrary whiletherest is not.

| ong- char flag (default OFF).

Options:  +flc -flc  ++flc  --flc

If the long-char flag is ON (option +f | ¢) thenl ong char isa permitted type, which resultsin an
integral quantity nominally different from char, short,int orlong int. Some compilers use
this type to specify wide characters (the ANSI type wehar _t). The size of the wide character can
be specified with the option -sw#. Thisflag is set automatically when theWATCOM compiler is
specified (using the option -cwc).

process Library-Function flag (default OFF).

Options:  +f I f SfLE 4 LE oL f

If thisflag is ON, library function definitions will be fully processed. It is hormally OFF to save
alittle time in processing large C++ header files. Processing library function definitions means
that each in-line function definition will be parsed looking for the usual suspicious coding flaws.
Normally the programmer is not interested in examining flaws in the library and so would prefer
to leave thisflag OFF. Occasionally someone is working on alibrary and would prefer to have all
such functions closely examined.

| ong- 1 ong flag (default OFF).

Options:  +f 11 o S N S N R

If thelong-long flag is ON (option +f 11) theni ong 1 ong int (Orjust!ong I ong)isapermitted
type, which resultsin an integral quantity nominally different and usually longer than al ong int .
Thesizeof al ong | ong int can be specified with the option -sI | #. If thelong-long flag is not
set, then you will be warned (Info 799) if an integral constant exceeds the size of along.

Lock Message format flag (default OFF).

Options:  +fIm  -flm ++fIm --flm

This flag can be used by GUI front ends which depend on a particular format for error messages.
If thisflag is ON, the Message Presentation Options (See Section 5.6.1 M essage Height Option.)
are frozen. That is, subsequent -h, -wi dt h, and the various -f or mat options are ignored. Also
ignored isthe -os option. The -os option (See Section 5.7 Other Options.) designates which file
will receive error messages.

#Li Ne directives flag (default ON).
Options:  +fIn -fln  ++fln  --fln
By default, #I i ne directives affect the location information within error messages. The option

-f1 n may be used to ignore#l i ne directives. See Section 13.3.1 #lineand # for an example.
Some systems utilize # as a synonym for #l i ne. To support this usage, the f1 n flag must be

incremented to 2 or more. This can be done with the option ++f | n (theinitial value of 1 isincre-
mented to obtain 2).
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Ml tiple Definitions flag (default OFF).

Options:  +f md -fmd ++fmd --fod

Some compilers allow multiple definitions of dataitems provided they are not accompanied by an
initializer. These are referred to in ANSI C as tentative definitions. For example, in the
sequence:

i nt
i nt
i nt
i nt

:3;

5 5 5 S

= 3;

some compilers would consider only the last declaration as erroneous. |f thef md flag is ON, only

the last declaration draws the "Previously defined" error message (number 14). Multiple defini-
tions of functions are always reported.

Al | ow operator new ] flag (default ON).

Options:  +f na -fna  ++fna --fna

In C++ it is possible to override oper at or new by writing your own member function with this
name. operator new{] isasmilar function that you can override that will be used to allocate
space for arrays. But not al compilers support this new feature. With +f na ON, the New Array
facility will be activated.

Nest ed Comment s flag (default OFF).

Options:  +f nc -fnc  ++fnc  --fnc

If this flag is ON, comments may be nested. This alows PC-lint/FlexeLint to process files in
which code has been 'commented out'. Commenting out code should not be considered good
practice, however. Code should be disabled by using a preprocessor conditional as it avoids the
guoted star-slash problem and it automatically assigns a condition to the re-enabling of the code.

New can return Null flag (default OFF).

Options:  +fnn -fnn ++fnn  --fnn

Turning this flag ON yields the old style operator new. That is, new may return NULL and does
not throw an exception.

According to Standard C++, there are two built-in functions supporting operator new:

void *operator new( size_t ) throw( std::bad_alloc );
void *operator new]( size_t ) throw( std::bad_alloc );

Rather than return NULL when there is ho more alocatable space, these functions throw an
exception as shown.

However, earlier versions of the language, especially before there were exceptions, returned
NULL when storage was exhausted. To support this older convention this flag was created.

Nest ed Tag flag (default ON).
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Options:  +f nt -fnt  ++fnt  --fnt

A NestedTagisatag (cl ass, st ruct, uni on or enumname) defined within aclass. These are not
normally visible outside the class unless qualified. With this flag ON, and if a context clearly
indicates that atag is required (such as before a scope operator) then a special search is made of
the table of al tags. Appropriate warnings are issued if the tag isfound in areas that are not truly
visible.

Qut put - Decl ar ed- obj ect s flag (default OFF).
Options:  +f od -fod ++fod --fod
This flag has an effect only when a Lint Object Module (See option -oo in Section 5.7 Other

Options) is being produced. Normally, objects declared but not referenced are not placed in the
output. With this flag ON, all objects declared are placed there. This has the disadvantage of
making the object modules much larger than they need to be. It has the advantage that all
declared objects will be cross-checked.

Qut put - Li br ar y- obj ect s flag (default OFF).

Options:  +f ol -fol  ++fol  --fol

This flag has an effect only when a Lint Object Module (See option -oo in Section 5.7 Other
Options) is being produced. Normally, objects declared when the library flag is set (see +f 1 b in
Section 5.5 Flag Options and/or -l i brary in Section 5.7 Other Options) are not placed in the
output. With this flag ON, all library objects are placed in the output module. It is not usually
necessary to set this flag ON when creating a Lint Object Module that describes a library. See
Section 6.1 Library Header Files.

PAuse flag (default OFF).

Options:  +f pa -fpa ++fpa --fpa

When thisflag is ON, PC-lint/FlexeLint will pause just before exiting (after all messages are pro-
duced), and request input through st di n after prompting on st der r. Hitting Return (i.e., Enter)
should be enough to finally terminate. This option could be useful in a windowing system gone
'berserk’ where the output flashes momentarily upon the screen before itswindow is closed. This
option should keep the window open. CAUTION: This option is recommended only as atrouble
shooting option or as a stop gap measure. Some environments require the launched program to
terminate or they themselves lock up.

Pointer Casts retain |value flag (default OFF).
Options:  +f pc -fpc  ++fpc --fpc

This flag can be used to legitimize anon-ANSI non-K& R practice, which isrifein the C commu-
nity. For exampleif you wanted to add 1 (1 bytenot 1i nt) to ani nt pointer (pi ) then you could
write:

(*(char **) &pi) ++;
, which isalot of effort and confusing. You could write:
((char *)pi)++;
Thisisnon-ANSI and non-K & R because the cast removesthe lvalue property from pi and hence

it can no longer be incremented. For this reason it will draw a diagnostic from PC-lint/FlexeLint
even though many (if not most) compilers accept it. If you choose the second aternative you
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should turn ON thef pc flag to suppress the message.

Precision is limted to the Maxi numof its argunents flag (default OFF).

Options:  +f pm -fpm ++fpm --fpm

This is used to suppress certain kinds of Loss of Precision messages (#734). In particular, if
multiplication or left shifting is used in an expression involving char (or short where short is
smaller thani nt ) an unwanted |0ss of precision message may occur. For example, if ch isachar
then:

ch = ch * ch

would normally result in a Loss of Precision. This is suppressed when +f pmis set. Thisflagis
automatically (and temporarily) set for operators <<= and *=.

For example
ch <<=1
is not greeted with Message 734.

Poi nt er - par amet er - may- be- NULL flag (default OFF).

Options:  +f pn -fpn  ++fpn --fpn

If this flag is set ON, all pointer parameters are assumed to be possibly NULL and a diagnostic
will be issued if a pointer parameter is used without testing for NULL. For example:

void f( char *p, char *q )

ip:3; /1 warning only if +fpn
q++; /1 warning only if +fpn
}
void g( char *p, char *q )
{
if(p&&q)
{
*p = 3 /1 no warning
q++; /1 no war ning
}
}

For more information about thisinteresting test see Section 9.2 Value Tracking.
Paraneters within Strings flag (default OFF).

Options:  +f ps -fps ++fps --fps
This flag, when set ON, allows macro parametersto be substituted within stringsasin:

#define printi(n) printf( "n = %\n", n)

, which prints both the name and the value of the parameter passed to the macro printi. This
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depends on the substitution of a macro parameter within a string constant and is supported by
many compilers but is now expressly forbidden by ANSI C. There are other ways to accomplish
this task, such as the ANSI C # stringize operator, provided your compiler supports them. If it

doesn't, set this flag ON; see also Warning 607 in Section 17.4 C Warning M essages.

Read Bi nary flag (default OFF).

Options:  +frb -frb ++frb  --frb

When this flag is ON, al files opened with f open on input are given amode of rb rather thanr.
Thisis to resolve an obscure problem that can arise with some editor/compiler combinations. On
a system (such as MS-DOS) that uses CR- LF to separate lines, some editors do not insert a CR
between lines (to save space) and some run-time libraries will not stop (with f get s) on just an LF
unless read with rb. Using this option will handle the situation.

Reference Location information in messages flag (default ON).
Options:  +frl Sfrl 4+frl --frd
Reference location information is a clause that is appended to some messages (usually those asso-

ciated with value tracking), which is of the form:
[Reference: File..: line.., ...]

Thistrailer can be eliminated by turning this flag OF-.

Struct ur e- Assi gnnent flag (default ON).

Options:  +fsa -fsa ++fsa --fsa

If this flag is ON, structure assignment is assumed to be valid. Functions, actual arguments and
parameters may be typedst ruct or uni on and such objects are alowed to be used in assignment.

String constants are Const char flag (default OFF).
Options:  +f sc -fsc  ++fsc --fsc
When thisflag is ON, string constants are considered pointersto const char. For example:

strcpy( "abc", buffer );

draws a diagnostic because st r cpy is declared within st ri ng. h (by al the major compiler vend-
ers) as

char * strcpy( char *, const char * );
The diagnostic is issued because aconst char * isbeing passed toachar *.

You may think it odd that string constants are not const char * by default. If you set this flag
ON, you will probably discover the reason. There will undoubtedly be numerous places where a
function is passed a string constant where the corresponding parameter should be declared const
char * butisn't. Therewill also be cases of variables that should be declared as const char *
but aren't. Thus, you may regard this flag as a good way to ferret out places where such type
checking can be tightened.

SHar ed readi ng flag (default ON).
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Options:  +f sh -fsh  ++fsh --fsh
When flag f sh isON, files opened for reading will be opened in shared mode. Currently this flag
isimplemented only on PC-lint.

SPeci f i ¢ flag (default ON).

Options:  +f sp -fsp ++fsp --fsp

If thisflag is ON (it is by default), Specificfunction call walking is supported. See Section 9.2.2
Interfunction Value Tracking. By turning this flag OFF (using the option -f sp), processing can
be speeded up.

Sub- St ruct flag (default ON).

Options:  +f ss -fss  ++fss  --fss

Thisflag isintended to support a base-derived relationship among C structures similar to the same
notion in C++. It is intended mostly for C programs but can be used by C++ programs that
manipulate plain old data (POD) structures. If thisflag isON inaC program or hasthevaue 2in
a C++ program (using the pair of options +f cp ++f cp) then the following definitions apply. A
struct is considered a substructure of another if it is the type of the first member of that other
struct. If astruct is a substructure of a second then it is treated for type comparison purposes as a

base class of the second. In particular you will not receive Info 740 (Unusual pointer cast) when
assigning pointers to struct's that are related as substructures. For example:

struct A{ int a; };

struct B { struct A a; int b; };

void f( struct A *pa, struct B *pb )
{
pa
pb
}

(struct A* ) pb; /* no 740 */
(struct B* ) pa; /* Info 826 but no 740 */

String Unsi gned flag (default OFF).

Options:  +fsu -fsu ++fsu  --fsu

This flag has the same effect as f cu. The original intent was to specify that, with thisflag ON, a
string of constant characters (asin "...") would be regarded as a pointer to an unsigned character.
It was subsequently decided that this shouldn't be specified independently of "..." expressions or
of the signedness of the char type. It isretained for historical purposes.

raw Tenpl at e- Funct i on flag (default OFF).

Options:  +ftf Sftf o Hftf -oftf

A raw template function is a template function in the absence of specific argument types. If this
flag is ON, raw template functions are parsed. Thiscan assist a programmer who isin the process
of developing a template by providing an "early warning system" before the template is actually
instantiated. However, it can occasionaly lead to syntactic difficulties such as when a parameter-
ized type refers to a class whose name space does not yet exist. If the flag is OFF, this parsing is
inhibited. In any event (i.e. for either flag setting) function instantiations are always parsed for
each type instance. Note, a C++ compiler will not normally process raw template functions.
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Tri Graph flag (default ON).

Options:  +ftg -ftg ++ftg --ftg

If thisflag in ON (it is ON by default) standard C/C++ trigraphs are permitted. For example 27(
is atrigraph that denotes the left square bracket ([ ). If thisflag is OFF, use of the trigraphs will
result in adiagnostic.

TRuncat e flag (default OFF).

Options:  +ftr Sftr ++ftr --ftr

The effect of this flag is to truncate long include file names to 8x3 if the origina filename does
not seem to bevalid. For example, consider the following:

#i ncl ude <al gorithms. h>

If al gorithms. h cannot be opened using the usual search procedures, and if the Truncate flag is
set (+f t r), then there will be an attempt to open thefile ‘al gori t h. h'. Thisflag wasintroduced to
allow for the peculiarities of Borland's C++ Builder.

Unsi gned Long flag (default ON).

Options:  +f ul -ful ++ful --ful

If the unsigned long flag is ON, then unsi gned | ong isavaidtype. In K&R C unsi gned | ong
was not avalid type.

Vari abl e Arguments flag (default OFF).
Options:  +fva[ N| -fva[ N
This option only affects functions that are NOT prototyped. Functions declared or defined while

thisflag is ON are assumed to have avariable argument lis. Warning messages (515 and 516)
reporting inconsistencies between argument lists are suppressed for such functions.

For example,
/*lint +fva */
extern int printf();
extern int fprintf();
/*lint -fva */

will causeprintf() andfprintf() toberegarded as having variable argument lists.

An integer suffix N can be added to 'f va' to denote that variability begins after the Nth argument.
For example:

//1int +fval
extern printf();

//lint -fva

indicates that only the first argument of pri ntf () should be checked. Note that the same effect
can be achieved by using prototypes.

A function, once dubbed as having variable argument status, cannot lose this status by being
declared or defined with the f va flag OFF. This allows setting the flag once in one declarations
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module and omitting thisflag in subsequent modules.

Note that the flag has no direct effect when a function call is encountered. That is, a function
called with the flag ON will not be marked as having variable argument status. Whether an error
is reported will depend on whether the function had been defined or declared with the flag having
been ON.

VO d data type flag (default ON).

Options:  +fvo -fvo  ++fvo --fvo

If this flag is ON, voi d is recognized as a type and functions declared as voi d are assumed to
return no value. The origind K&R C did not havea voi d type.

Varyi ng- Ret ur n- node flag (default OFF).

Options:  +f vr -fvr #+fvr --fur

The return mode has to do with whether particular functions do, or do not, return avalue. If this
flag is ON when afunction is defined or declared, then the function does not have to be consistent
in this respect. Error messages arising out of an incompatibility between calls to the function and
the function declaration or between two calls or between return statements and either of the above
are inhibited. For example, since st rcpy() returnsa string (in most standard libraries) and since
the string is seldom used, it would be wiseto set thisflag ON for at least one of the declarations of

strepy() -

This flag, once widely used, is now being replaced by the more concise:
-esym( 534, nanel, nane2, ...)

wchar _t is built-in flag (default OFF).

Options:  +fwc -fwe ++Hwe  --fwe

If thisflag is set, wchar _t is built-in. It has the effect of making wchar _t areserved word. His-
torically wchar _t hasusualy been at ypedef . However the C++ standard now requireswchar _t
to be abasic type. Caution: if you set this flag, the older t ypedef won't work. Check your com-
piler header files before turning this flag ON. The underlying type for wchar _t can be modified

by setting its size (-sw#) and/or signedness (+f wu).

wchar _t is Unsi gned flag (default OFF).

Options:  +fwu -fwu +Hfwe --fw

This flag is used to specify the signedness of a built-in wchar _t type. If thisflag is set ON the
built-in type is of the unsigned variety, otherwise of the signed variety. A side-effect of thisflag
isto set the +f we flag ON. Caution: Enablingwchar _t asareserved word will render invalid any
t ypedef of that name.

eXact - Ar ray flag (default OFF).

Options:  +f xa -fxa ++fxa --fxa

(This option deals only with non-prototype functions). Thisflag, if ON, selectively inhibits pro-
motion of array arguments and array parameters (for the purpose of type matching) to pointers.
This provides amore strict type-checking in function calls than is normally obtainable. In partic-
ular, only arrays may be passed to parameters declared as array and the sizes, if specified, must
match. On the other hand, both arrays and pointers may be passed to a parameter typed as
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pointer. See Section 11.7 Exact Parameter M atching.

eXact - Char flag (default OFF).

Options:  +f xc -fxc  ++fxc --fxc

(This option deals only with non-prototype functions). This flag, if ON, inhibits promotion of
char or unsi gned char arguments and parameters (for the purpose of type matching). Normally
these types are silently promoted for argument passing to i nt , and this promotion can hide unin-
tended disagreements between parameter and argument. See Section 11.7 Exact Parameter
M atching.

eXact - Fl oat flag (default OFF).

Options:  +f xf -fxf #+fxf --fxf

(This option deals only with non-prototype functions). This flag, if ON, inhibits promotion of
f1 oat arguments and parameters (for the purpose of type matching). Normally these types are
silently promoted to doubl e, and this promotion can hide unintended disagreements between

parameter and argument. See Section 11.7 Exact Parameter M atching.

eXact - Short flag (default OFF).

Options:  +f xs -fxs  ++fxs --fxs

(This option deals only with non-prototype functions). This flag, if ON, inhibits promotion of
short and unsi gned short arguments and parameters (for the purpose of type matching). Nor-
mally these types are silently promoted to i nt , and this promotion can hide unintended disagree-

ments between parameter and argument. See Section 11.7 Exact Parameter M atching.

si Zeof -i s- Long flag (default OFF).

Options:  +f zI -fzl  ++fzl --fzl

If thisflag iSON, si zeof () isassumedto beal ong (Or unsi gned | ong if -f zu isaso ON). The
flag is OFF by default because si zeof isnhormally typedi nt . Thisflag is automatically adjusted
upon encountering asi ze_t type. Thisflag isuseful on architectures where i nt is not the same

sizeas! ong.

If the flag has avalue equal to 2, then si zeof () isassumed to bel ong | ong. Thus
+f zI ++f zI

will result insi zeof () beingunsi gned 1 ong Iong x (@ssuming +f zu).

si Zeof -i s- Unsi gned flag (default ON).

Options:  +f zu -fzu  ++fzu  --fzu

If thisflag isON, si zeof () isassumed to return an unsigned quantity (unsi gned | ong if -f zI is
also ON). Thisflag isautomatically adjusted upon encountering asi ze_t type.

5.6 Message Presentation Options

PC-lint/FlexeLint allows considerable control over the presentation of messages.

59



5.6.1 Message Height Option

PC-lint/FlexeLint alows considerable control over the height of error messages. The smaller the height,
the more messages can be squeezed into a smallish screen image; the greater the height, the greater the
clarity of error presentation.

Message height is controlled by the -h option having the general form:

-h[s][FI[f [al[b][r J[m][m [ M ][I IN

The optional s means Space (blank line) after each message.

The optional F means that File information is al ways provided with an error message. This is useful
when error messages are processed automatically by, say, an editor. If the error condition is detected after
the last line of a module, the message is tagged with an appropriate line in somefile. 1f no such line seems

appropriate, it will be tagged with line n+1, where n is the number of linesin the module. Thisis useful
for some editorsthat automatically place themselvesat the appropriate place in the file.

The optional f issimilar to F. It will add out-of-sequence file position information only if it seems espe-

cialy useful but it will not resort to then+1'st line of afile. Use'F' if your editor can accept an n+1'st ling;
if not use't".

The a and b (meaning respectively Above and Below) refer to the location of the indicator | with respect
to the source line. Thisisonly used for heights of 3 and 4.

The optional r (meaning Repeat) will cause each source line to be repeated for each message produced for
the line. Thismay be preferred for automatic processing of the message file.

The optional m requests No Macro display. Normally, the value of each open macro at the time of the

error is shown on a separate line, provided the message height (i.e. the valueof N) isat least 3. Thelineis
by default prefixed with "#. . . ". For example, the following code

#define foo(a,b) ((a)/(b)+3)
int n = foo(4,0);

can result in the following message:

#...  ((4)/(0)+3
int n =foo(4,0);
file.c 3 Error 54: Division by 0

The line beginning with "#. . . " is part of the macro display. The macro display can be multi-line and for
long macros will be truncated fore and aft. The macro display isto aid diagnosis and is suppressed with

m. The optional mwill undo the effects of m; i.e. it will restore the display of macros. The optionalmt M
restores the macro display and lets you assign anew prefix M in place of the default "#. .. ". A convenient
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way to place a space within the string Misvia\s. To placea'/ ' within Muse\/ .

The optional | stands for a user-designated string of characters to be used as a horizontal position indicator
denoting the position of the error within the source line. | may not start with s, f, r, m a or b. Thisstring

will be embedded within the source line if N== 2 (see below) or will appear on itsown lineif N> 2. The
indicator may contain digits. This might be useful, for example, in producing an ANSI escape sequence to
produce a colored cursor.

Thevery last digit of the -h option istaken to be the height. Nisan integer in the range 1 to 4 indicating the
height of the messages (as further described below). Note that Nis the nominal height of messages. Some
messages may be forced to use more lines owing to a finite screen width (See option -wi dt h(...) later in
this section).

The default height option is-ha_3

For N = 4 the error messages have the general form:

File Fil e-nane, Line Li ne-nunber
Source-line
|

Error-number: Message

where, if the letter 'a' had been specified, the indicator | would have been placed above Sour ce- | i ne
rather than below.

Example (-hb”4):

File x.c, Line 4
n=m

N

Error 40: Undeclared identifier (m

For N =3, the general formis:

Source-line
I

File-name Li ne- nunber Error-nunber: Message

Example (-hb"3):

X.Cc 4 Error 40: Undeclared identifier (m
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For N =2, the general formis:

Source-line
File-name Li ne- nunber Error-nunber: Message

Example (-h$2):

n = $m
X.C 4 Error 40: Undeclared identifier (m

For N = 1, the general form is the same asfor N= 2 except the Sour ce- | i ne is omitted.

Example (-h1):

X.C 4 Error 40: Undeclared identifier (m

5.6.2 Message Width Option
The format of the width optionis:

-wi dt h(W | ndent)
Example: -wi dt h(99, 4)
Thefirst parameter (W) specifiesthe width of messages. Linesgreater than thiswidth are broken at blanks.
A width of o implies no breaking. The second number specifies the indentation to be used on continued
lines. -wi dt h( 79, 4) isthe default setting.
5.6.3 Message Format Options

-f or mat =...

controls the detailed format of messages where the message height is three or less.

-f or mat 4a=...
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-f or mat 4b=...
controls the detailed format of messages where the message height isfour. See below for details.

This option is especialy useful if you are using an editor that expects a particular style of error message.
The format option is of the form -f or mat =... where the ellipsis consists of any ordinary characters and the
following special escapes:

9% = thefilename
(note that option +f f n, standing for "Full File Names",
can be used to control whether full path names are
used).

o= the message text

o = the message number

% = the message type (Error, Warning, etc.)

% = the line number

% = the column number

% = the column number +1

% = theinvoking function
o ...99 = conditionaly include the information denoted
by ... if the error occurred within afile.

\ n = newline
\t =tab
\'s = space

\ a = alarm (becomes ASCII 7)
\g=quote("")
\\ =backslash (\")

For example the default message format is

“format=%4% % N%U %: %

Note that the option is surrounded by quotes so that the embedded spaces do not terminate the option. We
could have used \ s instead, but it is difficult to read.

If the height of the message is 4 (option -h...4), the -f or mat option will have no effect. To customize the

message use options -f or mat 4a=... for the line that goes Above the line in error and -f or mat 4b=... for the
line that goes Below.

-format _speci fi ¢ The prologue to a Specific Walk error message is controlled by this option. See Sec-
tion 9.2.2.3 Summary of Options.

5.6.4 -append

-append(errno, string)

The option
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-append( errno, string)
can be used to append atrailing message (string) onto an existing error message. For example:

-append( 936, - X Corp. Software Policy 371 )

will append the indicated message to the text of message 936.

The purpose of this option, as the example suggests, is to add additional information, to a mes-
sage, that could be used to support a company or standards body software policy. Referring to the
example above, when message 936 isissued, the programmer can see that this has something to
do with Software Policy 371. The programmer can then look up Policy 371 and obtain supple-
mentary information about the practicethat is to be avoided.

This option does not automatically enable the indicated message. This would be done separately
with, in this example, the option +e936.

5.7 Other Options

-A

+b

requests strictly ANSI C/C++ processing. -A enables Elective Note 950. Non-ANS! keywords
(i.e., reserved words) and other non-ANSI features (such as the // form of comment within C
modul es) are reported but duly processed according to their non-ANSI meaning. A common situ-
ation is when your compiler header files are non-ANSI but you want your ANSI program to be
checked. For this situation, use, in addition to -A, the option -el i b(950). Note, toreal |y
check your codefor ANSI compliance, lint with aset of ANSI header files.

Suppresses the Banner line

Redirects the Banner line (to standard out)

(Unlike our other options, this option must be placed on the command line and not in an indirect
file) When PC-lint/FlexeLint is run from some environments, the banner line (identifying the
version of PC-lint/FlexeLint and bearing a Copyright Notice) may overwrite a portion of an edit-
ing screen. This is because the banner line is, by default, written to standard error wheresas the
messages are written to standard out and can be redirected. The option +b will cause the banner
line to be written to standard out (and hence will become part of the redirected output). The
option -b will suppress the banner line completely.

-background The -backgr ound option under Windows-NT will have the effect of running PC-lint in the

background. That is, it will run at areduced priority.

-ccode specifiesaparticular compiler. For alist of codes and the effect that each of these codes has, see

Section 5.8.2 Compiler Codes. This option is required for MS-DOS because the set of
pre-defined preprocessor identifiers depends on the memory model selected. Options for other
systems can be governed by acompiler optionsfile. See Section 5.8 Compiler Adaptation.

+cpp( ext ) Add C++ extension
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-cpp( ext ) Remove C++ extension

This option allows the user to add and/or remove extensions from the list that i dentifies C++ mod-
ules. By default only .cpp and .cxx are recognized as C++ extensions. (It is as if
+cpp(cpp, cxx) had been issued at the start of processing.) For example:

lint a.cpp +cpp(cc) b.cc c.c

treats a. cpp and b. cc as C++ modules and c. ¢ asa C module. Thereisnointrinsic limit to the
number of different extensions that can be used to designate C++ modules. See also flag +f cp.

This option allows the user to define preprocessor variables (and even function-like macros) from
the command line. The simplified format of this option is:

-dname[=val ue]

where the square brackets imply that the value portion is optiona. If =val ue is omitted, 1 is
assumed. If onlyval ue isomitted asin -dx= then theval ue assigned isnull. For function-like
macros, see option -dname()=Repl acement in Section 5.8.3 Customization Facilities.
Examples:

-dDOS
-dal pha=0
-dX=

These three options are equivalent to the statements

#define DOS 1
#define al pha 0
#define X

appearing at the beginning of each subsequent module.

Note that caseis preserved. Thereisno intrinsic limit to the number of -d options. The-d option
may be used within a/*1int comment; it will take effect in the current module and all subse-

guent modules. Seealso the -u... option and Section 5.1 Rules for Specifying Options.

This option does not provide any functionality over what can be provided through the use of
#def i ne within the code. It does allow lint to be customized for particular compilers without
modifying source. It also applies globally across all modules, whereas #def i ne islocal to a spe-
cific module.

+dname=val ue An option of theform +d... behaveslike -d... except that the definition is locked in and

will be resistant to change even though a subsequent#def i ne of the same name is encountered.

-bname[=val ue][; ..]

The -D option is similar to the -d option except that a semi-colon separated list of name- val ue
pairsis supported. Thus:
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-Dal pha=2; bet a; gamma=del t a
is equivalent to:
-dal pha=2 -dbeta -dgamma=delta

The reason for this option is to alow cooperating interactive development environments (IDE's)
to pass on to language processors (like lint) the define directives selected by the user that are oth-
erwise intended for the compiler. For example, under the Borland C++ 5.00 IDE, you can use the
option

-D§DEF
to pass a collection of define directives on to PC-lint.

+ext (ext ensi on [, ext ensi on] ...)
specifies the list of default extensions tried by PC-lint/FlexeLint and the order in which they are
tried when an extension-less filename is provided as argument. For example,

l'int al pha

will, by default, cause first an attempt to open al pha. I nt . If thisfailsthere will be an attempt to
open al pha. cpp. If thisfailsthere will be an attempt to open al pha. c. It isasif the option:

+ext ( Int, cpp, ¢ )
had been given on startup.

Minor notes. This has no effect on which extensions indicate that a module is to be regarded as a
C++ module. This is done by the options -/ +cpp and -/ +f cp. Prefixing an extension with a
period has no effect. Thus, +ext (I nt,c) means the same as +ext (.Int,.c) . For MS-DOS,
upper-casing the extension aso has no effect. Thus, +ext (I nt) has the same effect as
+ext (LNT) . On Unix, however, case differences do matter. For example, if the Unix programmer
wanted both . ¢ and . C extensions to be taken by default he might want to use the option:
+ext (I nt,c, O

-fal |l t hrough
indicates that the programmer is aware of the fact that flow of control isfalling through from one

case (or default) of a switch to another. Without such an option Message825 will beissued. For
example:

case 1:
case 22 n =0; // settingntoO
case 3. n++;

will result in Info 825 on case 3 because control is falling through from the statement above,
which is neither a case nor adefault. The cureisto usethe-f al I t hr ough option:
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case 1:

case 22 n =0; // settingntoO
//1int -fallthrough

case 3: n++;

Warning 616 will be issued if no comment at all appears between the two cases. If thisis ade-
quate protection, then just inhibit message 825.

-father(Parent, Child[,Child]..)
is like the -par ent () option except that it makes the relationship a strict one such that a Chi | d
type can be assigned to a Par ent type but not conversely. To make all relationships strict you
may use the -f hd option. (Turn off the Hierarchy Down flag). See Section 5.5 Flag Options. If
a-parent () option and a-f at her () option are both given between the same two types then the
relationship is considered strict. See Section 8.5.4 Restricting Down Assignments (-father).

-function( Functi on0O, Functionl[, Function2]..)
This option specifies that Functionl, Function2... are like FunctionO in that they exhibit special
properties normally associated with FunctionO. The special functions with built-in meaning are

described in Section 10.1 Function Mimicry (-function). See also -semin Section 10.2 Seman-
tic Specifications.

-header ( fil enanme) The-header option will force PC-lint/FlexeLint to read the header f i | ename
at the outset of each module. Thisis useful for defining macros, t ypedef s, etc. of aglobal nature
used by all modules processed by PC-lint/FlexeLint without disturbing any source code. For
example,

-header ( lintdcls.h )

will causethefilelintdcl s. h to be processed before each module.

The header isnot reported as being unused in any given module (even though it may be). It isnot
considered a library header. An extra option may be needed to make this assertion as follows:
+libh(fil enanme)

Multiple -header options may be used, and this effect is additive. Filesare included in the order
in which they are given. However, an option of the form:

--header( fi |l enane)
will remove all prior headers specified by -header options beforeadding fi | ename.
If filename is absent asin --header then the effect isto erase any prior header requests.

+headerwarn( fil ename [,fil enane]...)

will cause amessage (Info 829) to be issued each time one of the filename argumentsisincluded
as aheader. For example +header war n( st di 0. h) will alert the programmer to the use of
stdio. h. If theoption—w i b(1) isin place, asit usualy isto stem the flood of Warnings and
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Informational s emanating from library headers, no message 829 will be issued from within a
library header unlessyou also issue a +el i b(829) sometime after the —wl i b(1).

-idi rectory Filesnotfound in the current directory are searched for in the directory specified. There
is no intrinsic limit to the number of such directories. The search order is given by the order of

appearance of the -i di r ect ory options. For example:

-i/1ib/
can be used (on Unix-like operating systems) to make sure that al files not found in the current
directory are looked up in some library directory named | i b. A file separation character (\ ' for
MS-DOS, /' for Unix, " ' for VAX VMS) will be appended onto the end of the -i option if afile
meta character (\"' or : ' or /' for MS-DOS, '/ * for Unix, "' or 1" for VAX VMS) is not aready
present. Thus

-i/lib

is equivalent to the above (for Unix). See FlexeLint Installation Notes for any system specific
details.

To include blanks within the directory name employ the quote convention (See Section 5.1 Rules
for Specifying Options.) asin the following:

-i"programfiles\conpiler"

Multiple directories may be specified either with multiple -i options or by specifying a
semi-colon separated list with asingle-i option. (See also +f i m)

PC-lint/FlexeLint also supports the | NCLUDE environment variable. See Section 13.2.1
INCLUDE Environment Variable. Note: Any directory specified by a-i directive takes prece-
dence over the directories specified viathe | NCLUDE environment variable.

For Unix users, -1 di rect ory isidentical to -i di r ect ory.

Asaspecia case the option -i - istaken asadirective to remove all of the directories established
with previous -i options (it has no effect on those directories specified with | NCLUDE).

-ident( String)
This option allows the user to specify aternate identifier characters. Each character in Sring is
taken to be an identifier character. For example if your compiler allows @as an identifier charac-
ter then you may want to use the option:

-ident (@

Option -$ isidentical in effect to -i dent ($) and isretained for historical reasons.

-ident1( string)
This option allows the user to define a one-character identifier. A one-character identifier is one
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that is not part of some other identifier. E.g.

-ident1( @)

will establish " @" as being a one-character identifier. Thus, @abc will consist of two identifiers
"@" and "abc". A one-character identifier isa unique lexical unit. It differs from aregular iden-
tifier character, such as a letter, in that it does not join with other characters and it differs from a
special character (like comma) in that it can be used as the name of a macro.

-idl en( count [,options])
will report on pairs of identifiers in the same name space that are identical in their first count char-
acters but are otherwise different. Options are:

x linker (eXternal) symbols
p Preprocessor symbols
¢ Compiler symbols

If omitted, all symbols are assumed.

Frequently, linkers and, less frequently, preprocessors and compilers, have alimit on the number
of significant characters of an identifier. They will ignoreall but the first count characters. The

-i dI en option can be used to find pairs of identifiers that are identica in the first count charac-
ters but are nonetheless different. PC-lint/FlexeLint treats the identifiers as different but reports
on the clash.

Option x, linker symboals, refers to inter-module symbols. Option p, preprocessor symbols, refers
to macros and parameters of function-like macros. Option ¢, compiler symbols, refers to al the
other symbols and includes symbols local to afunction, st r uct /uni on tags and member names,

enumconstants, etc. Warning 621, 1dentifier clash may be suppressed for individual identi-
fiers with the -esymoption. -i di en is off by default.

-i ncvar (nane)
The environment variable | NCLUDE is normally checked for alist of directories to be searched for

header files (See Section 13.2 include Processing.). Y ou may usethe-i ncvar (name) option to
specify avariable to be used instead of | NCLUDE. For example

-i ncvar ( MYl NCLUDE)
requests checking the environment variable Myl NCLUDE rather than checking | NCLUDE.
Limitation: This option may not be placed in an indirect file or source file. It may be placed on

the command line or within the LI NT environment variable. The | NCLUDE environment variableis
processed just before opening the first file.

-index( fl ags, ixtype, sitype], sitype]..)
This option is supplementary to and can be used in conjunction with the st r ong option. It speci-
fies that i xt ype is the exclusive index type to be used with arrays of (or pointers to) the
si type (or si type if more than one is provided). Both the i xt ype and the si t ype are
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assumed to be names of types subsequently defined by atypedef declaration. See Section 8.4
-index.

+libclass( identifier[, identifier]..)
specifies the class of header files that are by default treated as library headers. identifier can be
one of:

angl e (specified with angle brackets),

foreign (comesfrom aforeign directory using -i or the | NCLUDE environment variable),
ansi (one of those specified by ANSI), or

all (meaning all header files).

For more information, see Section 6.1 Library Header Files.

+libdir( directory[, directory]..) Addlibrary directory

slibdir( directory[, directory]..) Removelibrary directory
allows you to override +l i bel ass for particular directories. di r ect or y may contain wild cards
(*'and '?"). For moreinformation, see Section 6.1 Library Header Files.

+ibh( file[, file]..) Addlibrary header

-libh( file[, file]..) Removelibrary header
allows you to override +l i bcl ass and +/-1i bdi r for particular files. fil e may contain wild
card characters. For more information, see Section 6.1 Library Header Files.

-li brary Thisoption turns ON thelibrary flag for the next module, if given on the command line, or for
the rest of the module if placed within a lint comment. For an example, see Section 6.2 Library
Modules. At one time this option was equivalent to the +f1b flag (See Section 5.5 Flag
Options.). However, thereis now adifference. -l1i br ary designates the filein which it is placed
and all files that it may include as having the library property. Thus, if a lint option within a
header file contains the -1 i brary flag then only that header (and the headers it includes) are
affected. It does not affect the including file. With +f I b the flag isleft on until turned off. This
option is equivalent to the Unix lint option /* LI NTLI BRARY */ (See Section 11.9 Unix Lint
Options.). Some Unix headers contain this option and in doing so cause the header in which it is
found to be considered library.

-limt( n ) Thisoptionimposesan upper limit on the number of messages that will be produced. By
default thereis no limit. (The maximum valuefor n is 64000.)

+ i nebuf This option doubles the size of the line buffer, which isinitialy 600 bytes.

The line buffer is used to hold the current line and must be as long asthe longest line in whatever
fileyou are reading. Macro expansion does not affect thisvalue. If aline exceeding thisvalueis
detected, Error 91 is issued and you will be prompted to use this option. There is no intrinsic
limit to the number of times the line buffer can be doubled. The option can be placed in afile
(specifically ina. I nt file). When the line buffer is reallocated, the old buffer is not released, so
that information in the old buffer is still processed even though the line buffer is changing under
foot.
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+ nt (ext ensi on [, ext ensi on] ...) adds

-1 nt (ext ensi on [, ext ensi on] ...) removes
an extension (or extensions) from the list of filename extensions used to indicateindirect files (by
default only I nt designates an indirect file). For example, if you want filesendingin . 1i n to be
interpreted as indirect files you use the option:

+Hnt( lin)

After such an option, a filename such as al pha. I'i n will be interpreted as if it had been named
al pha. I nt. Thatis, it will beinterpreted as an extension of the command line rather than as a C/
C++ program.

Thiswill not affect the sequence of default extensions that are tried. Thus, when the name al pha
is encountered, there will not first be a test to see if al pha. 1in exists. Thisis governed by the
+ext option.

If you want to remove the namel nt and replaceit by I i n you need to use the pair of options:
-lnt(lnt) +Int(lin)

-l obbase( fil enane )
will provide abase for lob (Lint Object Module) production. The option has no effect unless alob
is being produced (-oo isbeing given, see below). In this casethelob produced will be the binary
difference between the normal lob output and the base. This can save considerable space when a
number of modules all include the same voluminous header file information as is the case for
much GUI (Graphic User Interface) programming. See Chapter 7. LINT OBJECT MOD-
ULES.

+macros increases the size of macro storage. The largest size of any individual macro is by default 4096

bytes. If thissize is exceeded, the fatal error 303 isissued. Theoption: +macr os can be used to
double this size. Repeating the option will again double the size and the doubling is repeated for
each repetition of the macro. In asimilar fashion, the option -macr os will halve the size.

The option must be given before processing the first module. If given too late, error 75 will be
issued alerting you to the fact that the option had no effect.

The size of amacro is alittle tricky to describe. For example,

#define A al phabet
#define B(x) A X

Then the size of B(abc) is5 (one for the A, one for the blank and 3 for the argument). Thus the
count is taken after macro argument substitution and before macro replacement.

Yes, there are programmers using macros that are larger than 4096.

-maxopen(N) When anested #i ncl ude sequence becomes heavily nested PC-lint/FlexeLint starts closing
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down early files in order to reopen new ones. When a closed file is resumed it is reopened and
f seek is used to position thefile. Thereisno way in general to determine the maximum number
of open files. By default, PC-lint and FlexeLint presume they can open 12 files simultaneously.
However, some operating systems/libraries do not alow 12 files open simultaneoudy. If, for
example, your system will only allow 8 files open simultaneously you may use the -maxopen( 8)
option to express this fact. Aslong asthe number given in the option is less than the actual num-
ber of allowed open files, you will be OK.

If PC-lint/FlexeLint cannot open as many files as it thinks it should be ableto, then, with deeply
nested include sequences, a Fatal Error 322 will be issued.

specifies the D memory model (large Data, small program model). Pointers to data areas are
assumed to befar. See Section 12.1 Memory Models.

specifies the Large memory model (pointers are assumed to be far). See Section 12.1 Memory
M odels.

specifies the P mode (large Program, small data model, sometimes referred to as the medium
model). Pointers to program areas (pointers to functions) are assumed to be far. See Section
12.1 Memory Models.

specifies the Small model (pointers are assumed to be near). Thisis the default and is provided
for completeness. See Section 12.1 Memory M odels.

-od[s][i ][f ][wi dt h](fi |l enamne)

Output Declarations (including prototypes) to filename using the optional width to specify the
maximum line width. If i is specified, functions with Internal linkage are included; if s is speci-
fied, Structure definitions are provided and, if f is specified, output is restricted to Functions.
[s1[i ][f ] may appear in any order. See Section 11.6 Prototype Generation. If +od is specified
rather than -od, output isappended to thefilenamed f i | enane.

-oe( fil enane)

redirects output intended for Standard Error (st der r) to the named file. Thisis primarily used to
capture the help screen. For example:

lint -oe(tenp) +si4 ?

dumps the help information to file temp after the size setting has been made. If the option is
introduced with a'+' asin +oe(t enp) output isappended to the named file.

-ol ( fil enane)

Output Library information to filename. A digested form of the information within alibrary mod-
uleisoutput. Using thisin place of the original library module will speed up subsequent process-
ing. For example:

lint sl.c -ol(sl.c)

can be used to capture the library declarations specified within thefilesl . ¢ in concentrated form.
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Note that you need a -l i br ary option embedded within the file si . ¢ (or equivaently preceding
the file on the command line) or else nothing comes

out. Thisoption islargely superseded by -oo. See Chapter 7. LINT OBJECT MODULES and
Section 6.2 Library Modules.

-oo[( filename )]
Output Object module to filename. This option causes binary information for all processed mod-
ules (usually just one) to be output to filename. The extension for filename should be . 1 ob. If

fil ename isomitted, asin -oo, a name will be manufactured using the first name of the source
file and an extension of .1 0b. See Section 7.3 Producing a LOB. Related options are +f ol ,
+f od and -l obbase.

-os(fil enane)
causes Output directed to Standard out to be placed in the file filename. This is like redirection
and has the following advantages: (a) the option can be placed in a. I nt file or anywhere that a
lint option can be placed (b) not all systems support redirection and (c) redirection can have

strange side effects (See Section 7.5 Make Files). If +os is used rather than -os, output is

appended to the file. Make sure the redirection opt i on is placed before the file being linted.
Thus

lint -os(file.out) fil.c
iscorrect. But
lint fil.c -os(file.out)

loses the intended output.

-p[(wi dt h)] run just the Preprocessor. If this flag is set, the entire character of PC-lint/FlexeLint is

changed from a diagnostic tool to a preprocessor. The output is directed to standard out, which
may be redirected. Thus,

lint -os( file.p) -p file.c
will produceinfile. p thetext of fil e. c after al # directives are carried out and removed. This
may be used for debugging to determine exactly what transformations are being applied by
PC-lint/FlexeLint.

The optional argument (width) denotes an upper bound on the width of the output lines. For
example:

-p(100)
will limit the width of output lines to 100 characters. Splitting is done only at token boundaries.

Very large tokens will not be split even if they exceed the nominal linelimit. Thisis so the result
can be passed back through lint or some other C/C++ source processor.
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In order to track down some complicated cases involving many include headers you may want to
use the -v1 verbosity option in connection with -p. Recal (Section 5.4 Verbosity Options) that

-v1 will produce aline of output for every line processed. When you use both optionstogether, as
in, for example:

lint -os( file.p) -vl -p file.c

then the single line will be preceded by the name of the file and the line number both enclosed in
aC comment. Thiswill enableyou to track through every line of every header processed.

-parent ( Parent, Child[, Child]..)

adds alink or links to the strong type hierarchy. See Section 8.5.3 Adding to the Natural Hier-
archy.

-passes(k [, Optionsl [,Options2] ])
controls the number of passes lint makes over the source code. Thedefault is1. Thisisdescribed
in detail in Section 9.2.2.3 Summary of Options.

+ppw( wor d1[, word2]..) adds

-ppw( wor dl1l [, word2]..) removes
PreProcessor command Word(s) wordl, word2, etc. PC-lint/FlexeLint might stumble over
strange preprocessor commands that your compiler happens to support (for example some Unix
system compilers support #i dent ). Sincethisis something that canNOT be handled by a suitable
#def i ne of some identifier we have added the +ppw option. For example, +ppw(i dent ) will add
the preprocessor command alluded to above. PC-lint/FlexeLint then recognizes and ignores lines
beginning with #i dent .

If PC-lint/FlexeLint understands the semantics of the preprocessor word that is being enabled, the

appropriate behavior will occur. See Section 13.4 Non-ANSI Preprocessing. See Section 5.8.6
In-line assembly code.

-—ppw( wordl [, word2?]...)
This option removes any predefined meaning we may associate with the preprocessor word(s)
(wordl, word2 etc.). If thisis followed by a +ppw(wor d) the word is entered as a ho-op rather
than one that has a predefined meaning. For example, if your code contains the non-standard pre-
processor directive #di cti onary and if its meaning coincides with that of the DEC VMS com-

piler, then just issue the option +ppw( di cti onary). However, if you would rather have it ignore
such a preprocessor word, issue the commands:

--ppw(di cti onary)
+ppw( di ctionary)

-ppw_asgn( wordl, word2 )
assigns the preprocessor semantics associated with word2 to wordl1 and activates wordl. E.g.

-ppw_asgn( header, include )
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will then make

#header <stdio. h>
behave exactly like:

#i ncl ude <stdio. h>

The purpose of this option is to support specia non-standard preprocessor conventions provided
by some given compiler.

Even though word2 may not be activated it may still have semantics. Thus
-ppw_asgn( ASM asm)

will assign the semantics associated with the asm preprocessor directive to ASMand activate ASM
all thisin spite of the fact that asmhas not been activated (with the +ppw option). See Section 13.4
Non-ANSI Preprocessing for descriptions of non-standard pre-processing directives.

+pragma( hame, acti on) addsapragma

-pragma( nane, acti on) removesapragna
The +pr agma( name, act i on) option can be used to specify an identifier (given by nane) that
will be used to trigger an act i on when the identifier appears as the first identifier of a #pr agma
statement. Act i on must be either 'on', 'of f ', 'once’ or 'message’.

An ‘of ' action will turn processing off. An 'on' option will reset processing. For example,
assume that the following coding sequence appears in a user program:

#pragma ASM
novereg 3, 8(4)
#pragma ENDASM

lint will normally ignore the #pragma statements but it will not ignore the assembly language
between the #pr agma statements, which might lead to a flurry of messages. To resolve the prob-
lem add the pair of options:

+pragma( ASM off )
+pragma( ENDASM on )

This will turn off lint processing when the 'AsM is seen and turn it back on when the 'ENDASM is
seen.

Please don't get this backwards. See Section 5.8.6 I n-line assembly code.
Please note that the purpose of the +pragma option is compatibility with your compiler. If your

goal is to conditionally compile depending on the presence of PC-lint/FlexelLint use the _| i nt
preprocessor variable.
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+pragma(i denti fi er, once) allows the programmer to establish an arbitrary i denti fi er
(usually the identifier 'once') as an indicator that the header is to be included just once. To mimic
the Microsoft C++ compiler use the option: +pragma(once, once). Then, a subsequent appear-
ance of the pragma:

#pragma once

within a header will cause that header to be included just once. Subsequent attempts to include
the header within the same module will be ignored.

Note: the once pragmais automatically enabled when the -crsc option is given.

+pragma(i denti fi er, message) allows the programmer to establish an arbitrary i dent i -

fi er (usualy the identifier 'nessage') as a pragma that will produce a message to standard out.
For example:

+pr agma( message, nessage)
will cause the pragma:
#pragma nessage "hello fromfile" __ FILE _

to write to standard out a greeting identifying the file within which the pragmais contained. As
this example shows, macros are expanded as encountered in the message line. Also, messages
fall under control of the conditional compilation statements, #i f , etc. Following the Microsoft
compiler, if the first token is aleft parenthesis then only the parenthetical expression will be out-
put. Other information on the lineis not output.

Note: the message pragmais automatically enabled when the -csc option is given.

-pragma(i dentifier)
This option will remove the pragma whose nameis identifier. Thus:

-CNBC
-pr agma( nessage)

will remove the nessage pragmawhile using Microsoft C/C++.

-;printf( N, nanel[, nane2]...)
This option specifies that namel, name2, etc. are functions, which takepri nt f - like formats. The

format is provided in the Nth argument. For example, lint is preconfigured as if the following
options were given:

-printf( 1, printf )
-printf( 2, sprintf, fprintf )

For such functions, the types and sizes of arguments starting with the variant portion of the argu-

ment list are expected to agree in size and type specified by the format. The variant portion of the
argument list begins where the ellipsis is given in the function declaration. See aso -scanf,
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-wprintf, -wscanf below and Section 10.1 Function Mimicry (-function).

Special Microsoft Windows option: If the number N is preceded by the letter w, pointers must be
far. Thisisto support the Windows function wspri nt f . The appropriate option thenis:

-printf (w2, wsprintf)

-printf_code( Code [, Type])
This option alows user-defined print f codes. For example, suppose a compiler's library allows
%H to be a special code for displaying i nt and allows % to be a special code to display strings
(nul-terminated). Moreover, suppose that the % (i.e. percent blank) has some special formatting
function. Theuser'sprintf statement might look like:

printf( "x = 9%H %%\n", 37, "sonme string" );

Since thisis not standard, PC-lint/FlexeLint will normally complain. To legitimize this, use the
options:

-printf_code( TH, int )
-printf_code( $, char * )
-printf_code( " ")

Any sequence of characters except one involving the single or double quote can be used for the
Code. To avoid ambiguity you may quote the sequence as was done in the third example above.
The absence of a Type (as in the third example) implies that the code is recognized and ignored
and that there is no corresponding argument. The usual modifiers (length modifiers, zero fill,
etc.) may be used in conjunction with the new Code.

The Type is not evaluated until the format code is encountered so that user-defined types or type-
def names may be used.

-printf_code affectstheentirepri nt f family of functions but does not set codesforscanf func-
tions. For those use-scanf _code.

-restore restoresthe state of the error inhibition settings (all saveable e options; see -save) to their state
at the gtart of the last module or the last -save option whichever came later. This directiveistyp-
icaly given withinas *1i nt comment to restore the state of the error settings. Thus:

/*lint -save -e621 */
some code
/*lint -restore */

temporarily suppresses Warning 621. It is better to restore 621 this way than with a +e621
because if 621 had been turned off globally (say, at the command line) this sequence will not
accidentally turn it back on. -rest or e will aso pop the most recent -save if any, so that -save
-r est or e seguences can be

nested. If no -save had been issued -r est or e restores back to the state at the beginning of the
module.
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The restoration is effective when the next token is"scanned over". Thus
a = /*lint -save -e54 */ b/ 0 /*lint -restore */;

will delay the restore until the '; ' is "scanned over" (seeking the next token beyond'; *). Thisisa
departure from earlier versions of our product (versions 6.00 and earlier) in which the restoration
was doneimmediately. The reason for the change isthat the parser must scan ahead by one token
(in order to know, for example, what the full quotient of the division is in the above example).
Hence the restoration would come sooner than it was really appropriate. Animmediate restoreis
still available using the option -r est or e_ (the same option with onetrailing underscore).

+rw( wordl[, word2]...) adds

-rw( wordl [, word2]..) removes
Reserved Word(s) wordl, word2, etc. If the meaning of areserved word being added is already
known, that meaning is assumed. For example, +rw(fortran) will enable the reserved word
fortran. If the reserved word has no prior known semantics, then it will be passed over when
encountered in the source text. As another example:

+rw( _l oadds, asm entry )

adds the three reserved words shown. _I oadds is assigned a meaning consistent with that of the
Microsoft C/C++ compiler (See Section 5.8.2 Compiler Codes.). asmis assigned a meaning
consistent with that of the Turbo C/C++ compiler. entry is assigned no meaning; it is simply
skipped over when encountered in a source statement. Since no meaning is to be ascribed to
entry, it could just as well have been assigned anull valueasin

-dentry=

Asaspecial case, if wordnis*ns, then all the Microsoft keywords are identified. Thus+rw( * ns)
adds all the Microsoft keywords. This would not normally be necessary for Microsoft users since
co-nmsc*. | nt hasthe -cnsc option embedded within it and this option aso enables the Microsoft
keywords. However, users of other compilers may wish to enable these keywords because they
have become something of ade-facto standard.

By default, anumber of Microsoft's keywords are pre-enabled in PC-lint because they are so com-
monly used. To deactivate all of them use -rw(*ns) . See Section 5.8.2 Compiler Codes under
-cnsc for the current list of supported Microsoft keywords (reserved words).

-rw( wordl [, word2]...)
removes preconceived notions as to what the potential reserved word(s) (wordl, word2, etc.)
mean and gives it a default meaning (to ignore it). For example, +rw(i nterrupt) installs the
reserved word i nt er r upt with the meaning it has for the Microsoft compiler. If you don't want
that meaning but would rather havei nt er r upt ignored, then use the option sequence:

-rw(interrupt)
+rw(interrupt)

-rw_asgn( wor d1l, word2 )
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assigns the keyword semantics associated with word2 to wordl and activates wordl. E.g.
-rw_asgn( interrupt, _to_brackets )

will assign the semantics of _to_brackets tointerrupt. Thiswill have the effect of ignoring
i nterrupt (21) inthefollowing:

void f( int n) interrupt(21) { }

The purpose of this option is to support special hon-standard keyword conventions provided by
some given compiler. But do not overlook the use of the -d option in this connection. -d (or the
equivalent #def i ne) can be more flexible since a number of tokens may be associated with a
given identifier.

-save saves the current state of al error inhibition settings (made by options of the form -e... or +e...
except for -esym..,-efile...,, and -elib..). This state then can be restored with a -restore
option. The -save option makes sense only withina/ *1i nt comment. It can be used in arecur-
sive option inhibition setting. For example,

#define al pha \
/*lint -save -e621 */ \
something \
/*lint -restore */

allows macro al pha to be used in an error inhibition setting without affecting either the error sup-
pression state or other -save, -rest or e options. Thereis no intrinsic limit to the number of suc-
cessive -save options.

-scanf (N, namel[, name2]...)

This option specifies that namel, name2, etc. are functions, which take scanf - like formats. The
format is provided in the Nth argument. For example, lint is preconfigured as if the following
options were given:

-scanf( 1, scanf )
-scanf( 2, sscanf, fscanf )

For such functions, the types and sizes of arguments following the Nth argument are expected to
be pointers to arguments that agree in size and type with the format specification. See also
-printf above.

-scanf _code( Code [, Type])
This option allows user-defined scanf codes. For example, suppose a compiler's library allows
%rH to be a special code for reading i nt and allows %% to be a special code to read strings (nul-ter-
minated). Moreover suppose that % (i.e. percent blank) isto beignored. Theuser'sscanf state-
ment might look like:

int n;

char buffer[100];
scanf( "9%H % %\ n", &n, buffer )
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Since thisis not standard, PC-lint/FlexeLint will normally complain. To legitimize this, use the
options:

-scanf _code( TH, int )
-scanf _code( $, char )
-scanf_code( " " )

Almost any sequence of characters can be used for the Code. To avoid ambiguity, the code may
be quoted as in the third example above. The usual modifiers (length modifiers, zero fill, etc.)
may be used in conjunction with the new Code.

It is assumed that each argument associated with a given Code is a pointer to the Type specified
(or, asin the example above, an array that is convertible to a pointer). If the Typeis missing, the
format is recognized and ignored and no argument is matched against it.

The Type is not evaluated until the format code is encountered so that user-defined types or type-
def names may be used.

-scanf _code affectsthe entire scanf family of functions but does not set codesfor pri nt f func-
tions. For those use -printf_code.

-sen( hane [,sem ...)
The -sem option allows the user to endow his functions with user-defined semantics, or modify
the pre-defined semantics of built-in functions. For example, the library function mem

cpy(al, a2, n) is pre-defined to have the following semantic checking. The third argument is
checked to seethat it does not exceed the size (in bytes) of thefirst or second argument. Also, the
first and second arguments are checked to make surethey are not NULL.

To represent this semantic you could have used the option:

-sem( mencpy, 1P >= 3n && 2P >= 3n, 1lp, 2p)
The details of semantic specifications are contained in Section 10.2 Semantic Specifications.
-si ze( fl ags, amount )

causes an Informational message (812 or 813) to be issued whenever a data variable's size
equals or exceeds agiven amount. Flags can be used to indicate the kind of data as follows:

S  dtatic data (Info 812). Data can be file scope (extern or static) or declared
static andlocal to afunction.

a  autodata(i.e, stack data) (Info 813).

The purpose of the -si ze option is to detect potential causes of stack overflow (using the 'a’ flag)
or to flag large contributors to excessively large static data areas.

E.g. -si ze(a, 100) detects auto variables that equal or exceed 100 bytes. If you have a stack
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overflow problem, such atest will let you focus on a handful of functions that may be causing the
overflow. It does not, however, look at call chains and does not compute an overal stack require-
ment either of a single function or of asequence of calls.

If amount is O (it is by defualt) no messageis given

-specific(Optionsl, [, Options2])
allows the user to specify options just before the start of a Specific Walk (Optionsl) and just after

completion (Options2). See Section 9.2.2.3 Summary of Options.

-specific_clinmt(n) specifiesaCadl limit. The callsrecorded for any one
function islimited to n. See Section 9.2.2.3 Summary of Options.

-specific_wimt(n) specifiesaWak limit. Atthe end of the Genera
Processing, any Specific Call that had not earlier been walked (in some prior pass) will result in a

Specific Walk. See Section 9.2.2.3 Summary of Options.

-speci fic_retry(n) indicates whether Specific Calls walked in one pass are rewalked on subsequent
passes. n can be either 0, meaning no, or 1 meaning yes. The default is1. See Section 9.2.2.3
Summary of Options.

-strong( fl ags [, nane]..)
identifies each name as a strong type with properties specified by flags. Presumably there is a
later t ypedef defining any such name to be a type. Strong types are completely described in
Chapter 8. STRONG TYPES.

-t # sets PC-lint/FlexeLint's idea of what the Tab sizeis. Thisis used for indentation checking. By
default PC-lint/FlexeLint presumes that tabs occur every 8 column positions. If your editor is
converting blanksto tabs at some other exchange rate, then use this option. For example -t 4 indi-
cates that atab is worth 4 blank characters.

-u unit checkout -- This is one of the more frequently used options. It is used when linting a subset
(frequently just one) of the modules comprising a program. -u suppresses the inter-module mes-

sages 526,552, 628,714,729,755-759,765,768,769,1526,1527,1711,1714,
1715,and 1755. Asidefrom this, thereis no change in processing.

--u This option islike -u except that any module at alower . I nt level isignored. Suppose, for exam-
ple, that pr oj ect . I nt isaproject file containing both options and module names. Then the com-
mand line:

lint --u project.Int al pha.cpp
will do a unit check on module al pha. cpp. It will ignore any module names that may be identi-
fied withinproj ect . I nt. proj ect. | nt doesnot havetoimmediately follow the --u option. Any
.I'nt file within proj ect. I nt will similarly be processed for options but module names will be
ignored.

-unr eachabl e indicates that a point in the program is unreachable. Thisis useful to inhibit some error
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-uNane

--uNane

-wLevel

messages. For example:

int f(n)
{
if(n) return n;
exit(1)
//1int -unreachable

}

contains an unreachable indicator to prevent PC-lint/FlexeLint from thinking that an implied
return exigts at the end of the function. An implied return would not return a value but f () is
declared asreturningi nt .

can be used to Undefine an identifier that is normally pre-defined. For example:
-u_lint

will undefine the identifier _I i nt, which is normally pre-defined before each module. The unde-
fine will take place for all subsequent modules after the default pre-definitions are established. If
given within a lint comment, the undefine will take place immediately as well as in subsequent
modules (similar to -d...). The observant reader will notice that you may not undefine the name
nreachabl e.

inhibits the macro Name from becoming defined. For example:

//lint --uX
#define X 1
int y =X

will be equivaent to:
int y =X

Please note the difference between this option and the -uName option, which undefines any
built-in definition for Name but does not affect definitions which Name may acquire in the future.

One example of how this option could be used is when macros hide machine dependent con-
structs. For example, a header file may define:

#define nencpy(a, b,n) { asm sone-assenbly required }

The option --umencpy will cause Lint to ignorethis definition. Often the mencpy() isdeclared as
afunction as well as defined as a macro and if thisis the case, setting the option is al that would
be required. At the worst you would have to introduce a declaration for the function. Declara-
tions of this kind can be placed in a header file and automatically included within each module
using the -header option.

Thisoption alows the user to seta Warning level in afashion similar to many compilers. The
warning levels are:
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-w0  No messages (except for fatal errors)

-wl  Error messages only -- no Warnings or Informationals.

-w2  Error and Warning messages only

-w3  Error, Warning and Informational messages (thisis the default)
w4 All messages.

The default warning level islevel 3.

The option -wLevel will establish a new warning level and affect only those messages in the
"zone of transition". Thus, the option:

-e521 -e4l -w2

will have the effect of suppressing 521, 41 and al Informationals. On the other hand
-e521 -e4l -wl -w2

will suppress41 and all Informationals. Warning 521 will be restored by the w2 because Warn-
ings are in the zone of transition in going from level 1 to 2.

Because options are processed in order, the combined effect of the two options: -w2 +e720 isto
turn off all Informational messages except 720.

-w i b(Level) setsawarning level for processing library headers. It will not affect C/C++ source mod-
ules. Level may havethe samerange of valuesas-wLevel and are as follows:

-w i b(0) No library messages

-w i b(1) Error messages only (when processing library code.)
-w i b(2) Errorsand Warnings only

-w i b(3) Error, Warning and Informational. Thisis the default
-w i b(4) All messages (not otherwise inhibited).

A message encountered while processing a library header is subject to all the error inhibitors
active normally and in addition is subject to suppression given by -wi i b and -el i b. It isfor this
reason that the default level is surprisingly high. -wl i b can, generaly, be rewritten as a sequence
of -el i b options. For example,

- i b(2)
is equivalent to
-el ib(7??) -elib(8??) -elib(9??)
-el ib(17??) -elib(18??) -elib(19??)

but easier to type.
Many users complain that they do not wish to be informed of 'lint" within library headers. In gen-

eral, you may use -el i b to repeatedly inhibit individual messages but this may prove to be a
tedious exercise if there are many different kinds of messagesto inhibit. Instead you may use
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- i b(1)
to inhibit all library messages except syntactic errors.

-wprintf( N, namel[, nane2]...)
Thisoption issimilar to the-pri ntf except it isintended to be used with the wide-character vari-
ants of printf. In particular it isto be used with wprintf, fwprintf and swprintf. The prop-
erty that makes -wpri ntf different from -printf is that the % and % formats assume wide
characters.

-wscanf( N, namel[, nane2]...)
This option is similar to the -scanf except it isintended to be used with the wide-character vari-
antsof scanf. In particular it isto beused withwscanf , f wscanf and swscanf . The property that
makes -wscanf different from -scanf isthat the % and % formats assume wide characters.

-zero setstheexit codeto 0. Thisisuseful to prohibit the premature termination of nake files.

-zero(#) will set theexit codeto zero if al reported errors are numbered# or higher after subtracting off
1000 if necessary. More precisely, messages which have a message number whose modulus 1000

is equal to or greater than #, do not increment the error count reported by the exit code. Note that
suppressed errors also have no effect on the exit code. Usethis option if you want to see warnings
but proceed anyway.

-$ causes $ to be regarded as an identifier character.

5.8 Compiler Adaptation
All compilers are slightly different owing largely to differences in libraries and preprocessor variables, if
not to differences in the language processed. For PC-lint, the key to coping with these differences is the
selection and/or modification of one or two compiler-specific files provided on the distribution diskette.
There aretwo kinds of files. One hastheform

Cco- XXX. I nt
Thisis used to specify lint options for a particular compiler. The second has the form

sl -XXX.c

and is used to describe the library for anon-ANSI C compiler (a compiler not using prototypes in its sup-
plied header files). For ANSI compilers, just use the appropriate compiler optionsfileasin

lint co-xxX nodulel nodule2 ..

(the. 1 nt isunderstood). For non-ANSI compilers use both files
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lint co-XXX sl-XXX nodul el  nodul e2
sl -XXX. c isan example of a"Library Module" as described in Section 6.2 Library Modules. You may

safely modify either of these files. For example co- xxX. | nt effectively contains the option

-esym( 534, fclose)
This inhibits the Warning message (534) that you would otherwise get if you called f cl ose and did not

check thereturn value for errors. But if your programming policy isto al ways check the return value of
this function you could remove this option. Alternatively you can negate its effect with a +esym( 534,
fcl ose) (after thefirst option was issued).

The compiler specific files currently provided with PC-lint are:

co-aztec. | nt Manx Aztec C

co-arch. I nt Archimedes

co-bc. I nt Borland/Turbo C, C++
co-bcos2. | nt Borland C, C++ for OS/2
co-bc4. I nt Borland C, C++ 4.xx
co-bc5. I nt Borland 5.0

co-ch. I nt Borland C++ Builder

co- bs166. | nt BSO Tasking C166
co-cc386. | nt CadUL CC-386

co-qc88. I nt Code Works QC88, Version 1.1
co-c86. | nt Computer Innovations C86 C
co-c86p. I nt Computer Innovations C86 Plus
co-c86. | nt sl -c86.¢c Computer Innovations C86
co-desm | nt DeSmet C

co-dl . Int Datalight C

co-di ab. I nt Diab DataC

co-ec. | nt Eco-C88 C

co-frank. | nt Franklin 8051 C

co-gnu. | nt GNU on Linux

co- hc. I nt High C, C++

co-hp. I nt Hewlett Packard C/C++

co- hpacc. | nt Hewlett Parkard aCC
co-ht.Int Hi-Tech C

co-i bnc2. I nt IBM C/2 (16 bit)

co-i bnB2. | nt IBM C, C++ Set/2 for OS/2 (32-bit)
co-in.Int Intel iC-86 and iC-286
co-in96. | nt Intel iC-96 (8196 and 8198)
co-in386. | nt Intel iC-386

co-ich.Int Intel Code Builder
co-kc166. | nt Keil C 166

co-kc51. I nt Keil C51

co-1c2.1nt sl-l1c2.¢ Lattice2.x C

co-1¢33. I nt Lattice3.3C

co-1c6.1nt Lattice6.0C
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co-nc386. | nt Microtek MCC386

co-nt86. | nt Microtek MCC86

co-nsc. | nt Microsoft C and Visua C++
co-nsc20. | nt Microsoft C and Visual C++ 2.0
co- msc40. | nt Microsoft Visual C++ 4.0
co-nsc50. | nt Microsoft Visual C++ 5.0
co-nsc50. | nt Microsoft Visual C++ 6.0
co- mBWi n. | nt Microsoft for Windows
co-powrc. | nt Power C, Version 1.1, 2.0
co-sc7.1nt Symantec C, C++ 7.0
co-sc. I nt Symantec before 7.0
co-sun. | nt Sun C/C++

co-ti 320. 1 nt Texas Inst. T1320 class C compilers
co-tsc.|nt TopSpeed C

co-tc.|nt Turbo/Borland C, C++
co-uni x. I nt Unix C, C++

co-vage. | nt IBM Visual Age

co-wcl6. | nt Watcom C, C++ (16 bit)
co-we32. I nt Watcom C/C++ (32 bit)
co-wcos2. | nt Watcom OS/2

co-wh. | nt Whitesmith C

co-ztc.Int Zortech C, C++

co. | nt Generic Compilers

If your compiler is not found in the group above, you may want to modify co. I nt, which is the generic
compiler optionsfile. Inaddition, if your compiler does not provide prototypes and isnot in the list above,

you may wish to modify thefilesl . ¢, which is ageneric standard library file.

For FlexeLint, appropriate compiler options can be placed in a centrally located file whose extension is
necessarily ". I nt " (See Section 4.1 Indirect (.Int) Files)). We refer to thisfile generically asco. I nt. See

your FlexeLint Installation Notes and " Supplementary Diskette" for any vendor-specific file of the form
co*.Int.

5.8.1 Microsoft Keywords

We use the phrases "Keywords"' and "Reserved Words" interchangeably. They both refer to words that
have special meaning at compile-time (or equivalently at lint-time). They are reserved in that they cannot
be used for ordinary variable names or other user-supplied names. Thus the phrase "reserved word" is a
little more honest even though "keyword" is more commonly used. In addition to the language-defined
keywords, the Microsoft compilers have added over the years a number of non-standard keywords, which
have become known as the Microsoft Keywords. These are listed in Section 5.8.2 Compiler Codes under
the option "-cmsc”. The Microsoft keywords have become so prevaent in C/C++ compilers supporting
operating systems following Microsoft standards that it is somewhat safer to include them than to exclude
them. (Although see cautionary note below). Accordingly, PC-lint/FlexeLint will assume the Microsoft
Keywords when hosted on one of the following operating systems:

Windows 95/98/2000/NT
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MS-DOS (including Windows 3.1)
0s/2

Xenix

QNX

Note: thislist does not include Unix!

It is possibleto include or exclude these keywords as a group by using * ns as the reserved word nane for
the option rw( nane) . Thus

-r w( * nms)
will remove these keywords. Seethe -r woption in Section 5.7 Other Options.

Cautionary Note: Even though the newer keywords added by Microsoft have apair of leading'_' s, there
is nonetheless a danger in adding too many of these keywords as you run the risk of collision with a vari-
able name used within an inline function in some compiler header file. Ironically, header filewriters have
adopted the same leading double underscore convention to avoid collision with user macros. We will be
diligent in attempting to find conflicts such as these and we will add appropriate -r w options to the appro-
priate co- ...l nt files.

5.8.2 Compiler Codes

For a number of compilers in the PC environment, there is a special option -ccode (See Section 5.7
Other Options.). For example, -cmsc selects the Microsoft C/C++ compiler. The -c option serves to
pre-define certain preprocessor symbols appropriate to the compiler according to the memory model
selected. Otherwise, this would be awkward to do. It can also activate certain keywords.

If you are using one of the compiler options files named co- code. | nt then the appropriate -ccode, if
any, isalready set. For some systems there is no need for a-c option and noneis provided. All necessary
definitions are provided in aco. I nt file.

The preprocessor symbols defined by -ccode are in addition to the ANSI pre-defined symbols (described
in Section 13.1 Preprocessor Symbols) and the symbol _I i nt, which is always pre-defined to be the ver-
sion number without decimal point (such as 800). The verb "enable" below should be taken to mean
"pre-define to the value normally defined by the designated compiler". This is intended to duplicate the
preprocessing environment of your compiler. Please consult your compiler's documentation for further
details.

If your compiler is not represented here or if we have missed a symbol, simply place the appropriate -d ...
option in your compiler optionsfile.

Option Compiler and Symbols

-cazt ec Manx Aztec C compiler.
Enables MsDCs, __FUNC__ and MPUS086 and, for large data pointers, _ LDATA.
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-cbc

-cc86

-cdesm

-cdl

-cec

-cgnu

-chc

-cht

-ci bnB2

Borland C/C++
(sameas-ct c)

Computer Innovations C86
Enables _cs6_BI Gfor large data pointers.

DeSmet C
Enables the symbol LARGE_CASE for large data pointers and enables #asm

Datalight C

Enables MsDCs, DLC, 18086 and one of 18086L, | 8086D, | 8086P and | 8086S depending on
memory model. Also LPTRis defined to be 1 for large data models and SPTRis defined to be
1 for small data models.

Ecosoft Eco-C88 (Version 4 and later)
Enables __ECO, and, for memory models having large data pointers, enables __ Bl GDATA, and,
for memory models having large code pointers, enables __BI GCODE.

GNU on Linux

This option is used for the Gnu compiler. It ensures that the symbol
_LANGUAGE_C_PLUS_PLUS isdefined for C++ modules and the symbol LANGUAGE_C is defined
for C modules. Thisisdifficult to accomplish with just acompiler optionsfile since compiler
options files do not support conditionals. You would have to use - header and place a condi-
tional within the header. This option avoids the complexity.

The use of this option also allows two features unique to the Gnu compiler. The first is
indexed initialization of arrays. For example:

int a[100] = { [99] = -1 };
isaway of initializing the last element of an array without specifying thefirst 99 values.
The second feature is the use of variable macro arguments. For example:

#define P(f,a...) fprintf( stderr, f , ##a)

Then macro P() can beinvoked with zero or more arguments after the format. Note that the
gpace before the ', ' before the '##' is critical to get the full effect.

Another featureisthe #i ncl ude_next preprocessor command.
MetawWare High C/C++
Enables MsDCs and pre-assigns O to _stdi o_defs_i ncl uded, __1167, _H GHC_ and enables

#c_i ncl ude. Aswith the other compilers, Microsoft keywords are enabled.

Hi-Tech C
pre-assigns 0 to symbols z80 and n68k and pre-assigns 1 to symbol i 8086.

IBM 32 bit for OS/2
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-ci cb

-clc

-cl c6

-CnNsC

-CmAC

-CSscC

-ctc

This option (-ci bn82) can be used to specify the 32 bit IBM compilers for OS/2. These
include C Set 2 and Visual Age. The necessity for the -c option in this caseis to support the
preprocessor variables 1 BMcPP__ and __ 1 BMC__ depending on whether the module being
processed is respectively C++ or C. Thisiis, in fact, the only effect that -ci bng2 has. All
other distinctive aspects of these compilers are covered in thefileco-i bn82. | nt .

Intel Code Builder
pre-assigns variables LI NT_ARGS, _TI MESTAMP_, CH_TI ME, _| NTELC32_, _ARCHI TECTURE_ (tO
386) and setsthe size of i nt and poi nt er to 4 bytes and allows's' in identifiers.

Lattice C, Versions2 and 3

MBDOS isenabled. sPTRis defined to be 1if the memory model uses small data pointersand O
otherwise. LPTRis defined to be 1 if the memory model uses large data pointers and O other-

wise. In addition, CPMBO, CPMB6 CPMBS, LATTI CE, and | 8086 are enabled and one of 1 8086L,
1 8086D, | 8086P or | 8086S depending on memory maodel.

Lattice C, Version 6

This is like -cl ¢ except that, in addition, preprocessor words ANSI, NULL and LC60 are
enabled and those of the form cPwr are not. The user should enable DOS, FAM LY or 0s2 if
using these symbols. Also, keywords al i gn, critical, noalign, nopad, pad, private,
actual , i nl i ne and their double underscore prefix versions are enabl ed.

Microsoft C/C++, Versions 4.0 - 12.0(V C6)
This enables MsDos, M | 86 and one of M 1 86LM, M | 86CM, M | 86Mvand M | 86SM depending

on memory model. The following reserved words called M crosoft keywords are
added: cdecl, far, fortran, huge, interrupt, near, pascal, _asm _based, _cdecl,

_export, far, fastcall, _fortran, _huge, _interrupt, _|oadds, _near, _pascal,
_saveregs, _segnent, _segnane, _self __asm __based, _ cdecl, __except, __export,
_ far, __fastcall, __fortran, _ huge, __inline, __interrupt, _ |oadds, __near,
__pascal , __saveregs, __segnment, __segnane, __self, __stdcall, __syscall, __try.

The 7/ form of comment is understood for C programs. If -A (or -za) is set then
NO_EXT_KEYS is enabled and then special keywords and comment control are disabled.

Mark Williams C
Enables Dos_H and, for large data pointers, _LARGE.

Symantec C/C++
They enable MsDCs, M | 86 and one of M I 86LM M | 86CM M | 86MM and M | 86SM depending
on memory model. In addition to the Microsoft keywordsthe following keywords are added

__inport,__ss,__handle and__i ob, which have no semantics.

Turbo C/C++ and Borland C/C++
__BORLANDC__, _TURBOC_, _MSDOS__, CDECL__ are enabled and one of _ LARGE _
__COWPACT__, __MEDIUM _, __swaLL__ aredefined (to be 1) according to the memory model

selected. For the large model, pointer differences are assumed to be | ong.

Additional keywords supported are: asm _asm __asm _ss, _es, _ds, _far16, _ farl6,
_syscall, _cs, _export, _saveregs, _| oadds, _seg and __seg, and the Microsoft key-
words. Please note that the keywords _asm(and __asm) obtained with -ct ¢ (and -cbc) have
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-ct sc

different semantics than do the Microsoft keywords by the same name.

Register keywords (as in Turbo C, these are pre-declared to be of typeunsi gned or unsi gned
char depending on whether the associated register is 16 bitsor 8 bitslong). _AX _BX _CX
DX _SI D _SP _BP_AH _AL _BH _BL _CH _CL _DH _DL _DS _ES _RS
_SS _FLAGS

TopSpeed C
Enables M | 86LM M | 86CM, M_| 86MV, M_| 86SM according to memory model (like Microsoft
C).

Watcom C/C++

Enables __waTcoMmc__, MsDos and one of M 1 86LM M |1 86CM M | 86Mvand M | 86SM depend-
ing on memory model. If -A (or -za) is set, then NO_EXT_KEYS is enabled. 1ong char is
enabled (+f 1 ¢). Aswith all compilers, the Microsoft keywords are also enabled.

Whitesmith C

Establishes @ as a one-character identifier. Thus: @abc consists of two identifiers"@" and
"abc". A one-character identifier isaunique lexical unit. It differs from aregular identifier
character such asaletter in that it does not join with other characters and it differsfrom a spe-
cia character (likecomma) in that it can be used as the name of amacro. In this capacity, @
is pre-defined to be _gobbl e (See Section 5.8.3 Customization Facilities.). In effect,
PC-lint/FlexeLint ignores @ and the token which follows. The same effect can be achieved
with the options:

-i dent 1( @)

+r w( _gobbl e)
-d" @=_gobbl e "

See Section 5.8.3 Customization Facilitiesfor an alternative treatment of @

5.8.3 Customization Facilities

Thefollowing are useful for supporting a number of featuresin avariety of compilers. With some excep-
tions, they are used mostly to get PC-lint/FlexeLint to ignore some nonstandard constructs accepted by
some compilers.

@ support

Compilers for embedded systems frequently use the @ notation to specify the location of a
variable. A technique to handle this is given in our manua in Section 5.8.2 Compiler
Codes in the description of -cwh. Users have encountered some difficulty with this method
when the location is given as a complex expression. We have for this reason added direct
support for the @ feature, which consists of ignoring expressions to its right. To enable
this, just make sure you are NOT using -cwh. When we see a'@' we then give a warning
(430), which you may suppress with a-e430.

For example:
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_bit

_gobbl e

_ignore_init

int *p @ location + 1;

Although warning 430 isissued, p isregarded as avalidly initialized pointer toi nt .

isatypethat is one bit wide. This needs to be activated with the +rw(_bi t) option. It was
introduced to support some micracontroller cross-compilers that have a one-bit type. See
co-frank. I nt onthePC-lint distribution mediafor an example of its use.

is a reserved word that needs to be activated via +rw( _gobbl e) . It causes the next token to
be gobbled; i.e., it and the next token are ignored. This is intended to be used with the -d
option. Seeco-frank. | nt for examples.

This keyword when activated causes the initializer of a data declaration or the body of a
function to be ignored.

Cross compilers for embedded systems frequently have declarations that associate
addresses with variables. For example, they may have the following declarations

Port pa
Port pb

= OxFFFF0001;

= OxFFFF0002;

etc. The type Port is, of course, non-standard. The programmer may decide to define
Port , for the purpose of linting, to be an unsi gned char by using the following option:

-d" Port =unsi gned char"

(The quotes are necessary to get ablank to be accepted as part of the definition.) However,
PC-lint/FlexeLint gives awarning when it sees a small dataitem being initialized with such
large values. The solution is to use the built-in reserved word _i gnore_init. It must be
activated using the +rw option. Then it is normally used by embedding it within a-d option.
For the above exampl e the appropriate options would be:

+rw( _ignore_init)
-d"Port=_ignore_init unsigned char"

The keyword _i gnore_i ni t istreated syntactically as a storage class (though for maximum
flexibility it does not have to be the ONLY storage class). Its effect is to cause PC-lint/
FlexeLint to ignore, as its name suggests, any initializer of any declaration in which it is
embedded.

Some compilers allow wrapping a C/C++ function prototype around assembly language in a
fashion similar to the following:

_asmint a(int n, int m
{ xeo 3, (n)r ; ...}

Note there is a special keyword that introduces such a function. This keyword may vary

across compilers. To get PC-lint/FlexeLint to ignore the function body, equate this key-
word with _i gnore_init. E.Q.
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+rw( _ignore_init)
-d__asm = _ignore_init

_to_bracket sisareserved word that will cause it and the immediately following
bracketed, parenthesized or braced expression, if any, to beignored. It needsto be activated
with +rw(_to_brackets). Itisusually accompanied with a-d option. (For example, see
co-arch. I nt onthe PC-lint distribution diskette). For example, the option:

-di nterrupt=_to_brackets
+rw( _t o_bracket s)

will cause each of the following to be ignored.

interrupt(3)
interrupt[5,5]
interrupt{x, x}

_to_eol When _t o_eol isencountered in aprogram (or more likely someidentifier
defined to be _t o_eol ), the identifier and all remaining information on the line is skipped.
That is, information isignored to the End Of Line. E.g., suppose the following nonstandard
construct is valid for some compiler:

int f( int n) registers readonly ( 3, 4)
{

return n;

}

Then the user may use the following options so that the rest of the linefollowing thefirst ")
isignored:

-dr egi sters=_t o_eol
+rw( _to_eol)

_to_seni is asuper gobbler that will cause PC-lint/FlexeLint to ignore this and every token up to and
including a semi-colon. It needs to be enabled with+r w( _t o_seni ) and needs to be equated
using - d. For example, if keyword _pr agma begins a semicolon-terminated clause, which
you want PC-lint/FlexeLint to ignore, you would need two options:

-d_pragma=_to_sem
+rw(_to_sem))

-a#pr edi cat e( t oken- sequence)
asserts the truth of #pr edi cat e for the givent oken- sequence. Thisisto support the
Unix System V Release 4 #assert facility. For example:

-a#machi ne( pdpll )

makes the predicate #machi ne( pdp11) true. Seealso Section 13.4 Non-ANSI Preprocess-
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ing.

-dname() =Repl acenent

To induce PC-lint/FlexeLint to ignore or reinterpret a function-like sequence it is only nec-
essary to #def i ne a suitable function-like macro. However, this would require modifying
source code (or use of the -header option) and is hence not as convenient as using this
option. For example, if your compiler supports

char _varyi ng(n)
as atype and you want to get PC-lint/FlexeLint to interpret thisaschar * you can use

dchar _varyi ng() =char*
As another example, for VAX-11 C,

d_align()=

may be used to blank out the effects of the _al i gn(k) option. If the macro requiresn argu-
ments, n- 1 commas are required between the parentheses.

-#dname=Repl acenent

-over | oad( X)

Thisisyet another variation on the global define facility. It affects only#i ncl ude lines and
is intended to support the VAX-11 C includes. For example:

#i ncl ude time

is supported by a-#dt i me=Fi | enamne option and does not affect any other uses of theti ne
identifier.

will set flags, which can affect function overload resolution. Thisoption is highly technical
but may be required to resolve some very subtle overload resolution incompatibilities
among different compilers. X is a hexadecimal number (without the leading 'ox"). For
example, -over | oad(5) setshits 1 and 4. The bits have the following meaning.

1 Memory model counts morethan ANSI qualification. For example, if thisflag is set
int n; f(&n); choosesvoid f(int const *) overvoid f(int far *) becausefar 'out-
weighs the const .

2 Memory model plus ANSI qualification exceeds either alone. For example, if this
flagisset int n; f(&n); choosesvoid f(int const *) overvoid f(int const far
*) rather than regard the call as ambiguous.

4  Memory model has significance for references. For example, if thisflag is set, int
n, f(n); choosesvoid f(int & overf(int far & becausethefar has significance
with references.

8  Memory model ignored when declaring oper at or del ete. With this flag off (the
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default) it is possible to distinguish, for example, between the following two declarations:

voi d operator delete( void * );
voi d operator delete( void far * );

The default is-over| oad(7) .

The compiler selection flags for Microsoft (-cnsc) and Borland (-ct ¢) automatically adjust this
set of flags (to 7 and 2 respectively).

Memory model differences are actual not nominal. For example, char far * isnot consid-
ered different from char * in the large memory model (-ni). Memory model differences only
relate to pointer sizes or the implied pointer of areference. For example, passingafar int to
anint requires no conversion.

-pl us( char ) identifieschar asan aternate '+' character used for options. If it is difficult to use the
'+' character on the command line you may use an dternate character specified by this option.
E.g., -plus(&) .

-tenplate( X ) setthetemplateflagsto X

++tenpl ate( X) or Xinto thetemplate flags

--tenpl ate( X) and~Xintothe template flags where X is a hexadecimal constant specifying flags. This
allows for fine-tuning of the template processing mechanism. Current flags are as follows:

1 aggressively processtemplate base classes. Normdly, base Classes of class templates need
not be processed until instantiation time. For some libraries, notably STL, base classes need
to be aggressively processed because they supply names needed during the processing of the
template itself.

2 When atemplate refersto itself recursively we normally presume this to be a self-reference
or a mistake and in order to prevent run-aways, recursion is normally prohibited. The
option -t enpl at e(2) can be used to activate recursive template processing. The Rogue
Wave library, for example, employs recursive template evaluation to implement two to the

power of N. Therefore, this option has been placed into the file: LI B- Rw LNT

20 When a template definition is found, this flag will propagate the definition to its instantia-
tions and compile them. At one time we thought this to be necessary but nhow we regard
this as over zeal ousness, and we employ just-in-time instantiation.

5.8.4 ldentifier Characters

Additional identifier characters can be established. See-$ and -i dent () in Section 5.7 Other Options.
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5.8.5 Preprocessor Statements

See Section 13.4 Non-ANSI Preprocessing for special non-ANSI preprocessor statements. Also see the
+ppw option in Section 5.7 Other Options.

5.8.6 In-line assembly code

Compiler writers have shown no dearth of creativity in their invention of new syntax to support assembly
language.

In the PC world, the most frequently used conventionis (to simplify dightly):

asm{ assenbl y- code }

or
asm assenbl y- code <new-line>

where asmis sometimes replaced with either _asmor __asm This convention is supported automatically
by enabling the asmkeyword, using +rw( asm (or +rw( _asm) or +rw(__asm asthe case may be).

But other conventions exist as well. One manufacturer uses
#asm
assembly-code

#

For this sequence, it is necessary to enableasmas a pre-processor word using +ppw( asm

If your compiler uses a different preprocessor word, you may use the option +ppw_asgn. See Section 5.7
Other Options.

Another sequenceis:
#asm
assembly-code
#endasm
For this +ppw( asm endasm is needed.
Yet another conventioniis:
#pragma asm
assembly-code

#pragma endasm

For this you need to define the two pragmas with
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+pragma(asm of f)
+pragma( endasm on)

5.8.7 The General Solution

If none of these special features resolves your particular problem, what can you do? You can always nor-
malize the syntax by using amacro. For example, if aspecialized robot controller allowed commands like

void f()
{
nove down;
nove up;
nove cl ockwi se;

}

you can convert these into macros yielding:

void f()
{
MOVE( down );
MOVE( up );
MOVE( cl ockwi se );
}

This latter C code with the appropriate macro definition can then be taken anywhere. It can be fed to any
compiler, C tool, or lint analysis tool given the appropriate definitions. For example, for PC-lint/FlexeLint
we may have:

#ifdef _lint

#define MOVE(X) nove( #x )
void nove( char * );

#el se

#define MOVE(X) npve X
#endi f
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6. LIBRARIES

Please note: This chapter isnot about how to include header files that may bein some directory other than
the current directory. For that information see the -i option (Section 5.7 Other Options) or the Section
13.2.1 INCLUDE EnvironmentV ariable. This chapter explains how information in header filesis interpar-
tial.

Examples of libraries are compiler libraries such as the standard 1/O library, and third-party libraries such
as windowing libraries, and database libraries. Also, an individual programmer may choose to organize a
part of his own code into one or more librariesif it is to be used in more than one application. Theimpor-
tant features of libraries, in so far aslinting is concerned, are:

@ The source code is usualy not available for linting.

(b)  Thelibrary isused by programs other than the one you arelinting.

Therefore, to produce afull and complete analysisit is essential to know which headers represent libraries.

6.1 Library Header Files
A library header fileis a header file that describes (in whole or in part) the interface to alibrary.
The most familiar example of alibrary header fileis st di o. h. Consider
hel | 0. c:
#i ncl ude <stdio. h>
mai n()

{
printf( "hello world\n" );

}

Without the header file, PC-lint/FlexeLint would complain that pri ntf was neither declared (Informa-

tional 718) nor defined (Warning 526). (The distinction between a declaration and a definition is
extremely important in C/C++. A definition for afunction, for example, uses curly braces and there can be
only one of them for any given function. Conversdy, a declaration for afunction ends with a semi-colon,
is simply descriptive, and there can be more than one).

97



If hel 1 0. ¢ were a C++ program an even stronger message (Error 1055 instead of Informational 718)
would be issued, but we will assume astraight C program.

With the inclusion of st di o. h (assuming st di o. h contains a declaration for pri nt f), PC-lint/FlexeLint

will not issue message 718 (or the 1055 for C++). Moreover, if stdio. h is recognized as a library
header file, (it is by default because it was specified with angle brackets), PC-lint/FlexeLint will under-
stand that source code for printf is not necessarily available, see clause (a) above, and will not issue

warning 526 either. Note: Other messages associated with library headers are not suppressed automati-
cally. But you may use-el i b or -wl i b for this purpose. See Section 5.2 Error Inhibition Options.

Because of clause (b) above, not al components of alibrary header file need to be fully utilized over the

course of compiling a program. Such components include: declared data objects and functions, types
specified with t ypedef , macros specified with #def i ne, struct, uni on, enumand t enpl at e declarations

and their members. For these components, messages 749-770 are suppressed. See Section 11.8 Weak
Definials.

A header file can becomea library header fileif:

0] It fallswithin one of the four broad categories of the option+l i bcl ass, viz. al |, ansi , angl e and
forei gn (described below), and is not excluded by either the -1 i bdi r or the-Ii bh option.

(i) OR, for finer control, it comes from a directory specified with + i bdi r and is not specifically
excluded with -1'i bh.

(iii) OR, for the finest control, it is specifically included by name via+l i bh.
(iv) OR, isincluded within alibrary header file.

You may determine whether header files are library header files by using some variation of the -vf verbos-
ity option. For each included library header you will receive a message similar to:

Including file c:\conpiler\stdio.h (library)
Thetag: '(1i brary) "indicates alibrary header file. Other header files will not have that tag.

What follows is amore compl ete description of the three options used to specify if or when a header fileis
alibrary header file.

. +libclass(identifier[, identifier]..)

specifies the set or sets of header files that are assumed to belibrary header files. Eachidentifier can
be one of:

angl e All headers specified with angle brackets.

foreign  All header files found in directoriesthat are on the search list (-i or | NCLUDE as appropri-
ate).
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Thus, if the #i ncl ude contains a complete path name then the header file is not consid-
ered 'foreign'. To endow such a file with the library header property use either the
+ i bh option or angle brackets. For example, if you have

#i nclude "\incl ude\ graph. h"

and you want this header to be regarded as a library header use angle brackets asin:

#i ncl ude <\incl ude\graph. h>

or use the option:

+l i bh(\i ncl ude\ gr aph. h)

Similar remarks can be made about

#i ncl ude "i ncl ude\ graph. h"

If asearch list (specified with -i option or | NCLUDE) is used to |locate thisfileit is consid-
ered foreign; otherwiseit is not.

ansi The 'standard’ ANSI C/C++ header files, viz.
assert.h limts.h stddef.h
ctype. h | ocal e. h stdio.h
errno. h mat h. h stdlib.h
float.h setjnp. h string.h
fstreamh signal . h strstreamh
iostreamh stdarg. h time.h

all All header files are regarded as being library headers.

By default, +1 i bcl ass(angl e, f or ei gn) isineffect. Thisoption is not cumulative. Any +l i bcl ass
option completely erases the effect of previous +li bcl ass options. To specify no class use the
option +l i bcl ass() .

+libdir(directory [, directory] ...) activates

slibdir(directory [, directory] ...) deactivates

the directory (or directories) specified. The notion of directory here is identical to that in the -i
option. If adirectory is activated then all header files found within the directory will be
regarded as library header files (unless specificaly inhibited by the -1 i bh option). It overrides the
+ i bcl ass option for that particular directory. For example:

+l i becl ass()
+libdir( c:\conpiler )
+libh( o0s.h)

requests that no header filesbe regarded as library files except those coming from directoryc: \ com
pi | er and the header os. h (see below). Also,
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+l i bcl ass( foreign )
-li bdir( headers )

requests that all headers coming from any foreign directory except the directory specified by head-
er s should be regarded as library headers.

Wild card characters ' and '2?' are supported.
Note: A file specified as

#i ncl ude "c:\conpiler\i.h"
is not regarded as being a library header even though +1 i bdi r (c: \ conpi | er) was specified. Only
files found in c:\ conpi | er viaasearch list (-i or I NCLUDE) are so regarded and only when the -i
option matchesthel i bdi r parameter. For example,

#include "conpiler\i.h"

will also not be considered as library even though the -i ¢c: option is given, and the file is found by
searching. The-i search directory (c: ) is not matching thel i bdi r directory (c: \ conpi |l er).

+libh(file [, file] ..) adds

-libh(file [, file] ..) removes

files from the set that would otherwise be determined from the +1 i bel ass and +/ - 1i bdi r options.
For example:

+l i bcl ass( ansi, angle )

+l i bh( w ndows. h, graphics.h)

+libh( os.h ) -libh( float.h)
requests that the header files described as ansi or angl e (except for 1 oat. h) and the individua
header files: wi ndows. h, graphi cs. h and os. h (even if not specified with angle brackets) will be
taken to belibrary header files.
Wild card characters ' and '2?' are supported.

For 1'i bh to have an effect, its argument must match the string between quotes or angle brackets in
the #i ncl ude line. Thusin the case of:

#include <../lib/graphics. h>
you must have +1 i bh(../1ib/graphics.h).

Note that the i bh option is accumulative whereas thel i bcl ass option overrides any previousl i b-
cl ass option including the default.

When a #i ncl ude statement is encountered, the name that follows the #i ncl ude is defined to be the
header - name (even if the name is a compound name containing directories). When an attempt is
made to open thefile, alist of directoriesis consulted, which are all those specified by i options and
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the | NCLUDE environment variable. The directory that is used to successfully open thefileisdefined
to bethe header - di rect ory.

The options +libdir(..) and -libdir(..) are applied to the header-directory and the options
+ibh(...) and-libh(...) areapplied to the header-name (as defined in the previous paragraph). For
example, given the following:

#i ncl ude "graphi cs\shapes. h"
Suppose that the following option had been given:

-i C\
and suppose further that a file " C:\ gr aphi cs\ shapes. h* exists. Then the header-name would be
"graphi cs\ shapes. h* and the header directory would be " c:\". Any one of the following options
could be used to designate the fileas alibrary file.

+libh( graphics\* )

+l i bh( *shapes.h )

+Hlibdir( C* )
+Hlibdir( C\ )

6.2 Library Modules

Lint facilities have traditionally described libraries through the use of aLibrary Module. A Library Mod-
ule usually beginswith

/*lint -library */

or the equivalent. It is combined with other modules while linting. For example, ifsi . ¢ isaLibrary Mod-
ule, we can test nodul e. ¢ for conformance by issuing:

lint sl.c nodule.c

The Library Module serves several purposes. For functions, the expected argument list is described. Any
object declared within a Library Module is not expected to have a definition outside the module (message

526 issuppressed). Alsoit isnot required that it be used (message 714 is suppressed).

Before the introduction of prototypes, aLibrary Module would contain truncated definitions as, for exam-
ple;

doubl e sin(x) double x; { }

to describe function arguments. With the introduction of prototypes, our standard library modules con-
tained the equivalent prototypes instead:

doubl e sin(doubl e);

101



Once compilers began introducing prototypes in standard header files, it seemed silly to have a duplicate
set of prototypesin the Library Module and so the Library Modules were modified to include header files
asin:

#i ncl ude <stdio. h>
#i ncl ude <mat h. h>
etc.

But as the size of header files grew, the time to process the Library Module became excessive. Also the
processing became somewhat redundant since the header files were being #i ncl uded in the programmer's
own modules. Beginning with release 4.00 of PC-lint/FlexeLint we recognize some headers as 'library

headers' (See Section 6.1 Library Header Files.). Objects declared within these headers needn't be
defined or referenced. If they contain prototypes, then the library isfully described. Asaresult, for ANSI
C compilers, our standard library description file has been eliminated.

Their Current Role
For non-ANSI compilers, the Library Modules serve the samerole as ever.

For ANSI compilers, they may be used to describe libraries for which prototypes do not exist. Also, some
programmers may prefer to not use prototypes because they are porting to compilers that do not support
them. Since prototypes in scope serve to coerce arguments, it is somewhat safer to placethe prototypesin
aLibrary Module where they play no active role.

Creating aLibrary Module

Assume you are provided with a graphics library g. I'i b, in object form, and a header file g. h describing
thelibrary. If g. h contains prototypes, you don't need a special Library Module. Just make sure thatg. his

recoghized by PC-lint/FlexeLint asaLibrary Header. See Section 6.1 Library Header Files.

If g. h does not contain prototypes, you can usually prepare them from atextua description of the library
provided by the vendor. If you have source for the library, you can generate prototypes using the -od

option (See Section 11.6 Prototype Generation.). For example, if files g1. ¢ through g25. ¢ are the 25
source modules of the library all contained in asingle directory, go into that directory and run PC-lint/Flex-
eLint asfollows:

lint -u g*.c -od(gproto.h)
This will output declarations (including prototypes) for all functions and data objects found, to the file
gproto. h. These declarations will not ordinarily include st ruct definitions, (to obtain them you would
use-ods). Create alibrary description module gl i b. ¢ consisting of:

glib.c:

/*lint -library */
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#i nclude "g. h"
#i nclude "gproto.h"

Presumably g. h will contain the necessary structure declarations. You may then check pr ogr am ¢ by issu-
ing the command
lint co glib program

where co is your compiler options file. To reduce processing time you may go on and compressgl i b. ¢
into aLint Object Module; issue the command

lint -u co glib -oo(glib.Iob)
then use

lint co glib.lob program

to check your program.

6.3 Library Object Modules

If you have source codefor alibrary, an aternative procedure (alternative to producing a library module as
in the previous section), is to create alint object module directly (See Chapter 7. LINT OBJECT MOD-
ULES.). Assuming we have the same modulesg1. c, g2. c, ... g25. ¢ asin the preceding section, create the
fileg. | nt containing:
g.Int:
-u

-library gl.c
-library g2.c

-Ifﬁfary g25.c
-0o(glib.lob)
Then issue the command
lint g.Int
Theresulting object module, gl i b. | ob, may be used in conjunction with other modules asin:
lint glib.lob programc

The advantage of this approach is that diagnostic information will be directed to the precise location within
the original library source. You may or may not also wish to produceagl i b. h file.
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See Chapter 7. LINT OBJECT MODULES.

6.4 Assembly Language

In this section we deal with the case of assembly-language modules. For in-line assembly code see Section
5.8.6 In-line assembly code.

If one or more modules of your application are written in assembly language or, equivalently, in some lan-

guage other than C or C++ (a common phraseis "mixed language"), you must arrange so that the missing

code does not cause PC-lint/FlexeLint to give spurious messages. The most common way of proceeding is
to create a header file describing the assembly language portion of your application. This header file, say

asm h, will have property (&) of library header filesin that the objects declared therein will not be defined

in files seen by PC-lint/FlexeLint. Hence we makeit alibrary header file with the option:

+l i bh(asm h)

The header file will usually NOT have property (b); i.e. it will usually not be used by other programs.
However, the usual weak definials such as macros and t ypedef , will not (or should not) appear in abun-
dance in such afile. The worst that would happen in any case, is that some component of asm h would
escape use and you would not know about it. Y ou can always remove the option that indicates asm h isa
library header and see what turns up.

Finally, the assembly language portion of your application may be the only portion of your application
which is referencing, initializing or accessing some variable or function. A spurious "not referenced' or
"not accessed" message would be given. The easiest thing to do is to explicitly suppress the message(s).
For example, if the assembly language portion is the only portion accessing variable al pha and you are
getting message 552, then place option -esyn{ 552, al pha) among your lint options. If you are using our
suggested setup, as described in Section 14.2 Recommended Setup, then st d. I nt will now have the con-
tents:

std.Int:
c.Int
options. | nt
+l i bh(asm h)

-esym(552, al pha) //accessed in assenbly | anguage

You might be tempted to place these options in lint comments within asm h. Unfortunately, the I'i bh
option will be set too late to establish asm h as alibrary header in the first module that includes it (subse-
guent modules will be OK) and the -esymoption would be logt if converting to object modules.

You might yet say that "My assembly language routines are sometimes opted out and sometimes opted in,
and thisisunder control of aglobal preprocessor variable UseasM When opted out, C/C++ equivaent rou-
tines are activated. How can | cope with this varying situation?"

This actually makes the situation easier. Just make sure that when you are linting, USEASM s opted out.
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You might use:

#i fdef _lint
#undef USEASM
#endi f

or some equivalent sequence. In thisway, lint will know the intent of the assembly code from the equiva-
lent C/C++ code. The previously suggested options of +I i bh and -esymare then not necessary.

If these relatively simple solutions are not quite adequate then, for the ultimate in flexibility, do the follow-
ing. Createalibrary Module, asm | for example. We usethe'l ' extension to denote that it is seen only by
lint, not by the compiler. It can contain, for starters:

asm | :

/*lint -library */
#i f USEASM

#i nclude "asm h"
extern doubl e al pha;
#endi f

Within such a Library Module, we can check for preprocessor variables such as Useasmand react accord-
ingly. Note that the declaration of al pha within a Library Module makes it alibrary symbol, and warnings
about it not being accessed or referenced are inhibited.
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7.LINT OBJECT MODULES

Please Note. Lint Object Modules are used solely to improve the speed of processing previously linted
modules and the speed improvements are only noticeable with very largefiles. They do not offer any addi-
tional error checking. In fact some error checking islost as the Lint Object Modules do not retain all the
information present in the original source code.

7.1 What isaLOB?

A Lint Object Module is a summary (in binary form) of al the externa information within a C or C++
module (or modules). PC-lint/FlexeLint can then use this information to compare with other modules for
consistency. For example, if module al pha. ¢ consists of:

al pha. c:

voi d beta(x)
doubl e x;

{

gamra( 3) ;

}

then the associated lint object module for al pha. ¢ (cal it al pha. | ob) will contain information that bet a
was defined with a doubl e argument returning voi d and gamma was called with an i nt constant argument.
The object file will retain the name of the original module, line number information and the names of al
included header files.

7.2 Why are LOB's used?

Lint Object Modules are used to speed up the processing of multi-module programs. Consider Figure

LOB-1, which shows a program consisting of 9 modules al. ¢ through a9. c. Rather than linting all the
source modules together, the programmer has linted the modul es separately producing a Lint Object Mod-
ule for each source module. A typica command might be:

lint -ual.c -o00

, which produces a1. 1 ob. The -u (unit checkout) option should always be used when producing a Lint
Object Module. All the usual messages will be produced, appropriate to unit checkout. (You may need the
option -zer o or -zer o( 500) to insure producing the object module in spite of error messages.)
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After the Lint Object Modules are produced, they must then be linted together to make sure they are al
consistent with one another. Thisis aso shownin thefigure. This can be donewith the command:

lint *.lob

This produces the inter-module messages. |If a single change is made to any source module, say to al. ¢
then only one object module needs to be regenerated. This is then combined with all of the other Lint
Object Modules. The time required to process the collection of Lint Object Modules is typically short, on

the order of processing just one source module and so thetime savings is substantial. The observant reader

will note that this process lends itself to incremental linting through a make facility. This is discussed
later.

| al.c | [ a2.c |- [ a9.c |
y y v

Clint | [Tint || [CTint ]
v v

[al.10b]| [a2.10b] -~ [a9.10b]|

T (o ) [0
C Y Y

| i nt
| bl.c |[ b2.c |---[ b5.c || b.lob]
| |
Figure LOB-2

Another way to use Lint Object Modules is shown in Figure LOB-2. Here a project consists of modules
bl. ¢ through b25. c. We assume our programmer is only responsible for modulesb1. ¢ through bs. ¢ with
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other members of ateam responsible for other modules. Accordingly a summary of the external informa-
tion of modules b6. ¢ through b25. ¢ is captured in the Lint Object Module b. | ob. Thisis then used when
linting b1. ¢ through b5. ¢ asis shown in thefigure. Thisdramatically improves the speed of linting. Itis
instructive to compare this approach with that of producing function prototypes for all the functions in
b6. ¢ through b25. c. Function prototypes can be produced with the -od option (output declarations).
Function prototypes do not contain information such as what line of what file contains information incon-
sistent with another file. It does not indicate which variables have been initialized or accessed or which
objects have been referenced. The information in . 1 ob files is, therefore, more complete and indicative
than prototype information, as well as quite fast.

7.3 ProducingaLOB

The option -oo[(f i | enane)] will cause binary information for all modules on the command line to be
output to the named file. The"oo" stands for "output object”. If fi | ename isomitted, as in the option:

-00
then a name is formed from the first module name using an extension of ". 1 ob". (anameendingin". | ob"
is recommended since PC-lint/FlexeLint uses this extension on input to determine that the file is an object
module and not a source module). For example:

lint -u alpha.c -o00

will output binary external information about al pha. c into thefile al pha. I ob.

7.4 -lobbasetoreducelob sizes

If there are many similar 1ob files, considerable space savings can be had by establishing a so-called lob
base from which other files are derived. Consider the following example

cl. cpp:

#i ncl ude <gui . h>

c2.cpp:

#i ncl ude <gui . h>

Let us assume that gui . h expands to 30,000 lines of code (not untypical) and that c1. cpp and c2. cpp are
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more modest.
The command
lint -u cl.cpp -00

produces alint object module (c1. I ob) of, say, 400,000 bytes. We could produce asecond lob filec2. 1 ob
as

lint -uc2.c -o00

, which would produce a second lob file of roughly equal volume. To save on storage space we can employ
cl.1ob asabasefor thec2. 1 ob using

lint -u -1obbase(cl.10b) c2.cpp -00
The output in this case is "diff'ed" (transparently) against the base. The resulting c2. | ob is considerably

smaller (perhapsin the order of 40,000 bytes). The only information carriedinc2. | ob isthat which makes
it different from c1. | ob.

If the -1 obbase option is given when alob output is not requested it isignored. This alowsus, for exam-
ple, to place the option

-l obbase( st daf x. | ob)

within the library options file I'i b-nfc. |1 nt (Library options for Microsoft Foundation Classes) where it
has no effect unless lob's are produced. (For those unfamiliar with MFC, st daf x. cpp is a short module
whose only purpose is to include arange of header files).

What happensif the lob base is the same as the file we are creating?
For example
lint -u -1obbase(cl.10b) cl.cpp -o00
This would seem nonsensical as written but if the -1 obbase option were part of a Library options file (as
we have seen abovein the caseof I i b-nf c. | nt) thenit could easily occur. If the first name of thelob base

(‘c1' in this example) matches the first name of the lob that is produced, then a difference file is not emit-
ted. Rather, the full and completelob fileis produced.

A difference file such asc2. 1 ob contains the name of the |ob base and also a hash number identifying the
state of the base. If the base changes then presumably the hash number changes and PC-lint/FlexeLint will
refuse to process any lob file based on the prior hash. The user needs to produce new lob files for each file

dependent upon that base. See Section 7.5 M ake Files to see how these dependencies can be automated.
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7.5 MakeFiles

Lint Object Modules are well adapted for use with a make facility. For example, a make script, which fol-
lows the Unix make conventions can be of the following form. (Note: if you are following the Microsoft
make conventions place the directive starting with " pr oj ect . | ob" at the end of the script).

.c.lob
lint -u make.Ilnt $* -o00

project.lob: nmodul el.| ob nodul e2.1ob nodul e3.1 ob
lint make.lnt *.lob

nodul el. | ob: nodul el.c
nodul e2. 1 ob: nodul e2. ¢

nodul e3. 1 ob: nodul e3. ¢

where make. | nt contains
make. | nt:

-os(tenp) +vm std.Int

Here a program consists of three modules: nodul el. ¢, nodul e2. ¢ and nodul e3. ¢. If any of these mod-
ules is atered, the lint command on the 2nd line is executed. |If no flaws are found, the option -oo will

cause object module nodul e i . | ob to be written.

The second request within the make file seems to suggest that pr oj ect . | ob is created during that step.

proj ect. | ob is afictitious name, which forces this command to take place. We could have produced a
proj ect. | ob with -oo( proj ect. | ob) but it wouldn't be particularly useful.

The file make. I nt houses lint options used for linting within a make file. The -os(fi | enane) has the

effect of redirecting the messages (much as >f i | enane). Unlike redirection, the option can be placed
within an indirect file as shown here. Thefilestd. | nt contains standard lint options for this project in a

manner that is discussed in Chapter 14. LIVING WITH LINT.
If you are using alob base you should make other lob files dependent on the lob base file. The following

example shows the make script above modified such that modul el. | ob is the lob base for module 2 and
module 3.

.c.lob
lint -u make.Int $* -o00

proj ect.lob: nmodul el.| ob nodul e2.1ob nodul e3.1ob
lint make.lnt *.lob
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nodul el. | ob: nodul el.c
nodul e2. 1 ob: nodul e2. ¢ nodul el. | ob

nodul e3. 1 ob: nodul e3. ¢ nodul el. 1 ob

where maeke. | nt contains
make. | nt:

-os(tenp) +vm std.Int -1 obbase(nodul el. | ob)

A Lint Object Module will normally not be produced if as much as one lint error message is produced. |f
you want the make script to go on in spite of some messages, then you may use the option: -zer o to force
an exit code of zero. You probably don't want to use the -os() option in this case since your messages will
be overwritten by the next command. Use +os(tenp) (append to file t enp) on the command line instead.
Alternatively, you may want to parameterize the-zer o option. An option of -zero(n), asin-zer o(700),
will have the effect of not counting messages whose message number is equal to or higher than the speci-
fied number n, 700 in this example. Thisis much like acompiler producing warnings but going on to pro-
duce an object module as well.

7.6 Library Modules

Library modules (see aso Section 6.2 Library Modules) are used to describe libraries and are usually for
non-ANSI compilers. They contain the option/*1'int -1ibrary*/ oritsequivalent. Thesecanalso bein
object form. For compilersthat support ANSI prototypes, library modules are becoming obsolete because
a header file (or files) describing the library is generally all that lint needs to determine whether function
calls are compatible with alibrary. For compilersthat do not support prototypes, it is hecessary to have an
extra module that describes arguments to library functions. Call thissl . c. For large library modules it
makes sense to produce an object version of this module. The command

lint co.lnt sl.c -o00
(whereco. I nt isacompiler optionsfile) will produce thefiles! . 1 ob. Declarations of objects that are not
referenced are not normally a part of aLint Object Module. But, in this case, where the only input modules
are library modules, an exception to thisrule is made. For example supposesl . ¢ contains:
sl.c:

/*lint -library */

doubl e sin(doubl e);
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Sincesi n isneither defined nor referenced within the module (it isonly declared) it would not normally be
retained in an object module. But because this is a library module and because there are no non-library
modul es being presented to PC-lint/FlexeLint, all library declarations are retained.

7.7 Optionsfor LOB's

To conserve on space, Lint Object Modules do not, by default, contain objects that have merely been
declared (but not referenced or defined). The option +f od (Object module receives all Declarations) over-
rides this default behavior. Also, by default, library objects unless referenced or defined are not normally
included, again to save space. +f ol forcesall library symbolsto be included in the module. Thisoptionis
not normally needed because when making an object module from only library modules, the flag is auto-

matically thrown on. See Section 6.3 Library Object M odules.

7.8 Limitationsof LOB's

To conserve on space, macros, typedefs and templates are not placed within Lint Object Modules. This

affects some Informational messages (755 globa macro not referenced, 767 macro was defined differ-
ently in another module and others). For this reason you will occasionally want to lint all your source files
together even though your normal modus operandi is to use Lint Object Modules.
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8. STRONG TYPES

Strong type checking is gold
Normal type checking is silver
And casting is brass

8.1 Quick Start

If you want a quick action-packed introduction to strong types use the option:

-strong(AJX, t ypenane)

where typename is one of your t ypedef 'ed types and observe the messages produced. This option should
be positioned bef or e thefirst sourcefile.

Then read on to find out what this means and how to control the messages.

Sad Note: If you are using abatch fileto invoke PC-lint such as i n. bat you will not get the comma past
the command interpreter. Instead use' 'asin

-strong(AIX!'t ypenane)

8.2 What are Strong Types?

Have you ever gone through the trouble of t ypedef 'ing types and then wondered whether it was worth the
trouble? It didn't seem like the compiler was checking these types for strict compliance.

Consider the following typical example:

typedef int Count;
typedef int Bool;
Count n;

Bool stop;

n =stop ; // mstake but no warning

This programmer botch goes undetected by the compiler because the compiler is empowered by the ANSI
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standard to check only underlying types, which, in this case, are both the same (i nt ).

The -st r ong option and its supplementary option -i ndex exist to support full or partia t ypedef - based
type-checking. We refer to thisas st r ong type-checking. In addition to checking, these options have an
effect on generated prototypes. See Section 8.8 Strong Types and Prototypes.

8.3 -strong

-strong( flags[, nane]...)

identifies each name as a strong type with properties specified by flags. Presumably thereisalater t ype-
def defining any such name to be atype. Thisoption has no effect ont ypedef 's defined earlier. If name
is omitted, then f | ags specifies properties for al t ypedef 'ed types that are not identified by some other
-st rong option. Please note, this option must come bef or e thet ypedef .

The flags can be:

A

Issue a warning upon some kind of Assignment to the strong type. (assignment operator, return
value, argument passing, initiaization). A may be followed by one or more of the following letters,
which soften the meaning of A.

ignore Initialization.

ignore Return statements.

ignore argument Passing.

ignore the Assignment operator.

ignore assignment of Constants. (constants include integral constants, quoted strings and
expressions of the form: &x where x is astatic or automatic variable.)

z ignore assignment of Zero. A zero is defined as any zero constant that has not been cast to a
strong type. For example, oL and (i nt) 0 are considered zero but (HANDLE) 0 where HANDLE is
adgtrong typeisnot. Also, (HANDLE*) 0 is not considered zero.

oo~ —

Asan example, -st rong(Ai , BI TS) will issue awarning whenever avalue whosetypeisnotBl TSis
assigned to avariable whose typeis BI TS except when initialized.

Check for strong typing when a value is eXtracted. This causes a warning to be issued when a
strongly typed value is assigned to a variable of some other type (in one of the four ways described
above). But note, the softeners(i, r, p, a, c, z)cannot beused with Xx.

Check for strong typing when avalue is Joined (i.e., combined) with another type across a binary
operator. This can be softened with one or more of the following lower-case letters immediately
following the J:

e ignore Equality operators (== and ! =) and the conditional operator (?: ).
ignore the four Relational operators (> >= < <=).

o ignore the Other binary operators, which are the five arithmetic operators (+ - * / % and the
three bit-wise operators (| &*).
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¢ ignore combining with Constants.
z  ignore when combining with aZero value. See the'A’ flag above for what constitutes a zero.

By 'ignoring' we mean that no message is produced. If, for example, Met er s isastrong type then it
might be appropriate to check only Equality and Relational operators and leave others alone. In
this case Jo would be appropriate.

B Thetypeis Boolean. Normally only onename would be provided and normally thiswould be used
in conjunction with other flags. (If through the fortunes of using a third party library, multiple

Boolean's are thrust upon you, make sure these are related through a type hierarchy. See Section
8.5 TypeHierarchies) Theletter 'B' hastwo effects:

1. Every Boolean operator will be assumed, for the purpose of strong type-checking, to return a
type compatible with this type. The Boolean operators are those that indicate true or false and
include the four Relational and two Equality operators mentioned above, Unary !, and Binary &&
and||.

2. Every context expecting a Boolean, such asani f clause, whi | e clause, second expression of a
for statement, operands of Unary ! and Binary | | and &&, will expect to see this strong type or a
warning will beissued.

b Thisislike flag B except that it has only effect number 1 above. It doesnot have effect 2. Boolean
contexts do not require the type.

Flag B isquiterestrictive insisting as it does that all Boolean contexts require the indicated Boolean
type. By contrast, flag b is quite permissive. It insists on nothing by itself and serves to identify
certain operators as returning a type strongly compatible with the strong type. See dso the'l ' flag
below.

is the Library flag. This designates that the objects of the type may be assigned values from or
combined with library functions (or objects) or may be passed as arguments to library functions.
The usual scenario isthat alibrary function is prototyped without strong types and the user is pass-
ing in strongly typed arguments. Presumably the user has no control over the declarations within a
library. Also, thisflag is necessary to get built-in predicates such asi supper to be accepted with

flag B. See the example below. See also Section 6.1 Library Header Files for a definition of
library.

f goeswith B or b and means that bit fields of length one should not be Boolean (otherwise they are).
See Bit field example below.

These flags may appear in any order except that softeners for A and J must immediately follow the letter.
Thereisat most one 'B' or 'b'. If thereisan 'f ' there should also be a'B' or 'b". In general, lower-case |etters
reduce or soften the strictness of the type checking whereas upper-case letters add to it. The only excep-
tions are possibly 'b* and 'f ' whereit is not clear whether they add or subtract strictness.

If no flags are provided, the type becomes a'strong type' but engenders no specific checking other than for
declarations.
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Examples of -strong
For example, the option
-strong(A)

indicates that, by default, al typedef types are checked on Assignment (A) to see that the value assigned
has the samet ypedef type.

The options:
-strong(A) -strong(Ac, Count)

specify that al t ypedef typeswill be checked on Assignment and constants will be allowed to be assigned
to variables of type Count .

As another example,
-strong(A) -strong(, Count)

removes strong checking for Count but leaves Assignment checking on for everything else. The order of
the options may be inverted. Thus

-strong(, Count) -strong(A)
is the same as above.
Consider:

//1int -strong(Ab, Bool)
typedef int Bool;

Bool gt(a,b)
int a, b;

{
if(a) returna>b; // XK
el se return O; /1 Vrning

}

ThisidentifiesBool asastrong type. If theflagb were not provided in the -st r ong option, the result of the
comparison operator in the first r et ur n statement would not have been regarded as matching up with the
type of the function. The second r et ur n results in a Warning because 0 is not a Bool type. An option of
-st rong(Acb, Bool ), i.e. adding the ¢ flag, would suppress this warning.

We do not recommend the option 'c’ with aBoolean type. It is better to define

#define Fal se (bool) 0O

and
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return Fal se;
Had we used an upper-case B rather than lower-caseb asin:

- strong( AB, Bool )

then this would have resulted in a Warning that the i f clauseif (a) ...

Presumably we should write:
if(al=0) ...
As another example:

/*lint -strong( AJXI, STRING) */
typedef char *STRI NG
STRI NG s;

s = mall oc(20);
strcpy( s, "abc" );

is not Boolean (variable a isi nt).

Since mal | oc and strcpy are library routines, we would ordinarily obtain strong type violations when
assigning the value returned by nal | oc to astrongly typed variable s or when passing the strongly typed s

into strcpy. However, thel flag suppresses these strong type clashes.

Strong types can be used with bit fields. Bit fields of length one are assumed to be, for the purpose of
strong type checking, the prevailing Boolean type if any. If thereis no prevailing Boolean type or if the
length is other than one, then, for the purpose of strong type checking, thetype is the bulk type from which

thefields are carved. Thus:

//1int -strong( AJXb, Bool )
//lint -strong( AJX, BitField)

typedef int Bool;
typedef unsigned BitField,

struct foo

{

unsi gned a: 1, b:2
BitField c:1, d:2, e:3;
}ox
void f()
{
x.a = (Bool) 1; Il K
x. b = (Bool) 0; Il strong type violation
x.a = 0; Il strong type violation
x.b = 2; Il K
X.C = X.a; I K
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= 1, /1 strong type violation
I K

~ % X
@D @
|
x
a

In the above, membersa and ¢ are strongly typed Bool , membersd and e are typed Bi t Fi el d and member
b is not strongly typed.

To suppress the Boolean assumption for one-bit bit fields use the flag 't ' in the -st r ong option for the
Boolean. In the example above, thiswould be -st r ong( AJXbf , Bool ) .

8.4 -index

Description
-index( fl ags, i xtype, sitype][, sitype]...)

This option is supplementary to and can be used in conjunction with the -st r ong option. It specifies that
i Xt ype isthe exclusive index type to be used with arrays of (or pointers to) the Strongly Indexed type
si type (or si t ype'sif morethan oneis provided). Both thei xt ype and thesi t ype are assumed to
be names of types subsequently defined by at ypedef declaration. f | ags can be

c allow Constants aswell asi xt ype, to be used asindices.

d allow array Dimensions to be specified without using ani xt ype.

Examples of -index

For example:
/11int -strong( AzJX, Count, Tenperature )
//1int -index( d, Count, Tenperature )

11 Only Count can index a Tenperature

typedef float Tenperature;
typedef int Count;

Tenperature t[100]; /1 OK because of d flag
Tenperature *pt = t; /1 pointers are also checked
/1 ... within a function
Count i;
t[o] = t[1]; /'l Warnings, no c flag
for( i =0; i < 100; i++)
t[i] = 0.0; /[l OK, i is a Count
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pt[1] = 2.0; /'l \\arni ng
i =pt - t; /1 OK, pt-t is a Count

In the above, Tenperature is said to be strongly i ndexed and Count is said to be a strong
i ndex.

If the d flag were not provided, then the array dimension should be cast to the proper type as for example:
Tenperature t[ (Count) 100 ];

However, thisis alittle cumbersome. It is better to define the array dimension in terms of amanifest con-
stant, asin:

#define MAX_T (Count) 100

Tenperature t[ MAX_T];
This has the advantage that the sameMax_T can be used inthef or statement to govern the range of thef or.
Note that pointers to the Strongly Indexed type (such as pt above) are also checked when used in array
notation. Indeed, whenever a value is added to a pointer that is pointing to a strongly indexed type, the
value added is checked to make sure that it has the proper strong index.

Moreover, when strongly indexed pointers are subtracted, the resulting type is considered to be the com-
mon Strong Index. Thus, in the example,

i =pt - t;
no warning resulted.
It iscommon to have parallel arrays (arrays with identical dimensions but different types) processed with
similar indices. The -i ndex option is set up to conveniently support this. For example, if Pressure and
Vol t age weretypes of arrays similar to the array t of Tenper at ur e one might write:
//1int -index( , Count, Tenperature, Pressure, Voltage )
Tenperature t[ MAX_T];

Pressure p[ MAX_T];
Vol t age v[ MAX_T];

Multidimensional Arrays

The indices into multidimensional arrays can also be checked. Just make sure the intermediate type is an
explicitt ypedef type. AnexampleisRowin the code below:
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/* Types to define and access a 25x80 Screen.
a Screen is 25 Row s
a Rowis 80 Att_Char's */

/*l'int -index( d, Row_Ix, Row )
-index( d, Col _Ix, Att_Char ) */

typedef unsigned short Att_Char;

typedef Att_Char Rowf 80];

typedef Row Screen[ 25];

typedef int Row_|x; /* Row | ndex */
typedef int Col _IXx; /* Colum I ndex */

#define BLANK (Att_Char) (0x700 + ' ")
Screen scr;
Row_I x row,

Col _Ix col;

void main()

{

int i =0;

scr[ row ][ col ] = BLANK; [* OK */

scr[ i ][ col ] = BLANK; /* Warning */
scr[col][row] = BLANK; /* Two WArnings */
}

In the above, we have defined a Screen to be an array of Rows. Using an intermediate type does not
change the configuration of the array in memory. Other than for type-checking, it is the sasme asif we had
written:

typedef Att_Char Screen[25][80];

8.5 TypeHierarchies
8.5.1 The Need for aType Hierarchy

Consider a Flags type, which supports the setting and testing of individual bits within aword. An applica-
tion might need several different such types. For example, one might write:

t ypedef unsigned Fl agsl;
t ypedef unsigned Fl ags2;
t ypedef unsigned Fl agss3;

#define A_FLAG (Flagsl) 1
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#define B_FLAG (Flags2) 1
#define C_FLAG (Flags3) 1

Then, with strong typing, an A_FLAG can be used with only a Fl ags1 type, a B_FLAG can be used with only
aFl ags2 type, and a C_FLAG can be used with only a Fl ags3 type. This, of course, is just an example.

Normally there would be many more constants of each Fl ags type.

What frequently happens, however, is that some generic routines exist to deal with Flagsin general. For
example, you may have a stack facility that will contain routines to push and pop Flags. You might have a
routineto print Flags (given some table that is provided as an argument to give string descriptions of indi-
vidua bits).

Although you could cast the Flags types to and from another more generic type, the practice is not to be

recommended, except as a last resort. Not only is a cast unsightly, it is hazardous since it suspends
type-checking completely.
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8.5.2 The Natural Type Hierarchy

The solution isto use atype hierarchy. Definea generic type called Fl ags and defineall the other Fl ags
in terms of it:

t ypedef unsigned Fl ags;
typedef Flags Flagsi;
typedef Flags Flags2;
typedef Flags Fl ags3;

In this case Fl ags1 can be combined freely with FI ags, but not with Fl ags2 or with FI ags3.

This depends, however, on the state of the f hs (Hierarchy of Strong types) flag, which is normaly ON. If
you turn it off with the

-f hs

option the natural hierarchy is not formed.

We say that Fl ags is apar ent type to each of Fl ags1, Fl ags2 and Fl ags3, which areitschi | dr en.
Being a parent to a child typeis similar to being a base type to a derived type in an object-oriented system
with one difference. A parent is normally interchangeable with each of its children; a parent can be
assigned to a child and a child can be assigned to aparent. But abase type cannot normally be assigned to

aderived type. But even this property can be obtained viathe  at her option (See Section 8.5.4 Restrict-
ing Down Assignments (-father).).

A generic Flags type can be useful for all sorts of things, such as a generic zero value, as the following
example shows:

/11int -strong(AJX)

t ypedef unsigned Fl ags;
typedef Flags Flagsi;
typedef Flags Flags2;
#define FZERO (Fl ags) O
#define F_ONE (Flags) 1

void m()

{

Fl agsl f1 = FZERG, I X

Fl ags2 f2;

f2 = f1, [l Warn

if(fl1 & f2) /'l Warn because of J flag
f2 =12 | F_ONE I K

f2 = F_ONE | f2; /'l OK Flag2 = Fl ag2

f2 = F_.ONE | f1; /1 Warn Flag2 = Fl agl

}
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Note that the type of abinary operator is the type of the most restrictive type of the type hierarchy (i.e., the
child rather than the parent). Thus, in the last example above, when a Fl ags OR's with aFl ags1 the result

isaFl ags1, which clashes with theFl ags2.
Type hierarchies can be an arbitrary number of levels deep.
There is evidence that type hierarchies are being built by programmers even in the absence of strong

type-checking. For example, the header for Microsoft's Windows SDK,wi ndows. h, contains:

typedef unsigned int WORD;

typedef WORD ATOM
typedef WORD HANDLE;
typedef HANDLE HWND;
typedef HANDLE GLOBAL HANDLE;
typedef HANDLE LOCALHANDLE;
typedef HANDLE HSTR;

t ypedef HANDLE HI CON;

t ypedef HANDLE HDC;
typedef HANDLE HVENU,

t ypedef HANDLE HPEN,;
typedef HANDLE HFONT;
typedef HANDLE HBRUSH;
typedef HANDLE HBI TVAP;

t ypedef HANDLE HCURSOR;
typedef HANDLE HRGN,;
typedef HANDLE HPALETTE;

8.5.3 Addingtothe Natural Hierarchy

The strong type hierarchy tree that is naturally constructed via t ypedef 's has alimitation. All thetypesin
asingle tree must be the same underlying type. The -parent option can be used to supplement (or com-
pletely replace) the strong type hierarchy established viat ypedef's.

An option of the form:
-parent ( Parent, Child[, Child]..)

where Parent and Child are type names defined via t ypedef will create alink in the strong type hierarchy
between the Par ent and each of the Chi | d types. The Par ent is considered to be equivalent to each
Chi | d for the purpose of Strong type matching. The types need not be the same underlying type and nor-

mal checking between the types is unchanged.

A link that would form aloop in the treeis not permitted.

For example, given the options:
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-parent (Fl ags1, Smal | )
-st rong( AJX)

and the following code:

t ypedef unsigned Fl ags;
typedef Flags Flagsi;
typedef Flags Fl ags2;

t ypedef unsigned char Snmall;

then the following type hierarchy is established:

Fl ags
/ \
Fl ags1 Fl ags2
I

Smal |

If an object of type smal | is assigned to a variable of type Fl ags1 or FI ags, no strong type violation will
be reported. Conversely, if an object of type Fl ags or Fl ags1 is assigned to type Smal | , ho strong type
violation will be reported but aloss of precision message will still be issued (unless otherwise inhibited)
because normal type checking is not suspended.

If the -f hs option is set (turning off the hierarchy of strong types flag) t ypedef 'swill not add hierarchical
links. The only links that will be formed will be viathe -par ent option.

8.5.4 Restricting Down Assignments (-father)
The option

-father( Parent, Child[,Child]..)

issimilar to the -par ent option and has all the effects of the par ent option and has the additional property
of making each of the links from Chi | d to Par ent one-way. That is, assignment from Par ent to
Chi | d triggersawarning. You may think of -f at her asastrict version of -parent .

The rationale for this option is shown in the following example.

typedef int Flndex;
typedef Flndex | ndex;

Here | ndex isaspecia Index into an array. Flndex isaFlag or an | ndex. If negativeit istaken to be a
special flag and otherwise can take on any of the values of 1 ndex. By defining | ndex in terms of FI ndex
we are implying that FI ndex is the parent of | ndex. The reader not accustomed to OOP may think that we
have the derivation backwards, that the simpler t ypedef , | ndex, should be the parent. But | ndex is the
more specific type; every I ndex is an Fl ndex but not conversely. Whereas it is expected that we can
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assign from | ndex to FI ndex it could be dangerousto do the inverse.
Since we don't want down assignments we give the option

-father ( Flndex, |ndex )
in addition to the strong options, say

-strong( AcJX, Flndex, I|ndex )

Then
Fl ndex n = -1;
Index i = 3;
i = n; /* Warning */
m=i,; [* OK */

The safe way to convert aFl ndex to | ndex isviaafunction call asin

Index F_to_I( Flndex fi )
{ return (Index)(fi >=0 2 fi : 0); }

Then, although we need to use a cast in this function we need not use a cast in the rest of the program.

The net result of al thisis that although flags and indices occupy the same storage location, we will never
use aflag where an index is needed.

8.5.5 Printing theHierarchyTree

To obtain a visual picture of the hierarchy tree, use the letter ' h* in connection with the -v option. For
example, using the option +vhmfor the example in Section 8.5.3 Adding to the Natural Hierarchy you
will capture the following hierarchy tree.

—Flags
Flagsl
Small

Flags2

To get amore compressed tree (vertically) you may follow the' h' witha' -* . Thisresultsin atree where
every other lineisremoved. For example, if you had used the option +vh- mthe same tree would appear as:
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—Flags
Flagsl
L —sma11
Flags2

The characters used to draw the hierarchy may be the PC graphics characters (as shown) or may be regular
ASCII characters. On the PC the former is the default. To obtain ASCII, turn off the Hierarchy Graphics
Flag with the -f hg option.

8.6 Hintson Strong Typing

1.

Beware of excessive casting. If, in order to pull off a system of strong typing you need to cast just
about every access, you are missing the point. The casts will inhibit even ordinary checking, which
has considerable value. Remember, strong type-checking is gold, normal type-checking is silver,
and casting is brass.

Rather than cast, use type hierarchies. For example:

/*lint -strong(AXJ, Tight) -strong(, Loose) */
typedef int Tight;
typedef Ti ght Loose;

Ti ght has a maximal amount of Strong Type checking; Loose has none. Since Loose is
defined in terms of Ti ght the two types are interchangeable from the standpoint of Strong Type
checking. Presumably you work with Ti ght i nt 's most of the time. When absolutely necessary to
achieve some effect, Loose is used.

A time when it is really good to cast is to endow some otherwise neutral constant with a special
type. FZEROOf the previous section is an example.

For large, mature projects enter strong typing slowly working on one family of strong types at a
time. A family of strong typesis one hierarchy structure.

Don't bother with making pointers to functions strong types. For example:
typedef int (*Func_Ptr)(void);
If you make Func_Pt r strong, you're not likely to get much more checking that if you didn't makeit

strong. The problem isthat you would then have to cast any existing function name when assigning
to such a pointer. This represents anet loss of type-checking (remember: gold, silver, brass).
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6. Rather than making a pointer a strong type, make the base type a strong type. For example:

typedef char TEXT;
typedef TEXT *STRI NG

TEXT buffer[100];
STRI NG s;

It may seem wise to strong type both STRI NG and TEXT. This would be a mistake since whenever
you assign buf f er to's, for example, you would have to cast. But note that -st r ong( Ac, STRI NG
would alow the assignment. It is usually better to strong type just TEXT. Then when buffer is
assigned to s the indirect object TEXT is strongly checked and no cast is needed.
This holds for gtructures as well as for scaars. For example, in MS Windows programming there
are anumber of t ypedef 'ed types that are pointers. Examplesinclude: LPRECT, LPLOGFONT, LPVBG,
LPSTR, LPWNDCLASS, etc. |f you make these -st rong(A) you will have problems passing to Win-
dows functions addresses of Window's st ruct. At most makethem -strong(AcX) .

7. Careis needed in declaring strong self-referential struct's. The usual method, i.e.,

typedef struct list { struct list * next ; ... }
LI ST;

isincompatible with making LI ST astrong type because its member next will not be a pointer to a
strong type. It is better to use:

typedef struct list LIST;
struct list { LIST * next; ...};

This is explicitly sanctioned in ANSI C (see 3.5.2.3 of [2]) and will make next compatible with
other pointersto LI ST.

8. Once atype is made strong it should not then be made unstrong or weak. For example

/11int -strong(AJX)
typedef int INT;

/11int -strong(,|NT)

/1 INT is still strong

8.7 Reference lnformation

Strong Expressions

An expression is strongly typed if
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1) itisastrongly typed variable, function, array, or member of uni on or struct or anindirectly refer-
enced pointer to a strong type.

2) itisacast to somestrong type.

3) it isone of the type-propagating unary operators, (viz. + - ++ -- ~), applied to a strongly typed
expression.

4) it isformed by one of the balance and propagate binary operators applied to two strongly typed
expressions (having the same strong type). The balance and propagate operators consist of the five
binary arithmetics (+ - * / 99, the three bit-wise operators (& | ~), and the conditional operator (? :).

5) itisashift operator whose left sideis a strong type.

6) itisacommaoperator whose right sideis a strong type.

7) itisan assignment operator whose left sideis astrong type.

8) it is aBoolean operator and some type has been designated as Boolean (with a b or B flag in the
-st rong option). The Boolean operators consist of thefour relationals (> >= < <=), the two equality
operators (== ! =), thetwo logical operators (| | &&), and unary !

General Information

When the option

-strong(flags [, nane] ...)

is processed, name and flags are entered into a so-called Strong Table created for this purpose. If thereis
no name, then a variable, Default Flags, is set to the flags provided. When a subsequent t ypedef is
encountered within the code, the Strong Table is consulted first. If the t ypedef name is not found, the
Default Flags are used. These flags become the identifying flags for strong typing purposes for the type.

The option

-index(fl ags,i xtype,sitypel,..])
is treated similarly. Each sitype is entered into the Strong Table (if not aready there) and its index flags
OR’d with other strong flags in the table. A pointer is established from sitype to ixtype, which is another
entry in the Strong Table.

For thesereasonsit does not, in general, matter in what order the -st r ong options are placed other than that
they be placed before the associated t ypedef . There should be at most one option that specifies Default

Flags.
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8.8 Strong Types and Prototypes

If you are producing prototypes with some variation of the -od option (Output Declarations), and if you
want to seethet ypedef typesrather than the raw types, just make sure that the relevant t ypedef types are
strong. You can make them all strong with asingle option: -strong(). Since you have not specified ‘A, 'J'
or ‘X' you will not receive messages owing to strong type mismatches for Assigning, Joining or eXtraction.
However, you may get them for declarations. Y ou can set

-et d(strong)

to inhibit any such messages.
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9. VALUE TRACKING

9.1 Initialization Tracking
An historic forerunner of Value Tracking is tracking theinitialization (or lack thereof) of auto variables.

This section has to do with messages 644, 645 ("may not have been initialized"), 771, 772 ("conceiv-

ably not initialized"), 530 ("not initialized"), and 1401 - 1403 (“member ... not initiaized"). These
messages refer to aut o variables and data members whilein constructors.

For example, given the code
if( a

el se
a = c;

) b =6
c =

o N

assume that neither b nor ¢ were previously initialized. PC-lint/FlexeLint reports that b is not initialized
(when its value is assigned to ¢) and that ¢ may not have been initialized (when its value is assigned toa).

In earlier versions (and in conventional lint's) asingle unintelligent sweep is taken, which would regard b
and ¢ as having been initialized before use.

whi | e loops and f or loops are not quite the same as i f statements. Consider, for example, the following
code:

while ( n--)

{
b = 6;

assuming that b had not been initialized earlier, we report that b is "conceivably not initialized" when
assigned to ¢ and give a lighter Informational message. The reason for distinguishing this case from the
earlier oneisthat it could be that the programmer knows the body of the loop isalways taken at least once.
By contrast, in the earlier case involving i f statements, the programmer would be hard-pressed to say that

theif condition is adways taken, for that would imply, at the least, some redundant code, which could be
eliminated.
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Theswi tchismorelikeanif than awhi | e. For example,

switch ( k)
{
case 1: b = 2; break;
case 2: b = 3;
/* Fall Through */
case 3: a = 4; break;
default: error();

Although b has been assigned a value in two different places, there are paths that might result in b not
being initialized. Thus, when b is assigned to ¢ a possibly-uninitialized message is obtained. To fix things
up you could assign adefault valueto b beforethe swi t ch. This quiets lint but then you lose the initializa-
tion detection in the event of subsequent modifications. A better approach may be to fix up the case'sfor
which b has not been assigned avalue. We will show this below.

If theinvocation of error () isone of those instances which "can't occur but I'll report it anyway," then you
should let PC-lint/FlexeLint know that this section of codeisnot reachable. If error () doesnot return, it
should be marked as not returning by using the option

-function(exit,error)

This transfers the special property of the exi t function to error. Alternatively, you may mark the return
point as unreachable as shown in the following fixed up example:

switch ( k)

{
case 1. b = 2; break;
case 2:

case 3: b = 3; a = 4; break;
default: error();
/*lint -unreachable */

Don't make the mistake of placing the -unr eachabl e directive beforethe call toerr or () asthis property is

not transmitted across the call. If thereisabreak after the call, make sure the directiveis placed bef or e
thebr eak. Code after abr eak, isnever considered reachable, so the directive placed after thebr eak would
have no effect.

Another way to get the "not initialized" message is to passa pointer variableto f r ee (or to some function
likefree -- See Section 10.1 Function Mimicry (-function).). For example:

if( n) free( p);
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p- >val ue = 3;
will result in p being considered as possibly not initialized at the point of access.

Forward got o's are supported in the sense that the initialization state of the got o is merged with that of the
label. Thus, if b isnot yet initialized, the code:

if ( a) goto |abel
b = 0;
| abel: ¢ = b;

will receive a possibly-uninitialized message when b is assigned to c. However, backward got o's, since
they do not reduce theinitialization state, areignored.

When the checking for possibly uninitialized variables is first applied to alarge mature project, there will
be a small number of false hits. Experience indicates that they usually involve code that is not especially
well structured or may involve some variation of the following construct:

if( x ) initiaizey

if( x) usey
For these cases simply add an initiali zer to the declaration for y or use the option -esyn( 644, y) .
Data members are considered to beinitially uninitialized in constructors. For example:

class X

{
/1 Warni ngs 1401 and 1402

X() { if(n) n=3;}
int n;

int m

}

results in the message 1402 that n isnot initialized when it is accessed and message 1401 that mhas not
been initialized by the constructor. Calling a member function (that is not const ) changes things:

class X

{

/'l the call to f() inhibits initialization warnings
X() £ O if(n) n=23 }

void f();

int n;

int m

b

If X:: f() wasconst or if some non member function were called instead, no assumptions about initializa-
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tion would be made:

class X

{
/1 Warnings 1401 and 1402 are issued

X() £ 90); if( n) n=3 1}
void g() const;

int n;

int m

}

9.2 Value Tracking

Value Tracking was introduced with Version 7.0 of PC-lint/FlexeLint. By value tracking we mean that
some information is retained about automatic variables (and about data members of the t hi s class for a

member function) across statements in a fashion similar to what is retained about the state of initialization.
(See Section 9.1 Initialization Tracking.) Consider asimple example:

int a[10];
int f()
{
int k;
k = 10;

return a[k]; /] \Warning 415
}

This will result in the diagnostic message Warning 415 (access of out-of-bounds pointer by operator T ")
because the value assigned to k isretained by PC-lint/FlexeLint and used to decide on the worthiness of the
subscript.

If we wereto change things dlightly to:

int a[10];

int f( int n)
{
int k;

if (n) k= 10;

el se k 0;
return a[k]; /1 V\arning 661
}
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we would obtain Warning 661 (Possible access of out-of-bounds pointer). The word 'possible’ is used
because not all of the paths leading to the reference a] k] would have assigned 10 to k.

Information is gleaned not only from assignment statements and initializations but also from conditionals.
For example:

int a[10];

int f( int k, int n)
{
if ( k >10) a[0] = n;
return a[k]; /1 Warning 661 -- k could be 10
}

also produces Warning 661 based on the fact that k wast est ed for being greater than or equal to 10
beforeitsuse asa subscript. Otherwise, the presumption isthat k is OK, i.e. the programmer knew what he
or shewas doing. Thus the following:

int a[10];

int f( int k, int n)

{ return a[k+n]; } /1 no warning

produces no diagnostic.

Just asiit is possible for a variable to be conceivably uninitialized (See Section 9.1 Initialization Track-
ing.) it is possible for a variable to conceivably have abad value. For example, if the loop in the example
below is taken O times, k could conceivably be out-of-range. The message given is Informational 796
(Conceivable access of out-of-bounds pointer).

int a[10];

int f(int n, int k)

{
int m= 2;
if( k > 10 ) mt+; // Hm-- So k could be 10, eh?
while( n--)

{ m+ k =0; }
return a[k]; /1 Info 796 - - k could still be 10
}

In addition to reporting on the access of out-of-bounds subscripts (messages 415, 661, 796), value
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tracking allows us to give similar messages for the division by 0 (54, 414, 795), inappropriate uses of
the NULL pointer (413,613, 794), the creation of illegal pointers (416, 662, 797) and the detection
of redundant Boolean tests (7 74), as the following examples show.

Value tracking allows us to diagnose the possible use of the NULL pointer. For example:

int *f( int *p)

{

if (p) printf( "\n" ); /1 So -- p could be NULL
printf( "%", *p ); /'l \\rni ng

return p + 2; /1 \\rning

}
will receive a diagnostic for the possible use of a NULL pointer in both the indirect reference (*p) and in
the addition of 2 (p+2). Clearly both of these statements should have been within the scope of thei f .

To create truly bullet-proof software you may turn on the Pointer-parameter-may-be-NULL flag (+f pn).
This will assume the possibility that all pointer parameters to any function may be NULL.

Bounds checking is done only on the high side. That is:

int a[10]; ... a[10] = O;

is diagnosed but a[ - 1] isnot.

There are two sets of messages associated with out-of-bounds checking. The first is the creation of an
out-of-bounds pointer and the second is the access of an out-of-bounds pointer. By "access' we mean
retrieving a va ue through the pointer. In ANSI C ([1] 3.3.6) you are allowed to create a pointer that points
to one beyond the end of an array. For example:

int a[10];
f( a+ 10 ); Il K
f(a+ 11); /'l error

But in neither case can you access such a pointer. For example:

int a[10], *p, *q;

p = a + 10; I oK

*p =0 /1 Warning (access error)
p[-1] = 0; /1 No Wérning

q=p+1 /1 WArning (creation error)
q[0] = 0; /'l Warning (access error)

Asindicated earlier, we do not check on subscripts being effectively negative We check only on the high
side of an array.
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Though not as critical as pointer checking, tracking values alows us to report that a Boolean condition will
always be true (or false). Thus

if (n>0)n=0;

elseif (n<=0)n-=-1, /'l Info 774

results in the Informational message (7 74) that the second test can be ignored. Such redundant tests are
usually benign but they can be asymptom of faulty logic and deserve careful scrutiny.

9.2.1 Theassert remedy

It is possible to obtain spurious messages (false hits) that can be remedied by the judicious use of assert .
For example

char buf[4];
char *p;

strcpy( buf, "a" );
p = buf + strlen( buf ); // p is 'possibly' (buf+3)

p++, /1l p is 'possibly' (buf+4)
*p ='a'; /1 Warning 661 - possible out-of-bounds reference

PC-lint/FlexeLint is not aware in al cases what the true values of variables are. In the above case, awarn-
ing isissued where thereis no real danger. Y ou can inhibit this message directly by using
*p ='a'; /11lint 1e661

Alternatively, you can use your compiler's assert facility asin the following:

#i ncl ude <assert. h>

char buf[4];

char *p;

strcpy( buf, "a" );

p = buf + strlen( buf );

assert( p < buf + 3); [/l pis 'possibly' (buf+2)

p++, I/l pis 'possibly' (buf+3)
*p='a',; /1 no problem

Please note that assert will become ano-op if NDEBUG s defined so make sure thisis not defined for lint-
ing purposes.

In order for the assert () facility to have this effect with your compiler's assert . h it may be necessary to
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include an option within your compiler options file. For example, suppose that the assert facility is
implemented via amacro defined by your compiler as

#define assert(p) ((p) ? (void)0 : __A(...))
Presumably __A() issues a message and doesn't return. 1t would then be necessary to give the option
function( exit, __A)

, Which transfers the no-return property of exi t tothe __A function (See Section 10.1 Function Mimicry
(-function).).

Alternatively, your compiler may implement assert asafunction. For example:
#define assert (k) _Assert(k,...)

To let PC-lint/FlexeLint know that _Assert isthe assert function you may copy the semantics of the
__assert () function (defined in Section 10.1 Function Mimicry (-function)) using the option

-function( __assert, _Assert )
or
-function( __assert(1), _Assert(1l) )
The latter form can be employed for arguments other than thefirst.

For many compilers, the necessary options have already been placed in the appropriate compiler options
file.

In the event that there isno obvious solution that you can employ with your compiler'sassert . h, you can
always placeanassert . h in your PC-lint/FlexeLint directory (where presumably file searching is directed
with a-i option and takes precedence over your compiler's header files).

9.2.2 InterfunctionValue Tracking

With interfunction value tracking PC-lint/FlexeLint will keep track of values that are passed to functions.
When the definition of a called function is encountered, such values are then used to initialize the values of
parameters. This can be used to determine return values, to record additional function calls and, of course,
to detect errors. Totake avery blatant example consider the following module:

t1.cpp:

int f(int);
int g()

{ return f(0); }
int f( int n)

{ return 10/ n; }

a b~ wWwN PP
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In this example, f () is called with an argument of 0. This turns the innocent looking 10/ n into a lethal
divide by 0.

With thecommand | in -u t1.cpp weget the following output:

--- Modul e: tl.cpp

During Specific Wl k:
File tl.cpp line 3: f(0)
tl.cpp 5 Warning 414: Possible division by 0 [Reference:
File tl.cpp: line 3]

The first thing you notice is the phrase "During Specific Walk". (The notion of Specific Walk is defined
more formally in the next section). Thisis then followed by thelocation of afunction call, the name of the
function ('f' in this case) and a description of the arguments (‘0" in this case). This isthen followed by a
conventional error message. Missing from the message is a reproduction of the line in error and a handy
cursor to identify where on the line the error occurred. Thisis because the source code at the time the walk
occurs has aready been passed over. Thisis not usually a grave inconvenience as editors and interactive
development environments will locate the source line from information embedded in the error message.

Had the placement of the two functions been reversed as is shown in the module
t2. cpp:
int f( int n)

{ return 10/ n; }

int g()
{ return f(0); }

A WN PR

then there would, by default, be no warning about the possible division by 0. Thisis because by the time
we seethef (0) online4, thedefinition of f () isgone. Itisfor thisreason that the multi-pass option was
introduced. If weissue

lin -u -passes(2) t2.cpp

then the output we obtain is as shown below:

--- Modul e: t2.cpp
/1] Start of Pass 2 ///

--- Modul e: t2.cpp
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During Specific Wl k:
File t2.cpp line 4: f(0)
t2.cpp 2 Warning 414: Possible division by 0 [Reference:
File t2.cpp: line 4]

The-passes(2) option requests two passes through the set of modules. Note that on some operating sys-
tems -passes(2) can't be used on the command line. For such systems, either -passes=2 or -passes| 2]

should work. The output reveals, through a verbosity message, the start of pass 2 indicating that no mes-
sages were produced in the first pass. The message that we do get is otherwise identical to the earlier case.

We can, in some cases, deduce the return value or at least some properties of areturn value for a specific
function call. For example, given the module:

t 3. cpp:

int f( int n)

{ returnn - 1; }
int g( int n)

{ return n/ f(1); }

A WN PR

and the command
lin -u -passes(2) t3.cpp

we obtain the following output:

--- Modul e: t3.cpp
/1] Start of Pass 2 ///

--- Modul e: t3.cpp

{ return n/ f(1); }
t3.cpp 4 Warning 414: Possible division by 0 [Reference:
File t3.cpp: lines 2, 4]

In pass 1 we learnthat f () is called with an argument of 1. In pass 2, when we process function f (), we
deduce that this argument will result in a return value of 0. Later in pass 2, when g() is processed, we
report the division by 0. Note that the message is not preceded by the phrase "During Specific Walk".
This is because the error was detected during norma general processing of the function g() without using
aspecific argument valuefor g() 's parameter.

Specific calls can generate additional calls and this process can repeat itself indefinitely if we have enough
passes. Consider the following example:
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t4. cpp:

int f(int);
int g( int n)
{ return f(2); }
int f( int n)
{ returnn/ f(n - 1); }

a b~ wN PP

Here a denominator of f (n-1) inline 5 is not viewed with suspicion until we realize that the call to f (2)

resultsin acall to f (1), which resultsin a call to f (0), which forces the return value to be 0. Given the
command line

lin -u -passes(3) t4.cpp

we get as output:

--- Modul e: t4.cpp

{ return f(2); }
td.cpp 3 Info 715: Synbol 'n' (line 2) not referenced

I/l Start of Pass 2 ///

--- Modul e: t4.cpp

I/l Start of Pass 3 ///

--- Modul e: t4.cpp

During Specific Wl k:
File t4.cpp line 3: f(2)
File t4.cpp line 5: f(1)

td.cpp 5 Warning 414: Possible division by 0 [Reference:
File t4.cpp: lines 3, 5]

Here it took a 3rd pass to determine a possible division by 0. To see why 3 passes were necessary see
option: -specific_winit(n).

Notice that the sequence of specific calls, f (2), f (1), isgiven as a prologue to the message itself.
9.2.2.1 Specific Calls - Specific Walks

When afunction call is encountered, information about the arguments in the call is determined. Theinfor-
mation includes the size of arrays, the value of integers, the nullness of pointers, etc. Thisisreferred to as
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a Specific Function Call or Specific Call for short. Each unique such call is saved in alist associated with
the called function. You can monitor the accumulation of such calls using the verbosity option -vc. (You
would normally combine this with at |east module verbosity so you might actually write-vcm)

When a definition for afunction is encountered it is first processed in what is called General Processing.
Genera Processing (sometimes flippantly referred to as the General Walk) will do syntax checking and
will do alimited amount of value tracking. It will not assume the arguments to have any specific values
owing to any prior function calls. General Processing will produce an internal tree.

After General Processing, there will be a series of Specific Function Call Walk (Specific Walk for short)
one for each Specific Call that is currently in the list for that function.

At the beginning of each Specific Walk, the function's parameters are initialized with the valuesimplied by
the Specific Call. You can get a verbosity message at each such Specific Walk using -vw.  The walk
includes a similar kind of value tracking that takes place in General Processing. But since the treethat is
being walked has aready been produced, there is no macro processing, ho template expansion and no syn-
tax analysis during a Specific Walk. There is aso an automatic inhibition of certain messages over the
course of the walk. This is because some messages are inappropriate at this time. For example, consider
the test:

if(a==0) ..

If a were a parameter, then during a Specific Walk we may be given that its value was 0 but it would be

inappropriate to comment (Message 7 74) that the condition would al ways be true since it's only true of
this specific call.

At each return statement within the Specific Walk, information is tucked away in areturn val ue associated
with this Specific Call. When this Specific Call is again seen during General Processing or a Specific
Walk of this or another function, the return value can be used as the resulting value.

9.2.2.2 Specific Call Portrayal

A Specific Call is portrayed during verbosity messages and as a prologue to messages given during a Spe-
cific Walk. For example, in the output of processing t 4. cpp we see:

During Specific Wl k:
File t4.cpp line 3: f(2)
Theft (2) isaSpecific Call portrayal.

The portraya consists of a function name followed by a parenthesized list of arguments. The arguments
are portrayed as follows:

First, any argument portrayed must be associated with an explicit parameter. Arguments associated with
elipsis(...) areignored. For example, given:

void f( int, ..);
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| f(10, 10);
then thecall tof () isportrayed asf (10).

In the case (only lega in C) where a prototype is not explicitly given, an effective prototype for this pur-
pose will be created.

Integer Portrayal
Integer parameters whose values are known are represented in their conventional decimal representation,
including asign. If the value is not known but there is a possibility that it might have a particular value,
then the value is followed by a'?'. For example:

void g(int n)

{
if (n==4) h();

f(n);

then thecall tof () isportrayed asf (4?) .
There are times when the only thing known about an argument isthat it does not equal 0. For example:
void g( int n)

{
if(n) f(n);

then thecall tof () isportrayed asf (! =0).
Alternative values can also be portrayed. For example:
void g( int b)
{
int n =0;

if (b) n=4
f( n);

then the call tof () will be portrayed as

f( 42 | 02)

Pointer and Array Portrayal
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An array is portrayed as

[n]

where nisitsdimension. Thenisin terms of elements not bytes. When arrays are passed as arguments,
they are, of course, converted to pointers and so it follows that pointers are represented as arrays of length
equal to the number of elements being pointed to. Thus:

void g()
{
int a[10];
int p = atl;

f( p);

then the call to f() is portrayed as f([9]). Considerations regarding doubtful values (the '?'suffix),
non-zero values (! =0) and ambiguous values (using"' | ' notation) apply to pointers and arrays as well asto
integers.

Finally, when nothing at all is known about an argument the notation? is used.

9.2.2.3 Summary of Options
The following set of options relate to the control of interfunction value tracking.
-fsp isaflag that can turn off both the accumulation of Specific Calls and the taking of Specific Walks.

-format _speci fic The prologue to a Specific Walk error message
is controlled by this option. Its default value is:

-"fornmat _specific=\nDuring Specific Wl k:\ n% File % line %: %\n%"
There are two new escapes:

% ... 9% = designates arepetition, one for each invocation in the chain of
calls leading to the Specific Walk.

% = designatesacall Invocation. Thisdiffersfromthe% used in other format strings in that an
argument list is appended.

-passes(k [, Optionsl [, Options2] ] )Thisoption alows multiple passes over the set of modules
provided asinput. For example:

-passes(2)
requests two passes (the default is 1). The second and third parameters (Optionsl and Options2) can

be used to provide options that are used only for the 2nd and subsequent passes. These are described
more fully below.
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The primary purpose of the multiple pass option isto support interfunction value tracking to a depth
greater than what can be supported in asingle pass. Other uses of the multi-pass option may present
themselves in the future.

At the start of each pass thereis an attempt to reset, insofar as is reasonably practical, al the options
to their original setting. Then all options are serially reprocessed for each pass in the same order as
in the first pass. This includes reexamining the environment variables LINT and INCLUDE for
option implications. It also includes fully processing any indirection file (+. 1 nt file) since these
may contain options or file names.

Most options internally represent parameters which are simply reset at the beginning of each pass.
For example, error suppression and flags are reset to their original values and the options are simply
reprocessed in every particula.

For some options it seemed inappropriate to reset to a ground condition and so these options are
ignored in 2nd and subseguent passes, while the information they represent is left intact. These
include those involved with strong typing: -f at her, -i ndex, -par ent, and -st r ong; those involved
with function semantics: -f uncti on, -pri nt f , -scanf , -sem -wpr i nt f , and -wscanf ; and afew others
which are inappropriate to a multi-pass setting and include: - obbase, +macr os, and the size options
(-s...). However, any option explicitly placed in the 2nd or 3rd arguments to the -passes option (or
embedded in afile placed there) will not be ignored.

Another issue in designing amulti-pass operation is that of error inhibition. Presumably, most warn-
ings seen on the first pass should not be displayed on the second (and subsequent) passes because it
just adds to clutter. For this reason, during pass 2 (and subsequent passes), just before the first mod-
uleis processed, that is, after the user has established his (or her) error suppression strategy, PC-lint/
FlexeLint inhibits most messages. It inhibits all but aselect group as described below in specific.

If thisis not the desired behavior, the user can alter, replace or cancel this error suppression to reflect
his own intentions. He does this through Optionsl and Options2, the second and third optionsto the

-passes option. Opti onsl is processed just before the error suppression described above (only

during pass 2 and subsequent passes) and Opt i ons2 is processed just after. Opti onsl is nor-
mally null. For example:

-passes(4,, +e551)

requests 4 passes and will accept theinhibition but will enable message551, which would normally
be disabled in the 2nd and subsequent passes.

The whole purpose of Optionsl isto alow the user to issuea-save asin:

-passes( 3, -save, -restore -dPASS2 )
requests 3 passes and will issue a-save option just before the error suppression and a -r est or e just
after. The effectis to cancel out our error suppression. It also defines asymbol that presumably will

be defined only in passes 2 and later.

You may also specify afile as an argument.
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-passes(2,, pass2.1nt)
causes the indirection file pass2. | nt to be processed only for pass 2 and beyond.

Even though you may have a complex multi-pass strategy established in some indirection file you
may still change just the number of passes on the command line. For example, suppose you placein
st d. I nt the option:

-passes(1, -save, -restore pass2.lnt)

If you then place the option -passes(3) (or equivaently -passes=3) on the command line after
std. I nt, you will change the number of passes to 3 but you will not change Opti onsl or

Opti ons2 so your multi-pass strategy will stay intact. This will permit you to experiment with
more or fewer passes.

-specific(Optionsl, [, Options2])
allows the user to specify optionsjust before the start of each Specific Walk (Optionsl) and just after
finishing each walk (Options2). For example:

-specific( -e413)

will inhibit Warning 413 during each Specific Walk. The warning will automatically be restored
after each walk is over. The sequence of eventsis as follows.

1) Theerror suppression state is saved.

2) All but aselect group of messages are suppressed.
3) Optionsl is processed.

4) The Specific Walk is made.

5) Options2 is processed.

6) Theerror suppression state is restored to its original .

Therefore Options2 is normally null. It could be used to restore aflag as in:
-specific( -e413 ++flb, --flb)

Note that multiple options can be given asasingleargument. Also a. I nt file could also be provided
as argument.

At this writing the select group of messages not suppressed in step 2, consists of messages 413,
414,415,416, 418,419, 420,422,428,613, 661, 662, 668, 669, 670,671, 676,
774,794,795, 796, 797, 802, 803, 804, 807, 817, and 944 and all Internal and Fatal
errors. Effectively, for each number not in the select group an option of -ek, where k is the message

number, is issued.
-specific_climt(n) specifiesaCall limit. Thetotal number of Specific
Calls recorded for any one function is limited to n. Because of recursion the total number of Specific
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Calls made on any one function can be huge. This option prevents any one function from hogging
resources. By default, the valueis O implying no limit.

-specific_retry(n) indicates whether Specific Callswaked in one pass,
are rewalked on subsequent passes. The parameter n can be either 0, meaning no, or 1 meaning yes.
The default is 1.

You might want to set this value to O if you feel that rewalking a Specific Call will not yield much
additional information.

It may seem wasteful to rewak the same Specific Call on each pass but each call can turn up new
information and can alter the return value associated with that call.

For example, consider the following two-function module:

int fact(int n)
{
if( n==0) return 1;
else return n * fact(n-1);

}

int a()

{
return 100 / (6 - fact(3));

}

Thefirst function, f act (n), computesn factoria (n!) recursively. Sincef act (3) isindeed equal to
6, function a() has adivide-by-zero error. To find that error, a Specific Call to fact (3) resultsin a
Specific Walk in pass 2 that turns up a Specific Cal to fact (2). The Specific Walk of fact (2)

turns up a Specific Call to fact (1) . But no return values for f act (3), fact (2), Or fact (1) are yet
available. Itisnot until severa passes later that a Specific Walk of fact (3) learns that the return
value of fact (2) is2 at which time it can compute the return value of f act (3). On that pass the
divide-by-zero error is detected. If functions were not rewalked with the same specific arguments,
this condition could not have been detected.

Itis useful to track the accumulation of Specific Calls and the taking of Specific Walks using the ver-
bosity options -vcw..

-specific_winmt(n) specifiesaWak limit. Atthe end of the Genera Walk
any Specific Call that had not earlier been walked (in some prior pass) will result in a Specific Walk.
These Specific Walks can themselves generate additional Specific Calls. If the calls are recursive
callsand if all these calls are walked, the situation can result in a combinational explosion. For this
reason the total number of Specific Walks is limited to the number of Specific Calls on hand at the
completion of the General Walk plus this value n. By default nis1. This alows for the walking of
one additional recursive call. For example, consider:

void f( int n) { f( n+tl); }

If a Specific Call of f (1) had been earlier detected then this will result in a Specific Walk of f (1),
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which will generate the Specific Call f (2), which will result in a Specific walk of f (2), which will
generate the Specific Call of f (3) , which won't be walked, this pass, because thelimitis 1. It will be
waked in the next pass.

If you make the limit negative, this will be taken as no limit and you will get the maximum recursive
impact. Caution: this could cause anonterminating loop.

-vc aVerbosity flag to issue areport whenever anew Specific Call is encountered.

-vw aVerbosity flag to issue areport whenever a Specific Walk is initiated.
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10. SEMANTICS

10.1 Function Mimicry (-function)

This section describes how some properties of built-in functions can be transferred to user-defined func-
tions by means of the option f uncti on. Seealso-printf and -scanf in Section 5.7 Other Options. See
also Section 10.2 Semantic Specifications to see how to create custom function semantics.

10.1.1 Special Functions

PC-lint/FlexeLint is aware of the properties (which we will call semantics) of some standard functions,
which we refer to as special functions. A complete list of such functions is shown inSection 10.1.2 Func-
tion listing.
For example, function f open() isrecognized as a special function. Itstwo arguments are checked for the
possibility of being the NULL pointer and its return value is considered possibly NULL. Similarly,
fcl ose isregarded as a specia function whose one argument is also checked for NULL. Thus, the code:

if( name ) printf ( "ok\n" );

f = fopen( nane, "r" ); /1 Warning! nane may be NULL

fclose ( f ); /1 Warning! f may be NULL

will be greeted with the diagnostics indicated. You may transfer all three semantics of f open to afunction
of your own, say nmyopen, by using the option

-function( fopen, myopen )

Then, PC-lint/FlexeLint would also check the 1st and 2nd arguments of myopen for NULL and assume that
the returned pointer could possibly be NULL. In general, the syntax of - f unct i on is described as follows:

-function( Functi on0O, Functionl[, Function2]..)

specifies that Functionl, Function2, etc. are like FunctionO in that they exhibit special properties normally
associated with FunctionO.

The arguments to -f uncti on may be subscripted. For example, if myopen were to check its 2nd and 3rd
arguments for NULL rather than its 1st and 2nd we could do the following:

-function( fopen(1l), myopen(2) )
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-function( fopen(2), nmyopen(3) )

This would transfer the semantics of NULL checking to the 2nd and 3rd arguments of nyopen. This could
be simplified to

-function( fopen(1), myopen(2), myopen(3) )

since the property of fopen(1) isidentical to that of f open(2). Any previous semantics associated with
the 2nd and 3rd argumentsto nyopen would be |ost.

To transfer the return semantics you may use the option
-function( fopen(r), myopen(r) )

Some functions have a semantic that is not decomposable to asingle argument or return value but is rather
a combined property of the entire function. For example

char * fread( char *, size_t, size_t, FILE * );
has, in addition to the check-for-NULL semantics on its 1st and 4th arguments, and the check-for-negative

semantics on the 2nd and 3rd arguments, an additional check to see if the size of argument 2 multiplied by
argument 3 exceeds the buffer size given as the 1st argument. This condition is identified as semantic S6

in Section 10.1.2 Function listing. Thus

char buf[100];
fread( buf, 100, 2, f ); /1 \\ar ni ng

To transfer this function-wide property to some other function we need to use the O (zero) index. Thus
-function( fread(0), nyread(0) )

will transfer just the overflow checking (S6 as described above) and not the argument checking. That is, of
the semantics appearing in Section 10.1.2 Function listing for row labeled f r ead, the semantics trans-
ferred are only those associated with column f (0) and not with other columns.

As aconvenience, the subscript need not be repeated if it is the same as the 1st argument. Thus
-function( fread(0), nyread )
is equivalent to the earlier option.

Just asin the case of f open you may transfer al the properties of f r ead to your own function by not using
asubscript asin:

-function( fread, nyread )

You may remove any or all of these semantics from a special function by not using a 2nd argument to the
-functi on option. Thus
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-function( fread )

will remove all of the semantics of thef r ead function and
-function( fread(0) )

removes only the special semantics described above.

In summary, the semantics of functions is conceptually retained in a 2 dimensional (sparse) array as
depicted in Section 10.1.2 Function listing. An option of the form

-function ( name(i ndex), ...)

copies asingle semantic into a destination or destinations. An option of the form

-function ( name, ...)

copies awhole row of semantics.

You may transfer semantics to member functions as well as non-member functions. Thus
-function( exit, X:quit )

transfers the properties of exi t () to X:: quit (). The semanticsin this case is simply that the function is
not expected to return. Please note that this option must be given before the definition of classXx. (Actually,
it need only be given before the closing brace that defines classx.) Thisis usually not a problem as such
options are normally provided in aseparate . | nt file preceding all modules; but such options may aso be
givenin a'lint' comment at the class definition.

As another example involving member functions consider the following:

//1int -function( strlen(l), X :X(1), X:g)

/1 both X :X() and X::g() should have their 1st
/1 argunment checked for NULL.

//1int +fpn pointer paraneters may be NULL

class X
{
public:
char *buf;
X( char * );
void g( char * );
}

void f( char *p ) /1 p may be NULL because of +fpn

{
X x(p); /1 \arning 668

x.g( p); /'l Warning 668
}
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In this example, the semantics associated with the 1st argument of st r1 en are transferred to the 1st argu-
ment of X: : X and to the 1st argument of X: : g. Asthe exampleillustrates, when we speak of the nth argu-
ment passed to a member function we are ignoring in our count the implicit argument that is a pointer to
the class (thisis always checked for NULL).

No distinction is made among overloaded functions. Thus, if X:: X( int * ) ischecked for NULL then so

iSX::X( char * ). Ifthereisan x:: X( int ) thenitsargument is not checked because itsargument is
not apointer. If thereisan X:: X( int *, char * ) thenthe 1st argument is checked, but not the 2nd.
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10.1.2 Function listing

Functi on

__assert
abort
asctine
at of
at oi

at ol
bsearch
cal l oc
clearerr
ctime
exit
fclose
f eof
ferror
fflush
fgetc

f get pos
fgets

f open
fprintf
fputc
fputs
fread
free

freopen

S3

S2

S2

(o) () )

S20

S1

S27

S27

S27

S1

S21

S1

S1

S19

S1

S1

S1

S1

S1

S27

S27

S1

S27

S1

S7

S1
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t1(2)

S1
S21
S27
S27

S1

S1

S21

S1

f(3) f(4) f(5)
S21 S21 S1
S1 - -

S21 S1 -

S1 - -



Functi on

frexp

f scanf
fseek

f set pos
ftel
fwite
getc

get env
gets
gntine

| ocal tine
| ongj np
mal | oc
nbst owcs
nbt owe
menchr
mencnp
mencpy
menmove
menset
nkti me
nodf
oper at or

oper at or

new ]

oper at or
del ete

oper at or
del ete[]

S3

S9

S10

Si1

S12

S12

S13

new S9

S9

S2

S2

(1)

S1

S1

S1

S1

S1

S1

S1

S27

S1

S1

S1

S21

S27

S1

S1

S1

S1

S1

S1

S1

S21

S21

S7

f(2)
s1
s1

s21

S1

S21

S1
S1

S1

S7
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f(3)

f(4)

f(5)

S21

S21

S21

S21

S21



Functi on

perror
printf
put c
puts
gsort
real |l oc
renove
rename
rew nd
scanf
set buf
setjnp
set vbuf
sprintf
sscanf
strcat
strchr
strcnp
strcol
strcpy
strcspn
strftime
strlen
strncat
strncnp
st rncpy
strpbrk

strrchr

(o) () () (2

S16

S17

S17

S2

S2

S1

S27

S27

S1

S24

S27

S27

S1

S27

S1

S1

S27

S27

S27

S28

S27

S27

S27

S27

S1

S27

S27

S1

S1

S28

S28

S1

S21

S21

S27

S27

S27

S27

S27

S27

S27

S27

S1

S1

S1

S27
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S21 S1 -
S1 S1 -
S21 - -
S21 - -
S21 - -



Functi on

strspn
strstr
strtod
strtok
strtol
strtoul
strxfrm
tnpfile
unget c
vfprintf
vprintf
vsprintf
west onbs

wct onmb

1(0)

TGO TE))

S2

S2

S27

S28

S27

S26

S27

S27

S27

S1

S27

S27

S1

S1
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f(2)
S27

S27

S27

S27

S1
S27

S1
S27

S1

f(3)

f(4)

f(5)

S1

S1



Semantics

S1

S2

S3

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

S17

Checks the argument and if it is a pointer and can potentially be NULL issues awarning. The warn-
ing number depends on the likelihood that the pointer is NULL: 418 == certainty, 668 == possi-
ble, 802 == conceivable.

Indicates that there is a possibility that the return pointer is NULL.
(abort and exi t) the function does not return.
(cal I oc) the length of the returned buffer is the product of arguments 1 and 2.

(f get s) complainsif the 2nd argument (as asigned or unsigned integer) exceeds the data arearepre-
sented by the 1st argument.

(fread) complainsif the product of the 2nd and 3rd arguments exceeds the buffer length implied by
the 1st argument.

(fr ee) the argument is a pointer, which is subseguently regarded as uninitialized. Also the pointer
may not be a kind derived either from new or newf ] .

(fwrite) complainsif the product of the 2nd and 3rd arguments exceeds the buffer length implied by
the 1st argument.

(mal | oc, operator new, operator new{]) the length of the returned buffer is the value of the 1st
argument.

(menchr) if the 3rd argument is greater than the size of the buffer indicated by the 1st argument, a
diagnostic (access beyond) is issued.

(mencnp) if the 3rd argument is greater than the size of data area represented by either the 1st argu-
ment or the 2nd argument, a diagnostic is issued.

(mencpy) acomplaint isissued if the 3rd argument is greater than the size of the data area represented
by either the 1st argument (overrun) or 2nd argument (access beyond).

(menset ) if the 3rd argument is greater than the size of the buffer indicated by the 1st argument, a
diagnostic (data overrun) is issued.

(setj np) an informational message (748) isissued about the existence of register variablesin any
function calling the function. Also, registers are considered possibly uninitialized at that point.

(strcat and strcpy) adiagnostic is issued if the size of the buffer area indicated by the 2nd argu-
ment is larger than the size of the buffer areaindicated by the 1st argument.

(strl en) the value returned by the function is assumed to be the size of the buffer (minus 1) repre-
sented by the 1st argument.

(strncpy and st rncat ) issues acomplaint (data overrun) if the value of the 3rd (integral) argument
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is greater than the size of the buffer represented by the 1st argument.
S18 (gets)issuesawarning (421) at the very use of the function.

S19 (fcl ose) the argument is a pointer, which should be non NULL and is subsequently regarded as
uninitialized.

s20 (__assert) the argument can be assumed to be true (i.e. non zero). See Section 9.2.1 The assert

remedy.

s21  Checks the presumed integral argument for negativity and if there is the possibility that the argument
is negative will issueawarning (422 == certainty, 671 == possible, 807 == conceivable).

s22 (st rcpy) thereturn value is guaranteed to be not NULL.
S23 (real | oc) thelength of the return buffer is the value of the 2nd argument.

S24 (real | oc) the 1st argument is thereafter considered as possibly uninitialized (unless of course it is
immediately reassigned to the return value of r eal | oc, which is the usual case.

s25 Checks the pointer argument for NULL (like s1) and designates that the type of the return value will
be the type of the argument. This gets around a C problem where, for example, st rchr () istyped:

char * strchr ( const char * |, int );
If aconst pointer is passed in as 1st argument then the return type for that call will be regarded as

const char *. If it wereregarded asachar * asthe declaration says, then the const information
will not be protected.

S26 Theargument is considered a nul-terminated string.

s27 This combines semantics s1 and s26. The pointer is checked for NULL (like s1) and the argument
is considered a nul-terminated string.

s28 This combines semantics s25 and s26. The argument is checked for NULL and the argument typeis
passed through (like s25) and the argument is considered a nul-terminated string.

10.2 Semantic Specifications

The -sen() option allows the user to endow his functions with user-defined semantics. This may be con-
sidered an extension of the -function() option (See Section 10.1 Function Mimicry (-function).).
Recall that with the -f uncti on() option the user may copy the semantics of a built-in function to any other
function but new semantics cannot be created.
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With the -semoption, entirely new checks can be created; integral and pointer arguments can be checked in
combination with each other using usual C operators and syntax. Also, you can specify some constraints
upon the return value.
The format of the-sen() optionis:

-sen( hanme[, sem] ...)
This associates the semantics sem ... with the named function name. The semantics sem are defined below.
If no semisgiven,i.e. if only nameisgiven, the option is taken as a request to remove semantics from the

named function. Once semantics have been given to a named function, the -f uncti on() option may be
used to copy the semanticsin whole or in part to other functions.

10.2.1 Possible Semantics

sem may be one of:

r_null the function may return the null pointer. This information is used in subseguent value track-
ing. For example:

/*lint -sen( f, r_null ) */

char *f();
char *p = f();
*p = 0; /* warning, p may be null */

Thisisidentical to the semantic s2 defined in Section 10.1.2 Function listing. Asin Section
10.1.2 Function listing it is considered a Return semantic. See Section 10.1 Function Mim-
icry (-function) for the definition of Return semantic. A more flexible way to provide Return
semantics is given below under expressions (exp).

r_no the function does not return. Code following such a function is considered unreachable. This
semantic isidentical to the semantic defined in Section 10.1.2 Function listing as s3; it isthe
semantic used for theexi t () function. Thisalso is considered a Return semantic.

ip (e.g. 3p) thei th argument should be checked for null. If the i th argument could possibly be
null thiswill be reported. For example:

/*lint -sem( g, 1p ) warnif g() ispassed aNuLL. */

[*lint -sem( f, r_null ) f() may return NULL. */

char *f();

void g(char *);

gt () ) /* warning, g is passed a possible null */

This semantic isidentical to the s1 semantic described in Section 10.1.2 Function listing.

custodial (i) wherei issome integer denoting the ith argument or the letter t denoting the t hi s
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type(i)

pointer. It indicates that a called function will take ‘custody' of a pointer passed to argument i.
More accurately, it removes the burden of custody fromits caler. For example,

//1int -sempush, custodial (1))
void f()

{

int *p = newint;

push(p);

}

Function f would normally draw a complaint (Warning 429) that custodial pointer p had not
been freed or returned. However, with the custodial semantic applied to the first argument of
push, the call to push removesfromf the responsibility of disposing of the storage allocated to
p.

You can combine the custodial semantic with atest for NULL. For example,
-sem( push, 1p, custodial (1) )

will complain about NULL pointers being passed as first argument to push as well as giving
the custodial property to this argument.

The custodial semantic is an argument semantic meaning that it can be passed on to another
function using the argument number as subscript. Thus:

-function( push(1), append(1l) )

transfersthe custodial property of the 1st argument of push (aswell asthetest for NULL) onto

the 1st argument of function append. But note you may not transfert hi s semantics using a0
subscript as that refers to function wide semantics.

Note that for the purposes of these examples, we have placed the -semoptions within lint com-
ments. They may aso be placed in aproject-wide options file (. I nt file).

indicates that the type of thei th argument is reflected back to become the type returned by the
function. The built-in functions strchr, strrchr, strpbrk and strstr have all been
pre-endowed with thet ype( 1) semantic (in addition to other semanticsthey may have).

For example, the usual declaration of strchr() inCis:

char *strchr( const char *, int );
Since the return pointer points into the string buffer passed as first argument then a literal read-
ing of the prototype could place const data in jeopardy. However, since strchr has been
given the type(1) semantic, if the string buffer is const, the return pointer is considered
const aswell and the usual warnings will be issued on an attempt to assign thisto aplainchar
* pointer.

In C++ this problem should not occur asst rchr () isoverloaded:
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char *strchr( char *, int );
const char *strchr( const char *, int );

The type(i) semantic is an argument semantic and joins with other argument semantics.
Thus the semantic specification for st rchr () resembles:

-sem( strchr, r_null, 1p, type(1) )

This indicates that the first argument should be checked for NULL as well as having the type
property. Were weto transfer the first argument semantics as:

-function( strchr(1), nyfunc(2) )

then the second argument of nyf unc() would have both properties.

nul tern(i) indicates that thei th argument is or will become nul-terminated. For example, acall to the

exp

built-in:
strepy(a, b);

will alow us to presume that both arguments are nul-terminated. An array that contains a nul-
termination or a pointer to such an array will have certain properties that we need to know
about to avoid giving bogus messages. For example:

for(i =0;i<=10;i++)
{
if(ali] == 0) break;

}

If array ais nul-terminated (such as a string constant) we won't get too upset if it fails to con-
tain 11 characters.

nul tern(i) wasdesigned for strings but it could also be used for pointer arrays aswell.

a semantic expression involving the expression elements described below:

in denotes the i th argument, which must be integral (E.g. 3n refers to the 3rd argu-
ment). An argument isintegral if it istyped i nt or some variation of integral such
aschar, unsi gned | ong, an enumeration, €etc.

i may be @ (commercial at) in which casethe return valueisimplied. For example,
the expression:

@n ==4 || @n > 1n

states that the return value will either be equal to 4 or will be greater than the first
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argument.

ip denotesthei th argument, which must be someform of pointer (or array). The value
of thisvariable isthe number of items pointed to by the pointer (or in the array). For
example, the expression:

2p == 10
specifies a constraint that the 2nd argument, which happens to be a pointer, should

have exactly 10 items. The number of items "pointed to" by a string constant is 1
plus the number of characters between quotes.

Just aswithin, i may be @ in which case the return value is indicated.
iP islikei p except that all values are specified in bytes. For example, the semantic:
2P == 10

specifies that the size in bytes of the area pointed to by the 2nd argument is 10. To
specify areturn pointer where the area pointed to is measured in bytes we use @P.

integer  (any C/C++ integral or character constant) denotes itself.
identifier may be a macro (non-function type), enumerator, or const variable. The identifier
is retained at option processing time and evaluated at the time of function call. If a

macro, the macro must evaluate to an integral expression.

mal l oc( exp ) attaches anall oc alocation flag to the expression. See the discussion of
Ret urn Semant i cs in Section 10.2.2 Semantic Expressions.

new( exp ) attachesanew allocation flag to the expression.
new ] ( exp ) attachesanew]] allocation flag to the expression.

)

Unary operators. + - | ~

Binary operators:

+ - * | YHh<<= == I=>>= | & N << > || &

Ternary operator: ?:

10.2.2 Semantic Expressions

Operators, parentheses and constants have their usual C/C++ meaning. Also the precedence of operators
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are identical to C/C++.

There may be at most two expressions in any one -semoption, one expressing Return semantics and one
expressing Function-wide semantics.

Return semantics
An expression involving the return value (one of @n, @p, @P) is a Return semantic and indicates some-
thing about the returned value. For example, if the semantics for strien() were given explicitly, they

might be given as:

-sem( strlen, @n < 1p, 1p )

In words, the return value is strictly less than the size of the buffer given as first argument. Also the first
argument should not be null.

To express further uncertainty about the return value, one or more expressions involving the return value
may be alternated using the | | operator. For example:

-sen( fgets, @p == 1p || @p == 0)
represents a possible Return semantic for the built-in function fgets. Recall that the f gets function
returns the address of the buffer passed as first argument unless an end of file (or error) occurs in which
case the null pointer is returned. If the Return semantic indicates, in the case of a pointer, that the return
value may possibly be zero (asin this example) this is taken as a possibility of returning the null pointer.
As another example:
-sen( | ookup, 2n == LOCATE ? (@p==0|| @p==1) : @p==1)
Thisis aReturn semantic that says that if the 2nd argument of the function| ookup is equal to LOCATE then

the return pointer may be null or may not be. Otherwise we may assume that the return value is a valid
non-null pointer. This could be used as follows:

#def i ne LOCATE 1
#define | NSTALL 2
Synbol *1 ookup (const char *, int );

sym = | ookup("mai n", | NSTALL);

sym -> val ue = 0; [* OK */
sym = | ookup("hel p", LOCATE);
v = sym-> val ue; /* warning - could be NULL */

Here the first return value from | ookup is guaranteed to be non-null, whereas the second may be null or
may not be.

We caution the reader that the following, apparently equivalent, semantic does not work.
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-sem( | ookup, @p == (2n != LOCATE) || @p == 1)

Theor (] | ) istaken to mean that either side or both could be true with some probability but thereis no cer-
tainty deduced that one or the other must be true.

Flagging the return value
Consider the example:
char *p, *q=0;

p nmal | oc( 10);
p a; /1 Warning -- nenory |eak

We are able to issue a Warning because the return from mal | oc has an allocation flag that indicated that
the returned value points to afreshly allocated region that is not going to be freed by itself.

The seemingly equivalent semantic option:
-sem( ny_alloc, @P == 1n )
associates no allocation flag with the returned pointer (only the size of the areain bytes).

To identify the kind of storage that a function may return, three flag-endowing functions have been added
to the allowed expression syntax of the -semoption:

aregion alocated by nmal | oc to be released through f r ee

aregion alocated by newto be released through del et e

aregion alocated by new[ ] to bereleased through del et e[ ]

In each case, the exp isthe size of the areato be alocated. For example, to simulate mal | oc we may have:
-sen( ny_alloc, @P == malloc(1n) )

By contrast the semantic:
-sen( some_all oc, @p == malloc(1n) )

indicates, because of the lower case 'p', that the size of thea located region is measured in alocation units.

Thusthe'nal | oc' here istaken to indicate the type of storage (freshly allocated that should bef r ee'ed) and

not as aliteral call tomal | oc to allocate so many bytes.

As another example:

-sem( newstr, @p == (1p ? new{](1p) : 0) )

In words, this says that newst r is a function whose return value will, if the first argument is a non-null
pointer, be the equivalent of anew{ ] of that size. OtherwiseaNULL will be returned.
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Function-wide semantics

An expression that is hot a Return semantic is a 'Function-wide' semantic (to use the terminology of Sec-
tion 10.1.1 Special Functions). It indicates a predicate that should betrue. If there is adecided possibility
that it is false, adiagnostic isissued.

What congtitutes a "decided possibility"? This is determined by considerations described in Section 9.2
Value Tracking. If nothing is known about a situation, no diagnostic isissued. If what we do know sug-
gests the possibility of a violation of the Function-wide semantic, adiagnostic isissued.

For example, to check to seeif the region of storage passed to function g() isat least 6 bytesyou may use
the following:

//lint -sen( g, 1P >= 6 ) 1st arg. nust have at |east 6 bytes
short a[3]; /1 a[] has 6 bytes

short *p = a+l; // p points to 4 bytes

void g( short * );

g( a); I K
g( p); /1 V\rni ng

Several constraints may be AND'ed using the && operator. For example, to check that fread( buffer,
si ze, count, stream ) has non-zero second and third arguments and that their product exactly

equals the size of the buffer you may use the following option.
-sem( fread, 1P==2n*3n && 2n>0 && 3n>0 )
Note that we rely on C's operator precedence to properly group operator arguments.

To continue with our example we should add Return Semantics. fr ead returns avalue no greater than the

third argument (count ). Also, the first and fourth arguments should be checked for null. A complete
semantic option for f r ead becomes:

-sen( fread, 1P==2n*3n && 2n>0 && 3n>0, @n<=3n, 1p, 4p )
It is possible to employ symbolsin semantic expressions rather than hard numbers. For example:
//lint -sen( f, 1p > N)
#define N 100

int a[N; int b[N+1];
void f( int * );

f( a); /1 warn
f( b); Il K

Just asis the case with -f unct i on, -semmay be applied to member functions. For example:
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In this example, the argument to x: : cpy must be less than or equal to BUFLEN. The byte requirements of
"abcd" are 5 (including the nul character) and BUFLEN is defined to be 4. Hence awarning isissued here.

To specify semantics for template members, simply ignore the angle brackets in the name given to -sem
The semantics will apply to each template instantiation. For example, the user below wants to assign the
custodial semantic to the first argument of the push_back function in every instantiation of template list.

Thiswill avoid aWarning 429 when the pointer is not deleted in f () .

//1int -sen( std::list::push_back

/1lint -sem X :cpy,
const int BUFLEN = 4;

class X
{
public:
char buf [ BUFLEN]
void cpy( char *
{ strcpy( b

1P <= BUFLEN )

p)
uf, p); 3}

void slen( char * p);

}s

void f( X & )
{
x.cpy( "abcd" );
x.cpy( "abc" );
}

namespace std

Eenplate< class T >
class list
{
public:
voi d push_back( const
}
}
std::list<int*> |;
void f()
{

int *p = newint;

| . push_back( p );

}

/1 Warning
I K

custodial (1) )

int *);

/1 OK, push_back takes custody
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10.2.3 Notes on Semantic Specifications

1.

Every function has, potentially, a Return semantic, a Function-wide semantic and Argument
semantics for each of the arguments. An expression of the form ip when it stands alone and is not

part of another expression becomes an Argument semantic for argumenti . Thus, for the option
-sen{ f, 2p, 1p>0)

2p becomes an Argument semantic (the pointer should not be NULL) for argument 2. We can
transfer this semantic to, say, the 3rd argument of function g by using the option

-function( f(2), g(3) )

The expression 1p>0 becomes the Function-wide semantic for function f and can be transferred via
the O subscript asin:

-function( f(0), g(0) )
We could have placed these two together as one large semantic asin:
-sem( f, 2p && 1p > 0 )

The earlier rendition is preferred because there is a speciaized set of warning messages for the
argument semantic of passing null pointers to functions.

Please note that r _nul | and an expression involving argument @ are Return semantics. Y ou can-
not have both in one option. Thus you cannot have

-sem( f, r_null, @p = 1p )
It is easy to convert thisinto an acceptable semantic as follows:
-sen( f, @p ==0 || @p == 1p)

The notations for arguments and return values was not chosen capriciously. A notation such as @n
== 2n may look strange at first but it was chosen so as not to conflict with user identifiers.

Please note that the types of arguments are signed integral values. Thuswe may write
-sen( strlen, @n<ip )

We are not comparing here integers with pointers. Rather we are comparing the number of items
that a pointer points to (an integer) with anintegral return value.

For uniformity, the arithmetic of semantics is signed integral arithmetic, usually long precision.

This means that greater-than comparisons with numbers higher than the largest signed | ong will
not work.
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11. OTHER FEATURES

11.1 Order of Evaluation

Expressions whose value depends on the order-of-evaluation are flagged with Warning 564. Thisis a
very famous (or infamous) problem with C/C++ but very few compilers will diagnose it. In general, the
compiler is not obligated to evaluate expressions | eft-to-right or indeed in any particular order. For exam-

ple,
n++ + n

is ambiguous; if the left hand side of the binary + operator is evauated first, the expression will be one
greater than if the right hand side is evaluated first. Some other, more common examples are:

a[i] = i++

f( i++, n+i );
In the first case, it looks as though the increment should take place after computing the array index, but, if
the right hand side of the assignment operator is evaluated before the left hand side, the increment is done
before the index is computed. Although assignment looks as though it should imply an order of evaluation
it does not. The second example is ambiguous because the order of evaluation of arguments to afunction

is not guaranteed. The only operators that imply an order of evaluation are Boolean AND (&&), Boolean
OR(] | ), conditional evaluation (?: ), and the comma operator (, ). Hence:

if( (n="7()) &n>10) ..
works as expected and you don't get awarning, whereas:
if( (n="f()) &n>10) ..
will elicit amessage.
In general, for every binary operator that does not have an implied order of evaluation, the set of variables
modified by each side is compared with the set of variables accessed by the other side and a warning is

issued for each common member. A variable is considered modified if it is subject to autoincrement or
autodecrement or is assigned to.

Volatile variables and functions are subject to added scrutiny. See Section 11.5 volatile Checking.
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11.2 Format Checking

PC-lint/FlexeLint completely checks for printf and scanf (and family) format incompatibilities. For
example,

printf( "%-c", ..)

will draw awarning (566) because the plus flag is only useful for numeric conversions. There are over a
hundred such combinations that will draw thiswarning and compilers do not normally flag the inconsisten-

cies. Other warnings that complain about bad formats are 557 and 567. We follow the formatting rules
established by ANSI C.

Perhaps more importantly we also flag arguments whose size is inconsistent with some format (Warnings

558, 559, 560 and 561). Thus, with % format, both integers and unsi gned i nt are allowed but not
doubl e and not | ong if these are larger than i nt. Similarly, scanf type formats require that the arguments
be pointers to objects of the appropriate size. If only the type of the argument (but not its size) isinconsis-

tent with the format character, Warnings 626 or 627 will be given.

The-printf and-scanf options alow auser to specify functions that resemble a member of thepri nt f or
scanf family. Also -printf_code and -scanf _code can be used to describe non-standard % codes. See
Section 5.7 Other Options.

11.3 Indentation Checking

Indentation checking can be used to locate the origins of missing left and right braces. It can aso locate
potentia problemsin a syntactically correct program. For example, consider the code fragment:

if( ..)
if( ..)
statement

el se st at enent

Apparently the programmer thought that the el se associates with the first i f whereas a compiler will,
without complaint, associate the el se with the second i f. PC-lint/FlexeLint will signa that the el se is
negatively indented with respect to the secondi f .

There are three forms of messages; Informational 725 isissued in the case where there is no indentation
(no positive indentation) when indentation is expected, Warning 525 is issued when a construct is

indented less than (negatively indented from) acontrolling clause, and 539 isissued when a statement that
is not controlled by a controlling clause is nonetheless indented fromit.

Of importance in indentation checking is the weight given to leading tabs in the input file. Leading tabs
are by default regarded as 8 blanks but this can be overridden by the -t # option. For example -t 4 signifies

that atab is worth 4 blanks (see the -t # option in Section 5.7 Other Options).
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Recognizing indentation aberrations comes dangerously close to advocating a particular indentation
scheme; this we wish to avoid. For example, there are at least three main strategies for indentation illus-
trated by the following templates:

if(e) {
st at ements
}

if( e)
{
st atement s

}

if( e)
{
st at enents

}

Whereas the indentation methods appear to differ radically, theonly rea differenceisin the way braces are
handled. Statements are always indented positively from the controlling clause. For this reason PC-lint/
Flexelint makeswhat is called a strong check on statements requiring that they be indented (or elsea725
isissued) and only a weak check on braces requiring merely that they not be negatively indented (or else a

525 isissued).
case, and def aul t undergo aweak check. This means, for example, that

swi t ch()
{

case 'a'

br eak;
defaul t:
br eak;

}

raises only the informational message (725) on the second br eak but no message appears with the case
and def aul t labels.

Thewhi | e clause of ado ... whi | e(e); compound undergoes a weak check with respect to the do, and an
el se clause undergoes aweak check with respect to its corresponding i f .

Anelse if () construct on the same line establishes an indentation level equal to the location of theel se
not thei f. This permits use of the form:

if()

st at ement
else if()

st at ement
else if()

st at ement
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el se
st at ement

Only statement beginnings are checked. Thus a comment can appear anywhere on aline and it will not be
flagged. Also along string (if it does not actually begin a statement) may appear anywhere on the line.

A label may appear anywhere unless the +fi| flag is given (Section 5.5 Flag Options) in which case it
undergoes aweak check.

Message 539 isissued if astatement that is not controlled by aloop isindented from it. Thus:

while ((n >0);
n=f(n);

draws this complaint, as well it should. It appears to the casual reader that, because of theindentation, the
assignment is under the control of the whi | e clause whereas a closer inspection reveals that it is not.

11.4 const Checking

const isfully supported. We recommend that you incorporate the use of const in your programming style
as there are several unexpected benefits from using this keyword. Consider the program fragment:

char *strcpy( char *, const char * );
const char ¢ = 'a';
const char *p = &c;

voi d main()

{
char buf[100];

c="'Db";

*p:'c';
strcpy( p, buf );

This will draw four separate messages. Clearly ¢ and *p, since they are const should not be modified
(Error 111). Also, passing p asafirst argument tost r cpy draws awarning (605) because of an increase

in pointer capability. Finally, passing buf as the second argument draws a warning (603) because buf
hadn't been initialized and afunction expecting a pointer to aconst value will not do the initialization.

If your compiler does not support const you may wish to use:

#ifdef _lint
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#defi ne CONST const
#el se

#def i ne CONST
#endi f

at the head of your source code. Then use CONST rather than const throughout.

11.5 volatile Checking

vol ati | e has only modest error checking properties. A warning isissued when avariable declared vol a-
tile isused twicein the same expression (order of evaluation problems) and declarations containing the
keyword are checked for consistency. A warning is issued when pointers declared as pointing indirectly to
vol ati | e objects are used indirectly twice in the same expression and when functions declared to return

vol ati | e values are called twice in the same expression. (They receive Warning 564). For example:

vol atile char *p;
vol atile char f();

n (f() << 8) | f(); /* Warning 564 */
n (*

p << 8) | *p; /* \Warning 564 */

The reason the warning is given is that it is presumed that each access of avol ati| e object or function
produces a potentially different value and that the order of evaluation cannot be guaranteed.

You may declare functionsto be vol ati | e if they have side effects such as returning the next character of

an input stream or global string. A pointer may be pointing to avol ati | e object if it is used for memory
mapped /0. If your compiler doesn't support vol ati | e, you may want to hide this from your compiler

using the method described for const (See Section 11.4 const Checking.).
Alternatively, to turn off vol at i | e checking you may use the option:

-dvol atil e=

11.6 Prototype Generation
Thefollowing option is useful for migrating from K&R C to ANSI C/C++.
-od[s][i ][f][wi dt h](fi | enane)
outputs declarations to filename and is frequently employed to generate a set of prototypes for the func-
tions defined within a module. If +od rather than -od is used, output is appended to fi | enane. For

example:

l'int al pha.c -od(al pha. h)
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produces a header file to be #i ncl uded by routines that use the services provided by al pha. c.
A prototype will be generated for functions defined "old-style" as in:
int f(x) int x; {return x;}
as well as for functions defined "new-style" asin
int f(int x) {return x;}
The same prototype, i.e.,
int f(int);

is generated in each case. If thereis aclash between the declaration and the definition, the definition wins.
Thisisto make it possible to regenerate header files. If the variable-arguments flag

+f va
has been set for the function when declared or defined, then no list of parameter types is generated. Thus
/*lint +fva */
int f();
/*lint -fva */
int f(int x) {return x;}
resultsin:
int f();
being generated. If alimit on the number of arguments to be checked is provided asin:
/*lint +fval */
int g();
/*lint -fva */
int g(x,y) int x,y; {return x+y;}

then the output of the -od file will contain:

int g(x,...);

-odi (static functions)

Prototypes for st at i ¢ functions (i.e., functions with internal linkage) are not automatically generated with
-od. Thisis consistent with the ideathat prototype output is intended for inter-module communication. To

get prototypesfor st at i ¢ (Internal) functions, as well as external objects, use: -odi (fi | enane).
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-odf (only functions)

If f is specified asin -odf , output is limited to functions (no data declarations).

-ods (structs)

Consistent with the idea that you are starting with a program that already is properly header'ed, so that dif-
ferent modules already "se€" all the st ruct , uni on and enumthat they need, we do not normally generate

definitions of these objects as part of -od, If you want them, use-ods(fi | enane).

-odwidth

Prototypes are broken (with a new-line character) after spaces, commas and semicolons whenever the cur-
rent width exceeds the specified width (default width is 66).

Precautionswith Prototypes

Prototypes do not play just the passive role of enabling compilers and lint processors to more intelligently
diagnose errors. They also play an activerole in silently converting arguments. Message 747 will detect
flagrant conversions. You may also want to detect subtle conversions by turning on Elective Notes 917
and 918 (with the options +e917 +e918).

typedef Typesin Prototypes

It is possibleto produce prototypes containing t ypedef hames. See Section 8.8 Strong Types and Proto-
types.

11.7 Exact Parameter Matching

Note: This section deals only with old style (non-prototype) function calls.

Types of function parameters are not always taken literdly. If aparameter istyped array, for example, this
is considered a stylistic way of indicating pointer. With old-style function definitions, parameters of type
char, unsi gned char, short, unsi gned short, andfl oat are quietly promoted for the purpose of match-
ing up with arguments. (However, for subsequent use within the function the origina type is used). For
example:

int f( ch, sh, fl, a)
char ch;
short sh;
float fl;
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int a[10];
{

is the start of an old-style function definition (i.e., adefinition that does not place type information between
the parentheses). For the purpose of detecting type conflict, PC-lint/FlexeLint will promote the types of ch
andsh toint,fl todoubl e, and a to pointer toi nt . If, for example, achar argument is passed as the first
argument to f () this argument is also promoted by the rules of C to type i nt so that no mismatch is
reported.

But it can be argued that some vauable type information is lost in this way. If anint is accidentaly
passed as first argument to f () the mismatch would go unreported. For this reason severa flags are avail-
able to inhibit the usual promotion rules for parameters of this type:

+f xa eXact Array matching
+f xc eXact Char matching
+f xf eXact Float matching
+f xs eXact Short matching

These flags are effective only if the formal parameter is the one that is normally promoted. Consider

char ch;
int g(i)
int i;

{ ...}
- 9( ch);
Here, the actual argument ch is considered matched against the formal parameter i even if the +f xc flag is

set. On the other hand passing an i nt to the first argument of f () (previous example) would be flagged.
(In abeta release we gave a message in both instances but this rendered the flag almost usel ess).

With exact array matching, for example, only an array of 10 i nt's may be passed as fourth argument to
function f () (previous example). Pointers may not be passed to array parameters but, as indicated above,
array arguments may be passed to pointer parameters.

With char and short exact matching, the argument must be the exact type declared or a compatible con-
stant. However, if the argument is an expression involving an operation other than the conditional (?: ), the
operation is assumed to be carried out with at least i nt precision. It will not match achar or short param-
eter.

To be compatible with a parameter typed char or short, constants need to be able to fit within the type
without loss of precision. For example, 0 is compatible with char and short aswell aswithi nt .

When PC-lint/FlexeLint encounters calls to afunction before seeing a definition (or aprototype) thereisa
slight problem. For example, if it sees:

f( 513, 'a );

f( 'b', 814 );
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Then what should PC-lint/FlexeLint record with regard to the arguments being passed to f () ? Remember
that no error should be reported if the parameters are subsequently discovered to be typed i nt. A worst
case argument is saved, i.e., one that will match the fewest subsequent types. In this case it will be
recorded that f () had been passed two i nt's. If the definition:

void f( i, ¢c)
int i;
char c;

{ ...}

is later discovered, then a mismatch is reported for the 2nd parameter. Unfortunately the position informa-
tion of the offending argument will be lost because the information about the arguments had been derived
from two different places. Y ou will see "location unknown" in the message. If you can't find the position
by just searching, reorder the modules so that the definition appears first. It may be more convenient to
place atruncated definition in a dummy module before all the other modules Y ou'll get a duplicate defini-
tion, but who cares?

The +f xc and +f xs options may be useful if you are matching old-style function definitions with new-style
prototypes. For example:

void g(char);
void g(c) char c; { ...}

is considered erroneous by PC-lint/FlexeLint since by the rules of ANSI the first char does not get pro-
moted but the second one does. On the other hand, if the second char is changed to read i nt then the
Microsoft compiler reports atype mismatch. Perhapsthisisfair since ANSI C considers both sequencesto
be erroneous since a new-style prototype is being mixed with an old-style definition. A way to get around
this difficulty and still retain the old-new confrontation is to use the +f xc.

Note: although lint does not complain about the argument difference it will complain because g() is
retyped (type difference = promotion). To get lint to completely ignore this, it is necessary to aso usethe
option: -et d( pronot i on) .

With f 1 oat exact matching the considerations are similar to the case of char and short exact matching.
Only constantsthat are f |1 oat (such as 1. 2f) are considered compatible with afl oat parameter. The pre-

viously cited PC-lint/Microsoft conflict does not occur with thef | oat type so that the use of +f xf may not
be as compelling as with the other flags.

11.8 Weak Definials

The weak definials consist of the following:
macro definitions

t ypedef names
declarations
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struct, uni on and enumdefinitions and members
t enpl at e NAMeES

They are compile-time entities and for this reason, perhaps, they are not used as carefully or as scrupu-
lously as run-time abjects. Their definitions may be redundant or may lay around unused. Sometimes they
are defined inconsistently across modules. Because they are only compile-time entities, they are referred
to as'weak'. Theword 'definia’ means simply that which is defined. It has the benefit of no prior use and
hence semantic neutrality in C/C++. Where there is no possibility of confusion, we will use the word
'definial’ as an abbreviation for the term 'weak definial".

The weak definials are important because they represent those entities normaly placed into header filesto

provide communication for the many modules that comprise a program. To determine whether a header
fileis unused or not depends upon whether any of its weak definials have been used.

Informational messages in the range 749-769 and 1749-1769 are reserved for the weak definials.
PC-lint/FlexeLint is able to report on unused header files (766), definials within (non-library) header files
that are not used (755-758, 768, 1755), non-header definials that are not used (750-753, 1750),
redundant definials (760-763) and conflicting definials.

If you run lint on some previously unlinted source code, you may well want to turn these messages off.
However, if you want to see just header anomalies, you might try:

lint -wl +e749 +e?75? +e?767?

11.8.1 Unused Headers

Whether a header file is used or not depends on whether any of its definials have been used by any file
other than itself or the set of files in the same group. A group of headers is defined below. For now
assume a group contains just the fileitself. For example, |et the complete contents of hdr . h be:
hdr. h:
typedef int |NT;

extern INT f();

Assume a single module includes this header file but makes no use of either f or of | NT. Thedefinial | NT
would be considered used by virtue of its appearance within the declaration of f and f would be reported
unused. The header file would be reported unused by the module because the only use of any of its defini-
als was a self reference, areference to | NT from within the same header file. If the declaration of f were
removed, then | NT would be reported as unused and hdr . h would also be reported as unused.
Consider the following example:

hdr . h:

typedef int |NT;
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al pha. c:

#i nclude "hdr.h"
typedef int |NT;
INT x = 0;

Is the definial I NT within hdr. h being used or not? Is the header file hdr. h being used? Since we have
two identical declarationsfor | NT it is hard to say. What wedo in this case isreport that the second t ype-
def isredundant. We then act as if the second never appeared and so the header file appears to have been
used. If thesecondtypedef were adifferent type, an error would be reported, and thefirstt ypedef would
be considered unused.

A group of headersis defined by a #i ncl ude at the module level and contains the included header and all
other headers directly or indirectly included by that header. It isimportant to note that the base of a group
is aheader directly included by a module.

Consider an example where nodul e. ¢ includes gr oup. h, which, in turn, includes hdr 1. h and hdr 2. h. If
hdr 2. h uses something out of hdr 1. h this is not considered a module use since both headers lie in the
same group (consisting of group. h, hdr 1. h and hdr 2. h). If modul e. ¢ makes no other reference to any

item in the group you will receive a message (766) header file not used for group. h (i.e. the base of the
group.) You will not normally receive a message about the subheaders hdr 1. h and hdr 2. h not used (this

is available as Elective Note 966). Experience has shown that programmers are much more interested in
eliminating #i ncl ude statements at the module level. Modifying headers themselves may be unwise
owing to the variety of contexts in which headers are used.

In a similar vein, if nodul e. ¢ uses something from, say hdr 1. h, but nothing from gr oup. h, group. h is
nonetheless considered used and 766 isnot issued. You can learn that gr oup. h was not used directly by

enabling Elective Note 964 but this fact is not normally very interesting as it would require a rearrange-
ment of header information to exploit.

If modul e. ¢ includes another header gr oup2. h, then any reference to an element of group. h by this new
header, lying asit does in some other group, is considered a reference by the module and servesto suppress

766 for gr oup. h.

11.8.2 Removable from Header

A special message (759) isissued for objects declared in headers but then not referenced outside the mod-
ule that defines them. (This message is automatically suppressed if there is only one module being pro-
cessed). If a declaration is used by only one module, it can be removed from the header file thereby
reducing its size. Header files have a tendency to become big and fat; compilers are always indicating
when something has to be added but hardly ever indicate when something can be deleted; this produces

uni-directional growth. Message 759 isintended to combat thistendency.
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11.8.3 static-able

A related message (765) isthe identification of all objectsthat are 'file-scopable’; i.e., external objects that
may betagged st at i ¢ and hence not placed into the pool of external names. A programmer may not at all
be interested in making everything st ati ¢ because modern debuggers sometimes depend critically on
such external symbols. However you may wish to employ the following technique:

#i f debug && !defined(_lint)

#define LOCALF

#define LOCALD extern

#el se

#define LOCALF static

#define LOCALD static

#endi f

LOCALD stands for local Declaration.
LOCALF stands for local deFinition.

These are used as:

LOCALD doubl e func();

LOCALF doubl e func() {return 37.5; }
For debugging (and provided we are not running PC-lint/FlexeLint) the function f unc is external and its

nameis available to the debugger. Otherwiseitis madestati c. The macros provide good documentation
and PC-lint/FlexeLint enforces compliance.

11.9 Unix Lint Options

The following options are available for compatibility with other lint's, in particular with the original Unix
lint. They may be embedded within C/C++ source code, where they appear asacomment. They are all of
the form:
/* Optional -blanks Keyword Optional -bl anks */
. /* LI NTLI BRARY */

Thisisequivalentto/*lint -library */. SeeSection 6.2 Library Modules.
. /* ARGSUSED */

Inhibits complaints about function parameters not being used for the duration of a single function. It
is placed just before afunction definition. It isequivalent to: -ef unc(715, functi on- name)

. /* VARARGS[N] */
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When this option is placed before a function declaration (or definition) it has the effect of /*1i nt
+fva[ N] */ forjust onefunction. Like ARGSUSED, it has an automatic reset feature.

. /* NOTREACHED */
Thisoptionisequivalentto/ *1int -unreachabl e */
. /* NOSTRI CT */
This inhibits certain kinds of strict type-checking for the next expression. The type differences that
are relaxed are those denoted as nomi nal , si gned/ unsi gned, el l i psi s, pronotion and ptrs to
i nconpati bl e types.
The equivaent PC-lint/FlexeLint option is:
/*lint -save -etd(nom nal, signed/unsigned,ellipsis)

-etd(pronmotion,"ptrs to inconpatible types") */

expression ...
/*lint -restore */

(See TypeDiff in Chapter 17. MESSAGES).

11.10 Static Initialization

Traditional lint processors do not flag uninitialized static (or global) variables because the C/C++ language
defines them to be o if no explicit initialization is given. But uninitialized statics, because they can cover
such alarge scope, can be easily overlooked and can be a serious source of error. PC-lint/FlexeLint will

flag static variables that have no initializer and that are assigned no value. For example, consider:

int n;
int meO;

There is no real difference between the declarations as far as C/C++ is concerned but PC-lint/FlexeLint
regards mas being initialized and n not initialized. If n is nowhere assigned a value, a complaint will be
emitted.
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12. NON-ANSI EXTENSIONS

This chapter describes generally accepted, non-ANSI extensions to the C/C++ language, which have been
optionally incorporated into PC-lint/FlexeLint. Generally, these features reflect current practice in the
MS-DOS world and may be disallowed by using the -A flag. Non-ANSI preprocessor extensions are cov-

ered in Section 13.4 Non-ANSI Preprocessing.

12.1 Memory Models

Memory models have been introduced into a number of C/C++ compilersto support the Intel 8086 through
80286 chips and, in some cases, the 80386 and 80486 chip. If you are not concerned with the segmented
architecture of these chips you can ignore this section.

There are four distinct memory models and these can be selected by one of the -m.. options described in
Section 5.7 Other Options.

data program
option model name pointers  pointers
-ns small near near  (Default)
-nD large data (compact) far near
-P large program (medium) near far
-nL large far far

In addition to selecting a memory model, it is possible for a programmer to override the default for any
particular pointer. For example:

char far *p;

indicates that p isa pointer toafar char andishence afar pointer. In asimilar way, pointers can be
declared to benear and huge (huge istaken asa synonym for f ar ). Data objects and functions can aso be
declared as having the property of near or f ar and pointers to such objects automatically become near or
far asappropriate.

It suffices to say that PC-lint/FlexeLint supports the Microsoft conventions for the use of these keywords
and that these can be enabled (if they are not pre-enabled in your implementation) by selecting the option
+rw(*ms) . Thisrequests all the Microsoft reserved words. You may prefer to turn on just one or two of
these reserved words. For example: +rw( near, far) enablesjust near andf ar.

It is also possible to disable these reserved words. by using the option - rw( *ns) . The -A option servesto
flag such constructs. See Section 5.7 Other Options.
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Your version of PC-lint/FlexeLint is configured to have the system default sizesfor near and f ar pointers
to program and data. For cross-linting these can be set explicitly using a variation of the -sp... option as

previoudy discussed in Section 5.3 Size and Alignment Options.

-spN# indicates that the size of near pointers (both of program and data) is # bytes.
-spF# indicates that the size of f ar pointers (both program and data) is# bytes.
-spFD# indicates the size of af ar data pointer.

-spFP# indicates the size of af ar program pointer.

-spND# indicates the size of anear data pointer.

-spNP# indicates the size of anear program pointer.

-snpFP#  indicates the size of amember f ar Program pointer.

-snpNP#  indicates the size of amember near Program pointer.

12.2 Additional Reserved Words

Many compilers offer additional reserved words over those specified by ANSI. SeeSection 5.8 Compiler
Adaptation for ways of coping with them.
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13. PREPROCESSOR

13.1 Preprocessor Symbols

_lint

__cplusplus

The specia preprocessor symbol _Iint is pre-defined in case it is necessary to determine
whether PC-lint/FlexeLint is processing thefile.

For example, if you have a section of code that is unacceptable to PC-lint/FlexeLint for
some reason (such as in-line assembly code), you can use _I i nt to make sure that PC-lint/
FlexeLint doesn't seeit. Thus,

#i fndef _lint
Unacceptabl e coding sequence
#endi f

will cause PC-lint/FlexeLint to skip over the elided material .

This symbol is defined (as"1") for each module that is interpreted as
being a C++ module and is otherwise undefined. C++ modules are determined by extension

and possibly by option. See Chapter 4. THE COMMAND LINE.

The following pre-defined identifiers begin and end with double underscore and are ANSI compatible.

_TIME
__DATE__
__FILE__
_LINE_
__STDC

The current time

The current date

The current file

The current line number

Defined to be 1 if pure ANSI-compatibility isneeded (- A or -za flag); elseis left undefined

Compiler-dependent preprocessor symbols may also be established as described in Section 5.8 Compiler

Adaptation.

13.2 include Processing

When a#i ncl ude "f i | ename" directiveis encountered
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4,

there isfirst an attempt to f open the named file. But what is the named file? If the fdi flagis OFF
the name between quotesisused. If thefdi flagis ON, the name of theincluding file is examined to

determinethe directory. Thisdirectory isprefixedtofi | ename. Thedirectory of the including file
is found by scanning backward for one of possibly several system-related special characters. If the
f open fails, we go to step 2.

thereis an attempt to prepend (in turn) each of the directories associated with options of the form:
-idirectory

in the order in which the options were presented. If thisfails we go to step 3.

On systems supporting environment variables, each directory in the sequence of directives specified
by the I NCLUDE environment variable is prepended to thefile.

Thereis an attempt to f open the file by the name provided.

If the include directiveis of the form

#i nclude <fi | ename>

then the processing is the same except that step 1 is bypassed.

13.2.1 INCLUDE EnvironmentVariable

The | NCLUDE environment variable may specify asearch path in which to search for header files (#i ncl ude
files). For example:

set | NCLUDE= b:\include; d:\extra

specifies that, should the search for a#i ncl ude file within the current directory fail, a search will be made
in the directory b: \i ncl ude and, on failing that, a search will be made in the directory d:\extra. This
searching is done for modules as well as #i ncl ude files. You may select an environment variable other

than | NCLUDE. Seethe-i ncvar option in Section 5.7 Other Options.

Notes:

1.  No blank may appear between 'I NCLUDE' and '=". Blanks, otherwise, may be used freely and are
ignored.

2. A terminating semi-colon isignored.

3. Thisfacility isin addition to the -i ... option and is provided for compatibility with a number of com-
pilersin the M S-DOS environment.

4.  Any directory specified by a -i directive takes precedence over the directories specified via the

| NCLUDE.
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13.3 ANSI Preprocessor Facilities

ANSI preprocessing is assumed throughout. |If the K& R preprocessor flag is set (+f kp) the use of ANSI
(over K&R) isflagged.

13.3.1 #lineand #

A C/C++ preprocessor may place #l i ne directives within C/C++ source code so that compilers (and other
static analyzers such as PC-lint/FlexeLint) can know the original file and original line numbers that pro-
duced the text actually being read. In this way, these processors can report errors in terms of the original
file rather than in terms of the intermediate text.

By default, #l i ne directives are processed. To ignore #l i ne directives use the option -f1 n (See Section
5.5 Flag Options.). Some systems support # as an abbreviation for #1 i ne. To enable # use ++f | n (incre-
ment thef | n flag to 2). For example,

//1lint ++fIn allow # as abbreviation for #line
#l ine 32 “al pha. cpp”
n =mo; /1l reported as a problemwith Iine 32 of al pha.cpp
# 20 *“alpha.cpp”
X 1;
x/ 0; /1l reported as a problemwi th Iine 21 of al pha.cpp

13.4 Non-ANSI Preprocessing
Preprocessor commands in this section need to be activated viathe+ppw option. Also, their semantics may
be copied viathe ppw_asgn option. See Section 5.7 Other Options.

13.4.1 #assert
#assert issupported to conform with Unix V Release 4. Thus

#assert predi cat e(t oken-sequence)

will assume the truth of the predicate when tested against the indicated token-sequence in a preprocessor
conditional. Without the parenthetical expression, predicate is established to exist. For example,

#assert nachi ne(pdpll)
makes

#i f #machi ne(pdpll)
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true.

A #unassert preprocessor directive with the same syntax as#assert undoes the effects of #assert andis
compatible with the Unix convention. See also option -a#... in Section 5.8.3 Customization Facilities.

13.4.2 #c _include

Some compilers support a conditional include facility using the #c_i ncl ude preprocessor directive. For
example:

#c_include "fil ename"

(Angle brackets may be used instead of quotes to delimit the filename.) Conditional include means that a
fileisincluded if it has not already been included while processing a particular module.

To activate this preprocessor directive use the ppw option as follows:

+ppw( #c_i ncl ude)

13.4.3 #asm

#asmintroduces assembly language constructs, which PC-lint/FlexeLint will not examine but merely skip
over. The assembly language constructs will be terminated either by a single # (on aline by itself) or by
#endasm(if enabled) or the equivalent.

#asm needs to be enabled with +ppw( asm) . For other ways of introducing assembly language see Section
5.8.6 In-line assembly code.

13.4.4 #dictionary

#di ctionary is intended for VAX VMS users to mimic this preprocessor convention of the DEC VMS
compiler. Thisisuseful only for FlexeLint users. When a

#dictionary fil ename
is encountered i _open() (within file cust om c) is called with a specia 2nd argument (equal to #'). The
user can then encode special action required by the semantics of #di cti onary. The #dicti onary direc-

tive need not be specialy enabled forVAX VMS, but for every other systems a +ppw( di ct i onary) would
be required before use.

13.4.5 #endasm

#endasmis the complement to #asm It needs to be enabled before use. A typica enabling sequenceis
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+ppw( asm endasm)

A typical useis:
#asm /* begin assenbly code */
MOV AH, O
ADD AH, AL
#endasm /* end assenbly code */

13.4.6 #import

This preprocessor directive is intended to support the Microsoft preprocessor directive of the same name.
For example:

#i nport "c:\conpiler\bin\x.lib"

will determine the base name (in this case "x") and attempt to include, as a header file, basenan®e. tl h.
Thus, for linting purposes, this directiveis equivalent to:

#include "x.tlh"
Options that may accompany #i nport areignored. When the (Microsoft) compiler encounters a#i npor t
directiveit will generate an appropriate . t | h fileif a current one does not already exist. PC-lint/FlexeLint
will not generate thisfile.
When compiling, it is possible to place the generated. t | h file in adirectory other than the directory of the
importing file. If this option is chosen, then when linting, this other directory needsto be identified with a
-i option or equivalent.

This preprocessor word is not enabled by default. It can be enabled via the +ppw(i nport) option. This
option has been placed into the various compiler optionsfiles for the Microsoft C/C++ compiler.

13.4.7 H#unassert

The#unassert preprocessor directive has the same syntax as #assert and undoes the effects of #assert .
This is compatible with the Unix convention.

13.4.8 #include next

#i ncl ude_next is supported for compatibility with the Gnu C/C++ compiler. It uses the same arguments
as #incl ude but starts the header file search in the directory just after the directory (in search order

sequence) in which the including file was found. See Section 13.2 include Processing for a specification
of the search order.
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For example; suppose you place afile called st di o. h in adirectory that is searched before the compiler's
directory. Thusyou could intercept the #i ncl ude of st di o. h and effectively augment its contents as fol-
lows:

st dio. h:

#i ncl ude_next <stdio. h>
. augrentation

13.5 User-Defined Keywords

PC-lint/FlexeLint might stumble over strange preprocessor commands that your compiler happens to sup-

port. For example, some Unix system compilers support #i dent . Since thisis something that can NOT be
handled by a suitable #def i ne of someidentifier we have added the +ppw( command- nane) option (‘ppw

is an abbreviation for PreProcessor Word). For example, +ppw(ident) will add the preprocessor com-

mand alluded to above. PC-lint/FlexeLint recognizes and ignores the construct.
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14. LIVING WITH LINT

(or Don't Kill the Messenger)

The comments in this chapter are suggestive and subjective. They are the thoughts and opinions of only
one person and for thisreason arewritten in the first person.

When you first apply PC-lint/FlexeLint against a large C or C++ program that has not previously been
linted, you will no doubt receive many more messages than you bargained for. You will perhaps feel as |
felt when | first ran aLint againgt a program of my own and saw how it rejected 'perfectly good' C code; |

felt | wanted to writein C, not in Lint.

Stories of Lint's effectiveness, however, are legendary. PC-lint was, of course, passed through itself and a
number of subtle errors were revealed (and continue to be revealed) in spite of exhaustive prior testing. |
tested a public domain grep that | never dared use because it would mysteriously bomb. PC-lint found the
problem -- an uninitialized pointer.

It is not only necessary to test a program once but it should be continuously tested throughout a develop-
ment/maintenance effort. Early in Lint's development we spent a considerable effort, over severa days,
trying to track down a bug that Lint would have detected easily. We learned our lesson and were never
again tempted to debug code before linting.

But what do you do about the mountain of messages? Separating wheat from chaff can be odious espe-
cialy if done on a continuing basis. The best thing to do is to adopt a policy (a policy that initially might
be quite liberal) of what messages you're happy to live without. For example, you can inhibit all (informa-
tional messages) by the option -w2. Then work to correct only the errors associated with the messages that
remain.

The policy will be automatically imposed by incorporating the error suppression options in a . I nt file
(examples shown below) and it can gradually be strengthened as time or experience dictate.

Experience has shown that linting at full strength is best applied to new programs or new subroutines for
old programs. Thereasonsfor this is that the various decisionsthat a programmer has made are still fresh
in mind and there is less hesitancy to change since there has been much less 'debugging investment' in the
current design. Decisions such as, for example, which objects should besi gned and which unsi gned, can

benefit from checking at full strength. Full strength can even mean torture testing. See Section 15.14 Tor -
ture Testing Your Code.

14.1 An Example of a Policy

An example of a set of practices with, which | myself can comfortably liveis as follows.
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Mistaking assignment for equality is a potential problem for C/C++. If a Boolean test is made of assign-
ment asin

if(a=f()) ...

PC-lint/Flexe Lint will complain with message 720. If the assignment is wrapped with parentheses asin

if( (a="f()) ...

A different message (820) is used. Combining the assignment with testing is such a useful operation that
I’m happy to put up with an extra pair of parentheses. Therefore, | suppress 820 with the option

-e820

At one time | mixed unsigned and signed quantities with almost reckless abandon. | now have consider-
ably more respect for the subtle nuances of these two flavors of integer and now follow a more cautious
approach. | had previoudy employed the options

-e713 -e737 -eau

(713 involves assigning unsigned to signed, 737 isloss of sign, and eau suppresses messages based on
the fact that an argument and a parameter disagree in that oneissi gned and the other isunsi gned). These
inhibitions affect only some variation of assignment. We retain warnings about mixing si gned/ unsi gned
with binary operators.

| also no longer think it is a great idea to automatically inhibit 734 (sub-integer loss of precision). This
message can catch all sorts of things such asassigningi nt toshort wheni nt islarger thanshort, assign-
ing oversizei nt to char, assigning too large quantities into bit fields, etc.

| suppress messages about shifting i nt (and | ong) left but | want to be notified when they are shifted right
as this can be machine-dependent and is generally regarded as a usel ess and hazardous activity. Therefore,
| use-e701 -e703.

| routinely employ functions without a prior declaration allowing them to default to i nt. Therefore | use
option -e718 (function not declared).

When programming in pure C, | tend not to call in the presence of aprototype. Calling with a prototype in
scope is not yet completely portable and can cause quiet unintended conversions. Hence | routinely use

option -e746 to suppress the "not called with a prototype" message. This does not effect my C++ coding
style. C++ requires that | use prototypes and a missing prototype is greeted with an error message

(1055).

| want to run my code through at least two passes so that cross-functional checks can be made. The option
is

-passes (2)

| place my list of favorite error-suppression options in afile called opt i ons. I nt. It looks like this:
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options.Int:

-e720 /] test of assignnent

-e701 -e703 /1 shifting int left is OK
-e718 /1 undecl ared function

-e746 /1 allow calls w o prototypes
-passes (2) /1 use two passes

14.2 Recommended Setup

For PC-lint the INSTALL program creates abatch filel i n. bat (1i n. cnd on OS/2) that indirectly includes
the centralized opt i ons. I nt file described in the previous section. This situation is depicted in Fi gur e
Setup. Thebatchfilelin. bat, heedsto beplaced in your path. When Ii n. bat isrun from most directo-
ries, thefile st d. I nt isfound in the PC-lint directory (owing to the-i option appearing in the batch file).
This in turn includes a compiler options file and a centralized opt i ons. I nt as shown. When i n. bat is
run from the directory c:\ al pha, however, alocal st d. | nt (also shown in the figure) overrides the stan-
dard one. Thislocal std. I nt establishes amemory model appropriate to the application being devel oped
within the directory and adds other locally pertinent options as well.

If you switch back and forth between compilers you may wish to place the name of a generic compiler
optionsfile, such asc. I nt, within the centralized st d. | nt .

190



l'in. bat

lint -ic:\lint std.Int

c:\lint\std.Int c\alpha\stdlnt

-
co- xxX. | nt
options.|nt

>< -esym( 526, f ov)

c:\lint\co-xxx.Int

co- xxX. | nt
optlons I nt

c:\lint\options.Int

-e720 - CXXX

Figure Setup

Then copy a compiler-specific options file into your compiler's include directory under this generic name.
For example:

copy co-aztec.lnt c:\aztec\include\c.Int

Thus, when you switch to the Aztec compiler you presumably change the | NCLUDE environment variable
so the appropriatec. | nt isfound.

14.3 Using Lint Object M odules

For large projects (more than 50 source modules), | use Lint Object Modules (See Section 7.1 What isa
LOB?.).

For FlexeLint my make file setup is similar to that described in Section 7.5 M ake Files.

For PC-lint, atypical make file has the form:
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makefil e:

.c.lob
lint -u nmake.Int $* -o00

m.lob: nl.c

n2.lob: nR.c

nB.lob: nB.c

mi.lob: mi.c

nb.lob: nb.c

project.lob: ml.lob nm2.lob ... nb.lob

lint make.lnt *.lob
In the above, nake. | nt contains those things that the batch file 1'i n. bat (described earlier) provided. In
particular it contains:
make. | nt:
sic:\lint\
std. I nt

-0s(t enp)
+v

14.4 Summarizing

In summary, establish procedures whereby PC-lint/FlexeLint may be conveniently accessed for a variety
of purposes. Lint small pieces of a project before doing the whole thing. Establish an error-message sup-
pression policy that may initially be somewhat relaxed and can be strengthened in time. Lint full strength
Oh New projects.

But don't kill the messenger!
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15. COMMON PROBLEMS

15.1 Option has no effect

One common mistakeisto place lint options in acomment in a C/C++ program and forget to placea | i nt
there or to place ablank before theword| i nt . Examples:

/* -e501  */ Bad!
/* lint -e501 */ Bad!
/*1int -e501 */ OK!

Another more likely possibility is that the message you are trying to inhibit is delivered at wrap-up time.
For example:

/*lint -save -e714 This variable is not referenced */
int xx;
/*lint -restore */

This doesn't work because message 714 isissued sometime later (at wrap-up time). In all such casesyou
should be ableto inhibit the message using -esym E.g.:

/*lint -esym(714,xx) xx is not referenced */
int xx;

15.2 Order of option processing
Options are processed in order. For example

lint alpha beta -idirectory

will processal pha and bet a without benefit of the include directory.

15.3 Too many messages

It should be emphasized that suppressing a message does not alter the behavior of PC-lint/FlexeLint other
than to suppress the message. For example, inhibiting message 718 (function used without a prior decla-
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ration) does not inhibit other messages about the function such as inconsistent return value or inconsistent

parameters. It is asif you had edited the output file and removed all references to message 718. So you
needn't be too hesitant about inhibiting a message.

To set awarning level, use option -w, or -wi i b (See Section 5.7 Other Options..)

15.4 What isthe preprocessor doing?

In order to understand some diagnostic it may be necessary to look at the output of the preprocessor. The
option - p turns PC-lint/FlexeLint into apreprocessor. For example:

lin -p al pha. cpp
will produce (by default in _LINT.TMP) the result of preprocessing module al pha. cpp
This is often sufficient to resolve difficulties. However, in some cases, it is hecessary to relate the output
of the preprocessor to the header files used in the generation of the output. Which line of which header
produced a particular line. To answer this sort of question use the -v1 option in conjuction with the - p
option asin

lin -vl -p al pha.cpp

Thiswill provide aline-by-line description as to how the headers relate to the output.

15.5 NULL not defined

If you use the Microsoft C compiler and you simply lint a program as:
lint programc

you may get NULL not defined. You have to indicate to lint that you are using the Microsoft C/C++ com-
piler. Thisisnormally done as:

lint co-nsc.lnt programc
At the very least use:
lint -cnsc programc

although this does nothing to describe your compiler's library.
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15.6 Error 123 using min or max

Some Microsoft C users have been confused about getting error 123 when "all they do" is have a declara-
tion of the form:

int min;, OR int max;
Actually, somewhere in the module is an include of " stdl i b. h*, which defines macros ni n() and max() .

If you do not want PC-lint/FlexeLint to complain about this dual use ("because they're used all over the
place"), simply suppress the message with -e123 or -esym( 123, ni n, max) .

15.7 LONG_MIN macro

PC-lint/FlexeLint will occasionally issue a warning (501 and/or 569) when using the LONG M N macro

from your compiler'sii mits. h header file. We offer no apol ogi es for thiswarning. We have found
the following variationsin the definition of LONG M N among several different compiler vendors.

#define LONG M N -2147483647 [* OK */
#define LONG_.M N 0x80000000L /* Warning */
#define LONG M N (-2147483647-1) I* OK */
#define LONG_ M N ((Iong)0x80000000L) /* OK */
#define LONG M N -2147483648L [* \Warning */
#define LONG M N (-(2147483647L)-1) [* OK */
#define LONG M N -2147483648 /* Warning */

For those that we issue awarning, the quantity istyped unsi gned | ong and if you used this type as in:
if(n>LONGMN) ...

you would find that the test, which should just about always succeed would just about never succeed. Per-
haps you should aert your compiler vendor.

15.8 PlainVanilla Functions

N.B. The following pertains only to C code.

By aplain vanilla function (or canonical function) we mean a function declared without a prototype. For
example

void f();
Not too many programmers realize that such a function is incompatible with one that is prototyped with a

char, short, or float parameter or has an ellipsis. We warn you (type difference = 'pr onotion' or
‘el li psi s") but the warning can cause confusion if you do not redize thedifference.
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When a call is made to such a function the compiler must decide which, if any, promotions to apply to the
arguments. Since the declaration said nothing about arguments, a standard (i.e., canonical) set of promo-
tionsisapplied. According to ANSI,char'sand short's are promoted toi nt, and f | oat 's are promoted to
doubl e. Also the argument list is presumed fixed so that registers may be used to pass arguments.
Prototypes can inhibit such promotions; if f was declared:

void f( char, short, float );

All three promotions would be inhibited. For this reason this declaration is incompatible with the earlier
declaration and you receive awarning. If f were declared:

void f( int, ...);

we again warn you because the canonical declaration allows the compiler to pass arguments in registers
and the ellipsis forces the compiler to pass arguments on the stack.

Thisisall inthe ANSI C standard.

15.9 Avoiding Lint CommentsinYour Code
Occasionally there is arequirement that there be no lint directivesin your source code. A programmer can
go pretty far in inhibiting unwanted messages by using the -e, -esym etc. options placed within a. I nt file
but occasionally it happens that a specific occurrence of a message needs to be suppressed. For example:
int *pi;
unsi gned **ppu;

pi = (int *) ppu;

raises message 740 (unusual pointer cast). To suppress this particular usage you may define a macro as
in:

#define INT_STAR(p) ((int *) (p))

p| | = | NT_STAR( ppu) ;
You will still get the message, which can then be suppressed with

-emacro( 740, | NT_STAR)

15.10 Strange Compilers

You may want to lint programs that have been prepared for compilersthat accept strange and unusual con-
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structs, and for which we do not provide a custom compiler options file. There are a number of options
you can use to get PC-lint/FlexeLint to ignore such constructs. Chief among these arethe -d, +r wand +ppw

in Section 5.7 Other Options. But aso check Section 5.8.3 Customization Facilities for additional
options to help cope with the truly extraordinary.

15.11 !0

If you are using
#define TRUE !0
you will receive the message:
506 -- "Constant Val ue Bool ean"
when TRUE is used in an arithmetic expression. (For C, TRUE should be defined to be 1. However, other
languages use quantities other than 1 so some programmersfeel that! 0 isplaying it safe.) To suppress this

message for just this context you can use:

#define TRUE /*lint -save -e506 */ (!'0) \
/*lint -restore */

or the equivalent:

-emacr o( 506, TRUE)

15.12 What Optionsam | using?

With options embedded within indirect files and within source code it is sometimes difficult to know what
optionsarein effect. To obtain alisting of all your options, use the verbosity option -voi f (o = Option, i =
Indirect File, f = header Files). To haveit take effect early enough to show the options within all indirect
filesyou may set the LINT environment variable asin:

set LINT= -voif
lint usual argunents
set LINT=

You can also get a peek at some of the option settings by looking at the help screen. For example:
lint usual argunents ?

This will reveal flag settings and scalar sizes. You might want to redirect the help screen using
-oe(f il ename) placed before the 2.
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15.13 How do | deal with SQL ?

If you have SQL commands of the form
EXECSQL

embedded in your code, you will find that PC-lint/FlexeLint will stumble over this construct yielding inap-
propriate messages. To get PC-lint/FlexeLint to ignore such statements, you may define EXECSQ to be

equivalent to the built-in reserved word _t o_seni (See Section 5.8.3 Customization Facilities..). Don't
forget to activate the reserved word. The pair of options needed are:

-dEXECSQ.=_t o_semi
+rw( _to_sem)

15.14 Torture Testing Your Code

Ok, this is not acommon problem but just thought you might like to know how to maximize the number of
messages coming out of PC-lint/FlexeLint. There are several things you can do:

+f sc assumes string constants are const char *.
-passes (6) make sure you use plenty of passes as a sequence of calls can have aripple effect.
+ pn warnhs about the use of pointer parameters without first checking for NULL.

-st rong( AJX) All typedefs must match exactly.

-w4 Set warning to the max.
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16. ADDITIONAL NOTES

16.1 Size of Scalars

Since the user of PC-lint/FlexeLint has the ability to set the sizes of various data objects (See the -s..
optionsin Section 5.3 Sizeand Alignment Options), the reader may wonder what the effect would be of
using various sizes.

Severa of the loss of precision messages (712, 734, 735 and 736) depend on a knowledge of scalar
sizes. The options -ean and -epn only suppresses | ong/i nt /short mismatches if they are the same size.
Similarly, -eas and -eps depend on the sizes of dataitems. The legitimacy of bit field sizes depends on the
sizeof ani nt. Warnings of format irregularities are based in part on the sizes of the items passed as argu-
ments.

One of the more important effects of type sizesis the determination of the type of an expression. The types
of integral constants depend upon the size of i nt and | ong in ways that may not be obvious. For example,
even wherei nt are represented in 16 bits the quantity:

35000

is| ong and hence occupies 4 (8-bit) bytes whereasif i nt are 32 bits the quantity is afour bytei nt . If you
want it to be unsi gned use the u suffix asin 35000u or use acast.

Herearetherules: (these ANSI rules may be partially suppressed with the+f i s flag) the type of a decimal
constant isthefirst typein thelist (i nt, | ong, unsi gned | ong) that can represent thevalue. The maximum
values for these types are taken to be:

Largest is1 lessthan 2 raised to the power:
i nt si zeof (int)*bi t s- per-byte - 1
unsi gned si zeof (int)*bi t s- per-byte
| ong si zeof (1 ong)*bi t s- per-byte - 1
unsi gned | ong si zeof (1 ong)*bi t s- per-byte

The quantitiessi zeof (i nt) andsi zeof (1 ong) are based on the -si # and -s| # options respectively.

The type of a hex or octal constant, however, is the first type on the list (i nt, unsigned int, |ong,
unsi gned | ong). For any constant (decimal, hex or octa) if it has a u suffix, one selects from the list
(unsi gned int, unsigned |ong). If an L suffix, thelistis(l ong, unsigned | ong). If both suffixesare
used then the type must be unsi gned | ong.
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The size of scalars enters into the typing of intermediate expressions in a computation. Following ANSI,
PC-lint/FlexeLint uses the so-called value-preserving rule for promoting types. Types are promoted when
a binary operator is presented with two unlike types and when unprototyped function definitions specify
subinteger parameters. For example, if ani nt isadded to an unsi gned short, then the latter is converted
toi nt provided that anint can hold all values of anunsi gned short ; otherwise, they are both converted
to unsi gned i nt. Thusthe signedness of an expression can depend on the size of the basic data objects.
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17. MESSAGES

Most error messages have an associated error number. By looking up the number in the list below you can
obtain additional information about the cause of the error. This information is aso available from a
self-extracting executable nsg. exe, found on the PC-lint distribution diskette, which produces the
machine-readable ASCII file msg. t xt . For FlexeLint users, the file nsg. t xt can be found on the Flex-
eLint Supplementary diskette.

Messages numbered 1000 and higher pertain generally to C++. Thisis summarized in the table bd ow.

After a possible 1000 is subtracted off, the remainder lies in the range 0-999. Remainders in the range
1-199 are syntax errors, 200-299 are PC-lint/FlexeLint internal errors and should never occur, 300-399 are
fatal errors usualy brought about by exceeding some limit, 400-699 are warning messages that indicate
that something is likely to be wrong with the program being examined. Remainders in the range 700-899
designate informational messages. These may be errors but they also may represent legitimate program-
ming practices depending upon personal programming style. Remainders in the range 900-999 are called
"Elective Notes'. They are not automatically output. You may examine the list to see if you wish to be
alerted to any of them.

C C++ Warning Level
Syntax Errors 1-199 1001 - 1199 1
Internal Errors 200 - 299 0
Fatal Errors 300 - 399 0
Warnings 400 - 699 1400 - 1699 2
Informational 700 - 899 1700 - 1899 3
Elective Notes 900 - 999 1900 - 1999 4

Glossary

A few of the terms used in the commentary below are:

argument The actual argument of a function as opposed to a dummy (or formal) parameter of afunc-
tion (see parameter).

arithmetic ~ any of the integral types (see below) plusf | oat , doubl e, and | ong doubl e.

Boolean In general, the word Boolean refersto quantities that can be either true or false. An expres-
sion is said to be Boolean (perhaps it would be better to say 'definitely Boolean') if it is of
the form: operand op operand where op isarelational (> >= < <=), an equality operator (==
1 =), logical And (&&) or logical Or (| |). A contextissaid to require aBooleanif it isused
inanif orwhile clause or if it isthe 2nd expression of a f or clause or if it is an argument
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to one of the operators: &&or| | . An expression needn't be definitely Boolean to be accept-
ablein acontext that requires aBoolean. Any integer or pointer is acceptable.

declaration  gives properties about an object or function (as opposed to a definition).
definition that which allocates space for an object or function (as opposed to adeclaration) and which
may also indicate properties about the abject. There should be only one definition for an

object but there may be many declarations.

integral atype that has properties similar to integers. Theseincludechar, short,int, and| ong and
the unsi gned variations of any of these.

scalar any of the arithmetic types plus pointers.

Ivalue is an expression that can be used on the Left hand side of an assignment operator (=). Some
contexts require lvalues such as autoincrement (++) and autodecrement (--).

macro an abbreviation defined by a #def i ne statement. It may or may not have arguments.

member elements of astruct and of auni on are called members.

module that which is compiled by a compiler in a single independent compilation. It typically
includes al the text of a. c (or a. cpp or . cxx, €tc.) file plus any text within any #i ncl ude
file(s).

parameter A formal parameter of afunction as opposed to an actual argument (see argument).

M essage Parameters

Some of the messages are parameterized with one or more of the following italicized names:
Char Some character
Context Specifies one of several contexts in which an assignment can be made. Can be one of:

* assi gnment -- refersto an explicit assignment operator.

*return -- refersto the implied assignment of a r et ur n statement. The type of the expres-
sion is converted implicitly to the type of the function.

einitialization --refersto the assignment implied by an initialization statement.

earg. no. ... - refersto the implied assignment of an argument in the presence of a proto-
type. Thetype of the expression isimplicitly converted to the type within a prototype.

earg. 'this' --refersto theimplied argument of amember function call.

FileName A filename. Messages containing this parameter can be suppressed with the -efil e( ...)
option.

Integer Some integer
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Invocation

Kind

Location

Name
Sring

Symbol

Type

TypeDiff

A function call with argument types. To suppress a message containing an Invocation you
need the complete call, not just the function name. For example, the call f (1) could result

in Error 1024 parameterized by 'f(int)'. To suppress this message you could use
-esym(1024, f (int)). You could also use wild cards asin -esym( 1024, f *) .

A list of control structures.

A line number followed optionally by a filename (if different from the current) and/or a
module name if different from the current.

A string, usually an identifier, that can be suppressed with a-esymbut not with -el i bsym
A sequence of characters identified further in the message description.

The name of auser identifier referring to a C or C++ aobject such as variable, function, struc-
ture, etc. Messages containing this parameter can be suppressed with the -esyn( ... )
option. For C++, if Synbol isthe name of afunction the full function signature (including
parameters) is given. Error suppression with -esymdoes not require (nor want) the parame-
ters.

A type or atop type baseis provided. A top type baseisone of pointer, function, array,
struct, uni on, Of enum

specifies the way in which one type differs from another. Because of type qualification,
function prototypes, and type compounding, it may not be obvious how two types differ.
Also, seethe -et d option to inhibit errors based on type differences. TypeDi f f can beone
or more of:

* basi ¢ -- The two types differ in some fundamental way such as doubl e versusi nt .
* count -- Two function types differ in the number of arguments.

e el i psi s -- Two function types differ in that one is prototyped using an ellipsis and the
other is not prototyped. See Section 15.8 Plain Vanilla Functions.

*inconpl et e -- At least one of the typesis only partially specified such as an array without
adimension or afunction without a prototype.

* noni nal -- The types are nominally different but are otherwise the same. For example,
i nt versus| ong where these arethe same size or doubl e versus| ong doubl e where these
arethe same size. Thetwo types are either both integral or both float or are functions that
return types or have arguments that differ nominally. If | ong isthe samesize asi nt then
unsi gned | ong will differ fromi nt both asnoni nal and assi gned/ unsi gned. If not the
same size, then the differenceispreci si on.

*origin -- The types are not actualy different but have different origins. For example a

struct isdefined in two separate modules rather than in one header file. If for somerea
son you want to do this then use the option -et d(ori gi n) .
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* preci si on -- Two arithmetic types differ in their precision such asint vs. | ong where
these are different sizes.

* pronot i on -- Two function types differ in that one is prototyped with a char, short or
f1 oat type and the other is not prototyped.

*ptrs to...-- Pointers point to different types, some TypeDi f f codefollows.

eptrs to inconpatible types -- Pointers point to types, which in turn differ in preci -
si on, count, si ze,ellipsis Or pronotion.

equalification--Qualifierssuch asconst, vol ati | e, €tc. are inconsistent.

* si gned/ unsi gned -- The types differ in that one is a signed integral type and the other is
unsigned of the same size, or they are both functions that return types that differ in this
way, or they are both pointers to types that differ in this way.

* si ze -- Two arrays differ in array dimension.

* st rong -- two types differ in that one is strong and the other is not the same strong type.

* voi d/ nonvoi d -- The two types differ in that oneisvoi d and the other is not or, more fre-
quently, they are both functions returning types that differ in this respect or pointers to
typesthat differ in this respect.

* enunt enum - Onetypeisanenum The other typeisadifferent enum

*int/enum - Onetypeisan enumand the otherisanint.

» Type = Type -- Thetwo typesin an assignment of some kind differ in some basic way and
no more information is available.

* Type vs. Type -- The two types differ in some basic way and no more information is
available.

17.1 C Syntax Errors

1

Uncl osed Comment (Locati on) -- End of file was reached with an open comment still
unclosed. The Locat i on of the open comment is shown.

Uncl osed Quote -- Anend of line was reached and a matching quote character (single or dou-
ble) to an earlier quote character on the same line was not found.

#el se without a #if -- A #el se was encountered not in the scope of a#i f, #i f def or #i f n-

204



10

11

12

13

14

Too many #if levels -- Aninternal limit was reached on the level of nesting of #i f state-
ments (including #i f def and #i f ndef ).

Too many #endif's -- A #endi f was encountered not in the scope of a#i f or #i f def or #i f n-
def.

St ack Overfl ow -- One of the built-in non-extendable stacks has been overextended. The pos-
sibilities are too many nested #i f statements, #i ncl udes statements (including all recursive
#i ncl ude statements), static blocks (bounded by braces) or #def i ne replacements.

Unable to open include file: FileName -- Fi | eNane isthe name of the include file,
which could not be opened. Seeasoflagfdi (See Section 5.5 Flag Options.), option -i ... (See
Section 5.7 Other Options.) and Section 13.2.1 INCL UDE EnvironmentVariable.

Uncl osed #if (Location) -- A#if (or#ifdef or#ifndef) wasencountered without a cor-
responding #endi f . Locat i on isthelocation of the#i f .

Too many #else's in #if (Location) -- A given#if contained a#el se, which in turn
was followed by either another #el se or a#el i f. The error message gives the line of the #i f
statement that started the conditional that contained the aberration.

Expecting 'String --String isthe expected token. The expected token could not be
found. Thisis commonly given when certain reserved words are not recogni zed.

int __interrupt f();

will receive an Expecting ';' message a the f because it thinks you just declared
__interrupt. The cureis to establish a new reserved word with +rw(__interrupt). Also,

make sure you are using the correct compiler options file. See also Section 15.10 Strange
Compilers.

Excessive Size -- The filename specified on a #i ncl ude line had a length that exceeded
FI LENAVE_MAX characters.

Need < or " -- After a#i ncl ude is detected and after macro substitution is performed, afile
specification of theform <f i | ename>or"fi | enanme" is expected.

Bad type -- A type adjective such as | ong, unsi gned, etc. cannot be applied to the type, which
follows.

Synbol ' Synbol ' previously defined (Location) -- The named object has been
defined a second time. The location of the previous definition is provided. If thisis atentative

definition (no initializer) then the message can be suppressed with the +f md flag. (Section 5.5
Flag Options).
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15

16

17

18

19

20

21

22

23

24

25

26

27

28

Synbol ' Synbol ' redeclared (TypeDi ff) (Location) -- Thenamed symbol has been
previoudy declared or defined in some other module (location given) with a typedifferent from

the type given by the declaration at the current location. The parameter TypeDi f f provides
further information on how the types differ (see Glossary in Chapter 17. MESSAGES.).

Unrecogni zed name -- A # directive is not followed by arecognizable word. If thisis not an
error, use the +ppwoption. (Section 5.7 Other Options).

Unrecogni zed name -- A non-parameter is being declared where only parameters should be.

Synbol ' Synmbol ' redeclared (TypeDi ff) conflicts with Locati on -- A symbol is
being redeclared. The parameter TypeDi f f provides further information on how the types dif-
fer (see Glossary Chapter 17. MESSAGES.). Locat i on isthelocation of the previous defi-
nition.

Usel ess Decl aration -- A type appeared by itself without an associated variable, and the type
was not astruct and not auni on and not an enum A double semi-colon can cause thisasin:

int x;;
I'llegal use of = -- A function declaration was followed by an= sign.
Expected { -- Aninitializer for an indefinite size array must begin with aleft brace.

I'llegal operator -- A unary operator was found following an operand and the operator is not
apost operator.

Expected colon -- A ? operator was encountered but this was not followed by a : as was
expected.

Expected an expression, found 'String' -- An operator was found at the start of an
expression but it was not aunary operator.

Illegal constant -- Too many characters were encountered in a character constant (a con-
stant bounded by ' marks).

Expect ed an expression, found ' String' --Anexpressionwas notfound whereonewas
expected. The unexpected token is placed in the message.

Illegal character (0xhh) -- Anillega character was found in the source code. The hex
code is provided in the message. A blank is assumed. If you are using strange characters in

identifier names you will get this message for which you may use the-i dent option. (See Sec-
tion 5.7 Other Options.)

Redefinition of symbol ' Symnbol ' Location -- Theidentifier preceding a colon was previ-
oudy declared at the Location given as not being alabel.
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30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Expected a constant -- A constant was expected but not obtained. This could befollowing a
case keyword, an array dimension, bit field length, enumeration value, #i f expression, etc.

Redefinition of synmbol ' Synbol' conflicts withLocati on -- A dataobject or func-
tion previously defined in this module is being redefined.

Fi el d size (menmber ' Synbol ') shoul d not be zero -- Thelength of afield was given as
non-positive, (0 or negative).

Illegal constant -- A constant was badly formed as when an octal constant contains one of
the digits 8 or 9.

Non- constant initializer --A non-constantinitializer was found for a static data item.

Initializer has side-effects -- Aninitializer with side effects was found for a static data
item.

Redefining the storage class of synbol 'Symnbol' conflicts withLocation --An
object's storage class is being changed.

Val ue of enumerator ' Synbol' inconsistent (conflicts with Location) -- An
enumerator was inconsistently valued.

O fset of synmbol ' Synmbol ' inconsistent (Locati on) -- A member of aclassor struct
appears in a different position (offset from the start of the structure) than an earlier declaration.
This could be caused by array dimensions changing from one module to another.

Redefinition of symbol ' Symbol' conflicts with Locati on -- A struct Of unionis
being redefined.

Undecl ared identifier ' Name' -- Within an expression, an identifier was encountered that
had not previoudy been declared and was not followed by aleft parenthesis. Nane isthe name

of theidentifier.

Redefinition of synbol ' Synbol' -- A parameter of either afunction or amacro is being
repeated.

Expected a statenment -- A statement was expected but a token was encountered that could
not possibly begin a statement.

Vacuous type for variable ' Synbol' --A vacuoustypewasfound such asthevoid type
in acontext that expected substance.

Need a switch -- A case or def aul t Statement occurred outside a switch.
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45

46

47

48

49

50

51

52

53

54

55

56

57

58

Bad use of register --A variableisdeclared asaregi ster but itstypeisinconsistent with
it being aregi ster (such asafunction).

Field type should be int --Bitfieldsin astructure should be typed unsi gned orint. If
your compiler allows other kinds of objects, such as char, then simply suppress this message.

Bad type -- Unary minus requires an arithmetic operand.
Bad type -- Unary* or the left hand side of the ptr (->) operator requires a pointer operand.

Expected a type -- Only typesare allowed within prototypes. A prototypeisafunction decla-
ration with a sequence of types within parentheses. The processor is at a state where it has
detected at least one type within parentheses and so is expecting more types or a closing right
parenthesis.

Attenpted to take the address of a non-1value --Unary & operator requiresan lvalue (a
value suitable for placement on the left hand side of an assignment operator).

Expected integral type -- Unary ~ expects an integral type (si gned or unsigned char,
short,int, orlong).

Expected an |val ue -- autodecrement (--) and autoincrement (++) operators require an Ivalue
(avalue suitable for placement on the left hand side of an assignment operator). Remember that
casts do not normally produce lvalues. Thus

++(char *)p;

isillega according to the ANS| standard. This construct is allowed by some compilers and is
allowed if you usethe +f pc option (Pointer Casts are Ivalues). (See Section 5.5 Flag Options.)

Expected a scalar -- Autodecrement (--) and autoincrement (++) operators may only be
applied to scalars (arithmetics and pointers) or to objects for which these operators have been
defined.

Di vi si on by 0 -- The congtant 0 was used on theright hand side of the division operator ( ) or
the remainder operator (%).

Bad type -- Thecontext requiresascaar, function, array, or struct (unless -f sa).

Bad type -- Add/subtract operator requires scalar types and pointers may not be added to point-
ers.

Bad type -- Bit operators(&,| and~ ) requireintegral arguments.

Bad type -- Bad argumentswere given to arelational operator; these always require two scalars
and pointers can't be compared with integers (unless constant 0).
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60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Bad type -- Theamount by which an item can be shifted must be integral.
Bad type -- Thevalueto be shifted must be integral.

Bad type -- The context requires a Boolean. Booleans must be some form of arithmetic or
pointer.

I nconpatibl e types (TypeDi ff) for operator ':* -- The2ndand 3rd argumentsto? :
must be compatible types.

Expected an |val ue -- Assignment expectsitsfirst operand to be an | val ue. Please note that
a cast removes the lvaluedness of an expression. But see also flag +f pc in Section 5.5 Flag
Options.

Type mismatch (Context) (TypeDiff) -- There was a mismatch in types across an
assignment (or implied assignment, see Cont ext ). TypeDi f f specifies the type difference.
See options-epn, -eps, -epu, -epp (Section 5.2 Error I nhibition Options) to suppress this mes-
sage when assigning some kinds of pointers.

Expected a nmenber name -- After adot (.) or pointer (->) operator a member name should
appear.

Bad type -- A voi d type was employed where it is not permitted. If avoi d typeisplacedina
prototype then it must be the only type within a prototype. (See error number 49.)

Can't cast from Type to Type -- Attempt to cast a non-scalar to an integral.
Can't cast from Type to Type -- Attempt to cast anon-arithmeticto afl oat .

Can't cast from Type to Type -- Bad conversion involving incompatible structures or a
structure and some other object.

Can't cast from Type to Type -- Attempt to cast to a pointer from an unusua type
(non-integral).

Can't cast fromType to Type -- Attempt to cast to atype that does not allow conversions.

Bad option 'String -- Was not able to interpret an option. The option is given in
String.

Bad left operand -- The cursor is positioned at or just beyond either an -> or a. operator.
These operators expect an expression primary on their left. Please enclose any complex expres-
sion in this position within parentheses.

Address of Register -- An attempt was made to apply the address (&) operator to a variable
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75

76

77

78

79

80

81

82

83

84

85

86

87

whose storage class was given as register.

Too late to change sizes (option 'String') --Thesize option was given after all or
part of amodule was processed. Make sure that any option to reset sizes of objects be done at
the beginning of the first module processed or on the command line before any module is pro-
cessed.

can't open file String -- String isthename of the file. The named file could not be
opened for output. The file was destined to become a PC-lint/FlexeLint object module.

Address of bit-field cannot be taken -- The address of abit-field cannot betaken. The
rules of C only alow for taking the address of awhole byte (awhole char).

Synbol ' Synbol * typedef'ed at Locati on used in expression -- The named symbol
was defined in a typedef statement and is therefore considered a type. It was subsequently
found in a context where an expression was expected.

Bad type for % operator -- Thewoperator should be used with some form of integer.

this use of ellipsis is not strictly ANSI -- The dlipsisshould be used in aprototype
only after a sequence of types not after a sequence of identifiers. Some compilers support this
extension. If you want to use this feature suppress this message.

struct/union not permitted in equality conparison -- TWO struct'sOr union's are
being compared with one of == or ! =. Thisis not permitted by the ANSI standard. If your com-
piler supports this, suppress this message.

return <exp>, illegal with void function -- The ANSI standard does not allow an
expression form of the r et ur n statement with avoi d function. If you aretrying to cast to voi d
asinreturn (void)f(); andyour compiler allows it, suppress this message.

Inconpatible pointer types with subtraction -- Two pointers being subtracted have
indirect types which differ. You can get PC-lint/FlexeLint to ignore slight differences in the

pointers by employing one or more of the -ep... options described in Section 5.2 Error Inhibi-
tion Options.

sizeof object is zero or object is undefined -- A sizeof returned a0 vaue. This
could happen if the object were undefined or incompletely defined. Make sure a compl ete defi-
nition of the object isin scope when you use si zeof .

Array ' Synbol' has dinension 0 -- An array (named Symnbol ) was declared without a
dimension in a context that required a non-zero dimension.

Structure ' Synmbol' has no data el enents -- A structure was declared (in a C module)
that had no data members. Though legal in C++ thisisnot legal C.

Expression too conplicated for #ifdef or #ifndef -- By therulesof C thereshould be
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88

90

91

92

93

101

102

103

104

only a single identifier following a#i f def or a#i f ndef. You may also supply avalidly con-
structed C (or C++) comment.

Synbol ' Synmbol' is an array of enpty el enents -- An array was declared (in a C mod-
ule) whose elements were each of 0 length. Though legal in C++ thisis not permitted C.

Qption 'String is only appropriate within a lint comrent -- Theindicated option
is not appropriate at the command or the . I nt level. For example if -unr eachabl e isgiven on
the command line you will get this message.

Li ne exceeds | nteger characters (use +linebuf) -- A lineread from one of the input
filesislonger than anticipated. By default the line buffer size is 600 characters. Each timeyou
usethe +1 i nebuf option you can double thissize. The size can be doubled ad infinitum.

Negative array dimension or bit field length (I nt eger) -- A negativearray dimen-
sion or bit field length is not permitted.

New-line is not permitted within string argunents to macros -- A macroinvocation
contains astring that is split across more than one line. For example:

Al "Hello
Veorld" );

will trigger this message. Some compilers accept this construct and you can suppress this mes-
sage with -e93 if thisisyour current practice. But it ismore portable to place the string constant
ononeline. Thus

A( "Hello World" );

would be better.

Expected an identifier --Whileprocessing afunction declarator, a parameter specifier was
encountered that was not an identifier, whereas a prior parameter was specified as an identifier.
This is mixing old-style function declarations with the new-style and is not permitted. For
example

void f(n,int m

will elicit this message.

Illegal parameter specification -- Within a function declarator, a parameter must be
specified as either an identifier or as atype followed by a declarator.

Unexpect ed decl arati on -- After aprototype, only acomma, semi-colon, right parenthesis or
aleft brace may occur. Thiserror could occur if you have omitted a terminating character after
adeclaration or if you are mixing old-style parameter declarations with new-style prototypes.

Conflicting types -- Two consecutive conflicting types were found such asi nt followed by
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105

106

107

108

110

111

113

114

115

116

117

118

doubl e. Remove one of the types!

Conflicting nodifiers -- Two consecutive conflicting modifiers were found such asf ar fol-
lowed by near. Remove one of the modifiers!

I'llegal constant -- A string constant was found within a preprocessor expression asin
#if ABC == "abc"

Such expressions should beintegral expressions.

Label 'Synbol' (Location) not defined -- The Symbol at the given Locati on
appeared in a goto but there was no corresponding label.

Invalid context -- A continue Or break Statement was encountered without an appropriate
surrounding context such as afor, whil e, or do loop or, for the break statement only, a sur-
rounding swi t ch statement.

Attenpt to assign to void -- Anattempt was made to assign avalue to an object designated
(possibly through a pointer) asvoi d.

Assi gnment to const object -- An object declared as const was assigned a value. This
could arise via indirection. For example, if p is apointer to aconst int then assigning to *p
will raise thiserror.

I nconsi stent enum decl aration -- The sequence of members within an enum (or their val-
ues) is inconsistent with that of another enum (usually in some other module) having the same
name.

I nconsistent structure declaration for tag 'Synbol ' -- The sequence of members
within a structure (or uni on) isinconsistent with another structure (usually in some other mod-
ule) having the same name.

Struct/union not defined -- A reference to a structure or a uni on was made that required a
definition and there is no definition in scope. For example, a reference to p- >a where p is a
pointer to ast ruct that had not yet been defined in the current module.

| nappropriate storage class -- A storage classother than r egi st er was given in a section
of code that is dedicated to declaring parameters. The sectionisthat part of afunction preceding
the first left brace.

| nappropriate storage class -- A storage classwas provided outside any function that indi-
cated either aut o or r egi st er. Such storage classes are appropriate only within functions.

Too few argunents for prototype -- The number of arguments provided for afunction was
less than the number indicated by a prototypein scope.
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119

122

123

124

125

126

127

128

129

130

131

132

Too many arguments for prototype-- The number of arguments provided for afunction was
greater than the number indicated by a prototype in scope.

Digit (Char) too large for radix -- Theindicated character was found in a constant
beginning with zero. For example, 08 isaccepted by some compilers to represent 8 but it should
be o010 or plain 8.

Macro ' Synmbol ' defined with arguments at Location this is just a warning --
The name of a macro defined with arguments was subsequently used without a following '(".
Thisislegal but may be an oversight. It isnot uncommon to suppress this message (with €123),
because some compilers alow, for example, the macro nmax() to coexist with a variable nax.
(See Section 15.6 Error 123 using min or max.).

Pointer to void not allowed -- A pointer tovoi d wasused in acontext that does not permit
voi d. Thisincludes subtraction, addition and the relationals (> >= < <=).

Too many storage class specifiers -- More than one storage class specifier (stati c,
extern,typedef, regi ster or aut o) wasfound. Only oneis permitted.

I nconsistent structure definition 'Synbol' --Thenamed structure (or uni on or enum)
was inconsistently defined across modules. The inconsistency was recognized while processing
alint object module. Line number information was not available with this message. Alter the
structures so that the member information is consistent.

I'llegal constant -- Anempty character constant (") was found.

Pointer to function not allowed -- A pointer toafunction was found in an arithmetic con-
text such as subtraction, addition, or one of therelationals (> >= < <=).

decl aration expected, identifier 'Symbol' ignored --Inacontextinwhich adeclara
tion was expected an identifier was found. Moreover, the identifier was not followed by ‘(' or a

T

Expected integral type -- Theexpressioninaswi tch statement must be some variation of
anint (possibly | ong Or unsi gned) Or an enum

syntax error in call of macro ' Synbol' at location Location -- Thismessageis
issued when a macro with arguments (function-like macro) is invoked and an incorrect number
of argumentsis provided. Locat i on isthelocation of the start of the macro call. This can be
useful because an errant macro call can extend over many lines.

Expect ed function definition -- A function declaration with identifiers between parenthe-
ses is the start of an old-style function definition (K&R style). Thisis normally followed by
optional declarations and a left brace to signal the start of the function body. Either replace the
identifier(s) with type(s) or complete the function with a function body.
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133

134

135

136

137

138

139

140

141

144

145

Too many initializers for aggregate -- In abrace-enclosed initiaizer, there are more
items than there are elements of the aggregate.

M ssing initializer -- Aninitializer was expected but only a commawas present.

comma assumed in initializer -- A commawas missing between two initializers. For
example:

int a[2][2] ={ {1, 2} {3 41} };

is missing acomma after the first right brace (} ).

Illegal macro nane -- The ANSI standard restricts the use of certain names as macros.
defi ned ison therestricted list.

constant ' Symbol' used twice within switch -- Theindicated constant was used twice
asacase within aswi t ch statement. Currently only enumerated types are checked for repeated
occurrence.

Can't add parent ' Synbol ' to strong type String; creates |oop -- Anattempt was
made to add a strong type parent to a t ypedef type. The attempt is either explicit (with the
-st rong option) or implicit with the use of atypedef to a known strong type. This attempt
would have caused aloop in the strong parent relationship. Such loops are simply not tolerated.

Can't take sizeof function -- Thereisan attempt to takethesi zeof afunction.

Type appears after nodifier -- Microsoft modifierssuchas far, near, __huge, pascal ,
etc. etc. modify the declarator to itsimmediate right. It therefore should not appear before the
type. For example, you should writei nt pascal f(void); rather thanpascal int f(void);.
Note that const and vol at i | e differ from the Microsoft modifiers. They may appear before or
after the type. After reporting the error an attempt is made to process the modifiers as the pro-

grammer probably intended. See also the +f emflag in Section 5.5 Flag Options.

The fol | owi ng option has too many elements: ' String -- Theindicated option (given

by 'St ri ng") istoo big. It most likely consists of an itemized list that has too many items You
should decompose the large option into two or more smaller options that in sum are equivalent
to the one large option.

Non-exi stent return value for symbol 'Symbol', conpare with Locati on -- An
attempt was made to use a non-existent return value of the named function (identified by Sym

bol ). It was previously decided that the function did not return a value or was declared with
voi d.

Type expected before operator, void assuned -- Inacontext in which atypeis expected
no type is found. Rather, an operator *' or '& was encountered. The keyword voi d was
assumed to have preceded this operator.
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147

148

149

150

151

152

153

154

155

Assuming a binary constant -- A constant of the form ob... was encountered. This was
taken to be a binary constant. For example, 0b100 representsthe value 4. If your compiler sup-
ports binary constants you may suppress this message.

si zeof takes just one argument -- Anexpression of the formsizeof (a, b) was detected.
A second argument is non standard and has been used by some compilers to denote an option to
the si zeof operator. If your compiler has a use for the second argument then suppress this mes-

sage.

menber ' Synbol ' previously declared at Locati on -- Theindicated member was pre-
viously declared within the same structure or union. Although aredeclaration of afunction may
appear benign it is just not permitted by the rules of the language. One of the declarations should
be removed.

C++ construct 'String found in C code -- Anillegal construct wasfound in C code. It
looked asthough it might be suitable for C++. The quoted string identifies the construct further.

Token 'String unexpected String -- An unexpected token was encountered. The
action taken, if any, is identified by the second message parameter.

Token ' Name' inconsistent with abstract type --Inacontextinwhich anabstract type
is allowed such as within a cast or after asi zeof , and after starting to parse the abstract type, an
identifier was found. For example:

x = (int y) z;

Lob base file 'fil e name' m ssing -- Theindicated file has been specified as the base of
| ob production via the option -1 obbase(). On output, this message is given if the | ob baseis
missing. Thesituation is correctable by ssimply producing themissing | ob output. Thiswill not
be a problem given the appropriate dependencies in the make file. On input, the most likely
cause of this message is an out-of-date base file. A hash code within thel ob file being read, did
not match a similar code already embedded within the base. The input | ob file should be con-

sidered in error and should be regenerated. See Chapter 7. LINT OBJECT MODULES.

Coul d not create tenporary file -- Thismessageis produced when generating al ob out-
put file based upon some lob base file. When thel ob fileis produced, it isfirst written to atem-
porary. Thetemporary is generated by the C library function t npnan() .

Coul d not evaluate type 'String', int assumed -- St ri ng inthe message isthe sec-
ond argument to either aprintf_code option or ascanf_code option. When used, it was to be
evaluated as atype. Unfortunately the type could not be identified.

Ignoring {.} sequence within an expression, 0 assumed -- A braced sequencewithin
an expression is a non-standard extension of some compilers (in particular GCC). Internally, we
treat such a braced sequence as the equivalent of a constant 0. This means that we may be able
to quietly lint such constructions if you merely suppress the message.
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17.2 Internal Errors

200- 299 Some inconsistency or contradiction was discovered in the PC-lint/FlexeLint system. This
may or may not be the result of auser error. Thisinconsistency should be brought to the attention
of Gimpel Software.

17.3 Fatal Errors

Errorsin this category are normally fatal and suppressing the error is normally impossible. However, those
errors marked with an asterisk(*) can be suppressed and processing will be continued. For example -e306
will allow reprocessing of modules.

301 St ack overfl ow -- Therewas a stack overflow while processing declarations. Approximately
50 nested declarators were found. For example, if a'/ ' followed by 50 consecutive '+ 's were to
introduce a box-like comment and if the'/ ' were omitted, then this message would be produced.

302 Exceeded Availabl e Menory -- Main memory has been exhausted.

303 String too long (try +macros) -- A single #define definition or macro invocation
exceeded an internal limit (of 4096 characters). Asthe diagnogtic indicates the problem can be
corrected with an option.

304 Corrupt object file, code | nteger, symbol =St ri ng -- A PC-lint/FlexeLint object file
is apparently corrupted. Please delete the object module and recreate it using the -oo option.
See Section 7.3 Producing a L OB. The special code identifier number aswell as alist of sym-
bol names are optionally suffixed to the message as an aid in diagnosing the problem by techni-
cal support.

305 Unable to open nodule 'file name' --file name isthe name of thefile. The named
module could not be opened for reading. Perhaps you misspelled the name.

306*  Previously encountered module ' Fil eNanme' --Fi | eNanme isthe name of the module.
The named module was previously encountered. Thisis probably a user blunder.

307 Can't open indirect file ' Fil eName' --Fi | eNane isthe name of theindirect file. The
named indirect file (ending in . 1 nt) could not be opened for reading.

308 Can't wite to standard out --stdout wasfoundtoegual NULL. Thisis most unusual.

309*  #error ... --The#error directive was encountered. The ellipsis reflects the original line.
Normally processing is terminated at this point. If you set the f ce (continue on #err or) flag,
processing will continue.

310 Decl aration too long: ' String..' -- A single declaration was found to be too long for an
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312

313

314*

315

316

321

322*

323

324

325

internal buffer (about 2000 characters). This occurred when attempting to write out the declara-

tion using the -o... option. The first 30 characters of the declarationis givenin Stri ng. Typi-
caly this is caused by a very long struct whose substructures, if any, are untagged. First
identify the declaration that is causing the difficulty. If astruct or uni on, assign atag to any
unnamed substructures or subunion. A typedef can also be used to reduce the size of such a
declaration.

Lint Object Mdule has obsolete or foreign version id -- A lint object module was
produced with a prior or different version of PC-lint/FlexeLint. Delete the | ob file and recreate
it using your new version of PC-lint/FlexeLint.

Too many files -- The number of files that PC-lint/FlexeLint can process has exceeded an
internal limit. The FlexeLint user may recompile his system to increase this limit. Look for
symbol FSETLENin cust om h. Currently, the number of filesis limited to 6400.

Previously used .Int file: Fi |l eName -- Theindirect file named was previously encoun-
tered. If thiswas not an accident, you may suppress this message.

Exceeded message linmit (see -limit) -- The maximum number of messages was
exceeded. Normally thereis no limit unless one isimposed by the4 i i t (n) option. (See Sec-
tion 5.7 Other Options.)

Error while witing to file "fil e name* -- Thegiven filecould not be opened for out-
put.

Decl aration stack overflow -- An overflow occurred in the stack used to contain array,
pointer, function or reference modifiers when processing a declarator.

Unable to open include file FileNanme -- FileName isthe name of the include file,
which could not be opened. Directory search is controlled by options. -i (See Section 5.7
Other Options.), +f di (Section 5.5 Flag Options) and the I NCLUDE environment variable. This
is a suppressible fatal message. If option -e322 is used, Error message 7 will kick in. A diag-
nostic will be issued but processing will continue.

Token String too long --In attempting to save a token for later reuse, a fixed size buffer
was exceeded (governed by the size M TOKEN).

Too many synbol s | nt eger -- Too many symbols were encountered. An internal limit was
reached.

Cannot re-open file ' fil e name' --Inthecaseof alarge number of nested includes, files
in the outer fringe need to be closed before new ones are opened. These outer files then need to
bere-opened. An error occurred when attempting to re-open such afile.
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17.4 CWarning Messages

401

402

403

404

405

406

407

408

409

410

synbol ' Synmbol' not previously declared static at Locati on -- Theindicated
Synbol declared st ati c was previoudy declared without the st ati ¢ storage class. Thisis
technically aviolation of the ANSI standard. Some compilers will accept this situation without
complaint and regard the Sy nbol asstati c.

static function 'Symbol' (Location) not defined -- The named Synmbol was
declared asast at i ¢ function in the current module and was referenced but was not defined (in
the module).

static symbol ' Synbol' has unusual type nodifier -- Some type modifiers such as
_export areinconsistent with the st ati ¢ storage class.

struct not conpleted within file 'Fi |l eName' -- A struct (Or uni on or enum) defini-
tion was started within a header file but was not completed within the same header file.

#if not closed off within file 'Fil eName' -- An#if construct was begun within a
header file (name given) but was not completed within that header file. Was this intentional ?

Comment not closed off within file 'FileName' -- A comment was begun within a
header file (name given) but was not completed within that header file. Was this intentional ?

I nconsistent use of tag ' Synmbol ' conflicts with Location -- A tag specifiedasa
uni on, struct or enumwas respecified as being one of the other two in the same module. For
example:

struct tag *p;
union tag *q;

will elicit this message.

Type nismatch with switch expression -- The expression within a case does not agree
exactly with the type within the switch expresson. For example, an enumerated type is
matched against ani nt .

Expecting a pointer or array -- Anexpressionof theformi [...] wasencountered wherei
is an integral expression. This could be legitimate depending on the subscript operand. For
example, if i isanint and aisan array theni[a] islegitimate but unusual. If thisisyour cod-

ing style, suppress this message.

size_t not what was expected fromfzl and/or fzu, using Type' -- Thiswarningis
issued if you had previously attempted to set the type of si zeof by use of the options +f zI ,
-fzI, or -f zu, and alater si ze_t declaration contradicts the setting. This usually means you are
attempting to lint programs for another system using header filesfor your own system. If thisis
the case we suggest you create a directory housing header files for that foreign system, alter
si ze_t within that directory, and lint using that directory.

218



411

412

413

414

415

416

ptrdiff_t not what was expected fromfdl option, using ' Type' --Thiswarningis
issued if you had previously attempted to set the type of pointer differences by use of the f di
option and a later pt rdi ff _t declaration contradicts the setting. See suggestion in Error Mes-

sage410.

Anbi guous format specifier '9X -- The format specifier %< when used with one of the
scanf family, is ambiguous. With Microsoft C it means % x whereas in ANSI C it has the
meaning of ux. This ambiguous format specification has no place in any serious C program and
should be replaced by one of theabove.

Li kely use of null pointer 'Synbol' in [left/right] argunent to operator

"String Reference -- Frominformation gleaned from earlier statements, it appears cer-
tain that a null pointer (a pointer whose value is 0) has been used in acontext where null pointers
are inappropriate. Theseinclude: Unary *, pointer increment (++) or decrement(--), addition of
pointer to numeric, and subtraction of two pointers. In the case of binary operators, one of the

words 'l eft' or 'right'is used to designate which operand is null. Synbol identifies the
pointer variable that may be null. See also messages 613 and 794, and Section 9.2 Value
Tracking.

Possi bl e division by 0 -- The second argument to either the division operator (/) or the
modulus operator (%9 may be zero. Information is taken from earlier statements including

assignments, initialization and tests. See Section 9.2 Value Tracking.

access of out-of-bounds pointer ('lnteger' beyond end of data) by operator
“String -- Anout-of-bounds pointer was accessed. St ri ng designates the operator. The

parameter 'l nt eger ' gives some ideahow far out of bounds the pointer may be. It is measured
in units given by the size of the pointed to object. The value isrelative to the last item of good
data and therefore should always be greater than zero. For example:

int a[10];
a[ 10] = 0;

resultsin an overflow message containing the phrase'l beyond end of data'. See Section 9.2
Value Tracking.

creation of out-of-bounds pointer ('l nteger' beyond end of data) by operator
*String -- Anout-of-bounds pointer was created. See message4 15 for adescription of the
parameters| nt eger and Stri ng. For example:

int a[10];
f(a+11);

Here, anillicit pointer value is created and is flagged as such by PC-lint/FlexeLint. Note that the
pointer a+10 is not considered by PC-lint/FlexeLint to be the creation of an out-of-bounds
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417

418

419

420

421

422

pointer. This is because ANSI C explicitly allows pointing just beyond an array. Access
through a+10, however, asin *(a+10) or the more familiar a[ 10] , would be considered errone-

ous but in that case message 415 would beissued. See Section 9.2 Value Tracking.

integral constant 'String' longer than Iong long int -- Thelongest possibleinteger
is by default 8 bytes (see the +f 11 flag and then the -sI | # option). An integral constant was

found to be even larger than such a quantity. For example: 0xFFFFO000FFFFO000F. St ri ng is
the token in error.

Passing null pointer to function 'Synmbol', Context Reference -- A NULL
pointer is being passed to a function identified by Synbol . The argument in question is given
by Cont ext . The function is either alibrary function designed not to receive a NULL pointer
or a user function dubbed so via the option -f uncti on. See Section 10.1 Function Mimicry
(-function) and Section 10.2.1 Possible Semantics.

Apparent data overrun for function ' Synbol ', argunent | nteger exceeds argu-
nment | nteger -- Thismessageisfor datatransfer functions such as nencpy, strcpy, fgets,
etc. when the size indicated by the first cited argument (or arguments) exceeds the size of the
buffer area cited by the second. The message may aso be issued for user functions via the
-functi on option. See Section 10.1 Function Mimicry (-function) and Section 10.2.1 Possi-
ble Semantics.

Apparent access beyond array for function ' Symbol ', argument | nt eger exceeds
I nteger Reference -- This message is issued for several library functions (such as
fwrite, mencnp, €tc.) wherein there is an apparent attempt to access more data than exist. For
example, if the length of data specified inthe fwri t e call exceeds the size of the data specified.
The function is specified by Synbol and the arguments are identified by argument number.
See also Section 10.1 Function Mimicry (-function) and Section 10.2.1 Possible Semantics.

Caution -- function ' Synbol' is considered dangerous -- This messageisissued (by
default) for the built-in function get s. This function is considered dangerous because there is
no mechanism to ensure that the buffer provided as first argument will not overflow. A well
known computer virus (technically a worm) was created based on this defect. Through the
-functi on option, the user may designate other functions as dangerous.

Passing to function 'Synmbol' a negative value (I nteger), Context Refer-

ence -- An integra value that appears to be negative is being passed to a function that is
expecting only positive values for a particular argument. The message contains the name of the

function (Synbol ), the questionable value (I nt eger ) and the argument number (Cont ext ).
The function may be a standard library function designed to accept only positive values such as
mal | oc Of mencpy (third argument), or may have been identified by the user as such through the
-functi on oOr -semoptions.

The negative integral value may in fact beunsi gned. Thus:

void *mall oc( unsigned );
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424

425

{

int n=-1

int *p;

p = malloc(n); [l \Warni ng 422
p = malloc( (unsigned) n); /1 \Warning 422
}

will result in the warnings indicated. Note that casting the expression does not inhibit the warn-
ing.

Thereis a slight difference in behavior on 32-bit systems versus 16-bit systems. If | ong isthe
samesizeasint (asin 32-bit systems) the warning is issued based upon the sign bit. If 1 ongis
larger than ani nt (asis true on typical 16-bit systems) the warning isissued if the value was a
converted negative as in the examples above. It is not issued if an unsigned int has the
high-order bit set. Thisis because it is not unreasonable to mal | oc more that 32,176 bytesin a
16-bit system.

Creation of memory leak in assignnment to variable ' Synmbol' -- Anassignment was
made to a pointer variable (designated by Synbol ), which appeared to aready be holding the
address of an allocated object, which had not been freed. The allocation of memory, which is
not freed, is considered a memory leak.

I nappropriate deallocation (Namel) for 'Nanme2' data. -- This message indicates

that a deallocation (free(), del ete, or del ete[]) as specified by Namel is inappropriate for
the data being freed. [12, Item 5]

The kind of data (specified by Name2) is one or more of: nal | oc, new, new{ ], stati c, aut o,
menber, nodi fi ed Or const ant . These have the meanings as described below:

Mal | oc datais data obtained from acall tonal | oc, cal | oc Or real | oc.

new and new ] datais data derived from calls to new.

Static dataiseither st ati ¢ datawithin afunction or external data.

aut o datais non-static datain afunction.

Menber datais a component of a structure (and hence can't be independently freed).

nodi fi ed datais the result of applying pointer arithmetic to some other pointer. E.g.

p = mall oc(100);
free( p+l); /1 warni ng

p+1 is considered modified.
const ant datais the result of casting a constant to a pointer. E.g.

int *p = (int *) Ox80002;
free(p); /1 war ni ng

'Message' in processing semantic 'String' at token 'String --Thiswarningis

issued when a syntax error is encountered while processing a semantic option (-sem). The
'‘Message' depends upon the error. The first 'St ri ng' represents the portion of the semantic
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426

427

428

429

being processed. The second 'St r i ng' denotes the token being scanned when the error is first
noticed.

Call to function 'Synbol' violates semantic 'String' -- ThisWarning messageis

issued when a user semantic (as defined by -sem) isviolated. 'St ri ng' isthe subportion of the
semantic that was violated. For example:

//lint -sen( f, 1n > 10 && 2n > 10 )
void f( int, int );

f( 2 20);
results in the message:

Call to function "f(int, int)' violates semantic '(1n>10)"

// comment terminates in \ -- A oneline comment terminates in the back-slash escape
sequence. This means that the next line will be absorbed in the comment (by a standards-con-
forming compiler -- not all compilers do the absorption, so beware). It is much safer to end the
line with something other than a back-dash. Simply tacking on a period will do. If you realy
intend the next line to be a comment, the line should be started with its own double dlash (/ /).

negati ve subscript (Il nteger) in operator 'String --A negativeinteger was added
to an array or to a pointer to an allocated area (allocated by mal | oc, operat or new, etc.) This
message is not given for pointers whose origin is unknown since a negative subscript is, in gen-
eral, legal.

The addition could have occurred as part of a subscript operation or as part of a pointer arith-
metic operation. The operator isdenoted by Sring. The value of the integer is given by Integer.

Custodial pointer 'Symbol' (Location) has not been freed or returned -- A
pointer of aut o storage class was allocated storage, which was neither freed nor returned to the
caler. Thisrepresentsa"memory leak". A pointer is considered custodial if it uniquely points
to the storage area. It isnot considered custodial if it has been copied. Thus:

int *p = newint[20]; // pis a custodial pointer
int *q = p; /1 pis no longer custodial
p = new int[20]; /1 p agai n beconmes custodi al
g=p + 0; /'l p remains custodial

Here p does not loseits custodial property by merely participating in an arithmetic operation.

A pointer can lose its custodial property by passing the pointer to afunction. If the parameter of
the function is typed pointer to const or if the function is alibrary function, that assumption is
not made. For example

p = malloc(10);
strcpy (p, "hello");
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433

434

Then p still has custody of storage allocated.

It is possible to indicate via semantic options that a function will take custody of a pointer. See
custodi al (i) inSection 10.2.1 Possible Semantics.

Character '@, taken to specify variable location, is not standard C C++ --
Many compilers for embedded systems have a declaration syntax that specifies a location in
place of aninitial value for avariable. For example:

int x @O0x2000;

specifies that variable x is actually location 0x2000. This message is areminder that this syntax
is non-standard (although quite common). If you are using this syntax on purpose, suppress this

message.
Suspi ci ous argument to malloc -- Thefollowing pattern was detected:
mal l oc( strlen(e+l) )

where e is some expression. This is suspicious becauseit closely resembles the commonly used
pattern:

mal l oc( strlen(e)+1 )

If you really intended to use the first pattern then an equivalent expression that will not raise this
error is:

mal l oc( strlen(e)-1)

Al located area not |arge enough for pointer -- Anallocation was assigned to a pointer
whose reach extends beyond the area that was allocated. This would usualy happen only with
library allocation routines such asmal | oc and cal | oc. For example:

int *p = malloc(1);

This message is also provided for user-declared allocation functions. For example, if a user's
own allocation function is provided with the following semantic:

-sem(oural | oc, @P==nal | oc(1n))

We would report the same message. Please note that it is necessary to designate that the
returned areais freshly allocated (alanal | oc).

This message is always given in conjunction with the more general Informational Message
826.

Wiite space ignored between back-slash and newline -- Accordingto the C and C++
standards, any back-slash followed immediately by a new-line results in the deletion of both
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435

436

437

characters. For example:

#define A \
34

defines A to be 34. If a blank or tab intervenes between the back-slash and the new-line then
according to a strict interpretation of the standard you have defined A to be a back-slash. But
this blank is invisible to the naked eye and hence could lead to confusion. Worse, some compil-
ers silently ignore the white-space and the program becomes non-portable.

You should never deliberately place ablank at the end of aline and any such blanks should be
removed. If you really need to define a macro with a terminal back-slash you can use a com-
ment as in:

#define A\ /* commentary */

integral constant 'String has precision | nteger, use +fll to enable |ong
long" -- An integer constant was found that had a precision that was too large for al ong but
would fit within al ong 1ong. Yetthe+f11 flagthat enablesthel ong I ong type was not set.

Check the sizesthat you specified for | ong (-sI #) andfor | ong 1 ong (-s! | #) and make sure they
are correct. Turn on +f || if your compiler supports | ong 1 ong. Otherwise use smaller con-
stants.

Preprocessor directive in invocation of macro ' Symbol' at Location -- A func-
tion like macro was invoked whose arguments extended for multiple lines, which included pre-
processor statements. This is almost certainly an error brought about by a missing right
parenthesis.

By the rules of Standard C the preprocessing directive is absorbed into the macro argument but
then will not subsequently get executed. For this reason some compilers treat the apparent pre-
processor directive as a directive. Thisislogical but not portable. It is therefore best to avoid
this construct.

Passing struct 'Synbol' to ellipsis -- A structis being passed to afunction at a param-
eter position identified by an ellipsis. For example:

void g()
{
struct A{ int a; } x;
void f( int, ... );
f( 1, x);
}

Thisis sufficiently unusual that it is worth pointing out on the likelihood that this is unintended.
The situation becomes more severe in the case of a Non-POD struct [10]. In this case the behav-
ior is considered undefined.
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502

503

504

505

506

507

508

509

511

512

514

Expected signed type -- The unary minus operator was applied to an unsigned type. The
resulting value is a positive unsigned quantity and may not be what was intended.

Expect ed unsigned type -- Unary ~ being abit operator would more logically be applied to
unsigned quantities rather than signed quantities.

Bool ean argunent to rel ational -- Normally arelational would not have a Boolean as argu-
ment. An example of thisisa < b < ¢, which is technicaly legal but does not produce the
same result as the mathematical expression, which it resembles.

Unusual shift val ue -- Either the quantity being shifted or the amount by which a quantity is
to be shifted was derived in an unusual way such as with abit-wise logica operator, a negation,
or with an unparenthesized expression. If the shift value is a compound expression that is not
parenthesi zed, parenthesize it.

Redundant |eft argunent to comma -- Theleft argument to the comma operator had no side
effectsin its top-most operator and hence is redundant.

Const ant val ue Bool ean -- A Boolean, i.e., aquantity found in a context that requires aBool-
ean such asan argument to && or | | or anif() or while() clauseor! was found to be a con-
stant and hence will evaluate the same way each time.

Si ze incompatibility -- A cast was made to an integral quantity from a pointer and accord-
ing to other information given or implied it would not fit. For example a cast to an unsi gned
i nt was specified and information provided by the options indicate that a pointer is are larger
thananint.

extern used with definition -- A function definition was accompanied with an extern
storage class. ext ern is normally used with declarations rather than with definitions. At best
the ext er n isredundant. At worst you may trip up acompiler.

extern used with definition -- A data object was defined with a storage class of ext er n.
Thisistechnicaly legal in ANSI and you may want to suppress this message. However, it can
easily trip up acompiler and so the practiceis not recommended at thistime.

Si ze inconpatibility -- A cast was made from an integral type to a pointer and the size of
the quantity was too large to fit into the pointer. For exampleif al ong is cast to apointer and if
optionsindicate that al ong is larger than a pointer, this warning would be reported.

Synbol ' Synbol ' previously used as static (Locati on) -- TheSynbol namegiven
is afunction name that was declared asst at i ¢ in some other module (the location of that decla-
ration is provided). The use of aname asst ati ¢ in one module and externa in another module
islegal but suspect.

Unusual use of a Bool ean -- An argument to an arithmetic operator (+ - / * % or a
bit-wise logical operator (| & ~) wasaBoolean. This can often happen by accident asiin:
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524

if( flags & 4 == 0 )

where the ==, having higher precedence than &, is done first (to the puzzlement of the program-
mer).

Synbol ' Synbol ' has arg. count conflict (I nteger vs. Integer) with Loca-
ti on -- Aninconsistency was found in the number of actual arguments provided in a function
call and either the number of formal parameters in its definition or the number of actual argu-
ments in some other function call. Seethe +f va option to selectively suppress this message.

Synbol ' Synbol' has arg. type conflict (no. Integer -- TypeDiff) with
Locati on -- Aninconsistency was found in the type of an actual argument in a function call
with either the type of the corresponding formal parameter in the function definition or the type
of an actual argument in another call to the same function or with the type specified for the argu-
ment in the function's prototype. The call is not made in the presence of a prototype. See
options -ean, -eau, -eas and -eai Section 5.2 Error Inhibition Options for selective suppres-
sion of some kinds of type differences. If the conflict involves types char or short then you
may want to consider using the +f xc or +f xs option. (Section 5.5 Flag Options)

defined not K&R -- The defined function (not a K& R construct) was employed and the K&R
preprocessor flag (+f kp) was set. Either do not set the flag or do not usedef i ned.

Expected ' (' --sizeof typeisnotdrict C. sizeof (type) oOr sizeof expressi on are
both permissible.

Si ze inconpatibility -- Anattempt was made to cast a pointer to a pointer of unequal size.
This could occur for example in a P model where pointers to functions require 4 bytes whereas
pointers to data require only 2. This error message can be circumvented by first casting the
pointer to an integral quantity (i nt or | ong) before casting to a pointer.

Expected void type, assignment, increnment or decrement. -- Thefirst expression of a
for clause should either be an expression yielding the voi d type or be one of the privileged

operators: assignment, increment, or decrement. See also message522.

Expected void type, assignnment, increment or decrenent. -- Thethird expression of a
for clause should either be an expression yielding the voi d type or be one of the privileged

operators: assignment, increment, or decrement. See also message522.

Expected void type, assignment, increment or decrenent. -- |f astatement consists
only of an expression, it should either be an expression yielding the voi d type or be one of the
privileged operators: assignment, increment, or decrement. Note that the statement *p++; draws
this message but p++; does not. This message is frequently given in cases where afunction is
called through a pointer and the return value is not voi d. In this case we recommend a cast to
voi d. If your compiler does not support the voi d type then you should use the -f vo option.

Loss of precision (Context) (Type to Type) -- Thereisapossibleloss of afraction
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526

527

528

529

530

531

532

533

534

in converting from afloat to an integral quantity. Use of a cast will suppress this message.

Negative indentation from Locati on -- The current line was found to be negatively
indented (i.e., not indented as much) from the indicated line. The latter corresponds to aclause
introducing a control structure and statements and other control clauses and braces within its
scope are expected to have no less indentation. If tabs within your program are other than 8

blanks you should use the -t option (See Section 11.3 Indentation Checking.).

Synbol ' Synbol ' (Location) not defined -- The named external was referenced but
not defined and did not appear declared in any library header file nor did it appear in a Library
Module. This message is suppressed for unit checkout (-u option). Please note that a declara-
tion, even one bearing prototype information is not a definition. See the glossary at the begin-
ning of this chapter. If theSynbol isalibrary symbol, make surethat it is declared in a header
file that you're including. Also make sure that the header file is regarded by PC-lint/FlexeLint
as aLibrary Header file. Alternatively, the symbol may be declared in a Library Module. See
Section 6.1 Library Header Filesand Section 6.2 Library Modules for afurther discussion.

Unr eachabl e -- A portion of the program cannot be reached.

Synbol ' Synmbol' (Location) not referenced -- The named static variable or static
function was not referenced in the module after having been declared.

Synbol ' Synbol ' (Location) not subsequently referenced -- The named variable
was declared but not referenced in a function.

Synbol ' Synbol ' (Location) not initialized -- Anauto variable was used before it
was initialized.

Field size too large for 'Synmbol ' -- Theszegivenforabit field of a structure exceeds
thesizeof anint .

Return node of function ' Synbol' inconsistent with Location -- A declaration (or
adefinition) of afunction implies a different return mode than a previous statement. (The return
mode of a function has to do with whether the function does, or does not, return a value). A
return mode is determined from a declaration by seeing if the function returns voi d or, option-
ally, by observing whether an explicit typeis given. Seethef dr flag for afurther explanation of

this. Seealsothefvr andfvo flagsin Section 5.5 Flag Options.

function ' Symbol' should (not) return a value (see Locati on) -- A returnstate-
ment within a function (or lack of areturn at the end of the function) implies a different return

mode than a previous statement at Locat i on (The return mode of a function has to do with
whether the function does, or does not, return avalue.) See alsothe fvr, fvo and fdr flagsin
Section 5.5 Flag Options.

I gnoring return value of function 'Synmbol' (conpare with Locati on) -- A func-
tion that returns avaueis called just for side effects as, for example, in a statement by itself or
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538

539

540

541

542

544

545

the left-hand side of acomma operator. Try: (void) function(); tocal afunction and ignore
itsreturn value. See alsothefvr, fvo andfdr flagsin Section 5.5 Flag Options.

Repeated include file 'Fi |l eName' -- The file whose inclusion within a module is being
requested has already been included in this compilation. Thefile is processed normally even if
the message isgiven. If itisyour standard practice to repeat included files then simply suppress

this message.
Excessive size -- Thesize of an array equals or exceeds 64K bytes.

Did not expect positive indentation from Locati on -- Thecurrent linewas found to
be positively indented from a clause that did not control the linein question. For example:

if(n>0)
X 3;
y 4,

will result in thiswarning being issued fory = 4;. TheLocat i on cited will be that of thei f
clause. See Section 11.3 Indentation Checking.

Excessive size -- A string initializer required more space than what was all ocated.

Excessive size -- Thesize of acharacter constant specified with \ xddd or \ xhhh equaled or
exceeded 2**b where b is the number of bits in a byte (established by the -sb option). The
default is -sbs.

Excessive size for bit field -- Anattempt was madeto assign avalueinto abit field that
appearsto betoo small. The valueto be assigned iseither another bit field larger than the target,
or anumeric value that is ssmply too large. Y ou may cast the value to the generic unsigned type
to suppress the error.

You may get this message unexpectedly if the base of the bit field isani nt . For example:

struct { int b: 11} s;
s.b = 1; /[* Warning - - requires 0 or -1 */

The solution in this case isto use 'unsi gned' rather than ‘i nt ' in the declaration of b.

endif or else not followed by EQL -- The preprocessor directive #endi f should be fol-
lowed by an end-of-line. Some compilers specifically allow commentary to follow the #endi f .
If you are following that convention simply turn this error message off.

Suspi ci ous use of & -- An attempt was made to take the address of an array name. At one
time such an expression was officialy illegal (K&R C [1]), was not consistently implemented,
and was, therefore, suspect. However, the expression is legal in ANSI C and designates a
pointer to an array. For example, given

int a[10];

228



546

547

548

549

550

551

552

553

555

556

int (*p) [10];

Then a and &a, as pointers, both represent the same bit pattern, but whereasa is a pointer toi nt ,
& isapointer to array 10 of i nt . Of thetwo only &a may be assigned to p without complaint. 1f
you are using the & operator in this way, we recommend that you disable this message.

Suspi cious use of & -- An attempt was made to take the address of a function name. Since
names of functions by themselves are promoted to address, the use of the & is redundant and
could be erroneous.

Redefinition of symbol 'Synbol' conflicts withLocati on -- Theindicated symbol
had previously been defined (via#def i ne) to some other value.

el se expected -- A congruct of theformi f(e); was found, which was not followed by an
el se. This is almost certainly an unwanted semi-colon as it inhibits the i f from having any
effect.

Suspi cious cast -- A cast was made from a pointer to some enumerated type or from an enu-
merated type to a pointer. Thisis probably an error. Check your code and if thisis not an error,
then cast the item to an intermediate form (such as an i nt or al ong) before making the final
cast.

Synbol ' Synbol ' (Location) not accessed -- A variable (local to some function) was
not accessed. This meansthat the value of a variable was never used. Perhapsthe variable was
assigned avalue but was never used. Note that a variable's value is not considered accessed by
autoincrementing or autodecrementing unless the autoincrement/decrement appears within a
larger expression, which uses the resulting value. The same applies to a construct of the form:
var += expression. If anaddressof avariableistaken, its value is assumed to be accessed.
An array, struct or uni on is considered accessed if any portion thereof is accessed.

Synbol ' Synbol® (Locati on) not accessed -- A variable (declared st at i ¢ at the mod-
ule level) was not accessed though the variable was referenced. See the explanation under mes-

sage 550 (above) for adescription of "access".

Synbol ' Synbol* (Location) not accessed -- An external variable was not accessed

though the variable was referenced. See the explanation under message 550 above for a
description of "access'.

Undefi ned preprocessor variable 'Nanme', assunmed 0 -- Theindicated variable had not
previoudy been defined within a #def i ne statement and yet it is being used in a preprocessor
condition of the form #i f or #eli f. Conventionally all variables in preprocessor expressions
should be pre-defined. The value of the variable is assumed to be 0.

#elif not K&R -- The#elif directive was used and the K& R preprocessor flag (+f kp) was set.
Either do not set the flag or do not use #el i f .

indented # -- A preprocessor directive appeared indented within a line and the K&R prepro-
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cessor flag (+f kp) was set. Either do not set the flag or do not indent the#.

unrecogni zed format -- The format string supplied to printf, fprintf, sprintf, scanf,
fscanf, or sscanf was not recognized. It is neither a standard format nor is it a user-defined

format (seeprintf_code and scanf _code, Section 5.7 Other Options).

nunber of arguments inconsistent with format -- The number of arguments supplied to
printf, sprintf, fprintf, scanf, fscanf or sscanf was inconsistent with the number
expected as a result of analyzing the format string.

size of argument number | nteger inconsistent with format -- The given argument
(toprintf,sprintf,orfprintf)wasinconsistent with that which was anticipated as the result
of analyzing the format string. Argument counts begin at 1 and include file, string and format
specifications. For example,

sprintf( buffer, "%", 371)

will show an error in argument number 3 because constant 371 is not floating point.

argument no. | nteger should be a pointer -- Thegivenargument (to one of the scanf
or print f family of functions) should be a pointer. For the scanf family, all arguments corre-
sponding to a format specification should be pointers to areas that are to be modified (receive
the results of scanning). For the pri nt f family, arguments corresponding to % or % also need
to be pointers.

Argument counts begin at 1 and include file, string and format specifications. For example
scanf( "%", 3.5)

will generate the message that argument no. 2 should be a pointer.

(arg. no. I nteger) indirect object inconsistent with format -- The given argu-
ment (to scanf, sscanf, Or fscanf) was a pointer to an object that was inconsistent with that
which was anticipated as the result of analyzing the format string. Argument counts begin at 1
and include file, string and format specifications. For exampleif n isdeclared asi nt then:

scanf( "%", &n)

will elicit this message for argument number 2.

Ellipsis (...) assumed -- Within afunction prototype a comma was immediately followed
by a right parenthesis. This is taken by some compilers to be equivalent to an éllipsis (three
dots) and thisis what is assumed by PC-lint/FlexeLint. If your compiler does not accept the
ellipsis but makes this assumption, then you should suppress this message.

Label 'Synbol' (Location) not referenced -- The Synbol atthecited Locati on
appeared as alabel but there was no statement that referenced this label.
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variable ' Synmbol' depends on order of evaluation -- The named variable was both
modified and accessed in the same expression in such a way that the result depends on whether
the order of evaluation isleft-to-right or right-to-left. One such exampleis: n + n++ sincethere
is no guarantee that the first access to n occurs before the increment of n. Other, more typical

cases, aregivenin Section 11.1 Order of Evaluation and Section 11.5 volatile Checking. Vol-
atile variables are also checked for repeated usein an expression. See

tag ' Symbol' not previously seen, assumed file-level scope -- The named tag
appeared in a prototype or in an inner block and was not previously seen in an outer (file-level)
scope. The ANSI standard is dubious as to how this tag could link up with any other tag. For
most compilersthisis not an error and you can safely suppress the message. On the other hand,
to be gtrictly in accord with ANSI C you may place a small stub of a declaration earlier in the
program. For example:

struct nane;

is sufficient to reserve aplace for nane in the symbol table at the appropriate level.

I nconsistent or redundant format char ' Char' -- This message is given for format
specifiers within formats for the printf/scanf family of functions. The indicated character
Char found in aformat specifier was inconsistent or redundant with an earlier character found
in the same format specifier. For example a format containing "% s" will yield this error with
the character ' s' indicated. Thisis because the length modifier is designed to be used with inte-
gral or float conversions and has no meaning with the string conversion. Such characters are
normally ignored by compilers.

Expected a nuneric field before char ' Char' -- Thismessageis given for format spec-
ifiers within formats for the pri nt f/ scanf family of functions. A numericfield or asterisk was
expected at a particular point in the scanning of the format. For example: % d requests left justi-
fication of adecimal integer within aformat field. But since nofield width is given, the request
is meaningless.

nonnegative quantity is never |ess than zero. -- Comparisons of theform:

u>=20 0 <=u
u< 0 0> u

are suspiciousif u is an unsigned quantity or a quantity judged to be never lessthen 0. See aso
message 7/ /5.

Loss of information (Context) (lnteger bits to I nteger bits) -- Anassign-

ment (or implied assignment, see Cont ext ) was made from a constant to an integral variable
that is not large enough to hold the constant. Examples include placing a hex constant whose bit
requirement is such as to require an unsi gned i nt into avariabletyped asi nt . The number of
bits given does not count the sign hit.

Loss of sign (Context) (Type to Type) -- Anassignment (or implied assignment, see
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Cont ext ) is being made from a negative constant into an unsigned quantity. Casting the con-
stant to unsi gned will remove the diagnostic but isthis what you want. If you are assigning all
ones to anunsi gned, remember that ~0 represents all ones and is more portable than -1.

Suspi ci ous Cast -- Usually thiswarning isissued for casts of the form:
(unsigned) ch

where ch isdeclared as char and char issigned. Although the cast may appear to prevent sign
extension of ch, it does not. Following the normal promotion rules of C, ch isfirst converted to

i nt, which extends the sign and only then is the quantity cast to unsi gned. To suppress sign
extension you may use:

(unsi gned char) ch

Otherwise, if sign extension is what you want and you just want to suppress the warning in this
instance you may use:

(unsigned) (int) ch

Although these examples have been given in terms of casting a char they will also be given
whenever this cast is made upon a signed quantity whose size is less than the casted type.
Examples include signed bit fields (a possibility in the new standard), expressions involving
char, and expressions involving short when this type is smaller than i nt or a direct cast of an
i nt to anunsigned | ong (if i nt'sis smaller than 1 ong). This message is not issued for con-
stants or for expressions involving bit operations.

Excessive shift value (precision I nteger shifted right by | nteger) --A quan-
tity is being shifted to the right whose precision is equal to or smaller than the shifted value. For
example,

ch >> 10
will elicit this message if ch is typed char and where char is less than 10 bits wide (the usual
case). To suppress the message in this case you may cast the shifted quantity to a type whose
length is at |east the length of the shift value.
The precision of a constant (including enumeration constants) is determined from the number of
bits required in its binary representation. The precision does not change with a cast so that still

yields (unsi gned) 1 >> 3 themessage. But normally the only way an expression such as1>>3
can legitimately occur isviaamacro. Inthis case use -emacr o.

Si gned-unsi gned m x with divide --oneof the operandsto/ or %was sighed and the other
unsigned; moreover the signed quantity could be negative. For example:

ul/ n

where u isunsigned and n is signed will elicit this message whereas:
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ul/ 4

will not, even though 4 is nominally anint. It is not a good idea to mix unsigned quantities
with signed quantities in any case (a 737 will also be issued) but, with division, a negative
value can create havoc. For example, the innocent |ooking:

n=n/u
will, if nis-2and u is 2, not assign -1 to n but will assign some very large value.

Toresolve this problem, either cast the integer to unsi gned if you know it can never be less than
zero or cast the unsi gned to an integer if you know it can never exceed the maximum integer.

Si gned-unsigned m x with relational -- Thefour relational operators are:
> >= < <=

One of the operands to a relational operator was signed and the other unsigned; also, the signed
guantity could be negative. For example:

if(u>n)
where u isunsigned and n is signed will elicit this message whereas:
if(u>12)

will not (even though 12 is officially ani nt it isobviousthat it isnot negative). Itisnot agood
idea to mix unsigned quantities with signed quantities in any case (a 737 will aso be issued)

but, with the four relationals, a negative value can produce obscure results. For example, if the
conditional:
if(n<o0)

is true then the similar appearing:

u = 0;
if( n<u)

is fal se because the promotion to unsigned makes n very large.

Toresolve this problem, either cast the integer to unsi gned if you know it can never be less than
zero or cast the unsi gned to ani nt if you know it can never exceed the maximumii nt .

enuner ati on constant exceeds range for integers -- For many compilersthe value of an
enumeration constant is limited to those values that can fit within asi gned or unsi gned i nt.

M xed memory model (option 'String') -- Theindicated option requested a change to the
memory model after part or all of another module was processed. The memory model option
should be specified before any module is processed. The most common cause of this error is
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specifying the memory model after having specified the standard library. Thiswould be a natu-
ral error to make if the standard library file were specified viaaLl NT environment variable.

Decl aration of symbol *'Synbol' hides synbol ' Synbol' (Location) --A loca
symbol has the identical name as a global symbol ( or possibly another local symbol). This
could be dangerous. Was thisdeliberate? It isusually best to rename the local symbol.

paraneter preceding ellipsis has invalid type --Whenanellipsisisused, thetype pre-
ceding the elipsis should not be a type that would undergo a default promotion such as char,
short or float. The reason is that many compilers variable argument schemes (using
st darg. h) will break down.

Redecl aration of function ' Synbol' (hiding Locati on) causes |oss of proto-
type -- A declaration of afunction within ablock hides a declaration in an outer scope in such a
way that the inner declaration has no prototype and the outer declaration does. A common mis-
conception isthat the resulting declaration is acomposite of both declarations but thisisonly the
case when the declarations are in the same scope not within nested scopes. If you don't care
about prototypes you may suppress this message. You will till receive other type-difference
warnings.

Option 'String' is obsolete and should no | onger be used -- Thismessageisissued

whenever we encounter an option that appears to do more harm than good. 'Stri ng'isthe
option in question.

esym (or emmcro) name 'String should not contain '(' -- The name provided to

esymshould not contain a (. For example, to suppress message 534 when calling f (i nt) use
the option -esyn( 534, f) evenif f isoverloaded.

Expected a type for synbol Symbol, int assumed -- A declaration did not have an
explicit type. i nt was assumed. Was this a mistake? This could easily happen if an intended
commawas replaced by asemicolon. For example, if instead of typing:

doubl e radi us,
di anet er;
the programmer had typed:
doubl e radi us;
di aneter;
this message would be raised.

Comment within comment -- Thesequence/* was found within acomment. Wasthis deliber-
ate? Or was a comment end inadvertently omitted? If you want PC-lint/FlexeLint to recognize
nested comments you should set the Nested Comment flag using the +f nc option. Then this
warning will not beissued. If it isyour practice to use the sequence:

/*
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| * * |
then use -e602.

Synbol ' Synbol ' (Location) not initialized -- The address of the named symbol is
being passed to a function where the corresponding parameter is declared as pointer to const .
This implies that the function will not modify the object. If thisis the case then the original
object should have been initialized sometime earlier.

Returning address of auto variable ' Synbol*' -- The address of the named symbol is
being passed back by afunction. Sincethe object is an aut o and since the duration of anaut o is
not guaranteed past the ret urn, thisis most likely an error. You may want to copy the value
into a global variable and pass back the address of the global or you might consider having the
caller pass an address of one of its own variables to the callee.

Increase in pointer capability (Context) -- Thiswarning is typicaly caused by
assigning a (pointer to const ) to an ordinary pointer. For example:

int *p;

const int *q;

p = q; /* 605 */
The message will beinhibited if acast isused asin:

p=(int *) g
An increase in capability is indicated because the const pointed to by q can now be modified
through p. This message can be given for the vol ati | e qualifier aswell asthe const qualifier
and may be given for arbitrary pointer depths (pointersto pointers, pointers to arrays, €tc.).

If the number of pointer levels exceeds one, things get murky in ahurry. For example:

const char ** ppc;

char ** pp;
pp = ppc; /* 605 - clearly not safe */
ppc = pp; /* 605 - |looks safe but it's not */

It was not realized by the C community until very recently that assigning pp to ppc was danger-
ous. The problem isthat after the above assignment, apointer to a const char can beassigned

indirectly through ppc and accessed through pp, which can then modify theconst char .

The message speaks of an "increase in capability” in assigning to ppc, which seems counter
intuitive because the indirect pointer has less capability. However, assigning the pointer does
not destroy the old one and the combination of the two pointers represents a net increase in capa-
bility.

The message may also be given for function pointer assignments when the prototype of one

function contains a pointer of higher capability than a corresponding pointer in another proto-
type. Thereisacurious inversion here whereby a prototype of lower capability transatesinto a
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function of greater trust and hence greater capability (a Trojan Horse). For example, let
void warrior( char * );

be afunction that destroys its argument. Consider the function:
void Troy( void (*horse)(const char *) );

Troy() will call hor se() with an argument that it considers precious believing thehor se() will
do no harm. Before compilers knew better and believing that adding in aonst to the destina-
tion never hurt anything, earlier compilers allowed the Greeks to pass war ri or () to Troy and
the rest, asthey say, is history.

Non- ANSI escape sequence: '\String' --Anescape sequence occurred, within a character
or string literal, that was not on the approved list, which is:

V' A" A2\ \a \b \f o\n A1\t v
\octal -digits \xhex-digits

Parameter ' Synbol' of macro found within string -- Theindicated name appeared
within a string or character literal within a macro and happens to be the same as the name of a
formal parameter of the macro asin:

#define mac(n) printf( "n =9%,", n);

Isthis a coincidence? The ANSI standard indicatesthat the name will not be replaced but since
many C compilers do replace such names the construction is suspect. Examine the macro defi-
nition and if you do not want substitution, change the name of the parameter. If you do want
substitution, set the +f ps flag (Parameter within String) and suppress the message with -e607.

Assigning to an array paraneter -- An assignment is being made to a parameter that is
typed array. For the purpose of the assignment, the parameter is regarded as a pointer. Nor-
mally such parameters are typed as pointers rather than arrays. However if thisis your coding
style you should suppress this message.

Suspi cious pointer conversion -- An assignment is being made between two pointers,
which differ in size (oneisf ar and the other is near ) but are otherwise compatible.

Suspi ci ous pointer conbination -- Pointers of different size (one isfar and the other is
near ) are being compared, subtracted, or paired (in aconditional expression). Thisis suspicious
because normally pointers entering into such operations are the same size.

Suspi ci ous cast -- Either a pointer to afunction is being cast to a pointer to an object or vice
versa. Thisis regarded as questionable by the ANSI standard. If thisis not a user error, sup-
press this warning.

Expected a declarator -- A declaration contained just a storage class and a type. Thisis
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almost certainly an error since the only time a type without a declarator makes sense is in the
case of astruct, uni on or enumbut in that case you wouldn't use a storage class.

Possible use of null pointer 'Synbol' in [left/right] argunment to operator
"String Reference -- From information gleaned from earlier statements, it is possible
that a null pointer (a pointer whose value is 0) can be used in a context where null pointers are
inappropriate. Such contexts include: Unary *, pointer increment (++) or decrement(--), addi-
tion of pointer to numeric, and subtraction of two pointers. In the case of binary operators, one
of thewords'l eft " or 'ri ght ' is used to designate which operand isnull. Synbol identifies the

pointer variable that may be NULL. See also messages 413 and 794.

auto aggregate initializer not constant -- Aninitializer for an auto aggregate normally
consists of a collection of constant-valued expressions. Some compilers may, however, allow
variables in this context in which case you may suppress this message.

auto aggregate initializer has side effects -- Thiswarningissimilarto 614. Auto
aggregates (arrays, structures and union) arenormally initialized by a collection of constant-val-
ued expressions without side-effects. A compiler could support side-effects in which case you
might want to suppress this message.

control flows into case/default --Itispossiblefor flow of control to fall into acase
statement or adef aul t statement from above. Was this deliberate or did the programmer forget
to insert abr eak statement? If this was deliberate then place acomment immediately before the
statement that was flagged asin:

case 'a': a = 0;
[* fall through */
case 'b': a++;

Note that the message will not be given for a case that merely follows another case without an
intervening statement. Also, there must actually be a possibility for flow to occur from above.

String is both a nodule and an include file -- Thenamed fileisbeing used as both

an includefile and as amodule. Was this a mistake? Unlike Error 306 (repeated module) this
isjust awarning and processing of thefile is attempted.

St orage class specified after a type -- A storage class specifier (stati c, extern,t ype-
def, regi ster or auto) was found after a type was specified. This is lega but deprecated.
Either place the storage class specifier before the type or suppress this message.

Loss of precision (Context) (Pointer to Pointer) -- A far pointerisbeing assigned
to anear pointer either in an assignment statement or an implied assignment such as an initial-
izer, areturn statement, or passing an argument in the presence of a prototype (Cont ext indi-
cates which). Such assignments are a frequent source of error when the actual segment is not
equal to the default data segment. |f you are sure that the segment of the f ar pointer equals the
default data segment you should use a cast to suppress this message.
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Suspi ci ous constant (L or one?) -- A constant ended in alower-case letter * | * . Was this
intended to be aone? The two characters ook very similar. To avoid misinterpretations, use the
upper-case letter 'L".

Identifier clash (Synbol ' Nane' with Synbol ' Nane' at String) -- Thetwo sym-
bols appeared in the same name space but are identical to within thefirst count characters set
by option -i dl en(count , opt i on). See-idl enin Section 5.7 Other Options.

Si ze of argument no. I nteger inconsistent with format -- Theargument to scanf,

fscanf Or sscanf, where position is given by | nt eger, was a pointer whose size did not
match the format. For example,

int far *p;
scanf( "%d", p);

will draw this warning (in the default memory model).

redefining the storage class of symbol 'Synbol' conflicts with Location --
An inter-module symbol was a typedef symbol in one module and an ordinary symbol in
another module. Thisislega but potentially confusing. Isthiswhat the programmer intended?

typedef ' Symbol ' redeclared (TypeDi ff) (Locati on) -- A symbol was declared in
atypedef differently in two different modules. Thisistechnically legal but is not a wise pro-
gramming practice.

auto synbol ' Synmbol' has unusual type nodifier -- Some type modifierssuch asfar,
near, fortran areinappropriate for aut o variables.

argunent no. | nteger inconsistent with format -- The argumentto aprintf (or
fprintf or sprintf) wasinconsistent with the format. Although the size of the quantity was
appropriate the type was not. You might consider casting the quantity to the correct type. You

could also suppress this message, as more flagrant violations are picked up with warning 559.

(arg. no. Integer) indirect object inconsistent with format -- Thetype of an
argument to scanf (or f scanf or sscanf) was inappropriate to the format. However, the argu-
ment was a pointer and it pointed to a quantity of the expected size.

no argument information provided for function 'Synbol' (Location) --The
named function was called but there was no argument information supplied. Argument informa-
tion can come from a prototype or from a function definition. This usually happens when an
old-style function declaration indicates that the function isin alibrary but no prototypeisgiven
for the function nor is any argument information provided in a standard library file. This mes-
sage is suppressed if you are producing a lint object module because presumably the object
module will be compared with alibrary file at some later time.

static class for function 'Synbol' is non standard -- Astatic classwasfound for
a function declaration within a function. The static class is only permitted for functions in
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declarations that have file scope (i.e., outside any function). Either move the declaration outside
the function or change st ati c to ext er n; if the second choice is made, make sure that ast ati ¢

declaration at file scope also exists before the ext er n declaration. Though technically the con-

struct is not portable, many compilers do tolerate it. If you suppress the message, PC-lint/Flex-

eLint will treat it as aproper function declaration.

ambi guous reference to synbol 'Nanme' -- If the +fab flag is set, then if two structures
containing the same member name (not necessarily different kinds of structures) are embedded
in the same structure and a reference to this member name omits one of the intervening (disam-
biguating) names, thiswarning is emitted.

tag ' Synbol ' defined differently at Location -- Thestruct, uni on Or enumtag

Synbol was defined differently in different scopes. This is not necessarily an error since C
permits the redefinition, but it can be a source of subtle error. It is not generally a programming
practice to be recommended.

Assignment to strong type ' Name' in context: Context --Anassignment (orimplied
assignment, Cont ext indicates which) violates a Strong type check as reguested by a
-st rong(A... option. See Chapter 8. STRONG TYPES.

Assignment from a strong type 'Name' in context: Context -- Anassignment (or
implied assignment, Cont ext indicates which) violates a Strong type check as requested by a
-st rong( X... option. See Chapter 8. STRONG TYPES.

Strong type mismatch (type 'Symbol ') in equality or conditional --Anequality
operation (== or ! =) or a conditiona operation (? :) violates a Strong type check as requested
by a -strong(J... option. This message would have been suppressed using flags "Je". See
Chapter 8. STRONG TYPES.

resetting strong parent of type ' Synbol', old parent == type ' Synbol' --The

strong parent of the given Synbol isbeingreset. Thisisbeing done with a-par ent option or
by atypedef. Note that this may not necessarily be an error; you are being aerted to the fact

that the old link isbeing erased. See Chapter 8. STRONG TYPES.

ptr to strong type 'Name' versus another type -- Pointersare being compared and
thereis astrong type clash below the first level. For example,

/*l'int -strong(J,INT) */
typedef int |NT;
INT *p; int *q;

if( p==q) /* VWArning 636 */

will elicit this warning. This message would have been suppressed using flags "Je" or "Jr" or
both.

Expect ed index type ' Synmbol ' for strong type ' Synbol ' -- Thisisthe messageyou
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receive when an inconsistency with the -i ndex option isrecognized. A subscript is not the stip-
ulated type (the first type mentioned in the message) nor equivalent to it within the hierarchy of

types. See Chapter 8. STRONG TYPESand also +f hx.

Strong type mismatch for type 'Nanme' in relational -- A relational operation (>= <=
> <) violates a Strong type check as requested by a-strong(J... option. This message would

have been suppressed using flags"Jr". See Chapter 8. STRONG TYPES.

Strong type mismatch for type 'Name' in binary operation -- A binary operation
other than an equality or arelational operation violates a Strong type check as requested by a

-st rong(J... option. This message would have been suppressed using flags "Jo". See Chapter
8. STRONG TYPES.

Expected strong type ' Name' in Bool ean context -- A Boolean context expected atype
specified by a-st rong(B... option. See Chapter 8. STRONG TYPES.

Converting enumto int -- Anenumeration type wasused in acontext that required a compu-
tation such as an argument to an arithmetic operator or was compared with an integral argument.
This warning will be suppressed if you usethe integer model of enumeration (+f i e) but you will
lose some valuable type-checking in doing so. An intermediate policy isto simply turn off this
warning. Assignment of i nt to enumwill still be caught.

Thiswarning is not issued for a taglessenumwithout variables. For example
enum {fal se, true};

This cannot be used as a separate type. PC-lint/FlexeLint recognizes this and treats f al se and
t rue as arithmetic constants.

Format char ' Char' not supported by wsprintf -- This means that you are using an
option of the form: -printf(w.. and you are using a format character not supported by the
Microsoft Windows function wspri nt f . 1f you are not really usingwspri nt f but are using the w
flag to get f ar pointers you should turn this message off.

Loss of precision in pointer cast -- Afar pointer was cast to anear pointer. Such casts
have had disastrous consequences for Windows programmers. If you really need to make such a
cast, you can do it in stages. If you cast to al ong first (i.e., some integral type that can hold the
pointer) and then into a shorter value, we don't complain.

Variable ' Synbol* (Location) may not have been initialized -- Anauto variable
was not necessarily assigned avaue before use. See Section 9.1 Initialization Tracking.

Synbol ' Synbol' (Locati on) may not have been initialized -- Anauto variable
was conditionally assigned a value before being passed to a function expecting a pointer to a

const object. See Warning 603 for an explanation of the dangers of such a construct. See Sec-
tion 9.1 Initialization Tracking.
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case/default within Ki nd |oop; may have been nisplaced -- A case Or defaul t State-
ment was found within afor, do, or whi | e loop. Was this intentional? At the very least, this
reflects poor programming style.

Suspi cious truncation -- Thismessage isissued when it appears that there may have been an
unintended loss of information during an operation involvingi nt or unsi gned i nt theresult of
whichis later converted tol ong. Itisissued only for systemsinwhichi nt issmaller than! ong.
For example:

(long) (n << 8)
might elicit thismessageif n isunsi gned i nt, whereas
(long) n << 8

would not. In the first case, the shift isdone at i nt precision and the high order 8 bits are lost
even though there is a subsequent conversion to atype that might hold all the bits. In the second
case, the shifted bits are retained.

The operations that are scrutinized and reported upon by this message are:  shift left, multiplica-
tion, and bit-wise complementation. Addition and subtraction are covered by Informational

message 776.

The conversion to | ong may be done explicitly with a cast as shown or implicitly via assign-
ment, return, argument passing or initialization.

The message can be suppressed by casting. Y ou may cast one of the operands so that the opera-
tion is done in full precision as is given by the second example above. Alternatively, if you
decide there is really no problem here (for now or in the future), you may cast the result of the
operation to some form of i nt . For example, you might write:

(long) (unsigned) (n << 8)

In thisway PC-lint/FlexeLint will know you are aware of and approve of the truncation.

Overflow in computing constant for operation: String -- Arithmetic overflow was
detected while computing a constant expression. For example, if i nt is 16 bitsthen 200 * 200
will resultin an overflow. St r i ng gives the operation that caused the overflow and may be one
of: addi ti on, unsi gned addi tion, nul tiplication, unsigned mul tiplication, negation,
shift left,unsignedshift | eft,subtraction, Orunsi gned sub.

To suppress this message for particular constant operations you may have to supply explicit
truncation. For example, if you want to obtain the low order 8 bits of the integer 20000 into the
high byte of a 16-bit i nt, shifting left would cause this warning. However, truncating first and
then shifting would be OK. Thefollowing code illustrates this wherei nt is 16 bits.

20000u << 8: [* 648 */
(OXFF & 20000u) << 8; [* OK */
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If you truncate with a cast you may make asigned expression out of an unsigned. For example,
the following receives awarning (for 16 biti nt ).

(unsi gned char) OxFFFu << 8 /* 648 */

because the unsi gned char is promoted to i nt before shifting. The resulting quantity is actu-
aly negative. You would need to revive the unsi gned nature of the expression with

(unsi gned) (unsigned char) OxFFF << 8 [* OK */

Sign fill during constant shift --During the evaluation of aconstant expression anega
tive integer was shifted right causing sign fill of vacated positions. If thisis what is intended,
suppress this error, but be aware that sign fill isimplementation-dependent.

Constant out of range for operator String --Inacomparison operator or equality test
(or implied equality test as for acase statement), a constant operand isnot in the range specified
by the other operand. For example, if 300 iscompared against achar variable, thiswarning will
be issued. Moreover, if char is signed (and 8 bits) you will get this message if you compare
against an integer greater than 127. The problem can be fixed with a cast. For example:

if( ch == OxFF ) ...
i f( (unsigned char) ch == OxFF ) ...

If char issigned (+f cu has not been set) thefirst receives awarning and can never succeed. The
second suppresses the warning and corrects the bug.

PC-lint/FlexeLint will take into account the limited precision of some operands such as
bit-fields and enumerated types. Also, PC-lint/FlexeLint will take advantage of some computa-
tions that limit the precision of an operand. For example,

if( (n & OXFF) >> 4 == 16 ) ...
will receive this warning because the left-hand sideislimited to 4 bits of precision.

Potentially confusing initializer --Aninitializer for acomplex aggregateis being pro-
cessed that contains some subaggregates that are bracketed and some that are not. ANSI recom-
mends either "minimally bracketed" initiaizers in which there are no interior braces or "fully
bracketed" initializersin which all interior aggregates are bracketed.

#define of symbol ' Symbol' declared previously at Location -- A macroisbeing
defined for a symbol that had previously been declared. For example:

int n;
#define n N

will draw this complaint. Prior symbols checked are local and global variables, functions and

t ypedef symbols, and st ruct, uni on and enumtags. Not checked are st ruct and uni on mem-
ber.
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Possi bl e | oss of fraction -- Whentwo integers are divided and assigned to afloating point
variable the fraction portion islost. For example, athough

double x =5/ 2;

appearsto assign 2. 5 to x it actually assigns 2. 0. To make sureyou don't lose the fraction, cast
at least one of the operands to afloating point type. If you really wish to do the truncation, cast
the resulting divideto an integral (i nt or I ong) before assigning to the floating point variable.

Qption String obsolete; use -width(Wl) --The option-wisnow used to set the warn-
ing level and should no longer be used to specify the width of error messages. Instead use
-wi dt h with the same arguments as before to set the width. To set the warning level to 3, for
example, use the option -wa, not -w( 3) .

bit-w se operation uses (conpatible) enums -- A bit-wise operator (oneof ' |',* & or
' ~') is used to combine two compatible enumerations. Thetype of the result is considered to be
the enumeration. Thisis considered a very minor deviation from the strict model and you may
elect to suppress this warning.

Arithmetic operation uses (conpatible) enum's -- Anarithmetic operator (oneof ' + , or
' - ) is used to combine two compatible enumerations. Thetype of the result is considered to be
the enumeration. Thisis considered a very minor deviation from the strict model and you may
elect to suppress this warning.

Unusual (nonportabl e) anonynous struct or union -- A struct OF uni on declaration
without a declarator was taken to be anonymous. However, the anonymous uni on supported by
C++ and other dialects of C require untagged union's. Tagged unions and tagged or untagged
structs are rarely supported, as anonymous.

Anonyrmous union assunmed (use flag +fan) -- A uni on without a declarator was found.
Was this an attempt to define an anonymous union? If so, anonymous unions should be acti-
vated with the +f an flag. Thisflag is activated automatically for C++.

Nothing follows '}' on line within struct/union/enum declaration -- A struct/
union/class/enum definition occurred and the closing '} ' was not followed on the same line by
another token. It looks suspicious. Missing semi-colons after such definitions can be a source
of gtrange and mysterious messages. |If you intentionally omitted the semi-colon then simply

place the token, which follows, on the same lineasthe '} '. At the very least follow the '} ' with a
comment.

Option String has no effect -- Theindicated option had no effect. Wasthis a mistake?
Not al options are tested for effectiveness. For example, in the sequence -w2 - e720 the 2nd
option has no effect but no report is given since the nuisance value would be too high. The mes-
sageis reserved for cases when the non-effectiveness would produce truly mysterious results.

possi bl e access of out-of-bounds pointer ('lnteger' beyond end of data) by
operator ' String' --An out-of-bounds pointer may have been accessed. Seemessage415
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for adescription of the parameters | nt eger and St ri ng. For example:

int a[10];
if( n<=10) a[n] = 0;

Here the programmer presumably should have written n<10. This message is similar to mes-
sages 415 and 796 but differs from them by the degree of probability. See Section 9.2 Value
Tracking.

possi bl e creation of out-of-bounds pointer ('lnteger' beyond end of data) by
operator ' String -- Anout-of-bounds pointer may have been created. See message415
for adescription of the parameters | nt eger and St ri ng. For example:

int a[10];
if(n<=20) f( a+n);

Here, it appears as though aniillicit pointer is being created, but PC-lint/FlexeLint cannot be cer-
tain. See also messages416 and 797. See Section 9.2 Value Tracking.

Suspi cious array to pointer conversion -- Thiswarning occurs in the following kind of
situation:

struct x { int a; } y[2];
y->a

Here, the programmer forgot to index the array but the error normally goes undetected because

the array reference is automatically and implicitly converted to a pointer to the first element of
the array. If you really mean to access thefirst element usey[ 0] . a

Left side of logical OR (||) or logical AND (&%) does not return -- An exiting
function was found on the left hand side of an operator implying that the right hand side would
never be executed. For example:

if( (exit(0),n==0) || n>2) ...

Since the exit function does not return, control can never flow to the right hand operator.

Unparent hesi zed paraneter I nteger in macro ' Synbol' is passed an expression
-- An expression was passed to amacro parameter that was not parenthesized. For example:

#define mult(a, b) (a*b)
mult( 100, 4 + 10 )

Here the programmer is beguiled into thinking that the 4+10 is taken as a quantity to be multi-
plied by 100 but instead resultsin: 100* 4+10, which is quite different. The recommended rem-
edy ([22 section 20.4]) is to parenthesize such parameters asin:

#define mult(a,b) ((a)*(b))
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The message is not arbitrarily given for any unparenthesized parameter but only when the actual
macro argument sufficiently resembles an expression and the expression involves binary opera-
tors. The priority of the operator is not considered except that it must have lower priority than
the unary operators. The message is not issued at the point of macro definition because it may
not be appropriate to parenthesi ze the parameter. For example, the following macro expects that
an operator will be passed as argument. It would bean error to enclose op in parentheses.

#define check(x,op,y) if( ((x) op (y)) ==0) print( ... )

Expression with side effects passed to repeated parameter | nteger of macro

*Synbol * -- A repeated parameter within a macro was passed an argument with side-effects.
For example:

#define ABS(Xx) ((x) <0 ? -(x) : (x))
. ABS( n++ )

Although the ABS macro is correctly defined to specify the absolute value of its argument, the
repeated use of the parameter x implies a repeated evaluation of the actual argument n++. This
resultsin two increments to the variablen. [22 section 20.6] Any expression containing a func-
tion call is also considered to have side-effects.

I nconsistent use of qualifiers for symbol ' Synbol' (type ' Type' vs. ' Type')

conflicts with Locati on -- A declaration for the identified Synbol isinconsistent with a
prior declaration for the same symbol. There was a nominal difference in the declaration but
owing to the memory model chosen there was no real difference. For example, in large model,
one declaration declares external symbol al pha to be a far pointer and another declaration
omits the memory model specification.

Possi bly passing a null pointer to function ' Synbol', Context Reference --
A NULL pointer is possibly being passed to afunction identified by Symbol . Theargument in
guestion is given by Cont ext . Thefunction is either alibrary function designed not to receive
aNULL pointer or a user function dubbed so via the option -f unct i on. See Section 10.1 Func-
tion Mimicry (-function) and Section 9.2 Value Tracking.

Possible data overrun for function ' Synbol ', argument | nt eger exceeds argu-
ment | nteger Reference -- Thismessageis for datatransfer functions such as nencpy,
strcpy, f get s, etc. when the size indicated by the first cited argument (or arguments) can possi-
bly exceed the size of the buffer area cited by the second. The message may aso be issued for
user functions viathe -f uncti on option. See Section 10.1 Function Mimicry (-function) and
Section 9.2 Value Tracking.

Possi bl e access beyond array for function ' Synmbol ', argument | nt eger exceeds

Integer Reference -- This message is issued for several library functions (such as
fwrite, mencnp, etc) wherein there is a possible attempt to access more data than exist. For
example, if the length of data specified in the fwri t e call exceeds the size of the data specified.
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The function is specified by Synbol and the arguments are identified by argument number.
See also Section 10.1 Function Mimicry (-function) and Section 9.2 Value Tracking.

Possi bly passing to function 'Synbol ' a negative value (I nteger), Context
Ref erence -- Anintegral value that may possibly be negative is being passed to a function
that is expecting only positive values for aparticular argument. The message contains the name
of the function (Synbol ), the questionable value (I nt eger ) and the argument number (Con-
t ext ). Thefunction may be a standard library function designed to accept only positive values
such as nmal | oc or mencpy (third argument), or may have been identified by the user as such

through the -f unct i on or -semoptions. See message 422 for an example and further explana-
tion.

Possi bl e menory |eak in assignment to pointer ' Symbol' -- Anassignment was made
to a pointer variable (designated by Synbol ), which may aready be holding the address of an
allocated object, which had not been freed. The allocation of memory, which is not freed, is
considered a 'memory leak'. The memory leak is considered 'possible’ because only some lines
of flow will result in aleak.

Possibly inappropriate deallocation (Nanmel) for 'Nanme2' data -- This message
indicates that a deallocation (free(), del ete, or del ete[]) as specified by Nanmel may be
inappropriate for the data being freed. The kind of data is one or more of: nal | oc, new, new ],
static, aut o, merrber, modi fi ed or constant . The word 'Possibly' is used in the message to
indicate that only some of the lines of flow to the deallocation show data inconsistent with the
allocation.

Returning address of auto through variable ' Synbol' -- Thevalue held by apointer
variable contains the address of an aut o variable. It is normally incorrect to return the address
of anitem on the stack because the portion of the stack all ocated to the returning function is sub-
ject to being obliterated after return.

No prior semantics associated with 'Name in option 'String -- The -function
option is used to transfer semantics from its first argument to subsequent arguments. However it
was found that the first argument Nane did not have semantics.

Possi bly negative subscript (I nteger) in operator ' String --Aninteger whose
value was possibly negative was added to an array or to apointer to an allocated area (all ocated
by mal | oc, oper at or new, etc.) This message is not given for pointers whose origin is unknown
since a negative subscript isin general legal.

si zeof used within preprocessor statenment -- Whereasthe use of si zeof during prepro-
cessing is supported by anumber of compilersit isnot a part of the ANSI C or C++ standard.

Menber * Synbol* field length (I nteger) too small for enum precision (Inte-

ger) -- A hit field was found to be too small to support al the values of an enumeration (that
was used as the base of the bit field). For example:
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enum col or { red, green, yellow, blue };
struct abc { enum col or c:2; };

Here, the message is not given because the four enumeration values of col or will just fit within
2 bits. However, if one additional color isinserted, Warning 678 will be issued informing the
programmer of the undesirable and dangerous condition.

Suspicious Truncation in arithmetic expression combining with pointer -- This
message is issued when it appears that there may have been an unintended loss of information

during an operation involving integrals before combining with a pointer whose precision is
greater than the integral expression. For example:

//lint -sp8 pointers are 8 bytes
//lint -si4 integers are 4 bytes
char *f( char *p, int n, int m)

{

return p + (n +m; [// warning 679

}

By the rules of C/C++, the addition n+mis performed independently of its context and is done at
integer precision. Any overflow isignored even though the larger precision of the pointer could
easily accommodate the overflow. If, on the other hand the expression were: p+n+m which
parses as ( p+n) +m no warning would be issued.

If the expression were p+n* mthen, to suppress the warning, a cast is needed. If | ong were the
same size as pointers you could use the expression:

return p + ((long) n* m;

Suspicious Truncation in arithnetic expression converted to pointer --Anarith-
metic expression was cast to pointer. Moreover, the size of the pointer is greater than the size of
the expression. In computing the expression, any overflow would be lost even though the
pointer type would be able to accommodate the lost information. To suppress the message, cast
one of the operands to an integral type large enough to hold the pointer. Alternativdy, if you are
sure there is no problem you may cast the expression to an integra type before casting to

pointer. See messages 647,776,790 and 679.

Loop is not entered -- The controlling expression for aloop (either the expression within a
whi | e clause or the second expression within a f or clause) evaluates initially to 0 and so it
appears as though the loop is never entered.

si zeof applied to a parameter 'Synbol ' whose type is a sized array -- If aparam-
eter istyped as an array it is silently promoted to pointer. Taking the size of such an array will
actually yield the size of apointer. Consider, for example:

unsi gned f( char a[100] ) { return sizeof(a); }

Here it looks as though function f () will return the value 100 but it will actualy return the size
of apointer, which isusually 4.

247



683

684

685

function ' Synbol ' #define' d -- This message is issued whenever the name of afunction
with some semantic association is defined as amacro. For example:

#define strlen nystrlen

will raise this message. The problem is that the semantics defined for st r1 en will then be lost.
Consider this message an alert to transfer semantics from strl en to nystrl en, usng -f unc-
tion(strlen, nystrlen) The message will be issued for built-in functions (with built-in
semantics) or for user-defined semantics. The message will not be issued if the function is
defined to be afunction with asimilar name but with underscores either appended or prepended
or both. For example:

#define strlen __strlen
will not produce this message. 1t will produce Info 828 instead.

Passing address of auto variable ' Synmbol' into caller space -- Theaddress of an
auto variable was passed via assignment into a location specified by the caller to the function.
For example:

void f( int *a[] )
{
int n;
a[1] = &n;
}

Here the address of an auto variable (n) is being passed into the second element of the array
passed to the function f. This looks suspicious because upon return the array will contain a
pointer to avariable whose lifetimeisover. It is possiblethat thisis benign since it could be that
the caller to f () ismerely passing in a working space to be discarded upon return. If thisisthe
case, you can suppress the message for function f () using the option

-ef unc(684, f)
See also Warning 604.

Rel ati onal operator 'String,' always evaluates to 'String --ThefirstString
is one of '>', '>=', '<' or '<=" and identifies the relationa operator. The second string is one of
'True' Or 'Fal se'. The message is given when an expression is compared to a constant and the
precision of the expression indicatesthat the test will always succeed or alwaysfail. For exam-
ple,

char ch;
if( ch >=-128) ...

In this example, the precision of char ch is 8 bits signed (assuming the f cu flag has been left in
the OFF state) and hence it has arange of values from -128 to 127 inclusive. Hencethetest is
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always True.

Note that, technically, ch is promoted to i nt before comparing with the constant. For the pur-
pose of this comparison we consider only the underlying precision. As another example, if uis
anunsi gned i nt then

if( (u & OxFF) > OxFF ) ...

will aso raise message 685 because the expression on the left hand side has an effective preci-
sion of 16 bits.

17.5 C Informational M essages

701

702

703

704

708

712

713

714

shift left of signed quantity (int) -- Shiftsarenormally accomplished on unsi gned
operands.

Shift right of signed quantity (int) --Shiftsarenormally accomplished onunsi gned
operands. Shifting ani nt right is machine dependent (sign fill vs. zero fill).

Shift left of signed quantity (long) -- Shiftsare normally accomplished onunsi gned
operands.

Shift right of signed quantity (long) -- Shiftsare normally accomplished on unsi gned
operands. Shifting al ong right is machine dependent (sign fill vs. zero fill).

union initialization -- There was an attempt to initialize the value of a uni on. This may
not be permitted in some older C compilers. This is because of the apparent ambiguity: which
member should be initialized. The standard interpretation isto apply theinitialization to the first
subtype of the uni on.

Loss of precision (Context) (Type to Type) -- Anassignment (or implied assign-
ment, see Cont ext ) is being made between two integral quantities in which the first Type is
larger than the second Type. A cast will suppress this message.

Loss of precision (Context) (Type to Type) -- Anassgnment (or implied assign-
ment, see Cont ext ) is being made from an unsigned quantity to a signed quantity, that will
result in the possible loss of one bit of integral precision such as converting fromunsi gned i nt
toint. A cast will suppress the message.

Synbol ' Synbol ' (Location) not referenced -- The named external variable or exter-
nal function was defined but not referenced. This message is suppressed for unit checkout (-u
option).
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Synbol ' Synbol ' (Location) not referenced -- The named formal parameter was not
referenced.

while(1l) ... -- A construct of the form while(1) ... was found. Whereas this represents a
constant in a context expecting a Boolean, it may reflect a programming policy whereby infinite
loops are prefixed with this construct. Hence it is given a separate number and has been placed
in the informational category. The more conventional form of infinite loop prefixisfor(; ;)

do ... while(0) --Whereas thisrepresentsa constant in a context expecting a Boolean, this
construct is probably a deliberate attempt on the part of the programmer to encapsulate a
sequence of statements into a single statement, and so it is given a separate error message. [22
section 20.7] For example:

#define f(k) do {n=k; nFn+l;} while(0)
alowsf (k) to be used in conditional statements asin

if(n>0) f(3);
el se f(2);

Thus, if you are doing this deliberately use -e717

Synbol ' Synmbol * undecl ared, assumed to return int -- A function was referenced
without (or before) it had been declared or defined within the current module. Thisisnot neces-
sarily an error and you may want to suppress such messages (See Chapter 14. LIVING WITH

LINT.). Note that by adding a declaration to another module, you will not suppress this mes-
sage. It can only be suppressed by placing a declaration within the module being processed.

Too many arguments for format (| nteger too many) -- The humber of argumentsto a
function in the pri nt f/ scanf family was more than what is specified in the format. This mes-
sage is similar to Warning 558, which alerts users to situations in which there were too few

arguments for the format. It receives a lighter Informational classification because the addi-
tional arguments are simply ignored.

Bool ean test of assignment -- Anassignment was found in a context that requires a Bool-
ean (such asinanif() orwhile() clauseor asan operandto&&or | | ). This may be legitimate
or it could have resulted from a mistaken use of = for ==.

Suspi ci ous use of ; -- A semi-colon was found immediately to the right of aright parenthe-
sisin aconstruct of theformi f (e); . Assuchit may be overlooked or confused with the use of
semi-colons to terminate statements. The message will be inhibited if the *; ' is separated by at

least one blank from the') . Better, place it on a separate line. See also message 548.

Suspi ci ous use of ; -- A semi-colon was found immediately to the right of aright parenthe-

sisin aconstruct of theformwhi I e(e); orfor(e;e;e); Assuch it may be overlooked or con-
fused with the use of semi-colons to terminate statements. The message will be inhibited if the
"' is separated by at least one blank from the') '. Better, placeit on a separate line.
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Suspi cious use of = -- A preprocessor definition began with an = sign. For example:
#define LIMT = 50

Was this intentional? Or was the programmer thinking of assignment when he wrote this?

Expected positive indentation from Locati on -- The current line was found to be
aligned with, rather than indented with respect to, the indicated line. The indicated line corre-
sponds to a clauseintroducing a control structure and statements within its scope are expected to
be indented with respect to it. If tabs within your program are other than 8 blanks you should

usethe-t option (See Section 11.3 Indentation Checking.).

Extraneous conma ignored -- A commafollowed by aright-brace within an enumeration is
not avalid ANSI construct. The commaisignored.

Symbol ' Synbol' (Location) not explicitly initialized -- The named static vari-
able (local to afunction) was not explicitly initialized before use. The following remarks apply
to messages 728 and 729 aswell as 727. By no explicit initialization we mean that there was
no initializer present in the definition of the object, no direct assignment to the object, and no
address operator applied to the object or, if the address of the object was taken, it was assigned
to a pointer to const . These messages do not necessarily signal errors since the implicit initial-
ization for static variablesis 0. However, the messages are helpful in indicating those variables
that you had forgotten to initialize to a value. To extract the maximum benefit from the mes-
sages we suggest that you employ an explicit initializer for those variables that you want to ini-
tializeto 0. For example:

static int n = 0;
For variables that will beinitialized dynamically, do not use an explicit initializer asin:
static int m

This message will be given for any array, struct or uni on if no member or element has been
assigned avalue.

Synbol ' Synbol ' (Location) not explicitly initialized -- The named intramod-
ule variable (static variable with file scope) was not explicitly initialized. See the comments on

message 727 for more detalls.

Synbol ' Synbol ' (Location) not explicitly initialized -- The named inter-mod-
ule variable (externa variable) was not explicitly initialized. See the comments on message

727 for more details. This message is suppressed for unit checkout (-u).

Bool ean argunment to function -- A Boolean was used as an argument to a function. Was
this intended? Or was the programmer confused by a particularly complex conditional state-
ment. Experienced C programmers often suppress this message. This message is given only if
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the associated parameter is not declared bool.

Bool ean argunent to equal /not equal -- A Boolean was used as an argument to==or ! =.
For example:

if( (a>h) ==(c>d)

tests to see if the inequalities are of the same value. Thiscould be an error as it isan unusual use
of a Boolean (see Warnings 503 and 514) but it may also be deliberate since this is the only
way to efficiently achieve equivalence or exclusive or. Because of this possible use, the con-
struct is given arelatively mild 'informational’ classification. If the Boolean argument is cast to
some type, this message is not given.

Loss of sign (Context) (Type to Type) -- Anassignment (or implied assignment, see

Cont ext ) is made from a signed quantity to an unsigned quantity. Also, it could not be deter-
mined that the signed quantity had no sign. For example:

n; /* Info 732 */
4, /* K */

where u isunsigned and n is not, warrants a message only for the first assignment, even though
the constant 4 is nominally asignedi nt .

Make sure that thisis not an error (that the assigned value is never negative) and then use a cast
(to unsigned) to remove the message.

Assi gning address of auto variable ' Synbol' to outer scope synbol ' Synbol ' --
The address of an aut o variable is only valid within the block in which the variableis declared.
An address to such a variable has been assigned to a variable that has a longer life expectancy.
There is an inherent danger in doing this.

Loss of precision (Context) (Integer bits to I nteger bits) -- Anassignment
is being made into an object smaller than an i nt. The information being assigned is derived
from another object or combination of objects in such a way that information could potentialy
belost. The number of bits given does not count the sign bit. For exampleif ch isachar and n
isanint then:

ch = n;
will trigger this message whereas:

ch = n &1;
will not. To suppress the message a cast can be made asin:

ch = (char) n;

You may receive notices involving multiplication and shift operators with subinteger variables.
For example:
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ch
ch

ch << 2
ch * ch

where, for example, ch isan unsi gned char. These can be suppressed by using the flag +f pm
(precision of an operator is bound by the maximum of its operands). See Section 5.5 Flag
Options.

Loss of precision (Context) (Integer bits to I nteger bits) -- Anassignment

(or implied assignment, see Cont ext ) ismadefrom al ong doubl e to adoubl e. Using acast
will suppress the message. The number of bits includes the sign bit.

Loss of precision (Context) (Integer bits to I nteger bits) -- Anassignment
(or implied assignment, see Cont ext ) is being made to a float from a value or combination of
values that appear to have higher precision than a float. You may suppress this message by
using acast. The number of bitsincludes the sign bit.

Loss of sign in pronotion fromType to Type -- Anunsigned quantity was joined with
asigned quantity in abinary operator (or 2nd and 3rd argumentsto the conditional operator 2 :)
and the signed quantity isimplicitly converted to unsigned. The message will not be given if the
signed quantity is an unsigned constant, aBoolean, or an expression involving bit manipulation.
For example,

u & ~OxFF

where u is unsigned does not draw the message even though the operand on the right is techni-
caly asigned integer constant. It looks enough like an unsigned to warrant not giving the mes-

sage.

This mixed mode operation could also drawWarnings 573 or 574 depending upon the opera-
tor involved.

You may suppress the message with a cast but you should first determine whether the signed
value could ever be negative or whether the unsigned value can fit within the constraints of a
signed quantity.

Synbol ' Symbol* (Location) not explicitly initialized -- The named static
local variable was not initialized before being passed to a function whaose corresponding param-
eter is declared as pointer to const . Isthis an error or isthe programmer relying on the default
initialization of O for all static items. By employing an explicit initializer you will suppress this
message. See also message numbers 727 and 603.

Trigraph Sequence 'String' in literal (Qiet Change) -- The indicated Trigraph
(three-character) sequence was found within astring. This trigraph reduces to a single character
according to the ANSI standard. This represents a "Quiet Change" from the past where the
sequence was not treated as exceptional. If you had no intention of mapping these characters
into a single character you may precedetheinitial ' ?* with abackslash. If you are aware of the
convention and you intend that the Trigraph be converted you should suppress this informa-
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tional message.

Unusual pointer cast (inconpatible indirect types) -- A castisbeing madeto convert
one pointer to another such that neither of the pointersis a generic pointer (neither is pointer to
char, unsi gned char, or voi d) and the indirect types are truly different. The message will not
be given if the indirect types differ merely in signedness (e.g., pointer to unsi gned versus
pointer to i nt) or in qualification (e.g., pointer to const i nt versus pointer toi nt). The mes-
sage will also not be given if one of the indirect typesisauni on.

The main purpose of this message is to report possible problems for machines in which pointer
to char is rendered differently from pointer to word. Consider casting a pointer to pointer to
char to apointer to pointer to word. The indirect bit pattern remains unchanged.

A second reason is to identify those pointer casts in which the indirect type doesn't seem to have
the proper bit pattern such as casting from apointer to i nt to apointer to doubl e.

If you are not interested in running on machines in which char pointers are fundamentally dif-
ferent from other pointers then you may want to suppress this message. Y ou can also suppress
this message by first casting to char pointer or to voi d pointer but thisis only recommended if
the underlying semantics are right.

Unusual pointer cast (function qualification) --A castisbeing made between two
pointers such that their indirect types differ in one of the Microsoft qualifiers: pascal , fortran,
cdecl andinterrupt. Ifthisisnot anerror you may cast to a more neutral pointer first such as
avoid *.

Mil tiple character constant -- A character constant was found that contained multiple
characters, eg., ' ab' . Thisislega C but the numeric value of the constant is implementation
defined. 1t may be saf e to suppress this message because, if more characters are provided than

what can fit in ani nt , message number 25 is given.

Negative character constant -- A character constant was specified whose value is some
negative integer. For example, on machines where a byte is 8 bits, the character constant
"\ xFF' is flagged because its value (according to the ANSI standard) is -1 (its type isint).
Note that its valueis not OxFF.

switch statement has no default --A switch statement has no section labeled defaul t: .
Was this an oversight? It is standard practice in many programming groups to aways have a
defaul t: case. This can lead to better (and earlier) error detection. One way to suppress this
message is by introducing a vacuous def aul t: break; statement. If you think this adds too
much overhead to your program, think again. In all cases tested so far, the introduction of this
statement added absol utely nothing to the overall length of code. If you accompany the vacuous
statement with a suitable comment, your code will at least be more readable.

This message is not given if the control expression is an enumerated type. In this case, all enu-
merated constants are expected to be represented by case statements, else 787 will be issued.

function ' Name' has no explicit type or class, int assunmed -- A function declara-
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tion or definition contained no explicit type. Was this deliberate? If the flagf dr (deduce return
mode, see Section 5.5 Flag Options) is turned on, this message is suppressed.

call to function 'Name' not made in the presence of a prototype --Acaltoa
function is not made in the presence of a prototype. This does not mean that PC-lint/FlexeLint
is unaware of any prototype; it means that a prototypeis not in a position for acompiler to see it.
If you have not adopted a strict prototyping convention you will want to suppress this message
with -e746.

Significant prototype coercion (Context) Type to Type -- The type specifiedin
the prototype differed from the type provided as an argument in some significant way. Usually
the two types are arithmetic of differing sizes or one is f1 oat and the other integral. Thisis
flagged because if the program were to be translated by a compiler that does not support proto-
type conversion, the conversion would not be performed. See also Section 17.6 C Elective
Notes917 and 918.

Synbol ' Synbol' (Location) is a register variable used with setjnp -- The
named variableis aregister variable and is used within afunction that calls uponset j np. When
a subsequent | ongj np is issued the values of register variables may be unpredictable. If this
error isnot suppressed for thisvariable, the variable is marked as uninitialized at this point in the
program.

More information on messages 749-769 can be found in Section 11.8 Weak Definials.

749

750

751

752

753

754

local enumeration constant 'Symbol*® (Location) not referenced -- A member
(name provided as Synbol ) of an enumwas defined in a module but was not otherwise used
within that module. A 'local' member is one that is not defined in a header file. Compare with

messages 754 and 769.

local macro ' Synbol' (Locati on) not referenced -- A'loca' macro isonethat is not
defined in a header file. The macro is not referenced throughout the module in which it is
defined.

local typedef 'Synbol' (Location) not referenced -- A 'loca'typedef symbol is
one that is not defined in any header file. It may have file scope or block scope but it was not
used through its scope.

local declarator 'Synbol ' (Location) not referenced -- A 'local' declarator symbol
is one declared in a declaration appearing in the module file itself as opposed to a header file.
The symbol may have file scope or may have block scope. But it wasn't referenced.

local struct, union or enumtag 'Synbol* (Location) not referenced -- A 'loca’
tag is one not defined in a header file. Sinceits definition appeared, why was it not used? Use
of atag isimplied by the use of any of its members.

local structure nember ' Synbol' (Location) not referenced -- A member (name
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759

760

761

762

763
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provided as Synbol ) of astruct oruni on was defined in a module but was not otherwise used
within that module. A 'local' member is one that is not defined in a header file. See message

768.

gl obal macro ' Synmbol ' (Locati on) not referenced -- A 'global’ macro is one defined
in aheader file. This message is given for macros defined in non-library headers. The macrois
not used in any of the modules comprising the program. This message is suppressed for unit

checkout (-u option). See Section 11.8 Weak Definials.

gl obal typedef 'Synbol' (Location) not referenced -- Thismessageis givenfor a
t ypedef symbol declared in a non-library header file. The symbol is not used in any of the
modules comprising a program. This message is suppressed for unit checkout (-u option).

gl obal declarator 'Synbol' (Location) not referenced -- Thismessageisgivenfor
objects that have been declared in non-library header files and that have not been used in any
module comprising the program being checked. The message is suppressed for unit checkout

(-u).

gl obal struct, union or enum tag ' Synmbol' (Location) not referenced -- This
message is given for st ruct, uni on and enumtags that have been defined in non-library header
files and that have not been used in any module comprising the program. The message is sup-
pressed for unit checkout (-u).

header declaration for synbol ' Synbol' (Locati on) could be noved from header
to modul e -- Thismessageis given for declarations, within non-library header files, that are not
referenced outside the defining module. Hence, it can be moved inside the module and thereby
'lighten the load' on all modules using the header. This message is only given when more than
one module is being linted.

Redundant macro ' Synbol ' defined identically at Locati on -- The given macro
was defined earlier (location given) in the same way and is hence redundant.

Redundant typedef ' Symbol' previously declared at Locati on -- A typedef sym-
bol has been t ypedef ed earlier at the given location. Although the declarations are consistent
you should probably remove the second.

Redundantly declared synmbol 'Symbol' previously declared at Location -- A
declaration for the given symbol was found to be consistent with an earlier declaration in the
same scope. This declaration adds nothing new and it can be removed.

Redundant decl aration for symbol 'Synbol' previously declared at Location --
A tag for astruct, uni on or enumwas defined twice in the same module (consistently). The
second one can be removed.

switch statenent does not have a case -- A switch statement has been found that does not
have a case statement associated with it (it may or may not have a def aul t statement). Thisis
normally a useless construct.
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external ' Symnbol' (Locati on) could be made static -- Anexternal symbol was ref-
erenced in only one module. It was not declared stati ¢ (and its type is not qualified with the
Microsoft keyword __export). Some programmersliketo makestati ¢ every symbol they can,
because thislightens the load on the linker. It also represents good documentation. On the other
hand, you may want the symbol to remain external because debuggers often work only on exter-

nal names. It's possible, using macros, to have the best of both worlds; see Section 11.8.3
static-able.

Include of header file Fil eName not used in nodule String -- The named header
file was directly #i ncl ude'd in the named module but the #i ncl ude can be removed because it
was not used in processing the named module or in any header included by the module. It con-
tained no macro, t ypedef, struct, uni on or enumtag or component, or declaration referenced
by the module. One of the reasons a particular #i ncl ude can be removed is because it had been

included by an earlier header file. Warning 537 can beused to detect such cases. See also Info
messages 964, 966 and Section 11.8.1 Unused Headers.

macro ' Synbol' was defined differently in another nmodule (Location) -- Two
macros processed in two different modules had inconsistent definitions.

gl obal struct nenber ' Synbol' (Location) not referenced -- A member (name
provided as Synbol ) of astruct or uni on appeared in a non-library header file but was not
used in any module comprising the program. This message is suppressed for unit checkout.
Since st ruct 's may bereplicated in storage, finding an unused member can pay handsome stor-
age dividends. However, many structures merely reflect an agreed upon convention for access-
ing storage and for any one program many members are unused. In this case, receiving this
message can be a nuisance. One convenient way to avoid unwanted messages (other than the
usual -e and -esyn) isto aways place such structuresin library header files. Alternatively, you
can placethestruct withina++fib ... --flbsandwich toforceitto be considered library.

gl obal enuneration constant ' Synbol' (Location) not referenced -- A member

(name provided as Synbol ) of an enumappeared in a non-library header file but was not used
in any module comprising the program. This message is suppressed for unit checkout. There
are reasons why a programmer may occasionally want to retain an unused enumand for this rea-

son this message is distinguished from 768 (unused member). See message 768 for ways of
selectively suppressing this message.

tag ' Synmbol ' defined identically at Location -- Thestruct, union, or enumtag

Synbol was defined identically in different locations (usually two different files). Thisis not
an error but it is not necessarily good programming practice either. It is better to place common
definitions of this kind in a header file where they can be shared among several modules. If you
do this, you will not get this message. Note that if the tag is defined differently in different

scopes, you will receive warning 631 rather than this message.

Synbol ' Synbol ' (Location) conceivably not initialized -- The named symbol,
declared at Locat i on, wasinitialized in the main portion of a control loop (whi | e, f or, or do)
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and subsequently used outside the loop. If it is possible for the main body of the loop to not be
fully executed, then the given symbol would remain uninitialized resulting in an error.

PC-lint/FlexeLint does not do agreat job of evaluating expressions and hence may not recognize
that a loop is executed at least once. This is particularly true after initializing an array. Satisfy
yourself that the loop is executed and then suppress the message. Y ou may wish to suppress the
message globally with -e771 or just for specific symbols using -esym Don't forget that a simple

assignment statement may be all that's needed to suppress the message. See Section 9.1 Initial-
ization Tracking.

Synbol ' Synbol' (Locati on) conceivably not initialized -- The address of the
named Synbol was passed to a function expecting to receive a pointer to a const item. This
requires the Synbol to have been initialized. See Warning 603 for an explanation of the dan-

gers of such a construct. See Informational message 771 for an explanation of "conceivably
not initialized."

Expression-1ike macro ' Synbol * not parent hesi zed -- A macro that appeared to be an
expression contained unparenthesized binary operators and therefore may result in unexpected
associations when used with other operators. For example,

#define A B + 1
may be used later in the context:
f(A*2);

with the surprising result that B+2 gets passed to f and not the (B+1) *2 Corrective action isto
define A as:

#define A (B + 1)

Highest precedence binary operators are not reported upon. Thus:
#define A s.x

does not elicit this message because this case does not seem to represent a problem. Also, unpa-
renthesized unary operators (including casts) do not generate this message. |nformation about

such unparenthesized parameters can be found by enabling Elective Note 973. [22 section
20.5]

Bool ean within *'String always evaluates to [True/Fal se] -- Theindicated clause

(Stringisoneofif,while orfor (2nd expression)) has an argument that appears to aways
evaluate to either 'True' or 'Fal se' (asindicated in the message). Information is gleaned from a
variety of sources including prior assignment statements and initializers. Compare this with

message 506, which is based on testing constants or combinations of constants. Also compare
with the Elective Note 944, which can sometimes provide more detailed information. See Sec-
tion 9.2 Value Tracking.
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non-negative quantity cannot be less than zero -- A non-negative quantity is being
compared for being <=0. Thisisalittle suspicious since a non-negative quantity can be equal to
0 but never lessthan 0. The non-negative quantity may be of type unsi gned or may have been
promoted from an unsi gned type or may have been judged not to have a sign by virtue of it hav-
ing been AND'ed with a quantity known not to havea sign bit an enumthat may not be negative,

etc. SeealsoWarning 568.

Possible truncation of addition -- Anint expression (signed or unsigned) involving
addition or subtraction is converted to | ong implicitly or explicitly. Moreover, the precision of
al ong is greater than that of i nt . If an overflow occurred, information would be lost. Either
cast one of the operands to some form of | ong or cast the result to someform of i nt .

See Warning 647 for a further description and an example of thiskind of error. Seealso mes-
sages 790 and 942.

Testing float's for equality -- Thismessageis issued when the operands of operators ==
and ! = are some form of floating type (f | oat, doubl e, Or | ong doubl e). Testing for equality
between two floating point quantities is suspect because of round-off error and the lack of per-
fect representation of fractions. If your numerical agorithm calls for such testing turn the mes-
sage off. The message is suppressed when one of the operands can be represented exactly, such
asOor135.

Const ant expression evaluates to 0 in operation: String --A constant expression
involving addition, subtraction, multiplication, shifting, or negation resulted in a 0. This could
be a purposeful computation but could also have been unintended. If thisisintentional, suppress

the message. |f one of the operands is 0, Elective Note 941 may beissued rather than a 778.

String constant in conparison operator: Operator --A string constant appeared as an
argument to acomparison operator. For example:

if( s =="abc" ) ..
Thisis usualy an error. Did the programmer intend to use st rcnp? It certainly looks suspi-

cious. At the very least, any such comparison is bound to be machine-dependent. If you cast the
string constant, the message is suppressed.

Vacuous array el ement -- A declaration of an array looks suspicious because the array ele-
ment is an array of O dimension. For example:

extern int a[][];
extern int a[10][];

will both emit this message but

extern int a[][10];
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will not. In the latter case, proper array accessing will take place even though the outermost
dimension is missing.

If ext er n were omitted, the construct would be given a more serious error message.

I nconsistent use of tag ' Synmbol' conflicts with Location -- A tag specifiedasa
uni on, st ruct, or enumwas specified as some other type in another module (location given by
Locati on). For example, if tag is specified as uni on in one module and is specified as
st ruct inthe current module you will get this message. See also Warning407.

Line exceeds | nteger characters -- Aninterna limit on the size of the input buffer has
been reached. The message contains the maximum permissible size. This does not necessarily
mean that the input will be processed erroneously. Additional characters will be read on a sub-
sequent read. However the line sequence numbers reported on messages will be incorrect.

Line does not end with newline -- Thismessageisissued when an input lineis not termi-
nated by anew-line or when aNUL character appears within an input line. When input lines are
read, anfget s isused. Astrlen cal ismadeto determine the number of charactersread. If the
new-line character is not seen at the presumed end, this message is issued. If your editor isin
the habit of not appending new-lines onto the end of the last line of the file then suppress this
message. Otherwise, examine the file for NUL characters and eliminate them.

Nul character truncated from string -- During initialization of an array with a string con-
stant there was not enough room to hold the trailing NUL character. For example:

char a[3] = "abc";

would evoke such amessage. This may not be an error sincethe easiest way to do thisinitiaiza
tion isin the manner indicated. It is more convenient than:

char a[3] ={ 'a', 'b'", 'c' };
On the other hand, if it really isan error it may be especially difficult to find.

Too few initializers for aggregate -- The number of initializersin a brace-enclosed ini-
tializer was less than the number of items in the aggregate. Default initialization is taken. An
exception is made with theinitializer {0} . Thisis given a separate message number in the Elec-

tive Note category (943). It is normally considered to be simply a stylized way of initializing
all membersto O.

String concatenation within initializer -- Althoughitis perfectly 'lega' to concatenate
string constants within an initializer, thisis afrequent source of error. Consider:

char *s[] = { "abc" "def" },

Did the programmer intend to have an array of two strings but forget the comma separator? Or
was a single string intended?
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enum constant ' Synbol ' not used within switch -- A switch expressionisan enumer-
ated type and at least one of the enumerated constants was not present as a case label. More-
over, no def aul t case was provided.

enum constant ' Synmbol ' not used within defaulted switch -- A switch expressonis
an enumerated type and at least one of the enumerated constants was not present asacase label.

However, unlike Info 787, a def aul t case was provided. This is a mild form of the case
reported by Info 787. The user may thus elect to inhibit this mild form while retaining Info
787.

Assigning address of auto variable 'Synmbol' to static -- Theaddress of an auto
variable (Synbol ) is being assigned to a static variable. This is dangerous because the
static variable will persist after return from the function in which the aut o is declared but the
aut o will be, in theory, gone. This can prove to be among the hardest bugs to find. If you have
one of these, make certain there is no error and use -esymto suppress the message for a particu-
lar variable.

Suspi cious truncation, integral to float --Thismessageisissued when it appears that
there may have been an unintended loss of information during an operation involving integrals,
the result of which islater converted to a floating point quantity. The operations that are scruti-
nized and reported upon by thismessage are: shift left and multiplication. Addition and subtrac-

tion are covered by Elective Note 942. See also messages 647 and 776.

unusual option sequence -- A temporary message suppression option (one having the form:
le...)followed aregular option. Was this intended?

void cast of void expression -- A void expression has been cast to voi d. Was this
intended?

ANSI linmit of 'String 'Name' exceeded -- Some ANSI limit has been exceeded.
These limits are described in Section 2.2.4.1 of the ANSI C Standard. Programs exceeding
these limits are not considered maximally portable. However, they may work for individual
compilers.

Many large programs exceed the ANSI limit of 511 external identifiers. Thiswill result in mes-
sage 793 "ANSI limit of 511 'external identifiers exceeded". It may not be obvious how to
inhibit this message for identifiers while leaving other limitsin a reportable state. The second
parameter of the message is designated Name and so the -esymmay be used. Because the sym-
bol contains a blank, quotes must be used. The option becomes:

-"esym( 793, external identifiers)"

Concei vabl e use of null pointer 'Synmbol' in [left/right] argument to operator
'String’ Reference -- Frominformation gleaned from earlier statements it is conceiv-
able that anull pointer (a pointer whose value is 0) can be used in a context where null pointers
are inappropriate. In the case of binary operators one of the words 'l eft* or 'ri ght ' is used to
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designate which operand is null. Synbol identifies the pointer variable that may be NULL.

Thisis similar to messages 413 and 613 and differs from them in that the likelihood is not as
great. For example:

int *p = 0;

int i;

for( i =0; i <n; i++)
p=&afi];

*p = 0;

If the body of the f or loop is never taken then p remains null.

Concei vabl e division by 0 -- Inadivison or modulus operation the division is deduced to
be conceivably 0. See Section 9.2 Value Tracking for the meaning of "conceivable".

Concei vabl e access of out-of-bounds pointer ('l nteger' beyond end of data) by
operator ' String --An out-of-bounds pointer may conceivably have been accessed. See
message 415 for a description of the parameters | nt eger and St ri ng. For example:

int a[10];

int j = 100;

for( i 0; i <n; i++)
i n,

a[j] =

oo

Here, the access to a[ j ] is flagged because it is conceivable that the f or loop is not executed
leaving the unacceptable index of 100 in variablej . This message is similar to messages 415
and 661 but differing from them by the degree of probability.

Concei vabl e creation of out-of-bounds pointer ('lnteger' beyond end of data)
by operator 'String' --An out-of-bounds pointer is potentially being created. See mes-
sage 415 for adescription of the parameters| nt eger and St ri ng. See message 796 for an
example of how a probability can be considered 'conceivable’. See also message 416 and/or
Section 9.2 Value Tracking) for a description of the difference between pointer ‘creation’ and
pointer 'access.

Redundant character ' Char' -- Theindicated character char isredundant and can be elim-
inated from the input source. A typical exampleis abackdash on aline by itself.

nuneri cal constant 'l nteger' larger than unsigned | ong -- Anintegral constant was
found to be larger than the largest value allowed for unsi gned | ong quantities. By default, an
unsi gned | ong is 4 bytes but can be respecified viathe option -s1 #. If thel ong | ong typeis

permitted (see option +f 1 | ) this message is automatically suppressed. See also message 417.

Use of goto is deprecated -- A goto wasdetected. Use of the got o is not considered good
programming practice by most authors and its use is normally discouraged. There are a few
cases where the got o can be effectively employed but often these can be rewritten just as effec-
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tively without thegot 0. The use of got o's can have a devastating effect on the structure of large
functions creating a mass of spaghetti-like confusion. For this reason its use has been banned in
many venues.

Concei vably passing a null pointer to function ' Symbol', Context Reference
-- A NULL pointer is conceivably being passed to afunction identified by Synbol . The argu-
ment in question is given by Cont ext . Thefunction is either alibrary function designed not to
receive a NULL pointer or a user function dubbed so via the option -f uncti on. See Section
10.1 Function Mimicry (-function). See Section 9.2 Value Tracking for the meaning of 'con-
ceivable'.

Concei vabl e data overrun for function 'Synbol', argument | nteger exceeds

argument | nt eger Reference -- Thismessageis for datatransfer functions such as rem
cpy, strepy, f gets, etc. when the size indicated by the first cited argument (or arguments) can
conceivably exceed the size of the buffer area cited by the second. The message may also be

issued for user functions via the -function option. See Section 10.1 Function Mimicry
(-function). See Section 9.2 Value Tracking for the meaning of ‘conceivable'.

Concei vabl e access beyond array for function 'Synbol', argunent |nteger

exceeds | nteger Reference -- Thismessageisissued for severa library functions (such
asfwite, mencnp, etc) wherein there is conceivably an attempt to access more data than exist.
For example, if the length of data specified in the fwrite call can exceed the size of the data

specified. The function is specified by Synmbol and the arguments are identified by argument
number. See also Section 10.1 Function Mimicry (-function) and Section 9.2 Value Track-
ing.

Expected L"..." to initialize wide char string -- Aninitializer for a wide character
array or pointer did not use apreceding'L'. For example:

wchar _t a[] = "abc";
was found whereas
wchar _t a[] = L"abc":

was expected.

Smal | bit field is signed rather than unsigned -- A small bit field (lessthan ani nt
wide) was found and the base type is sighed rather than unsigned. Since the most significant bit
isasign bit this practice can produce surprising results. For example,

struct { int b:1; } s;
s.b = 1;
if( s.b >0 ) /* should succeed but actually fails */

Concei vably passing to function ' Symbol*' a negative value (lnteger), Con-
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text Reference -- Anintegra value that may conceivably be negativeis being passed to a
function that is expecting only positive values for a particular argument. The message contains
the name of the function (Synbol ), the questionable value (I nt eger ) and the argument num-
ber (Cont ext ). Thefunction may be a standard library function designed to accept only posi-
tive values such as mal | oc or nencpy (third argument), or may have been identified by the user

as such through the -f uncti on or -semoptions. See message 422 for an example and further
explanation.

No explicit type given synbol ' Symbol ' given, assuned int -- Anexplicittypewas
missing in adeclaration. UnlikeWarning 601, the declaration may have been accompanied by
agtorage class or modifier (qualifier) or both. For example:

extern f(void);
will draw message 808. Had the ext er n not been present, a601 would have been raised.

The keywords unsi gned, si gned, short and | ong are taken to be explicit type specifiers even
though i nt isimplicitly assumed as a base.

Possible return of address of auto through variable * Synbol' -- Thevalueheld by
a pointer variable may have been the address of an aut o variable. It is normally incorrect to
return the address of an item on the stack because the portion of the stack allocated to the return-
ing function is subject to being obliterated after return.

Arithmetic modification of custodial variable 'Synbol* --We definethe custodia
variable as that variable directly receiving the result of amal | oc or newor equivalent cal. Itis
inappropriate to modify such a variable because it must ultimately be free'ed or del et e'ed.
You should first make a copy of the custodial pointer and then modify the copy. The copy is
known as an alias.

Possi bl e deal | ocation of pointer alias --A free or adel ete was applied to a pointer
that did not appear to be the custodial variable of the storage that had been allocated. Please

refer to message 810 for the definition of ‘custodia variable'. Deleting an dias pointer is bad
because it can result in deleting the same areatwice. This can cause strange behavior at unpre-
dictable times. Always try to identify the custodial pointer as opposed to copies (or aliases) of
it. Then deallocate storage through the custodial pointer. Modify only the alias pointers.

static variable 'Synbol' has size 'l nteger' --Theamount of storage for a static
symbol has reached or exceeded a value that was specified in a -si ze option (See Section 5.7
Other Options.).

auto variable ' Synbol ' in function * Synbol ' has size ' | nt eger' -- Theamount
of storage for an auto symbol has reached or exceeded a value that was specified in a -si ze
option (See Section 5.7 Other Options.).

Arithmetic nodification of unsaved pointer -- An alocation expression (nal | oc, cal -
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| oc, new) ishot immediately assigned to a variable but is used as an operand in some expression.
Thiswould make it difficult to free the allocated storage. For example:

p = new X[ n] + 2;

will elicit this message. A preferred sequenceis:

new X[ n];
q+2;

q
p

In thisway the storage may be freed viathe custodia pointer g.
Another example of a statement that will yield this messageis:
p = new (char *) [n];

This is a gruesome blunder on the part of the programmer. It does NOT allocate an array of
pointers as a novice might think. It is parsed as:

p = (new (char *)) [n];

which represents an allocation of a single pointer followed by an index into this ‘array’ of one
pointer.

Non- ANSI format specification -- A non-standard format specifier was found in a for-
mat-processing function such aspri nt f or scanf. Such a specifier could be unique to a partic-
ular compiler or could be a de facto standard but is not ANSI.

Concei vably negative subscript (lnteger) in operator 'String --An integer
whose value was conceivably negative was added to an array or to a pointer to an allocated area
(allocated by mal | oc, operator new etc.) This message is not given for pointers whose origin
is unknown since a negative subscript isin general legal.

The addition could have occurred as part of a subscript operation or as part of a pointer arith-
metic operation. The operator is denoted by Sring. The value of the integer is given by Integer.

Poi nter paranmeter ' Synbol' (Locati on) could be declared ptr to const -- Asan
example:

int f( int *p ) { return *p; }
can be redeclared as:
int f( const int *p ) { return *p; }
Declaring a parameter a pointer to const offers advantages that a mere pointer does not. In par-

ticular, you can pass to such a parameter the address of a const dataitem. In addition it can
offer better documentation.
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821

825

Other situations in which a const can be added to a declaration are covered in messages 952,
953,954 and 1764.

Bool ean test of a parenthesized assignment -- A Boolean test was made on the result of
an assignment and, moreover, the assignment was parenthesized. For example:

if ((a=0b)) ... // Info 820
will draw this informational whereas

if (a=b) ... /1 1nfo 720

(i.e. the unparenthesized case) will, instead, draw Info 720. We, of course, do not count the
outer parentheses, required by the language, that always accompany thei f clause.

The reason for partitioning the messages in this fashion is to allow the programmer to adopt the
convention, advanced by some compilers (in particular gcc), of aways placing a redundant set
of parentheses around any assignment that is to be tested. In this case you can suppress Info 820

(via-e820) while still enabling Info 720.

Ri ght hand side of assignnent not parenthesized -- An assignment operator was found
having one of the following forms:

a=b]|| c
a=bé&&c
a=b?c:d

Moreover, the assignment appeared in a context where a value was being obtained. For exam-
ple:

f(a=b?2c: d);

The reader of such code could easily confuse the assignment for atest for equality. To eliminate
any such doubts we suggest parenthesizing the right hand side asin:

f(a=(b?2c: d);
control flows into case/default wthout -fallthrough coment -- A common pro-
gramming mistake is to forget a break statement between case statements of a switch. For

example:

case 'a': a = 0;
case 'b': a++

Isthefal through deliberate or isthis abug? To signal that thisis intentional usethe-fal I t h-
rough option within alint comment asin:

case 'a': a = 0;
//1int -fallthrough
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827

828

829

830

831

case 'b': a++;

This message is similar to Warning 616 (“control flows into case/default") and is intended to

provide a stricter alternative. Warning 616 is suppressed by any comment appearing at the
point of the fallthrough. Thus, an accidental omission of a break can go undetected by the inser-
tion of a neutral comment. This can be hazardousto well-commented programs.

Suspi ci ous pointer-to-pointer conversion (area too small) -- A pointer was con-
verted into another either implicitly or explicitly. The area pointed to by the destination pointer
is larger than the area that was designated by the source pointer. For example:

long *f( char *p ) { return (long *) p; }

Loop not reachabl e -- A loop structure (f or, whi | e, or do) could not be reached. Was this an
oversight? It may be that the body of the loop has a labeled statement and that the plan of the
programmer is to jump into the middle of the loop through that label. It is for thisreason that we
give an Informational message and not the Warning (527) that we would normally deliver for
an unreachable statement. But please notethat jumping into aloop is aquestionable practice in
any regard.

Semantics of function 'Name' copied to function ' Nane' -- A function with built-in
semantics or user-defined semantics was #def i ne'd to be some other function with a similar
name formed by prepending or appending underscores. For example:

#define strcnp(a,b) __strcnmp__(a,b)

will cause Info 828 to be issued. Asthe message indicates, the semantics will be automatically
transferred to the new function.

A +headerwarn option was previously issued for header 'Symbol' -- Some coding
standards discourage or even prohibit the use of certain header files. PC-lint can guard against
their use if we by activating the lint option +headerwarn(Synbol ). Later, if thefileisused, we
will then issue this message.

Location cited in prior nessage -- Message 830 isavehicleto convey in ‘canonical form'
the location information embedded within some other message. For example, consider the
(somewhat simplified) message:

file x.c line 37: Declaration for 'x' conflicts with |ine 22

This contains the location ("line 22") embedded in the text of the message. Embedded location
information is not normally understood by editors and IDE's (Interactive Devel opment Environ-
ments), which can only position to the nominal location (line 37 in this example). By adding

this additional message with the nominal location of line 22 the user can, by stepping to the next
message, see what the ‘conflict' is al about.

Reference cited in prior nessage -- Message 831 issimilar to message 830 inthatitisa
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832

833

834

vehicle to convey in 'canonical form' location information embedded within some other mes-
sage. In the case of Info 831 theinformation isRef erence information. Thisisa segquence of 1
or more locations that support a particular message. For example, consider the (somewhat sim-

plified) message:
file y.c line 701: Possible divide by O [Reference: file z.c lines 22, 23]

Accompanying this message will be two Info 831 messages, one for each of the references cited
in the message. Without this it would be a relatively tedious matter to |ocate each one of the ref-
erences to determine just why there is a potentia divide by 0. With these additional messages,
editors and IDE's can automatically position the focus of editing to the nominal locations of the

message.

Parameter ' Synmbol ' not explicitly declared, int assumed -- Inan old-stylefunction
definition a parameter was not explicitly declared. To illustrate:

void f( n, m)
int n;

...

This is an example of an old-style function definition with n and mthe parameters. n isexplicitly
declared and mis allowed to default toi nt . An 832 will beissued for m

Synbol ' Synbol* is typed differently (String) in another nodule, conparewith
Location -- Two objects, functions or definials are typed differently in two different modules.
This is a case where the difference is legal but may cause confusion on the part of program
maintenance.

Qperator ‘' Name followed by operator ‘Name is confusing. Useparentheses. --
Some combinations of operators seem to be confusing. For example:

Qv 2 9D
1
o T T T
\\I
=~ 4
gaaeaca

O O o0 o

tend to befuddl e the reader. To reduce confusion we recommend using parentheses to make the
association of these operators explicit. For example:

(b -c) -d;
(b -c) +d;
b/ c) / d;
b/ c) * d;

= (
= (

in place of the above.
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17.6 C Elective Notes

Messages in the 900 level are termed "elective" because they are not normally on. They must be explicitly
turned on with an option of the form +e9... or -w4. Messagesin therange 910-919 involve implicit con-
versions. Messagesin therange 920-930 involve explicit conversions (casts).

900

909

910

911

912

Successful conpletion, 'lnteger' messages produced -- This message exists to pro-
vide some way of ensuring that an output messageis always produced, even if there are no other
messages. This is required for some windowing systems. For this purpose use the option
+900.

Inplicit conversion fromTypeto bool -- A non-bool wastested as aBoolean. For exam-
ple, in the following function:

int f(int n)
{
if( n) return n;
el se return O;

}

the programmer tests 'n' directly rather than using an explicit Boolean expression suchas'n ! =
0'. Some shops prefer the explicit test.

Inplicit conversion (Context) fromO to pointer --A pointer wasassigned (or initial-
ized) with a0. Some programmers prefer other conventions such as NULL or ni | . This message
will help such programmers root out cavalier uses of 0. Thisis relatively easy in C since you
can define NULL asfollows:

#define NULL (void *)O0

However, in C++, avoi d* cannot be assigned to other pointers without a cast. Instead, assum-
ing that NULL is defined to be 0, use the option:

--emacr o( (910), NULL)

Thiswill inhibit message 910 in expressions usingNULL. This method will also work in C.

Both methods assume that you expressly turn on this message with a+e910 or equivalent.

Inplicit expression pronotion from Type to Type -- Noteswhenever a sub-integer
expression such asachar, short, enum or bit-field is promoted toi nt for the purpose of partic-
ipating in some arithmetic operation or function call.

Inplicit binary conversion fromType to Type -- Noteswhenever abinary operation
(other than assignment) requires atype balancing. A smaller range type is promoted to a larger
range type. For example: 3 + 5.5 will trigger such amessage because i nt is converted to dou-
bl e.
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913

914

915

916

917

918

919

920

921

922

923

924

Inplicit adjustment of expected argunent type from Type to Type -- Noteswhen-
ever an old-style function definition contains a sub-integer or f1 oat type. For example:

int f( ch, x ) char ch; float x; { ...

contains two 913 adjustments.

Inplicit adjustment of function return value fromType to Type -- Noteswhen-
ever the function return value is implicitly adjusted. This message is given only for functions
returning arrays.

Inplicit conversion (Context) Type to Type -- Notes whenever an assignment, ini-
tialization or r et ur n implies an arithmetic conversion (Cont ext specifies which).

Inplicit pointer assignment conversion ( Context) -- Noteswhenever an assignment,
initialization or r et ur n implies an implicit pointer conversion (Cont ext specifies which).

Prot ot ype coercion (Context) Type to Type -- Noteswhenever an implicit arithmetic
conversion takes place as the result of aprototype. For example:

doubl e sqgrt(double);
. sqrt(3);

will elicit this message because 3 is quietly converted to doubl e.

Prot ot ype coercion (Context) of pointers -- Notes whenever a pointer is implicitly
converted because of a prototype. Because of prototype conversion, near pointers will other-
wise be silently mapped intof ar pointers. far pointers mapped into near pointers also generate
message 619.

Inplicit conversion (Context) Type to Type -- A lower precision quantity was
assigned to a higher precision variable as when ani nt is assigned to adoubl e.

Cast from Type to void -- A castisbeing made from the given typetovoi d.
Cast from Type to Type -- A castisbeing made from oneintegral type to another.

Cast from  Type to Type -- A castis being madeto or from one of thefloating types (| oat ,
doubl e, | ong doubl e).

Cast from Type to Type -- A castis being made either from a pointer to a non-pointer or
from a non-pointer to a pointer.

Cast from Type to Type -- A castisbeing madefrom astruct or aunion. If thecastis
not to acompatible st r uct or uni on error 69 isissued.
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925

926

927

928

929

930

931

932

933

934

Cast frompointer to pointer --A castisbeing madeto convert one pointer to another such
that one of the pointersis a pointer tovoi d. Such conversions are considered harmless and nor-
mally do not even need a cast.

Cast from pointer to pointer -- A castisbeing madeto convert achar pointer to achar
pointer (one or both of thechar 's may be unsi gned). Thisis considered a'safe' cast.

Cast from pointer to pointer -- A castisbeing made to convert achar (or unsi gned
char ) pointer to anon-char pointer. char pointers are sometimes implemented differently from
other pointers and there could be an information loss in such a conversion.

Cast from pointer to pointer --A castisbeing madefrom anon-char pointer to a char
pointer. Thisisgeneraly considered to be a'safe’ conversion.

Cast from pointer to pointer -- A castisbeing madeto convert one pointer to another that

does not fall into one of the classifications described in925 through 928 above. Thiscould be
nonportable on machines that distinguish between pointer to char and pointer to word. Consider
casting a pointer to pointer to char to a pointer to pointer to word. The indirect bit pattern
remains unchanged.

Cast from Type to Type -- A cast isbeing madeto or from an enumeration type.

Both sides have side effects -- Indicates when both sides of an expression have
side-effects. Anexampleisn++ + f(). Thisisnormally benign. The really troublesome cases

such asn++ + n are caught viaWarning 564.

Passing near pointer to library function ' Synbol* (Cont ext) -- A sourceof error
in Windows programming is to pass a near pointer to a library function (See Chapter 6.
LIBRARIES.). If the library is a DLL library, then in supplying the missing segment, the
library would assume its own data segment, which would probably be wrong. See also mes-
sages 933 and 934.

Passing near pointer to far function (Context) --A source of error in Windows pro-
gramming is to pass anear pointer to a DLL function. Most Microsoft functionsin DLLs are
declared with the f ar modifier. Hence this can be tentatively used as a discriminant to decide

that a pointer is too short. An advantage that this Note has over 932 is that it can catch func-
tions designated only by pointer. Also you may be using libraries that are not DLLs and that

share the same DS segment. In this case, 932 may produce too many superfluous messages.
See also message 934.

taki ng address of near auto variable ' Synmbol® (Context) -- A sourceof errorin
writing DLL librariesis that the stack segment may be different from the data segment. In tak-
ing the address of anear data object only the offset is obtained. In supplying the missing seg-
ment, the compiler would assume the data segment, which could be wrong. See also messages
932 and 933.
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935

936

937

938

939

940

941

942

943

944

int within struct -- This Note helpsto locate non-portable data items within struct's. If
instead of containing i nt's and unsi gned int's, astruct were to contain short'sand | ong's
then the data would be more portable across machines and memory models. Note that bit fields
and uni on's do not get complaints.

ol d-style function definition for function 'Synmbol* -- An"old-style" function def-
inition is one in which the types are not included between parentheses. Only names are provided
between parentheses with the type information following the right parenthesis. Thisistheonly
style allowed by K&R.

ol d-style function declaration for function 'Symbol' -- An "old-style" function
declaration is one without type information for its arguments.

paranmeter ' Symbol' not explicitly declared --Inan"old-style" function definitionitis
possibleto let afunction parameter default toi nt by simply not providing a separate declaration
for it.

return type defaults to int for function ' Synbol ' -- A function was declared with-

out an explicit return type. If no explicit storage class is given, then Informationa 745 isalso
given provided the Deduce Return mode flag (f dr) is off. Thisis meant to catch all cases.

omitted braces within an initializer --Aninitiaizer for a subaggregate does not have
braces. For example:

int a[2][2] ={ 1, 2, 3, 4};

Thisislega C but may violate local programming standards. The worst violations are covered
by Warning 651.

Result 0 due to operand(s) equaling O in operation ' String --Theresult of acon-
stant evaluation is 0 owing to one of the operands of a binary operation being 0. Thisis less

severe than Info 778 wherein neither operand is 0. For example, expression (2&1) yields a
778 whereas expression (2&80) yieldsa941.

Possibly truncated addition promoted to float -- Anintegral expression (signed or
unsigned) involving addition or subtraction is converted to a floating point number. If an over-

flow occurred, information would be lost. See also messages 647, 776 and 790.

Too few initializers for aggregate -- Theinitializer {0} wasused toinitialize an aggre-
gate of more than oneitem. Sincethisis avery common thing to do it is given a separate mes-

sage number, which is normally suppressed. See 785 for more flagrant abuses.
[left/right/] argument for operator 'String' always evaluates to [True/Fal se]

-- The indicated operator (given by St ri ng has an argument that appears to aways evaluate to
either 'Tr ue' or 'Fal se' (as indicated in the message). Thisisgiven for Boolean operators (| | and
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946

947

950

951

&& and for Unary operator !') and information is gleaned from a variety of sources including
prior assignment statements and initializers. Compare this with message 506, which is based
on testing constants or combinations of constants.

Undefined struct used with extern -- Somecompilersrefuseto process declarations of the
form:

extern struct X s;

where struct X is not yet defined. This note can alert aprogrammer porting to such platforms.

Rel ati onal or subtract operator applied to pointers --A relational operator (one of >,
>=, <, <=) or the subtract operator has been applied to a pair of pointers. The reason thisis of
note is that when large model pointers are compared (in one of the four ways above) or sub-
tracted, only the offset portion of the pointersissubject to the arithmetic. Itis presumed that the
segment portion is the same. If this presumption is not accurate then disaster looms. By
enabling this message you can focus in on the potentia troubl e spots.

Subtract operator applied to pointers -- Anexpression of theformp - g wasfound
where both p and q are pointers. Thisis of specia importance in cases where the maximum
pointer can overflow the typethat holds pointer differences. For example, suppose that the max-
imum pointer is 3 Gigabytes-1, and that pointer differences are represented by along, where the
maximum long is 2 Gigabytes -1. Note that both of these quantities fit within a 32 bit word.
Then subtracting a small pointer from a very large pointer will produce an apparent negative
value in the long representing the pointer difference. Conversely, subtracting a very large
pointer from asmall pointer can produce a positive quantity.

The dert reader will note that a potential problem exists whenever the size of the type of a
pointer difference equals the size of a pointer. But the problem doesn't usually manifest itself
since the highest pointer values are usually less than what a pointer could theoretically hold. For
this reason, the message cannot be given automatically based on scalar types and hence has been
made an Elective Note.

Compare this Note with that of 946, which was designed for a dightly different pointer differ-
ence problem.

Non-1 SO’ ANSI reserved word or construct: 'Synbol' -- Synbol iseither areserved
word that is non-ISO/ANSI or a construct (such as the // form of comment in a C module).
This Elective Noteis enabled automatically by the -A option. If these messages are occurring in
acompiler or library header file over which you have no control, you may want to use the option

-el i b(950) . If the reserved word is one you want to completely disable, then use the option
-rw(Wor d) .

Pointer to inconmplete type 'Symnbol' enployed in operation -- A pointer to an
incomplete type (for example, struct X where struct X has not yet been defined in the current
module) was employed in an assignment or in a comparison (for equality) operator. For exam-
ple, suppose amodule consisted only of the following function:
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struct A* f(struct A *p)
{

return p;

}

Sincest ruct A had not been defined, this message will beissued. Such employment is permit-
ted by the standard but is not permitted by all C compilers. If you want to deploy your applica-
tion to the maximum number of platforms you should enable this Elective Note.

Paranmeter ' Synmbol' (Location) could be decl ared const -- A parameter isnot mod-
ified by afunction. For example:

int f( char *p, int n) { return *p =n; }
can be redeclared as:
int f( char * const p, const int n) { return *p =n; }

There are few advantages to declaring an unchanging parameter a const . It signals to the per-
son reading the code that a parameter is unchanging, but, in the estimate of most, reduces legi-
bility. For this reason the message has been given an Elective Note status.

However, there is a style of programming that encourages declaring parameters const . For the
above example, this style would declare f as

int f( char * p, int n);

and would usethe const qualifier only in the definition. Note that the two forms are compatible
according to the standard. The declaration is considered the interface specification whereconst

does not matter. Theconst 'sdo matter in the definition of the function, which is considered the
implementation. Message 952 could be used to support this style.

Marking a parameter as const does not affect the type of argument that can be passed to the
parameter. In particular, it does not mean that only const arguments may be passed. Thisisin
contrast to declaring a parameter as pointer toconst or referenceto const . For these situations,

Informational messages are issued (818 and 1764 respectively) and these do affect the kinds
of arguments that may be passed. See also messages 953 and 954.

Variable 'Synbol® (Location) could be declared as const -- A loca variable
(either static or auto) is initialized but never modified thereafter. Such a variable could be
declared const . One advantage in making such a declaration is that it can furnish a clue to the
program reader that the variable is unchanging. In the case of static data it can mean that the
datais ROM'able. Other situationsin which a const can be added to a declaration are covered

in messages 818, 952, 954 and 1764.

Pointer variable 'Synbol' (Location) could be declared as pointing to a
const -- Thedata pointed to by a pointer is never changed (at least not through that pointer). It
may therefore be better, or at least more descriptive, if the variable were typed pointer to const .
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For example:

{

char *p = "abc";

for( ; *p; p++ ) print(*p);
}

can be redeclared as;

{

const char *p = "abc";
for( ; *p; p++ ) print(*p);
}

It is interesting to contrast this situation with that of pointer parameters. The latter is given

Informational status (818) because it has an effect of enhancing the set of pointers that can be
passed into afunction. Other situationsin which aconst can beadded to a declaration are cov-

ered in messages 952,953 and 1764.

Parameter name missing from prototype for function ' Synbol ' --Inafunctiondec-
laration a parameter name is missing. For example:

void f(int);

will raise this message. Thisis perfectly legal but misses an opportunity to instruct the user of a
library routine on the nature of the parameter. For example:

void f(int count);
would presumably be more meaningful. [27, Rule 34].

This message is not given for function definitions, only function declarations.

Non const, non volatile static or external variable 'Synbol' -- Thischeck has
been advocated by programmers whose applications are multi-threaded. Software that contains
modifiable data of static duration is often non-reentrant. That is, two or more threads cannot run
the code concurrently. By 'static duration' we mean variables declared static or variables
declared external to any function. For example:

int count = O;
void bunp() { count++; }
void get_count() { return count; }

If the purposeisto obtain a count of al thebunp() 's by a given thread then this program clearly
will not do since the global variable count sumsup thebunp() 'sfrom all the threads. Moreover,
if the purpose of the code is to obtain a count of al bunp() 's by all threads, it still may contain a
subtle error (depending on the compiler and the machine). If it is possible to interrupt a thread
between the access of count and the subsequent store, then two threads that are bunp() 'ing at
the same time, may register an increase in the count by just one.
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Please note that not all code isintended to be re-entrant. In fact most programs are not designed
that way and so this Elective Note need not be enabled for the mgjority of programs. If the pro-
gram is intended to be re-entrant, al uses of non-const static variables should be examined care-
fully for non-reentrant properties.

Function ' Synbol * defined without a prototype in scope -- A function was defined
without a prototype in scope. Itisusually good practice to declare prototypesfor al functionsin
header files and have those header files checked against the definitions of the function to assure
that they match.

If you arelinting al the files of your project together such cross checking will be done in the nat-
ural course of things. For this reason this message has been given a relatively low urgency of
Elective Note.

Paddi ng of Integer byte(s) is required to align menber on Integer byte boundary --
This message is given whenever padding is necessary within a struct to achieve arequired mem-
ber alignment. Consider:

struct A { char c; int n; };

Assuming that int must be aligned on a 4-byte boundary and assuming the size of achar to be1l,
then this message will be issued indicating that there will be apadding of 3 bytes.

The alignment requirements vary with the compiler, the machine and, sometimes, compiler
options. When separately compiled programs need to share data at the binary level it helps to
remove any artificialy created padding from any of the structures that may be shared.

struct size (Integer bytes) is not an even nultiple of the maxi mum nmenber align-
ment (Integer bytes) -- The alignment of a structure (or union) is equal to the maximum
alignment of any of its members. When an array of structures is all ocated, the compiler ensures
that each structure is allocated at an address with the proper alignment. This will require pad-
ding if the size of the structureis not an even multiple of its maximum alignment. For example:

struct A{ int n; char ch; } a[10];

Assuming the size and alignment of int is 4 then the size of each struct is 5 but its alignment is 4.
As aresult each struct in the array will be padded with 3 bytes.

Alignment can vary with the compiler and the machine. If binary datais to be shared by sepa-
rately compiled modules, it is safer to make sure that al shared structures and unions are explic-
itly padded.

Vi ol ates M SRA Required Rule Name, String -- MISRA isthe“ Guidelinesfor the use of the
C Languagein Vehicle Based Software”...

Thelist of checks made are as follows:
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961

964

Octal constant used (Rule 19).
Should initiaize either al enum members or only the first (Rule 32).

Side effects on right hand side of logical operator (Rule 33).
Comma operator used outside of * f or’ expression (Rule 42).

Null statement not in line by itself (Rule54).

cont i nue statement should not be used (Rule 57).

br eak used outside of aswi t ch (Rule 58).

Left brace expected forif, else, for, do andwhile (Rule59).
No‘else’ atendof'if ... else if’ chain(Rule60).

Floating point variable used as loop counter (Rule 65).

Function not declared at file scope (Rule 68).

Function has variable number of arguments (Rule 69).

Either al parameters or no parameters should have identifiers (Rule 73).
Only preprocessor statements and comments before * #i ncl ude’ (Rule 87).
Header file name contains non-standard character (Rule 88).

“ #def i ne/ #undef’ used within ablock (Rule 91).

Multipleuse of + #' and/or * ## operators in macro definition (Rule 98).
Non-standard use of * defi ned’ preprocessor operator (Rule 100).
Bitfieldsinside union (Rule 110).

You may disableindividual rulesto your taste by using theRul e number in an esym option. For
example:

-esym( 960, 75, 8?7)

will suppress MISRA rules 75 and any of those between 80 and 89 inclusive that are issued as
the result of amessage 960. See [10] for information on the MISRA guidelines.

Vi ol ates M SRA Advisory Rul e Name, String -- This messageisissued for some violations
of the MISRA advisory guidelines.

Thelist of checks made are as follows:

Constant requires numerical suffix (Rule 18)

‘register’ class discouraged (Rule 28)

“si zeof* used on expressions with side effect (Rule 40)
Redundant explicit casting (Rule 44)

Dependence placed on C's operator precedence (Rule 47)
Non-case label (Rule 55)

Boolean value in switch expression (Rule 63)

Useof * #undef’ isdiscouraged (Rule 92)

Messages can be suppressed based on rule number. See also Message 960.

Header file Fi |l eName not directly used in nodule String -- Thegivenheader file
was not used in the given module, however it, itself, included a header file (possibly indirectly)
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966

970

971

973

that was used. An example of thisis os2. h that is an umbrella header serving only to include
other headers. Compare this message with 766. See also the discussion in Section 11.8.1
Unused Headers.

Indirectly included header file ' Fil eName' not used in nodule 'String' --The

header file given by Fi | eName was unused directly or indirectly in a given module outside of
its group. It was not, however, directly included by the module and so may not easily be
excluded without disturbing the header including it. Since this header may be included in other

places caution is advised. This message is aweaker version of 766. See the discussion in Sec-
tion 11.8.1 Unused Headers. See also message 964.

Use of nodifier or type 'Name' outside of a typedef -- Some standards require the
use of type names (defined in t ypedef 's) in preference to raw names used within the text of the
program. For example they may want you to use | NT32 rather than i nt where | NT32 is defined
as:

typedef int | NT32;
This message is normally issued for the standard intrinsic types: bool , char, wchar _t, int,
float, doubl e, and for modifiers unsi gned, si gned, short and |1 ong. You may enable this

message and then suppress the message for individual types to obtain specia effects. For exam-
ple the following will enable the message for all but bool .

+e970 -esyn{(970, bool)

Use of 'char' without 'signed or 'unsigned --The'char'typewas specified without
an explicit modifier to indicate whether the char wassi gned or unsi gned. Theplain char type

can be regarded by the compiler as identifying a si gned or an unsi gned quantity, whichever is
more efficient to implement. Because of this ambiguity, some standards do not like the use of
char without an explicit modifier to indicate its signedness.

Unary operator in macro 'Synmbol' not parenthesized -- A unary operator appearing in
an expression-like macro was found to be not parenthesized. For example:

#define N -1
The user may prefer to parenthesize such things as:
#define N (-1)

This has been placed in the elective note category because we cannot find an instance when this
really produces a problem. The important case of unparenthesized binary operators is covered

with message 77 3.
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17.7 C++ Syntax Errors

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

Scope ' Nane' nust be a struct or class name --Inanexpression of theformx::v, X
must be aclass name. [11 section 10.4]

"this' nust be used in class nenber function -- Thekeywordt his refersto the class
being passed implicitly to amember function. Itisinvalid outside aclass member function. [11
section 5.1]

‘this' may not be used in a static member function -- A static member function
receivesnot hi s pointer. [11 section 9.4]

Expected a pointer to nenber after .* or ->* --The.* and ->* operators require
pointer to members on the right hand side. [11 section 5.5]

Destructor declaration requires class -- While expecting a declaration a '~' character
was encountered. This was presumed to be the start of a destructor. However no class was
specified. [11 section 12.4]

Language feature 'String' not supported -- Theindicated feature, while not supported
in the current version, will hopefully be supported in future versions of the product.

Pure specifier for function 'Synmbol' requires a virtual function -- An'='was
found after adeclaration. Was this the start of a pure specifier? The declaration was not that of

amember function, which it must be. Also, the member function should be virtual. [11 section
10.3]

Expected '0' to follow'=", text ignored -- Some nonstandard extensionsto C++ allow
integers to follow '=' for declarations of member functions. If you are using such extensions
simply suppress this message. If only library headers are using this extension use -el i b(1008) .
[11 section 10.3]

operator String not redefinable -- Thecited operator, oneof *. *', ', :"or "', may not
be overloaded. [11 section 13.4]

Expected a type or an operator -- Following the keyword operat or the parser expected
either an operator (including new, del ete, (), [], cOmma) or atype. [11 sections 13.4 and
12.3.2]

Conversion Type Nane too |ong -- An upper limit of 50 characters has been reached on a
conversion type name.

Type not needed before 'operator type' -- Thereturntype of afunction introduced with

‘operat or Type'is Type and may not be preceded with the same or any other Type. [11 sec-
tion 12.3.2]
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1013

1014

1015

1016

1017

1018

1019

1022

1023

1024

1025

1026

Synbol ' Name' not a menber of class ' Name' -- The second operand of a scope operator
ora'.'or'->' operator is not amember of the cl ass (st ruct or uni on) expressed or implied by
the left hand operand. [11 section 3.2]

Explicit storage class not needed for menber function 'Synbol' -- An explicit

Synbol storage class such as extern or st ati c was given in a separate definition of a class
member. The storage class is effectively defined by its appearance within the class and may not
be restated at definition time.

Symbol ' Name' not found in class --Inanexpression of theformxX: : Y, Y must be amem-
ber of x or of apublic or protected base class of X. [11 section 10.4]

Synbol ' Synmbol ' is supposed to denote a class --Inabase-specifier anidenti-
fier is supposed to specify a base class. However, the identifier was not previously declared in
this module. [11 section 10]

conflicting access-specifier 'String' --Two different access specifierswere givenin
asmplebase-speci fi er. [11 section 10]

Expected a type after 'new --|nanexpressioninvolvingnew atypeis expected after pos-
sibly processing apl acenment . Nonewas found. [11 section 5.3.3]

Could not find match for function 'Synbol (String)' --In atempting to find a
match between a set of overloaded functions or operators (name given as Synbol ) and an
actual argument list (provided asSt r i ng) no match could be found. [11 section 13.2]

Function: 'String' nust be a class nmenber -- Therearefour operatorsnot to be defined
except as class members. These are:

=0 [ -»
The parameter String indicates which it is. [11 sections 13.4.3 and 13.4.6]
Call *String(String)’ is anbiguous; candidates: ‘String --A caltoanover-

loaded function or operator is ambiguous. The candidates of choice are provided in the mes-
sage. [11 section 13.2]

No function has same argument count as 'Name' -- A call to an overloaded function
could not be resolved successfully because no function is declared with the same number of
arguments asin the call. [11 section 13.2]

No function matches invocation 'Name' on arg no. |nteger --A caltoanover-
loaded function could not be resolved because each declared function has a type incompatibility
with the indicated argument. [11 section 13.2]

Undoni nated function 'String' does not dominate 'String on call to
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1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

“String - A cal to an overloaded function could not be resolved because no one function
dominates al others. This is a subtle issue in the overload resolution process. The selected
function must be strictly better than any non-selected function in at |east one argument. [11 sec-
tion 13.2]

Non- consecutive default arguments in function 'String , assumed 0 -- Default
arguments need to be consecutive. For example

void f(int i=0, int j, int k=0);

isillegal. [11 section 8.2.6]

Last argument not default in first instance of function 'String', assumed 0 --
If any argument of a function is given a default value then all subsequent arguments need to be
given adefault value. [11 section 8.2.6]

Default argument repeated in function 'String --A default valuefor agiven argu-
ment for a given function should only be given once. [11 section 8.2.6]

Not all arguments after arg no. Integer are default in function 'String --
An argument that has a default value must either be followed by another argument that has a
default value, or must be the last argument. [11 section 8.2.6]

Local variable ' Synbol' used in default argunent expression -- Default valuesfor
arguments may not use local variables. [11 section 8.2.6]

Member ' String' cannot be called w thout object -- Therewas an attempt to call a
non-static member function without specifying or implying an object that could serve as the
basisfor thet hi s pointer. If the member nameis known at compile time it will be printed with
the message. [11 section 5.24]

Static menber functions cannot be virtual -- You may not declare astatic member
function vi rtual . [11 section 10.2]

Static member ' Synbol ' is global and cannot be redefined -- Thiscan comeasasur-
prise to the novice C++ programmer. The word 'stati ¢ within a class definition is used to
describe a member that is alone and apart from any one object of a class. But such a member
has program scope not file scope. Theword ‘st at i ¢' outside a class definition impliesfile scope
not program scope. [11 section 9.4]

Non-static member ' Synbol' cannot initialize a default argument -- A default
argument cannot be initialized from a class member unless an instantiation of the class is pro-
vided. [11 section 8.2.6]

ambi guous reference to constructor; candidates: ' String' -- Thereismorethan one
constructor that can be used to make adesired conversion. [11 section 12.3.2]
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1037

1038

1039

1040

1041

1042

1043

1046

1047

1048

1049

1050

ambi guous reference to conversion function; candidates: 'String --Thereis

more than one conversion function (of the formoperat or t ype () ) that will perform a desired
conversion. [11 section 12.3.2]

type ' Name' not found, nested type 'Nanme:: String assumed -- We have found
what appears to be a reference to atype but no such type isin scope. We have, however, been
ableto locate atype buried within another class. |Isthiswhat the user intended? If thisiswhat is
intended, use full scoping. If your compiler doesn't support the scoping, suppress with -esym
[11 section 3.2]

Symbol ' Synmbol ' is not a nenber of class 'String' --Inadeclarationfor the sym-
bol x: : Y, Y was not previously established as amember of X. [11 section 10.4]

Synbol ' Synmbol ' is not a legal declaration within class * String --A declara-
tion of the symbol x: : Y appears within a class definition (other than for class X). It is not a
fri end declaration. Thereforeitisin error.

Can't declare 'String', assumed 'operator String' --Thismessage can be given

with St ri ng equal to newor del ete. Each ‘St ri ng’ in this message has the same value. A
common mistake with beginning C++ programmers is to declare (and/or define) new when they
mean to defineoper at or new. We presume this was what was intended. [11 section 12.5]

At |east one class-like operand is required with Name --Indefining (or declaring)
an operator you must have at least one class as an operand. [11 section 13.4]

Attenpting to 'delete’ a non-pointer -- Anexpression being del et e'd is anon-pointer,
non-array. You may only del et e that created with an invocation of new [11 section 5.3.4]

nmenber ' Synbol ', referenced in a static function, requires an object -- The

Symnbol isanon-static member of a class and hence requires a class instantiation. Noneisin
sight. [10 section 9.4]

a tenplate declaration nust be made at file scope -- A tenpl at e declaration may not
appear within afunction or within a class. [10 section 14.1]

expected a constant expression -- Within atemplate argument list a constant expression
was expected. An expression of theform T<ar g1, ar g2, ...> wasencounteredand arg i for

somei correspondsto anon-cl ass parameter in the original template declaration. Such argu-
ments need to be constants. [10 section 14.5]

Too many tenplate arguments -- Thereare more argumentsin the template class-name than
there were parameters in the original template declaration. [10 section 14.5]

expected a tenmplate argunment list '<...> for tenplate ' Synmbol' -- Thenameof a

class template identified by Synbol was used without specifying atemplate argument list. [10
section 14.5]
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1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

Symbol ' Name' is both a function and a variabl e -- Whereasit is possible to overload
afunction nameby giving it two different parameter lists, it isnot possible to overload anamein
any other way. In particular a function name may not also be used as avariable name. [11 sec-
tion 9.2]

a type was expected, 'class' assumed -- A template parameter list consists of 2 kinds of
parameters: class i dentifier andt ype. The parameter did not begin withcl ass and was
not at ype. [10 section 14.5]

"String cannot be distinguished from'String --An overloaded function name
had two parameter lists that were so close that discrimination between them would be difficult
and error prone. EQ. void f(const int); andvoid f(int); [11 section 13]

tenplate variable declaration expects a type, int assumed -- An expression of the

form T<ar g, ar g, ...> was encountered. One of the arguments corresponding to a type param-
eter in the original template declaration is not atype. [10 section 14.5]

Symbol ' Synmbol ' undecl ared, assumed to return int -- Whereasin C you may call a
function without a prior declaration, in C++ you must supply such a declaration. For C pro-

grams you would have received an Informational message (718) in this event. [11 section
5.2.2]

assignment from void * is not allowed in C++ -- Whereasin C you may assign from
voi d* to any other (data) pointer without a diagnostic, in C++ you may not do this. It will
requireacast. [11 section 4.6]

menber ' Synbol ' cannot be used without an object -- Theindicated member refer-
enced via scope operator cannot be used in the absence of t hi s pointer. [11 section 5.2.4]

Initializing a non-const reference ' Synmbol' with a non-lvalue -- A referenceis
normally initialized with an Ivalue. If you attempt to initialize a reference with a non-lvalue, a
temporary is created to serve asasurrogate lvalue. However, modifications made to the tempo-
rary will belost. Thiswas legal at one time and is now illegal. Make the reference aconst if
you can. You may be initializing a reference without realizing it. A member function has an

implicit parameter, which is taken to be areference to its object. If thisis the situation make the
member const . Thatis, usevoid f(..) const; ratherthanvoid f(...);

Can't convert from Type to Type -- Anattempt was madeto initialize areference with an
object having a type other than the target type but no function could be found to effect the
required conversion. [11 section 12.3]

String nmenber ' Synmbol is not accessible to non-nenber non-friend functions --
There is an attempt to accessa pri vat e Or pr ot ect ed member of aclass and the accessis con-
sidered aviolation of the access rules (although everything else proceeds as though no violation
occurred). Specificaly, the function attempting to make access must be a friend or member of
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1061

1062

1063

1064

1065

1066

1067

1068

1069

the nominal class through which the accessis made. Seealso 1061. [11 section 11]

String nmenber ' Synmbol' is not accessible through non-public inheritance --
Thereis an attempt to access apri vat e, prot ect ed Or publ i c member (the text of the message
indicates which kind as well as which member) of aclass through a class derived from the orig-

inal. Thereis an access violation (see 1060 for the more common access violation) critically
dependent on the fact that the inheritance relationship is non-public. [11 section 11.2]

tenplate must be either a class or a function-- Followingtenplate <arglist >
the parser expects to find either the token cl ass or afunction declaration or definition. [10 sec-
tion 14.5]

Argunent to copy constructor for class ' Synmbol' should be a reference -- A con-
structor for aclass closely resembles a copy constructor. A copy constructor for class X is typi-
caly declared as:

X( const X &

If you leave off the '&' then a copy constructor would be needed just to copy the argument into
the copy constructor. Thisisarunaway recursion. [11 section 12.1]

Tenpl ate paraneter list for tenplate ' Synmbol' inconsistent with Location --
The t enpl at e parameter list for at enpl at e function declaration or definition is inconsistent
with that of a prior declaration or definition. [10 section 14.5]

Symbol ' Symbol ' not declared as "C' conflicts with Locati on -- A symbol previ-
oudy declared asextern " C' in some other module is ot declared asext ern “C' in this mod-
ule. This could be the source of very mysterious linker diagnostics since a name declared as
extern "C' isnot subject to the name mangling procedures that strictly C++ functionsare. [11
section 7.4]

Symbol ' Synmbol ' declared as "C' conflicts with Locati on -- A symbol is being
declared as extern "C' and was not so declared in some other module. This could be the
source of very mysterious linker diagnostics since a name declared asext ern " C' isnot subject
to the name mangling procedures that strictly C++ functions are. [11 section 7.4]

invalid prototype for function ' Symbol * -- Whenever operator del et e Of oper at or
del ete [] isdefined itsfirst parameter must be declared as voi d *. For member functions an
optional second parameter may besi ze_t. [10 section 12.5].

Synbol ' Symbol' can not be overl oaded -- operator del ete OF operator delete []
can be redefined but not overloaded. There can only be one operat or del et e and one oper a-
tor delete [] but neither of these can be overloaded. [10 section 12.5].

Symbol ' Name' is not a base class of class 'Nanme' --Withina constructor initializa-
tion list aname was found that did not correspond to either a direct base class of the class being
defined or amember of the class.
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1070

1071

1072

1073

1074

1075

1077

1078

1079

No scope in which to find synbol * Nane' -- Thiscould arisein an expression of the form
X: . Y where X does not represent avalid scope.

Constructors and destructors can not have return type -- Constructors and destruc-
tors may not be declared with areturn type, not evenvoi d. See ARM Section 12.1 and 12.4.

Reference variabl e ' Synbol ' nust be initialized -- A reference variable must have an
initializer at the point of declaration.

Insufficient nunber of tenplate paraneters; ' String assunmed -- A (class) template
instantiation did not have a sufficient number of parameters. St r i ng indicates what the miss-
ing argument is presumed to be.

Expected a namespace identifier --Inadeclaration of the form:

namespace hame = scoped-i dentifier

the scoped-identifier must identify a namespace.

Anbi guous reference to symbol ' Synmbol' and synbol ' Synbol ' -- Two namespaces
contain the same name. A reference to such a name could not be disambiguated. You must

fully qualify this namein order to indicate the name intended.

Coul d not evaluate default tenplate parameter 'String -- Theevauation of tem-
plate parameters is deferred until needed. Thus:

tenplate< class T = abc > class A{ /* ... *| };

will be greeted with an Error 1077 only if an instantiation of A requires evaluation of the default
argument and if that evaluation cannot be made. In that event i nt isassumed for type parame-
tersand 0 is assumed for object parameters.

class ' Synbol' should not have itself as a base class -- Thefollowing situation
will trigger this message.

class A: public A{ };

You can't define A in terms of itself asthereis no escape from the recursive plummet.

Could not find '> or ',' to termnate tenplate parameter at Location -- The
default value for atemplate parameter appears to be malformed. For example, suppose the user
mistakenly substituted a1 ' for a'>' producing the following:

tenplate <class T = A<int ] >
class X

{
}s
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1080

Thiswill cause PC-lint/FlexeLint to processto the end of the file looking (in vain) for the termi-
nating pointy bracket. Not finding it will cause this message to be printed. Fortunately, the
message will bear the Location of the malformed template.

Definition for class ‘Name is not in scope -- This message would be issued when-
ever aclass definition were required and it were not available. For example:

d ass X; /] declare class X
X *p; /1 OK, no definition required
X a; /! Error 1080

17.8 C++Warning Messages

1401

1402

1403

1404

1411

menber synbol ' Symbol' (Location) not initialized by constructor -- Theindi-
cated member symbol was not initialized by a constructor. Was this an oversight?

menber ' Synbol ' (Location) not initialized -- Theindicated member symbol was
not initialized before use. Either thisisin a constructor where it is presumed that no members
are pre-initialized or this is after a statement removing its initialization such asadel ete or a
free.

menber ' Synbol ' (Location) not initialized -- Theindicated member symbol was

not initialized before a point where its address is being passed to a constant pointer. This looks
suspicious. Either thisisin a constructor where it is presumed that no members are pre-initial-

ized or thisis after a statement removing itsinitialization such asadel ete or afree.

deleting an object of type ' Synbol' before type is defined -- Thefollowing situ-
ation was detected:

class X; .. X *p; .. delete p;

That is, a placeholder declaration for a classis given and an object of that type is deleted before
any definition is seen. Thismay or may not be followed by the actual class definition:

class X { ... };

A del et e before the class is defined is dangerous because, among other things, any oper at or
del et e that may be defined within the class could beignored.

Menber with different signature hides virtual menber 'Synbol' (Location) --
A member function has the same name as avirtual member of aderived class but it has a differ-
ent signature (different parameter list). Thisislegal but suspicious, because it looks as though
the function would override the virtual function but doesn't. Y ou should either adjust the param-
eters of the member so that the signatures conform or choose a different name. See also mes-
sage 1511.
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1412

1413

1501

1502

1503

1504

1505

1506

Ref erence nenmber ' Synbol' is not initialized -- A class member typed reference to
class (or struct or union) is mentioned in a constructor initializer list. But the class (or struct or
union) referenced has no constructor and so is never initialized.

function ' Synbol' is returning a tenporary via a reference -- It appearsthat a
function (identified as Synbol inthe message) declared to return areference isreturning atem-
porary. According to the C++ standard (Section 12.2), in addressing the issue of binding tempo-
rary values to references, says "A temporary bound to the returned value in a function return
statement ... persists until the function exits". Thus the information being returned is not guaran-
teed to last longer than the function being called.

It would probably be better to return by value rather than reference. Alternatively, you may
return a static variable by reference. Thiswill have validity at least until the next call upon the
same function.

data menber ' Synbol ' has zero size -- A datamember had zero size. It could be an array

of zero length or a class with no data members. Thisis considered an error in C (Error 43) but
in C++ we give thiswarning. Check your code to make sure thisis not an error. Some libraries

employ clever templating, which will elicit this message. In such acaseit is necessary for you
to inhibit the message outright (using -e1501) or through ajudicious use of -esyn( 1501, .. .).

defined object ' Synbol ' has no data menbers -- A variable (Synbol ) is being instan-
tiated that belongs to a class that contains no data members (either directly or indirectly through
inheritance). [11 section 9]

a tagged union is not anonynous -- A tagged union without a declarator appeared within a
struct/union declaration. An anonymous union requires no tag. [11 section 9.5]

usel ess struct declaration -- An untagged struct declaration appeared within a struct/
union and has no declarator. It is not treated like an anonymous union. Was this intended?

no access specifier provided, 'String assumed -- A baseclassspecifier provides no
access specifier (publi c, privat e or prot ect ed). An explicit access specifier is always recom-
mended since the default behavior is often not what is expected. For example:

class A: B{ int a; };
would make B a private base class by default.

class A: private B { int a; };

is preferred if that's what you want. [11 section 11.1]

Call to virtual function 'Synbol' within a constructor or destructor -- A calto
avirtual function was found in a constructor or a destructor of aclass. If thisclassisabase class
of some other class (why else make avirtual call?), then the function called is not the overriding
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1507

1509

1510

1511

1512

1513

1514

1515

1516

1520

function of the derived class but rather the function associated with the base class. If you use an
explicit scope operator this message will not be produced. [20 section 9]

attenpting to 'delete’ an array -- The type of an object to be del et e'd is usualy a
pointer. Thisis because operator new always returns a pointer and del et e may only delete that
alocated vianew Perhapsthisisaprogrammer error attempting to delete an aut o array? [19]

base class destructor for class 'Nane' is not virtual --Theindicated classisa

base class for some derived class. It has a non-virtual destructor. Was this a mistake? Itis con-
ventional to virtualize destructors of base classes so that it is safetodel et e a base class pointer.
[19]

base class 'Name' has no destructor -- Theindicated class is a base class for some
derived class that has adestructor. The base class does not have a destructor. |sthis a mistake?
The difficulty that you may encounter is this; if you represent (and manipulate) a heterogeneous
collection of possibly derived objects viaa pointer to the base class then you will need avirtual
base class destructor to invoke the derived class destructor. [13 section 4]

Menber hides non-virtual nember ' Synmbol' (Locati on) -- The named member of a
derived class hides a similarly named member of abase class. Moreover, the base class member
is not virtual. Isthis a mistake? Was the base member supposed to have been declared vi r -

tual ? By unnecessarily using the same name, confusion could be created.

destructor for base class ' Synmbol' (Location) is not virtual --Inafina pass
through al the classes, we have found a class (named in the message) that is the base class of a
derivation and has a destructor but the destructor is not virtual. It is conventional for inherited
classes to have virtual destructors so that it issafeto 'del et e' apointer to abase class. [19]

storage class ignored -- A storage class (one of auto, extern, or register) was found
within a class definition. The only storage classes that are significant when declaring members
arestatic andtypedef. [11 section 9.2]

Creating tenporary to copy ' Type' to 'Type' (context: Context) --A temporary
was created in order to initiaize (or pass avalue to or return avalueto) areference. Thisissus-
pect because any modification to the value will be a modification of this temporary. This mes-
sageis hot issued when initializing aconst reference. [11 section 12.2]

Defaul t constructor not available for menber ' Symbol* -- A member of aclasswas
found that had a type for which a constructor was defined but for which a default constructor
(one with no arguments) was not defined.

Data menber hides inherited menber ' Synbol* (Location) -- A data member of a
class happens to have the same name as a member of abase class. Was this deliberate? |denti-
cal names can cause confusion. To inhibit this message for a particular symbol or for an identi-
fiable set of symbols use-esyn() .

Ml tiple assignnent operators for class ' Synmbol ' -- Morethan one assignment oper-
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1521

1522

1524

1526

1527

1528

1529

ator has been declared for agiven class. For example, for classx there may have been declared:

voi d operator=(X);
voi d operator=(X) const;

Which isto be used for assignment?

Mil tiple copy constructors for class 'Synbol' -- For agiven class, more than one
function was declared that could serve as a copy constructor. Typically this means that you
declared both X( x& ) and X( const X& ) for the same class. Thisis probably a mistake.

Synbol ' Synbol' is an array of enpty objects -- Anarray (Synbol ) is being allo-
cated. Each member of the array appears to be empty. Although thisis legal, it could be the
result of human error. If thisis deliberate policy, inhibit the message, either globally, or for this

Synbol .

new in constructor for class ' Name' which has no explicit destructor -- A call to
new has been found in a constructor for a class for which no explicit destructor has been
declared. A destructor was expected because how else can the storage be freed? [10 section
12.5]

Menber function ' Synmbol ' (Location) not defined -- A member function (named in
the message) of anon-library class was not defined. This message is suppressed for unit check-
out (-u option).

static menber ' Synmbol*' (Location) not defined -- A static data member (named in
the message) of a non-library class was not defined. In addition to its declaration within the
class, it must be defined in some module.

call to String does not match function tenplate String -- Thefirst Stri ng of
the message designates an actual function call that appeared to be the invocation of the template

function identified by the second St ri ng. No match could be made between the arguments of
the call and the template parameters.

Symbol ' Symbol ' not first checking for assignment to this -- Theassgnment oper-
ator does not appear to be checking for assignment of the value of a variable to itself (assign-
ment to t hi s). Specifically PC-lint/FlexeLint islooking for one of:

if( &rg == this )
if( &rg !'=this )
if( this == &arg )
if( this I'= &arg )

as the first statement of the function.
It isimportant to check for a self assignment so as to know whether the old value should be sub-

ject to a delete operation. This is often overlooked by a class designer since it is counter-intui-
tive to assign to oneself. But through the magic of aiasing (pointers, references, function
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1531

1532

1533

1534

1535

1536

arguments) it is possible for an unsuspecting programmer to stumble into a disguised
self-assignment [12, Item 17].

If you are currently using the following test
if( arg == *this)

we recommend you replace this with the moreefficient:
if( &rg == this || arg == *this)

Synbol ' Synbol' (Location) should have conpared argunent against
si zeof (class) -- Thiswarning is given for either operat or newor oper at or del et e when
defined as member functions of a class that is the base class of a derivation. In this case you
can't be certain of the size of allocation and therefore your allocation functions should test the

size parameter for equality to the si zeof theclass. See Elective Note 1921 for more details.

Synbol ' Synbol ' not checking argunent for NULL -- This message isgiven for afunc-
tion oper at or del et e which isamember function of aclass that does not have a destructor. It
should check for NULL because del ete p wherep hasthe NULL valuewill be passed into it.

Seealso 1922.

Repeat ed friend declaration for symbol ' Symbol' --Afriend declaration for a partic-
ular symbol (class or function) was repeated in the same class. Usually thisis a harmless redun-
dancy.

static variable ' Synmbol' found within inline function in header --A static vari-
able (Synbol ) was found within an inline function within a header file. This can be asource of
error since the static variable will not retain the same value across multiple modules. Rather
each module will retain its own version of the variable. If multiple modules need to use the
function then have the function refer to an external variable rather than a static variable. Con-
versely if only one module needs to use the function then place the definition of the function
within the module that requiresit. [23, Item 26].

Exposi ng | ow access data through nmenber ' Synmbol * -- A member functionisreturning
an address being held by the indicated member symbol (presumably a pointer). The member's
access (such as privat e or prot ect ed) is lower than the access of the function returning the
address.

Exposing | ow access nember ' Symbol' -- A member function is returning the non-const
address of amember either directly or via areference. Moreover, the member's access (such as
private oOr protected) is lower than the access of the function returning the address. For
example:

class X

{

private:
int a;
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public:
int *f() { return &a; }
b

This looks like a breach of the access system [12, Item 30]. You may lower the access rights of
the function, raise the accessibility of the member or make the return value a const pointer or
reference. In the above example you could change the function to:

const int *f() { return &; }

const function returns pointer data nenber ' Synbol ' -- A const function isbehav-
ing suspiciously. It isreturning a pointer data member (or equivalently a pointer to data that is
pointed to by a data member). For example,

class X

{
int *p;
int *f() const { return p; }

}s

Sincef issupposedly const and sincep is presumptively pointing to datathat islogically part of
class x we certainly have the potential for a security breach. Either return a pointer to const or
removethe const modifier to the function. [12, [tem 29].

Note, if aconst function returns the address of a data member then a605 (capability increase)
isissued.

base class ' Name' absent frominitializer list for copy constructor -- Theindi-
cated base class did not appear in the initializer list for a copy constructor. Was this an over-
sight? If theinitializer list does not contain an initializer for a base class, the default constructor
is used for the base class. Thisis not normally appropriate for a copy constructor. The follow-
ing is moretypical:

class B{ ... };
class D: public B

{
D( const D&rg ) : B( arg) { ... }

}s

menber ' Symbol ' (Locati on) not assigned by assignnent operator -- Theindicated
Symnbol was not assigned by an assignment operator. Was this an oversight? It is not grictly
necessary to initialize all membersin an assignment operator because thet hi s' classis presum-
ably already initialized. But it is easy to overlook the assignment of individual members. Itis
also easy to overlook your responsibility to assign base class members. Thisis not done for you
automatically. [12, Item 16]

The message is not given for const members or reference members. If you have a member that
is deliberately not initialized you may suppress the message for that member only using -esym
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1541

1542

1543

1544

poi nter member ' Synbol ' (Location) neither freed nor zero' ed by destructor
-- The indicated member is a hon-static pointer member of a class that was apparently not freed
by the class destructor. Wasthis an oversight? By freeing, we mean either acall to the free()
function or use of the del et e operator. If the pointer is only intended to point to static informa
tion during its lifetime then, of course, it never should be freed. In that case you should signal
closure by assigning it the NULL pointer (0).

menber ' Symbol* (Locati on) possibly not initialized by constructor -- The
indicated member symbol may not have been initialized by a constructor. Was this an over-
sight? Some of the paths that the constructor takes do initialize the member. See Section 9.1
Initialization Tracking.

menber ' Symbol* (Location) possibly not initialized -- Theindicated member
symbol may not have been initialized before use. Either thisisin a constructor where it is pre-
sumed that no members are pre-initialized or this is after a statement removing its initialization
such asadel et e or afree. See Section 9.1 Initialization Tracking.

menber ' Symbol* (Location) possibly not initialized -- Theindicated member
symbol may not have been initialized before a point where its address is being passed to a con-
stant pointer. Thislooks suspicious. Either thisisin aconstructor where it is presumed that no
members are pre-initialized or this is after a statement removing its initialization such as a
del ete Or afree.

value of variable 'Synbol' (Location) indeterminate (order of initializa-
tion) -- A variable (identified by Synbol ) was used in the run-time initialization of a static
variable. However this variable itself was initialized at run-time. Since the order of initializa-
tion cannot be predicted thisis the source of possible error.

Whereas addresses are completely known at initialization time values may not be. Whether the
value or merely the address of avariable is used in the initialization of a second variable is not
an easy thing to determine when an argument is passed by reference or via pointer. For exam-
ple,

class X

{
X( const X &);

}s

extern X x1;
X x2 = x1;
X x1 = x2;

It istheoretically possible, but unlikdy, that the constructor X() isinterested only in the address
of its argument and not its current value. If so, it only means you will be getting a spurious

report, which you can suppress based on variable name. However, if the const is missing when
passing areference parameter (or a pointer parameter) then we cannot easily assume that values
are being used. In this case no report will be issued. The moral is that if you want to get the
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1546

1547

1548

1549

1550

1551

checking implied by this message you should make your constructor reference arguments
const.

value of variable ' Synbol' used previously to initialize variable ' Synbol"

(Location) -- A variableidentified by Synmbol was used previoudy to initialize some other
variable. Thisvariableisnow itself being initialized with run-time code. The order of these ini-

tializations cannot be predicted. See also message 1544.

throw() called within destructor ' Symbol* -- The body of a destructor (signature pro-
vided within the message) contains at hr ow not within atry block. Thisis dangerous because
destructors are themselves triggered by exceptions in sometimes unpredictable ways. The result
can be aperpetual loop. [23, Item 11]

Assignment of array to pointer to base class (Context) -- Anassignment from an
array of aderived classto apointer to abase class was detected. For example:

class B { };

class D: public B {};

D a[ 10];

B *p = a; /'l \\rning 1547
B *q &a[0]; /] XK

In this example p is being assigned the address of the first element of an array. Thisis fraught
with danger since access to any element other than the zeroeth must be considered an error (we
presume that B and D actually have or have the potential to have different sizes). [23, Item 3].

We do not warn about the assignment to q because it appears that the programmer realizes the
situation and wishes to confine g to the base object of the zeroeth element of a only. Asafurther
precaution against inappropriate array access, out of bounds warnings are issued for subsequent
referencestop[ 1] and q[ 1] .

Exception specification for 'Synmbol' conflicts with Locati on -- Theexception
specification of afunction begins with the keyword t hr ow and follows the prototype. Two dec-
larations were found for the same function with inconsistent exception specifications.

Exception thrown for function ' Symbol' not declared to throw -- Anexception was
thrown (i.e., at hr owwas detected) within afunction and not within a t ry block; moreover the
function was not declared tot hr ow anything. The preferred remedy isto declare the function as
potentialy throwing an exception. [23, [tem 11]

function ' Synbol ' may throw an exception in function ' Synbol ' -- A function was
called (first Symbol ) which was declared to throw an exception. The call was not made from
withinatry block and the function making the call was not declared to t hr ow anything. Either
declare the calling function as potentialy throwing an exception, or placethecall insdea try
block and cat ch thet hr ow

function ' Synbol' may throw an exception in destructor ' Symbol' --Acdltoa
function (name given by the first Synmbol ) was made from within a destructor. The function
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was declared as potentialy throwing an exception. Such exceptions need to be caught within a
t ry block because destructors should never throw exceptions. [23, Item 11].

Converting pointer to array-of-derived to pointer to base -- Thiswarning issimilar

to Warning 1547 and is sometimes given in conjunction with it. It uses value tracking to deter-
mine that an array (that could be dynamically allocated) is being assigned to a base class pointer.

For example,

Derived *d = new Derived[10];
Base *b;

b = d; /1 Warning 1552
b =e&d[0]; // XK

[23, Item 3] Also, seethe article by Mark Nelson (Bug++ of the Month, Windows devel oper's
Journal, May 1997, pp. 43-44).

struct ' Synbol' declared as extern "C' contains C++ substructure ' Symbol"

(Location) -- A C++ substructure was found in a structure or class declared as extern "C".
Was this intended?

Direct pointer copy of member ' Symbol * within copy constructor: ' Symnbol* --1In
acopy constructor apointer was merely copied rather than recreated with new storage. This can
create a situation where two objects have the same data and this, in turn, causes problems when
these objects are deleted or modified. For example, the following class will draw this warning:

class X
{
char *p;
X( const X & x )
{ p=x0p; }
}

Here, member p is expected to be recreated using new or some variant.

Direct pointer copy of nenber ' Symbol ' within copy assignment operator: 'Sym
bol * -- In acopy assignment operator a pointer was merely copied rather than recreated with
new storage. This can create a situation where two objects have the same data and this, in turn,
causes problems when these objects are deleted or modified. For example, the following class
will draw this warning:

class X
{
char *p;
X& operator=( const X & x )
{ p=x0p; }
}

294



1556

1557

1559

1560

1561

Here, member p is expected to be recreated using new or some variant.

‘new Type(integer)' is suspicious -- A newexpression had the form new T(l nt eger)
where type T has no constructor. For example:

new i nt (10);

will draw this warning. The expression allocates an area of storage large enough to hold one
integer. It then initializesthat integer to the value 10. Could this have been abotched attempt to
alocate an array of 10 integers? Even if it was a deliberate attempt to alocate and initialize a
singleinteger, a casual inspection of the code could easily lead areader adray.

The warning is only given when the type T has no constructor. If T has a constructor then either
a syntactic error will result because no constructor matches the argument or a match will be
found. In the latter case no warning will or should beissued.

const nember ' Synbol' is not initialized -- A class member typed const class (or
struct or union) is mentioned in a constructor initializer list. But the class (or struct or union)

referenced has no constructor and hence the member is not initialized. See also messagel 769.

Uncaught exception 'Name nmy be thrown in destructor 'Symbol' -- The named
exception occurred within atry block and was either not caught by any handler or was caught
but then thrown from the handler. Destructors should normally not throw exceptions [23, |tem
11].

Uncaught exception ' Name not on throwlist of function 'Synbol* -- Adirector
indirect throw of the named exception occurred within atry block and was either not caught by

any handler or was rethrown by the handler. Uncaught exceptions should normally be declared
in the function's exception specification.

Reference initialization causes |oss of const/volatile integrity (Context) -- A
reference initialization is resulting in a capability gain that can cause a loss of const or volatile

integrity.
Typically the messageis given on initializing a non-const reference with aconst. For example:

void f( int & );
const int n = 0;

% ( ﬁ) ;
Here, function f() could assign avalueto its argument and thereby modify n, which isdeclared to
be const.

The message can also be issued when a pointer isinitialized. Consider the following example.

void h( const int *&q );

295



int *p;
h(p) ;
It might seem that passing aregular (i.e., non-const) pointer to a const int * could cause no harm.

That would be correct if it were not for the reference. |f function h() were to assign a pointer to
const to its parameter g then upon return from the call, p could be used to modify const data.

There are many subtle cases that can boggle the mind. See the commentary to Message 605.

17.9 C++ Informational M essages

1701

1702

1703

1704

1705

redundant access-specifier 'String -- The given access specifier (one of 'public',
'privat e' or 'prot ect ed’) has been repeated. [11 section 11.1]

operator ' Name' is both an ordinary function 'String and a menber function
“String --Inattempting to resolve the definition of an operator it was found that the same
operator was declared as both a member function and a non-member function. Was this
intended? Symmetric binary operators (such as'+', -', '==', '>', etc.) are usually defined external
to a class definition so that they can support non-objects on the left hand side. [11 section
13.4.2]

Function 'String' arbitrarily selected. Refer to Error 'lnteger' --This

informational message is given with error numbers 1023, 1024, 1025 and 1026. Theseare
issued when an error is encountered during the overload resolution process, and is issued merely
to indicate which function was arbitrarily selected. [11 section 13.2]

Constructor ' Symbol ' has private access specification -- A private constructor is
legal and has its uses but can also result in messages that are difficult to interpret. If you use
privat e constructors as a programming technique then you may suppress this message with a
-e1704. But it's probably better to suppress this on a constructor by constructor basis using
-esym

static class member mmy be accessed by the scoping operator -- A datic class mem-
ber was accessed using a class object and -> or . notation. For example:

s. menber
or
p- >menber
But an instance of the object is not necessary. It could just as easily have been referenced as:

X: : menmber

where X isthe class name. [10 section 9.4]
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1707

1708

1709

1711

1712

1713

1714

Decl aration with scope operator is unusual within a class -- Class memberswithin
aclass are not normally declared with the scope operator. For example:

class X { int X:n; ..

will elicit this message. If the (redundant) class specification (X: : ) were replaced by some dif-

ferent class specification and the declaration was not f ri end an error (1040) would be issued.
[11 section 9.2]

static assumed for String --operator new() and operator delete(), when declared
as member functions, should be declared asst ati c. They do not operate on an object instantia-
tion (impliedt hi s pointer). [11 section 12.5]

typedef ' Synbol not declared as "C' conflicts with Locati on -- A typedef sym-
bol previously declared asextern " C' was not so declared at the current location. Thisis not
considered as serious a situation as is indicated by message 1065, which is given for external
function and variable names. If thisisyour programming style you may suppress this message.

typedef ' Synbol ' declared as “C' conflicts with Locati on -- A typedef symbol
was previously not declared asext ern " C' but is so declared at the current location. Thisis not

considered as serious a situation as is indicated by message 1066, which is given for externa
function and variable names. If thisisyour programming style you may suppress this message.

class ' Symbol* (Location) has a virtual function but is not inherited --The
given class has avirtua function but is not the base class of any derivation. Was this a mistake?
There is no advantage to making member functions virtual unless their classis the base of a der-
ivation tree. In fact, there is a disadvantage because there is a time and space penalty for virtual

functions. This message isnot given for library classes and is suppressed for unit checkout. [13
section 4]

default constructor not defined for class ' Name' -- A classwas defined with oneor
more constructors but none of these could be used as a (0 argument) default constructor. Isthis
an omission? The default constructor is used in declarations and for new when no explicit initial-
ization is given. It isalso used when the classisabaseclassand nomem-initi ali zer is
given. Itisused for arraysas well. A default constructor should therefore be omitted only for
goad reason. If you have such a good reason for class X you can employ option -esym(1712, X) .
[19]

Redundant parentheses ignored -- A vacuousinitializer withinanew-initiali zer for
an object for which a constructor was not defined is a " syntactic convenience and has no specia
meaning". For example, new doubl e isthe same asnew doubl e(). [11 section 5.3.3]

Menber function ' Symbol* (Locati on) not referenced -- A member function was not

referenced. This message is automatically suppressed for unit checkout (-u) and for members of
al i brary class.
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1716

1717

1718

1719

1720

1721

static menber ' Synbol' (Location) not referenced -- A static data member of a
class was not referenced. This message is automatically suppressed for unit checkout (-u) and

for membersof al i brary class.

Virtual nmember function ' Symnbol* (Location) not referenced -- A virtual member
function was apparently not referenced. Not only was the function itself not referenced but the
function or functionsthat it overrides were not referenced either. The messageisnot given if the
member function itself or any member function that it overrides is a library member function.
This is because the original virtual function may be called implicitly by the library.

This message is suppressed for unit checkout (-u).

enpty prototype for function declaration, assuned '(void)' --Anempty prototype,
asin:

void f();

has a different meaning in C than in C++. In C it says nothing about the arguments of the func-
tion; in C++, it says there are no arguments. This message is not given for member function

declarations or for function definitions. Rather, weaker Elective Notes (1917 and 1918) are
given. Thisis because the chance of ambiguity does not exist in these cases. [11 section 8.2.5]

expression within brackets ignored -- Inthe expression:

delete [ expression] p
the expression isignored. The expression is a vestige of an earlier time when this information
provided a count of the number of items in the array being released. Note that empty square

brackets are considered necessary for deleting an array. Thisisacomplaint directed toward the
expression within the brackets not the brackets themselves. [11 section 5.3.4]

assi gnnent operator for class ' Synbol' has non-reference paraneter -- Thetypi-
cal assignment operator for aclassis of theform:

X& operator =(const X &)

If the argument is not a reference then your program is subject to implicit function calls and less
efficient operation. [11 section 13.4.3]

assignnent operator for class 'Synmbol' has non-const paraneter -- The typical
assignment operator for aclassis of the form:

X& operator =(const X &)

If the argument is not const then your program will not be diagnosed as completely as it might
otherwise be. [11 section 13.4.3]

operator =() for class 'Synbol' is not assignment operator -- The assignment
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1725

1726

1727

1728

operator for a class has the form:
X& operator =(const X &)

A member function whose name is oper at or =, but does not have that form, is not an assign-
ment operator. This could be a source of subtle confusion for aprogram reader. If thisisnot an
error you may selectively suppress this message for the given class. [11 section 13.4.3]

assi gnnent operator for class ' Synmbol ' does not return a reference to class --
Thetypical assignment operator for a class X is of the form:

X& operator =(const X &);
Thereason for returning a reference to class is to support multiple assignment as in:
a=b-=c

[11 section 13.4.3]

Argunent to copy constructor for class 'Synbol' should be a const reference --
A copy constructor for class X is typically declared as:

X( const X &);

If you leave off the 'const ' then some diagnostics will not be possible. [19]

class menber ' Symbol' is a reference -- There are anumber of subtle difficulties with
reference data members. |If a class containing a reference is assigned, the default assignment
operator will presumably copy the raw underlying pointer. This violates the principle that aref-
erence's underlying pointer, once established, is never modified. Some compilers protect
against this eventuality by refusing to create a default assignment operator for classes containing
references. Similar remarks can be made about copy constructors. |f you are careful about how
you design your copy constructors and assignment operators, then references within classes can
be auseful programming technique. They should not, however, be employed casually. [21 sec-
tion 2.1.3]

taki ng address of overloaded function name ' Synmbol ' -- A referenceisbeing madeto
an overloaded function without an immediately following '(". Thus thereis no argument list to
distinguish the function intended. Resolution of the overloaded name can only be made by ana-
lyzing the destination. |sthiswhat the programmer intended? [11 section 13.3]

inline 'Synmbol' not previously defined inline at (Location) -- A function
declared or defined inline was not previously declared inline. Was this intended? If thisisyour
standard practice then suppress this message. [11 section 9.3.2]

Synbol ' Synbol' was previously defined inline at (Location) --A function was
previoudy declared or defined inline. Thei nl i ne modifier is absent from the current declara-
tion or definition. Was this intended? If thisis your standard practice then suppress this mes-
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sage. [11 section 9.3.2]

Initializer inversion detected for menber ' Symbol ' --Inaconstructor initializer the
order of evaluation is determined by the member order not the order in which the initializers are
given. At least one of the initializers was given out of order. Was there a reason for this? Did
the programmer think that by changing the order that he/she would affect the order of evalua-
tion? Place theinitializersin the order of their occurrence within the class so that there can be
no mistaken assumptions. [12, Item 13]

cl ass/struct inconsistency for symbol ' Symbol ' (conflicts with Location) --
An object is declared both with the keyword cl ass and with the keyword st r uct . Though this
islegd it is suspect. [11 section 7.1.6]

new in constructor for class 'Nane' which has no assignment operator --Withina
constructor for the cited class, there appeared a new. However, no assignment operator was
declared for this class. Presumably some class member (or members) points to dynamically
allocated memory. Such memory is not treated properly by the default assignment operator.
Normally a custom assignment operator would be needed. Thus, if x and y are both of type

Synbol
X =Yy,

will result in pointer duplication. A later del et e would create chaos. [12, |tem 11]

new in constructor for class 'Name' which has no copy constructor --Withina
constructor for the cited class, there appeared a new However, no copy constructor was
declared for this class. Presumably, because of the new, some class member (or members)
points to dynamically alocated memory. Such memory is not treated properly by the default
copy constructor. Normally acustom copy constructor would be needed. [12, Item 11]

Had difficulty conpiling tenplate function: 'Symbol' -- Attemplate wrap-up time
where there is an attempt to ‘'compile’ each template function according to arguments provided,
the cited function could not be processed fully. The difficulty may be the result of syntax errors
cited earlier and if these errors are repaired then this message should go away.

Virtual function 'Symbol' has default parameter -- A virtual function was detected
with adefault parameter. For example:

class B

{
virtual void f( int n =5);
}

The difficulty is that every virtual function f overriding this virtual function must contain a
default parameter and its default parameter must be identical to that shown above. If thisisnot
done, no warnings are issued but behavior may have surprising effects. This is because when
f() is caled through a base class pointer (or reference) the function is determined from the
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actual type (the dynamic type) and the default argument is determined from the nominal type
(the static type). [12, Item 38].

Redundant access specifier (String) -- An access specifier (one ofpublic, private, or
prot ected asshownin St ri ng) isredundant. That is, the explicitly given access specifier did
not have to be given because an earlier access specifier of the sametypeiscurrently active. This
message is NOT given for an access specifier that is the first item to appear in a class definition.
Thus

class abc { private:

does not draw thismessage. The reason this message isissued is because it is very easy to make
the following mistake.

class A
{
public: [/ decl are private nmenbers:
public: /1 decl are public nenbers:

In general there are no compiler warnings that would result from such an unintentional botch.

Synbol ' Synbol ' hides gl obal operator new -- Theindicated Synbol isaclass member
operator new It is not compatible with the globa operat or new and, moreover, no other
oper at or new within the class is argument list compatible with the global oper at or new For
this reason the user of these classes will get a surprise if he/she calls for new X where X is the
class name. It will be greeted with an error. The solution isto define a single argument oper a-
tor newasaclass member. [12, Item 9].

non-copy constructor ' Symbol' used to initialize copy constructor --Inanini-
tializer list for a copy constructor, a base class constructor was invoked. However, this base
class constructor was not itself a copy constructor. We expect that copy constructors will invoke
copy constructors. Was this an oversight or was there some good reason for choosing a different

kind of constructor? If thiswas deliberate, suppress this message. See also message 1538.

Bi nary operator ' Synbol' should be non-nenber function -- Theindicated function
was declared as amember function. There were anumber of indicatorsto suggest that it should
have been a non-member function. The class, x of which it was amember has a constructor that
could be used to convert numeric values to X. The parameter to the operator was X or its equiva-
lent. For this reason the operator would behave unsymmetrically. A numeric value on theright
hand side would be promoted but not avalue on theleft hand side. For example, X op 27 would
work but 27 op X would not. [12, [tem 19].

poi nter nmenber ' Synbol* (Location) not directly freed or zero' ed by destruc-
tor -- A destructor did not free or zero a pointer member. However, it did call out to another
(non-const) member function which may have done the required work. This Informationa mes-

sage isa companion to Warning 1540, which coversthe situation where no member function is
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1742

1743

1744

1745

1746

called from within the destructor.

menber ' Synbol * (Locati on) conceivably not initialized by constructor --The
indicated member symbol may not have been initialized by a constructor. Was this an over-
sight? There appears to be a path through aloop that does initialize the member and the warning
is issued because it is not clear that the loop is aways executed at least once. See Section 9.1
Initialization Tracking.

menber ' Synbol ' (Locati on) conceivably not initialized -- Theindicated member
symbol conceivably may not have been initialized by a constructor. Was this an oversight?
Some of the execution paths that the constructor takes, do initialize the member. See Section
9.1 Initialization Tracking.

nmenber ' Synbol ' (Locati on) conceivably not initialized -- Theindicated member
symbol conceivably may not have been initialized before use. Either this is in a constructor
whereit is presumed that no members are pre-initialized or thisis after a statement removing its
initialization such asadel et e or afree. See Section 9.1 Initialization Tracking.

menber ' Synbol ' (Locati on) possibly not initialized by private constructor
-- The designated member was possibly not initiaized by a private constructor. Thismessageis
similar to messages 1401, 1541 and 1741, which are given for ordinary (non private) con-
structors. It is given a special error number because a private constructor may be one that, by
design, is never called and variables may be deliberately left uninitialized. In that case this mes-
sage should be suppressed.

nmenber ' Synmbol' (Location) not assigned by private assignnent operator -- The
indicated Synbol was not assigned by a pri vat e assignment operator. Thisis very much like
Warning 1539 except that the assignment operator in question is private. A privat e assign-

ment operator may simply be a device to thwart unintended use of the assignment operator. In
this case you may not care about unassigned members. If thisis so, suppress this message.

The messageis not given for const members or reference members. [12, Item 16]

parameter ' Synmbol ' of function ' Synmbol' could be made const reference -- The
indicated parameter is a candidate to be declared as aconst reference. For example:

void f( X x)
{

/1 x not nodified.

}

Then the function definition can be replaced with:

void f( const X & )
{

/1 x not nodified.

}
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The result is more efficient since less information needs to be placed onto the stack and a con-
structor need not be called.

The messageis only given with class-like arguments (including struct's and union's) and only if
the parameter is not subsequently modified or potentially modified by the function. The param-
eter ispotentially modified if it is passed to a function whose corresponding parameter is arefer-
ence (not const ) or if its address is passed to a non-const pointer. [12, Item 22].

bi nary operator 'Symbol' returning a reference -- An operator-like function was
found to be returning areference. For example:

X &operator+ ( X & X &);

Thisis amost always a bad idea. [12, Item 23]. You normally can't return a reference unless
you allocate the object, but then who is going to delete it. The usual way thisis declared is:

X operator+ ( X & X &);

non-virtual base class 'Name' included twice in class ‘Name' -- Through indirect
means, a given class wasincluded at least twice as a base class for another class. At least one of
these is not virtual. Although legal, this may be an oversight. Such base classes are usually
marked virtual resulting in one rather than two separate instances of the base class. Thisisdone
for two reasons. First, it saves memory; second, references to members of such a base class will
not be ambiguous.

base class ' Synmbol ' of class ' Synbol ' need not be virtual -- Thedesignated base
classis adirect base class of the second class and the derivation was specified as 'virtua'. But
the base class was not doubly included (using this link) within any class in the entire project.
Since avirtual link is less efficient than anormal link this may well be an unenlightened use of
‘virtual'. [23, Item 24]. The messageisinhibited if unit checkout (-u) is selected.

local tenplate ' Synbol' (Location) not referenced -- A 'loca' template is one that
is not defined in a header file. Thetemplate was not used in the modulein which it was defined.

catch paraneter Integer is not a reference -- Thismessageisissued for every cat ch
parameter that is not a reference and is not numeric. The problem with pointers is a problem of
ownership and delete responsibilities; the problem with anon-ref object isthe problem of slicing
away derivedness [23, Item 13].

Over | oading special operator 'Synbol ' -- This message isissued whenever an attempt
is made to declare one of these operators as having some user-defined meaning:

operator ||
operator &&
operator ,

The difficulty is that the working semantics of the overloaded operator is bound to be suffi-
ciently different from the built-in operators, as to result in possible confusion on the part of the
programmer. With the built-in versions of these operators, evauation is strictly left-to-right.
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1755

1757
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With the overloaded versions, this is not guaranteed. More critically, with the built-in versions
of && and | | , evaluation of the 2nd argument is conditiona upon the result of the first. Thiswill
never be true of the overloaded version. [23, Item 7].

Expect ed synmbol 'Synmbol' to be declared for class '‘Synmbol ' -- Thefirst Synbol
is of theform: oper at or op=whereop isabinary operator. A binary operator op was declared
for type X where X is identified by the second Symbol . For example, the appearance of:

X operator+( const X & const X &);

somewhere in the program would suggest that a+= version appear as amember function of class
X. This is not only to fulfill reasonable expectations on the part of the programmer but also
because oper at or += is likely to be more efficient than oper at or + and because oper at or + can
be written in terms of oper at or +=. [23, I[tem 22]

The message is also given for member binary operators. In all cases the message is not given
unless the return value matches the first argument (thisis the implicit argument in the case of a
member function).

gl obal tenplate 'Synbol' (Location) not referenced -- A 'globa' template is one
defined in a header file. This messageis given for templates defined in non-library header files.
The template is not used in any of the modules comprising the program. The message is sup-
pressed for unit checkout (-u).

Di scarded instance of post decrenent/increnment -- A postfix increment or postfix dec-
rement operator was used in a context in which the result of the operation was discarded. For
example:

a++;

In such contexts it is just as correct to use prefix decrement/increment. For example this could
be replaced with:

X a;
++a;

The prefix form is (or should be) more efficient than the postfix form because, in the case of

user-defined types, it should return areference rather than avalue (see1758 and 1759). This
presumes that the side effects of the postfix form are equivaent to those of the prefix form. If
this is not the case then either make them equivalent (the preferred choice) or turn this message
off. [23, Item 6].

Prefix increment/decrenment operator 'Synbol' returns a non-reference --TO COn-
form with most programming expectations, a prefix increment/decrement operator should return
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1760

1761

1762

1763

areference. Returning areference is both more flexible and more efficient [23, 1tem 6].
The expected form is as shown below:

class X

{

X & operator++(); /'l prefix operator
X operator++( int ); // postfix operator

}s

Postfix increment/decrenment operator 'Synmbol' returns a reference. -- Tocon-
form with most programming expectations, a postfix increment/decrement operator should

return avalue as opposed to areference. [23, Item 6]. See examplein message 1758.

Redundant tenplate ' Synbol ' defined identically at Location -- A template was
defined identically in the same module. Was this a mistake?

Decl aration of function ' Symbol' hides overloaded function ' Synmbol ' (Loca-

tion) -- A function declaration hides an overloaded function. This does not contribute to the
overloaded-ness of the function but completely hides all the overloaded functions in some prior

scope. If thisisyour intent suppress this message.

Mermber function ' Synbol' could be made const -- Theindicated (non-static) member
function did not modify member data and did not call non-const functions. Moreover, it does
not make any deep modification to the class member. A modification is considered deep if it
modifies information indirectly through a class member pointer. Therefore it could and proba-

bly should be declared as a const member function. See also Info 1763 and Elective Note
1962.

Mermber function ' Synmbol ' marked as const indirectly nodifies class -- Thedesig-
nated symbol isamember function declared asconst . Though technically valid, the const may
be misleading because the member function modifies (or exposes) information indirectly refer-
enced by the object. For example:

class X

{
char *pc;
char & get(int i) const { return pc[i]; }

}s

resultsin Info 1763 for function x: : get . Thisis because the function exposes information indi-
rectly held by thecl ass X.

Experts [24] recommend that a pair of functions be made available in this situation:

class X

{

char *pc;
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1770

const char & get(int i) const { return pc[i]; }
char & get(int i) { return pc[i]; }
b

In thisway, if the object is const then only the const function will be called, which will return

the protected reference. Related messages are also 1762 and 1962. See also [12, Item 29]
for afurther description.

Reference parameter could be declared const reference -- Asan example:
int f( int &k ) { return k; }

can be redeclared as:
int f( const int &k ) { return k; }

Declaring a parameter areferenceto const offers advantages that a mere reference does not. In
particular, you can pass constants, temporaries and const types into such a parameter where
otherwise you may not. In additionit can offer better documentation.

Other situations in which a const can be added to a declaration are covered in messages 818,
952,953 and 954.

Virtual function 'Symbol' has an access (String) different from the access

(String) in the base class (String) -- Anoverriding virtual function has an access
(public, protected or private) in the derived class different from the access of the overridden vir-
tual function in the base class. Was this an oversight? Since calls to the overriding virtual func-
tion are usually made through the base class, making the access different is unusual (though

legal).

Mermber or base class ' Synbol' has no constructor -- Aninitiadizer of the form Sym

bol () isignored. Synbol is either a class member with a class, struct, or union type or is a
base class. In either case the class (or struct or union) has no constructor and hence what

appears to be aninitialization is not. See also message1557.

function ' Synbol ' defined without function 'String --A typica Info 1770 mes-
sageis:

function 'operator new(unsigned)' defined without function
' operator delete'

There are three others:
oper ator del et e without an operator new,
operator new ] without an operat or delete[], and
operator del ete[] without anoperator new].

In general it is not a good ideato create one of these functions without the other in the pairing.
[23, Item 27]
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1772

1773

1774

You can suppress any of these without suppressing them al. Simply do a-esyn( 1770, nane)
where nane is thefirst function named in the message.

function ' Synbol ' replaces global function -- This message is given for oper at or
new and operator del ete (and for their [] cousins) when a definition for one of these func-
tionsis found. Redefining the built-in version of these functions is not considered sound pro-
gramming practice. [23, [tem 27]

Assi gnment operator 'Synbol' is not returning *this -- The assignment operator
should return *t hi s. Thisisto alow for multiple assgnments asin:

a=>b =c;

It is aso better to return the object that has just been modified rather than the argument. [12,
Item 15]

Attenpt to cast away const (or volatile) -- An attempt was made to cast away const .
This can break the integrity of the const system. This message will be suppressed if you use
const _cast. Thus

char *f( const char * p)

{
if( test() )
return (char *) p; /1 Info 1773
el se
return const_cast<char *>(p); Il K

}

See[12, Item 21].

Coul d use dynami c_cast to downcast ptr to pol ynorphic type 'Synbol' -- A down-
cast was detected of a pointer to a polymorphic type (i.e., one with virtual functions). A
dynamic_cast could be used to cast this pointer safely. For example:

class B { virtual ~B(); };
class D: public B {};

i:).’.*f( B *p )
{

return dynam c_cast <D*>(p);

}

In the above example, if p is not a pointer to a D then the dynamic cast will result in a NULL
pointer value. In thisway, the validity of the conversion can be directly tested.

B needs to be a polymorphic type in order to use dynamic_cast. If B is not polymorphic, mes-
sage 1939 isissued.
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catch bl ock does not catch any declared exception -- A catch handler does not seem to
catch any exceptions. For example:

try { £(): }

catch( B& ) {}

catch( D& ) {} /1 Info 1775
catch( ... ) {}

catch( char * ) {} // Info 1775

If f () isdeclared to throw type D, and if B is a public base class of D, then the first catch handler
will process that exception and the second handler will never be used. The fourth handler will
also not be used since the third handler will catch all exceptions not caught by the first two.

If £ () isnot declared to throw an exception then Info 1775 will be issued for all four catch han-
dlers.

Converting a string literal to char * is not const safe (Context) --A stringlit-
eral, according to Standard C++ is typed an array of const char. This message is issued when
such alitera is assigned to a non-const pointer. For example:

char *p = "string";

will trigger this message. This pointer could then be used to modify the string literal and that
could produce some very strange behavior.

Such an assignment is legal but "deprecated" by the C++ Standard. The reason for not ruling it
illegal isthat numerous existing functions have their arguments typed as char * and this would
break working code.

Note that this message is only given for string literals. If an expression is typed as pointer to
const char in some way other than via string literal, then an assignment of that pointer to a
non-const pointer will receive a more severe warning.

17.10 C++ Elective Notes

1901

1902

Creating a tenporary of type 'Synbol' -- PC-lint/FlexelLint judges that a temporary
needs to be created. This occurs, typically, when a conversion is required to a user object (i.e.
class object). Where temporaries are created, can be an issue of some concern to programmers
seeking a better understanding of how their programs are likely to behave. But compilers differ
in this regard.

useless ';' follows '}' in function definition --Itispossibleto follow afunction
body with a useless semi-colon. Thisis not necessarily ‘lint' to be removed but may be a pre-
ferred style of programming (as semi-colons are placed at the end of other declarations).
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1904

1905

1907

1908

1909

1911

1912

1914

1916

ad-style C coment -- For the rea bridge-burner one can hunt down and remove all
instances of the/* ... */ form of comment. [12, Item 4]

inmplicit default constructor generated for class 'Name' -- A default constructor
was not defined for aclass but abase class or amember has a non-trivial default constructor and
so anon-trivia default constructor is generated for this class.

inmplicit destructor generated for class 'Name' -- The named class does not itself
have an explicit destructor but either had a base class that has a destructor or has a member class
that has a destructor (or both). In this case adestructor will be generated by the compiler. [11
section 12.4]

"virtual' assumed for destructor'~Nanme()' (inherited from base class ' Nane()
-- The destructor cited was inherited from abase classwith a virtual destructor. Thisword Vi r -
tual ' was omitted from the declaration. It is common practice to omit this keyword when
implied. A warning isissued (1512) when a base class's destructor is not virtual. See also
1909.

‘virtual' assuned, see: function 'Synbol' (Location) -- The named function
overrides a base class virtual function and so isvirtual. Itis common practice to omit the vi r -
tual keyword in these cases although some feel that this leads to sloppy programming. This
message allows programmers to detect and make explicit which functions are actualy virtual.

Inplicit call of constructor 'Synmbol' (see text) -- The Synbol inthemessageis
the name of a constructor called to make an implicit conversion. This message can be helpful in
tracking down hidden sources of inefficiencies. [11 section 12.1]

Implicit call of conversion function fromclass ' Nane' to type ' Type' -- A con-

version function (one of the form Symnbol : : operator Type ()) was implicitly called. This
message can be helpful in tracking down hidden sources of inefficiencies.

Default constructor ' Symbol* (Locati on) not referenced -- A default constructor
was not referenced. When a member function of a class is not referenced, you will normally

receive an Informational message (1714) to that effect. When the member function is the
default constructor, however, we give this Elective Note instead.

The rationale for this different treatment lay in the fact that many authors recommend defining a

default constructor as a general principle. Indeed we give an Informational message (1712)
when a default constructor is not defined for a class. Therefore, if you are following a modus

operandi of not always defining a default constructor you may want to turn off message 1712
and turn on message 1914 instead.

El lipsis encountered -- Anellipsis was encountered while processing the prototype of some
function declaration. An ellipsisisaway of breaking the typing system of C or C++.
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1917

1918

1919

1920

1921

1922

enpty prototype for definition, assumed ' (void)'-- Whereas we give an Informational
Message (1717) when a (non-member) decl ar at i on contains no prototype, we give a
much milder Elective Notewhen adef i ni ti on doesthe same. For example:

int f(); /1 Info 1717
int f() { return 1; } /'l Elective Note 1917

Thereason for thisis that the declaration form has a different meaning in C and C++. InC itis
an incomplete declaration saying nothing about arguments. In C++ the declaration says there
are no arguments. The definition, however, means the same in both languages. See aso mes-

sage 1918. [11 section 8.2.5]

enpty prototype for member declaration, assumed (void) -- A function declaration
within aclass contains an empty prototype. Thiscaseissimilar to Infol717, which complains
about an empty prototype out si de aclass. It receives alighter classification (Elective Note)

because an empty prototype within a class cannot be ambiguous because C does not allow func-
tions within classes. [11 section 8.2.5]

Ml tiple assignment operators for class ' Symbol' --Foragiven class morethan one
function was declared whose name was ‘oper at or =". Thisis not necessarily a bad thing. For
example, a st ri ng class may very well have an assignment from char * and such an assign-
ment may be advisable from an efficiency standpoint. However, it represents a loss of elegance

because there will almost certainly be a char * constructor and an assignment operator, which
will represent another way of achieving the same effect.

Casting to a reference -- The ARM[11] (Section 5.4) states that reference casts are often
'misguided’. However, too many programs are openly using reference casts to place such casts
in the Informational category. [11 section 5.4]

Synbol ' Synbol ' not checking argunent against sizeof(class) -- Thisnoteisgiven
for either oper at or newor oper at or del et e when defined as member functions. As member
functions they are called when new (or del et e) is applied to a class type or any derived class
type. The difficulty iswith the derived classtype. Any speciaized allocator is likely to be use-
less for a derived class type and hence experts suggest that a test be made of the si ze_t argu-
ment against si zeof (cl ass) . Specifically PC-lint/FlexeLint is looking for one of:

if( arg == sizeof(class) )
if( arg !'= sizeof(class) )
if( sizeof(class) == arg)
if( sizeof(class) != arg)

or the equivalent. If any such function is found that is a member of aclass that is the base of a

derivation, then in addition to Note 1921, we issue Warning 1531. (see Steve Simpson, "More
on Memory Management”, Dr. Dobb's Journal, August 1994, p. 10).

Synbol ' Synbol ' not checking argunment for NULL -- This message isgiven for afunc-
tion operator del ete which is not checking its parameter for being the NULL pointer. We
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1925

1926

1927

1928

1929

would normally expect to see some such check as:

if( arg )
if( arg == 0)
if( arg !'= NULL )

etc. Class destructors will normally filter out passing the NULL pointer into the oper at or
del et e S0 that this message is only in the Elective Note category. If thereis no destructor you
obtain awarning. See Warning 1532.

macro ' Synbol' could become const variable -- The designated macro could probably
be replaced by a const variable. A const variable is preferred in some quarters where, for
example, a local debugger may not understand macros but would understand variables. [12,
Item 1].

The message is issued for macros containing at least one constant or constant equivalent (an ear-
lier const - able macro or const variable) and no other variables or tokens such as ;' of a
non-expression nature.

C-style cast -- A C-stylecast was detected. This can be replaced by one of the newer C++

casts having the form: Name<Type>(Expr essi on) where Nane is one of static_cast,
dynani c_cast, const _cast Of rei nterpret_cast.[23, I[tem 2].

Synbol ' Symbol' is a public data menber -- Theindicated Synbol isa public data
member of aclass. If the classisintroduced with the keyword st r uct the message isnot issued.
In some quarters the use of public data membersis deprecated. Therationaleisthat if function
calls replace data references in the public interface, the implementation can change without
affecting the interface. [12, Item 20]

Synbol ' Synmbol 's default constructor inplicitly called -- A member of aclass

(identified by Synbol ) did not appear in the constructor initialization list. Since it had a default
constructor this constructor was implicitly called. |s thiswhat the user intended? Some authori-
ties suggest that all members should appear in the constructor initialization list. [12, [tem 12].

Synbol ' Synmbol* was not initialized in the constructor initializer list --A
member of aclass (identified by Synbol ) did not appear in a constructor initiaization list. If
the item remains uninitialized through the whole of the constructor, a Warning 1401 isissued.

Some authorities suggest that all members should appear in the constructor initialization list.
[12, Item 12].

Symbol ' Nanme' did not appear in the constructor initializer |ist --A baseclass

(identified by Synbol ) did not appear in a constructor initialization list. If a consgtructor does
not appear, then the default constructor is called. This may or may not be valid behavior. If a
base class is missing from a copy constructor's initializer list, then a more severe Warning

(1538) isissued. [12, Item 12].

function ' Symbol' returning a reference -- A non-member function was found to be
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1931

1932

1933

returning a reference. Thisis not normally considered good practi ce because responsibility for
deleting the object is not easily assigned. [12, [tem 23].

Conversion operator 'Symbol' found -- A conversion operator is a member function of
the form:

operator Type ();

Thiswill be caled implicitly by the compiler whenever an object (of the classtype) is to be con-
verted to type Type. Some programmers consider such implicit calls to be potentially harmful
leading to programming situationsthat are difficult to diagnose. See for example [23, Item 5].

Constructor ' Synmbol' can be used for inplicit conversions -- A constructor was
found that could be used for implicit conversions. For example:

class X

{
public:
X(int);

}s

Here, any i nt (or type convertible to i nt) could be automatically converted to X. This can
sometimes cause confusing behavior [23, Item 5]. If thisis not what was intended, use the key-
word 'explicit'asin:

explicit X(int);

Thiswill also serve to suppress this message.

Base class 'Synbol' is not abstract. -- Anabstract classis a class with at least one
pure virtual specifier. At least one author has argued [23, Item 33] that all base classes should
be abstract although this suggestion flies in the face of existing practice.

Call to unqualified virtual function ' Synbol' from non-static nember function
-- A classical C++ gotcha is the calling of a virtua function from within a constructor or a
destructor. When we discover adirect call from a constructor or destructor to a virtua function

we issue Warning 1506. But what about indirect calls. Suppose a constructor calls afunction
that in turn, perhaps through several levels of call, calls a virtual function. This could be diffi-
cult to detect. Dan Saks [24] has suggested a compromise Guideline that "imposes few, if any,
practical restrictions'. The Guideline, implemented by this Elective Note, issues a message
whenever an unqualified virtua function is caled by any other (non-static) member function
(for the same 't hi s' abject). For example:

class X { virtual void f(); void g(); };
void X :g()

{
f(); /1 Note 1933
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X f(); /!l ok -- non virtual call.

}

Even if total abstinence is unwarranted, turning on message 1933 occasionally can be helpful in
detecting situations when constructors or destructors call virtual functions.

Shift operator ' Synbol ' shoul d be non-menber function -- It hasbeen suggested[12,

Item 19] that you should never make a shift operator amember function unless you're defining

ostreamor i st r eam(the message is suppressed in these two cases). Thereason isthat thereisa
temptation on the part of the novice to, for example, define output to ost r eamas a class member

function left shift that takesost r eamas an argument. Thisisexactly backwards. The shift oper-
ator normally employs the destination (or source) on the left.

On the other hand, if the class you are defining is the source or destination then defining the shift
operators is entirely appropriate.

Dynamic initialization for class object ' Symbol 1' (references ' Synmbol 2') --
A static class-like object whose name is Synbol 1 is dynamically initialized by referencing

Symnbol 2 (thelatter isnormally a constructor for the former). The reason for noting thisinitial-
ization is that the order of inter-module dynamic initializations is not defined. (Within a mod-
ule, however, the intializations are done in the order of appearance.) Hence, if the constructor is
itself dependent on dynamic initialization occurring in another module the behavior is unde-
fined. For example:

class X

{ XO: ... &
X X:

This will €licit Elective Note 1935 that x is being initialized dynamically by acal to x:: X() .
Now, if this constructor were to be accessing information that depended on the order of evalua
tion (such as accessing the vaue of x itself) the result would be undefined. We have no evi-
dence of this at this point. and for this reason the message is in the Elective Note category.
However, programmers with a suspected order-of-initialization problem will probably want to

turn thison. Seealso 1936, 1937, 1544 and 1545.

Dynanic initialization for variable 'Symbol 1' (references 'Synbol 2') --A

static scalar whose name is Synbol 1 is dynamically initialized and references Synbol 2 dur-
ing the initialization. For example, let amodule consist only of:

int f();
int n=f();

Here we report that n isdynamically initialized by f () . There may be other symbols referenced,

Synbol 2 isjust thefirst. Thereason for noting thisinitialization isthat the order of inter-mod-
ule dynamic initiaizations is not defined. (Within a module, however, the initializations are

done in the order of appearance.) If Synbol 2 were a variable, then PC-lint/FlexeLint could
determine that the variable is dynamically initialized in another module and issue a 1544 or
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1939

1961

1962

1545 as appropriate. However, the symbol referenced could be afunction (as in the example)
and PC-lint/FlexeLint does not analyze the complete function call graph to determine whether

there is a dependency on another dynamic initialization. Seealso 1935 and 1937.

Static variable ' Symbol' has a destructor. -- A static scalar whose nameis Synbol

has a destructor. Destructors of static objects are invoked in a predictable order only for objects
within the same modul e (the reverse order of construction). For objectsin different modulesthis
order isindeterminate. Hence, if the correct operation of a destructor depends on the existence

of an object in some other module an indeterminacy could result. See also 1935, 1936,
1544 and 1545.

constructor ' Synbol ' accesses global data. -- A constructor isaccessing global data.
It is generaly not a good idea for constructors to access global data because order of initializa-
tion dependencies can be created. If the global dataisitself initialized in another module and if
the constructor is accessed during initialization, a'race' condition is established. [12, [tem 47]

Down cast detected -- A down castisacast from apointer (or reference) to abase classto a
pointer (or reference) to a derived class. A cast down the class hierarchy is fraught with danger.
Are you sure that the alleged base class pointer really points to an object in the derived class.
Some amount of down casting is necessary but a wise programmer will reduce this to a mini-
mum. [12, Item 39]

virtual member function 'Synbol' could be made const -- Thismessageissimilar to

message 1762 (member function could be made const) except that it is issued for a virtua
function. Y ou may not want to make virtual functions const because then any overriding func-
tion would have to be const as well. Consider, for example:

class A { virtual void f() {} /* ... *I };
class B : public A
{ int a; void f() { a=0; } };

Here, class B overrides A's function f() and, in doing so, modifies member a. If A::f() had been
declared const, this would not have been possible.

Nonetheless, a particularly rigorous user may want to hunt down such virtual functions and
make them all const and so this Noteis provided.

This messageis also similar to Note 1962, which isissued for functions that make deep modi-
fications. Note 1962 takes priority over 1961. That is, a virtual function that makes a deep
modification (but no shallow modifications) will have Note 1962 issued but not Note 1961.

Non- const nember function ' Synbol' contains a deep nodification. -- Thedesig-
nated member function could be declared const but shouldn't be because it contains a deep
modification. For example:

class X

{
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char *p;

public:

void f() { *p = 0; }
x();

}

will elicit this message indicating that X: : f () contains a deep modification. A modification is
considered shallow if it modifies (or exposes for modification) a class member directly. A mod-
ification is considered deep if it modifies information indirectly through a class member pointer.
This Elective Note isavailable for completeness so that a programmer can find al functions that
could result in a class being modified. It does not indicate that the programming is deficient. In

particular, if the function is marked const an Info 1763 will be issued. See aso 1762,
1763.
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18. WHAT'SNEW

This chapter details the new and improved features of PC-lint/FlexeLint 8.00 over PC-lint/FlexeLint 7.50.
In some rare cases the option was supported in 7.50 but documented only in the read.me.

18.1 Major New Features

Interfunction Value Tracking -- The powerful inter-statement value tracking introduced in earlier versions
of PC-lint/FlexeLint has been extended to cross function boundaries. Functions called with specific values
are later processed with these values used to initialize parameters. To take full advantage of interfunction

tracking, a multi-pass operation has been introduced. See Section 9.2.2 Interfunction Value Tracking.

A number of interesting new warnings and gotchas have been implemented. We now detect
« pointersto insufficiently large areas (see messages 433, 826)

e thedreaded mal I oc( strlen (s+1) ) (see432)

e thefoolish new i nt (10) (see 1556)

e when 64 bit pointers meet with 32 bit integer arithmetic (see 679, 680)

e when pointer parameters can be made pointersto const (818) and when reference parameters can
be declared as const ref (1764).

e when amember function can be made const (1762,1763, 1962)

« when member pointers are copied within copy constructors and assignment operators (1554 and
1555).

e when atest of assignment is not surrounded by parentheses (see 820).
e Operator sequences when unparenthesized can be confusing to the reader such as A/B*C (see

834).
e Returning atemporary viaareference (1413).
« A referenceinitialization that can cause the dreaded capability gain (1561).
» Exceptionirregularities (1559, 1560 and 1775).
e Caseswherethedynami c_cast should beused (1774) and whereit is not appropriate (1939).

*  When string literals are placed in harm’s way viaassignment to char * (1776).
* When white space may intervene between a backslash and a newline creating an invisible ambigu-

ity (434).
e Strange comparisons that can’t possibly succeed. See message 685.
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New Elective Notes are always of interest and they allow you to look for

use of O when NULL isintended (910).
situations where const can be added to parameters, and variables, and pointers (see 952, 953,

and 954).
non const non volatile variables to assist multi-threaded applications in detecting non re-entrant

situations. (See 956).

prototypes missing parameter names (955).

suspicious conditions when you suspect you have order-of-evaluation problems (1935, 1936,
1938).

pointer subtractions which can be a problem in conditions of maximum memory (947).

New and revised options of interest:

-sem enhancements include the ability to specify that return pointers from functions are freshly
allocated and that pointer arguments to functions are consumed (i.e. the function takes custody of
the pointer). See Section 10.2.1 Possible Semantics: custodi al (i), type(i), malloc(exp),
new( exp) and new| ] (eXp) .

User-defined pri nt f and scanf codes (See-printf_code and -scanf _code in Section 5.7 Other
Options.

A 'poor-man's class hierarchy for C code. (See Section 5.5 Flag OptionsFlag f ss).

Better support for defining non-standard preprocessing commands. See -ppw_asgn and --ppw in
Section 5.7 Other Options.

Better support for defining and manipulating reserved words. See -rw_asgn and --rwin Section
5.7 Other Options.

Other options and features include the following

To better support intelligent editors and IDE’s we produce special additional messages when a
given message contains interior location information (messages 830 and 831).

We now require a specific form of lint comment when programmer’ s are falling through from one
(nontrivial) case to the next. Seeoption — al I t hr ough.

The_1i nt predefined identifier now contains version information. ForVersion 8.00 it hasavalue
of 800.

We have added explicit support for the MISRA (Motor Industry Software Reliability Association)
standard. See messages 960, 961 and au-ni sra. I nt.

Alignment is checked (messages 958 and 959) and can be set via a—a option similar to the —s
options to set sizes. See Section 5.3 Size and Alignment Options.

According to the Standard, new (and new{ ] ) do not return NULL when out of storage but rather
throw an exception (bad_al | oc).
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»  Support for Microsoft C/C++ and compatible systems include: . dsp processing (See Section 3.6
.dsp processing.), #inport (Section 13.4.6 #import) and pragmas once and nessage (See
+pragma in Section 5.7 Other Options).

e Support for Gnu C/C++ consists of a-cgnu option (Section 5.8 Compiler Adaptation), variable
macro arguments and a form of ‘testable’ assignment (Info 820) that non-Gnu users can use.

e Support for Borland's C++ Builder including truncated file names (See Section 5.5 Flag Options
Flagftr).

» Continued improvement in support for embedded systems compilers. See @ support and_t o_eol
in Section 5.8.2 Compiler Codes and asmfunctionsin Section 5.8.6 I n-line assembly code.

18.2 New Error Inhibition Options

See Section 5.2 Error Inhibition Options.
-etenplate( # [,#] ... ) inhibits
+etenplate( # [,#] ... ) re-enables
error message(s) # while expanding templates.

-e{ # [,#]...} will inhibit message number(s) # for the next statement or declaration.
--e{ # [,#]...} willinhibit message number(s) # for the entire braced region in which it is placed.

18.3 NewVerbosity Options

See Section 5.4 Verbosity Options.

“V...C Issues a verbosity message whenever a unique function call isrecorded.

-v...d Indicates whether modules are taken as C or C++.

-v...h- If the 'h' is followed immediately by a'-' then the hierarchy will be compressed producing the
sametreein half the lines.

-v..t Indicates when atemplate is being instantiated.

“V..W Indicates when afunction is being walked with specific arguments.
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18.4 New Flag Options

See Section 5.5 Flag Options.

fdl has been enhanced to allow for pointer differenceto bel ong I ong.
flm Lock Message format

fnn new can return Null

fri Reference Location information

fsp SPecific function call processing

fss Sub-struct allows C struct's to be related as in inheritance.

ftg turns off TRiGraph processing.

ftr TRuncate flag to support Borland include's.

18.5 New M essage Presentation Options

See Section 5.6 M essage Presentation Options.

-append(#, string) can be used to append a trailing message (st ri ng) onto an existing error
message for error #.

18.6 Additional Other Options

See Section 5.7 Other Options.
-backgr ound PC-lint/FlexeLint will run at areduced priority under WindowsNT.
-fal | t hrough The flow of control is falling through from onecase switch to another.

- header war n( filename [,filename]..)
Can be used to aert the user that a header fileis being used.

-ident1( string) This option allows the user to define a one-character identifier.

+ibdir Enhanced to support wild cards

+ i bh Enhanced to support wild cards

+ i nebuf This option doubl es the size of the line buffer, which isinitially 600 bytes.

-passes(k [, Optionsl [, Options2] ])
Allows multiple passes over the set of modules provided as input.

-ppw_asgn( wordl, word2 )Assigns the preprocessor semantics associated with word2 to wordl and
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activates word1.
-—-ppw( wor dl [, wor d2] ...) Removes preconceived notions as to what the preprocessor word(s) mean.
+pragma(i denti fi er, once) Thisoption allows the programmer to establish an arbitrary identifier as an
indicator that the header is to be included just once.
+pragma(i denti fier, message)
This option alows the programmer to establish an arbitrary identifier as a
pragmathat will produce a message to standard out.

-pragma(i dentifier) Thisoptionwill removethe pragmawhose nameisi dentifi er.

-printf_code( Code [, Type])
This option allows user-defined pri nt f codes.

--rw( wordl [, word2]...) Removes preconceived notions as to what the potential reserved word(s)
mean and gives it adefault meaning (to ignore it).

-rw_asgn( wor d1l, wor d2 ) This option supports special non-standard conventions provided by some
given compiler.

-scanf _code( Code [, Type])
This option allows user-defined scanf codes.

-sem This option has been enhanced to support a number.

--u Thisoption islike -u except that any module at alower . I nt level isignored.

18.7 Compiler Adaptation

See Section 5.8 Compiler Adaptation.

-cgnu This option is used for the Gnu compiler.

See Section 5.8.3 Customization Facilities.

_to_eol This adds to the suite of specia keywords that enable PC-lint/FlexeLint to pass over
unusual non-standard constructions. See Section 5.8.3 Customization Facilities.

@ PC-lint/FlexeLint now supports the @ feature appearing in many embedded systems com-
pilers. See Section 5.8.3 Customization Facilities.
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18.8 New Pre-Processor Directives

See Section 13.4.6 #import and Section 13.4.7 #unassert.
#i npor t supports the Microsoft preprocessor directive of the same name.

#unassert preprocessor directive undoes the effects of #assert .

18.9 New Messages

See Section 17.1 C Syntax Errors.

37 Val ue of enumerator 'Synbol' inconsistent (conflicts with Locati on)
90 Qption 'String is only appropriate within a lint coment

91 Li ne exceeds | nteger characters (use +linebuf)

92 Negative array dinmension or bit field Iength (| nteger)

93 New-line is not permtted within string argunents to macros

145  Type expected before operator, void assunmed

147 si zeof takes just one argunent

154 Coul d not evaluate type ' String', int assuned

155 Ignoring {.} sequence within an expression, 0 assumed

See Section 17.4 C War ning M essages.

430 Character ' @', taken to specify variable location, is not standard C/ C++
432 Suspi ci ous argunent to malloc

433 Al l ocated area not | arge enough for pointer

434 Wiite space ignored between back-slash and newline

435 integral constant * Sring has precision Integer, use +fll to enable |ong | ong
436 Preprocessor directive in invocation of macro ‘ Symbol’ at Location

437  Passing struct ‘Symbol’ to ellipsis

675 No prior semantics associated with ‘*Name in option * Sring

678 Menber 'Synbol' field length (I nteger) too small for enum precision (I nteger)
679 Suspi cious Truncation in arithmetic expression conbining with pointer

680 Suspi cious Truncation in arithmetic expression converted to pointer

681 Loop is not entered

682 si zeof applied to a paraneter ' Synmbol' whose type is a sized array

683 function * Synbol’ #define’ d, semantics may be | ost

684  Passing address of auto variable ' Synbol’ into caller space

685 Relational operator ‘String’ always evaluates to *String’
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See Section 17.5 C Informational M essages.

801 Use of goto is deprecated

818 Pointer paraneter 'Synbol' (Location) could be declared ptr to const
820 Bool ean test of a parenthesized assi gnnent

821 Ri ght hand si de of assignnent not parenthesized

825 control flows into case/default w thout -fallthrough coment

826 Suspi ci ous pointer-to-pointer conversion (area too small)

827 Loop not reachabl e

828 Semantics of function 'Synmbol' copied to function ' Symnbol

830 Location cited in prior message

831 Reference cited in prior nessage

832 Paranmeter * Symbol’ not explicitly declared, int assuned

833 Synbol ‘Symbol' is typed differently (Sring) in another modul e, conpare with Loca-
tion.

834 perator *Name followed by operator * Name is confusing. Use parentheses.

See Section 17.6 C Elective Notes.

909 Implicit conversion from Typeto bool

910 Inplicit conversion (Context) fromO to pointer
947 Subt ract operator applied to pointers

951 Pointer to inconplete type ' Synbol' enployed in operation

952  Paraneter ' Synmbol ' (Locati on) could be declared const

953 Variable 'Synbol' (Location) could be declared as const

954  Pointer variable ' Synbol' (Location) could be declared as pointing to a const

955  Paraneter name nissing fromprototype for function ' Synbol:

956  Non const, non volatile static or external variable ' Synbol"

957  Function 'Synbol' defined without a prototype in scope

958 Paddi ng of Integer byte(s) is required to align nmenber on Integer byte boundary

959 struct size (Integer bytes) is not an even nultiple of the maxi num menber alignnent
(Integer bytes)

960 Violates M SRA Required Rule Name, String

961 Violates M SRA Advisory Rule Nanme, String

970 Use of nodifier or type 'Name' outside of a typedef

971 Use of 'char' wi thout 'signed or 'unsigned
See Section 17.7 C++ Syntax Errors.

1077 Coul d not eval uate default tenplate parameter ' String'

1078 class ' Synbol' should not have itself as a base cl ass

1079 Could not find "> or ',' to termnate tenplate paraneter at Location
1080 Definition for class ‘Nane’ is not in scope

See Section 17.8 C++ Warning M essages.
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1412
1413

1553

1554
1555

1556
1557
1559
1560
1561

Reference menber ' Synbol' is not initialized

function * Symbol’ is returning a tenporary via a reference

struct 'Synbol' declared as extern "C' contains C++ substructure 'Synbol"
(Location)

Direct pointer copy of member ' Synbol' within copy constructor: ' Synbol"
Direct pointer copy of nmember ' Synbol' within copy assignment operator: 'Sym
bol

"new Type(integer)' is suspicious

const nmenber ' Synbol*' is not initialized

Uncaught exception ‘Name may be thrown in destructor * Symbol’

Uncaught exception ‘Name not on throw-list for function *Symbol’

Reference initialization causes |oss of const/volatile integrity ( Context)

See Section 17.9 C++ Informational M essages.

1760
1762

1763
1764

1768

1769
1770
1771
1772
1773
1774

1775
1776

Redundant tenplate ‘ Symbol’ defined identically at Location
Menber function 'Synbol* could be made const

Menber function 'Synbol ' marked as const indirectly nodifies class
Ref erence parameter could be declared const reference

Virtual function 'Synbol' has an access (String) different from the access
(String) in the base class (String)

Menber or base class ' Synmbol ' has no constructor

function ' Synmbol ' defined w thout function ' String'

function ' Synmbol* replaces global function

Assi gnment operator 'Synbol' is not returning *this

Attenpt to cast away const (or volatile)

Coul d use dynami c_cast to downcast ptr to pol ymorphic type ' Synbol

catch bl ock does not catch any decl ared exception

Converting string literals to char * is deprecated (Context)

See Section 17.10 C++ Elective Notes.

1935
1936
1937

1938
1939

1961
1962

Dynanic initialization for class object ' Symbol 1' (references ' Synbol 2')
Dynanic initialization for variable ' Synbol 1' (references ' Synbol 2')
Static variable 'Synbol' has a destructor.

constructor ' Synbol ' accesses gl obal data.
Down cast detected.

virtual menber function ' Synmbol' could be nade const.
Non- const nember function ' Synbol' contains a deep nodification.
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Option

-l+ett

-e(#)

--e(#)

-/+eai

-/+ean

-/+eas

-/+eau

-l+efile(#, file)
-/+ef unc(#, Synbol )
-[+el i b(#)

-[+el i bsym(#)

-[+emacr o(#, Symnbol )
-emacro( (#), Synbol )
--emacr o( (#), Synbol)
-/+epn

-/+epnc

-/+epp

-/+eps

-/+epu

-/+epuc

-[+esyn(#, Synbol )
-/+etd(TypeDi ff)

-l+etenplate( # [ #] ...

le#
-w evel
-wib(l evel)

Appendix A

Option Summary

Error Inhibition Options

(See Section 5.2 Error Inhibition Options.)

(- inhibits and + enables messages)

Description Default

message number(s) #

message # for the next expression
message # for the current expression
argument sub-Integer on

arguments differing nominally on
arguments same size (different type) on
arguments differing signed-unsigned on
control message by number, filename
message # issued from within functions
control message(s) in library headers
for alibrary symbol

within amacro

within expression macro

for entire expression in which macro is embedded

pointer to nominally different types on
pointer to chars nominally different on
pointer vs. pointer (same size) on

pointer to same-size on

pointer to unsigned (vs. sighed) on

pointer to signed/unsigned chars on

control message by number, symbol

ignore certain type differences

error messages(s) while expanding templates

one-line error suppression
set warning level
set warning level for library
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Size Options
(See Section 5.3 Size and Alignment Options.)

Option Description

-sb# number of bitsin abyte

-sc# si zeof (char) becomes#

-sl c# si zeof (1 ong char) becomes#

-ss#t si zeof (short) becomes#

-si # si zeof (i nt) becomes#

-sl # si zeof (1 ong) becomes#

-st # si zeof (f1 oat) becomes#

-sd# si zeof (doubl e) becomes#

-sl d# si zeof (1 ong doubl e) becomes#

sl | # si zeof (1 ong | ong) becomes#

-sp# size of al pointers becomes #

-spD# size of Data pointer becomes #

-spP# size of Program pointer becomes #
-spN# size of near pointer becomes #

-spF# size of f ar pointer becomes #

-spND# size of near Data pointer becomes #
-spNP# size of near Program pointer becomes #
-spFD# size of f ar Data pointer becomes #
-spFP# size of f ar Program pointer becomes #
-smp# size of Member Pointer becomes #
-snpD# size of Member Data Pointers

-snpP# size of Member Program Pointer
-snpFP# size of f ar Member Program Pointers
-spNP size of near Member Program Pointers
-swit size of wchar _t becomes #
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Verbosity Options

(See Section 5.4 Verbosity Options.)
(- output to st dout , + to st derr and st dout )

Option Description Default

-v Turn off all work in progress messages

-[+vm Module names only -vm

-[+vt File and module names only

-/+vn Every n lines with file and modul e names

-l+ve... prints a message when a function with unique
argumentsis called

-[+vd... appends a language dialect identifier

-[+vi ... Indirect filenames

-/+vo... output Options

-[+vs... append a Storage report

-[+vt ... prints a message each time atemplateis to be
instantiated

-[+vw.. specific walk

-[+vh... dump the type Hierarchy

-[+vh- ... hierarchy will be compressed

-[+vi... tag filenames with an id number

Flag Options

(See Section 5.5 Flag Options.)

(+ sets,- resets, ++ increments and -- decrements flag)

fab ABbreviated structure flag OFF
f ai Arguments pointed to get Initialized flag ON
fan ANonymous union flag OFF
fas Anonymous struct flag OFF
fba Addressability flag OFF
fbc Binary Constant flag OFF
fbo Boolean flag ON
fbu Bit fields are Unsigned flag OFF
fcd CDecl issignificant flag OFF
fce Continue-on-Error flag OFF
fcp C++flag OFF
fct Create Tag flag OFF
fcu Char-is-Unsigned flag OFF
fdc Distinguish-plain-Char flag N
fdh dot-h flag OFF
f di Directory of Including file flag varies
fdl pointer-Difference-is-Long flag OFF
fdr Deduce-Return-mode flag OFF
feb allow Enumerations as Bit fields flag N
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fem
fep
ffb
ffd
fff
ffn
ffo
fhd
fhg
fhs
f hx
fie
fil
fim
fiq
fis
fkp
flb
flc
flf
fll
flm
fln
frmd
fna
fnc
fnt
fod
f ol
fpa
fpc
fpm
fpn
fps
frb
fri
fsa
fsc
fsh
fsp
fss
fsu
ftf
ftg
ftr
ful
fva
fvo
fvr

Early Modifiersflag

Extended Pre-processor variable flag
for loop creates separate Block flag

promote Floats to Doubles flag
Fold Filenames flag

Full (file) Nameflag

Flush Output filesflag
strong-Hierarchy-Down flag
Hierarchy Graphics flag
Hierarchy-of-Strong-types flag
Hierarchy-of-strong-indeXes flag
Integer-model -for-Enum flag
Indentation-check-on-Labels flag
Include-Multipleflag
Ignore-default-Qualifier flag
Integral-constants-are-Signed flag
K&R Preprocessor flag

LiBrary flag

long-char flag

process Library-Function flag
long-long flag

Lock Message format flag

#l i ne directives flag

Multiple Definitions flag

Allow oper ator new] flag
Nested Comments flag

Nested Tag flag
Output-Declared-objects flag
Output-Library-objects flag
PAuseflag

Pointer Casts retain Ivalue flag

Precision is limited to the Max. args. flag
Pointer-parameter-may-be-NULL flag

Parameters within Strings flag
Read Binary flag

Reference Location information in Messages flag

Structure-Assignment flag

String constants are Const char flag

SHared reading flag
SPecific flag

Sub-Struct flag

String Unsigned flag
raw-Templ ate-Function flag
TriGraph flag

TRuncate flag

Unsigned Long flag
Variable Arguments flag
VOid datatype flag
Varying-Return-mode flag
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fwe wchar _t isbuilt-in flag OFF

fwu wchar _t isUnsigned flag OFF
fxa eXact-Array flag OFF
fxc eXact-Char flag OFF
f xf eXact-Float flag OFF
fxs eXact-Short flag OFF
fzl siZeof-is-Long flag OFF
fzu siZeof-is-Unsigned flag N

M essage Presentation Options
(See Section 5.6 M essage Presentation Options.)

Option Description Default
-h[s][F][f ][a][b][r ][rm] [ [ M ][I ]N
controls the height of messages -ha_3
s - blank line between messages
F - always include afilename
f - out-of-sequence file information
r - repeat source line

m - no macro display
m - undo effect of m

m M - assigns new prefix Mfor macro display
| - error location mark

a | appears above the sourceline

b | appearsbelow the source line
N- number of linesin error message

-wi dt h( W dt h, | ndent ) controls width of messages -wi dt h(79, 4)
Width - Width of output device
Indent - Indent continued lines

-f or mat = message format for msg. height<=3
" % WU W Yt

-f or mat 4a= format of first linefor msg. height ==
" File %, Line %\n%®"

-f or mat 4b= format of second line for msg. height ==
"o WU Y% %t

-append(errno, st ri ng) appends atrailing message

-format _specific prologue to a Specific Walk error message
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Other Options
(See Section 5.7 Other Options.)

Option Description

-A requests only ANSI keywords

-/ +b suppresses or diverts the Banner line

-backgr ound under Windows-NT will have the effect of PC-lint in the background
-ccode specifies a particular Compiler

-/+cpp(ext ensi on) add (+) or remove (-) aC++ extension
-dname[=val ue] Define preprocessor variables

+dnane=val ue like -d but locksin adefinition

-bname[=val ue][; ..] like -d but allows multiple definitions

+ext (ext ensi on[,ext ensi on]...) specify list for default extensions

-fal | t hrough the flow of control isfalling through from one case switch to another.
-fat her (Par ent, Chi | d[,Chi | d]...) adds strict relationship to strong type hierarchy
-function(fO, f1..) assign special attributes

-header (f i | enane) automatically read header

- header war n( filename [,filename]..Can be used aert the user that a header file is being used
-idirectory #i ncl ude file directory

-ident (St ri ng) augment identifier characters

-ident1(String) define aone-character identifier

-idl en(n, opti ons) check for identifier clashes

-i ncvar (nane) nane replaces | NCLUDE environment variable
-index(f | ags, i xtype, si type,...)specifies strong index

+ibclass(...) default library headers (default: f orei gn, angl e)
-/+libdir(directory,..) library header directory

-[+libh(file,..) library header

-library current or next moduleis alibrary

slimt(n) specify limit on number of messages

+l i nebuf doubles the size of the line buffer

-/ +I nt (ext ensi on[, ext ensi on]...) add or remove an Indirect File extension

-l obbase(fi | enane) establish alob basefile

+MACT 0S increases the size of macro storage.

-maxopen( N) maximum number of simultaneoudy open files
-mD far Data, near program

-nL far dataand program

-nP far program, near data

-ns near dataand program (Default)

-odopt s[wi dt h] (fi |l enane) Output Declarations (prototypes)
+odopt s[wi dt h] (fil enane) Append Declarations

opts are: f only functions
i internal (static) functions also
s structs also
width set output width
-oe( fil enane) redirects output for st der r to the named file
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+oe( fil enane) Append output for st der r to the named file

-ol ( filenane) Output Library

-oo[ ( filenane) ] Output Object module (default: Name. | ob)
-os( fil enane) Output Standard out to file

+os( fil enane) Append Standard out tofile

-p[(wi dt h)] run just the Preprocessor

-parent (Parent, Child..) adds to strong type hierarchy
-passes(k [, Optionsl [,Options2] ])
controls the number of passes
-ppw(word, . ..) removes PreProcessor Word(s)
+ppw(word, . . .) adds PreProcessor Word(s)
-ppw_asgn( wordl, word2 ) assignsthe preprocessor semantics
-—-ppw( wordl [, word2]..) removes preconceived notions as what the processor word(s) mean

+pragma( name, acti on) allows mimicing some pr agma systems

+pragma(i dentifier, once) establish an arbitrary identifier as an indicator that the header is to be
used once

+pragma(i denti fi er, message) establish identifier as a pragmathat will produce a message to stan-
dard out

-printf(n, nane,...) pri nt f - like functions

-printf_code( Code [, Type] ) alowsuser-definedprintf codes

-restore resets error inhibition state

-rw(word, .. .) removes Reserved Word(s)

+rw(word, .. .) adds Reserved Word(s)

-rw( wordl [, word2]...) removes preconceived notions as to what reserved word(s) mean
-rw_asgn( wordl, word2 ) assigns keyword semantics

-save saves error inhibition state

-scanf (n, nane,...) scanf - like functions

-scanf _code( Code [, Type] ) alows user-defined scanf codes.

-sem( nane [,senj...) user-defined function semantics

-si ze(f |l ags, anount) helps to flag large aggregates
-specific(Optionsl, [, Options2]) alowsthe userto specify options before a Specific Wak
-specific_climt(n) specifiesa Cal limit

-specific_wimt(n) specifies aWalk limit

-strong(f | ags, nane,...) specifies strong types

-t # set Tab sizeto # (default = 8)

-u unit checkout (suppresses inter-module messages)
--u any module at alower . I nt level isignored

-unr eachabl e apoint in aprogram is unreachable

-uname Undefines nanme

--uNane like -u but inhibits subsequent defines

-wLevel set Warning level

-w ib(Level) set Warning level for messages within library.
-wprintf( N, nanmel [,name2] ... ) widecharacter variant of -pri nt f
-wscanf (N, nanel[,nanme2] ... ) widecharacter variant of -scanf
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-zero setsexit codeto 0

-zero(#) same unless a message number < #
-$ $ is an identifier character
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Compiler Dependency Options
(See Section 5.8.3 Customization Facilities.)

Option Description

-a#pr edi cat e Assert the # predicator (Unix)
-#dname=Repl acenent #i ncl ude Define

-dname() =Repl acenent Define function-like macro

-over | oad( X) sets flags affecting overload resolution
-pl us(char) define an aternate option character for '+'
-t enpl at e( X) fine-tune template processing

Compiler Dependency K eywords
(See Section 5.8.3 Customization Facilities.)

Option Description

_bit one bit wide

_gobbl e causes the next token to be gobbled
_ignore_init causes initializer to be ignored
_to_brackets ignore next expression

_to_seni ignore up to and including semi-colon
_to_eol see page 107.
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Appendix B

Print Utility for PC-lint

Many users of PC-lint already have editors and/or utilities that will display afile's line numbers. However,
just in case you don't have one, we have included such a utility, pr. exe, on the PC-lint distribution dis-
kette.

The program will both print or write (to afile) line-numbered files. It has alarge number of optionsto han-
dle awide variety of printers and chores. See the examples below.

The program attempts to satisfy two schools of thought with respect to where the formfeed button should
position the paper. Thefirst school believesthat the crease should be under the print head whereas the sec-
ond school believes that formfeed should advance the paper to the point where it can be torn off eadly. In
its default configuration, pr is set up for the second school; it starts printing immediately and then adds
either a formfeed or additiona blank lines (if -w option) to complete a page. Both the number of blank
lines and the page length are parameters. The first school (the crease mavens) can select the -c option to
initially place anumber of blank lines on the page and this number is deducted from the number of blank
lines that would ordinarily be appended.

For example if the page length was 66 (-1 66 option, which is the default) and if the page separation
(slightly misnamed bottom margin) is set to 6 (-1 6 option, which is the default) then a 3 line header is
printed followed by 57 lines from the file to be printed and than either aformfeed or 6 blank lines to get to
the next page. If the -c (crease option) were given, 3 blank lines would precede the 3 line header. After
printing 57 lines, either aformfeed or a 3 blank line trailer would be printed.

Usage
pr [options][file..]

paginates and prints the sequence of files onto the printer (or standard out) as modified by the optionsindi-
cated below.

The files may contain wild card characters* and ».

-b# Sets the bottom margin to # (see above).

-c The printer is starting at acreasein the paper. Seeabove.
-d double space

-d3 triple space, etc
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-h removes headers and footers from output.
-i # request an indentation of each line and header and footer by # tabs. (-i means one tab).

-1 # specifies the # of lines per page (66 is assumed). If the # is less than twelve, no headers are
produced (equivalent to the -h option).

-n suppresses line numbering.

-s diverts output to the standard output file (otherwise output goes to the printer).
-t # specifies the width of atab character. The default is 8.

-w Use white space rather than form-feeds to separate pages.

+Page Page isa Starting Page number; if omitted, 1 is assumed.

-Page Page is an Ending Page number; if omitted, the last page is assumed.

- input comes from standard input (Note that this may be included among thefiles).
Options-b#, -c, -d, -h, -1 #, -n, -s and -t # apply to the entire run and for your convenience need not precede
the files. Options +Page and -Page apply only to the file immediately following. Exception: if +Page

and/or -Page are followed by no file they are applied to al files. All formfeeds within afile are taken as
pagebreaks.

In addition, issuing pr without arguments gives a brief help message.
Examples

pr al pha.c

prints al pha. ¢ paginated and line numbered on the printer (PRN: ).

pr alpha.c -s -h | nore

displays al pha. ¢ on the screen with line numbers (one screenful at atime).

pr alpha.c -b0 -160

printsal pha. ¢ on alaser printer. (Itisassumed that the laser printer has a page length of 60 and that white
space needn't separate pages.) The -winhibits formfeed after the 60th line.

pr al pha.c -5 beta.c
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prints all of al pha. ¢ and the first five pages of bet a. ¢ on the printer

pr -11 +100 -110 foo

prints lines numbered 100 through 110 from file f oo. Note that the -1 1 option eliminates headers as well
as setting the page length to one.

pr huge -11 +10000 -n -s >tenp

extracts from file huge lines 10000 onward placing them in file t enp.
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Symbols
10 197
le#t 261
-lett option 29, 327
# stringize operator 54
#...60
#asm 95
#assert 184
#c_include 185
-#d option 93, 335
#define 25, 65, 202, 229
#define limit 216
#elif not K&R 229
#endasm 95
#endif 228
#error 216
#ident 74, 187
#import 186

#include 10, 46, 182, 183, 202, 205

#includefile directory 332
#include next 186

#line 184

#line directives flag 330
-#pragma option 75
#unassert 185, 186

-$ option 84, 334

% operator 210

%ENVIR VAR% 21
un-ut9

) 250

*ms 87

+/-elib 279

+/-Page, pr option 337
-+d option 332

.c extension 20

.Cpp extension 20

.dsp processing 13

Int file 20

lobfile 73, 106, 107, 108, 192
xt 18

/* LIBRARY */ 23

[*lint 29, 65, 79, 178, 193
[*lint comment 23, 24

/I comment 64

/Nint 29

/Nlint comment 23

@ 90

_ 116788
__asm89
__assert 152, 157
_ based 89
__BIGCODE 88
__BIGDATA 88
__cdecl 89
__CDECL__ 89
__ COMPACT__ 89
__cplusplus 182
__DATE__ 182
__ECO 88
__except 89
__export 89
__far 89
__farlb89

_ fastcall 89
__FILE__ 182
__fortran 89
__FUNC__ 87
__handle 89
__huge 89
__import 89
__inline 89
__interrupt 89
__1o0b 89
__LARGE__ 89
__LDATA 87
__LINE__ 182
__loadds 89
__MEDIUM__ 89
__MSDOS 89
__hear 89
__pascal 89
__saveregs 89
__seg 89
__Segment 89
__segname 89

_ self 89

__ SMALL__ 89
_ss89
__STDC__ 182
__stdcall 89
__syscall 89
__TIME__ 182
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__try 89

__TURBOC__ 89
_dlign(k) 93
_ARCHITECTURE_ 89
_asm 89

_based 89

_hit 91, 335

_C86_BIG 88

_cdecl 89

~cs89

_ds89

~es89

_export 89

_far 89

_farlb 89

_fastcall 89

_fortran 89

_gobble 91, 335
_HIGHC_88

_huge 89

_ignore_init 91, 335
_INTELC32_89
_interrupt 89

_LARGE 89

_lint 82, 87, 105, 171, 182
_loadds 89

_hear 89

_pascal 89

_pragma 92

_saveregs 89

_seg 89

_Ssegment 89

_Segname 89

_self 89

- ss89

_stdio_defs included 88
_syscall 89
_TIMESTAMP_ 89
_to_brackets 79, 92, 335

_to_eol 92, 320
_to_semi 92, 335
Numerics
32-bit code 18
386 89
A

-A option 64, 89, 90, 180, 182, 332
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-aft option 92, 335
ABbreviated structure flag 329
abort 152, 156

abstract type 215

access specifiers 280

actual 89

additional calls 139

align 89

alocation flag 163

allow Enumerations as Bit fields flag 330
ambiguous reference 239
angle bracket header 70, 98
Anonymous struct flag 329
anonymous union 243, 287
ANonymous union flag 329
ANSI 1, 64, 89, 111, 236, 251
ANSI C4, 50, 168, 175, 182, 196, 231, 253
ANSI compiler 84, 102

ANSI header 70, 99

ansi header 99

ANSI keywords 332

ANSI limit 261

ANSI preprocessing 184
ANSI X3J114

ANSI X3J16 4

-append option 63, 331
Archimedes C 85
architectures, native 38

arg. 'this 202

arg. no. 202

ARGSUSED 178

argument 201

argument lists 57

argument semantics 158, 160, 166
argument type mismatch 30
Arguments pointed to get Initialized flag 329
arguments, variable 179
arithmetic 201

array 58

Array facility, New 52

array matching, exact 174
array name 228

array size 228

asctime 152

ASM 75

asm 89



asm preprocessor directive 75
asm.| 105
assembly language 75, 104, 182
assert( ) 136
assert.h 99
assignment 202
assignment to strong type 114
atof 152
atoi 152
atol 152
au-...Int 8
auto 235
auto data 80
autodecrement 167, 202, 208, 229
AUTOEXEC.BAT 15
autoincrement 167, 202, 208, 229
automatic variables 133
available memory, exceeded 216
Aztec C, Manx 85, 87
B
-b option 64, 332
-b#, pr option 336
-background option 64, 319
background option 332
banner line 64, 332
base class 287, 288
base-specifier 280
basic 203
batch file 113
batch procedures 22
bibliography 324
Binary Constant flag 329
binary operators 161
Bit Addressability flag 329
bit field 227, 228
bit field sizes 199
bit fields 47, 115
Bit fields are Unsigned flag 329
bit operators 208
bit-wise operator 243
blanks within options 24
bool 45
Boolean 201, 209, 250
Boolean AND 167
Boolean argument to function 251
Boolean argument to relational 225

Boolean condition 136
Boolean flag 329

Boolean OR 167

Boolean test of assignment 250
Boolean type-checking 115
Boolean, constant value 225
Boolean, strongly 201
Borland C 89

Borland C/C++ 85, 87
Borland C/C++ OS2 85
Borland IDE 13
Borland/Turbo C/C++ 85
braces 168

bsearch 152

BSO Tasking 85

byte size 38

C comment 308

CSet288

C++ Elective Notes 308
C++ extents 11, 64

C++ flag 329

C++ Informational Messages 296
C++ Syntax Errors 278

C++ Warning Messages 286
-C, pr option 336

CadUL 85

Call limit 81

Call, Specific 41

calloc 152, 156

canonical function 195
Cargill, Tom 325

case 169

cast 126, 225, 229, 232, 236
categories, message 201
-caztec option 87

-cbc option 87

-cc86 option 88

-ccode option 87, 332

cdecl 89

CDecl issignificant flag 329
-cdesm option 88

-cdl option 88

-cec option 88

-cgnu option 88

CH_TIME 89
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Char 202

char matching, exact 174
char types 46

character constant 254
Char-is-Unsigned flag 329
-chc option 88

check, indentation 168
checking, format 168
checking, maximum 198
child type 122, 124
choose.exe 17

-cht option 88

-cibm32 option 88

-cicb option 89

class members 280

class specifier, storage 213
class, static 238

-clc option 89

-clc6 option 89

clearerr 152

-cmsc option 78, 86, 87, 89
cmsc option 44

-cmwc option 89
co-....Int 6, 8, 17

co.Int 6, 17, 86
co-arch.Int 85
co-aztec.Int 85

co-bc.Int 85

co-bc4.Int 85

co-bch.Int 85
co-bcos2.Int 85
co-bs166.Int 85
co-c86.Int 85
co-c86p.Int 85

co-cb.Int 85
co-cc386.Int 85
co-code.Int 87

Code Builder, Intel 89
Code Works QC88 85
code, 32-bit 18

code, exit 111

codes, compiler 87
co-desm.Int 85
co-diab.Int 85

co-dl.Int 85

co-ec.Int 85
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co-frank.Int 85

co-gnu.Int 85

co-hc.Int 85

co-hp.Int 85

co-hpacc.Int 85

co-ht.Int 85

co-ibm32.Int 85
co-ibmc2.Int 85

co-ich.Int 85

co-in.Int 85

€0-in386.Int 85
C0-in96.Int 85
co-kc166.Int 85
co-kc51.Int 85

co-lc2.Int 85

co-1¢33.Int 85

co-1¢c6.Int 85
co-mc386.Int 85
co-mc86.Int 86

comma operator 167, 225
command line 12, 20
comment, lint 178
comment, nested 234
commenting out code 52
commentsin indirect files 21
comments, options within 23
compact model 180
compatible enum 243
compiler codes 87
compiler dependencies 84
compiler optionsfile 84, 86
compiler symbols 69
Computer Innovations 85

Computer Innovations C86 85, 88

co-msc.Int 78, 86
co-msc20.Int 86
co-msc40.Int 86
co-msc50.Int 86
co-mswin.Int 86
conditional evaluation 167
conditional include 185
conditional, preprocessor 52
CONFIG.BAT 16
config.exe 6, 7
CONFIG.SYS 15
Configuration 7



configurations, switching among 7 custodial 159, 165

conflicting definiads 176 custodial(i) 158

const 212, 235, 253, 299 customization facilities 90
const checking 170 -cwc option 90

constant type 199 -cwh option 90

constant value Boolean 225 D
constant, character 254 -D option 65, 332

constructor 297 -d option 24, 65, 78, 82, 91, 93, 332, 335
constructor, copy 299 -d, pr option 336

Context 202 -d3, pr option 336
Continue-on-Error flag 329 dangerous 421 220
controlling program 21 data objects 199

controlling the messages 11 data pointer 39, 328
conversion by prototype 270 data pointer, far 39
conversion type name 279 data pointer, near 39
co-powrc.Int 86 data variable size 80

copy constructor 284, 299 Datalight C 85, 88

co-gc88.Int 85 deallocation 246

co-sc.Int 86 debuggers 178

Co-sc7.Int 86 debugging 188

Cosmic C 85 declaration 202

co-sun.Int 86 declaration, function 97, 211
co-tc.Int 86 declaration, local 178
co-1i320.Int 86 declaration, member 310
co-tsc.Int 86 declaration, old-style function 211
co-unix.Int 86 declarations, output 129

count 203 Deduce-Return-mode flag 329
co-vage.Int 86 default 169

co-wcl6.Int 86 default argument 281
co-wc32.Int 86 default flags 128

co-wcos2.Int 86 define 332

co-wh.Int 86 define preprocessor variables 65
co-ztc.Int 86 defined 226

CPM68 89 definials, conflicting 176
CPM80 89 definials, redundant 176
CPM86 89 definials, unused 176

-Ccpp option 11, 14, 64, 66, 332 definias, weak 175

Create Tag flag 329 definition 202, 310

critical 89 definition, function 97, 174
CR-LF 55 definition, language 4
cross-compilers 91 definition, local 178

-Csc option 89 delete 282, 288, 297

-ctc option 89 derived class 288

ctime 152 DeSmet C 85, 88

-ctsc option 90 destructor 279, 288

ctype.h 99 development environment, integrated 12
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Diab Data C 85 enum, compatible 243

Directory of Including file flag 329 enumeration 47, 243
directory, library 70 env-...Int 6, 8, 17
Distinguish-plain-Char flag 329 env-BC5.Int 13
DLC 88 env-bwin.Int 13
-dname option 65 env-cw.Int 13
-dname= option 65 environment variable 15, 21, 69
DOS 89 environment variable, INCLUDE 68, 183
DOS H 89 environment variable, LINT 20
dot-h flag 329 env-pwhb.Int 13
down assignments 124 env-si.Int 13
Duncan, Ray 3 env-sled.Int 13

E env-tide.Int 13
e 250 env-vc.Int 13
-e option 26, 178, 327 env-vc2.Int 13
-e( option 26, 27 env-vca.Int 13
--e(#) option 327 env-vcs.Int 13
-e(#) option 33, 327 EOL 228
e) 250 -ep option 34
-e713 option 189 -epn option 34, 199, 209, 327
-e718 option 189 -epnc option 35, 327
-e737 option 189 -epp option 35, 209
-e746 option 189 -epp otion 327
-eaoption 30 -eps option 35, 199, 209, 327
-eai option 30, 226, 327 -epu option 34, 209, 327
-ean option 30, 199, 226, 327 -epuc option 35, 327
Early Modifiers flag 330 errno.h 99
-eas option 30, 199, 226, 327 error 123 195
-eau option 30, 189, 226, 327 error indicator 61
Ecosoft Eco-C88 85, 88 error inhibition by file 30
editor interface 12, 60, 63, 81 error inhibition by symbol 35
-efile option 26, 30, 202, 327 error inhibition in library headers 31
--efunc option 327 error inhibition options 26, 327
-efunc option 26, 30 error inhibition settings 77, 79
elective notes 173, 201, 268 error messages 204
-elib option 26, 31, 83, 327 error suppression 36
-elibsym option 26, 31, 327 error(_) 131
elipsis 179, 195, 203, 210, 230, 309 errors, fatal 201, 216
-emacro option 26, 32, 196, 327 errors, internal 201, 216
-emacro( option 32 errors, syntax 201
EMM386 18 escape sequence 236
end of line 55 -esym option 26, 31, 35, 193, 203, 327
ENDASM 75 -etd option 37, 179, 203, 327
enum 173, 176, 212 -etd( option 129
enum model, integer 49 -etemplate option 26
enum model, strict 49 -etemplate( option 37



evaluation, order of 167, 171, 231
exact array matching 174
exact char matching 174
exact float matching 174
exact parameter matching 173
exact short matching 174
eXact-Array flag 331
eXact-Char flag 331
eXact-Float flag 331
eXact-Short flag 331
example of apolicy 188
exceeded available memory 216
exclusive index type 118
EXECSQL 198
exit 137, 152, 156
exit code 21, 84, 111, 334
exit function 244
exit( ) 158
exp 160
explicit initializer 251
-ext( option 66, 332
Extended Pre-processor 47
Extended Pre-processor variable flag 330
extension, .c 20
extents, C++ 64
extern 225
external names 178
external symbols 69
extracting strong type 114

F
fab flag option 43, 329
fai flag option 43, 329
-fallthrough option 66, 319, 332
false 45
FAMILY 89
fan 243
fan flag option 43, 329
far 89
far data pointer 39, 72, 328
far pointer 39, 72, 180, 181, 237, 328
far program pointer 39, 328
fasflag option 44, 329
fatal errors 201, 216
-father option 67, 122, 124
-father( option 332
fbaflag option 44, 329
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fbc flag option 44, 329
fbo flag option 45, 329
fbu flag option 45, 329
fcd flag option 45, 329

fce flag option 45, 216, 329

fclose 152, 157

fcp 11, 66

fcp flag option 45, 329
fct flag option 45, 329
fcu flag option 45, 329
fdc flag option 46, 329
fdh flag option 46, 329

fdi flag option 46, 183, 329
fdl flag option 46, 219, 329

fdr 254

fdr flag option 47, 227, 329

feb flag option 47, 330
fem flag option 47, 330
feof 152

fep flag option 47, 330
ferror 152

ffb flag option 48, 330
ffd flag option 48, 330
fff flag option 48, 330
fflush 152

fflush(_) 48

ffn flag option 48, 330
ffo flag option 48, 330
fgetc 152

fgetpos 152

fgets 152, 156, 162
fhd flag option 49, 330

fhg flag option 49, 126, 330
fhsflag option 49, 122, 124, 330

fhx flag option 49, 330
fieflag option 49, 330
field sizes, bit 199
field, bit 227, 228

fil flag option 49, 170, 330
file identification numbers 42

filelimit 217
file scope 281
file, .lob 73

file, error inhibition by 30

file, make 84
filea.cpp 9, 17



fileb.cpp 9, 17

FileName 202

fim flag option 50, 330

fiq flag option 50, 330

fisflag option 50, 330

fkp flag option 50, 226, 229, 330
flag 330

flag, #line directives 330

flag, ABbreviated structure 329
flag, allow Enumerations as Bit fields 330
flag, Anonymous struct 329

flag, ANonymous union 329

flag, Arguments pointed to get Initialized 329

flag, Binary Constant 329

flag, Bit Addressability 329

flag, Bit fields are Unsigned 329

flag, Boolean 329

flag, C++ 329

flag, CDecl is significant 329

flag, Char-is-Unsigned 329

flag, Continue-on-Error 329

flag, Create Tag 329

flag, Deduce-Return-mode 329

flag, Directory of Including file 329
flag, Distinguish-plain-Char 329

flag, dot-h 329

flag, Early Modifiers 330

flag, eXact-Array 331

flag, eXact-Char 331

flag, eXact-Foat 331

flag, eXact-Short 331

flag, Extended Pre-processor variable 330
flag, Flush Output files 330

flag, Fold Filenames 330

flag, for loop creates separate Block 330
flag, Full (file) Name 330

flag, Hierarchy Graphics 330

flag, Hierarchy-of-strong-indeXes 330
flag, Hierarchy-of-Strong-types 330
flag, Ignore-default-Qualifier 330
flag, Include-Multiple 330

flag, Indentation-check-on-Labels 330
flag, Integer-model-for-Enum 330
flag, Integral-constants-are-Signed 330
flag, K&R Preprocessor 330

flag, LiBrary 330
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flag, Lock Message format 330

flag, long-char 330

flag, long-long 330

flag, Multiple Definitions 330

flag, Nested Comments 330

flag, Nested Tag 330

flag, Output-Declared-objects 330
flag, Output-Library-objects 330
flag, Parameters within Strings 330
flag, PAuse 330

flag, Pointer Castsretain |value 330
flag, pointer-Difference-is-Long 329
flag, Pointer-parameter-may-be-NULL 330

flag, Precision islimited to the Max. args. 330

flag, process Library-Function 330
flag, promote Floats to Doubles 330
flag, raw-Template-Function 330
flag, Read Binary 330

flag, Reference Location information in Mes-

sages 330

flag, SHared reading 330

flag, sZeof-is-Long 331

flag, siZeof-is-Unsigned 331
flag, SPecific 330

flag, String constants are Const char 330
flag, String Unsigned 330

flag, strong-Hierarchy-Down 330
flag, Structure-Assignment 330
flag, Sub-Struct 330

flag, TriGraph 330

flag, TRuncate 330

flag, Unsigned Long 330

flag, Variable Arguments 57, 330
flag, Varying-Return-mode 331
flag, VOIid data type 330

flag, wchar_t isbuilt-in 331

flag, wchar_t isUnsigned 331
flb flag option 50, 330

flc flag option 51, 330

fIf flag option 51, 330

fll flag option 39, 51, 330

flm flag option 51, 330

fIn flag option 51, 330

float matching, exact 174

float.h 99

Flush Output files flag 330



fmd flag option 52, 205, 330
fnaflag option 52, 330

fnc flag option 52, 234, 330
fnn flag option 52

fnt flag option 53, 330

fod flag option 53, 112, 330
fol flag option 53, 112, 330
Fold Filenamesflag 330
fopen 152

for loop 48

for loop creates separate Block flag 330
for loops 130

for( 250

for(e 250

-foreign header 98

foreign header 70

format 230, 231, 238
format checking 76, 79, 168, 199, 230
format, Message 51

format, message 62
-format= option 62, 331
-format_specific option 63, 143, 331
-format4a= option 331
-format4b= option 331
fortran 89

fpaflag option 53, 330

fpc flag option 53, 208, 330
fpm flag option 54, 330

fpn flag option 54, 330
fprintf 152, 230

-fprintf option 57

fps 236

fps flag option 54, 330
fputc 152

fputs 152

Franklin C 85

frb flag option 55, 330
fread 152, 156, 164

free 152, 156

free() 131

freopen 152

frexp 153

friend declaration 282

frl flag option 55, 330
fsaflag option 55, 208, 330
fsc flag option 55, 330
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fscanf 153, 230

fseek 153

fsetpos 153

fsh flag option 56, 330

fsp flag option 56, 143, 330
fssflag option 56, 330
fstream.h 99

fsu flag option 56, 330

ftell 153

ftf flag option 56, 330

ftg flag option 57, 330

ftr flag option 57, 330

ful flag option 57, 330

Full (file) Name flag 330
full signature 36

function declaration 97, 211
function definition 97, 174
function mimicry 67, 148
function names 156

-function option 67, 131, 137, 148, 164, 332

function pointer 39
-function(_) option 157
function, canonical 195
function-wide semantics 164, 166
fvaflag option 57, 172, 179, 226, 330
fvo flag option 58, 226, 227, 330
fvr flag option 58, 227, 331
fwc flag option 40, 58, 331
fwrite 153, 156
fwu flag option 40, 58, 331
fxaflag option 58, 174, 331
fxc flag option 59, 174, 175, 226, 331
fxf flag option 59, 174, 175, 331
fxsflag option 59, 174, 175, 226, 331
fzl flag option 59, 218, 331
fzu flag option 59, 218, 331
G
General Processing 141
generation, header 171
generation, prototype 72, 102, 171
generic compiler 86
getc 153
getenv 153
gets 153, 157, 220
global struct 257
global template 304



gmtime 153
GNU 85

-h option 60, 331

-h, pr option 337

Harbison & Steele 4

header 176, 183

header generation 171
-header option 67, 82, 332
header, angle bracket 70, 98
header, ANSI 70, 99
header, ansi 99

header, -foreign 98

header, foreign 70

header, library 70, 97, 111
header, removable from 177
header, standard 102
header, unused 176
header-directory 100
header-name 100

height, message 60, 61

help 20

help screen 72, 197

Hewlett Packard 85
hierarchy 42

Hierarchy Graphicsflag 330

hierarchy tree, strong type 42, 123, 125
Hierarchy-of-strong-indeXes flag 330
Hierarchy-of-Strong-types flag 330
High C/C++, MetaWare 47, 85, 88

himem.sys 18
hints on strong typing 126
Hi-Tech C 85, 88
huge 89, 180
I
-i 183

-i option 7, 50, 68, 99, 183, 193, 332

-i#, pr option 337
18086 88, 89

18086 88

18086D 88, 89
18086L 88, 89
18086P 88, 89
18086S 88, 89

IBM 32 bit 88

IBM C/2 compiler 85

IBM Visua Age 86

IDE, Borland 13

-ident option 68, 332

-ident1( option 68, 319, 332
identification numbers, file 42
identifier 161

identifier characters 68, 84, 94
identifier length 69, 238

identifier, undefine 82

-idlen 238

-idlen option 69, 332

if statements 130

ignoreinitialization 91
Ignore-default-Qualifier flag 330

in Headers, Suppressing M essages 26
INCLUDE 69

include directories, multiple 50
INCLUDE environment variable 68, 69, 183
include path 68

include, conditional 185
Include-Multiple flag 330

incomplete 203

incremental linting 107

-incvar( option 69, 332

indentation check 168, 227, 251
indentation checking 81

indentation, label 49, 170

I ndentation-check-on-L abels flag 330
indented # 229

-index option 69, 114, 118, 119, 128, 332
index type, exclusive 118

indexes, strong 49

indirect file 21, 23, 41, 71

indirect file, lint 12

indirect files, commentsin 21
indirectly referenced pointer 128
Informational category 310
informational messages 176, 188, 201, 249
inhibition options, error 26

inhibition settings, error 77, 79
initialization 202

initialization tracking 130
initialization, ignore 91

initialization, static 179

initialization, variable 251

inline 89, 299



in-line assembly 95
in-progress messages 9, 40
install program 15
install.log 6
int/enum 204
Integer 202
integer 161
Integer-model-for-Enum flag 330
integral 202
integral arguments 158, 160
Integral-constants-are-Signed flag 330
integrated devel opment environment 12
Intel 80x86 180
Intel C 85
Intel Code Builder 85, 89
Intel iC-386 85
interface, editor 12, 60, 63, 81
intermediate type 119
inter-module messages 81
internal errors 201, 216
internal functions 172
International Standards Organization 4
interrupt 79, 89
iostream.h 99
ISO 4
ixtype 118, 128
ixtype option 69

J
joining strong type 114

K
K&R 1, 4, 226
K&R Preprocessor flag 330
Keil C 166 85
Keil C5185
keywords 86
keywords, Microsoft 78, 90
keywords, preprocessor 187
keywords, register 90
Kind 203

L
-1#, pr option 337
label indentation 49, 170
language definition 4
large data model 72
large memory model 72
large model 180
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large program model 72
LARGE_CASE 88

laser printer 337
LATTICE 89

Lattice C 85, 89

LC60 89

LCOPY.BAT 15
leading tabs 168

left, shift 189

length, identifier 69, 238
level, warning 11, 82, 201

LF 55
lib-...h 8
lib-....Int 6, 8, 17

-libclass option 70, 98, 332
-libdir option 70, 98, 99, 319, 332
-libh option 67, 70, 98, 100, 319, 332
libraries 97

library directory 70

library file, standard 84, 86
LiBrary flag 330

library flag 115

library header 70, 97, 111

library headers, error inhibition in 31
library module 50, 72

library module creation 102
library object module 103
-library option 70, 101, 111, 178, 332
library tag 98

library warning level 83
Library-Function flag, process 51
limit messages 70

-limit( option 70, 217, 332

limit, #define 216

limit, macro 216

limits.h 99, 195

LIN.BAT 8, 15, 16

lin.bat 7, 8, 113, 190

line numbers 336

-linebuf option 70, 319, 332
linker symbols 69

lint command 20

lint comment 23, 29, 32, 178, 196
LINT environment variable 20
lint indirect file 12

lint macro 35, 196



lint object module 53, 71, 73, 103, 104, 106,

191

lint options 193

lint options, Unix 178

lint.exe 16

lint=, set 20

LINT_ARGS 89

LINTLIBRARY 178

lint-nt.exe 6, 16

lint-os2.exe 16

Linux 85

-Int( option 71, 332

-lobbase( option 71, 109, 332

local declaration 178

local definition 178

local structure 255

local template 303

locale.h 99

localtime 153

Location 203

location information 55

location unknown 175

Lock Message format flag 330

LONG_MIN 195

long-char flag 330

longjmp 153

long-long flag 330

LPLOGFONT 127

LPMSG 127

LPRECT 127

LPSTR, 127

LPTR 88, 89

LPWNDCLASS 127

LSET.BAT 8, 15

Ivalue 53, 202, 208, 209, 283
M

M 186 89, 90

M_186CM 89, 90

M _186LM 89, 90

M_186MM 89, 90

M_186SM 89, 90

m68k 88

Macintosh MPW 26

macro 29, 69, 96, 112, 176, 196, 202, 213, 236,

255, 256
macro display 60

macro limit 216

macro parameters 54
macro size 71

macro, lint 35, 196
-macros option 71, 332
macros, options within 23
make file 22, 84, 107, 110, 191
malloc 153, 156, 163
Manx Aztec C 85, 87

Mark Williams C 89
matching, exact parameter 173
math.h 99

max 195

MAX, 18

maximum checking 198
-maxopen( option 71, 332
mbstowcs 153

mbtowc 153

-mD option 72, 332
medium model 72, 180
member 202

member declaration 310
member function 164
member pointer 39
memchr 153, 156
memcmp 153, 156
memcpy 153, 156
memmove 153

memory leak 221, 222, 246
memory model 93, 233
memory model, large 72
memory requirements 1
memory, exceeded available 216
memset 153, 156

message 76

message categories 201
message file 60

Message format 51
message format 62
message height 60, 61

message presentation options 59, 331

message processing 60

message suppression 83

message suppression, one-line 29
message tags 60

message width 62



Messagesin Headers, Suppressing 26

messages, error 204

messages, informational 176, 201, 249

messages, limit 70

messages, suppressing 193
messages, warning 201, 218

meta characters 25

MetaWare High C/C++ 47, 85, 88
Meyers, Scott 326

Microsoft C 89, 175, 194
Microsoft C/C++ 13, 86

Microsoft keywords 78, 86, 89, 90, 180

Microsoft make 110
Microsoft Visual C++ 86
Microsoft Visual Studio 13

Microsoft Windows 77, 123, 127, 240

Microtek MCC 86

mimicry, function 148

min 195

mismatch, argument type 30
mismatch, pointer-to-pointer 34
mixed language 104
mktime 153

-mL option 72, 332

-ml option 50

model, large data 72

model, large memory 72
model, large program 72
model, medium 72

model, memory 233

modf 153

module 202

module cresation, library 102
module, library 72

module, library object 103
module, lint object 73
modulel.cpp 17
module2.cpp 17
module3.cpp 17
moduled.cpp 17

-mP option 72, 332
MPU8086 87

MPW, Macintosh 26

-mS option 72, 332
MSDOS 89

msg.exe 201
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msg.txt 6, 17, 201
multidimensional arrays 119
multi-pass 138
Multiple Definitions flag 330
multiple include directories 50
multiple passes 143
Murray, Robert 325

N
VARARGS 179
-n, pr option 337
native architectures 38
natural type hierarchy 122, 123
near 89
near data pointer 39, 328
near pointer 39, 72, 180, 181, 328
near program pointer 39, 328
nested comment 234
Nested Commentsflag 330
Nested Tag flag 53, 330
new 163, 280, 282, 288, 297, 300
New Array facility 52
NO _EXT_KEYS89, 90
noalign 89
nominal 203
nominal type-checking 179
non-ANS| 53, 64, 111, 236
non-ANSI compiler 102
non-ANSI compilers 84
non-ANSI extensions 180
non-arithmetic 209
non-K&R 53
non-scalar 209
nopad 89
NOSTRICT 179
notes, elective 173, 201
NOTREACHED 179
NULL 89
NULL not defined 194
NULL pointer 43, 135
null pointer 158, 162

O
-0 option 216
object module, library 103
object module, lint 106, 191
octal 213

-od option 72, 102, 107, 129, 171, 172, 173,



332

-odf option 173

-odi option 172

-ods option 102, 173

-oe option 72, 333

-oe( option 197

-offsetof option 33

-ol option 72, 333

old-style function declaration 211
once 75

one-bit type 91

one-line message suppression 29
-00 option 53, 73, 103, 106, 192, 333
operator 279

operator delete 93, 153
operator new 52, 153, 156, 282
option display 25

option settings 197

option summary 327

option, -'e# 29, 327

option, -#d 93, 335

option, -#pragma 75

option, -$ 84, 334

option, -+d 332

option, -A 64, 89, 90, 180, 182, 332
option, -a# 92, 335

option, -append 63, 331

option, -b 64, 332

option, -background 64, 319
option, -caztec 87

option, -cbc 87

option, -cc86 88

option, -ccode 87, 332

option, -cdesm 88

option, -cdl 88

option, -cec 88

option, -cgnu 88

option, -chc 88

option, -cht 88

option, -cibm32 88

option, -cicb 89

option, -clc 89

option, -clc6 89

option, -cmsc 78, 86, 87, 89
option, -cmwc 89

option, -cpp 11, 14, 64, 66, 332
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option, -csc 89
option, -ctc 89
option, -ctsc 90
option, -cwc 90
option, -cwh 90
option, -D 65, 332
option, -d 24, 65, 78, 82, 91, 93, 332, 335
option, -dname 65

option, -dname= 65

option, -e 26, 178, 327

option, -&( 26, 27

option, --e(#) 327

option, -e(#) 33, 327

option, -e713 189

option, -e718 189

option, -e737 189

option, -e746 189

option, -ea 30

option, -eai 30, 226, 327

option, -ean 30, 199, 226, 327
option, -eas 30, 199, 226, 327
option, -eau 30, 189, 226, 327
option, -€file 26, 30, 202, 327
option, --efunc 327

option, -efunc 26, 30

option, -elib 26, 31, 83, 327

option, -elibsym 26, 31, 327

option, -emacro 26, 32, 196, 327
option, -emacro( 32

option, -ep 34

option, -epn 34, 199, 209, 327
option, -epnc 35, 327

option, -epp 35, 209

option, -eps 35, 199, 209, 327
option, -epu 34, 209, 327

option, -epuc 35, 327

option, -esym 26, 31, 35, 193, 203, 327
option, -etd 37, 179, 203, 327
option, -etd( 129

option, -etemplate 26

option, -etemplate( 37

option, -ext( 66, 332

option, fab flag 43, 329

option, fai flag 43, 329

option, -fallthrough 66, 319, 332
option, fan flag 43, 329



option, fasflag 44, 329
option, -father 67, 122, 124
option, -father( 332

option, fbaflag 44, 329
option, fbc flag 44, 329
option, fbo flag 45, 329
option, fbu flag 45, 329
option, fcd flag 45, 329
option, fce flag 45, 216, 329
option, fcp flag 45, 329
option, fct flag 45, 329
option, fcu flag 45, 329
option, fdc flag 46, 329
option, fdh flag 46, 329
option, fdi flag 46, 183, 329
option, fdl flag 46, 219, 329
option, fdr flag 47, 227, 329
option, feb flag 47, 330
option, fem flag 47, 330
option, fep flag 47, 330
option, ffb flag 48, 330
option, ffd flag 48, 330
option, fff flag 48, 330
option, ffn flag 48, 330
option, ffo flag 48, 330
option, fhd flag 49, 330
option, fhg flag 49, 126, 330
option, fhsflag 49, 122, 124, 330
option, fhx flag 49, 330
option, fieflag 49, 330
option, fil flag 49, 170, 330
option, fim flag 50, 330
option, fig flag 50, 330
option, fisflag 50, 330
option, fkp flag 50, 226, 229, 330
option, flb flag 50, 330
option, flc flag 51, 330
option, fIf flag 51, 330
option, fll flag 39, 51, 330
option, fim flag 51, 330
option, fIn flag 51, 330
option, fmd flag 52, 205, 330
option, fnaflag 52, 330
option, fnc flag 52, 234, 330
option, fnn flag 52

option, fnt flag 53, 330
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option, fod flag 53, 112, 330
option, fol flag 53, 112, 330
option, -format= 62, 331
option, -format_specific 63, 143, 331
option, -format4a= 331
option, -format4b= 331
option, fpaflag 53, 330
option, fpc flag 53, 208, 330
option, fpm flag 54, 330
option, fpn flag 54, 330
option, -fprintf 57

option, fpsflag 54, 330
option, frb flag 55, 330
option, frl flag 55, 330
option, fsaflag 55, 208, 330
option, fsc flag 55, 330
option, fsh flag 56, 330
option, fsp flag 56, 143, 330
option, fssflag 56, 330
option, fsu flag 56, 330
option, ftf flag 56, 330
option, ftg flag 57, 330
option, ftr flag 57, 330
option, ful flag 57, 330

option, -function 67, 131, 137, 148, 164, 332

option, -function(_) 157

option, fvaflag 57, 172, 179, 226, 330
option, fvo flag 58, 226, 227, 330
option, fvr flag 58, 227, 331

option, fwc flag 40, 58, 331

option, fwu flag 40, 58, 331

option, fxaflag 58, 174, 331

option, fxc flag 59, 174, 175, 226, 331
option, fxf flag 59, 174, 175, 331
option, fxsflag 59, 174, 175, 226, 331
option, fzl flag 59, 218, 331

option, fzu flag 59, 218, 331

option, -h 60, 331

option, -header 67, 82, 332

option, -i 50, 68, 99, 183, 193, 332
option, -ident 68, 332

option, -ident1( 68, 319, 332

option, -idlen 69, 332

option, -incvar( 69, 332

option, -index 69, 114, 118, 119, 128, 332
option, ixtype 69



option, -libclass 70, 98, 332 option, -sh 38, 228, 328

option, -libdir 70, 98, 99, 319, 332 option, -sc 38, 328

option, -libh 67, 70, 98, 100, 319, 332 option, -scanf 76, 79, 148, 168, 333
option, -library 70, 101, 111, 178, 332 option, -scanf_code 77, 80
option, -limit( 70, 217, 332 option, -scanf_code( 79, 320, 333
option, -linebuf 70, 319, 332 option, -sd 39, 328

option, -Int( 71, 332 option, -sem 320

option, -lobbase( 71, 109, 332 option, -sem(_) 80, 157, 221, 333
option, -macros 71, 332 option, -sf 39, 328

option, -maxopen( 71, 332 option, -si 38, 199, 328

option, -mD 72, 332 option, sitype 69

option, -mL 72, 332 option, -size( 333

option, -ml 50 option, -size(_) 80

option, -mP 72, 332 option, -sizeof ( 328

option, -mS 72, 332 option, -9 39, 199, 328

option, -0 216 option, -slc 38

option, -od 72, 102, 107, 129, 171, 172, 173, option, -sld 39, 328

332 option, -dll 39, 51, 328

option, -odf 173 option, -smp 39

option, -odi 172 option, -smp# 328

option, -ods 102, 173 option, -smpD# 39, 328

option, -oe 72, 333 option, -smpFP# 39, 181, 328
option, -oe( 197 option, -smpNP# 39, 181, 328
option, -offsetof 33 option, -smpP# 39, 328

option, -ol 72, 333 option, -sp 39, 328

option, -00 53, 73, 103, 106, 192, 333 option, -spD 39, 328

option, -0s 73, 110, 111, 333 option, -specific( 81, 145, 333
option, -overload( 93, 335 option, -specific_climit( 81, 145, 333
option, -p 33, 73, 333 option, -specific_retry( 146
option, -parent 67, 74, 123, 124 option, -specific_wlimit( 81, 146, 333
option, -passes( 74, 143, 319, 333 option, -spF 39, 181, 328

option, -plus( 94, 335 option, -spFD 39, 181, 328
option, -ppw 74, 95, 185, 187, 206, 333 option, -spFP 39, 181, 328
option, -ppw( 74, 320, 333 option, -spN 39, 181, 328

option, -ppw_asgn( 74, 319, 333 option, -spND 39, 181, 328
option, -pragma 75, 333 option, -spNP 39, 181

option, -pragma( 76, 320, 333 option, -spP 39, 328

option, -printf 57, 76, 79, 148, 168, 333 option, -ss 38, 328

option, -printf_code 77, 80 option, -strong 69, 81, 113, 114, 115, 128, 129,
option, -printf_code( 77, 320, 333 214, 333

option, -restore 27, 77, 79, 333 option, -sw# 40, 51, 58, 328
option, -rw 78, 91, 333 option, -t# 81, 168, 227, 333
option, -rw( 78, 91, 92, 198, 320, 333 option, -template( 94, 335

option, -rw(*ms) 78, 87, 180 option, -u 11, 14, 81, 82, 106, 333
option, -rw_asgn( 78, 320, 333 option, -uname 82

option, -save 27, 32, 77, 79, 333 option, -unreachable 81, 179, 333
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option, unreachable 131
option, -v 40, 318, 329

option, -v# 42

option, -vc 41, 147, 329
option, -vd 41, 318, 329
option, -vf 41, 98, 329

option, -vh 42, 329

option, -vh- 318, 329

option, -vhm 125

option, -vi 41, 329

option, -vm 41, 329

option, -vn 41

option, -vo 41, 329

option, -voif 20, 197

option, -vs41, 329

option, -vt 41, 318, 329
option, -vw 41, 147, 318, 329
option, -w 82, 83, 188, 327, 333
option, -w2 82

option, -wchar_t 40, 51

option, -width 61, 62, 331
option, -wlib( 83, 327, 333
option, -wprintf 84

option, -wprintf( 333

option, -wscanf 84

option, -wscanf( 334

option, -wsprintf 77

option, -Za 89, 90, 182

option, -zero 21, 84, 106, 111, 334
option, -zero(#) 334

options 7, 12, 23

options and meta characters 25
optionsfile, compiler 84, 86
options within comments 23
options within macros 23
options, order of 193

options, output 41

options, size 38

options.Int 8, 12, 15, 21, 189, 190
order of evaluation 167, 171, 231
order of options 193

origin 203

-osoption 73, 110, 111, 333
0S2 89

otion, -epp 327

out-of-bounds pointer 135
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output declarations 129

output object module 73

output options 41

output standard error 72

output standard out 73

output structures 72

Output-Declared-objects flag 330

Output-Library-objects flag 330

overflow, stack 205

-overload( option 93, 335

overloaded function 46, 93, 151, 280, 299
P

-p option 33, 73, 333

pad 89

parallel arrays 119

parameter 202

parameter matching, exact 173

Parameters within Strings flag 330

-parent option 67, 74, 123, 124

parent type 122, 124

pascal 89

-passes( option 74, 143, 319, 333

patches 13

path, include 68

path, search 183

PAuse flag 330

pc-lint.pdf”* 6

perror 154

Phar Lap 17, 18

-plus( option 94, 335

pointer arguments 158, 161

Pointer Castsretain Ivalue flag 330

pointer size 328

pointer, data 39

pointer, far 39, 72

pointer, far data 39, 72

pointer, far program 39

pointer, function 39

pointer, member 39

pointer, near 39, 72

pointer, near data 39

pointer, near program 39

pointer, program 39

pointer-Difference-is-Long flag 329

Pointer-parameter-may-be-NULL flag 330

pointer-to-pointer mismatch 34



policy, example of a 188
Possible Semantics 158

Power C 86

-ppw option 74, 95, 185, 187, 206, 333
-ppw( option 74, 320, 333
-ppw_asgn( option 74, 319, 333
pr 336

pr options 336

pr.exe 6, 17, 336
-pragmaoption 75, 333
-pragma( option 76, 320, 333
pragma( option 75, 333
precautions, prototype 173
precision 204

Precision islimited to the Max. args. flag 330

pre-defined symbols 182
preprocessing, ANS| 184
preprocessor 73, 104, 182, 251, 333
preprocessor command words 74
preprocessor conditional 52
preprocessor directive 185
preprocessor directive, asm 75
preprocessor keywords 187
preprocessor statements 95
preprocessor symbols 69, 87, 182
preprocessor variables 332
preprocessor variables, define 65
preprocessor, K&R 50

presentation options, message 59
printf 154, 168, 230

-printf option 57, 76, 79, 148, 168, 333
-printf_code option 77, 80
-printf_code( option 77, 320, 333
private 89

private member 283

problems, common 193

process Library-Function flag 51, 330
processing, message 60

program pointer 39, 328

program pointer, far 39

program pointer, near 39

program scope 281

Programmer's Work Bench 13
Programs, Test 8

promote Floats to Doubles flag 330
promotion 195, 204
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promotion, type 173, 175, 179, 196, 200
protected member 283

prototype 57, 101, 102, 107, 111, 174, 189,
211, 226, 255

prototype generation 72, 102, 171
prototype precautions 173

prototype, conversion by 270
prototypesin scope 102

prototypes, typedef typesin 173
ptrdiff_t 219

ptrsto different types 204

ptrsto incompatible types 204

public member 283

pure specifier 279

putc 154

puts 154

QEMM 18
gsort 154
qualification 204

r no 158

r_null 158
raw-Template-Function flag 330
Read Binary flag 330
readme.txt 6, 17

realloc 154

redirect standard error 72
redirect standard out 73
redirection 40, 42, 73, 111
redundant definials 176
Reference Location information in Messages
flag 330

referenced pointer, indirectly 128
register keywords 90

removable from header 177
remove 154

rename 154

repeat source line 60

reserved word 78

reserved words 78, 86

-restore option 27, 77, 79, 333
return 202

return mode 47, 58

Return Semantics 164

Return semantics 158, 162, 166



return semantics 149

rewind 154

Reznick, Larry 326

right, shift 189

Ritchie, Dennis 324

-rw option 78, 91, 333

-rw( option 78, 91, 92, 198, 320, 333

-rw(*ms) option 78, 87, 180

-rw_asgn( option 78, 320, 333
S

-S, pr option 337

S1-S20 156

Saks, Dan 326

-save option 27, 32, 77, 79, 333

-sb option 38, 228, 328

-sbo option 38

-sc option 38, 328

scalar 202

scalar sizes 197

scalars 38

scalars, size of 199

scanf 154, 168, 230

-scanf option 76, 79, 148, 168, 333

-scanf_code option 77, 80

-scanf_code( option 79, 320, 333

scope operator 296

-sd option 39, 328

search list 98

search path 183

-sem option 320

-sem(_) 158

-sem(_) option 80, 157, 221, 333

semantic checking 80, 157

Semantic Expressions 161

Semantic Specifications 166

semantics 156

semantics checking 158

semantics, argument 158, 160

sequence, escape 236

SET INCLUDE= 183

set lint= 20

setbuf 154

setjmp 154, 156

setjmp.h 99

Settings, option 197

SETUP6
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setvbuf 154

-sf option 39, 328
SHared reading flag 330
shift 209, 232

shift left 189

shift right 189

shift, unusual 225

short matching, exact 174
- option 38, 199, 328
signal.h 99

signature 35

signature, full 36
signed/unsigned 189, 204
Simpson, Steve 310
Sitype 118, 128

Sitype option 69

Size 204

size of scalars 199

size options 38, 210, 328
-size( option 333
-size(_) option 80

Size, array 228

size, byte 38

Size, macro 71

Size t 218

sizeof 59, 89, 199, 210, 214, 218, 226, 246
-sizeof ( option 328
sizeof(all pointers) 39
sizeof (char) 38

sizeof (double) 39

sizeof (float) 39

sizeof (int) 38

sizeof (long char) 38
sizeof (long double) 39
sizeof (long) 39

sizeof (short) 38
siZeof-is-Long flag 331
siZeof-is-Unsigned flag 331
Sizes, scalar 197

-d option 39, 199, 328
g-...c6, 17
d.c6,17,101, 111

-dc option 38

sl-c86.c 85

-dd option 39, 328

-dl option 39, 51, 328



d-lc2.c 85 static 178, 225, 229, 253

small model 72, 180 static class 238
-smp option 39 static data 80
-smp# option 328 static functions 172

-smpD# option 39, 328
-smpFP# option 39, 181, 328
-smpNP# option 39, 181, 328

static initialization 179
STD.LNT 8, 15, 16
std.Int 12, 21, 190

-smpP# option 39, 328 STD_A.LNT 16

source line, repeat 60 stdarg.h 99

-sp option 39, 328 stddef.h 99

-spD option 39, 328 stdio.h 97, 99

special keywords 92 stdlib.h 99

Specific Call 41 storage class specifier 213
Specific Call Portrayal 141 storage consumed 41
Specific Calls 140 strcat 154, 156

SPecific flag 330 strchr 154

Specific Walk 41, 63, 81, 138 strcmp 154

Specific Walks 140 strcoll 154

-specific( option 81, 145, 333 strcpy 154, 156
-specific_climit( option 81, 145, 333 strcspn 154
-specific_retry( option 146 stritime 154
-specific_wlimit( option 81, 146, 333 strict type-checking 179
-spF option 39, 181, 328 String 203

-spFD option 39, 181, 328
-spFP option 39, 181, 328
-spN option 39, 181, 328

String constants are Const char flag 330
string initializer 228
String Unsigned flag 330

-spND option 39, 181, 328 string.h 99
-spNP 328 strlen 154, 156
-spNP option 39, 181 strncat 154, 156
-spNP, 328 strncmp 154
-spP option 39, 328 strncpy 154, 156
sprintf 154, 230 strong 204

SPTR 88, 89 strong expressions 127

Spuler, David 326 strong indexes 49

SQL commands 198 -strong option 69, 81, 113, 114, 115, 128, 129,
-ssoption 38, 328 214, 333

sscanf 154, 230 strong table 128

stack facility 121 strong type hierarchy tree 42, 123, 125

stack overflow 80, 205, 216
standard error 40

standard error, output 72
standard header 102
standard library file 84, 86
standard out 40, 73
standard out, output 73
standard out, redirect 73
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strong type, assignment to 114
strong type, extracting 114
strong type, joining 114
strong type-checking 114, 126
strong types 49, 113

strong typing 144
strong-Hierarchy-Down flag 330
strongly Boolean 201



Stroustrup, Bjarne 4, 325
strpbrk 154
strrchr 154
strspn 155
strstr 155
strstream.h 99
strtod 155
strtok 155
strtol 155
strtoul 155
struct 173, 176
struct declaration, untagged 287
struct, untagged 216
Structure-Assignment flag 330
structures, output 72
strxfrm 155
Sub-Struct flag 330
Sun 86
suppressing messages 193
Suppressing Messages in Headers 26
-sw# option 40, 51, 58, 328
switch statement 131
switching among configurations 7
Symantec C/C++ 86, 89
Symbol 35, 203
symbol, error inhibition by 35
symbols, pre-defined 182
symbols, preprocessor 87
syntax errors 201, 204

T
-t# 251
-t# option 81, 168, 227, 333
tab size 81, 333
table, strong 128
tabs, leading 168
Tag flag, Nested 53
tags, message 60
tellme.exe 18
template 176, 282, 283, 284, 303
template function 56
-template( option 94, 335
templates 112
ternary operator 161
Test Programs 8
test.h 17
testl.Int 17
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testl.out 17
test2.Int 17
test2.out 17
Texas Instruments C 86
this 279, 281, 283
throw(_) 293
time identifier 93
time.h 99
tmpfile 155
TopSpeed C 86, 90
torture testing 198
tracking, initialization 130
trigraph 253
TriGraph flag 330
true 45
TRuncate flag 330
Turbo C 89
Turbo/Borland C/C++ 86
Type 203
Type = Type 204
type differences 37
type hierarchies 120
type hierarchy tree, strong 42, 123, 125
type hierarchy, natural 122, 123
type matching 58, 59
type mismatch, argument 30
type promotion 173, 175, 179, 196, 200
Typevs. Type 204
type(i) 159
type, child 122, 124
type, constant 199
type, parent 122, 124
type, vacuous 207
type-checking, Boolean 115
type-checking, nomina 179
type-checking, strict 179
type-checking, strong 114
typedef 113, 118, 119, 123, 176, 255, 256
typedef typesin prototypes 173
typedefs 112
TypeDiff 37, 203
types, strong 49
U
-u option 11, 14, 81, 82, 106, 249, 251, 256,
333
-uname option 82



unary minus operator 225
unary operators 161
undefine 333

undefine identifier 82
ungetc 155

uninitialized statics 179
union 173, 176

union assignment 55
union initialization 249
union, anonymous 243

unit checkout 11, 81, 106, 249, 251, 256, 333

Unix 26, 187
Unix C/C++ 86
Unix lint options 178
Unix make 110
unknown, location 175
unreachable 227
unreachable code 158
-unreachable option 81, 179, 333
unreachable option 131
Unsigned Long flag 330
untagged struct 216
untagged struct declaration 287
unused definials 176
unused header 176
unusual constructs 196
unusual shift 225
unusual use of aBoolean 225
unwise.exe 6
USEASM 105

\
-v option 40, 318, 329
-v# option 42
vacuous type 207
value tracking 133
value-preserving 200
variable arguments 179
Variable Arguments flag 57, 330
variable initialization 251
Varying-Return-mode flag 331
VAX-11C93
-vc option 41, 147, 329
-vd option 41, 318, 329
verbosity 9, 25, 40
verbosity option 197
verbosity options 98

version 9

-vf option 41, 98, 329
viprintf 155

-vh option 42, 329

-vh- option 318, 329

-vhm option 125

-vi option 41, 329

virtual function 300

virtual member function 298
Visual Age 88

Visual C++, Microsoft 86
-vm option 41, 329

-vn option 41

-vo option 41, 329

void 209, 212, 213, 214, 226
VOid datatype flag 330
void* 283

void/nonvoid 204

-voif option 20, 197

volatile 171, 235

vprintf 155

-vsoption 41, 329

vsprintf 155

-vt option 41, 318, 329

-vw option 41, 147, 318, 329

W
-w option 82, 83, 188, 327, 333
-w2 option 82
Walk limit 81

Walk, Specific 41

warning level 11, 82, 201
warning level, library 83
warning messages 201, 218
Watcom 16-bitC/C++ 86
Watcom 32-bit C/C++ 86
Watcom C 90

wchar_t isbuilt-in flag 331
wchar_tisUnsigned flag 331
-wchar_t option 40, 51
wcstombs 155

wctomb 155

weak definials 175

web site 13

while loops 130

while(e) 250

Whitesmith C 86, 90
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-width option 61, 62, 331
width, message 62

wild card 20, 26, 36

Windows 1

Windows, Microsoft 77, 123, 127, 240
-wlib( option 83, 327, 333
words, reserved 78

Work Bench, Programmer's 13
-wprintf option 84

-wprintf( option 333

-wscanf option 84

-wscanf( option 334

-wsprintf option 77

X
X3J11, ANSI 4
X3J16, ANSI 4

Z
z80 88

-Zaoption 89, 90, 182

-zero option 21, 84, 106, 111, 334
-zero(#) option 334

Zortech C/C++ 86
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