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1 Introduction

The purpose of this document is to define one style of programming in C++. The rules and recommendations
presented here are not final, but should serve as abasis for continued work with C++. This collection of rules should
be seen as a dynamic document; suggestions for improvements are encouraged. A form for requesting new rules or
changesto rules has been included as an appendix to this document. Suggestions can also be made viae-mail to one
of the following addresses:

e erik.nyquist@eua.ericsson.se

e Mats.henricson@eua.ericsson.se

Programs that are developed according to these rules and recommendations should be:
« correct
« easy to maintain.

In order to reach these goals, the programs should:
« haveaconsistent style,
« be easy to read and understand,
« be portable to other architectures,
« befree of common types of errors,
« be maintainable by different programmers.

Questions of design, such as how to design a class or a class hierarchy, are beyond the scope of this document.
Recommended books on these subjects are indicated in the chapter entitled References.

In order to obtain insight into how to effectively deal with the most difficult aspects of C++, the examples of code
which are provided should be carefully studied. C++ isadifficult language in which there may be a very fine line
between afeature and a bug. This places alarge responsibility upon the programmer. In the same way asfor C, C++
allows a programmer to write compact and, in some sense, unreadabl e code.

Code written in bold type is meant to serve as awarning. The examples often include class definitions having the
format cl ass nane {};.Theseareincluded so that the examples may be compiled; it is not recommended that
class definitions be written in this way. In order to make the code more compact, the examples provided do not
alwaysfollow therules. In such cases, the rule which is broken is indicated.

Many different C++ implementations are in use today. Most are based on the C++ Language System by AT&T. The
component of this product which translates C++ code to C is called Cfront. The different versions of Cfront (2.0, 2.1
& 3.0 arecurrently in use) are referred to in order to point out the differences between different implementations.

Rule O

Every time aruleis broken, this must be clearly documented.
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2 Terminology

1.

10.
11.

12.

13.
14.

15.
16.

17.

18.
19.

20.

21.
22.
23.
24.

Anidentifier isaname which is used to refer to avariable, constant, function or type in C++. When
necessary, an identifier may have an internal structure which consists of a prefix, a name, and a suffix (in that
order).

. A classis auser-defined data type which consists of data elements and functions which operate on that data.

In C++, thismay be declared as a class; it may also be declared as a struct or aunion. Data defined in a class
is called member data and functions defined in a class are called member functions.

A class/struct/union is said to be an abstract datatypeif it does not have any public or protected member data.
A structure is a user-defined type for which only public datais specified.

Public members of a class are member data and member functions which are everywhere accessible by
specifying an instance of the class and the name.

Protected members of a class are member data and member functions which are accessible by specifying the
name within member functions of derived classes.

. A class template defines afamily of classes. A new class may be created from a class template by providing

values for anumber of arguments. These values may be names of types or constant expressions.

A function template defines a family of functions. A new function may be created from afunction template by
providing values for a number of arguments. These values may be names of types or constant expressions.

An enumeration typeis an explicitly declared set of symbolic integral constants. In C++ it isdeclared asan
enum

A typedef is another name for a data type, specified in C++ using at ypedef declaration.

A reference is another name for a given variable. In C++, the “address of' (&) operator is used immediately
after the data type to indicate that the declared variable, constant, or function argument is areference.

A macro isaname for atext string which is defined in a#def i ne statement. When this name appearsin
source code, the compiler replaces it with the defined text string.

A constructor is afunction which initializes an object.

A copy constructor is a constructor in which the first argument is areference to an object that has the same
type as the object to beinitialized.

A default constructor is a constructor which needs no arguments.

An overloaded function name is a name which is used for two or more functions or member functions having
different types.

An overridden member function is a member function in a base class which is re-defined in a derived class.
Such amember function isdeclared vi r t ual .

A pre-defined data type is atype which is defined in the language itself, such asi nt .

A user-defined data type is atype which is defined by aprogrammer inacl ass, st ruct, uni on, enum
ort ypedef definition or as an instantiation of a class template.

A pure virtual function isamember function for which no definition is provided. Pure virtual functions are
specified in abstract base classes and must be defined (overridden) in derived classes.

An accessor is afunction which returns the value of a data member.
A forwarding function is afunction which does nothing more than call another function.
A constant member function is a function which may not modify data members.

An exception is arun-time program anomaly that is detected in afunction or member function. Exception
handling provides for the uniform management of exceptions. When an exception is detected, it is thrown
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(using athrow expression) to the exception handler.

25. A catch clauseis code that is executed when an exception of agiven typeisraised. The definition of an
exception handler begins with the keyword cat ch.

26. An abstract base classis a class from which no objects may be created; it is only used as a base class for the
derivation of other classes. A classisabstract if it includes at least one member function that is declared as
pure virtual.

27. Aniterator is an object which, when invoked, returns the next object from a collection of objects.
28. The scope of aname refers to the context in which itisvisible.

29. A compilation unit is the source code (after preprocessing) that is submitted to a compiler for compilation
(including syntax checking).

3 General Recommendations

Rec. 1

Optimize code only if you know that you have a performance problem. Think twice before you begin.

Rec. 2

If you use a C++ compiler that is based on Cfront, always compile with the +wflag set to eliminate as many
warnings as possible.

Varioustests are said to have demonstrated that programmers generally spend alot of time optimizing code that is
never executed. If your program istoo slow, use gpr of ++ or an equivalent tool to determine the exact nature of the
problem before beginning to optimize.

Code that is accepted by a compiler is not always correct (in accordance with the definition of the C++ language).
Two reasons for this are that changes are made in the language and that compilers may contain bugs. In the short
term, very little can be done about the latter. In order to reduce the amount of code that must be rewritten for each
new compiler release, it is common to let the compiler provide warnings instead of reporting errors for such code
until the next major release. Cfront provides the +w flag to direct the compiler to give warnings for these types of
language changes.

4 Source Code In Files

4.1 Structure of Code

Rule 1

Include filesin C++ always have the file name extension ".hh".

Rule 2

Implementation filesin C++ always have the file name extension ".cc".
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Rule 3

Inline definition files always have the file name extension ".icc".

Rec. 3

An include file should not contain more than one class definition.

Rec. 4

Divide up the definitions of member functions or functions into as many files as possible.

Rec. 5

Place machine-dependent code in a special file so that it may be easily located when porting code from one machine
to another.

The purpose of these conventionsisto provide a uniform interpretation of file names. One reason for thisisthat it is
easier to make tools which base their behaviour on the file name extension.

There are two kinds of include files in C++: those which contain code that is accepted by both ANSI-C and C++
compilers and those which contain code that is only accepted by C++ compilers. It is appropriate to distinguish
between the two in order to avoid unpleasant compilation errors (from using the wrong kind of includefile).

If a".cc" file contains alarge number of function definitions, the object file produced by the compiler may be
unnecessarily large. In order to obtain the smallest possible executable files, it is necessary to have a separate file for
each function definition. Thisis because the standard UNIX linker | d links al functionsin an object file even if
only one of them is actually used. It is especially important to remember that virtual functions are aways linked. On
the other hand, there are problems in managing a large number of files, since sufficiently powerful tools are not
currently available. Also, the time necessary to compile a program consisting of alarge number of filesislonger.

Some debuggers cannot debug inline functions. By placing inline functions in a separate file and by including that
filein the implementation file, thus treating the inline functions as ordinary functions, it is possible to debug the
functions while testing the program. For thisto work some specia preprocessor techniques must be used. Theinline
definition file must not be included by the include file for the class and the keyword i nl i ne must be removed.

When tools for managing C++ code are not available, it is much easier for those who use and maintain classes if
thereis only one class definition in each file and if implementations of member functionsin different classes are not
present in the samefile.

Exception to Rule 1

Include files which contain code that is accepted by both C and C++ compilers should have the file name extension
".h".

Exception to Rule 2

When using a compiler that does not accept the extension ".cc", the extension ".C" is used instead.
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Exception to Rule 3
No exceptions.

Example 1

Inline definitions in a separate file for conditional compilation

/'l AnyC ass. hh

#i f ndef OUTLI NE

#i ncl ude "AnyC ass.icc"
#endi f

/I Anyd ass. cc

#i f def QOUTLI NE

#define inline

#i ncl ude "Anyd ass.icc"
#undef inline

#endi f

4.2 Naming Files

Rec. 6

Always give afile aname that is unigue in as large a context as possible.

Rec. 7

Anincludefilefor aclass should have afile name of the form <class name> + extension. Use uppercase and
lowercase |etters in the same way as in the source code.

Thereisawaysarisk for name collisions when the file name is part of identifier names that are generated by the
compiler. Thisisaproblem in using any Cfront-based compiler.

AT&T's Cfront-based compiler creates two functions for every filein order to call constructors and destructors of
static objects in the proper order. These functions are named:

char __sti__file_cc___Fv(); //filename is file.cc
char __std__file_cc___Fv(); //filename is file.cc

It is easily understood that if a program has two files with the same name but in different subdirectories, there will
be name collisions between the functions generated above.

Since class names must generally be unique within alarge context, it is appropriate to utilize this characteristic when
naming its include file. This convention makes it easy to locate a class definition using afile-based tool.

4.3 Comments
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Rule 4

Every file that contains source code must be documented with an introductory comment that provides information
on the file name and its contents.

Rule 5

All files must include copyright information.

Rule 6

All comments are to be written in English.

Rec. 8

Write some descriptive comments before every function.

Rec. 9

Use// for comments.

It is necessary to document source code. This should be compact and easy to find. By properly choosing names for
variables, functions and classes and by properly structuring the code, thereisless need for comments within the
code.

Note that comments in include files are meant for the users of classes, while comments in implementation files are
meant for those who maintain the classes.

All our code must be copyright marked. If the code has been developed over a period of years, each year must be
stated.

The standardization of comments makes it possible to automatically generate man-pages from source code. This
may be used to keep source code and documentation together until adequate tools for information management are
available.

Comments are often said to be either strategic or tactical. A strategic comment describes what a function or section
of code isintended to do, and is placed before this code. A tactical comment describes what a single line of code is
intended to do, and is placed, if possible, at the end of thisline. Unfortunately, too many tactical comments can
make code unreadable. For this reason, it is recommended to primarily use strategic comments, unless trying to
explain very complicated code.

If the characters/ / are consistently used for writing comments, then the combination/ * */ may be used to make
comments out of entire sections of code during the development and debugging phases. C++, however, does not
allow commentsto benested using/ * */.

Exception to Rule 4

No exceptions.
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Exception to Rule 5
No exceptions.
Exception to Rule 6
No exceptions.

Example 2

Documentation of afile

/1

/Il File: test.cc

/1l Description: This is a test program
/'l Rev: A

/|l Created: Thur. Cct 31, 1991, 12:30:14
/1 Author: Erik Nyqui st

/1 mail: erik.nyquist@ua.ericsson.se

/1

/| Copyright Ellentel Utvecklings AB 1991
I/ BOX 1505

/1 125 25 ALVSJO

/| SWEDEN

I/l tel int + 46 8 727 3000

/1

/'l The copyright to the conputer progran(s) herein

/Il is the property of Ellentel Utvecklings AB, Sweden.
/'l The progran(s) may be used and/or copied only with
/'l the witten perm ssion of Ellentel U vecklings AB
/1l or in accordance with the ternms and conditions

/'l stipulated in the agreenent/contract under which
/'l the progran(s) have been suppli ed.

I

Example 3

Strategic and Tactical Comments

/1 THE NEXT TWO LI NES ARE STRATEG C COVMENTS
/1 This function does sone conplicated things. It works like this:
/1 bl ah-blah-blah ...

I nt

i nsanel yG eat AndConpl i cat edFunction( int i )

{

int index = i++ + ++i * i-- - --i; [/ TH S IS A TACTI CAL COMMENT

return i ndex;

}
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4.4 Include Files

Rule 7

Every include file must contain a mechanism that prevents multiple inclusions of thefile.

Rule 8

When the following kinds of definitions are used (in implementation files or in other include files), they must be
included as separate include files:

« classesthat are used as base classes,
o classesthat are used as member variables,
« classesthat appear as return types or as argument types in function/member function prototypes.

« function prototypes for functions/member functions used in inline member functions that are defined in the
file.

Rule 9

Definitions of classes that are only accessed via pointers (* ) or references (&) shall not be included as include files.

Rule 10

Never specify relative UNIX namesin#i ncl ude directives.

Rule 11

Every implementation file is to include the relevant files that contain:
« declarations of types and functions used in the functions that are implemented in the file.
« declarations of variables and member functions used in the functions that are implemented in the file.

Rec. 10
Usethedirective#i ncl ude "fil enane. hh" for user-prepared include files.
Rec. 11
Usethedirective#i ncl ude <fi | enanme. hh> for include files from libraries.
Rec. 12

Every implementation file should declare alocal constant string that describes the file so the UNIX command what
can be used to obtain information on the file revision.

Rec. 13

Never include other filesin an ".icc" file.

The easiest way to avoid multiple includes of filesisby using an #i f ndef /#def i ne block in the beginning of the
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fileand an #endi f at the end of thefile.

The number of filesincluded should be minimized. If afileisincluded in an include file, then every implementation
file that includes the second include file must be re-compiled whenever the first fileis modified. A smple
modification in one include file can make it necessary to re-compile alarge number of files.

When only referring to pointers or references to types defined in afile, it is often not necessary to include that file. It
may suffice to use aforward declaration to inform the compiler that the class exists. Another alternative isto
precede each declaration of a pointer to the class with the keyword cl ass.

True portable code is independent of the underlying operating system. For this reason, relative UNIX search paths
should be avoided when including files. The processing of such search paths depends on the compiler and UNIX
should not be taken for granted. Instead, search paths should be provided in make files as options for the compiler.

If afile only contains information that is only needed in an implementation file, that file should not be included in
another include file. Otherwise, when the information is no longer needed in the implementation file, it may be
necessary to re-compile each file that uses the interface defined in the include file.

Every C++ course teaches the difference between the include directives for user-prepared and for library include
files. If the file name is bracketed between < and >, the preprocessor will not search for the file in the default
directory. This reduces the risk of unintended name collisions between user-prepared and library include files.

By declaring alocal constant string, the compiler becomes self-identifying. This may be used to easily determine the
version of the program that is used. The string must begin with the characters @ #) to be read by the UNIX what
command.

Exception to Rule 7

No exceptions.

Exception to Rule 8

No exceptions.

Exception to Rule 9

No exceptions.

Exception to Rule 10

No exceptions.

Exception to Rule 11

No exceptions.

Example 4

Technique for preventing multiple inclusion of an include file

#i f ndef FOO _HH
#defi ne FOO_HH
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/] The rest of the file
#endi f

Example 5

Never use explicit UNIX path names

[/ NOT RECOMVENDED
#include <../include/fnutt. h>

/1 NOT GUARANTEED TO WORK
#i ncl ude <sys/socket. h>

Example 6

Local constant string for identifying implementation files.

static const char* sccsid =
"@#) Exception.cc, rev. A Copyright Ellentel Uvecklings AB 1991"

Example 7

Include file for the class PackableString

/'l file: PackableString. hh
#i f ndef PACKABLESTRI NG_HH
#def i ne PACKABLESTRI NG_HH

#i nclude "String. hh"
#i ncl ude " Packabl e. hh"

/1 It is not necessary to extern-declare class Buffer when

/| each pointer declaration specifies the keyword class as shown bel ow.
/'l An explicit extern-declaration nakes the code easier to

/'l under st and.

extern class Buffer;

cl ass Packabl eString : public String, public Packable

{

public:

Packabl eString( const String& s );

class Buffer* put( class Buffer* outbuffer );
/1

b
#endi f
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Example 8

Implementation file for the class PackableString
/| Packabl eString. cc

#i ncl ude "Packabl eString. hh"
[/ To be able to use Buffer-instances, Buffer.hh MJST be i ncl uded.
#i ncl ude "Buffer. hh"

Buf fer*
Packabl eString::put( Buffer* outbuffer )

{
/1

}
5 Assigning Names

Rule 12

The identifier of every globally visible class, enumeration type, type definition, function, constant, and variablein a
classlibrary isto begin with a prefix that is unique for the library.

Rule 13

The names of variables, constants, and functions are to begin with a lowercase letter.

Rule 14

The names of abstract data types, structures, typedefs, and enumerated types are to begin with an uppercase letter.

Rule 15

In names which consist of more than one word, the words are written together and each word that followsthefirst is
begun with an uppercase | etter.

Rule 16

Do not use identifiers which begin with one or two underscores ("_"or ~__").

Rule 17

A name that begins with an uppercase letter isto appear directly after its prefix.
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Rule 18

A name that begins with alowercase letter is to be separated from its prefix using an underscore ("_").

Rule 19

A nameisto be separated from its suffix using an underscore ("_").

Rec. 14

Do not use typenames that differ only by the use of uppercase and lowercase |etters.

Rec. 15

Names should not include abbreviations that are not generally accepted.

Rec. 16

A variable with alarge scope should have along name.

Rec. 17

Choose variable names that suggest the usage.

Rec. 18

Write code in away that makes it easy to change the prefix for global identifiers.

Rec. 19

Encapsulate global variables and constants, enumerated types, and typedefsin a class.

In this chapter, it isimportant to distinguish between identifiers and names. The name isthat part of an identifier that
shows its meaning. An identifier consists of a prefix, aname, and a suffix (in that order). The prefix and the suffix
are optional. A suffix isonly used by tools that generate C++ code, to avoid name collisions with user-written C++
code and is not given further consideration here.

It is recommended identifiers not be extremely long, to reduce the risk for name collisions when using tools that
truncate long identifiers.

The Unix command ar truncates file names that are longer than 15 characters. Cfront normally modifies generated
C-identifiersthat are longer than 31 characters by truncating them and adding a hash value that is generated from the
truncated part of the string.

The use of two underscores ("__") inidentifiersisreserved for the compiler'sinternal use according to the ANSI-C
standard.

Underscores ("_") are often used in names of library functions (suchas_rmai n and _exi t ). In order to avoid
collisions, do not begin an identifier with an underscore.

One rule of thumb is that a name which cannot be pronounced is a bad name. A long name is normally better than a
short, cryptic name, but the truncation problem must be taken into consideration. Abbreviations can always be
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misunderstood. Global variables, functions and constants ought to have long enough names to avoid name conflicts,
but not too long.

Classes should be named so that "obj ect . f unct i on" iseasy to read and appearsto be logical.

There are many class libraries available for purchase and there may be tens of thousands of classesin alarge
project! Because of this, it isimportant to be careful that name collisions do not occur. One way of preventing
collisionsisto have strict rules for assigning names to globally visible objects (such as our use of a prefix). In this
way, classes from several different class libraries may be used at the same time.

Names for the following types of objects are to be prefixed:
« Type names (classes, typedefs, enums, structs, unions, etc.)
« Global variables and constants
« Function names (not member functions names)
« Preprocessor macros (#def i ne)

The use of prefixes can sometimes be avoided by using a class to limit the scope of the name. Static variablesin a
class should be used instead of global variables and constants, enumerated data types, and typedefs. Although nested
classes may be used in C++, these give rise to too many questions (in connection with the language definition) to be
able to recommend their use.

Exception to Rule 12

No exceptions.

Exception to Rule 13

No exceptions. (At times, an identifier begins with an abbreviation written in uppercase letters, to emphasize the
way in which the nameis used. Such an abbreviation is considered to be a prefix.)

Exception to Rule 14

If the last letter in aword isin uppercase, an underscore isto be used as aword separator.
Exception to Rule 15

No exceptions.

Exception to Rule 16

No exceptions.

Exception to Rule 17

No exceptions.
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Exception to Rule 18
No exceptions.
Exception to Rule 19
No exceptions.

Example 9

Exception using compound names

const char* functionTitle = "EUA Special";
int currentlO Stream= 1; // Last Character in currentlOis in uppercase!

Example 10

Choice of names

int grouplD; // instead of grplD
I nt nameLength; // instead of nanin
PrinterStatus resetPrinter; // instead of rstprt

Example 11

Ambiguous names

void ternProcess(); // Terminate process or
/1l term nal process?

Example 12

Names having numeric characters can cause errors which are difficult to locate.

int 10 = 13; // Nanmes with digits can be
int 10=10; // difficult to read.

Example 13

Definition of aclassin the class library Emc2
cl ass Ent2d ass

{

public:

Enc2d ass(); // Default constructor
/1

privat e:

int id;

/1

b

http://www.cs.umd.edu/users/cml/resources/cstyle/Ellemtel-rules-mm.html (16 of 79) [10/19/2001 1:44:07 PM]



Programming in C++, Rules and Recommendations

Example 14

One way to avoid global functions and classes

/'l 1 nstead of decl aring:

void Ent2_myFuncl();

voi d Ent2_nyFunc2();

class Ent2MWClass { /* ... */ };

/'l Encapsul ate the functions using an abstract cl ass:
class Ent2

{

publi c:

static void myFuncl();

static void myFunc2();

class MyCass { /* ... *| };

privat e:

virtual dummy() = 0; // Trick to nmake the cl ass abstract
1

/'l Now, functions and cl asses nay be accessed by using the scope-operator:
Enc?2: : myFuncl();

Enc2: : myFunc2();

Enc2:: A ass nybj ect;

6 Style

6.1 Classes

Rule 20

Thepubl i c, protected,andpri vat e sections of aclass are to be declared in that order (the publ i ¢ section
is declared before the pr ot ect ed section which is declared before the pr i vat e section).

Rule 21

No member functions are to be defined within the class definition.

By placing the publ i ¢ section first, everything that is of interest to a user is gathered in the beginning of the class
definition. The pr ot ect ed section may be of interest to designers when considering inheriting from the class. The
pri vat e section contains details that should have the least general interest.

A member function that is defined within a class definition automatically becomesinline. Class definitions are less
compact and more difficult to read when they include definitions of member functions. It iseasier for aninline
member function to become an ordinary member function if the definition of the inline function is placed outside of
the class definition. Thisrule will be in effect at |east as long as traditional text editors are used.

A similar problem is that members are private if no access specifier is explicitly given. This problem is avoided by
following Rule 20.
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Exception to Rule 20
No exceptions.
Exception to Rule 21
No exceptions.

Example 15

A class definition in accordance with the style rules
class String : private bject

{

publi c:

String(); // Default constructor
String( const String& s ); // Copy constructor
unsi gned | ength() const;

...

pr ot ect ed:

i nt checkl ndex( unsigned index ) const;
/1

privat e:

unsi gned noOf Chars;

/1

b
Example 16

No definitions of member functions within the class definition (See Example 1)

/'l Instead of witing |ike this:
class String

{
publi c:
int length() const // No !!

return |en;

}
/1]
privat e:
int |en;
3

/1 Do it this way:
class String

{

public:

int length() const;
Il

privat e:
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int |en;

s

inline

i nt

String::length() const
{

return | en;

}

6.2 Functions

Rec. 20

Always provide the return type of afunction explicitly.

Rec. 21

When declaring functions, the leading parenthesis and the first argument (if any) are to be written on the same line
as the function name. If space permits, other arguments and the closing parenthesis may aso be written on the same
line as the function name. Otherwise, each additional argument isto be written on a separate line (with the closing
parenthesis directly after the last argument).

Rec. 22

In afunction definition, the return type of the function should be written on a separate line directly above the
function name.

Rec. 23

Always write the left parenthesis directly after a function name.

If no return typeis explicitly provided for afunction, it is, by default, ani nt . It is recommended to always provide
the return type explicitly, to increase the readability of the code. By defining the return type on a separate line
directly above the function definition, the function name is more easily seen.

The other recommendations are meant to give a uniform appearance to the code that is written. Until such time as
formatting tools are available, programmers should follow these guidelines.

Example 17

The left parenthesis always directly after the function name

void foo (); // No!!
void foo(); // Better
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Example 18

Right and wrong ways of declaring formal arguments for a function (in function definition)

/'l Right:

I nt

myConpl i cat edFuncti on( unsi gned unsi gnedVal ue,
I nt intVal ue,

char* char Poi nt er Val ue,

I nt* intPointerVal ue,

myC ass* nmyd assPoi nt er Val ue,

unsi gned* unsi gnedPoi nt er Val ue );

/1 Wong:

I nt

myConpl i cat edFuncti on( unsi gned unsi gnedVal ue, int intVal ue,

char* char Poi nterVal ue, int* intPointerValue, nyd ass* nyC assPoi nt er Val ue,
unsi gned* unsi gnedPoi nt er Val ue );

6.3 Compound Statements

Rec. 24

Braces ("{ } ") which enclose a block are to be placed in the same column, on separate lines directly before and after
the block.

The placement of braces seems to have been the subject of the greatest debate concerning the appearance of both C
and C++ code. We recommend the style which, in our opinion, gives the most readable code. Other styles may well
provide more compact code.

6.4 Flow Control Statements

Rec. 25

The flow control primitivesi f , el se, whi | e, f or and do should be followed by ablock, even if it is an empty
block.

At times, everything that isto be done in aloop may be easily written on one line in the loop statement itself. It may
then be tempting to conclude the statement with a semicolon at the end of the line. This may lead to
misunderstanding since, when reading the code, it is easy to miss such a semicolon. It seems to be better, in such
cases, to place an empty block after the statement to make completely clear what the code is doing.

Example 19

Flow control structure without statements

/1 No block at all - No!
while ( /* Something */ );
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/1 Enpty block - better!
while ( /* Sonmething */ )
{

/1l Enpty !

}

6.5 Pointers and References

Rec. 26

The dereference operator * ' and the address-of operator &' should be directly connected with the type namesin
declarations and definitions.

The characters ** ' and "&' should be written together with the types of variables instead of with the names of
variables in order to emphasize that they are part of the type definition. Instead of saying that *i isani nt, say that
i isanint*.

Traditionally, C recommendations indicate that * ' should be written together with the variable name, since this
reduces the probability of making a mistake when declaring several variables in the same declaration statement (the
operator “* ' only appliesto the variable on which it operates). Since the declaration of several variablesin the same
statement is not recommended, however, such an advice is unneeded.

Example 20

* and & together with the type

char*

Qoj ect::asString()
{

/| Somet hi ng

b

char* userNane = O;

i nt sfBook = 42;
i nt & anl nt Ref = sf Book;

Example 21

Declaration of several variables in the same statement

/1 NOT RECOMVENDED
char* i,j; // i is declared pointer to char, while j is declared char

6.6 Miscellaneous

Rec. 27

Do not use spacesaround . ' or "- >', nor between unary operators and operands.
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Rec. 28

Use the c++ mode in GNU Emacs to format code.

In our opinion, code is more readable if spaces are not used around the . or - > operators. The same applies to unary
operators (those that operate on one operand), since a space may give the impression that the unary operand is
actually a binary operator.

Ordinary spaces should be used instead of tabs. Since different editors treat tab characters differently, the work in
perfecting alayout may have been wasted if another editor is later used. Tab characters can be removed using the
UNIX command expand. One alternative is to format code using the editor GNU Emacs.

We recommend that everyone use GNU Emacs to format code. Code will then have a uniform appearance regardless
of who has written it.

7 Classes

7.1 Considerations Regarding Access Rights

Rule 22

Never specify publ i ¢ or pr ot ect ed member datain aclass.

The use of public variablesis discouraged for the following reasons:

1. A public variable represents a violation of one of the basic principles of object-oriented programming,
namely, encapsulation of data. For example, if thereisaclass of the type BankAccount , in which
account _bal ance isapublic variable, the value of this variable may be changed by any user of the class.
However, if the variable has been declared private, its value may be changed only by the member functions of
the class.

2. Anarbitrary function in a program can change public data which may lead to errors that are difficult to locate.

3. If public datais avoided, itsinternal representation may be changed without users of the class having to
modify their code. A principle of class design isto maintain the stability of the public interface of the class.
The implementation of a class should not be a concern for its users.

The use of protected variablesin a class are not recommended, since its variables become visible to its derived
classes. The names of types or variables in a base class may then not be changed since the derived classes may
depend on them. If aderived class, for some reason, must access datain its base class, one solution may be to make
aspecial protected interface in the base class, containing functions which return private data. This solution would
not imply any degradation of performanceif the functions are defined i nl i ne.

The use of structsis also discouraged since these only contain public data. In interfaces with other languages (such
as C), it may, however, be necessary to use structs.

Exception to Rule 22

In interfaces with other languages (such as C), it may be necessary to use structs having public data.
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Example 22

The correct way to encapsul ate data so that future changes are possible.
/1 Original class:

cl ass Synbol {};
class A dSynmbol : public Synbol {};

class Priority
{

public:

/'l returns pd
int priority();

/'l returns synbol

cl ass Synbol * get Synbol () const;
/1

privat e:

i nt pd;

A dSynbol synbol ;

3

/1 Modified class:

/1 The programrer has chosen to change the private data froman int
/Il to an enum A user of the class "Priority' does not have to change
/'l any code, since the enumreturn-value fromthe nenber function

/'l priority() is automatically converted to an int.

class Synbol {};
cl ass NewSynbol : public Synbol {};
enum Priority { low, high, urgent };

class Priority

{

public:

/'l Interface intact through inplicit cast, returns priority _data
Priority priority();

/'l Interface intact, object of new subclass to synbol returned
cl ass Synbol * get Synbol () const;
/1 :

privat e:

Priority priority_data; // New representation/nane of internal data
NewSynbol synbol ;

3
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7.2 Inline Functions

Rec. 29

Accessfunctionsareto bei nl i ne.

Rec. 30

Forwarding functions areto bei nl i ne.

Rec. 31

Constructors and destructors must not bei nl i ne.
The normal reason for declaring afunctioni nl i ne isto improve its performance.

Small functions, such as access functions, which return the value of a member of the class and so-called forwarding
functions which invoke another function should normally bei nl i ne.

Correct usage of inline functions may also lead to reduced size of code.

Warning: functions which invoke other inline functions often become too complex for the compiler to be ableto
make them inline despite their apparent smallness.

This problem is especially common with constructors and destructors. A constructor always invokes the constructors
of its base classes and member data before executing its own code. Always avoid inline constructors and
destructors!

7.3 Friends

Rec. 32

Friends of a class should be used to provide additional functions that are best kept outside of the class.
Operations on an object are sometimes provided by a collection of classes and functions.

A friend is anonmember of aclass, that has access to the nonpublic members of the class. Friends offer an orderly
way of getting around data encapsulation for a class. A friend class can be advantageously used to provide functions
which require data that is not normally needed by the class.

Suppose there is alist class which needs a pointer to an internal list element in order to iterate through the class. This
pointer is not needed for other operations on the list. There may then be reason, such as obtaining smaller list
objects, for an list object not to store a pointer to the current list element and instead to create an iterator, containing
such a pointer, when it is needed.

One problem with this solution is that the iterator class normally does not have access to the data structures which
are used to represent the list (since we aso recommend private member data).

By declaring the iterator classasaf r i end, this problem is avoided without violating data encapsul ation.

Friends are good if used properly. However, the use of many friends can indicate that the modularity of the systemiis
poor.
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7.4 const Member Functions

Rule 23

A member function that does not affect the state of an object (its instance variables) isto be declared const .

Rule 24

If the behaviour of an object is dependent on data outside the object, this data is not to be modified by const
member functions.

Member functions declared asconst may not modify member data and are the only functions which may be
invoked onaconst object. (Such an object is clearly unusable without const methods.) A const declarationis
an excellent insurance that objects will not be modified (mutated) when they should not be. A great advantage that is
provided by C++ isthe ability to overload functions with respect to their const -ness. (Two member functions may
have the same name where oneisconst and the other is not.)

Non-const member functions are sometimes invoked as so-called 'lvalues (as alocation value at which avalue
may be stored). A const member function may never be invoked as an 'lvalue'.

The behaviour of an object can be affected by data outside the object. Such data must not be modified by aconst
member function.

At times, it isdesirable to modify datain aconst object (such a having a cache of datafor performance reasons).
In order to avoid explicit type conversionsfrom aconst typetoanon-const type, the only way isto store the
information outside the object. (See example 55.) This type of data should be seen as external data which does not

affect the behaviour of the class.
Exception to Rule 23
No exceptions.
Exception to Rule 24
No exceptions.

Example 23

const -declared access functions to internal datain aclass
cl ass Speci al Account : public Account

{

public:

i nt insertMney();

/1 int getAnount OF Money(); No! Forbids ANY constant object to
/| access the anount of noney.

i nt get Amount Of Money() const; // Better!

/]

privat e:

I nt noneyAnount ;
b
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Example 24

Overloading an operator/function with respect to const -ness

#1 ncl ude <i ostream h>

#i ncl ude <string. h>

static unsigned const cSize = 1024;
class Internal Data {};

cl ass Buffer

{

public:

Buffer( char* cp );

/1l Inline functions in this class are witten conpactly so the exanple
/1 may fit on one page. THIS is NOT to be done in practice (See Rule 21).

/'l A. non-const nenber functions: result is an |val ue
char & operator[]( unsigned index ) { return buffer[index]; }
I nternal Data& get() { return data; }

/1l B. const menber functions: result is not an |val ue
char operator[]( unsigned index ) const { return buffer[index]; }
const Internal Data& get() const { return data; }

privat e:
char buffer[cSize];
I nt er nal Dat a dat a;

b

inline Buffer::Buffer( char* cp )

{

strncpy( buffer , cp , sizeof( buffer ) );

}

mai n()

{

const Buffer cfoo = "peter"”; // This is a constant buffer
Buffer foo = "mary"; // This buffer can change

foo[2]="c'; // calls char& Buffer::operator[](unsigned)
cfoo[2] ="'c' // ERROR <cfoo[2] is not an |value.

/'l cfoo[2] means that Buffer::operator[](unsigned) const is called.
cout << cfoo[2] << ":" << fo0[2] << endl; // OKI Only rvalues are needed

foo.get() = cfoo.get();
cfoo.get() = foo.get(); // ERROR cfoo.get() is not an |value
}

http://www.cs.umd.edu/users/cml/resources/cstyle/Ellemtel-rules-mm.html (26 of 79) [10/19/2001 1:44:07 PM]



Programming in C++, Rules and Recommendations

7.5 Constructors and Destructors

Rule 25

A classwhich uses "new' to allocate instances managed by the class, must define a copy constructor.

Rule 26

All classes which are used as base classes and which have virtua functions, must define a virtual destructor.

Rec. 33

Avoid the use of global objectsin constructors and destructors.

A copy constructor is recommended to avoid surprises when an object isinitialized using an object of the same type.
If an object manages the all ocation and deall ocation of an object on the heap (the managing object has a pointer to
the object to be created by the class constructor), only the value of the pointer will be copied. This can lead to two
invocations of the destructor for the same object (on the heap), probably resulting in a run-time error.

The corresponding problem exists for the assignment operator ("="). See 7.6: Assignment Operators.

If aclass, having virtual functions but without virtual destructors, is used as a base class, there may be a surprise if
pointers to the class are used. If such apointer is assigned to an instance of aderived classand if del et e isthen
used on this pointer, only the base class destructor will be invoked. If the program depends on the derived class
destructor being invoked, the program will fail.

In connection with the initialization of statically allocated objects, it is not certain that other static objects will be
initialized (for example, global objects). Thisis because the order of initialization of static objects which is defined
in various compilation units, is not defined in the language definition. There are ways of avoiding this problem, all
of which require some extrawork.

Y ou must know what you are doing if you invoke virtual functions from a constructor in the class. If virtual
functionsin a derived class are overridden, the original definition in the base class will still be invoked by the base
class constructor. Override, then, does not always work when invoking virtual functions in constructors. See

Example 30.

Exception to Rule 25

Sometimes, it isdesired to let objectsin a class share adata area. In such a case, it is not necessary to define a copy
constructor. Instead, it is necessary to make sure that this data areais not deallocated as long as there are pointersto
it.

Exception to Rule 26

No exceptions.

Example 25

Definition of a"dangerous' class not having a copy constructor
#i ncl ude <string. h>
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class String

{

publi c:

String( const char* cp = ""); // Constructor
~String(); // Destructor

/1

privat e:

char* sp;

/1

3

String::String(const char* cp) : sp( new char[strlen(cp)] ) // Constructor

{
strcpy(sp, cp);

}

String::~String() // Destructor
{

del ete sp;

}

/1 "Dangerous" String class

voi d

mai n()

{

String wi;

String w2 = wi,;

/1 WARNING I N A BI TWSE COPY OF wl::sp,

/1 THE DESTRUCTOR FOR WL.:: SP WLL BE CALLED TW CE:

/1 FIRST, WHEN wl | S DESTROYED, AGAI N, WHEN w2 | S DESTROYED.

}
Example 26

"Safe" class having copy constructor and default constructor
#i ncl ude <string. h>

class String

{
publi c:
String( const char* cp = ""); // Constructor

String( const String& sp ); // Copy constructor
~String(); // Destructor

I

private:

char* sp;

Il

3

String::String( const char* cp ) : sp( new char[strlen(cp)] ) // Constructor
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{

strcpy(sp, cp);

}

String::String( const String& stringA ) : sp( new char[strlen(stringA sp)] )
{

strcpy(sp, stringA. sp);

String::~String() // Destructor

f}lel ete sp;

}

/1l "Safe" String class
voi d

mai n()

{

String wi;

String w2 = wl; // SAFE COPY: String::String( const String& ) CALLED.
}

Example 27

Definitions of classes not having virtual destructors
class Fruit

{

public:

~Fruit(); // Forgot to make destructor virtual!!
/1

b

class Apple : public Fruit
{

public:

~Appl e(); // Destructor
...

3
/| "Dangerous" usage of pointer to base class

cl ass Frui t Basket

L

public:

Fruit Basket(); // Create FruitBasket

~Frui tBasket(); // Delete all fruits

...

void add(Fruit*); // Add instance allocated on the free store
/1

privat e:
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Fruit* storage[42]; // Max 42 fruits stored
i nt number O St oredFrui ts;

}

voi d
Frui t Basket::add(Fruit* fp)
{

/] Store pointer to fruit
st orage[ nunber O St oredFrui t s++] = fp;

}

Frui t Basket:: Fruit Basket () : nunber O St or edFrui ts(0)

{
}

Frui t Basket : : ~Frui t Basket ()

{
whi |l e (nunber O St or edFr ui t s>0)

{
del ete storage[--nunberOf StoredFruits]; // Only Fruit::~Fruit is called !'!

}
}

Example 28

Dangerous use of static objects in constructors

/'l Hen. hh
cl ass Egg;

cl ass Hen

{

publi c:

Hen(); // Default constructor
~Hen(); // Destructor

...

voi d makeNewHen( Egg*) ;

/]

b

/'l Egg. hh

class Egg { };

extern Egg theFirstEgg; // defined in Egg.cc
/'l FirstHen. hh

class FirstHen : public Hen

{
publi c:
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FirstHen(); // Default constructor
[/

3

extern FirstHen theFirstHen; // defined in FirstHen.cc
/'l FirstHen.cc

FirstHen theFirstHen; // FirstHen::FirstHen() called

FirstHen:: FirstHen()
{

/1 The constructor is risky because theFirstEgg is a gl obal object
/1 and may not yet exist when theFirstHen is initialized.
/1 \Which conmes first, the chicken or the egg ?

makeNewHen( & heFi r st Egg) ;
}

Example 29

One way of ensuring that global objects have been initialized
/1 WVARNING !'! THI'S CODE IS NOT FOR BEG NNERS !'!'!

/| Port Setup. hh

cl ass Port Setup

{

publi c:

Port Setup(); // Constructor: initializes flag
void foo(); // Only works correctly if flag is 42
privat e:

int flag; // Always initialized to 42

b
extern PortSetup portSetup; // Mist be initialized before use

/| Create one instance of portSetuplnit in each translation unit

/'l The constructor for portSetuplnit will be called once for each
/1l translation unit. It initializes portSetup by using the placenent
/'l syntax for the "new' operator.

static

cl ass Port Set uplnit

{

publi c:

Port Setuplnit(); // Default constructor
privat e:

static int isPort Setup;

} portSetuplnit;
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/| Port Setup.cc

#i ncl ude "Port Set up. hh"
#1 ncl ude <new. h>

I

Port Setuplnit::PortSetuplnit() // Default constructor
{

if (!isPortSetup)

{

new ( &port Set up) Port Set up;
I sPortSetup = 1;

}

}

Example 30

Override of virtua functions does not work in the base class constructors
cl ass Base

{

public:

Base(); // Default constructor

virtual void foo() { cout << "Base::foo0" << endl; }
Il

b

Base: : Base()

{
foo(); // Base::foo() is ALWAYS call ed.

}

/'l Derived class overrides foo()

cl ass Derived : public Base

{

public:

virtual void foo() { cout << "Derived::foo" << endl; } //foo is overridden
Il

b

mai n()

{
Derived d; // Base::foo() called when the Base-part of

/] Derived is constructed.

}
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7.6 Assignment Operators

Rule 27

A classwhich uses "new' to allocate instances managed by the class, must define an assignment operator.

Rule 28

An assignment operator which performs a destructive action must be protected from performing this action on the
object upon which it is operating.

Rec. 34

An assignment operator ought to return aconst reference to the assigning object.

An assignment is not inherited like other operators. If an assignment operator is not explicitly defined, then oneis
automatically defined instead. Such an assignment operator does not perform bit-wise copying of member data;
instead, the assignment operator (if defined) for each specific type of member datais invoked. Bit-wise copying is
only performed for member data having primitive types.

One consequence of thisisthat bit-wise copying is performed for member data having pointer types. If an object
manages the allocation of the instance of an object pointed to by a pointer member, thiswill probably lead to
problems: either by invoking the destructor for the managed object more than once or by attempting to use the
deallocated object. See also Rule 25.

If an assignment operator is overloaded, the programmer must make certain that the base class and the members
assignment operators are run.

A common error isassigning an object to itself (a = a). Normally, destructors for instances which are allocated on
the heap are invoked before assignment takes place. If an object is assigned to itself, the values of the instance
variables will be lost before they are assigned. This may well lead to strange run-time errors. If a = a is detected,
the assigned object should not be changed.

If an assignment operator returns"voi d", thenitisnot possibletowritea = b = c. It may then be tempting to
program the assignment operator so that it returns a reference to the assigning object. Unfortunately, this kind of
design can be difficult to understand. The statement (a = b) = ¢ can meanthat a or b isassigned the value of ¢
before or after a is assigned the value of b. Thistype of code can be avoided by having the assignment operator
return aconst reference to the assigned object or to the assigning object. Since the returned object cannot be
placed on the left side of an assignment, it makes no difference which of them is returned (that is, the code in the
above exampleis no longer correct).

Exception to Rule 27
Sometimes, it isdesirable to allow objectsin a class to share a data area. In such cases, it is not necessary to define

an assignment operator. Instead, it is necessary to make sure that the shared data areais no deallocated aslong as
there are pointersto it.
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Exception to Rule 28

No exceptions.

Example 31
Incorrect and correct return values from an assignment operator
voi d
MySpeci al Cl ass: : operator=( const MySpecialCass& nsp ); // Well ...?

MySpeci al C ass&
MySpeci al Cl ass: : operat or=( const MySpecial dass& nsp ); // No!

const MySpeci al 0 ass&
MySpeci al Cl ass: : operator=( const MySpecial Class& nsp ); // Recommended

Example 32

Definition of a class with an overloaded assignment operator
cl ass Danger ousBl ob

{

publi c:

const Danger ousBl ob& operat or=( const DangerousBl ob& dbr );
/1l

privat e:

char* cp;

3
/1 Definition of assignnment operator

const Danger ousBl ob&
Danger ousBl ob: : oper at or=( const Danger ousBl ob& dbr )

if ( this I'= &lbr ) // Guard against assigning to the "this" pointer

{
delete cp; // Disastrous if this == &dbr

}
/1

}
7.7 Operator Overloading

Rec. 35

Use operator overloading sparingly and in a uniform manner.
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Rec. 36

When two operators are opposites (such as==and ! =), it is appropriate to define both.

Operator overloading has both advantages and disadvantages. One advantage is that code which uses a class with
overloaded operators can be written more compactly (more readably). Another advantage is that the semantics can
be both simple and natural. One disadvantage in overloading operatorsisthat it is easy to misunderstand the
meaning of an overloaded operator (if the programmer has not used natural semantics). The extreme case, where the
plus-operator is re-defined to mean minus and the minus-operator is re-defined to mean plus, probably will not occur
very often, but more subtle cases are conceivable.

Designing aclasslibrary islike designing alanguage! If you use operator overloading, use it in a uniform manner;
do not useit if it can easily give rise to misunderstanding.

If theoper at or ! = has been designed for a class, then auser may well be surprised if the oper at or ==isnot
defined as well.

7.8 Member Function Return Types

Rule 29

A public member function must never return anon-const reference or pointer to member data.

Rule 30

A public member function must never return anon-const reference or pointer to data outside an object, unless the
object shares the data with other objects.

By allowing a user direct access to the private member data of an object, this data may be changed in ways not
intended by the class designer. This may lead to reduced confidence in the designer's code: a situation to be avoided.

A worse risk is having pointers which point to deallocated memory. Rule 29 and Rule 30 attempt to avoid this
situation.

Note that we do not forbid the use of protected member functions which return aconst reference or pointer to
member data. If protected access functions are provided, the problems described in 7.1 are avoided.

Exception to Rule 29
No exceptions.
Exception to Rule 30
No exceptions.

Example 33

Never return anon-const reference to member data from a public function.
cl ass Account

{
public:
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Account ( int nyMoney ) : noneyAmount( nmyMoney ) {};
const int& getSaf eMoney() const { return noneyAnount; }
i nt & get R skyMoney() const { return noneyAnmount; } // No!

Il

private:

i nt noneyAnount ;
3

Account myAcc(10); // |I'm a poor |onesone programmer a |ong way from hone
nmyAcc. get Saf eMoney() += 1000000; // Conpilation error: assignment to constant

nmyAcc. get Ri skyMoney() += 1000000; // nyAcc::noneyAnount = 1000010 !!
7.9 Inheritance

Rec. 37

Avoid inheritance for parts-of relations.

Rec. 38

Give derived classes access to class type member data by declaring pr ot ect ed access functions.

A common mistake is to use multiple inheritance for parts-of relations (when an object consists of severa other
objects, these are inherited instead of using instance variables. This can result in strange class hierarchies and less
flexible code. In C++ there may be an arbitrary number of instances of a given type; if inheritance is used, direct
inheritance from a class may only be used once.

A derived class often requires access to base class member datain order to create useful member functions. The
advantage in using protected member functions is that the names of base class member data are not visible in the
derived classes and thus may be changed. Such access functions should only return the values of member data
(read-only access). Thisis best done by ssimply invoking const functions for the member data.

The guiding assumption is that those who use inheritance know enough about the base class to be able to use the
private member data correctly, while not referring to this data by name. This reduces the coupling between base
classes and derived classes.

8 Class Templates

Rec. 39

Do not attempt to create an instance of a class template using atype that does not define the member functions
which the class template, according to its documentation, requires.
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Rec. 40

Take careto avoid multiple definition of overloaded functions in conjunction with the instantiation of a class
template.

It is not possible in C++ to specify requirements for type arguments for class templates and function templates. This
may imply that the type chosen by the user, does not comply with the interface as required by the template. For
example, a class template may require that a type argument have a comparison operator defined.

Another problem with type templates can arise for overloaded functions. If afunction is overloaded, there may be a
conflict if the element type appears explicitly in one of these. After instantiation, there may be two functions which,
for example, havethetypei nt asan argument. The compiler may complain about this, but thereisarisk that the
designer of the class does not noticeit. In cases where there isarisk for multiple definition of member functions,
this must be carefully documented.

Example 34

Problem when using parameterized types (Cfront 3.0 or other template compiler)

tenpl ate <cl ass ET>
cl ass Conflict

{

public:

void foo( int a);

void foo( ET a ); // Wuat if ET is an int or another integral type?
/1 The conpiler will discover this, but

b
9 Functions

Unless otherwise stated, the following rules aso apply to member functions.

9.1 Function Arguments

Rule 31

Do not use unspecified function arguments (ellipsis notation).

Rec. 41

Avoid functions with many arguments.

Rec. 42

If afunction stores a pointer to an object which is accessed via an argument, let the argument have the type pointer.
Use reference arguments in other cases.
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Rec. 43

Use constant references (const &) instead of call-by-value, unless using a pre-defined data type or a pointer.

The best known function which uses unspecified argumentsispri nt f () . The use of such functionsis not advised
since the strong type checking provided by C++ is thereby avoided. Some of the possibilities provided by
unspecified function arguments can be attained by overloading functions and by using default arguments.

Functions having long lists of arguments look complicated, are difficult to read, and can indicate poor design. In
addition, they are difficult to use and to maintain.

By using references instead of pointers as function arguments, code can be made more readable, especially within
the function. A disadvantage isthat it is not easy to see which functions change the values of their arguments.
Member functions which store pointers which have been provided as arguments should document this clearly by
declaring the argument as a pointer instead of as areference. This simplifiesthe code, sinceit is normal to store a
pointer member as a reference to an object.

One difference between references and pointersis that there is no null-reference in the language, whereas thereis a
null-pointer. This means that an object must have been allocated before passing it to a function. The advantage with
thisisthat it is not necessary to test the existence of the object within the function.

C++ invokes functions according to call-by-value. This means that the function arguments are copied to the stack
viainvocations of copy constructors, which, for large objects, reduces performance. In addition, destructors will be
invoked when exiting the function. const & arguments mean that only areference to the object in question is
placed on the stack (call-by-reference) and that the object's state (its instance variables) cannot be modified. (At least
some const member functions are necessary for such objectsto be at all useful.)

Exception to Rule 31
No exceptions.

Example 35

References instead of pointers

/'l Unnecessarily conplicated use of pointers
voi d addOneConplicated( int* integerPointer )

{

*i nteger Poi nter += 1;

}
addOneConplicated( & );

/l Wite this way i nstead:
voi d addOneEasy( int& integerReference )

{

I nt eger Ref erence += 1;

}
addOneEasy( i );
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Example 36

Different mechanisms for passing arguments

/1 a. A copy of the argunent is created on the stack.

/'l The copy constructor is called on entry,

/1l and the destructor is called at exit fromthe function.
/1 This may lead to very inefficient code.

void fool( String s );
String a;
fool( a); // call-by-value

/'l b. The actual argunment is used by the function
/1l and it can be nodified by the function.

void foo2( String& s );
String b;
foo2( b ); // call-by-reference

/'l c. The actual argunent is used by the function
/1 but it cannot be nodified by the function.

void foo3( const String& s );
String c;
foo3( ¢ ); // call-by-constant-reference

/1l d. A pointer to the actual argunent is used by the function.
/1 May lead to nessy syntax when the function uses the argunent.

voi d foo4( const String* s );
String d;
foo4( & ); // call-by-constant-pointer

9.2 Function Overloading

Rec. 44

When overloading functions, all variations should have the same semantics (be used for the same purpose).

Overloading of functions can be a powerful tool for creating afamily of related functions that only differ asto the
type of data provided as arguments. If not used properly (such as using functions with the same name for different
purposes), they can, however, cause considerable confusion.

Example 37

Example of the proper usage of function overloading
class String

{
public: // Used |ike this:
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[l ... Il String x = "abcl123";

int contains( const char ¢ ); // int i = x.contains( 'b" );

I nt contains( const char* ¢cs ); // int J] = x.contains( "bcl" );
int contains( const String& s ); // int k = x.contains( x );

I

b
9.3 Formal Arguments

Rule 32

The names of formal arguments to functions are to be specified and are to be the same both in the function
declaration and in the function definition.

The names of formal arguments may be specified in both the function declaration and the function definition in

C++, even if these are ignored by the compiler in the declaration. Providing names for function argumentsis a part
of the function documentation. The name of an argument may clarify how the argument is used, reducing the need to
include comments in, for example, aclass definition. It isalso easier to refer to an argument in the documentation of
aclassif it has aname.

Exception to Rule 32
No exceptions!

Example 38

Declaration of formal arguments

int setPoint( int, int ); // No !
int setPoint( int x, int y); // Good

I nt
setPoint( int x, int y)

{
/1

)
9.4 Return Types and Values

Rule 33

Always specify the return type of afunction explicitly.

Rule 34

A public function must never return areference or a pointer to alocal variable.

Functions, for which no return type is explicitly declared, implicitly receivei nt asthe return type. This can be
confusing for a beginner, since the compiler gives awarning for amissing return type. Because of this, functions
which return no value should specify void as the return type.
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If afunction returns areference or a pointer to alocal variable, the memory to which it refers will already have been
deallocated, when this reference or pointer is used. The compiler may or may not give awarning for this.

Exception to Rule 33
No exceptions!
Exception to Rule 34
No exceptions!

Example 39

Functions which return no value should be specified as having the return type voi d.
voi d
strangeFunction( const char* before, const char* after )

{
/1

)
9.5 Inline Functions

Rule 35

Do not use the preprocessor directive #def i ne to obtain more efficient code; instead, use inline functions.

Rec. 45

Use inline functions when they are really needed.
Seealso 7.2.

Inline functions have the advantage of often being faster to execute than ordinary functions. The disadvantage in
their useis that the implementation becomes more exposed, since the definition of an inline function must be placed
in an include file for the class, while the definition of an ordinary function may be placed in its own separate file.

A result of thisisthat a change in the implementation of an inline function can require comprehensive re-compiling
when the include file is changed. Thisistrue for traditional file-based programming environments which use such
mechanisms as make for compilation.

The compiler is not compelled to actually make afunction inline. The decision criteriafor this differ from one
compiler to another. It is often possible to set a compiler flag so that the compiler gives awarning each time it does
not make a function inline (contrary to the declaration). "Outlined inlines" can result in programs that are both
unnecessarily large and slow.

It may be appropriate to separate inline definitions from class definitions and to place these in a separatefile.
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Exception to Rule 35
No exceptions

Example 40

Inline functions are better than macros

/| Exanpl e of problens with #define "functions"”
#define SQUARE(Xx) ((x)*(x))

int a = 2;

int b = SQUARE(a++); // b =(2* 3) =6

/1 Inline functions are safer and easier to use than macros if you
/'l need an ordinary function that woul d have been unacceptable for
/| efficiency reasons.

/'l They are also easier to convert to ordinary functions |ater on.
inline int square( int x )

{

return ( X * x );

3

int ¢ = 2;

int d =square( c++ ); // d=(2* 2) =4

9.6 Temporary Objects

Rec. 46

Minimize the number of temporary objects that are created as return values from functions or as argumentsto
functions.

Temporary objects are often created when objects are returned from functions or when objects are given as
arguments to functions. In either case, a constructor for the object isfirst invoked; later, a destructor isinvoked.
Large temporary objects make for inefficient code. In some cases, errors are introduced when temporary objects are
created. It isimportant to keep thisin mind when writing code. It is especially inappropriate to have pointers to
temporary objects, since the lifetime of atemporary object is undefined. (See 18.7.)

Example 41

Temporary objects and one way of eliminating them
cl ass Bi gbj ect { double big[123456]; };

/| Exanple of a very inefficient function with respect to tenporary objects:
Bi gObj ect

sl owTransfornm( Bi glbj ect nyBO )

{

/1 When entering slowlransfornm(), nyBOis a copy of the function argunent

/'l provided by the user. -> A copy constructor for BigQObject is executed.

[l ... TransformnyBO in sone way
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return nyBO, // Transformed nyBO returned to the user

}
/1 \When exiting slowlransform(), a copy of nyBOis returned to the

/'l user -> copy-constructor for BigObject is executed, again.

/1 Much nore efficient solution:
Bi gbj ect &

fast Transforn( Bi gObject& nyBO )
{

/1 \When entering fastTransform(), nyBO is the sane object as the function
/| argunment provided by the user. -> No copy-constructor is executed.

/1 Transform nyBO in sone way
return nyBO, // Transformed nyBOis returned to the user.

}

/1 When exiting fastTransforn(), the very sane nyBO is returned
/1l to the user. -> No copy constructor executed.

voi d main()

{

Bi glbj ect BO

BO = sl owlransform BO );

BO = fastTransforn( BO ); // Sanme syntax as slowlransforn() !!

}
9.7 General

Rec. 47

Avoid long and complex functions.

L ong functions have disadvantages:

1. If afunction istoo long, it can be difficult to comprehend. Generally, it can be said that a function should not
be longer than two pages, since that is about how much that can be comprehended at one time.

2. If an error situation is discovered at the end of an extremely long function, it may be difficult for the function
to clean up after itself and to "undo” as much as possible before reporting the error to the calling function. By
always using short functions, such an error can be more exactly localized.

Complex functions are difficult to test. If afunction consists of 15 nested i f statements, then there are 2** 15 (or
32768) different branchesto test in a single function.

10 Constants

Rule 36

Constants are to be defined using const or enum never using #def i ne.
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Rule 37

Avoid the use of numeric valuesin code; use symbolic values instead.

The preprocessor performs atextual substitution for macros in the source code which is then compiled. Thishas a
number of negative consequences. For example, if a constant has been defined using #def i ne, the name of the
constant is not recognized in many debuggers. If the constant is represented by an expression, this expression may
be evaluated differently for different instantiations, depending on the scope of the name. In addition, macros are, at
times, incorrectly written.

Numerical valuesin code ("Magic Numbers') should be viewed with suspicion. They can be the cause of difficult
problemsif and when it becomes necessary to change avalue. A large amount of code can be dependent on such a
value never changing, the value can be used at a number of placesin the code (it may be difficult to locate all of
them), and values as such are rather anonymous (it may be that every 2" in the code should not be changed to a"3’).

From the point of view of portability, absolute values may be the cause of more subtle problems. The type of a
numeric value is dependent on the implementation. Normally, the type of a numeric value is defined as the smallest
type which can contain the value.

Exception to Rule 36
No exceptions.
Exception to Rule 37

Certain numerical values have awell established and clear meaning in a program. For example, '1' and '0" are often
used to represent 't r ue' and f al se’, respectively. These may be used directly in code without being considered to

be"Magic".
Example 42

Different ways of declaring constants.

/| Constants using nacros
#define BUFSIZE 7 // No type checking

/'l Constants using const
const int bufSize = 7; // Type checking takes pl ace

/| Constants using enuns
enum SI ZE { BufSize = 7 }; // Type checking takes pl ace

Example 43

Declaration of const defined in another file

extern const char constant Character;
extern const String fil eNaneg;
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11 Variables

Rule 38

Variables are to be declared with the smallest possible scope.

Rule 39

Each variable is to be declared in a separate declaration statement.

Rule 40

Every variable that is declared is to be given avalue before it is used.

Rule 41

If possible, aways use initialization instead of assignment.

A variable ought to be declared with the smallest possible scope to improve the readability of the code and so that
variables are not unnecessarily alocated. When avariable that is declared at the beginning of a function is used
somewhere in the code, it is not easy to directly see the type of the variable. In addition, thereis arisk that such a
variable isinadvertently hidden if alocal variable, having the same name, is declared in an internal block.

Many local variables are only used in special cases which seldom occur. If avariable is declared at the outer level,
memory will be allocated even if it is not used. In addition, when variables are initialized upon declaration, more
efficient code is obtained than if values are assigned when the variable is used.

A variable must always be initialized before use. Normally, the compiler gives awarning if avariable is undefined.
It is then sufficient to take care of such cases. Instances of aclass are usualy initialized even if no arguments are
provided in the declaration (the empty constructor isinvoked). To declare a variable that has been initialized in
another file, the keyword ext er n isaways used.

By always initializing variables, instead of assigning values to them before they are first used, the code is made
more efficient since no temporary objects are created for the initialization. For objects having large amounts of data,
this can result in significantly faster code.

Exception to Rule 38

No exceptions.

Exception to Rule 39

No exceptions.

Exception to Rule 40

No exceptions.
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Exception to Rule 41

In certain special cases, avariableis assigned the value of a complicated expression; it may then be unnecessary to
givethe variable aninitial value. See Example 44.

Example 44

Initialization instead of Assignment
/1 Do not do this!

[l int i;
[/ ... 1022 lines of code
[l i = 10;

int j =10; // Better

class Special // Array of this class is used to initialize
{ /'l Myd ass::conplicated

publi c:

Special (); // Default constructor

int isValid() const;

i nt value() const;

b

const int Magic = 1066;
Speci al special I nit[ Mgic];

cl ass Myd ass

{

public:

MyCl ass( const char* init ); // Constructor
I

privat e:

String privateString;

i nt conplicated;

Hi

/1 Do not do this! Inefficient code.

/| Enpty constructor + assignnment operator called for privateString
/1l

Il Myd ass:: MyC ass( const char* init )

Il {

/] privateString = init;

...

Il }

MyCl ass:: MyCl ass( const char* init ) : privateString( init ) // Better
{

/'l Special case - conplicated expression

for( int i =0; i < Mgic; i++ ) // No! You should enclose "for"
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if ( speciallnit[i].isValid() ) // loops in braces! See Rec. 25!
{

conplicated = speciallnit[i].value();
br eak;

}
}

12 Pointers and References

Rule 42

Do not compare a pointer to NULL or assign NULL to a pointer; use O instead.

Rec. 48

Pointers to pointers should whenever possible be avoided.

Rec. 49

Useat ypedef to smplify program syntax when declaring function pointers.

According to the ANSI-C standard, NULL isdefined either as (voi d*) 0 or as 0. If thisdefinition remainsin
ANSI-C++, problems may arise. If NULL is defined to have the type void*, it cannot be assigned an arbitrary pointer
without an explicit type conversion. For this reason, we recommend comparisons with O at least until the ANSI-C++
committee has made a decision.

Pointers to pointers normally ought not be used. Instead, a class should be declared, which has a member variable of
the pointer type. Thisimproves the readability of the code and encourages data abstraction. By improving the
readability of code, the probability of failureis reduced. One exception to thisruleis represented by functions which
provide interfaces to other languages (such as C). These are likely to only allow pre-defined data types to be used as
arguments in the interface, in which case pointers to pointers are needed. Another example is the second argument to
the mai n function, which must have thetypechar *[ ] .

A function which changes the value of a pointer that is provided as an argument, should declare the argument as
having the type reference to pointer (e.g. char * &). See Rec. 42!

t ypedef isagood way of making code more easily maintainable and portable. See chapter 18.1, Port. Rec. 1.

Another reason to uset ypedef isthat the readability of the code isimproved. If pointers to functions are used, the
resulting code can be aimost unreadable. By making atype declaration for the function type, thisis avoided.

Function pointers can be used as ordinary functions; they do not need to be dereferenced.
Exception to Rule 42
No exceptions.

Example 45

Different comparisons of pointers
char* sp = new char[100];
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if ( !sp) cout << "New failed!" << endl; // No!
if ( sp==0) cout << "New failed!" << endl; // Best
if ( sp == NULL ) cout << "New failed!" << endl; // ERROR sonetines !!!

Example 46

Pointers to pointers are often unnecessary
#i ncl ude <i ostream h>

void print_mj(int** m int dinml, int dinR)

{

for (int i =0; i < dinl; i++)

{

for (int j =0; j <din2; j++)
cout << " " << ((int*)ym[i*dinm+];
cout << endl;

}

}

/] Could be witten as:

class Int_Matrix

{

public:

Int_Matrix(int diml, int dinR);
Int value(int,int) const;

int diml() const;

int dinR2() const;

/1l

b

void print_ Mj(Int_Mtrix m

{

for (int i =0; i <mdinl(); i++)
{

for (int j =0; j <mdin2(); j++)
cout << " " << mvalue(i,j);

cout << endl;

}
}

Example 47

Complicated declarations

/1l funcl is a function: int -> (function : const char* -> int)

/1l 1.e. a function having one argunent of type int and returning
/1l a pointer to a function having one argunent of type const char?*
/1 and returning an int.

int (*funcl(int))(const char*);
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/1 funcl of the sane type as func2

typedef int FTYPE(const char*);
FTYPE* func2(int);

int (*(*funclp)(int))(const char*) = func2;
/'l Realistic exanple fromsignal.h

void (*signal (int,void (*)(int)))(int);
Example 48

Syntax simplification of function pointersusing at ypedef
#i ncl ude <mat h. h>

/1 Ordinary nessy way of declaring pointers to functions:
/'l double ( *mathFunc ) ( double ) = sqrt;

Il Wth a typedef, life is filled wi th happiness (chinese proverb):
t ypedef doubl e Mat hFuncType( double );
Mat hFuncType* mat hFunc = sqrt;

voi d

mai n()

{

/'l You can invoke the funktion in an easy or conplicated way

doubl e returnVal uel mat hFunc( 23.0 ); // Easy way

doubl e returnVal ue2 ( *mathFunc )( 23.0 ); // No! Correct, but conplicated

}

13 Type Conversions

Rule 43

Never use explicit type conversions (casts).

Rule 44

Do not write code which depends on functions that use implicit type conversions.

Rule 45

Never convert pointers to objects of a derived class to pointers to objects of a virtual base class.
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Rule 46

Never convert aconst toanon-const .

A type conversion may either be explicit or implicit, depending on whether it is ordered by the programmer or by
the compiler. Explicit type conversions (casts) are used when a programmer want to get around the compiler's typing
system; for success in this endeavour, the programmer must use them correctly. Problems which the compiler avoids
may arise, such asif the processor demands that data of a given type be located at certain addresses or if datais
truncated because a data type does not have the same size as the original type on a given platform. Explicit type
conversions between objects of different types lead, at best, to code that is difficult to read.

Explicit type conversions (casts) can be motivated if a base class pointer to a derived class pointer is needed. This
happens when, for example, a heterogeneous container classis used to implement a container class to store pointers
to derived class objects. This new class can be made "type-safe” if the programmer excludes other objects than
derived class pointers from being stored. In order for thisimplementation to work, it is necessary that the base class
pointers are converted to derived class pointers when they are removed from the heterogeneous container class.

The above reason for using explicit casts will hopefully disappear when templates are introduced into C++.

It is sometimes said that explicit casts are to object-oriented programming, what the goto statement was to structured
programming.

There are two kinds of implicit type conversions: either there is a conversion function from one type to another,
written by the programmer, or the compiler does it according to the language standard. Both cases can lead to
problems.

C++ islenient concerning the variables that may be used as arguments to functions. If there is no function which
exactly matches the types of the arguments, the compiler attempts to convert typesto find a match. The
disadvantage in thisis that if more than one matching function is found, a compilation error will be the result. Even
worse isthat existing code which the compiler has allowed in other contexts, may contain errors when a new
implicit type conversion is added to the code. Suddenly, there may be more than one matching function.

Another unpredictable effect of implicit type conversionsis that temporary objects are created during the
conversion. This object is then the argument to the function; not the original object. The language definition forbids
the assignment of temporary objects to non-constant references, but most compilers still permit this. In most cases,
this can mean that the program does not work properly. Be careful with constructors that use only one argument,
since this introduces a new type conversion which the compiler can unexpectedly use when it seems reasonable in a
given situation.

Virtual base classes give rise to other type conversion problems. It is possible to convert a pointer, to an instance of
aclass which has avirtual base class, to a pointer to an object of that virtual base class. The opposite conversionis
not allowed, i.e. the type conversion is not reversible. For this reason, we do not recommend the conversion of a
derived class pointer to avirtual base class pointer.

In order to return anon-const temporary object, it sometimes happens that an explicit type conversion is used to
convert const member datato non-const . Thisis bad practice that should be avoided, primarily because it should
be possible for a compiler to allocate constantsin ROM (Read Only Memory).

Exception to Rule 43

An explicit type conversion (cast) is preferable to a doubtful implicit type conversion.

Explicit type conversions may be used to convert a pointer to a base class to a pointer of aderived classwithin a
type-safe container class that isimplemented using a heterogeneous container class.
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Explicit type conversion must be used to convert an anonymous bit-stream to an object. This situation occurs when
unpacking a message in a message buffer. Generally, explicit type conversions are needed for reading an external
representation of an object.

Exception to Rule 44

At timesit is desirable to have constructors that use only one argument. By performing an explicit type conversion,
the correctness of the code does not depend on the addition. See the Exception to Rule 22!

Exception to Rule 45
If avirtual base classisto contain a pure virtual function which converts a virtual base class pointer to a derived

class pointer, this can be made to work by defining the function in the derived class. Note that thisimplies that all
derived classes must be known in the virtual base class. See Example 52!

Exception to Rule 46

No exceptions. Use pointers to data allocated outside the class, when necessary. See Example 54 and Example 55.

Example 49

Constructors with a single argument that may imply dangerous type conversions
class String

{

public:

String( int length ); // Allocation constructor
/1

b

/'l Function that receives an object of type String as an argunent
void foo( const String& aString );

/1 Here we call this function with an int as argunent
int x = 100;
foo( x ); // Inplicit conversion: foo( String( x ) );

Example 50

A use of implicit type conversion
/1l String.hh

class String

{

publi c:

String( char* cp ); // Constructor

operator const char* () const; // Conversion operator to const char*
/1l

b
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void foo( const String& aString );
voi d bar( const char* soneChars );

/] main.cc
mai n()

foo( "hello" ); // Inplicit type conversion char* -> String
String peter = "pan";
bar( peter ); // Inplicit type conversion String -> const char*

}
Example 51

When implicit type conversion gives unpleasant results

/1 This function | ooks bulletproof, but it isn't.

/'l Newer versions of conpilers should flag this as an error.
voi d

nySwap( int& x, int&y )

{

int tenp = Xx;

X = Y;

y = tenp;

}

int i = 10;

unsigned int ui = 20;

mySwap( i, ui ); // Wat really happens here is:
[l int T =1int( ui ); // Inplicit conversion

[l nySwap( i, T ); // ui is of course not changed!
/'l Fortunately, the conpiler warns for this !

Example 52

Conversion of derived class pointer to avirtual base class pointer isirreversible
cl ass Virtual Base

{

publi c:

virtual class Derived* asDerived() = O;
3

class Derived : virtual public Virtual Base
{

public:

virtual Derived* asDerived();

3

Deri ved*

Deri ved: : asDerived()

{
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return this;

}

voi d

mai n()

{

Derived d;

Derived* dp = O;

Vi rtual Base* vp = (Virtual Base*) &d;

dp = (Derived*)vp; // ERROR Cast fromvirtual base class pointer
dp = vp->asDerived(); // OK Cast in function asDerived
}
Example 53
Addition which leads to a compile-time error
/1 String.hh
class String
{
publi c:

String( char* cp ); // Constructor
operator const char* () const; // Conversion operator to const char*
/1l

b

void foo( const String& aString );
voi d bar( const char* soneChars );

[/ Word. hh

class Wrd

{

public:

Word( char* cp ); // Constructor
/1

3

/'l Function foo overl oaded

voi d foo( const Wrd& awrd );

/1 ERROR: foo( "hello" ) MATCHES BOTH:
/1l void foo( const String& );

/1 AND void foo( const Wrd& );

/] mai n. cc

mai n()
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{
foo( "hello" ); // Error anbi guous type conversion
String peter = "pan";

bar( peter ); // Inmplicit type conversion String -> const char*

}
Example 54

For more efficient execution, remove const -ness when storing intermediate results
[/ This is code is NOT recommended

#i ncl ude <nmat h. h>

cl ass Vect or

{

public:

Vector(int, const int []); // Constructor

doubl e length() const; // length = sqgrt(array[l]*array[1l] + ... )
void set(int x, int value);

I

privat e:

int size;

int* array;

doubl e I engthCache; // to cache calculated |ength

i nt hasChanged; // is it necessary to re-calculate length ?

}i

doubl e

Vector::length() const

{

i f (hasChanged) // Do we need to re-calculate | ength
{

((Vector*)this)->hasChanged=0; // No! Cast away const
doubl e quadLength = O;

for (int i =0; I < size; i++)
{

quadLength += pow(array[i], 2);

}

((Vector*)this)->lengthCache = sqrt(quadLength); // No! Cast away const

}
return | engt hCache;

}

voi d

Vector::set( int nr, int value )

{

if ( nr >>size ) error( "Qut O Bounds");
array[ nr] =val ue;

hasChanged = 1;

}
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Example 55

Alternative to removing const -ness for more efficient execution

/1l This is code is safer than Exanple 54 but could be inefficient
#i ncl ude <mat h. h>

cl ass Vect or

{

public:

Vector(int, const int []); // Constructor

double length() const; // length = sqgrt(array[l]*array[1l] + ... )
void set(int x, int value);

I

privat e:

int size;

int* array;

doubl e* | engt hCache; // to cache length in

int* hasChanged; // is it necessary to re-calculate length ?

}i

Vector:: Vector(int sizeA const int arrayA])
size(sizeA), array( new int[sizeA ),

hasChanged(new int (1)), |engthCache(new doubl e)

{

for (int i =0; I < size; i++)

{

array[i] = arrayAi];

}

}

Vector::~Vector() // Destructor
{

del ete array;

del et e hasChanged;

del et e | engt hCache;

}

/| Continue on next page !
doubl e

Vector::length() const

{

i f (hasChanged) // Do we need to re-calculate length ?

{

*hasChanged=0;

doubl e quadLength = 0;

for (int i =0; I < size; i++)
{

guadLength += powarray[i], 2);
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}

*| engt hCache = sqrt(quadLength);
}

return | engt hCache;

}

voi d

Vector::set( int nr, int value)
{

if ( nr >>size ) error( "Qut O Bounds");
array[ nr] =val ue;

*hasChanged = 1;

}

14 Flow Control Structures

Rule 47

The code following acase label must always be terminated by abr eak statement.

Rule 48

A swi t ch statement must always contain adef aul t branch which handles unexpected cases.

Rule 49

Never use got o.

Rec. 50

The choice of loop construct (f or , whi | e or do-whi | e) should depend on the specific use of the loop.

Rec. 51

Always use unsi gned for variables which cannot reasonably have negative values.

Rec. 52

Always use inclusive lower limits and exclusive upper limits.

Rec. 53

Avoid theuse of cont i nue.

Rec. 54

Use br eak to exit aloop if this avoids the use of flags.
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Rec. 55

Do not write logical expressions of thetypei f (test) orif(!test) whent est isapointer.

Each loop construct has a specific usage. A f or loop is used only when the loop variable is increased by a constant
amount for each iteration and when the termination of the loop is determined by a constant expression. In other
cases, whi | e or do-whi | e should be used. When the terminating condition can be evaluated at the beginning of
the loop, whi | e should be used; do-whi | e isused when the terminating condition is best evaluated at the end of
the loop.

Goto breaks the control flow and can lead to code that is difficult to comprehend. In addition, there are limitations
for when got o can be used. For example, it is not permitted to jump past a statement that initializes alocal object
having a destructor.

Variables representing size or length are typical candidates for unsi gned declarations. By following this
recommendation some unpleasant errors can be avoided.

It is best to use inclusive lower and exclusive upper limits. Instead of saying that x isin the interval x>=23 and
x<=42, usethelimits x>=23 and x<43. The following important claims then apply:

« Thesizeof theinterval between the limitsis the difference between the limits.
o Thelimitsare equal if theinterval is empty.
o The upper limit is never less than the lower limit.

By being consistent in this regard, many difficult errors will be avoided.

If the code which follows a case label is not terminated by br eak, the execution continues after the next case label.
This means that poorly tested code can be erroneous and still seem to work.

cont i nue can be used to exit from loops. However, code may be more comprehensible by using an el se clause
instead.

C++ hasavery loose and, ssmultaneously, very free way of determining if an expression istrue or false. If an
expression is evaluated as 0, it isfalse; otherwise, it is considered to be true.

We do not recommend logical testssuch asi f ( poi nt er) if poi nt er isavariable of pointer-type. The only
reason is readablity; many programmers find it difficult to read such code.

Consider the scope within which an iteration variable is visible. A variable that is declared within af or statement is
currently only visible in the nearest enclosing block. The standardization committee for C++ is however discussing a
language modification regarding this point. No decision has yet been made. Still, this problem is avoided if the
control structure is encapsulated in a compound statement.

Exception to Rule 47

When several case labels are followed by the same block of code, only one br eak statement is needed. Also,
other statements than br eak may be used to exit aswi t ch statement, such asr et ur n.

Exception to Rule 48

No exceptions.
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Exception to Rule 49

For extremely time-critical applications or for fault handling, got o may be permitted. Every such usage must be
carefully motivated.

Example 56

Problem using unsi gned loop variables

for( unsigned int i =3; i >=0; --i )

{

/1 This loop will never termnate, since i cycles through:

/[l 3, 2, 1, 0, 4294967295, 4294967294, etc ... on a SparcStation
/! Note that this exanple does not followthe rules: i >= 0

/1l in the for statenment. See next exanple !

}

Example 57

Visibility of variable declared inf or loop
for ( int index = 0; index < 10; index++ )

{

cout << i ndex;

}

int index = 3; // ERROR, THIS IS AN | LLEGAL RE- DECLARATI ON OF i ndex
/1 BECAUSE i ndex |'S DECLARED | N BLOCK- SCOPE.

Example 58

Dangerous switch/case statement

switch ( tag )
{

case A

{
/1 Do somet hi ng

/'l Next statenent is a call to foo() inside next case

}

case B:

{
foo();

/1 Do sonething el se
break; // Now we | eave the sw tch-statenent

}

def aul t:

{

// I'f no match in above cases, this is executed
exit( 1);
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}
}

Example 59

Good and bad ways of setting limits for loop variables
int a[ 10];
int ten = 10;
int nine = 9;

/1 Good way to do it:

for( int i =0; I <ten; i++ ) // Loop runs 10-0=10 tines
{

a[i] = 0;

}

/! Bad way to do it:
for( int j =0; j <=nine; j++ ) // Loop runs 10 times, but 9-0=9 !!!

{
a[j] = 0;
Example 60

Using br eak to exit aloop, no flags are needed.
do // This way:

{

if ( Sonething )
{

/1 Do somet hi ng
br eak;

}

} while( soneCondition );

int endFlag = 0; // |Is better than this:

do

{

if ( /* Something */ )
{

/1 Do somet hi ng
endFl ag = 1;

}

} while( soneCondition &% !endFl ag );

Example 61

By using an extra ‘el se' clause, cont i nue isavoided and the code can be comprehended.
while( /* Something */ ) // This way is nore clear

{
if( /* Sonmething */ )
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{
/1 Do somet hi ng

}

el se

{

/1 Do sonething el se

}
}

while( /* Something */ ) // Than using continue

{
if( /* Sonmething */ )

{
/1 Do somet hi ng

continue; // No !

}

/1 Do sonething el se

}
15 Expressions

Rec. 56

Use parentheses to clarify the order of evaluation for operatorsin expressions.

There are anumber of common pitfalls having to do with the order of evaluation for operatorsin an expression.
Binary operatorsin C++ have associativity (either leftwards or rightwards) and precedence. If an operator has
leftwards associativity and occurs on both sides of avariable in an expression, then the variable belongs to the same
part of the expression as the operator on its |eft side.

In doubtful cases, parentheses always are to be used to clarify the order of evaluation.

Another common mistake is to confuse the assignment operator and the equality operator. Since the assignment
operator returns avalue, it is entirely permitted to have an assignment statement instead of a comparison expression.
This, however, most often leads straight to an error.

C++ allows the overloading of operators, something which can easily become confusing. For example, the operators
<< (shift left) and >> (shift right) are often used for input and output. Since these were originally bit operations, it is
necessary that they have higher priority than relational operators. This means that parentheses must be used when
outputting the values of logical expressions.

Example 62

Problem with the order of evaluation

/'l Interpreted as ( a<b )<c, not ( a<b ) && ( b<ac )
if ( a<b<c )

{

/1
}
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/'l Interpreted as a & ( b<8 ), not ( a & b )<8
if ( a & b<8)

{
/1

}
Example 63

When parentheses are recommended

int i =a>Db & c<d & e +f < =g + h; // No!
int j =(a>Db) & (c<d) & ((e+f ) <=( g+ h)); // Better

16 Memory Allocation

Rule 50

Donotusenal | oc,real |l ocorfree.

Rule 51

Always provide empty brackets ("[ ] ") for del et e when deallocating arrays.

Rec. 57

Avoid global dataif at all possible.

Rec. 58

Do not allocate memory and expect that someone else will deallocate it later.

Rec. 59

Always assign anew value to a pointer that points to deallocated memory.

In C++ data can be allocated statically, dynamically on the stack, or dynamically on the heap. There are three
categories of static data: global data, global class data, and static datalocal to a function.

InCrmal | oc,real | oc andfr ee are used to allocate memory dynamically on the heap. This may lead to
conflicts with the use of thenewand del et e operatorsin C++.

It is dangerous to:
1. invoke del et e for apointer obtained vianal | oc/r eal | oc,
2. invokemal | oc/r eal | oc for objects having constructors,
3. invokef r ee for anything alocated using new.

Thus, avoid whenever possibletheuseof mal | oc,real | oc andfr ee.

If an array a having atype T isallocated, it isimportant to invoke del et e in the correct way. Only writing
del et e a; will result in the destructor being invoked only for the first object of type T. By writing del et e
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[ M a; wheremisaninteger which is greater than the number of objects alocated earlier, the destructor for T will
be invoked for memory that does not represent objects of type T. The easiest way to do this correctly isto write
del ete [] a; sincethedestructor will then beinvoked only for those objects which have been allocated earlier.

Static data can cause severa problems. In an environment where parallel threads execute simultaneously, they can
make the behaviour of code unpredictable, since functions having static data are not reentrant.

One difference between ANSI-C and C++ isin how constants are declared. If avariable is declared as a constant in
ANSI-C, it hasthe storage classext er n (global). In C++, however, it normally has the storage classst at i ¢
(local). The latter means that a new instance of the constant object is created each time afile includes the file which
contains the declaration of the object, unless the variable is explicitly declared ext er n in the include file.

An extern declaration in C++ does not mean that the variable is initialized; there must be adefinition for thisin a
definition file. Static constants that are defined within a class are aways external and must always be defined

separately.
It may, at times, be tempting to allocate memory for an object using new, expecting someone else to deallocate the
memory. For instance, afunction can allocate memory for an object which is then returned to the user as the return

value for the function. There is no guarantee that the user will remember to deallocate the memory and the interface
with the function then becomes considerably more complex.

Pointers that point to deallocated memory should either be set to O or be given a new value to prevent access to the
released memory. This can be avery difficult problem to solve when there are several pointers which point to the
same memory, since C++ has no garbage collection.

Exception to Rule 50
No exceptions.
Exception to Rule 51
No exceptions.

Example 64

Right and wrong waysto invoke del et e for arrays with destructors

int n =7;

T nyT = new T[n]; // Tis atype with defined constructors and destructors
...

del ete nyT; // No! Destructor only called for first object in array a

del ete [10] nyT; // No! Destructor called on nenory out of bounds in array a
delete [] nyT;, // OK, and al ways safe!

Example 65

Dangerous memory management

String nmyFunc( const char* nyArgunent )

{

String* tenp = new String( nyArgunent );

return *tenp,

/'l tenp is never deallocated and the user of nyFunc cannot deal |l ocate
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/'l because a tenporary copy of that instance is returned.

)
17 Fault Handling
Rec. 60

Make sure that fault handling is done so that the transfer to exception handling (when thisis available in C++) may
be easily made.

Rec. 61

Check the fault codes which may be received from library functions even if these functions seem fool proof.

In November 1990, the ANSI C++ committee accepted a proposal for exception handling which is described in
chapter 15 of ref. 1. When designing fault handling in code, it is appropriate to consider being able to make a
smooth transfer to exception handling. For example, instead of using ordinary fault codes, which may necessitate a
lot of re-programming when exception handling is available, a call can be made to afunction voi d

faul t (const char*) which sendsafault message (somewhere) and then terminates execution in some way.

System functions (those which are specific to UNIX) ought to be used with care if the code isto be portable. If such
functions are used, the possible fault codes that may be received should be carefully checked.

Two important characteristics of arobust system are that all faults are reported and, if the fault is so serious that
continued execution is not possible, the process is terminated. In this way, the propagation of faults through the
system isavoided. It is better to have a process crash, than to spread erroneous information to other processes. In
achieving thisgoal, it isimportant to always test fault codes from library functions. The opening or closing of files
may fail, allocation of data may fail, etc. One test too many is better than one test too few. Our own functions should
preferably not return fault codes, but should instead take advantage of exception handling.

Example 66

Future exception handling in C++
/1 The top function where we catch exceptions thrown in called functions

int f()

{

/'l W suspect that sonething can go wong when function g() is called.
/'l Therefore, we enclose the call in a try bl ock.

try

{

return g(); // This is the try bl ock

/1l 1f any exceptions, having a given type, were thrown when g()
/'l was executing, they are caught in these two catch bl ocks.
catch ( int x ) // catches int

{

cerr << "Nunmber " << x << " happened !" << endl;
return Xx;

}
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catch ( char* x ) // catches char*

{

/'l Respond in sonme other way

}

/'l Anything else that is thrown, is thrown up to the function that calls f()

}

/1 This function has no try or catch bl ock. When the exception is thrown
/1 in function h(), it is thrown up to the function f().

int g()

return h();

}

extern int sonethi ngl sVer yW ongAndl Cannot Handl eThi sAnyMor e() ;

int h()
{

/'l Here we find out that sonething went wong, and throw an exception
i f (sonet hi ngl sVer yW ongAndl Cannot Handl eThi sAnyMore())

{

/1 In this case, we throw an int as exception, but al nost any object
/'l can be thrown. See Errata for "The Annotated C++ Reference Manual "
/|l section 15.7.

t hrow 2;

}

/'l Keep on trucking if all is OK
}

18 Portable Code
18.1 Data Abstraction

Port. Rec. 1

Avoid the direct use of pre-defined data types in declarations.

An excellent way of transforming your world to a"vale of tears" isto directly use the pre-defined datatypesin
declarations. If it is later necessary, due to portability problems, to change the return type of afunction, it may be
necessary to make change at alarge number of placesin the code. One way to avoid thisis to declare a new type
name using classes or typedefs to represent the types of variables used. In this way, changes can be more easily
made. This may be used to give data a physical unit, such as kilogram or meter. Such code is more easily reviewed.
(For example, when the code is functioning poorly, it may be noticed that a variable representing meters has been
assigned to avariable representing kilograms.) It should be noted that at ypedef does not create a new type, only
an alternative name for atype. This meansthat if you have declaredt ypedef i nt Error, avariableof thetype
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Er r or may be used anywhere whereani nt may be used.
See also chapter 12, Rec. 49!

Example 67

Type declarationsusing t ypedef

/] 1Instead of:
long int tine;
short int nouseX;
char* nenuName;

Il Use (for exanple):
typedef long int TinmeStanp;
t ypedef short int Coordinate;
class String { /* ... *I };

/] and:

TimeStanp tine;
Coor di nat e nmouseX;
String menuNane;

18.2 Sizes of Types

Port. Rec. 2

Do not assumethat ani nt and al ong have the same size.

Port. Rec. 3

Do not assumethat ani nt is 32 bitslong (it may be only 16 bits long).

Port. Rec. 4

Do not assume that achar issigned or unsigned.

Port. Rec. 5

Always set char to unsigned if 8-bit ASCII is used.

In the definition of the C++ language, it has not yet been decided if achar issigned or unsigned. This decision has
instead been left to each compiler manufacturer. If thisis forgotten and this characteristic is exploited in one way or
another, some difficult bugs may appear in the program when another compiler is used.

If 8-bit ASCII isused (asis quite likely in the future) and comparisons are made of two characters, it isimportant
that unsi gned char isused.
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18.3 Type Conversions

Port. Rec. 6

Be careful not to make type conversions from a "shorter” typeto a"longer" one.

Port. Rec. 7

Do not assume that pointers and integers have the same size.

Port. Rec. 8

Use explicit type conversions for arithmetic using signed and unsigned val ues.

A processor architecture often forbids data of a given size to be allocated at an arbitrary address. For example, a
word must begin on an "even" address for MC680x0. If thereis a pointer to achar whichislocated at an "odd"
address, atype conversion from thischar pointer toani nt pointer will cause the program to crash when thei nt
pointer is used, since this violates the processor's rules for alignment of data.

18.4 Data Representation

Port. Rec. 9

Do not assume that you know how an instance of a datatype is represented in memory.

Port. Rec. 10

Do not assumethat | ongs, f | oat s, doubl esorl ong doubl esmay begin at arbitrary addresses.

The representation of datatypes in memory is highly machine-dependent. By allocating data members to certain
addresses, a processor may execute code more efficiently. Because of this, the data structure that represents a class
will sometime include holes and be stored differently in different process architectures. Code which depends on a
specific representation is, of course, not portable.

See 18.3 for explanation of Port. Rec. 10.

18.5 Underflow/Overflow

Port. Rec. 11

Do not depend on underflow or overflow functioning in any specia way.

18.6 Order of Execution
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Port. Rec. 12

Do not assume that the operands in an expression are evaluated in a definite order.

Port. Rec. 13

Do not assume that you know how the invocation mechanism for a function isimplemented.

Port. Rec. 14

Do not assume that an object isinitialized in any special order in constructors.

Port. Rec. 15

Do not assume that static objects are initialized in any special order.

If avalue is modified twice in the same expression, the result of the expression is undefined except when the order
of evaluation is guaranteed for the operators that are used.

The order of initialization for static objects may present problems. A static object may not be used in a constructor,
if itisnot initialized until after the constructor is run. At present, the order of initialization for static objects, which
are defined in different compilation units, is not defined. This can lead to errorsthat are difficult to locate (see
Example 69). There are special techniques for avoiding this. See Example 29!

Example 68

Do not depend on the order of initialization in constructors.

#i ncl ude <i ostream h>
class X

{
public:
X(int y);
privat e:
int i;
int j;

b

inline Xt:X(int y) @ j(y), i(j) // No! j may not be initialized before i !!
{

cout << "ji:!" << <" &" <"t << ] << endl;

}

mai n()

{
X x(7); /!l Rather unexpected output: 1:0 & j:7

}
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Example 69

Initialization of static objects
/'l Foo. hh

#1 ncl ude <i ostream h>
#i ncl ude <string. h>

static unsigned int const Size = 1024,

cl ass Foo

{

public:

Foo( char* cp ); // Constructor

Il

privat e:

char buffer[Size];

static unsigned counter; // Nunber of constructed Foo:s

Hi

extern Foo foo 1;
extern Foo foo_2;

/[l Fool.cc
#i ncl ude " Foo. hh"

unsi gned Foo::counter = 0;

Foo foo 1 = "one",;

/ | Foo2. cc
#i ncl ude " Foo. hh"

Foo foo 2 = "two";

Foo: : Foo( char* cp ) // lrrational constructor
{

strncpy( buffer, cp, sizeof(buffer) );
foos[counter] = this;

switch ( counter++ )

{

case O:

case 1:

cout << ::foo 1. buffer << "," << ::foo_ 2. buffer << endl;
br eak;

def aul t:

cout << "Hello, world" << endl;

}
}

/1 1f a programusing Foo.hh is linked with Fool.o and Foo2.0, either
/[l ,two or one, is witten on standard out put dependi ng on

http://www.cs.umd.edu/users/cml/resources/cstyle/Ellemtel-rules-mm.html (68 of 79) [10/19/2001 1:44:08 PM]



Programming in C++, Rules and Recommendations

/1l one,two one,two the order of the files given to the |inker.

18.7 Temporary Objects

Port. Rec. 16

Do not write code which is dependent on the lifetime of atemporary object.

Temporary objects are often created in C++, such as when functions return avalue. Difficult errors may arise when
there are pointers in temporary objects. Since the language does not define the life expectancy of temporary objects,
it is never certain that pointers to them are valid when they are used.

One way of avoiding this problem is to make sure that temporary objects are not created. This method, however, is
limited by the expressive power of the language and is not generally recommended.

The C++ standard may someday provide an solution to this problem. In any case, it isasubject for lively discussions
in the standardization committee.

Example 70

Difficult error in a string class which lacks output operator
class String

{

public:

operator const char*() const; // Conversion operator to const char*
friend String operator+( const String& left, const String& right );
/1

3
String a = "This may go to ";
String b = "h***1";

/1l The addition of a and b generates a new tenporary String object.

/Il After it is converted to a char* by the conversion operator, it is
/'l no | onger needed and nmay be deal |l ocated. This means that characters
/'l which are already deallocated are printed to cout -> DANGEROUS!!
cout << a + b;

18.8 Pointer Arithmetic

Port. Rec. 17

Avoid using shift operations instead of arithmetic operations.

Port. Rec. 18

Avoid pointer arithmetic.

Pointer arithmetic can be portable. The operators == and ! = are defined for all pointers of the same type, while the
use of the operators <, >, <=, >= are portable only if they are used between pointers which point into the same

array.
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19 References

The Annotated C++ Reference Manual

0 Bjarne Stroustrup/Margareth ElliARM]

o Addison Wesley 1990, ISBN 0-201-51459-1

o Thisbook formsthe basis of the work in the ANSI-C++ committee.
C++ Primer, Second Edition

o Stanley B. Lippman

o Addison Wesley 1991, ISBN 0-201-54848-8

o Very good for learning the basics of C++.
The C++ Programming Language, Second Edition

o Bjarne Stroustrup

0 Addison Wesley 1991, ISBN 0-201-53992-6

o This second edition has been completely updated with the current (and future) language definition. It
will most certainly become a standard reference book.

Advanced C++ Programming Styles and Idioms

o James O. Coplien

0 Addison Wesley 1992, ISBN 0-210-54855-0

0 Possibly the most advanced book on how to use C++. Contains many tricks and tips.
Object-oriented Software Construction

o Bertrand Meyer

0 Prentice Hall 1988, ISBN 0-13-629049-3 or 0-13-629031-0 PBK

0 Somewhat of aclassic work. Examples are written in Eiffel.
Data Abstraction and Object-Oriented Programming in C++

o Keith E. Gorlen, Sanford M. Orlow, Perry S. Plexico

0 John Wiley & Sons 1990, ISBN 0471 92346 X pbk or 0471 92751 1

o The book that describes the class library NIH. Includes many good examples.
Object-Oriented Design with Applications

0 Grady Booch

0 Benjamin/Cummings 1991, ISBN 0-8053-0091-0

0 Treats the design and implementation of software in various object-oriented |languages.
Recommended C Style and Coding Standards

o Bell Labs, Zoology Computer Systems University of Toronto, CS University of Washington,
November 18, 1989.

o A collection of rulesfor programming in C. Contains a good section on portability.
A Guide to Natural Naming

0 Daniel Keller

o ETH, Projekt-Zentrum IDA, CH-8092 Zurich, Switzerland

o A guide on how to choose good names for functions and variables. Not adapted to object-oriented
programming.
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Advanced C++
o Jonathan E. Shopiro

o Binder with material from course held in Lund (Sweden) from June 4 to June 7, 1991. Filled with
warnings and tips.

Objektorienterad programmering och biblioteksuppbyggnad i C++
o Martin Carrol

o Material from course held in Stockholm (Sweden) on April 18, 1991. Presents useful viewpoints on
problems which may arise when designing a class library.

Automatic Detection of C++ Programming Errors: Initial Thoughtson al i nt ++
o Scott Myers/Moises Lejter
o Usenix C++ Conference Proceedings, Spring 91
0 Article which describes some programming rules for C++.
Code-Style Prescriptions
0 Carl R. Dickler
o Unix Review, 9(9), 1991, pages 41-45

o Article which describes a number of programming rules for C and which discusses why programming
rules are needed.

20 Summary of Rules

Rule 0

Every time aruleis broken, this must be clearly documented.
Rulel

Include filesin C++ always have the file name extension ".hh".
Rule?2

Implementation filesin C++ always have the file name extension ".cc".
Rule3

Inline definition files always have the file name extension ".icc".
Rule4

Every file that contains source code must be documented with an introductory comment that provides
information on the file name and its contents.

Rule 5

All files must include copyright information.
Rule 6

All comments are to be written in English.
Rule 7

Every include file must contain a mechanism that prevents multiple inclusions of thefile.
Rule 8

When the following kinds of definitions are used (in implementation files or in other include files), they must
be included as separate include files:
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0 classesthat are used as base classes,

0 classes that are used as member variables,

0 classesthat appear as return types or as argument types in function/member function prototypes.
g

function prototypes for functions/member functions used in inline member functions that are defined in
thefile.

Rule 9

Definitions of classes that are only accessed via pointers (* ) or references (&) shall not be included as include
files.

Rule 10
Never specify relative UNIX namesin #i ncl ude directives.
Rule11
Every implementation file is to include the relevant files that contain:
0 declarations of types and functions used in the functions that are implemented in thefile.
0 declarations of variables and member functions used in the functions that are implemented in thefile.
Rule 12

The identifier of every globally visible class, enumeration type, type definition, function, constant, and
variablein aclasslibrary isto begin with a prefix that is unique for the library.

Rule 13
The names of variables, constants, and functions are to begin with a lowercase letter.
Rule 14

The names of abstract data types, structures, typedefs, and enumerated types are to begin with an uppercase
letter.

Rule 15

In names which consist of more than one word, the words are written together and each word that follows the
first is begun with an uppercase letter.

Rule 16

Do not use identifiers which begin with one or two underscores("_"or ~__").
Rule 17

A name that begins with an uppercase letter isto appear directly after its prefix.
Rule 18

A name that begins with alowercase letter isto be separated from its prefix using an underscore ("_").
Rule 19

A name isto be separated from its suffix using an underscore ("_").
Rule 20

Thepubl i c, prot ect ed, and pri vat e sections of aclass are to be declared in that order (the publ i c
section is declared before the pr ot ect ed section which is declared before the pr i vat e section).

Rule 21

No member functions are to be defined within the class definition.
Rule 22

Never specify publ i ¢ or pr ot ect ed member datain aclass.
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Rule 23

A member function that does not affect the state of an object (its instance variables) is to be declared const .
Rule 24

If the behaviour of an object is dependent on data outside the object, this data is not to be modified by const
member functions.

Rule 25

A classwhich uses "new' to alocate instances managed by the class, must define a copy constructor.
Rule 26

All classes which are used as base classes and which have virtual functions, must define avirtual destructor.
Rule 27

A classwhich uses "new' to allocate instances managed by the class, must define an assignment operator.
Rule 28

An assignment operator which performs a destructive action must be protected from performing this action on
the object upon which it is operating.

Rule 29
A public member function must never return anon-const reference or pointer to member data.
Rule 30

A public member function must never return anon-const reference or pointer to data outside an object,
unless the object shares the data with other objects.

Rule 31
Do not use unspecified function arguments (ellipsis notation).
Rule 32

The names of formal arguments to functions are to be specified and are to be the same both in the function
declaration and in the function definition.

Rule 33

Always specify the return type of afunction explicitly.
Rule 34

A public function must never return areference or a pointer to alocal variable.
Rule 35

Do not use the preprocessor directive #def i ne to obtain more efficient code; instead, use inline functions.
Rule 36

Constants are to be defined using const or enum never using #def i ne.
Rule 37

Avoid the use of numeric valuesin code; use symbolic values instead.
Rule 38

Variables are to be declared with the smallest possible scope.
Rule 39

Each variable is to be declared in a separate declaration statement.
Rule 40
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Every variable that is declared is to be given avalue before it is used.
Rule41
If possible, aways use initialization instead of assignment.
Rule 42
Do not compare a pointer to NULL or assign NULL to a pointer; use O instead.
Rule 43
Never use explicit type conversions (casts).
Rule 44
Do not write code which depends on functions that use implicit type conversions.
Rule 45
Never convert pointers to objects of aderived class to pointers to objects of avirtua base class.
Rule 46
Never convert aconst toanon-const .
Rule 47
The code following acase label must always be terminated by abr eak statement.
Rule 48
A swi t ch statement must always contain adef aul t branch which handles unexpected cases.
Rule 49
Never use got o.
Rule 50
Donotusemal | oc,real | oc orfree.
Rule 51
Always provide empty brackets ("[ ] ") for del et e when deallocating arrays.

21 Summary of Recommendations

Rec. 1

Optimize code only if you know that you have a performance problem. Think twice before you begin.
Rec. 2

If you use a C++ compiler that is based on Cfront, always compile with the +w flag set to eliminate as many
warnings as possible.

Aninclude file should not contain more than one class definition.
Divide up the definitions of member functions or functions into as many files as possible.

Place machine-dependent code in a special file so that it may be easily located when porting code from one
machine to another.

Rec. 6
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Always give afile anamethat is unique in as large a context as possible.
Rec. 7

Anincludefilefor aclass should have afile name of the form <class name> + extension. Use uppercase and
lowercase | etters in the same way as in the source code.

Write some descriptive comments before every function.
Rec. 9

Use// for comments.
Rec. 10

Usethedirective#i ncl ude "fil enane. hh" for user-prepared include files.
Rec. 11

Usethedirective#i ncl ude <fil enanme. hh> for include files from libraries.
Rec. 12

Every implementation file should declare alocal constant string that describes the file so the UNIX command
what can be used to obtain information on the file revision.

Rec. 13

Never include other filesin an ".icc" file.
Rec. 14

Do not use typenames that differ only by the use of uppercase and lowercase |etters.
Rec. 15

Names should not include abbreviations that are not generally accepted.
Rec. 16

A variable with alarge scope should have along name.
Rec. 17

Choose variable names that suggest the usage.
Rec. 18

Write code in away that makes it easy to change the prefix for global identifiers.
Rec. 19

Encapsulate global variables and constants, enumerated types, and typedefsin a class.
Rec. 20

Always provide the return type of afunction explicitly.

Rec. 21
When declaring functions, the leading parenthesis and the first argument (if any) are to be written on the same
line as the function name. If space permits, other arguments and the closing parenthesis may also be written

on the same line as the function name. Otherwise, each additional argument is to be written on a separate line
(with the closing parenthesis directly after the last argument).

Rec. 22

In afunction definition, the return type of the function should be written on a separate line directly above the
function name.

Rec. 23
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Always write the left parenthesis directly after a function name.
Rec. 24

Braces ("{ } ") which enclose a block are to be placed in the same column, on separate lines directly before
and after the block.

Rec. 25

The flow control primitivesi f , el se, whi | e, f or and do should be followed by ablock, evenif itisan
empty block.

Rec. 26

The dereference operator “* ' and the address-of operator &' should be directly connected with the type names
in declarations and definitions.

Rec. 27

Do not use spacesaround . ' or "- >', nor between unary operators and operands.
Rec. 28

Use the c++ mode in GNU Emacs to format code.
Rec. 29

Accessfunctionsareto bei nl i ne.
Rec. 30

Forwarding functions areto bei nl i ne.
Rec. 31

Constructors and destructors must not bei nl i ne.
Rec. 32

Friends of a class should be used to provide additional functions that are best kept outside of the class.
Rec. 33

Avoid the use of global objectsin constructors and destructors.
Rec. 34

An assignment operator ought to return aconst reference to the assigning object.
Rec. 35

Use operator overloading sparingly and in a uniform manner.
Rec. 36

When two operators are opposites (such as== and ! =), it is appropriate to define both.
Rec. 37

Avoid inheritance for parts-of relations.
Rec. 38

Give derived classes access to class type member data by declaring pr ot ect ed access functions.
Rec. 39

Do not attempt to create an instance of a class template using a type that does not define the member functions
which the class template, according to its documentation, requires.

Rec. 40

Take careto avoid multiple definition of overloaded functions in conjunction with the instantiation of a class
template.

http://www.cs.umd.edu/users/cml/resources/cstyle/Ellemtel-rules-mm.html (76 of 79) [10/19/2001 1:44:08 PM]



Programming in C++, Rules and Recommendations

Rec. 41
Avoid functions with many arguments.
Rec. 42

If afunction stores a pointer to an object which is accessed via an argument, let the argument have the type
pointer. Use reference argumentsin other cases.

Rec. 43

Use constant references (const &) instead of call-by-value, unless using a pre-defined datatype or a
pointer.

Rec. 44

When overloading functions, all variations should have the same semantics (be used for the same purpose).
Rec. 45

Use inline functions when they are really needed.

Rec. 46
Minimize the number of temporary objects that are created as return values from functions or as argumentsto
functions.
Rec. 47
Avoid long and complex functions.
Rec. 48
Pointers to pointers should whenever possible be avoided.
Rec. 49
Useat ypedef tosimplify program syntax when declaring function pointers.
Rec. 50

The choice of loop construct (f or , whi | e or do-whi | e) should depend on the specific use of the loop.
Rec. 51

Always useunsi gned for variables which cannot reasonably have negative values.
Rec. 52

Always use inclusive lower limits and exclusive upper limits.
Rec. 53

Avoid theuse of cont i nue.
Rec. 54

Use br eak to exit aloop if this avoids the use of flags.
Rec. 55

Do not write logical expressions of thetypei f (test) ori f(!test) whent est isapointer.
Rec. 56

Use parentheses to clarify the order of evaluation for operatorsin expressions.
Rec. 57

Avoid global dataif at all possible.
Rec. 58

Do not allocate memory and expect that someone else will deallocate it later.
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Rec. 59

Always assign a new value to a pointer that points to deallocated memory.

Rec. 60

Make sure that fault handling is done so that the transfer to exception handling (when thisis available in C++)
may be easily made.

Rec. 61

Check the fault codes which may be received from library functions even if these functions seem fool proof.

22 Summary of Portability Recommendations

.Rec. 1

Port

Avoid the direct use of pre-defined data types in declarations.

.Rec. 2

Port

Do not assumethat ani nt and al ong have the same size.

. Rec. 3

Do not assume that ani nt is32 bitslong (it may be only 16 bitslong).

.Rec. 4

Do not assume that achar issigned or unsigned.

.Rec. 5

Always set char to unsigned if 8-bit ASCII is used.

.Rec. 6

Be careful not to make type conversions from a"shorter" typeto a"longer" one.

.Rec. 7

Do not assume that pointers and integers have the same size.

. Rec. 8

Use explicit type conversions for arithmetic using signed and unsigned val ues.

.Rec. 9

Do not assume that you know how an instance of a datatype is represented in memory.

.Rec. 10

Do not assumethat | ongs, f | oat s, doubl esorl ong doubl esmay begin at arbitrary addresses.

.Rec. 11

Do not depend on underflow or overflow functioning in any special way.

.Rec. 12

Do not assume that the operands in an expression are evaluated in a definite order.

.Rec. 13

Do not assume that you know how the invocation mechanism for a function isimplemented.

.Rec. 14

Do not assume that an object isinitialized in any special order in constructors.
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Port. Rec. 15
Do not assume that static objects are initialized in any special order.
Port. Rec. 16
Do not write code which is dependent on the lifetime of atemporary object.
Port. Rec. 17
Avoid using shift operations instead of arithmetic operations.
Port. Rec. 18
Avoid pointer arithmetic.

The first HTML version was created by unknown parties. Chris Lott (chris"at" lott.com) corrected afew HTML
glitchesin 1997. Marko Makela (msmakela "at" tcs.hut.fi) overhauled the document in 2001 to make it valid HTML
and added more hyperlinks.
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