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Goodstyleis like touchtyping: it mayseemcounter-productiveat first, but theinitial effort will payenormousdividends.
After a little while, theelementsof goodstylewill besecondnature.Goodstylewill helpyou to debug your programsmore
easily, andalsomake themmoreeasilyreadableby your instructor.

1 Readability

Therearea numberof stylisticelementswhichcanmakeaprogrammorereadable,includingtheuseof horizontalandvertical
spacing,theconventionsusedin declarations,etc..Eachof theseelementswill bediscussedin turn.

Keepin mind that oncea programis written, it is seldomreadfrom top to bottom. While debugging or modifying a
program,programmersoftenskip largeblocksof text in orderto find whatthey arelooking for. A goodanalogycanbemadeto
a dictionary. Imagineif thewordsin a dictionarywerewritten in normalEnglishstyle,asis this article.Whatif thedictionary
werenot alphabetized?Whatif thewordsbeingdefineddid not appearin boldface?

As agoodprogrammeryoushouldstrive to enhancethevisualappearanceof thecodeyouwrite. Theeffort youput in will
begin to paydividendsasyou debugyourcode.

1.1 Indentation

Indentationis usedto enablea readerto determinethenestinglevel of astatementataglance.In orderto beuseful,indentation
mustbe consistent— the numberof spacesusedper indentationlevel shouldbe between2 and5 — andthe samestyle of
indentationshouldbeusedthroughouttheprogram.Properindentationmakesyourprogrammucheasierto debug.

1.2 Spaces

Normally in programmingthestandardfor theuseof spacesis thatyou follow normalEnglishrules.This meansthat:

1. Mostbasicsymbolsin C++(e.g.,“=”, “+”, etc.)shouldhaveat leastonespacebeforeandonespaceafterthem,with the
following notableexceptions:

� No spaceappearsbeforeacommaor a semicolon.
� No spaceappearsbeforeor aftera period.
� No spaceappearsbetweenunaryoperatorsandtheir operands(e.g.,“->”, “++”).

2. More thanonespacemaybeusedif youarealigningthingson adjacentlines,asis donewith the“<<” in Figure1.

1.3 Blank Lines

Blank linesshouldbeusedto separatelong, logically relatedblocksof code.Specifically:

1. In theglobalsectionof a compilationunit, theinclude, const, typedef, andvariabledeclarationsectionsshould
beseparatedby at leastoneblankline.

2. Within a long pieceof code,groupsof relatedstatementsmaybeseparatedfrom othergroupsby a blankline.

3. To beeffectiveasanelementof style,blanklinesshouldbeusedconsistently.

Referto theexamplein Section6 for anillustrationof theseguidelines.
1Adaptedfrom theCS141StyleGuide,Collegeof William andMary, 1997.
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for (counter = 0; counter < length; counter++)
{

friendFile << addressBook[counter].firstName << ’ ’
<< addressBook[counter].lastName << endl;

friendFile << ’(’ << addressBook[counter].areaCode << ") "
<< addressBook[counter].phoneNumber << endl;

friendFile << setw(2) << addressBook[counter].month << ’/’
<< setw(2) << addressBook[counter].day << ’/’
<< setw(4) << addressBook[counter].year << endl;

friendFile << endl;
} // for

Figure1: An exampleof goodspacingpractices.

1.4 Statements

1. Eachstatementshouldappearon a separateline.

2. Theopeningbracefollowing acontrolstatementsuchasif or while shouldappearon theline aftertheif or while,
lined up with theleft of thecontrolstatement,andtheclosingbraceshouldappearon its own line, lined up with theleft
of thecontrol statement.As anexample,seethefor loop in Figure1. Theopeningandclosingbracesfor a function
shouldbelined up in thesameway.

3. Thestatementswithin a{ ����� } pair areindentedrelative to thebraces.Again,seeFigure1 for anexample.

4. Evenif only asinglestatementfalls in thebodyof a compoundstatement,it is indentedona separateline.

1.5 Declarations

1. Variablesshouldbelistedoneperline (possiblywith theexceptionof loopindices),with thetypeof thevariablepreceding
every declaration.Do not put blank lines betweenidentifiersbeingdeclared.The samerulesapply to fields declared
within astruct. As anexample,referto Figure2.

struct Entry
{

String15 firstName; // First name of a friend
String15 lastName; // Last name of a friend
int areaCode; // Range 100..999
String8 phoneNumber; // Phone number of a friend
int month; // Range 1..12
int day; // Range 1..31
int year; // Range 1900..2100

};

int length = 0; // Number of entries in addressBook
Entry currentEntry; // Current record being entered
char response; // Response character from keyboard
ofstream friendFile; // Output file of entries
char fileName[51]; // User-specified file name (max. 50 chars)

Figure2: An exampleof variabledeclarations.

2. Relatedvariablesshouldbegroupedtogetherin thedeclarationsection.
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2 Comments

In therealworld, bothmaintenanceprogrammersandothermembersof a programmingteamrely on commentsto explain the
program,function, or codefragmentthey arereading. If a commentandthe codedisagree,the commentis presumedto be
correct,andthecodeincorrect.Commentsareusedprimarily to statewhat thecodeis doing(its purpose),while thecodeitself
describeshowyou aredoing it. Thus,it is only commonsensethatyou shouldwrite thecommentfirst (i.e., definewhatyou
aredoing)beforeyou write thecode.

Commentsfall into oneof thefollowing groups:

1. Functionprologuecomments

2. Programprologuecomments

3. Declarationcomments

4. Sidebarcomments

5. In-line comments

2.1 Function Prologue

SeeSection4 for a discussionof functionprologues.

2.2 Program Prologue

Themajorfunctionof aprogramprologueis to explain thepurposeof theprogram.A programprologueis similar to afunction
prologueandincludesthefollowing sections,following thenameof thefile (thefirst threeareparticularto studentprojects):

1. Your name.

2. Date (or semesterandyear).

3. Classandprofessor’sname.

4. Purpose: anexplanationof whattheprogramdoes.

5. Algorithm : a generaldescriptionor outlineof theprocessingdone.

6. Program input .

7. Program output.

8. A description of the data structur esused. This sectionis optional,dependingon need.

9. Limitations or restrictions: whatassumptionsaremadeabouttheinputdata;underwhatconditionstheprogramor unit
fails to operateproperly, etc..

10. Modification history: whohasmodifiedtheprogram,when,andwhy. Thissectionis normallystartedoncetheprogram
goesinto production;thusit seldomappearsin studentprograms.

SeeFigure3 for anexampleof aprogramprologue.

2.3 Declaration Comments

1. Constantsandvariablesarealwayscommentedwith short,precisecommentsstatingtheir purpose.Thesecomments
normally follow the declarationon the sameline andonly rarely take morethana line or two. SeeFigure2 for some
examples.

2. It is usually not necessaryto commenttypes,whetherglobal or local (althoughthey arecommentedin our example
program).However, fieldswithin astruct arealwayscommented.
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//********************************************************************
// friends.cc
// Author: Joe Student
// Date: November 15, 2000
// Class: CS 171-01, Professor Havill
// Purpose: This program creates an address book.
// Input: (from standard input) first names, last names, phone
// numbers, and birth dates of a group of people
// Output: (to an output file) an alphabetical listing of address
// book entries
//********************************************************************

Figure3: An exampleof aprogramprologue.

2.4 SidebarComments

A sidebarcommentis onewhich explainsa singlestatementandshouldfollow thestatementon thesameline. Thecomment
shouldbebrief, accurateandprecise. SeeFigure4 for someexamples.

void Insert( ... )
{

.

.

.

list[index] = item; // Insert item
length++; // Increment length of list

} // Insert()

Figure4: Examplesof sidebarcomments.

A sidebarcommentshouldalwaysbeusedafteraclosingbraceto uniquelyidentify thecompoundstatementwhichis being
ended,andis essentialin finding thematchingopeningbrace.In thecaseof a function,thecommentcontainsthenameof the
function.

2.5 In-line Comments

In-line commentsexplain a block of code.Sucha commentshouldprecedethecodeitself andshouldbeindentedthesameas
theblock it describes.A blankline shouldbeplacedbeforethein-line comment,betweenthein-line commentandtheblockof
code,andaftertheblockof codeto separateit from thenext blockof code.SeeFigure5 for anexampleof whento usein-line
comments.

Sidebarcommentsandin-line commentsshouldbeusedsparingly. Beforeaddingsuchcommentsyoushouldfirst attemptto
makethecodeitself moreunderstandableby improving theidentifiernamesused,replacinggroupsof statementswith function
calls,reducingthecontrolcomplexity of thecode,etc..

3 Naming

Whenchoosingnamesfor itemsin yourprogram,order is very important.As anexample,supposeavariablestate hasbeen
declaredof typeStateType. This is fine aslong asonly onevariableof this typeis used.Thenamingproblemstartswhen
a secondvariableof thesametypeis needed.First shot:state2. This is certainlybetterthannamingit s, but it would have
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// Get a friend’s first name

cout << "Enter person’s first name." << endl;
cin.get(theEntry.firstName, 16);
cin.ignore(100, ’\n’);

// Get a friend’s last name

cout << "Enter person’s last name." << endl;
cin.get(theEntry.lastName, 16);
cin.ignore(100, ’\n’);

Figure5: An exampleof in-line comments.

beenevenbetterto pick really goodnameslikecurrentState, lastState, normalState, errorState, etc.for the
variablesandjust namethetypeState.

It is clearfrom this examplethat the typenamesmustbechosenfirst. (This is no surprisewhenlooking at objectoriented
programsor abstractdatatypes.) After having chosenthe type namesone can start to namethe functions,variables,and
constants.The remainderof this sectiondiscussesthe structureof namesfor differententitiesin the order they shouldbe
named.

3.1 Type Names

Thesimplestandshortestnamesshouldbereservedfor type(struct,class, etc.) identifiers.Thereforethey mustbechosen
beforeany othername,especiallybeforethenamesfor variablesof this type.Typesshouldbenamedwith short,genericnouns
thatreflecttheir contents.Typenamesshouldstartwith a capitalletterand,if thenameconsistsof severalwordsconcatenated
together, eachsuccessiveword shouldalsobecapitalized.

Examples:Entry, Table, Name, Node, StateTable, FileName, TableIndex.

3.2 Function Names

SeeSection4 for a discussionof functionnaming.

3.3 Variable Names

In strongly typed languages,a variableis of a particulartype. Thereforethe structure“adjective + type name” for variable
namesis anobvioussuggestion.(Thenamedoesnot have to containanadjective; alternatively, a namecantake on themore
generalform “qualified type name”.) Note that this namingconventionis not alwaysappropriatehowever, especiallywhen
variableshave standardtypes. For instance,if your programcontainsan integer variablewhich storesthe lengthof a list, it
would bemuchbetterto chooselistLength or justlength overlengthInt! Thefirst letterof variablenamesshould
not becapitalized,but eachsuccessiveword in thenameis capitalized.

Examples:response, length, currentEntry, headPointer, currentSymbol.

It alsoacceptableto put anunderscorecharacterbetweenwordsin a variablename.

Examples:current entry, head pointer, current symbol.

3.4 Constants

All non-trivial constantvaluesin a programshouldbeassignednames.Constantsoftendescribea limit within a program.In
thesecasesit is appropriateto usetheprefixMAX or MIN in conjunctionwith thetypename.Otherwise,nameconstantslike
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variablenames.Namesfor constantsshouldbe in all capitalletterswith underscoresbetweenwords. This conventionis also
used

�
for symbolsdefinedin #define preprocessordirectives.

Examples:MAX FRIENDS, PI, BLANK, MAX LINE LENGTH, TAX RATE, LOWER LIMIT.

3.5 GeneralHints on Naming

Themostimportantcriterionwhenchoosinga nameis: how easilycananotherprogrammer(not just yourself)understandthe
program?If understandinganamewasnot importantwecouldjustnamevariablesa, b, etc..Herearesomeadditionalpointers
on how to choosenamesin a program.

� Namesmustbepronounceable.Youshouldopt to useuntruncated,longnamesoverusingnamesthatarenotpronounce-
able.As a “rule of mouth”, if youcannotreadthenameout loud, it is not a goodname.

Examples:groupID insteadof grpID, nameLength insteadof namln, powersOfTwo insteadof pwrsOf2.

� Abbreviatewith care.Abbreviationsalwayscarry therisk of beingmisunderstood.For example,doestermProcess
meanterminateProcess orterminalProcess? Abbreviationsareusuallyalsohardto pronounce(for example,
nxtGrp). Useonly commonlyknown abbreviations, like the ID in processID. As a generalrule of thumb,you
shouldonly abbreviateanameif it savesmorethanthreecharacters.

Examples:error insteadof err, name insteadof nam, but maxLength is probablybetterthanmaximumLength.

� Do notusenameswhoseonly differenceis capitalization.C++ is casesensitive,sothenamegroupID is differentfrom
thenamegroupId. If two namesin thesameprogramonly differ in capitalization,typographicalmistakescancreate
errorsthatareverydifficult to trackdown.

� Booleanvariableandfunctionnamesshouldstateafactthatcanbetrueor false.This is easyto achievewith theinclusion
of “is” in thename.

Examples:printerIsReady, queueIsEmpty, or simplydone. Notehow naturallythis reads:

if (queueIsEmpty)
Insert(item);

� The moreimportant(readglobal) an objectis, the morecareshouldgo into choosingits name. In a short function,a
variablelike ok is probablyfine since“what is OK” is probablyeasilydeterminedfrom the context. However, this is
mostlikely not thecasewith a globalvariable.Thus,themostcareshouldbetakenwhennamingglobalvariablesin a
program,followedby field nameswithin a record,andfinally variablesin a function.

4 Functions

In thissection,weconsolidateall thestyleguidelinesrelevantto functiondeclarations.An exampleillustratinggoodformatting
practicesis shown in Figure6.

4.1 Function Prologues

The major reasonfor a function prologueis to explain the purposeof the function. A function prologueshouldappearjust
beforetheimplementationof thefunctionandincludethefollowing sections:

1. Function nameand parameter list: justasit appearslaterin theactualcode.

2. Purpose: whatthefunctiondoes.

3. Algorithm : how thefunctiondoeswhatit does.If astandardalgorithmsuchasQuicksortis used,areferenceratherthan
anexplanationis preferred.

4. Input and Output : whatthefunctionwill expectfrom theuserandwhattheuserwill seeon thescreen.
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//******************************************************************
// void WriteEntries( const Entry addressBook[], int length,
// ofstream& friendFile )
// Purpose: Writes all entries to the file friendFile
// Output: (to an output file) all address book entries
// Precondition: length <= MAX_FRIENDS
// && addressBook[0..length-1] are assigned
// Postcondition: Contents of addressBook[0..length-1] have been
// output to friendFile
//******************************************************************
void WriteEntries( const Entry addressBook[], // Array of entries

int length, // Number of entries
ofstream& friendFile ) // File receiving list

{
.
.
.

} // WriteEntries

Figure6: An exampleof a well formattedfunctiondeclaration.

5. Precondition: whatassumptionsthefunctionmakesaboutits input; underwhatconditionsit fails to operateproperly.

6. Postcondition: whatshouldbetrueafter theroutineis finished.An explanationof the returnvalue,if any, shouldalso
beincluded.Also includeanexplanationof any changedreferenceparameters.

Any of thetheabove itemsexceptthefirst two maybeleft out if they areinappropriate.For example,if thefunctiondoesnot
expectany input, leave out the input section.SeeFigure6 for anexampleof a functionprologue.Notice the line of asterisks
framingthefunctionprologue;this is important,asit clearlysetstheprologueapartfrom therestof thecodeandnicely shows
theboundariesbetweenfunctions.

4.2 Function Names

Functionsshouldbenameddifferentlydependinguponwhetherthey returna value. A void function is (literally) calledby
its name,which standsfor a groupof statementsto be executed.Thereforethe nameof a void functionshouldexpressthe
impliedaction(“do this”) by includinganimperativeverb. Sincefunctionsoperateonaspecifictype,thestructure“verb+ type
name”is bestsuitedfor a functionname.Functionnamesshouldbecapitalizedlike typenames.

Examples:GetEntry, DisplayError, PrintAddress, GetFirstElement, FindName.

Functionsthatreturnavalueshouldcontainnounsor adjectives.Again,sincethesetypesof functionsoperateonaspecific
type,theform “adjective+ typename”or “noun + typename”aregoodchoices.

Examples:GreatestItem, CubeRoot, LastNode, HeadOfList, IsEmpty.

4.3 Formatting Function Declarations

Thefollowing guidelinesapplyto functiondeclarationsandprototypes.All areillustratedin Figure6.

� Whendeclaringfunctions,the leadingparenthesisandfirst parameter(if any) areto be written on thesameline asthe
functionname.Then,eachsubsequentparametershouldbelistedona separateline to allow for eachto becommented.

� Eachfunctionparameteris alwayscommentedon thesameline asthedeclaration.
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� In functiondeclarationsandprototypes,aspaceshouldappearaftertheopeningparenthesisbeginningtheparameterlist
andbeforethematchingclosingparenthesis.However, nosuchspacesshouldbeusedin functioncalls.

� Functionsshouldbeseparatedby at leasttwo blanklines.

5 MiscellaneousGuidelines

1. Themain() functionshouldbewritten in thefollowing style2:

void main(void)
{

< statements >

} // main()

2. Few constantsshouldappearin your code,otherthan0, 1, and’ ’. All otherconstantsshouldbedeclaredandnamedin
aconst declaration.

3. Usetheoperators++ and-- only in statements,never aspartof largerexpressions.For example,do not usestatements
suchasarray1[i++] = array2[j++]. Instead,incrementtheindicesaftertheassignmentstatement.

6 An Example Program

Thefollowing programexemplifiesthestyleguidelinesoutlinedin previoussections.

//********************************************************************
// friends.cc
// Author: Joe Student
// Date: November 15, 2000
// Class: CS 171-01, Professor Havill
// Purpose: This program creates an address book.
// Input: (from standard input) first names, last names, phone
// numbers, and birth dates of a group of people
// Output: (to an output file) an alphabetical listing of address
// book entries
//********************************************************************

#include <iostream.h>
#include <iomanip.h> // For setw()
#include <fstream.h> // For file I/O
#include <string.h> // For strcmp()
#include <ctype.h> // For toupper()

typedef char String8[9]; // Room for 8 characters plus ’\0’
typedef char String15[16]; // Room for 15 characters plus ’\0’

const int MAX_FRIENDS = 150; // Maximum number of friends

2Themain functionshouldactuallyreturnanint andcantake inputparameters.However, for now, write yourmain functionin this way.
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struct Entry
{

String15 firstName; // First name of a friend
String15 lastName; // Last name of a friend
int areaCode; // Range 100..999
String8 phoneNumber; // Phone number of a friend
int month; // Range 1..12
int day; // Range 1..31
int year; // Range 1900..2100

};

void GetEntry( Entry& );
void Insert( Entry[], int&, Entry );
void WriteEntries( const Entry[], int, ofstream& );

void main( void )
{

Entry addressBook[MAX_FRIENDS]; // Array of friends’ records
int length = 0; // Number of entries in addressBook
Entry currentEntry; // Current record being entered
char response; // Response character from keyboard
ofstream friendFile; // Output file of entries
char fileName[51]; // User-specified file name (max. 50 chars)

// Prompt the user for the name of an output file and open the file

cout << "Output file name: ";
cin.get(fileName, 51);
cin.ignore(100, ’\n’);

friendFile.open(fileName);
if (!friendFile)
{

cout << "** Can’t open " << fileName << " **" << endl;
return 1;

}

// Prompt the user for up to MAX_FRIENDS address book entries

do
{

GetEntry(currentEntry);
cout << "Is this entry correct? (Y or N) ";
cin >> response;
if (toupper(response) == ’Y’)

Insert(addressBook, length, currentEntry);
cout << "Do you wish to continue? (Y or N) ";
cin >> response;
cin.ignore(100, ’\n’);

} while (toupper(response) == ’Y’ && length < MAX_FRIENDS);

if (length == MAX_FRIENDS)
cout << "Address book is full." << endl;

WriteEntries(addressBook, length, friendFile);
} // main()
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//*********************************************************************
// void� GetEntry( Entry& theEntry )
// Purpose: Builds and returns a complete address book entry
// Input: (from standard input) a friend’s first name,
// last name, phone number, and birth date
// Postcondition: User has been prompted for a friend’s first name
// and last name
// && entry.firstName == input string for first name
// && entry.lastName == input string for last name
//*********************************************************************
void GetEntry( Entry& theEntry ) // Struct being built
{

// Get a friend’s first name

cout << "Enter person’s first name." << endl;
cin.get(theEntry.firstName, 16);
cin.ignore(100, ’\n’);

// Get a friend’s last name

cout << "Enter person’s last name." << endl;
cin.get(theEntry.lastName, 16);
cin.ignore(100, ’\n’);

// Get a friend’s phone number

cout << "Enter area code, blank, and the number"
<< " (including ’-’)." << endl;

cin >> theEntry.areaCode;
cin.ignore(1, ’ ’); // Consume blank
cin.get(theEntry.phoneNumber, 9);
cin.ignore(100, ’\n’);

// Get a friend’s birth date

cout << "Enter birth date as three integers, separated by"
<< " spaces: MM DD YYYY" << endl;

cin >> theEntry.month >> theEntry.day >> theEntry.year;
} // GetEntry()

//*********************************************************************
// void Insert( Entry list[], int& length, Entry item )
// Purpose: Inserts item into its proper place in sorted list
// Precondition: length < MAX_FRIENDS
// && list[0..length-1] are in ascending order
// && item is assigned
// Postcondition: item is in list
// && length == length@entry + 1
// && list[0..length-1] are in ascending order
// && IF item was already in list@entry
// item has been inserted before the one that
// was there
//*********************************************************************
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void Insert( Entry list[], // List to be changed
int& length, // Length of list
Entry item ) // Item to be inserted

{
int index = 0; // Position where item belongs
int count; // Loop control variable

list[length] = item; // store item at position beyond end of list

// Exit loop when item is found, perhaps as sentinel

while (strcmp(item.lastName, list[index].lastName) > 0)
index++;

// Shift list[index..length-1] down one

for (count = length - 1; count >= index; count--)
list[count+1] = list[count];

list[index] = item; // Insert item
length++; // Increment length of list

} // Insert()

//******************************************************************
// void WriteEntries( const Entry addressBook[], int length,
// ofstream& friendFile )
// Purpose: Writes all entries to the file friendFile
// Output: (to an output file) all address book entries
// Precondition: length <= MAX_FRIENDS
// && addressBook[0..length-1] are assigned
// Postcondition: Contents of addressBook[0..length-1] have been
// output to friendFile
//******************************************************************
void WriteEntries( const Entry addressBook[], // Array of entries

int length, // Number of entries
ofstream& friendFile ) // File receiving list

{
int counter; // Loop counter

for (counter = 0; counter < length; counter++)
{

friendFile << addressBook[counter].firstName << ’ ’
<< addressBook[counter].lastName << endl;

friendFile << ’(’ << addressBook[counter].areaCode << ") "
<< addressBook[counter].phoneNumber << endl;

friendFile << setw(2) << addressBook[counter].month << ’/’
<< setw(2) << addressBook[counter].day << ’/’
<< setw(4) << addressBook[counter].year << endl;

friendFile << endl;
} // for

} // WriteEntries()
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