C++ ProgrammingStyle Guide*

Departmenbf MathematicandComputerScience
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Goodstyleis like touchtyping: it may seemcounterproductive at first, but theinitial effort will pay enormoudividends.
After alittle while, the elementsof goodstyle will be secondhature.Goodstylewill helpyou to dehug your programsmore
easily andalsomake themmoreeasilyreadabléby your instructor

1 Readability

Therearea numberof stylistic elementsvhich canmake a programmorereadableincludingthe useof horizontalandvertical
spacingthe corventionsusedin declarationsetc.. Eachof theseelementawill bediscussedn turn.

Keepin mind that oncea programis written, it is seldomreadfrom top to bottom. While dehugging or modifying a
programprogrammer®sftenskip largeblocksof text in orderto find whatthey arelooking for. A goodanalogycanbe madeto
adictionary Imagineif thewordsin a dictionarywerewritten in normalEnglishstyle,asis this article. Whatif thedictionary
werenotalphabetizedWhatif thewordsbeingdefineddid notappeain boldface?

As agoodprogrammelou shouldstrive to enhancehevisualappearancef the codeyou write. The effort you putin will
begin to paydividendsasyou dehug your code.

1.1 Indentation

Indentationis usedto enableareadeito determinghenestinglevel of astatemenataglance.In orderto beuseful,indentation
mustbe consistent— the numberof spacesisedperindentationlevel shouldbe between?2 and5 — andthe samestyle of
indentationshouldbe usedthroughouthe program.Properindentatiormakesyour programmucheasierto dehug.

1.2 Spaces
Normally in programminghe standardor the useof spacess thatyou follow normalEnglishrules. This meanghat:

1. Mostbasicsymbolsin C++(e.g.,“=", “+”, etc.) shouldhave atleastonespacebeforeandonespaceafterthem,with the
following notableexceptions:

e No spaceappeardbeforeacommaor a semicolon.
e No spaceappeardeforeor aftera period.
e No spaceappeardbetweerunaryoperatorandtheiroperandge.g.,”- >", “++").

2. Morethanonespacemaybeusedif you arealigningthingson adjacentines, asis donewith the“<<” in Figurel.

1.3 Blank Lines

Blanklinesshouldbe usedto separatéong, logically relatedblocksof code.Specifically:

1. In the globalsectionof a compilationunit, thei ncl ude, const , t ypedef , andvariabledeclaratiorsectionsshould
be separatedtyy atleastoneblankline.

2. Within along pieceof code,groupsof relatedstatementsnay be separatedrom othergroupsby a blankline.

3. To beeffective asanelemenbf style,blanklinesshouldbe usedconsistently

Referto the examplein Section6 for anillustrationof theseguidelines.

1Adaptedfrom the CS 141 Style Guide,College of William andMary, 1997.



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

{
friendFile << addressBook[counter].firstName << ' '’
<< addressBook[ counter].last Name << endl;
friendFile << ' (' << addressBook[counter].areaCode << ") "
<< addr essBook[ count er]. phoneNunber << endl;
friendFile << setw(2) << addressBook[counter].nmonth << '/’
<< setw(2) << addressBook[counter].day << '/’
<< setw(4) << addressBook[counter].year << endl;
friendFile << endl;
Yy I/ for

Figurel: An exampleof goodspacingpractices.

1.4 Statements

1. Eachstatemenshouldappeaon a separatdine.

2. Theopeningbracefollowing a controlstatemensuchasi f orwhi | e shouldappeaiontheline afterthei f orwhi | e,
lined up with theleft of the control statementandthe closingbraceshouldappeaionits own line, lined up with theleft
of the control statementAs anexample,seethef or loopin Figurel. The openingandclosingbracesfor afunction
shouldbelined upin the sameway.

3. Thestatementsvithin a{ ...} pairareindentedrelative to thebracesAgain, seeFigurel for anexample.

4. Evenif only asinglestatementallsin the bodyof a compoundstatementit is indentedon a separatéine.

1.5 Declarations

1. Variableshouldbelistedoneperline (possiblywith theexceptionof loopindices)with thetypeof thevariablepreceding
every declaration. Do not put blank lines betweenidentifiersbeingdeclared. The samerules apply to fields declared
within ast r uct . As anexample referto Figure2.

struct Entry

{
Stringl5 firstName; /1 First name of a friend
Stringl5 | ast Nane; /1 Last nanme of a friend
i nt ar eaCode; /1 Range 100..999
String8 phoneNunber; /1 Phone nunber of a friend
i nt nmont h; /1 Range 1..12
i nt day; /1 Range 1..31
i nt year; /1 Range 1900..2100
b
i nt I ength = 0; /1 Number of entries in addressBook
Entry current Entry; /1 Current record being entered
char response; /1 Response character from keyboard
of stream friendFile; /1l Qutput file of entries
char fileNane[51]; /1 User-specified file nane (nmax. 50 chars)

Figure2: An exampleof variabledeclarations.

2. Relatedvariablesshouldbe groupedogetheiin thedeclaratiorsection.
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2 Comments

In therealworld, bothmaintenanc@rogrammersndothermemberof a programmingeamrely on commentgo explain the
program,function, or codefragmentthey arereading. If a commentandthe codedisagreethe commentis presumedo be
correct,andthecodeincorrect. Commentsareusedprimarily to statewhatthe codeis doing (its purpose)while the codeitself
describesiowyou aredoingit. Thus,it is only commonsensehatyou shouldwrite the commentfirst (i.e., definewhatyou
aredoing) before you write the code.

Commentdall into oneof thefollowing groups:

1
2
3.
4
5

2.1

. Functionprologuecomments

. Programprologuecomments

Declarationcomments

. Sidebarcomments

. In-line comments

Function Prologue

SeeSection4 for adiscussiorof functionprologues.

2.2

Program Prologue

Themajorfunctionof a programprologueis to explain the purposeof the program.A programprologueis similarto afunction
prologueandincludesthefollowing sectionsfollowing the nameof thefile (thefirst threeareparticularto studentprojects):
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. Your name.

. Date (or semesteandyear).

. Classandprofessorsname.

. Purpose anexplanationof whatthe programdoes.

. Algorithm : ageneraldescriptionor outline of the processinglone.

. Programinput.

. Program output.

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

. Limitations or restrictions: whatassumptionaremadeabouttheinputdata;underwhatconditionsthe programor unit

failsto operateproperly etc..

. Modification history: who hasmodifiedthe programwhen,andwhy. This sectionis normally startedoncethe program

goesinto productionthusit seldomappearsn studentprograms.

SeeFigure3 for anexampleof a programprologue.

2.3

1.

2.

Declaration Comments

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

It is usually not necessaryo commenttypes, whetherglobal or local (althoughthey are commentedn our example
program).However, fieldswithin ast r uct arealwayscommented.
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//********************************************************************

!/l friends.cc

/1 Aut hor: Joe Student

/1 Dat e: Novenber 15, 2000

11 C ass: CS 171-01, Professor Havill

/1 Pur pose: This program creates an address book.

/1 | nput : (from standard input) first nanes, |ast names, phone
/1 nunbers, and birth dates of a group of people

/1 Qutput: (to an output file) an al phabetical listing of address
11 book entries

//********************************************************************

Figure3: An exampleof a programprologue.

2.4 Sidebar Comments

A sidebarcommentis onewhich explainsa single statemenandshouldfollow the statemenbn the sameline. Thecomment
shouldbe brief, accurateandprecise SeeFigure4 for someexamples.

void Insert( ... )
{
l[ist[index] = item /1 Insert item
| engt h++; /1 Increment length of I|ist

} /] Insert()

Figure4: Examplesof sidebarcomments.

A sidebarrommentshouldalwaysbeusedaftera closingbraceto uniquelyidentify the compoundstatementvhichis being
endedandis essentialn finding the matchingopeningbrace.In the caseof a function,the commentcontainsthe nameof the
function.

2.5 In-line Comments

In-line commentsxplain a block of code.Sucha commentshouldprecedehe codeitself andshouldbeindentedthe sameas
theblockit describesA blankline shouldbe placedbeforethein-line commentbetweerthein-line commentandtheblock of
code,andaftertheblock of codeto separatét from thenext block of code.SeeFigure5 for anexampleof whento usein-line
comments.

Sidebarcommentsindin-line commentshouldbeusedsparingly Beforeaddingsuchcommentyou shouldfirst attemptto
male the codeitself moreunderstandabley improving theidentifiernameaused replacinggroupsof statementsvith function
calls,reducingthe controlcomplexity of thecode,etc..

3 Naming

Whenchoosingnamedor itemsin your program order is very important.As anexample, suppose variablest at e hasbeen
declaredof type St at eType. Thisis fine aslong asonly onevariableof this typeis used.The namingproblemstartswhen
asecondvariableof the sametypeis needed First shot: st at e2. Thisis certainlybetterthannamingit s, but it would have
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/| Get a friend s first nane

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

/Il Get a friend s |ast nane

cout << "Enter person’s last nane." << endl;
cin.get(theEntry.| ast Nane, 16);

cin.ignore(100, '\n’);

Figure5: An exampleof in-line comments.

beenevenbetterto pick really goodnamedikecur r ent St at e, | ast St at e, nor mal St at e, er r or St at e, etc.for the
variablesandjust namethetype St at e.

It is clearfrom this examplethatthe type nameanustbe choserfirst (Thisis no surprisewhenlooking at objectoriented
programsor abstractdatatypes.) After having chosenthe type namesone can startto namethe functions, variables,and
constants. The remainderof this sectiondiscusseshe structureof namesfor differententitiesin the orderthey shouldbe
named.

3.1 TypeNames

Thesimplestandshortesnameshouldberesenedfor type(st r uct , cl ass, etc.)identifiers. Thereforehey mustbechosen
beforearny othername especiallybeforethe namedor variablesof thistype. Typesshouldbe namedwith short,genericnouns
thatreflecttheir contents Type namesshouldstartwith a capitalletterand,if the nameconsistof severalwordsconcatenated
togethereachsuccessie word shouldalsobe capitalized.

Examples:Entry, Table, Name, Node, StateTable, FileNane, Tabl el ndex.

3.2 Function Names

SeeSectiond for a discussiorof functionnaming.

3.3 Variable Names

In stronglytypedlanguagesa variableis of a particulartype. Thereforethe structure“adjective + type name”for variable
namess anobvious suggestion(The namedoesnot have to containan adjective; alternatively, a namecantake onthe more
generalform “qualified type name”.) Note that this namingcorventionis not always appropriatehowever, especiallywhen
variableshave standardypes. For instance|f your programcontainsan integer variablewhich storesthe length of a list, it
would be muchbetterto choosd i st Lengt h orjustl engt h overl engt hl nt ! Thefirst letter of variablenamesshould
not be capitalized but eachsuccessie word in the nameis capitalized.

Examples:r esponse, length, currentEntry, headPointer, currentSynbol.
It alsoacceptabléo putanunderscoreharactebetweernwordsin a variablename.
Examples:current entry, head_pointer, current_synbol.

3.4 Constants

All non-trivial constantvaluesin a programshouldbe assignechames.Constantoften describea limit within a program.In
thesecasest is appropriateo usethe prefix MAX or M N in conjunctionwith the type name.Otherwise hameconstantdike



variablenames.Namesfor constantshouldbein all capitalletterswith underscoresetweernwords. This corventionis also
usedfor symbolsdefinedin #def i ne preprocessadirectives.

ExamplesMAX_FRI ENDS, PI, BLANK, MAX_LI NELLENGTH, TAX_RATE, LOWNERLIMT.

3.5 GeneralHints on Naming

Themostimportantcriterionwhenchoosinga nameis: how easilycananotherprogrammer(notjustyourself)understandhe
program?f understanding namewasnotimportantwe couldjustnamevariablesa, b, etc.. Herearesomeadditionalpointers
on how to choosenamesn aprogram.

¢ NamesmnustbepronounceableYou shouldoptto useuntruncatediong namesover usingnameghatarenot pronounce-
able.As a“rule of mouth”,if you cannotreadthe nameoutloud, it is notagoodname.

Examples: gr oupl Dinsteadof gr pl D, naneLengt h insteadof nam n, power sCf Two insteadof pwr sCOf 2.
e Abbreviatewith care. Abbreviationsalwayscarrytherisk of beingmisunderstoodFor example,doest er nPr ocess
meant er mi nat ePr ocess ort er m nal Process? Abbreviationsareusuallyalsohardto pronouncefor example,

nxt G p). Useonly commonlyknown abbreiations, like thel D in pr ocessl D. As a generalrule of thumb, you
shouldonly abbreviatea nameif it sasvesmorethanthreecharacters.

Examples:er r or insteadof er r, nane insteadof nam but maxLengt h is probablybetterthanmaxi nuniengt h.

¢ Do notusenameswvhoseonly differenceis capitalization.C++is casesensitve, sothenamegr oupl Dis differentfrom
thenamegr oupl d. If two namesn the sameprogramonly differ in capitalization typographicamistalescancreate
errorsthatarevery difficult to trackdown.

e Booleanvariableandfunctionnamesshouldstateafactthatcanbetrueor false.Thisis easyto achiese with theinclusion
of “is” in thename.

Examples: pri nt er | sReady, queuel senpt y, or simplydone. Notehow naturallythis reads:

i f (queuel sEnpty)
Insert(item;

e The moreimportant(readglobal) an objectis, the more careshouldgo into choosingits name. In a shortfunction, a
variablelike ok is probablyfine since“what is OK” is probablyeasily determinedrom the context. However, this is
mostlikely not the casewith a globalvariable. Thus,the mostcareshouldbe takenwhennamingglobal variablesin a
program followedby field nameswithin arecord,andfinally variablesn afunction.

4 Functions

In this sectionwe consolidatell the styleguidelinesrelevantto functiondeclarationsAn exampleillustratinggoodformatting
practiceds shown in Figure6.

4.1 Function Prologues

The major reasonfor a function prologueis to explain the purposeof the function. A function prologueshouldappearust
beforetheimplementatiorof the functionandincludethe following sections:

1. Function nameand parameter list: justasit appeardaterin theactualcode.
2. Purpose whatthefunctiondoes.

3. Algorithm : how thefunctiondoeswhatit does.If a standardalgorithmsuchasQuicksortis usedareferenceatherthan
anexplanationis preferred.

4. Input and Output: whatthefunctionwill expectfrom theuserandwhatthe userwill seeonthescreen.
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//******************************************************************

/1 void WiteEntries( const Entry addressBook[], int |ength,

/1 of strean& friendFile )

/1 Pur pose: Wites all entries to the file friendFile

/1 Qut put : (to an output file) all address book entries

/1 Precondition: |ength <= MAX FRI ENDS

/1 && addressBook[O..length-1] are assigned

/1 Post condition: Contents of addressBook[O..Ilength-1] have been

/1 output to friendFile

//***~k**************************************************************

void WiteEntries( const Entry addressBook[], /1l Array of entries
i nt | engt h, /1 Number of entries
of strean& friendFile ) [/l File receiving list

{

} /] WiteEntries

Figure6: An exampleof awell formattedfunctiondeclaration.

5. Precondition: whatassumptionshe functionmakesaboutits input; underwhatconditionsit fails to operatgroperly.

6. Postcondition: whatshouldbe true afterthe routineis finished. An explanationof the returnvalue,if any, shouldalso
beincluded.Also includeanexplanationof any changedeferencgarameters.

Any of thethe above itemsexceptthefirst two maybeleft outif they areinappropriate For example,if the functiondoesnot
expectary input, leave out the input section.SeeFigure 6 for anexampleof a function prologue.Notice theline of asterisks
framingthefunctionprologueithisis important,asit clearlysetsthe prologueapartfrom therestof the codeandnicely shavs
theboundariedbetweerfunctions.

4.2 Function Names

Functionsshouldbe nameddifferently dependinguponwhetherthey returnavalue. A voi d functionis (literally) calledby
its name,which standsfor a group of statements$o be executed. Thereforethe nameof avoi d function shouldexpressthe
implied action(“do this”) by includinganimperatveverh Sincefunctionsoperateon aspecifictype,thestructure'verb+ type
name”is bestsuitedfor a functionname.Functionnamesshouldbe capitalizedik e type names.

Examples:Get Entry, DisplayError, PrintAddress, CetFirstEl enment, FindNane.

Functiongsthatreturnavalueshouldcontainnounsor adjectves. Again, sincethesetypesof functionsoperateon a specific
type,theform “adjective + type name”or “noun + typename”aregoodchoices.

Examples:Great estItem CubeRoot, LastNode, HeadOf List, |sEnpty.

4.3 Formatting Function Declarations

Thefollowing guidelinesapplyto functiondeclarationandprototypes All areillustratedin Figure6.

e Whendeclaringfunctions,the leadingparenthesisindfirst paramete(if ary) areto be written on the sameline asthe
functionname.Then,eachsubsequenparameteshouldbelisted on a separatdine to allow for eachto be commented.

e Eachfunctionparameters alwayscommentedn the sameline asthedeclaration.



¢ In functiondeclarationgndprototypesa spaceshouldappeamfterthe openingparenthesibeginningthe parametelist
andbeforethe matchingclosingparenthesisHowever, no suchspaceshouldbe usedin functioncalls.

e Functionsshouldbe separatedby at leasttwo blanklines.

5 MiscellaneousGuidelines

1. Themai n() functionshouldbewritten in thefollowing style?:

voi d mai n(voi d)

{
< statenents >
} /1 main()

2. Few constantshouldappeain your code,otherthanO, 1, and’ ’. All otherconstantshouldbe declaredandnamedin
aconst declaration.

3. Usetheoperatorst+ and- - only in statementspever aspartof largerexpressionsFor example,do not usestatements
suchasarrayl[i ++] = array2[]j ++] . Insteadjncrementheindicesaftertheassignmenstatement.

6 An Example Program

Thefollowing programexemplifiesthe style guidelinesoutlinedin previoussections.

//********************************************************************

/'l friends.cc

/1 Aut hor: Joe Student

/1 Dat e: Noverber 15, 2000

/1 Cl ass: CS 171-01, Professor Havill

/1 Pur pose: This program creates an address book.

/1 I nput : (fromstandard input) first nanes, |ast names, phone
/1 nunbers, and birth dates of a group of people

/1 Qutput: (to an output file) an al phabetical listing of address
/1 book entries

//********************************************************************

#i ncl ude <i ostream h>
#i ncl ude <i omani p. h> /1 For setw()

#i ncl ude <fstream h> /1 For file I/O

#i ncl ude <string. h> /1 For strcnp()

#i ncl ude <ctype. h> /1 For toupper()

t ypedef char String8[9]; /1l Roomfor 8 characters plus "\ 0’
typedef char Stringl5[16]; /1 Room for 15 characters plus "\ 0’
const int MAX FRIENDS = 150; /1 Maxi mum nunber of friends

2Themai n functionshouldactuallyreturnani nt andcantake input parametersHowever, for now, write your mai n functionin this way.



struct Entry

{
Stringl5 firstNane; /1 First name of a friend
Stringl5 | ast Nane; /1 Last name of a friend
i nt ar eaCode; /1 Range 100..999
String8 phoneNunber; /1 Phone nunber of a friend
i nt nont h; /1 Range 1..12
i nt day; /1 Range 1..31
i nt year; /1 Range 1900..2100
i

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

void main( void)

{
Entry addressBook[ MAX FRIENDS]; // Array of friends records
i nt I ength = 0; /1 Number of entries in addressBook
Entry current Entry; /1 Current record being entered
char response; /'l Response character from keyboard
of stream friendFile; /[l Qutput file of entries
char fileNane[51]; /1 User-specified file nane (max. 50 chars)
/1 Pronpt the user for the name of an output file and open the file
cout << "Qutput file nane: "
cin.get(fileNane, 51);
cin.ignore(100, '\n’);
friendFile.open(fil eNane);
if (!friendFile)
{
cout << "** Can’t open " << fileName << " **" << endl
return 1,
}
/1 Pronpt the user for up to MAX FRI ENDS address book entries
do
{
GetEntry(currentEntry);
cout << "Is this entry correct? (Y or N) ";
cin >> response;
i f (toupper(response) =="'Y")
I nsert (addressBook, |ength, currentEntry);
cout << "Do you wish to continue? (Y or N ";
cin >> response;
cin.ignore(100, '\n’);
} while (toupper(response) ==Y && |ength < MAX FRI ENDS)
if (length == MAX_FRI ENDS)
cout << "Address book is full." << endl
WiteEntries(addressBook, length, friendFile);
} /1 main()



//*********************************************************************

/1 void GetEntry( Entry& theEntry )

/1 Pur pose: Buil ds and returns a conpl ete address book entry
/1 I nput : (fromstandard input) a friend' s first nane,

/1 | ast name, phone nunber, and birth date

/1 Post condition: User has been pronpted for a friend's first nane
/1 and | ast name

/1 & entry.firstName == input string for first nane
/1 &% entry.lastNane == input string for |ast nane

//*********************************************************************

void GetEntry( Entry& theEntry ) [l Struct being built
{

/Il Get a friend s first nane

cout << "Enter person’s first nanme." << endl

cin.get(theEntry.firstNanme, 16);
cin.ignore(100, '\n’);

/1l Get a friend s |ast nane

cout << "Enter person’s |ast name." << endl
cin.get(theEntry. | ast Nane, 16);
cin.ignore(100, '\n’);

[/l Get a friend s phone nunber

cout << "Enter area code, blank, and the nunber”

<< " (including '-")." << endl;
cin >> theEntry. areaCode;
cin.ignore(1, ' '); /1 Consume bl ank

cin.get(theEntry. phoneNunber, 9);
cin.ignore(100, '\n’);

/|l Get a friend s birth date

cout << "Enter birth date as three integers, separated by"
<< " spaces: MM DD YYYY" << endl
cin >> theEntry.nmonth >> theEntry. day >> theEntry. year
} /] GetEntry()

//*********************************************************************

/'l void Insert( Entry list[], int& length, Entry item)

/1 Pur pose: Inserts iteminto its proper place in sorted |ist
/1 Precondition: |ength < MAX FRI ENDS

/1 & & list[0..length-1] are in ascendi ng order

/1 & & itemis assigned

/1 Postcondition: itemis in |ist

/1 & length == length@ntry + 1

/1 & & list[0..length-1] are in ascendi ng order

/1 && IF itemwas already in list@ntry

/1 item has been inserted before the one that
/1 was there

//*********************************************************************
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void Insert( Entry list[], /1 List to be changed
int& Iength, /1 Length of Ilist
Entry item ) /1 1temto be inserted

{
int index = 0; /1 Position where item bel ongs
i nt count; /1 Loop control variable
list[length] = item /] store itemat position beyond end of Iist

/1l Exit loop when itemis found, perhaps as sentine

while (strcnp(itemlastNane, |ist[index].|lastNane) > 0)
i ndex++;

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

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

list[index] = item /1 Insert item

| engt h++; /1 Increment |ength of |ist

} // lInsert()

//******************************************************************

/1 void WiteEntries( const Entry addressBook[], int |ength,

/1 of strean& friendFile )

/1 Pur pose: Wites all entries to the file friendFile

/1 Qut put : (to an output file) all address book entries

/1 Precondition: 1ength <= MAX_FRI ENDS

/1 && addressBook[ 0. .l ength-1] are assignhed

/1 Post condition: Contents of addressBook[O..|ength-1] have been

/1 output to friendFile

//******************************************************************

void WiteEntries( const Entry addressBook[], /1 Array of entries
i nt | engt h, /1 Number of entries
of stream& friendFile ) // File receiving list

{

int counter; /1 Loop counter

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

{

friendFile << addressBook[counter].firstNane <<
<< addressBook[ counter]. | ast Name << endl

friendFile << ' (' << addressBook[counter].areaCode << ")
<< addr essBook[ count er]. phoneNunber << endl

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

friendFile << endl

Yy I/ for
} /] WiteEntries()
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