CSIS0230APrinciple of Operating SystemgqClassA)
Notesfor Tutorial 1
C++sweN

In thefirstyearprogrammingoursesyoufamiliarizedyourselheswith aprogramminganguage
calledC++.With its mary advancedfeaturesit seresverywell asa corvenientandextensible
system-lgel programmindanguagesuitablefor mostlow to mediumlevel applications.

Unluckily, the corvenienceand extensibility featuresof C++ do not comewith no cost. They
increasethe size of all executableprogramsmake programsexecutea bit slover, and make
the compilermorecomplicated.The Linux kernel,with its high demandon performanceand
resourcesitilization, doesnot useC++. It usesC instead. Furthermoremary of the C library
functionsareunusabldrom within thekernel.

It isfor thisreasorthatwe haveto examinethe“reverseNews” (youseewhy thetitle of ournotes
have suchstrangecapitalizationyight?) of the C++language:We will be doingquite someC
programmingduringthiscourse.

1. Hello world

Thetraditionalhelloworldin Cisactuallybotha C andC++program.IndeedmostC programs
canbecompiledby a C++compilerright away.

#include<stdiah>

int main() {
printf ("Hello, World!\n");
return O;

}

You shouldimmediatelynoticethe similarity with C++. Thedifferences:

* Weincludest di o. h insteadof i ost ream C usesa muchsimplersystemfor printing.
“Simpler” hereis for the compilerandthe run-timelibrary: usingit is morecumbersome
thanusingthe C++library. Accordingly, printingis donenot usingtheobjectcout, but the
functionprintf. Also noticethatwe have no endlto print. We mustwrite "\n".

*  TheC++namespacsupportis missing. We never usea namespacer usethe:: operator
in C.In fact,classsupportis alsomissing so:: is reallynota C operator

2. Whereareall thosevariablesdefined?

ThedifferencedbetweerC andC++do not stopwith thoseillustratedby helloworld.

Onenotabledifferences thestatemenbrdering. In C++,variable declaration statementscan
appeamanywherewithin ablock. In C,they canonly appearat the beginningof a block.

This is not asdrasticasit might seem. Sincethereis no classin C, thereis no “initialization
code”(constructorsthatneeddo beexecutedvhenavariableis declared Also, variablesanbe
definedatthebeginningof nestedlocksaswell. Many C programmerseparatéhedeclaration
statementfrom theotherstatementby a blankline, sothatthey canquickly find whereto add
new variables.

In C++,variablescanbedeclaredvithin the parenthese®f aif, for or while statement It is
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heavily usedto make loop variables.For example,

int sum=0;
for (int i =0;i <10;++)// Notin C!
sum+=i;

Thisis not allowedin C. Sowe haveto rewrite theabove sothati becomes localvariablee.g.,
declaredvith sum. Thiscanresultin clashingvariablenamessobe careful.

3. Samenamefor differ ent functions?

In C++, we candefinefunctionswithin structuresor classesso that we can call the function

for astructureinstanceg(i.e., object),passinga pointerto itself automatically Suchmechanism
is convenientbecausat allows nameoverloading: different structurescan define different

functionsof thesamename andthe C++compileralwaysselectgheright oneto call.

Suchoverloading facility is not presentin C. In fact,evensimplefunctionoverloadingis not
allowed: unlike C++,there must not be two or more functions with the samename evenif
they have differentsignaturegargumentiengthor types).

With the lack of type-basedaverloading the type systemof C is in generalmoresloppy than
C++.For example aliteral charis aninteger (aswell asall enumconstants):

#include<stdiah>

int main() {
char a;
printf ("%d\n", sizeof’a’)); /* 1in C++,4in C*/
printf ("%d\n", sizeofa)); /* Lin bothC andC++*/
return O;

4. My recursivedatatypesfails!

At thebeginningof a structdefinition,right afterthekeyword struct, we canplaceanidentifier
for laterreferral. In C++,thatdefinitionis atype,andis consideredo be definedimmediately
In C, thatdefinitionis calleda “struct tag”, andis not consideredto be the nameof a type.
Thiscanbeveryannging. For example thefollowing C++ codeceasdo work:

struct list {
int datg
list * next; // Notin C!

3
Sincelist is notconsideredo beatype,list » next is notavalid field. We write it asfollows:

typedef struct list {

int datg

struct list xnext; /* Okayin C*/
} list;

Noticethatstruct id is alwaysatypenamefor whatererid, eventhoseundefinednes. Afterthe
above definition,list becomeshe nameof atype,thanksto typedef. But thattype nameis not



availablewithin thestruct definition.

AlsonoticethattheC++double-slaslsommenstyleis notavailablein Cin generalgventhough
gccallowsits usewhennot compilingwith - ansi .

5. | can’t rememberthat many things!

The C++ dynamicmemorysystemis centeredaroundthe new anddeleteoperators.Both are
missingfrom C. Insteaddynamic memory allocation are doneusinglibrary functions. The
mostlyusedonesaremallog callocandfree Insteadbf having alot of wordsto definethem let’s
seea C programsideby sidewith aC++one.

int main() { #include<malloch>
int xc = newint;
int xcarr = newint[10]; int main() {
int «c = (int x)malloqsizeofint));
/I Do somethingwith c andcarr int «carr = (int *)calloq(10,
delete[] carr; sizeofint));
deletec;
} /* Do somethingwith c andcarr*/
fregcarr);
fregc);
}

Apart from having different numberof agumentsthereis one more importantdifference
betweermallocandcalloc callocwill cleartheallocatednemorysothatall bitsare0. Sincethe
languagaloesnotknow aboutdynamicmemoryallocation thereis no constructoor destructor
that get calledwhenthe objectis createdor destroyed. The library only treatsthe allocated
memoryasa singleblock of memory For example carr is justachunkof memoryof 40 bytes.
Thelibrary won’t carethatit is usedto storelQintegers.

Suchignoranceof thecompilerandthelibrary makesit necessaryo casttheresultof allocation
to therequiredpointertype. Note thatthe castingoperatoris unlike the C++ castingoperator:
thereis nothingcalledstatic_castor dynamic_cast sincethetypesystemof Cis sosimple.

Strictly speakingthecastings notnecessarginceC allowspointersof typevoid * (returnecdby
mallocandcalloc) to coerceo ary othertypeof pointers.But usingthisfeaturecausalifficulties
whencompilingtheprogramwith C++,andis notrecommended.

6. Isit a pointer or an array?

Unlike C++, pointer arithematics and pointer-array equivalenceplay animportant rolein
C. In particularyouwill seealot of pointeradditionsan C code. Asanexample givenaC-style
stringf (persumablya filename)thefollowing will returnthe extensionof it:

char xget_et(char *f) {
char xret= NULL,
while («f) /* i.e.,while stringnot ended*/
if +(f++=="") /* Check*f, andpointf tothenext char*/
ret=f; /*setrettof if *f was’.’*/
returnret,



}

NotethatNULL, not 0, is usedfor asthenull pointer It is definedin a numberof libraries,but
thestandardvayto getit isfromstdl i b. h.

7. This work exactlyfor all types

In C++,we have afacility calledtemplate which canbeusedto make functionsautomagically
Again, such facility is missing in C. Instead,C usesa very rudimentary string-based
systemcalled macro expansion A macrocanbe function-like or constant-lile. Let’'sjust see
anexample:

#definePl 3.141592653589793
#definemax(a, b) ((2)>(b)?@):(b))

int main() {
printf ("%A\n", maxPl, 1/Pl));
}

Notethelarge numberof parenthesessedin the macro,to make surethatprecedencsurprise
cannever happen.But thereis usuallyoneproblem: the operandsreevaluatedtwice instead
of once. For example,f we callmaxf(), 2),f() iscalled. If it turnsoutto belargerthan2,f() is

calledagnin, possiblyresultingin anothewalue. It is definitelyslower thanusingtheold value
again. For thesereasonsmacrosarenot usuallyusedin C++.

8. What is provided by the system?

Many C functions(like sleep sqrt, etc)areusefulin C++ aswell, soyou probablyknow them
already Theonly precautions thatif you usemathematicalfunctions,rememberto add- | m
to the compilation options whencompiling,to link with the mathlibrary. It is automatically
donein C++,but in C you needto dothismanually

However, sinceC++ replacedmary C function by classesespeciallySTL ones,someof the
functionsin C arenot thiswell known by C++ programmersExamplesareqsortandbseach,
which performquick sortandbinarysearctonanarray

As we have seentheinput and output systemof C is basedon functions insteadof objects.
The mostimportantonesare printf, puts scanfandfgets Therearefile andstring versionsof
printf and scanf, which prefix the function namesby a characterff’ and‘s’ respectrely. For
exampleto corvertanintegerto astring,we dothis:

char §20];
sprintf(s, "%d", num);

Youprobablyhave beerwonderingvhatarethoseo’sfor quiteawhile. They arecalledformat
strings for C. For example," %d" notify thatanargumentis aninteger, to be printed(or readed
in scanf)in decimal. Someotherimportantformatstringsarec (for character)s (for string),x
(for hexidecimalstring),f (for fixed-pointfloats)ande (for scientificnotationlike 1e5) Another
usefulfeatureis width specifier E.qg.,printf ("%5d", 15)will padthreespacedeforel5sothat
it occupies charactergrintf ("%6.2f", 2.3)will printthestring“2.30”, which contain digits
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afterthedecimalpoint;andwill printtwo space®eforethatto makeit 6 characters.

All standardC functionshave their manpages.Dependingon whetherthey are“systemcalls”
(we will know whatit meandaterin the course)they aredocumentedn section2 or 3 man
pages.In particular printf andscanfarenot systemcalls. Thusthey aredocumentedn man
pagesf section3. Typenan 3 printf (orman -s 3 printf in Solaris)o readthem.

9. Wecan'tdoOOPin C?

Theprimaryplusof C++ over C is thatit supportobjectorientedprogrammingdirectly, using
classconstruct.With sucha facility, old codein a classfunctioncan call new codedefinedin
derivedclass. Suchfacility is missingin C.

Instead,C allows old codeto call new codeby usingfunction pointers. The nameof every
functionis afunctionpointerliteral (constant)For example jf we define

doublemy_sgr{double){ ...}

Thenmy_sgrtiisafunctionpointerof typedouble(*)(double). Thatis, it pointsto afunctionthat
takesa double asargumentandreturna double. We cancreatevariablesor agumentsof such
functionpointertype,or storethemin structfields justlik evaluesof othertypes. Abouttheonly
reasonabléningdonefor suchpointerssto call thefunctionthatis pointedto. For examplethe
following functionrecevessucha pointerandcall it.

void callit(double (xp)(double)) {
\ p(2.0);

A callerwould simply pasany_sqrtto callit:

int main() {
callit(my_sqrj;
}

Thisfacility isveryusefulwhenwriting library functiong(lik egsortandbseach) andimplement
ing objectorientedprogramsn C. For eachtype,a struct containingsuchfunction pointersis
defined sothata derivedtypecanoverrideafunctionby usingadifferentstructinstance.

Conclusion

While notentirelywithout hassleit is possiblefor a C++ programmeto pick up C andwrite C
programs.Of courseit is morecumbersoméo write in C:that'swhy C++isthere. But we gain
in speedandresourcesitilization,whichis essentiain OSkernelcode.



