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

With mary advancedfeaturesof C++, it is a corvenientandextensiblesystemlevel program
ming languagesuitablefor mostlow to mediumlevel applications.Unluckily, the corvenience
andextensibility featureof C++comeswith a cost: they increasehe sizeandrunningtime of
executablesandmalke the compilermorecomplicated.With extremedemandon performance
andresourcesitilization, Linux kerneldoesnt useC++. It usesC instead.In fact,eventhatis
toomuch: mary C library functionsareunusablen thekernel.

Sincewewill becodingthekernelandthusC, we examinethe“reverseNews” (youseewhy the
title of our noteshave suchstrangecapitalizationright?) of C++.

1. Hello world

ThetraditionalC helloworld is actuallya valid C++ program.IndeedmostC programsanbe
compiledby a C++compilerright away.

#include <stdioh>

int main() { /* trivial program*/
printf ("Hello, World'\n");
return O;

}

You shouldimmediatelynoticethe similarity with C++. Thedifferences:

«  Weincludest di o. h insteadof i ost ream C usesamuchsimplet systemfor printing.
Accordingly, printingis donewith afunctionprintf ratherthananobjectcout, andwe print
thecharactei\n’ ratherthanthel/O manipulatorendl.

*  Thereisnonamespacéo“std::"). Classsupportis alsoabsentso:: is nota C operator

C++double-slasttommentstyle is not availablein C in general.But gccallows its use
whennot compilingwith - ansi .

2. Whereareall thosevariablesdefined?

OnenotabledifferencebetweenC and C++ is the statemenbrdering. In C++, local variable
declaration statementscanappeamarnywherewithin afunction. In C,they canonly appear at
the beginning of a block. Many C programmerseparatehe declaratiorstatementérom the
otherstatementby a blankline, sothatthey canquickly find whereto addnew variables.

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

int sum=0;

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

“Simpler” hereis for thecompilerandtherun-timelibrary: usingit is morecumbersoméhanusingthe C++ library.
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Thisis not allowedin C. Sowe haveto rewrite theabove sothati becomes localvariable e.g.,
declaredvith sum. Thiscanresultin clashingvariablenamessobe careful.

3. Samenamefor differ entfunctions?

In C++,we candefinefunctionswithin structure®r classessothatwe cancall thefunctionfor
aninstancegi.e.,object),passinga this pointerautomatically Thisis allowsnameoverloading:
differentstructurecandefinedifferentfunctionsusingthe samename,andthe C++ compiler
alwaysusetheright function.

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 differentsignaturegi.e.,differentnumberof agumentsor typesof arguments).

Without type-baseaverloading the type systemof C is a bit sloppy. E.g.,aliteral char(ana
enumconstant)s aninteger:

#include <stdio.h>

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

4. My function needsno argument...
In C++,you candefinea functionthattakesno argumentlik e this:
int foo() { /* differentin CandC++!*/ ...}

Unluckily, thatsamecodein C meanghat”l don’t know how mary agumentsaretherein foo”.
If wewantto meanwhatmeantby the C++ functionabove,we write thefollowing, which also
work in C++:

int foo(void) { /* thesamemeaningn bothC andC++*/ ...}

If youforgetthis,thecompilerwill notcatchproblemdik e callingfoo(10).But themostserious
problemshaowns up whenyou usethis functionasa function pointer(seeSectionl2), sincethe
typesmismatchandthe compilationwill fail.

5. Fill thisin for me

In C++,“referencearguments’canbeusedfor functionsto write to thememoryof callers:

void swap(int &a, int &b) { // Calledlike swap(x,y)
int temp = a;
a=b
b =temp;
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C does not have reference variables, so the above code won't compile. In general, if afunction
need to modify variablesof the caller, it needsa pointer toit. E.g.,

void swap(int a, int xb) { /* Called like swap(&X, &y) */
int temp = *a;
*a = *b;
*b = temp;

6. My recursive data typesfails!

At the beginning of a struct definition, right after the keyword struct, we can place an identifier
for later referral. In C++, that definition isatype, and is considered to be defined immediately.
In C, that definition is called a “struct tag”, and is not considered to be the name of a type.
Thiscan be very annoying. For example, the following C++ code cease to work:

struct list {

int data;

list + next; // Not in C!
1

Sincelist isnot considered to be atype, list x next isnot avalid field. We writeit asfollows:

typedef struct list {

int data;

struct list xnext; /* Okay in C*/
}list;

Thisworks because struct id isalwaysatype name for whatever id, even those undefined ones.
After the above definition, list becomes a type, thanks to typedef. But that type name is not
available within the struct definition (unlessyou write “typedef struct list list;” in advance).

7. | can’t rememberthat many things!

The C++ dynamic memory system is centered around the new and deleteoperators. Both are
missing from C. Instead, dynamic memory allocation are doneusinglibrary functions. The
mostly used onesare malloc, calloc and free. Instead of having alot of wordsto definethem, let’s
see a C program side by side with a C++ one.

int main() { #include <malloc.h>
int xC = newint;
int xcarr = newint[10]; int main() {
int xc = (int *x)malloc(sizeofint));
/I Do something with c and carr int xcarr = (int *)calloc(10, sizeofint));
delete[] carr;
deletec; /* Do something with ¢ and carr */
} freg(carr);
free(c);
}

Apart from having different number of arguments, there is one more important difference
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between mallocand calloc: callocwill clear the allocated memory so that all bitsare 0. Since the
language does not know about dynamic memory allocation, thereisno constructor or destructor
that get called when the object is created or destroyed. The library only treats the allocated
memory asasingleblock of memory. For example, carr isjust achunk of memory of 40 bytes.
Thelibrary won't carethat it isused to store 10 integers.

Such ignorance of the compiler and the library makesit necessary to cast the result of allocation
to the required pointer type. Note that the casting syntax issimply (typgvalue There isnothing
called static_cast or dynamic _cast in C.

Strictly speaking, the casting is not necessary, since C allows pointers of type void * (returned
by mallocand calloc) to coerce to any type of pointer. But some old librariesreturnsa char *
instead of avoid *, so it isbetter to perform the casting anyway for portability.

8. Isit apointer or an array?

Unlike C++, pointer arithematics and pointer-array equivalence play an important role
in C. In particular, you will see alot of pointer additionsin C code (and accordingly a lot of
segmentation faults). As an example, given a C-style string f (persumably a filename), the
following will return the extension of it:

char =get_et(char *f) {
char *ret=NULL;
while (+f) [* i.e., while string not ended */
if xf++=="")  /* Check *f, and point f to the next char */
ret=f; [* setrettof if *f was’. */
returnret,

}

Note that NULL, not O, isused for asthe null pointer. It isdefined in a number of libraries, but
the standard way to get it isfrom st dl i b. h.

9. Yesor no?

C++ has atype called bool, which is used to represent true or false values. C has no bool, and
usesan int for such purposes. Anything non-zeroistreated astrue.

10. Thiswork exactly for all types

In C++, we have afacility called template which can be used to make functions automagically.
Again, such facility ismissing in C. Instead, C uses a simplistic string-based system called
macr o expansion. A macro can be function-like or constant-like. Let’sjust see an example:

#defineP| 3.141592653589793
#definemax(a, b) ((a)>(b)?(a):(b))

int main) {
printf ("%An", maxPI, 1/Pl));
}
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Notethelarge numberof parenthesessedin the macro,to make surethatprecedencesurprise
cannever happer(think aboutwhatwill happerif we don't have parenthesesndwe askmax(a
& 255,b)). But thereis one problem: the operandsare evaluatedtwice insteadof once. For
examplef we callmax(f(), 2),f() is called. If it turnsoutto belargerthan2,f() is calledagain,
possiblyresultingin anothervalue. In ary caseit is slowverthanusingtheold valueagain. For
thesereasonsmacrosarenot usuallyusedin C++wheretemplates available.

11. What isprovided by the system?

Many C functions(like sleep, sgrt, etc)areusefulin C++ aswell, soyou probablyknow them
already Theonly precautionsthatif you use mathematical functions, remember toadd - I 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 classege.g.,by STL classes)someof the
functionsin C arenot thiswell known by C++ programmersExamplesareqgsort andbsearch,
which performquick sortandbinarysearctonanarray

As we have seentheinput and output system of C isbased on functionsinsteadof objects.
The mostimportantonesareprintf, puts, scanf andfgets. Therearefile andstringversionsof

printf andscanf, which prefix the function namesby a characterff’ and‘s’ respectrely. For

example to corvertanintegerto astring,we dothis:

char q20];

sprintf (s, "%d", num);

You probablyhave beenwonderingwhatarethose%’s. They arecalledformat stringsfor C.

Forexample,' %d" notify thatanarguments aninteger, to beprinted(or read)in decimal. Some
otherimportantformat stringsarec (character)s (string),x (hexidecimalnumber)f (fix ed-
pointfloats)ande (scientificnotationlike 1e5).Anotherusefulfeatureis width specifier. E.g.,
printf ("%5d", 15)will padthreespacedeforel5sothatit occupies charactergrintf ("%06.2f",

2.3)will printthestring“2.30”, which contain2 digitsafterthedecimalpoint;andwill printtwo

spacedeforethatto makeit 6 characters.

StandardC functionsare documentedn manpagesDependingon whetherthey are“system
calls” (wewill know whatit meansoon)they arein eithersection2 or 3. Sinceprintf andscanf
arenotsystencalls,theirmanpagesrein section3. Type,e.g.,;an 3 printf (orman -s 3
printf in Solaris)}to readdocumentatiorior printf.

12. Wecan’'t doOOPinC?

The primaryplusof C++ over C is thatit supportobjectorientedprogrammingdirectly, using
class construct.With sucha facility, old code in a classfunctioncan call new code definedin
derivedclass.C hasno suchfacility.

Instead for old codeto call newv code,function pointers mustbe used. The nameof every
functionis afunctionpointerliteral (constant)For exampleif we define

doublemy_sgrt(double){ ...}
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Then my_sgrt isafunction pointer of type double(x)(double). That is, it isa pointer pointing to
afunction that takesadoubletype argument and return adoubleresult. We can create variables
or arguments of such function pointer type, or store them in struct fields, just like values of
other types. About the only reasonable thing done for such pointersisto call the corresponding
function. For example, the following function receives such a pointer and call it.

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

A caller would simply passmy_sgrt to callit:

int main() {
callit(my_sgrt);
}

Thisfacility isvery useful whenwritinglibrary functions(likegsort and bsearch) and implement-
ing object oriented programsin C. For each type, a struct containing such function pointersis
defined, so that a derived type can override a function by using a different struct instance.

Conclusion

Itispossiblefor aC++ programmer to pick up C and write C programswithout too much trouble.
Of course, it ismore cumbersome to write in C: that’swhy C++ isthere. But we gain in speed
and resources utilization, which isessential in OSkernel code.



