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Mixing C and C++

C Basics

High-level aseembler language

— basic constructsof high-level languages

— portsto many machines

— allows accessto system resour ces ala assmbler
1970s language phil osophy

— assumes the programmer knows best

« relatively few compiler chedks
« relatively few runtime chedks

— loose type checking
— not objed-oriented or even object-based




Versions Of C

Original K&R C (1970)

— Specisambiguousin come places

ANSI C (1988

— Attemptsto clean up original spec

— Attemptsto codify some programming tricks
— Addsnotion of the function prototype

— Theversion to program to

Non-standard C

— many compilersadd features; can turn off
extensions with compiler options

C99

Similarity
Same set of primitive types
— short, int, long, unsigned, signed, float, double, char
— noboodean in ANS| C (Oisfalse, non-zero istrue)
Same set of operators

— arithmetic, relational, equality, logical, bitwise, 2,
and assgnment operators all the same

Sametypes of loops and statements
— for, while, do, switch, break, continue, return

What ANSI C is Missing vs. C++

Classes and object-based programming
first-classarray and string types
Strong(er) type checking
Referencevariables and call-by-reference
Function and Operator overloading
templates

exceptions

default parameters

various nice @ding benefits present in C++
no// comments




Printing to Terminal

Useprintf toprint astring.

Inside string use % escapesto add parameters:
—int %d

— reals %f

— characters%c

— other strings %s

printf isnottype-safe

Example

int x =37,
double y = 56. 56;
printf("Th e int x is %l.T he doubley is %" xvy )

Functions

Sameideasasin C++
Variables must bedeclared at the start of the
function

— once you have a non-declar ation statement, cannot
declare any morelocal variables

No owerloading dlowed

No inline declarations all owed

All parameters are passd call-by-value: no
exceptions

Prototypes, ala C++ are allowed but not
required

Simulating Call By Reference

Sameidea as Java, actually!

Passa pointer asa parameter to-afunction

— cannot change value of the pointer

— can change state of the objed being pointed at
Function declaresthat it isreceiving apointer
Dereference pointer with * (just like C++)
Passa pointer asthe actual argument

— If you have an object, can get its addresswith
addressof-operator (&)




Swapping Example

#include <stdi o.h >

voidsw ap( int* x, int* y ) {

int tnp= * ;
=Y
y= o tmp;

}

int main(v oid) {
int a=5, b= 7;

swap(&a, &b); / * mwst pass the address*
printf(" % %\n" ab )
re turn 0;

}

Reading From Terminal

e Usescanf toread (return valueis#itemsread)

— Inside controlling string use % escapes for each
parameter:
« ints%d, %ld, etc.
« reals%f, %lf, etc.
— Pass addresses of variablesto befilled in

« scanf isnot type-safe
« Example

int x

doubl e y;

int ite nsRead;

itemsRead = sc anf ( "%l %" , &, & );

Preprocessor Macros

o Preprocesor diredivesbegin with #

— #include, #defi ne, #i fn def ,#el se, #endif ,
#undef , #i f , #el se, etc.

— long lines can be mntinued with \

o Sameset asin C++, but used much more often
inC

o Preprocesor macros perform textual
substitution (logically before) program is
compiled




Simple Textual Substitution

# def ine MAX50
#define SUMMBa +b
thistext
i f( x== MAX)
¢ =SUMB*SU BAB;
becomes
i f( x==50)
c =a +b*a +b;
« Moral of the story: always over parenthesize

Trivial Functions
e Used in C for sped

int absolut evalue( int x )

{
re turn x >= 0 ?x : -X;

}

o Abovefunction istrivial, but overhead of

function call could be significant

— 70s compilers not very good at that

— tendency of programmersto inline functions
themselves yields bad software engineering

— modern compilersare very good at inlining; even so,
often see macros used instead of functions

Parameterized Macros

« Macro expansion: textual substitution, with
actual argumentsdirectly substituted for
formal parameters

#define abs olute Value (x)( (x) >=0? (x) : -(x))

y = absolut eValu e(a-3 );

z = absolut eValu e(--n );

« becomes
y= ( (a3) >=0? (a-3) : -(a3) );
z= ( (=) >=0? (-n) @ (-n));

o Parameterized macros ARE NOT semantically.
equivalent to function calls.
— arguments may be evaluated multiple times.




Arrays

Not first-classarr ay typein C

int a[ 20] ;

int *b; // allo cate some memoryel sewhere

o LikeC++

— array valueisapointer to memory

— indexing starts at zero

— no bounds check

— array value does not have any idea of how largethe
array is, except in case wherearray is allocated
using[] syntax

— memory isnot reclaimed, except in case where array.
isallocated using[] syntax

Passing Arrays

Use ather [] or * in function declaration

—[] followstype name

« Useconst toindicatethat state of thearr ay
will not change

« Passthearray (i.e. the pointer to the start)

o Probably haveto passthe number of itemstoo
/*Decl arat ions */

voidpr intl tems(cons t int*ar r,in t n) ;

voidin itia |ize(int arr[] , int n) ;

e Sizein[] isignored

« Cannot return arr ay objeds-- only pointers

Allocating and Deallocating

e« Must usenal | oc to dlocatearray if its szeis
not known at compiletime or you want to
change sizeas program runs
— not type-safe; returnsa void*

— returns NULL if no memory

e Must usef re e to deallocate any memory that
was allocated by nal | oc

e Canuser eal lo c toincrease amount of
memory allocated for an array; it obtainsmore
memory, copiesitemsover, and freesoriginal

— Parameterstomal | oc and r eal lo c are#bytes of
memory to dbtain




Sample Reallocating Code

I*R eturnsap ointer to the data */
I*i temsReadi s sethy referenceto #items read */

int  * getints(int *it emsRead) {
in t numRead = 0,arra ySize=5 , inputval
in t *array=  malloc( sizeof( i nt)*arr aySize );

if ( array== NULL)
return NUL L;
pr intf("Ent eranynu nberofi ntegers:" )
wh ile(scanf ( "%d", & inputval ) ==1){
if(numRea d ==arra ySize){ I* Array Doubling Code . */
arraySiz e *=2;
array = realloc( array,si  zeof(int ) *array Size);
if( arra y ==NULL)
return NULL;
}

array[num Read++] = inputva |;

%

temsRead = numRead;
turnreall oc(array , sizeof(int )*n  umRead);

@

Multidimensional Arrays

« Very mess to do fancy stuff

« If you know dimensions, it is easy

int x[41[7] ; [/ldecl ares 4x7 array

« Formal parametersmust include all dimensions
except the first may be omitted

voidpr int(int yl[7 ].in t nunRows);

Pointer Math

« Given apointer p, ++p changesthevalue of the

pointer to point at an objed stored one unit

higher in memory

If p ispointing a an objed in an arr ay,

— ++p points at the next object

— p+k points at the object k away

— pl-p 2 isthe separation distance of two dbjedsin
an arr ay

« Givesa 70s dyleidiom for traversing an array.

« Most optimizing compilers makethisidiom
obsolete, but you will seeit anyway




Two ways of initializing an array

voidin itia lizel ( intarr| ].i-ntn )
{

inti

for( i <N i++)
arr [

}

voidin itia lize2 ( intarr| 1.i ntn )
{
int* endMarker= arr +n;
int* p
while (
*pt+ +

arr;
! =en dMarker)
0;

nm o u

Characters

o Useput char toprint asingle character

get char toread asingle character

—returnsanin t, ECFif end of file

« <ctype.h > containsvarious character testing
routines such asis di git ,i sal pha, etc.
Theseare all macros. Also containst oupper
and t ol ower .

Strings
« Represented asan array of char
o After last character in string, thereisanull
terminator '\ 0'
— placed there automatically for constants
— placed there automatically by library routines
String library routines:
—strl en: returnslength of string ('\ 0' not included)

— st rc np: compares two null-terminated strings;
same semantics as Java’s co npar eTo function

— st rc py: copies econd parameter into first; must
be enough arr ay spacein first parameter or you can
get in trouble




The Problem With C Strings

« Very common to have buffer over flow
problems
— array allocated for string isnot lar ge enough
— need to remember null terminator
— cannot assume limits on input line length, etc.
« Common error
char*c opy;
charor ig[l= "h ello" ; //sixchar acterarr  ay
st repy(cop y,or ig); /I cra shes:no memory

spri ntf and ss canf

e Similar to stringstreamsin C++

o First parametertosprint f isastringin
which towrite (instead of file or terminal)

o First parameter toss canf isastringto parse

int x

double y;

int ite ms= ssca nf(" 3746 .9" &x, & );

Arrays of Strings

o Typically declared aschar *arr[]

constc har *ERR®S[] = { "Outof memory",
“Input valueo utof rang e", "Formater ror",
"Prematur e endof i nput'};

« Exampleisparameter tomai n

#i nclud e <stdio. h>

int main(i ntar gc,c har* argv[],c har* envp[])

{

intj
print f(" ENVIRONMEN\n" );
for( j = O;en vp[j]!= NULL; j++ )

p rint f("% s\n,envp [ j 1 )




C Pointer Dangers

« Returning apointer to astatic function
variable

— Must use value of object being pointed at prior to
next call to the function or it isoverwritten

« Returning apointer to alocal variable
— Alwayswrong; local variablelikely to be destroyed
and you have a stale pointer
« Returning apointer to adynamically allocated
local object
— You must take responsibility for calling fr ee or
you have a potential memory leak

Structures (str uct s)

e Preaursor to C++ classes
— no methodsor constructors
— no private -- everythingispublic
— haveto say st ruct when using type
¢ K&R C: cannot passor return astruct

o ANSI C: OK to passor return a struct
— but if st ruct islarge, thisisnot agoad idea, since
it involves a copy
o Structsarealmost never passed to or r eturned
from functions. Instead pointersto structsare
used

Example: time.h

stru ct tm{

in t tm_sec; /* seconds  after the mnute (0 - 61)*
in t tm_min; /* minutes  after the hour (0 - 59)%
in t tm_hour; /* hours af termidnig ht (O - 23)7%
in t tm_mday; /* day oft he month 1 = 31) %
in t tm_mon; /* month si nce Januar y 0- 11)%
in t tm_year; /* years si nce 1900 o - )*
in t tm_wday; /* days sin ce Sunday o - 6)*
in t tm_y day; /* days sin ceJanuary 1 (0 - 365) */
in t tm_i sdst; /* daylight savings t i meflag *
h

type deflong time_t;

/*S ome functi  ons*/
exte rntime_t  nktime(st ructtm* );
exte rnchar*a sctime(co nststruc t tm?*);




lllustration of Passing Structs

/% Find all Frid ay Th e 13t h birthda ysfo r person born Nov1 3,19 73%
#includ e <timeh>
#includ e <stdio. h>
int main(v oid) {

constintFRID ~ AY= 6 -1 ; /  Sunday IsO, etcu.*
struc t tmtheT ime={ 0 }; /* Seta Ilf ieldsTo 0 *
inty ear;

theTi met mmon= 11 - 1; / Januaryi s 0, etc. . %
theTi me.t mmday =13; /+ 13th day ofth e morth¥

for( year= 1973y ear< 207 3ye art+ ) {
the Time.tm year= year- 1900; /* 1900 isO, etc..* /

if(  mktime( &heTime) == -1) {
p rint f('m ktmefail edi n %d\n",y ear) ;
b reak;

if( the Time. tm_wdiy== FRI DAY)
rint £("% s, a sctim e( &heTime) );

o

}

retur n 0;

Pointers to Functions

« Can passfunctions as parameter to aher
function
— technically you passa pointer to the function

— syntax can look clumsy, but in ANSI C can avoid
clumsy syntax
doubl e deri vative( doublef ( double ), double x ){
do ubl e delta= x /10 00000;
re turn ( f( x +delta) - f(x ) )/ delta;
}

int main(v oid) {
printf(" Derivis 9%\ n", derivative( sqrt,1 .0 ) );
}

Equivalent Code With Pointers

doubl e deri vative( double( *f ) (do uble ), double x)
do ubl e delta= x /10 00000;

re turn ( (*f)( x +delta ) -(* f)(x ).)/ delt a

}

int main(v oid) {
printf(" Derivis %\ n", derivative( sqrt,1 .0 ) );
}




Pointers to Functions as Fields

voidhe Ip( void);
voidqu it( void);

struct Comnand {
ch ar *command;
void ( *unc)(vo id);

e

struct Commandth eCommands[] = {

"e xit ", q uit ,

"h elp",h elp,

"gq uit ", q uit ,

et c.* |/

NULL, NUL L /* Pl acela st;Nomat ch */
H

Using the Pointers

void do Comnand( const char *comm) {
st ruct Command *ptr;
fo r( ptr = theCommands;p tr- >conmand != NULL; ptr++ )
if(str  cmp comm ptr-> command )==0 ) {
( *pt r->func )( );
roetur n;
}
printf(" Errorun recogni zedco mmand\ n" );
}
voidhe Ip( ) {
printf(" Here'smyhe Ip\ n" );
}
voidqu it( ) {
exit(0 );
}

gsort

« Generic sorting adgorithm
voidgs ort(vo id *arr, int n, intit em3ze,
in t cnp(con st void *, const void * ));

o Typical of how generic stuff isdonein C

« Example: sorting array o ints:
int arf]={ 3,51, 2,6}
gsor t (arr, 5, sizeof( int),in tCmp)

where comparison function is
int intCmp(co nstvoid  *lhs,con stvoid *r hs)
{
in t lhint= *(consti  nt*)lhs;
in t rhint= *(consti  nt*rhs;
re turn lhint < rhint ? -1:lh i nt>rhin t;

}




Files

« Assciate a stream with afile
o Stream represented by aFILE objed, defined

in stdio.h
— these obj ects ar e passed using pointers

— Variousroutinesto read/write; all start with f
— can be opened for reading or writing or both
Standard streamsarest di n, st dout , and

stderr

Important Routines

o fopenandfcl ose
— open with a mode such as
— fopenreturnsFI LE * ; NULL if error
o fprintf andfscanf
— work just like printf and scanf
— first parameterisa FILE *
o fgetcandfputc
— work like getchar and putchar

— last parameter isaFILE *
— often implemented as a preprocessor macro

“rmoor w”

More Routines

o« fgetsandfputs
— Reads/iwrites strings
— fgetsreadsalineor input, with a limit.on.number of

characters
« newlineincluded in string if it was read

« makesure you have enough space for newline and “\0’

« f eof
— returnstrueif read has already failed due to EOR

freadandfwite
— Allowsreading o binary data into astruct or arr ay

« fseekandftell
— Allowsrandom accessof files




Example: File Copy: part 1

int copy(cons t char*d estFile, constchar  *sourceF ile){
in t charsCou nted=0, ch;
FI LE*sfp,*  dfp;

if ( stremp( sourceFil e, destFi ) {
printf("C annotcop y to self
return -1;
}
if ( (sfp= f open(so urceFile, "r" ))= = NULL) {
printf("C annotope n inputf ile%s\n", sourceFi le);
return -1;
}
if ( (dfp= fopen(de stFile, " w)) == NULL ) {
printf("C annotope n output file %s\n" , destFil e );
fclose(sf p )retu rn-1;
}
Part 2: Character at a Time
wh ile((ch = getc(s fp))!= EOF)
i f( pute( ch,dfp) == EOF)
{
printf( "Unexpect ederror  duringwri  te\n");
break;
}
else

charsCou nted++;

fc lose(sfp );
fc lose(dfp );
re turnchars Counted;

File Copy: Line at a Time

#def i ne MAX_LI NE_LEN 256

int copy(cons t char*d estFile, const char. *sourceF ile)
{

in t charsCou nted = 0;

ch aroneLine [ MAX_LINE_LEN+2 J;

FI LE*sfp,* dfp;
/I .. same start
wh ile((fge ts(oneli ne, MAX_L INE_LEN,s fp))!= NULL )
i f( fputs( oneLine, dfp )< 0){
printf( "Unexpect ed error  duringwri  tel\n");
break;
}
else
charsCou nted +=s trlen(on eLine);
.. same finish




Example: Printing Last Chars in File

void printLast Chars(co nstchar  *fileName, int howMany ) {
FI LE *fp;
ch ar *buffer = NULL;

in t charsRea d, fileSi ze;

bu ffer=mal |oc(howM any); 1 *errorc heck omit ted*/
fp = fopen( fileName, "rb" ), [*errorc heck omit ted */
fs eek(fp,0 , SEEK_END ); /*gotoe nd*

fi leSize=f tell(fp ) /*getpos ition*/

if ( fileSize < howMany )
howMany = fileSize;

fs eek(fp, - howMany, SEEK_END );

ch arsRead = fread(bu ffer, 1, howMany, f p );
fw rite( buff er,1,ch  arsRead, stdout);

fc lose(fp)

fr ee( buffer );

Should | Use C

e Good reasonsto not write C code
— have to manage your own memory-for arrays and
strings
— variablesmust be declared at top of function
— 1/0 ismuch messer than C
— no overloading
— no classes or templates
— notype chedking
e ReasontouseC
— might be faster
— might need tointerfaceto C library

Calling C From C++

« Best solution: write most of your codein C++

e« Most C and C++ compilersare the same, so
little speed benefits

e From C++, can accessC routinesif magic
incantation provided:
—extern“C” ...
— may need to change sear ch path to find include and

library files

— entireC library ispart of C++




Example

e SupposethereisaC routine
voidfo o( Somelhj *obj );
o From C++:
extern "C" voi d foo( SomeObj * obj);
int main()
{
SomeObj *p =.. .;

fo o )
}

Using C in Your C++ Code

e |/Ousing Fl LE * isgenerally much faster
than usingi fs t r eamand of str. eam

o Dired accessof charactersin ast ri ng might
befaster using char *. Can get char * from a
stringusingc_str member function
— or may need to use char * to save spacein some

cases

e Don't:
— mix C and C++ streams
— mix new/del et e and md lo c/free

— forget that you probably haveto pass gructsusing
pointersor addresses

Summary

« With C you lose many of C++ conveniences
such as
— stringg/vectors
— type safety
— ease of variablededarations
« Cisnot objed-oriented, or even object-based
If you haveto write C, you will missC++
If possble, write C++, and minimize use of C-
stylelogic




