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( )
The C Programming Language &

» Systems programming language
= originally used to write Unix and Unix tools
o data types and control structures close to most machines
= now also a popular application programming language

* Notable features
o all functions are call-by-value
o pointer (address) arithmetic
- simple scope structure
= 1/O and memory mgmt facilities provided by libraries

« History
o BCPL B ¢} K&R C ANSIC
1960 1970 1972 1978 1988
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Example Program 1

il ude <stdi 0. h>
ude <string. b

m, 256, staim) {
netrings: 1+

ing, p2 = strings(i]: *pL &&“pz plee, p2ee) {
w2) |

return o
)

What does this program do?

J
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Example Program 2

sl ude <stdi 0.
il ude <stri ng. h> Vol d SortStrings(ehar **strings, int nstrings)

iniL
et e WA STRI NGS 128

et ne MRXCSTR NG LENGTH 256 et ] 2 [ e o ¢
1 (comarest i nga(strings{ 1], strings(i1) > 0) (
Vol d ReadS e ngs(char **strings, int *nstrings, int msLrings, FILE char “swap = stri ngsli
d Feadsrings(ch o o i, FILE *1p) strings[1] = stringsj]
char st nol X STR G LENGTH ; s = s
nstrings = 0 )
Wil 1o (Faets(string, WX STRING.LENGTH. (1)) ( !
St ngs[ (*nstr1ngs) ++] = strdup(stri ng) )
(1 (Rt ngs o= moxsti ngs) eak
)
ot i)
! «
char st ngs{ MK STR NG
Vo1 8 Wi oSt ngs(ehar +*strings, int nstrings, FILE “1p) i nstri ngs:
i PoadS 11 ngs(st i s, Gnst i ngs, WX STRINGS, 5t01 1)
: SortS 11 ngelstr1 s, it ng
for (10§ < nstrings: 109 Wit 1 ngs{strings, netrings. stdout)
Tt S sl return 0
)

it Conpar oSt ngs(char *stringl, char *stringd)
¢
ehar o1 = strings
char +p2 = string2
while (*p1 88 *p2) (
11 ("L < p2) return -1
else 1 (pL > p2) reiurn 1
pise,

P2,

) What does this program do? I

return o

)

=
Modularity

» Decompose execution into modules
= Read strings

o Sort strings it mio0)
o Write strings char st11 ngs{ M STRI S
* Interfaces hide details o naa( St g, st WSTRNGS st

)
Witestrings(strings, nstrings, stdout):

o Localize effect of changes

* Why is this better?
» Easier to understand
o Easier to test and debug
o Easier to reuse code
o Easier to make changes

return 0;

=
Modularity

« Decompose execution into modules
o Read strings

o Sort strings im0
o Write strings o notr gy ST NS
. . ReadStrings(strings, &nstrings, MAX_STRNGS stdout);
* Interfaces hide details WiteSirings(sirings, netrings, stdout) .
Sort Scri nga(stri ngs, nstri ng)
o Localize effect of changes WiteStrings(strings, nstrings, stdout):
* Why is this better?

o Easier to understand

o Easier to test and debug
o Easier to reuse code

= Easier to make changes




=

Modularity

» Decompose execution into modules
o Read strings

= Sort strings Ner geFi | es(FILE *fpl, FILE *fp2)
{
o Write strings [hfStritic ke
« Interfaces hide details WiteSr mosCatr ags, metringe, srgou Y

o Localize effect of changes ReadSt rings(strings, &nstrings, MAX_STRINGS fp2);

WiteStrings(strings, nstrings. stdout):
* Why is this better?

o Easier to understand

o Easier to test and debug

o Easier to reuse code

o Easier to make changes

=

Modularity

» Decompose execution into modules
= Read strings

o Sort strings int ConpareStri ngs(char *stringl, char *string2)
. . {
o Write strings char *p1 = stringl;
char *p2 = string2;
« Interfaces hide details e
i Ise 1T (*ph > p2 5
o Localize effect of changes og !t (et ey rerum
e

* Why is this better?
- Easier to understand
o Easier to test and debug

o Easier to reuse code CIS[2[1[7[1]S[FIUINI4]
o Easier to make changes

return 0;
}

stringl

B/C\S\Z\l\Y\R\O\C\K\S\ﬂ\

string2
/
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Modularity

« Decompose execution into modules
o Read strings
o Sort strings i e gength(enar *string
o Write strings char *p = string:

while (*p) pré
return p - string:

« Interfaces hide details
o Localize effect of changes int ConpareStrings(char *stringl, char *stringz)

return StringLengt h(stringl) -

. Why is this better? StringLengt h(string2):
o Easier to understand
o Easier to test and debug

oEasiertoreusecode CIS[2[1]7]1]S[FIUINIZ]
- Easier to make changes

stringl

B/C\S\Z\l\7\R\O\C\K\S\ﬂ\

stTing2
/




=
Separate Compilation

* Move string array into separate file
o Declare interface in stri ngarray. h
o Provide implementation in stringarray. c
= Allows re-use by other programs

stringarray.h

extern
extern
extern

voi d ReadStrings(char **strings, int *nstrings, int mexstrings, FILE *fp);
void WiteStrings(char **strings, int nstrings, FILE *fp);
void SortStrings(char **strings,

int nstrings):
extern

int Conparestrings(char *stringl, char *string2):

=

Separate Compilation (2)

stringarray.c

4 ncl ude <stdio.h>
4incl ude <string. h>

Int Compar eStrings(char *stringl, char *stringz)
#def i ne NAX_STR NG_LENGTH 256 char *pL, *p2

Vol d ReadSt i ngs(FILE *1p, char **stri ng
int

for (pl= stringl, p2 = stringz: “pl & *p2: piee. p2re) (
- 16 (p1 < “p2) return 1
“nsUrings. int mstings) s o> ) return
char stri ng{ NU_STR NG LENGTH s
“nstrings =
Wil e (1gets(string. WAXSTRING LENGTH 1p)) {
St 1 gSL (onet 11 nge) ++] = st rGup(st 11 ng) Vol d SortStri ngs(char **strings, int nstrings)
Tt (matrings oo muxstrings) brsak: (
) i
' for (i = 0; 1 < nstrings: i+9
for (1 = i+t | <nstrings: |+ (
Vi & WiteStrings(FILE *fp, char *strings, int nstrings) b (ot ings(st st 1. surinastil) > 1 ¢
char “svap = Strings[1]:
it stringslt] = strings(i]
Stringsj] - swap
for (i = 0; i < nstrings; i+ )
Tprinr(ip, "98", strings(i]) )

-

Separate Compilation (3)

sort.c

#include *stringarray. h'
#define MAX_STRINGS 128

int main()
{

char *stri ngs[ NAX_STRI NGS] ;
int nstrings

ReadSt ri ngs(strings, &nstrings, MY STRINGS stdin);
SortStri ngs(strings, nstrings):
WiteStrings(strings, nstrings, stdout);

return 0;




=
Separate Compilation (4)

Makefile

sort: sort.o stringarray.a
cc -0 sort sort.o stringarray.a

sort.o: sort.c stringarray. h
cc -c sort.c

stringarray.a stringarray.c
cc -c stringarray. ¢
ar ur stringarray.a stringarray.o

cl ean:
fmsort sort.o sortarray.a sortarray.o

Interface with Function Pointers

stringarray.h

extern vol d Readsirings(char *strings, Int *nstrings, int mstrings, FILE*(p)
extern vold WiteSirings(char **sirings, int nstrings. FILE “fp)
xtern voi d SortSrings(char **strings, int nstrings . ini (“compare)(char *stringl, char “string2))

stringarray.c nmai n. c

il ude <t 0.1
#include <stri ng. h>
il ude -t i ngar ray.

Vol d SortSurings(char +*strings. it nstrings. et e WAX_STRI NGS 128
T (+compare) (char “stringl. char *string2))
ini it CompareStri ngs(char *stringl, char “string2)
0
for (i =0 i < nstrings; i+ { roturn strenp(stringd, string2)
Tor () =141 | < nstrings: |+ ( )
i1 ((-compare)(stringsl1]. stringsli]) > 0)
char *svap = strings(i]
strings(i] = strings()] it min)
strings()] = svap
) char st ngs{ M STR NG|
) it nstrings.
)
) FeadSt i ngs(strings, &nstrings, MU STRINGS, stdin)

SortSri ngs(stri ngs, nstri ngs, o oS 1 ngs)
WiteStrings(strings, nstrings, stdout)

return 0
)

=
Summary

« Modularity is key to good software
o Decompose program into modules
= Provide clear and flexible interfaces

» Advantages
o Easier to understand
o Easier to test and debug
- Easier to reuse code
o Easier to make changes
o Separate compilation




