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KepadAoato 11: TaEvopnon kot avadntnon

Tagwvopnon mvakwv

Yndpyovv diagpopeg pébodot, dAheg AydTtepo, GAAEC TEPLOCOTEPO ATTOSOTIKEG, YLt TNV
TAELVOUNOT) TWV GTOLYELWV VOGS TTLVaKAL.

H ta&vopnon evog mivako éxel vonpa 0tav vmdpyel pia oxéon didtalng oto ocbvolo
ard To 07olo maipvouy TIEG T oTolyela Tov ivaka. T apBpotc (aképaiovg 1 KvnTrg
LTTOdLXGTOANG) €xoupe TNV apBuntikr Sidtakn, yix cupPoloocelpég v adgafnTikn.
T dAAovg tomovg dedopévav, mpémel va éxel oplobel capng n oxéon dietogng. To
opadetypor, dratakn petafd Sopdv pmopel va opiotel pe faom tn SLATaEn wg TPog Eva
pélog-kAeldi tng dopng (apOuntikd 1§ cvpforoocelpd).

211 GLVEXELX, OL AAYOPLOpOL, T TTXPADELYHOTO KOLL TOL TTPOYPAHPHATOL TTOV TToLPOLGLALOVTOL

OTOXEVOUV GTNV TOEWVOUNGCT TVAKwY, ot abfovoa celpd, e oTOLXelor TTOL Elval
mpoypotikot aptBpol dumAng akpiferag.

O1 péBodol Ta&Lvopunong Hropovv va Tpocapprocoiy eDKOAN KoL YLO TTEPLTTAOCELS AAAWY
HOVOJLAGTATWV S0PV SedOPEVWV, Yo Tapadelypo cLVIESEPEVWV MO TOV.

Eva Oépo mov éxer yevikdtepo evdiopépov otovg alyopibpouvg eivar o xpdvog mov

xpeLdletar yioo Tnv extéleon tovg, avaioyo pe to péyebog tng eoddov tovg.  Autd
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ekppaleton pe TNV moAvmAokoTnTa Xpovou Toug. Ot pébodot tavopnong éxovv Stxpopeg
TOAVTTAOKOTNTEG YPOVOUL, OL OTTOLEG AVTAVAKAOVY TNV aItoS0TIKOTN TR TOUG.

o Tt vau ex@pdoovpe TV mTOALTAOKOTNTA VOGS adyopiBpov, cuvifwg xpnoLpomoLovpe
tov oupPoriopd O. Otav 1 eicodog evog alyopibpov éxer péyebog n (yio mopdderypa
10 TAN00G TV oTolYElWV £VOG Tivaka TTov BEAOLHE Vo TAELVOUNGOLHE), AEyovTag OTL 1)
noAvmAokdtnTa Xpovou tov alyopibpov eivon O(f(n)), evvoolpe 6tL 0 Xpdvog ekTéAeoTg
tov, T'(n), dev éxer peyalvtepo puBpd adénong amd avtdv g cvvaptnong f(n), 6co
av€avet to n. Aniadn vtapyovv C xou ny tétowx dote T'(n) < C - f(n) ywa k&Be n > ny,.

o T mopaderypa, 1 TOALTAOKOTNTA TOV OXAYOPIOHOL ylow TNV €0PeCT) TNG HEGTG TIUAG N
apbpov eivon O(n), eved 1 ToAvmAokdtnTa TOL AAYopiBHOL KATAOKELHG VO HoryLlkoD
TeTpaydvov 1 X n eivan O(n?).

+ 2& OPLOUEVEG TIEPUTTAOGELS, 1) XPOVIKT artddocn evog alyopibpov yia eicodo peyéBoug
n e£oPTATOL KoL OTO TO TOLX €LVaIL 1) CUYKEKPLUEVT] €l6000C. XTIG TEPLITOCELS QUTEG,
HITOPOVHE VO LVAPEPOPATGTE GTNV TOAVTAOKOTNTX XEIPLOTNG TePinTwong (Yo Tnv o
“dbokoAn” eic0do) 1} ot péon TolvmAokoTnTo (HEST) TIT] atddoong yio OAeg TG Tbovég
€Ll60d0VC).

« H uéBodog tns pvoalridag

20ykpve Cevyaplo SLardoxIK®OV GTOLYELWV, ATTO KATW TPOS T EMAVW, KAl OTAV
Bpiokelg dvo mov dev eivat 6T cwoTH celpd, avtipetddecté ta. Metd amd To
TPATO TEPACHA, TPOTO oTOLYELO Oar elvart To pLkpoTEPo OAwv. Kave ka debdtepo
TEPACHAL, YLOL TOL GTOLYELX aTtO TO SeDTEPO Kol PHeTd, omoTe €ToL Bar éABeL Kou TO
debtepo katd celpd ot Béon Tov. Metd amd n—1 TEPACUATA GLVOALKA, O
nivakog Oa éxel taEvounOet.

6 6 6 1 1 1 1 1
3 3 3 : 6 6 : 2 : 2 : 2
7 7 7 3 3 : 6 : 3 3
2 2 2 7 7 : 3 : 6 3
9 9 9 2 2 : 7 : 3 5
) : :
5 5 1 9 9 : 3 : 7 6
J : :
8 1 5 5 5 : 9 : 5 7
) Do Do
1 8 8 8 3 : 5 : 9 8
) ) Do )
3 3 3 3 8 8 ) 8 8
J J Do J
8 8 8 8 8 8 ; 8 9
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noAvmhokétnta O(n?) e i =1, 2, ..., n—1
INoe j=n—1,n—-2,...,1
Avz, | >z, t0t€
Avtipetdbeoe ;4 xou x;

« H pébodog tne emroyric

Bpeg to pukpotepo ard OAo To oToLyela koL ovTipeTaBecé To pe To TpdTo. Bpeg
TO PKPOTEPO oTd T LTLOAOUTA KOt avTIeTABecé To pe To devTepo. MeTd amd
n—1 emAoyég ko avtipetabéoelg cuvoALkd, o ivakag Oa éxel Ta€LvopnOet.

6 1 1 1 1 1 1 1 1 1
3 3 2 2 2 2 2 2 2 2
7 7 7 3 3 3 3 3 3 3
2 2 3 D 7 3 3 3 3 3 3
9 9 9 9 9 5 5 5 5 5
5 5 5 5 5 3 9 6 6 6 6
8 8 8 8 8 8 8 7 7 7
1 6 6 6 6 6 9 9 8 8
3 3 3 3 7 7 7 8 3 9 8
8 8 8 8 8 8 8 8 8 D 9

noAvmhokotnta O(n?) New i =1, 2, ..., n—1

min =1—1

INo j=1,14+1,...,n—1
AV z; < T, TOTE
min = j

Avtipetabece x| xaL z,,;,
« H pébodog tns eioaywyric

TomoBétnoe To deVTEPO GTOLYELO TTPLV 1) HETA TO TTPOTO DO TE VX ELVAL GTT CWOTH)
oelpa. TomobBétnoe to Tpito ot cwotn Béon ota NON Takvopunpéva TpOTO
kot devtepo. Metd tomobétnoe to Tétapto ota Tpic TpdTAL. MeTd otd n—1
ELoaY®YEG GLUVOALKA, O TTivakag Oa éxel TaELvounOel.

3/16



Ewcaywyn otov IIpoypoppatiopd To€vopnon kot avalntnon

6 > 3 3 2 2 2 2 1 1 1
3 6 6 3 3 3 3 2 2 2
7 7 ) 7 6 6 5 5 3 3 3
2 2 2 7 7 6 6 5 3 3
9 9 9 9 ) 9 7 7 6 5 5
5 5 5 5 5 9 > 8 7 6 6
8 8 8 8 8 8 9 8 7 7
1 1 1 1 1 1 1 9 8 8
3 3 3 3 3 3 3 3 9 > 8
8 8 8 8 8 8 8 8 8 9

noAvmhokétnta O(n?) N i =1, 2, ..., n—1
Jj=1i—1
Evoow j > Oxavz; >z,
Avtipetdbece T; ko x4
j=j—1
* H yprjyopn péfodog

Me Baon to mp®dTo ototyeio cav 0dnyo, xHpLoe Tov mivaka e S00 AAAOVG, EVOy
OV TrePLEXEL oTOLYEl PKpOTEPX T} loa e TOV 0dNYO KoL évay pe HEYOADTEPQL
N loa. Ta&wopnoe tovg dvo avtovg mivakeg pe tnv de pébodo avadpoptkd
(e@’ 6o0V éxovv TOLAGYLGTOV OO GTOLYELR), OTTOTE TO TEALKO QuTOTéAEG A elvart
1 Tap&Becn TV TAELVOUNHEVOV AUTOV TLVAKWV He evOLapecT) TapepfoAn Tov
0dnyov cTotyeiov.

-~ 6| ¥6 3 3 3 3 3 3 3 3 43 1
3 30 43 3 3 3 3 3 3 3 3 2
7 7 70 %7| 6 1 1 1 1 1 1 : 3
2 2 2 2 2| %2 2 2 2 2 2 3
9 9 9 9 9 o| w9 | 6| o6 5. %5 5
5 5 5 5 5 5 5 51 5| 36 6 6
8 8 8 8 8 8 8 | —+ 8 8 g8 o 8 7
1 1 1 1| »1] 6| o6 9 9 9 9 8
30 %3] 6| 6 7 7 7 7 7 7 7 8

- 38 8 8 8 8 8 8 8 8 g8 —» 8 9
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péomn oAvmhokdtnta O(nlogn)

Yuvaptnon gs(x, up, down)
start = up
end = down
Evoow up < down
EVOo® T 4y, = Ty, KOLUp < down
down = down—1
Av up # down toTe
AvtipetdBeoe T, KOL T gy
up = up+1
Evoow x,,, < 4, koL up < down
up = up+1
Av up # down toTe
AvTtyetaBece T, KO T jpum

p

p
down = down—1

Av start < up—1 tote
KaAeoe gs(x, start, up—1)
Av end > down+1 tote
KaAeoe gs(z, down+1, end)

[N v tavoprcovpe Tov tivako T tov éxel n ototyeia, Oa pémel va kadéoovpe gs(z, 0, n—1).

o AMeg péBodot tavounong
— H pébodog tov cwpot, O(nlogn)
— H péBodog tng cvyxwdvevong, O(nlogn)
— H p#6o8og tov Shell, O(n?) (ce). 94 [KR])

MéBodot tagvounong

/* File: sorting.c */
#include <stdio.h>
#include <stdlib.h>
#include <time.h>

void bubblesort(int, double *);
void selectsort(int, double *);
void insertsort(int, double *);
void quicksort(int, double *);
void quicksort_body(double *, int, int);
void swapd(double *, double *);

int main(int argc, char *argv[])
{ char method = 'b', *name; /* Default sorting method is bubblesort */
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int i, n = 10; /* Default array size is 10 */
long seed;
double *x, sttime, endtime;
void (*fun)(int, double *); /* Pointer to sorting function */
seed = time(NULL); /* Get current time, in case seed is not given */
if (argc > 1) /* First character of first argument */
method = *argv[1]; /* denotes the employed sorting method */
if (argc > 2)
n = atoi(argv[2]); /* Second argument is number of elements */
if (argc > 3) /* Third argument is seed for */
seed = atoi(argv[3]); /* random number generator */
switch(method) { /* Prepare calling the appropriate method */
case 'b':
fun = bubblesort; name = "bubblesort"; break;
case 's':
fun = selectsort; name = "selectsort"; break;
case 'i':
fun = insertsort; name = "insertsort"; break;
case 'q':
fun = quicksort; name = "quicksort"; break;
default:
printf("Sorry, no such method\n");
return 1;
¥ /* Allocate memory for the array */

if ((x = malloc(n * sizeof(double))) == NULL) {
printf("Sorry, not enough memory\n");
return 1; }
srand((unsigned int) seed); /* Initialize random number generator */
for (i=0 ; i < n ; i++) /* Generate double floating point numbers */
x[1] = ((double) rand())/RAND_MAX;
printf("Random numbers\n");
for (i=0 ; 1 < n ; i++) {
printf("%6.4f ", x[1i]); /* Print them out */
if (i%10 == 9) /* 10 in a line */
printf("\n"); }
printf("\n");
printf("Sorting by %s\n", name);

sttime = ((double) clock())/CLOCKS_PER_SEC; /* Get CPU time */

/* consumed since start of program */
(*fun)(n, x); /* Call sorting method */
endtime = ((double) clock())/CLOCKS_PER_SEC; /* Again CPU time */

/* Difference endtime-sttime should be */
/* CPU time consumed for sorting */
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for (i=0 ; 1 < n ; i++) {
printf("%6.4f ", x[1]); /* Print out sorted array */
if (i%10 == 9)
printf("\n"); }
printf("\n"); /* Print out CPU time needed for sorting */
printf("Time: %.2f secs\n", endtime-sttime);
free(x); return O;

void bubblesort(int n, double *x)
{ int 1, j;
for (i=1 ; 1 <= n-1 ; 1i++) /* Bring appropriate element, */
/* that is the bubble, to place i-1 */
for (j=n-1; j >=1; j--)
if (x[J-11 > x[31) /* Compare pairwise from bottom to top */
swapd(&x[j-11, &x[j1); /* and swap if needed */

void selectsort(int n, double *x)
{ int 1, j, min;
for (i=1 ; 1 <= n-1 ; i++) {
min = i-1; /* Let current minimum be the i-1 element */
for (j=1 ; j <= n-1; j++)
if (x[j] < x[min]) /* Check if any element after i-1 is less */
min = j; /* than so far minimum and make it the new minimum */
swapd(&x[i-1]1, &x[min]); } /* Exchange minimum with i-1 element */

¥
void insertsort(int n, double *x)
{ int 1, j;
for (i=1 ; i <= n-1 ; i++) { /* Insert element at place i in */
/* its correct position from places 0 to i-1 */
j=1i-1;
while (j >= 0 && x[j] > x[j+1]1) {/* Move repeatedly the element */
swapd(&x[]j], &x[j+11); /* until it reaches */
j--; + } /* its correct position */
}
void quicksort(int n, double *x)
{ quicksort_body(x, 0, n-1); /* Call recursive quicksort to sort */
} /* elements of the array from position 0 to position n-1 */

void quicksort_body(double *x, int up, int down)
{ int start, end;
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start = up; /* Save start position of small elements */
end = down; /* Save end position of large elements */
while (up < down) { /* Pivot element is at up position */
while (x[down] >= x[up] && up < down) /* Let down elements */
down--; /* larger than pivot stay where they are */
if (up !'= down) { /* If pivot is not reached */
swapd(&x[up], &x[down]); /* echange it with smaller element */
up++; /* Pivot is at down position, move up a bit further */

¥
while (x[up] <= x[down] && up < down) /* Let up elements */
up++; /* smaller than pivot stay where they are */
if (up !'= down) { /* If pivot is not reached */
swapd(&x[up], &x[down]); /* exchange it with larger element */
down--; /* Pivot is at up position, move down a bit further */
Y} /* Now up = down is the position of the pivot element */

if (start < up-1) /* Is there at least one element left of pivot? */
quicksort_body(x, start, up-1); /* Quick(sort) smaller elements */
if (end > down+1)/* Is there at least one element right of pivot? */
quicksort_body(x, down+1, end); /* Quick(sort) larger elements */

void swapd(double *a, double *b) /* Just exchange two doubles */
{ double temp;

temp = *a;

*3 = *p;

*b = temp; }

% gcc -o sorting sorting.c

% ./sorting b 30

Random numbers

0.1914 0.8545 0.6266 0.4347 0.0597 0.1278 0.1717 0.9190 0.8703 0.5835
0.5544 0.2181 0.4099 0.3580 0.7294 0.7789 0.1550 0.3378 0.4779 0.8070
0.2298 0.0863 0.6197 0.7538 0.2502 0.4336 0.5880 0.5354 0.6012 0.6745

o
o

Sorting by bubblesort

0.0597 0.0863 0.1278 0.1550 0.1717 0.1914 0.2181 0.2298 0.2502 0.3378
0.3580 0.4099 0.4336 0.4347 0.4779 0.5354 0.5544 0.5835 0.5880 0.6012
0.6197 0.6266 0.6745 0.7294 0.7538 0.7789 0.8070 0.8545 0.8703 0.9190

o

Time: 0.00 secs

% ./sorting s 30

Random numbers

0.1520 0.1810 0.6908 0.9386 0.9103 0.1460 0.6984 0.2948 0.5047 0.7014
0.2916 0.7622 0.9437 0.1535 0.0158 0.2708 0.6973 0.9403 0.3101 0.8563

8/16



Ewcaywyn otov IIpoypoppatiopd

To€vopnon kot avalntnon

0.0342 0.6943 0.6948 0.5267 0.4925

Sorting by selectsort

0.0146 0.0158 0.0342 0.1460 0.1520
0.3101 0.4250 0.4925 0.5047 0.5267
0.7014 0.7622 0.8265 0.8563 0.9103

o

Time: 0.00 secs

% ./sorting i 30

Random numbers

0.1593 0.5741 0.8110 0.1777 0.4501
0.8593 0.8994 0.7509 0.0171 0.4619
0.5480 0.8230 0.6144 0.6332 0.5996

o

Sorting by insertsort

0.0171 0.1461 0.1593 0.1611 0.1777
0.5480 0.5684 0.5741 0.5996 0.6144
0.7922 0.7962 0.8110 0.8230 0.8593

o

Time: 0.00 secs

% ./sorting q 30

Random numbers

0.1687 0.4653 0.4296 0.9194 0.4879
0.9253 0.5324 0.5617 0.8795 0.9027
0.5537 0.9557 0.0353 0.7299 0.2103

o

Sorting by quicksort

0.0162 0.0353 0.1232 0.1340 0.1454
0.3863 0.4183 0.4263 0.4296 0.4653
0.7057 0.7299 0.7409 0.7720 0.7844

Time: 0.00 secs
%

% hostname

linux29

% ./sorting b 20000 2016 | tail -4
0.9987 0.9987 0.9987 0.9987 0.9987
0.9992 0.9992 0.9992 0.9992 0.9993

Time: 2.07 secs

% ./sorting b 50000 2016 | tail -4
0.9994 0.9994 0.9994 0.9994 0.9994
0.9995 0.9995 0.9996 0.9996 0.9997

.9227 0.

.1535 0.
.6908 0.
.9225 0.

.6941 0.
.9863 0.
.2770 0.

.2770 0.
.6332 0.
.8614 0.

.2398 0.
.7057 0.
.1340 0.

.1687 0.
.4879 0.
.8795 0.

.9988 0.
.9993 0.

.9994 0.
.9997 0
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8265

1810
6943
9227

7238
9694
3051

2945
6941
8994

2521
7409
7720

2103
5324
9027

9988
9993

9994
.9998

.4250

.2708
.6948
.9386

.8614
.7962
.2945

.3051
.7232
.9694

.4263
. 1454
.6671

.2188
.5537
.9194

.9989
.9995

.9995
.9999

.2916
.6973
.9403

. 1461
L1611
.5684

.4501
.7238
.9863

.7844
.0162
.2188

.2398
.5617
.9253

.9991
.9996

.9995
.9999

o

o

o

o

.9225 0.0146

.2948
.6984
.9437

.7922
.9896
.7232

.4619
.7509
.9896

.3863
.1232
.4183

.2521
.6671
.9557

.9991
.0000

.9995
.0000
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Time: 12.87 secs

% ./sorting s 20000 2016 | tail -4

0.9987 0.9987 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9991 0.9991
0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 0.9993 0.9995 0.9996 1.0000

Time: 0.78 secs

% ./sorting s 50000 2016 | tail -4

0.9994 0.9994 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
0.9995 0.9995 0.9996 0.9996 0.9997 0.9997 0.9998 0.9999 0.9999 1.0000

Time: 4.85 secs

% ./sorting i 20000 2016 | tail -4

0.9987 0.9987 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9991 0.9991
0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 0.9993 0.9995 0.9996 1.0000

Time: 1.02 secs

% ./sorting i 50000 2016 | tail -4

0.9994 0.9994 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
0.9995 0.9995 0.9996 0.9996 0.9997 0.9997 0.9998 0.9999 0.9999 1.0000

Time: 6.36 secs

% ./sorting q 20000 2016 | tail -4

0.9987 0.9987 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9991 0.9991
0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 0.9993 0.9995 0.9996 1.0000

Time: 0.01 secs

% ./sorting q 50000 2016 | tail -4

0.9994 0.9994 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
0.9995 0.9995 0.9996 0.9996 0.9997 0.9997 0.9998 0.9999 0.9999 1.0000

Time: 0.01 secs

% ./sorting q 3000000 2016 | tail -4

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Time: 0.84 secs
%

Avalntnon ot mivakeg

« TToAAég popég éxouvpe éva tivako artd otoyeia (aptBpovg, cvpforocelpég, oTidnmorte) kot
BéAovpe var dolpe av évar CLYKEKPLUEVO GTOLYELO, LOLOL TOTTOV e AVTA TOVL TLVOKA, KVTJKEL
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otov mivaka. H Stadicacio avtry Aéyetan avalnnon.

+ O ammhovotepog TPOTOG Vo K&voupe avalhtnon o éva mivaka eivon pe tn Aeyopevn
oelplakn oavalntnor. AloTpéXOLpe Ta GTOLXElX TOL Tivaka, éva TTPOG €va, PEXPL VU
Bpovpe o oToLyelo mov Yy voupe, ov To BPovpe TEALKA.

« Av o mivakag eivar peydhog, 1 oetplakt avalntnon propet va eivat oAb ypovofopa. Av
OHWG TOELVOUTGOVHE TOV TIVOKX, €0TW 68 ADEOVC GELPA, HTTOPOVHE VO EPUPUOCOVHE Hict
OO Ty Utepn pébodo, tn dvadikr avalrtnon.

« Me ) dvadikn} avalrtnor, ocvykpivouvpe to oTotyelo ov Yhyvoupe pe to peoaio (1 éva
arnd T S0 pecain) 6ToLXelo TOL Tivoka. Av CUNTITTEL, OTOPATANE TNV AvalHTNoT APOD
T0 otolyelo Ppédnke. Av OxL, GTNV TEPIMTWOT TOL TO GTOLYELO TTPONYELTAL TOVL Heoaiov,
Yty voupe var To PPOUHE GTO TPOTO PLGO TOL TTIVaKa. AV €TTETOL TOV PHEGALOV, TO YAYVOUE
oto devtepo piod. H avalntnon otov katdAAnAo vromivoka yivetol pe Tov ido tpomo,
OLYKPLVOVTOG TO GTOLYELO e TO Pecaio TOL LITOTTiVOK Korl 1) StadLkacion suveyilel pe v TOV
ToV TPOTO, PEXPLS OTOV eite va Ppebel To aToLyElo eite vor 9TAGOUVHE € KEVO LITOTLVAKAL.

« Tloteg eivou oL oAvmAokOTNTEG TV PE®OSWV; !

Mé6odor avalninong

/* File: searching.c */
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>

void heapsort(int, char **);

void heapify(char **, int, int);

int seqgsearch(char *, int, char **);
int binsearch(char *, int, char *#*);
void swapwords(char *#*, char *%*);

int main(int argc, char *argv[])

{ int k = 0; /* Counter of words that will be read */
int nmax = 1000; /* Default maximum number of words to read */
double sttime, endtime;
char search = 's°'; /* Default is sequential search */

char **words, *arg, buf[81];
while (--argc) {
arg = *++argv;

if (!strcmp(arg, "-max")) { /* Get maximum number */

if (argc > 1 && --argc) /* of words to read */
nmax = atoi(*++argv); }

else if (!strcmp(arg, "-seq")) /* Select sequential search */

'O(n) xou O(log n), yux ) oetpokr ko ) dvadikr avalrtnon, avricTowya.
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search = 's';
else if (!strcmp(arg, "-bin")) /* Select binary search */
search = 'b';
else if (!strcmp(arg, "-words")) { /* Give words to search for */
argc--;
break; } }
argv++; /* Allocate memory to store addresses of words to read */
if ((words = malloc(nmax * sizeof(char *))) == NULL) {

fprintf(stderr, "Not enough memory\n");
return 1; }
while (k < nmax && scanf("%80s", buf) != EOF) {
/* Read words until EOF or maximum number reached and */
/* allocate memory to store them */
if ((words[k] = malloc((strlen(buf)+1) * sizeof(char))) == NULL) {
fprintf(stderr, "Not enough memory\n");
return 2; }

strcpy(words[k++], buf); } /* Store word read */
if (search == 'b") /* If binary search selected */
heapsort(k, words); /* sort words via the heapsort method */

sttime = ((double) clock())/CLOCKS_PER_SEC; /* Search start time */
while (argc--) {

arg = *argv++;

switch (search) {

case 's': /* The sequential search case */
printf("%sfound %s\n",
seqsearch(arg, k, words) ? " " ¢ "not ", arg);
break;
case 'b': /* The binary search case */

printf("%sfound %s\n",
binsearch(arg, k, words) ? "
break; } }
endtime = ((double) clock())/CLOCKS_PER_SEC; /* Search end time */
printf("Searching time is %.2f seconds\n", endtime-sttime);
return 0; }

not ", arg);

void heapsort(int n, char **x)

{ int 1i;
for (i=(n/2)-1 ; i >=0 ; i--) /* Transform array to a heap */
/* A heap is an implicit binary tree where each node is not smaller */
heapify(x, i, n-1); /* than its immediate successors */
for (i=n-1 ; i >= 1 ; i--) {/* Move heap root to bottom rightmost */
swapwords (&x[0], &x[1]); /* position not already settled and */

heapify(x, 0, i-1); }/*transform to a heap the rest of the tree */
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}
void heapify(char **x, int root, int bottom)
{ int maxchild; /* Transform to a heap the subtree starting at root */
/* up to element bottom */

while (2*root < bottom) { /* Do we have still work to do? */
if (2*root+1 == bottom) /* If left child is last to consider */
maxchild = 2*root+1; /* this is the maximum child */
else if (strcmp(x[2*root+1], x[2*root+2]) > 0) /* Otherwise */
maxchild = 2*root+1; /* select maximum between left */
else
maxchild = 2*root+2; /* and right child of root */
if (strcmp(x[maxchild], x[root]) > 0) {/* Compare maximum child */
swapwords (&x[maxchild], &x[root]); /* with root and swap */
root = maxchild; } /* accordingly, defining also the new root */
else
break; } } /* OK, we made our heap */

int seqsearch(char *w, int n, char **x)

{ int 1i;
for (i=0 ; i < n ; i++)
if (!stremp(w, x[1])) /* So simple, what to comment here! */
return 1;

return 0; }

int binsearch(char *w, int n, char **x)
{ int cond, low, high, mid;

low = 0; /* Lower limit for searching */
high = n-1; /* Upper limit for searching */
while (low <= high) { /* Do we have space for searching? */

mid = (low+thigh)/2; /* Medium element of search interval */

/* to compare with word we are looking for */
if ((cond = strcmp(w, x[mid])) < 0) /* Compare medium to word */

high = mid-1; /* Not found, word might be at first half */
else if (cond > 0)
low = mid+1; /* Not found, word might be at second half */
else return 1; } /* We found it! */
return 0; } /* Sorry, word not found */

void swapwords(char **w1, char **w2)

{ char *temp; /* The well-known swap function for the strings case */
temp = *wil;
*wl = *w2;
*w2 = temp; }
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% gcc -o searching searching.c

% cat test_words.txt

Hello there! How are you?

Hello!!! I am fine. What about you? Are you OK?

Yes, I am fine. Thank you.

% ./searching -seq -max 50 -words you word fine I < test_words.txt

found
not found
not found
found
Searching

you
word

fine

I

time is 0.00 seconds

% ./searching -bin -max 50 -words you word fine I < test_words.txt

found
not found
not found
found
Searching

you
word

fine

I

time is 0.00 seconds

% ./searching -bin -max 12 -words you word fine I < test_words.txt

not found
not found
not found

found
Searching

you
word

fine

I

time is 0.00 seconds

% wc -w /usr/share/dict/words

234937 /usr/share/dict/words

% ./searching -seq -max 240000 \

? -words “cat KRExcerpt.txt' < /usr/share/dict/words | tail

found
found
found
found
not found
found
found
found
not found
Searching

well

to

write

major

programs

in

many

different

domains.

time is 0.08 seconds

% ./searching -bin -max 240000 \
? -words “cat KRExcerpt.txt' < /usr/share/dict/words | tail

found
found
found
found

well
to
write
major
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not found programs
found in
found many
found different
not found domains.
Searching time is 0.00 seconds
%

% hostname

linux29

% wc -w big.txt

1095695 big.txt

% ./searching -seq -max 1100000 \

? -words “cat KRExcerpt.txt® < big.txt | tail -6
found programs
found in

found many
found different
not found domains.
Searching time is 0.14 seconds
% ./searching -bin -max 1100000 \

? -words “cat KRExcerpt.txt' < big.txt | tail -6
found programs
found in

found many
found different
not found domains.
Searching time is 0.00 seconds
% ./searching -bin -max 1100000 \

? -words “head -180000 /usr/share/dict/words”™ < big.txt \

? | grep 'not found' | wc -1
167331

% ./searching -bin -max 1100000 \

? -words “head -180000 /usr/share/dict/words’ < big.txt \

? | grep ' found' | wc -1
12669

% ./searching -bin -max 1100000 \

? -words “head -20000 /usr/share/dict/words’™ < big.txt \

? | grep 'Searching time'

Searching time is 0.01 seconds

% ./searching -seq -max 1100000 \

? -words “head -20000 /usr/share/dict/words”™ < big.txt \

? | grep 'Searching time'
Searching time is 209.13 seconds
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