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Tagwounorn mwvaxwyv

o Trdpyouv ddypopec pedodol, dAhec AyoTEQO, GAAES
TEPLOCOTERO AMODOTIXES, YLA TNV TUELVOUNOT TV CTOLYElWY

EVOC TvoxaL.

o H talvounomn evoc mivaxa €yel vonua 6tay uTdpyet pio
oy€or ddtaEng 0To cUVOAO and To OTolo TAEVOUY TWES T
ototyela tou mivoxa. o aprdpolc (axépotouc f xivnthc
UTOBLAOTOATC) €Y oupe TNV optduntixy| SLdtaln, yio
cuyforoocelpec TNy alpofntixy. Lo dAhouc TOTOUC
0edoUEVWY, TEETEL Vo Exel oploVel capac 1 oyéorn ddTaéng.
I mopddetyua, dLdtaln uetald douy pumopel va oplotel pe
Baomn TN diataln we meog Eva HENOC-HAELWDL TNC douNC
(aprduntid ¥ ouyPohoocelpd).

® XIT1N CLVEYELX, OL ahyopLuoL, To TopadelyoTaL Xat ToL
TEOYPAUUATA IOV TAEOLCLALOVTOL GTOYEVOUY OTNV
T LVOUNON TVAXWY, o adouoa Oelpd, e ototyelo Tou elvou

Tpayuatixol opriuol dimAYc axplBeloc.

o Ot yédodol Tadivounone unopodyv vo Tpocoprocoly eUXOA
XOL Y10l TEPLTTWOELS SAAWY LOVOOLICTATWY DOUMY DEDOUEVWLY,

YO TORADELY U CUVOEDEUEVWY AOTOV.
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‘Eva O€ua mou €xel YEVIXOTEPO EVOLAPEROY GTOUC
ahyoplduoug elvon 0 Ypdvoc Tou YEElECETOL YLd TNV EXTEAECT
Toug, avdhoya ue to Yéyedoc TN €L.00d0u Toug. Autod
EXPEACETOL UE TNV TOAUTAOXOTNTA Y eOVoL Touc. O pedodol
TOELVOUNONS EYOUV BLAPOPEC TOAUTTAOXOTNTES YPOVOUL, Ol

OTIOLEC AVTUVAXAODY TNV ATOOOTIXOTNTE TOUC.

[l var exppdoouye TNV TOAUTAOXOTN T €VOC ahyoplduou,
cuvniwe yenotuorowovue Tov cuufoiioud O. ‘Otav 7
eloodoc evoc ahyoplduou €yel péyedoc n (Yo TopddeLYUo TO
tARboc Twv oTolyelwy evoc Tivaxa mou YEAoLE va
TalVoUooUKE), AEYOVTOSC OTL 1] TOAUTAOXOTNTA YEOVOL TOU
ahyoplduou etvaw O(f(n)), evvoolue 6TL 0 YpdOVOC EXTENECTC
tou, T'(n), dev €yel peyahltepo pUIUS alEnong and aTdV
e ouvdptnone f(n), 6co avdver To n. Anhady undpyouv
C' xow ng tétow wote T'(n) < C - f(n) v xdde n > ng.

[t mapdderypa, N TOAUTAOXOTNTA TOU AAYORUOU YL TNV
ebpeon e weong e n aptduy eivar O(n), eved
TOAUTTAOXOTNTA TOU AAYORIIUOU XATACKEVHC EVOC UOYLXOU

TeTpoyMVou N X m ebvon O(n?).

2JE OPLOUEVES TEQLTTWOELS, 1| XPOVIXY| AMOBOCT) EVOC
ahyoplduou yia elcodo peyedoug n eCapTdTol Xau Ao TO
TOLAL ELVOIL 1) CUYXEXPWEVT €l00B0C. 2TIC TEPLTTWOELS AUTEC,
UTOPOUVUE VO AVUPEPOUACTE OTNV TOAUTAOXOTNTA YEIPLOTNG
nepintwone (Y Ty mo “dvoxoin” elcodo) N ot wéon
TOAUTAOXOTNTA (€O TN amddoone Yio OAeC TiC TiavES

el06d0UC).



162

e H uédooos tng guoalioag

20yxptve (EuYdpLor BLIBOYIXWY OTOLYEIWY, A0 XATW
TEOC TAl ETMAVW, %o OTay Peloxelc Vo mou Bev elval
o1 oWOoTY oelpd, avtiuetdleoe to. Metd and to
TEWTO TEPACUA, TEWTO oTolyelo Vo elvon To UwixpdTERO
Ohwv. Kdve xou devtepo mépaoua, yio Tor oTolyeia and
TO OE0TEPO XU UETA, OTOTE €ToL Vo EADeL xou TO
0eLTEPO XAt OoeLRd 0T Véon Tou. Metd and n—1

TEQACHUATO CUVOALXE, 0 Tivaxag Yo €xel Tadivounuet.

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

8 1 5 5 5 9 5 7
, ) )

1 8 8 8 3 5 9 8
D ) ) )

3 3 3 3 8 8 8 8
D ) ) )

8 8 8 8 8 8 8 9

noAvnhoxdtnta O(n?)

I'aw :=1,2,...,n—1
I'aw j=n—-1,n-2,...,1
Av z;_1 > x; TOTE

Avtigetdieoe 21 o z;
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o H pébodog tng emAoyng
Beec 1o uxpdTepo amd dha o oTolyElo o
AVTLUETAVEGE TO UE TO TPpWTO. Bpec to uxpdTtepo and
TOL UTOAOLTOL X Ol OVTLLETAVETE TO YE TO BeUTEPO. Metd
and n—1 emhoyéc xou avIleTadESEIC GUVOALXA, O

Tivoxog Yo €yel to&vourndet.

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 D 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 D 9 8
8 8 8 8 8 8 8 8 8 D 9

noAvmhoxétnta O(n?)

I'iow 1 =1,2,...,n—1
min = 1—1
I'aw 7 =14,1+1, ..., n—1
Av z; < Tpyin TOTE
min = j

Avtwetadeoe x;_1 XU Tynin
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o H néodos tng ewoaywyns
Tonodétnoe 1o deltepO oTOLYElD TPLY 7| UETA TO
TEWTO WOTE Vo elval 011 owoTy| oelpd. Tonodetnoe
10 Tpito 01N cwoTY Yéon ota HON TaELVouNUEVL
TeWTO %ol d0edTEPO. Metd TonoleTnoe To T€TUpTO GTU
tela mpdta. Metd and n—1 cloaywyec cuVOAXA, O

mivoxag Yo €yl Toivoundetl.

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

noAvnhoxdtnta O(n?)

I'aw :=1,2,...,n—1
j=1—1
Evoow j > 0 xow z; > x4
Avtipetddeoe z; xou 41

j=i-1
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o H ypryopn pedooog
Me Bdon to mpdTo oTolYElD GAY 0ONYO, YWELOE TOV
mivaxa oe 800 dAhoug, Evay Tou TEpLEyEL oTolyEela
UXQEOTEEA 1) (OO UE TOV 0ONYO X EVAY UE UEYUAUTERA
N loa. Tagwvounoe Toug 800 aUTOVUE TUVAXES YE TNV
(Btot uédodo avadpoulnd (e@” 660V EY0UY TOUNAYLGTOY
dVo otolyela), ondTe To TEAXO anotélecya elval 1)
TaeddeoT] TWV TAEVOUNUEVLY AUTMY TIVAXWY UE

evOLaueoT) TopeUBoAY| Tou 0d1 Yo cTolyelou.

6| 6 3 3 3 3 3 3 3 3 o3 1
3 3| ¢ 3 3 3 3 3 3 3 3 3 2
7 7 7] w7 | o6 1 1 1 1 1 1 3
2 2 2 2 2| %2 2 2 2 2 2 3
9 9 9 9 9 9| 9| 6| 46 5 %5 5
5 5 5 5 5 5 5 5| «5| 36 6 6
8 8 8 8 8 8 8| —» 8 8 8 48 7
1 1 1 1| +1| 6| s 9 9 9 9 8
3| %3 6| 6 7 7 7 7 7 7 7 8
8 8 8 8 8 8 8 8 8 8 -+ 8 9

uéom mohumhoxotnta O(nlogn)
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Juvdetnon qs(z, up, down)
start = up
end = down
Evoocw up < down
Evoow Taoun = Tup xor up < down
down = down—1
Av up # down tToTe
Avtigetdieoe Typ XU Tdown
up = up+1
Evoow z,p < Taown nxo up < down
up = up+1
Av up # down tTote
Avtigetdieoe Typ XU Tdown
down = douwn—1
Av start < up—1 tToze
Kdheoe ¢s(z, start, up—1)
Av end > down+1 tote

KdAeoe gs(z, down+1, end)

[N vo Tagvoprioovye Tov mivaxo ¢ mou €yel n otoiyela, Yo

mpénel va xohéoouvpe gs(z, 0, n—1).

o ‘Alec pédodol ta&vounonc
— H pédodoc tou owpov, O(nlogn)
— H pédodoc tne ouyydvevone, O(nlogn)
— H uédodoc tou Shell, O(n?) (ceh. 94 [KR])



MegUdooor Tagvounoneg

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

void
void
void
void
void
void

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

int main(int argc, char *argvl[])
{ char method = ’b’, *name; /* Default sorting method is bubblesort

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:

b
if

printf ("Sorry, no such method\n");
return 1;

/* Allocate memory for the array
((x = malloc(n * sizeof(double))) == NULL) {

printf ("Sorry, not enough memory\n");

return 1; }

*/
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srand((unsigned int) seed); /* Initialize random number generator

for (i=0 ; i < n ; i++) /* Generate double floating point numbers
x[i] = ((double) rand())/RAND_MAX;

printf ("Random numbers\n") ;

for (i=0 ; i < n ; i++) {
printf("%6.4f ", x[i]); /* 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
(xfun) (n, x); /* Call sorting method
endtime = ((double) clock())/CLOCKS_PER_SEC; /* Again CPU time

/* Difference endtime-sttime should be
/* CPU time consumed for sorting
for (i=0 ; i < n ; i++) {
printf("%6.4f ", x[i]); /* 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 0;

void bubblesort(int n, double *x)
{ int i, j;
for (i=1 ; i <= n-1 ; i++) /* Bring appropriate element,
/* that is the bubble, to place i-1
for (j=n-1 ; j >=1i ; j--)
if (x[j-11 > x[jD) /* Compare pairwise from bottom to top
swapd (&x[j-11, &x[jl1); /* and swap if needed

void selectsort(int n, double *x)
{ int i, j, min;
for (i=1 ; i <= n-1 ; i++) {
min = i-1; /* Let current minimum be the i-1 element
for (j=i ; 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], &x[min]); } /* Exchange minimum with i-1 element
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void insertsort(int n, double *x)

{ int i, 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]) {/* 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 O to position n-1 */

void quicksort_body(double *x, int up, int down)
{ int start, end;

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 */
+} /* 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+l, end); /* Quick(sort) larger elements */

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

temp = *a;

*a = xb;

*b

I
o+
)
8
)
-
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% gcc -o sorting sorting.c

% ./sorting b 30

Random numbers

0.0042 0.5007 0.7934 0.6552 0.1657 0.4608 0.4483 0.8092 0.9619 0.8410
0.9418 0.2471 0.0817 0.5173 0.8151 0.7938 0.7822 0.3956 0.0024 0.5245
0.4452 0.0439 0.3564 0.3848 0.2205 0.4797 0.9918 0.0122 0.5947 0.0798

o O
O O
[eNe)
[eNe)
[eNe)

Sorting by bubblesort

0.0024 0.0042 0.0122 0.0439 0.0798 0.0817 0.1657 0.2205 0.2471 0.3564
0.3848 0.3956 0.4452 0.4483 0.4608 0.4797 0.5007 0.5173 0.5245 0.5947
0.6552 0.7822 0.7934 0.7938 0.8092 0.8151 0.8410 0.9418 0.9619 0.9918

o
o
o
o
o

o
(@]
(@]
(@]
(@)
(@]

Time: 0.00 secs

% ./sorting s 30

Random numbers

0.2815 0.9125 0.8701 0.8467 0.9830 0.5640 0.6997 0.2883 0.4582 0.2020
0.1361 0.5284 0.1718 0.9225 0.6132 0.7087 0.3395 0.3136 0.0601 0.3492
0.3944 0.0827 0.7881 0.3528 0.5681 0.2434 0.4778 0.8673 0.9319 0.3323

(@]
(@]
o
(@]
(@]

o

Sorting by selectsort

0.0601 0.0827 0.1361 0.1718 0.2020 0.2434 0.2815 0.2883 0.3136 0.3323
0.3395 0.3492 0.3528 0.3944 0.4582 0.4778 0.5284 0.5640 0.5681 0.6132
0.6997 0.7087 0.7881 0.8467 0.8673 0.8701 0.9125 0.9225 0.9319 0.9830

o
o
o
o
o

(@]
o
(@]
(@]
(@]
o

Time: 0.00 secs

% ./sorting i 30

Random numbers

0.3092 0.9536 0.8778 0.5658 0.6647
0.5555 0.6565 0.3809 0.0630 0.2930 0.2002 0.8953
0.7893 0.8866 0.6313 0.5496 0.3029 0.4197 0.6265

(@]
o
o

.8744 0.1248 0.5362 0.7079 0.9381
.0054 0.6659 0.8317
.2528 0.6657 0.5576

[eNe)
(@]

Sorting by insertsort

0.0054 0.0630 0.1248 0.2002 0.2528 0.2930 0.3029 0.3092 0.3809 0.4197
0.5362 0.5496 0.5555 0.5576 0.5658 0.6265 0.6313 0.6565 0.6647 0.6657
0.6659 0.7079 0.7893 0.8317 0.8744 0.8778 0.8866 0.8953 0.9381 0.9536

[eNe)
[oNe)
o O
[eNe)
[eNe)
[eoNe)

Time: 0.00 secs

% ./sorting q 30

Random numbers

0.8508 0.5154 0.8893 0.1445 0.1872 0.8399 0.7625 0.4081 0.0823 0.5423
0.6847 0.3487 0.6944 0.2738 0.3127 0.4374 0.2289 0.5431 0.5745 0.5554
0.3817 0.5924 0.3961 0.3448 0.4051 0.1843 0.8494 0.3310 0.2662 0.3955

(@]

Sorting by quicksort

0.0823 0.1445 0.1843 0.1872 0.2289 0.2662 0.2738 0.3127 0.3310 0.3448
0.3487 0.3817 0.3955 0.3961 0.4051 0.4081 0.4374 0.5154 0.5423 0.5431
0.5554 0.5745 0.5924 0.6847 0.6944 0.7625 0.8399 0.8494 0.8508 0.8893

o
o

o
(@]

Time: 0.00 secs

h
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% hostname

iokasti

% ./sorting b 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 2.25 secs

% ./sorting b 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995
0.9997 0.9997 0.9997 0.9998 0.9998

Time: 20.47 secs

% ./sorting s 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 1.17 secs

% ./sorting s 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995
0.9997 0.9997 0.9997 0.9998 0.9998

Time: 11.89 secs

% ./sorting i 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 1.59 secs

% ./sorting i 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995
0.9997 0.9997 0.9997 0.9998 0.9998

Time: 14.23 secs

% ./sorting q 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985
0.9990 0.9994 0.9994 0.9995 0.9995

Time: 0.00 secs

% ./sorting q 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995

Time: 0.02 secs

% ./sorting q 100000 2006 | tail -4
0.9998 0.9998 0.9998 0.9998 0.9998 0.
0.9999 0.9999 0.9999 0.9999 1.0000 1.

Time: 0.09 secs

h

o

(@]

o O

o o

[oNe)

o

0.
0.9997 0.9997 0.9997 0.9998 0.9998 0.

.9986
.9996

.9995
.9999

.9986
.9996

.9995
.9999

.9986
.9996

.9995
.9999

.9986
.9996

9995
9999

9998
0000

o

(@]

o

o

o

o

o

o

.9987
.9996

.9995
.9999

.9987
.9996

.9995
.9999

.9987
.9996

.9995
.9999

.9987
.9996

.9995
.9999

.9999
.0000

(@]

(@]

(@]

o

(@]

o

.9988
.9997

.9996
.9999

.9988
.9997

.9996
.9999

.9988
.9997

.9996
.9999

.9988
.9997

.9996
.9999

.9999
.0000

(@]

(@)

[eNe)

o O

[eNe)

o

.9989
.9998

.9996
.9999

.9989
.9998

.9996
.9999

.9989
.9998

.9996
.9999

.9989
.9998

.9996
.9999

.9999
.0000

o

[eNe)

[N

[eNe)

.9989
.9999

.9997
.0000

.9989
.9999

.9997
.0000

.9989
.9999

.9997
.0000

.9989
.9999

.9997
.0000

.9999
.0000
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AvalAtnorn oe nivaxeg

o Ilolhéc popéc €youue éva mivoxa and otouyela (apripoie,
oupBolooelpéc, oTwdnrote) xou Yéhouue v dovue av Eva
CLYXEXPWEVO oTolYElo, (Blou TOTOL Pe AUTA Tou TTivoxa,

avixel otov mivoxa. H dwoduxcaoio auth Aéyeton avalitnon.

e O amholoTepog TEOTOC Var xdvoupe avalhtnon o éva Tivoxa
elvow pe tn Aeyouevr oelploxny avalitnor. AloTpeyouue o
ototyelo Tou mivoxa, éva mpog €va, peyet va Bpodue to

otouyelo mou ddyvouue, av to Bpolue TEAXA.

e Av o mivaxag elvon yeydrog, n octploxy| avalitnon uropel va
elvon TOAD ypovofBopa. Av opne tadivouricoupue tov Tivaxa,
€0Tw oc AOEoVoU OELEd, UTOPOUUE VO EQUOUOCOVUE Uia TOAD
TaryUTEEN HEYO0DO, TN Buadxy| avalTnom.

o Me 11 duaduy| avaltnor, cuyxpivouue to otolyelo Tou
by vouue pe to peoaio (1 éva amd to dVo peoala) otolyelo
Tou Tivaxa. Av cuunintel, otapataue TV ovalATNoY Apou
t0 otowyelo Begdnxe. Av oy, otny nepintwon mou To
otouyelo mpornyeltar Tou Yecaiov, Yayvouue va to Bpolue
0TO TEWTO Uo6 Tou Thvaxa. Av énetal Tou Yecaiov, To
bdyvouue oto deltepo wod. H avalhtnon otov xatdAAnio
unonivaxa yivetar e tov {dlo TpdTo, cuyxplvovtoac To
otolyelo Ye To uecalo Tou UTOTVaXL XL 1) BLadLXAC AL
cuvey(Cel Ue AUTOV TOV TpoOTO, UEYPLC OTou elte va Bpeldel To

ctolyelo elte va pTdoouue o xevo unomivaxa.

o Ilotec elvon oL TohumhoxOTNTES TWV YEVOOWY; *

“O(n) xan O(logn), yia T oetptonen xow T duadix avalhtnor, avtioToiya.



MegUooor avalAtnong

/* File:
#include
#include
#include
#include

searching.c */
<stdio.h>
<stdlib.h>
<string.h>
<time.h>

void heapsort(int, char *x*);

void heapify(char **, int, int);
int seqsearch(char *, int, char *x*);
int binsearch(char *, int, char *x*);
void swapwords(char **, char *x);

int main(int argc, char *argvl[])
0; /* Counter of words that will be read
/* Default maximum number of words to read

{ int k =
int nmax = 1000;

double

sttime, endtime;

char search = ’s’;
char **words, *arg, buf[81];
while (--argc) {

arg =
if (!strcmp(arg, "-max")) {

if

else if (!strcmp(arg, "-seq"))

*x++argv;

(argc > 1 && --argc)

nmax = atoi(x++argv); }

search = ’s’;

else if (!strcmp(arg, "-bin"))

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; }

/* Default is sequential search

/* Get maximum number
/* of words to read

/* Select sequential search

/* Select binary search
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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 x*/
while (argc—-) {

arg = *argv++;

switch (search) {

case ’s’: /* The sequential search case */
printf ("%sfound %s\n",
seqsearch(arg, k, words) 7 " " : "not ", arg);
break;
case ’b’: /* The binary search case */
printf ("%sfound %s\n",
binsearch(arg, k, words) 7 " " : "not ", arg);
break; } }

endtime = ((double) clock())/CLOCKS_PER_SEC; /* Search end time */
printf("Searching time is %.2f seconds\n", endtime-sttime);

return O; }

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 ; 1 >= 1 ; i--) {/* Move heap root to bottom rightmost */
swapwords (&x[0], &x[i]); /* position not already settled and */

heapify(x, 0, i-1); }/*transform to a heap the rest of the tree */



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*xroot+1; /* this is the maximum child
else if (strcmp(x[2*root+1], x[2*root+2]) > 0) /* Otherwise
maxchild = 2%xroot+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; } } /* 0K, we made our heap

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

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

return O0; }

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

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

mid = (low+high)/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 **wl, char **w2)

{ char *temp; /* The well-known swap function for the strings case
temp = *wl;
*wl = *w2;

*w2 = temp; }
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% gcc -o searching searching.c
% cat test_words.txt
Hello there! How are you?
Hello!!! T 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 you
not found word
not found fine
found I
Searching time is 0.00 seconds
% ./searching -bin -max 50 -words you word fine I < test_words.txt
found you
not found word
not found fine
found I
Searching time is 0.00 seconds
% ./searching -bin -max 12 -words you word fine I < test_words.txt
not found you
not found word
not found fine
found I
Searching time is 0.00 seconds
% wc -w /usr/dict/words
25143 /usr/dict/words
% ./searching -seq -max 26000 \
? -words ‘cat KRExcerpt.txt‘ < /usr/dict/words | tail
found well
found to
found write
found major
not found programs
found in
found many
found different
not found domains.
Searching time is 0.06 seconds
% ./searching -bin -max 26000 \
? -words ‘cat KRExcerpt.txt‘ < /usr/dict/words | tail
found well
found to
found write
found major
not found programs
found in
found many
found different
not found domains.
Searching time is 0.00 seconds

h
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% hostname
iokasti

% wc -w large_

file.txt

263901 large_file.txt

% ./searching
?

-seq -max 300000 \
-words ‘cat KRExcerpt.txt‘ <

found programs

found in

found many

found different
not found domains.
Searching time is 0.23 seconds

% ./searching
?

-bin -max 300000 \
-words ‘cat KRExcerpt.txt‘ <

found programs

found in

found many

found different
not found domains.
Searching time is 0.00 seconds

% ./searching

23606
% ./searching

1537
% ./searching
?
?

-bin -max 300000 \
-words ‘cat /usr/dict/words‘

-bin -max 300000 \
-words ‘cat /usr/dict/words‘

-bin -max 300000 \
-words ‘cat /usr/dict/words‘

Searching time is 0.04 seconds

% ./searching
?
?

-seq -max 300000 \
-words ‘cat /usr/dict/words‘

Searching time is 468.75 seconds

h

large_file.txt | tail -6

large_file.txt | tail -6

< large_file.txt \
| grep ’not found’ | wc -1

< large_file.txt \
| grep °’ found’ | wc -1

< large_file.txt \
| grep ’Searching time’

< large_file.txt \
| grep ’Searching time’




‘Eva npoypappa C npenel va lvo ...

. owoTo. llpogavac! pdypopua mou divel Addoc

anoTeAECUOTA TEETEL Vo dlopUwiel.

. amodoTixd. Ta npoypduuato TEENEL Vo Blvouy Ta
ATOTEAEOUATE TOUS UECA GE EDAOYO YPOVIXO DLACTNUAL.
BéBowa, 0 oplopdc Tou “eVAoYOL” TOLXIAEL OVAAOY PE TNV
Tep(nTWOoT xou T oLVIxeS. e xdde meplnTwor), Yo TEEnel
Vot TEOoTOVUE TO TEOYRAUUS UAC VO EYEL TN MEYLOTN
ouvaty| anddoor. Emiong, Yo mpenel vor eA€yyouue
CUUTEPLPORA TOU XL YLO, TLHAVOC AcUVAIOTA, LEYAAES
elooooue. Ildvtwe, éva mpdypauua Tou YewenTixd XAmoLo
oTiyun Ya teppatiost, ohAd unopel vor unv Colpe yio Vo To
doLue, dev €xel mpaxTixn adia.

... eVpwoTo. Acv Tpénel To TEdYEauUa Vo Bydlel Adin

EXTENEOTC, OTOLAONTOTE X v efval 1) El0ODOC TTOU DEYTNXE.

Aev apXEel VO CUUTEPLPERETOL OUOAS LOVO YLAL TLC

AVOUEVOUEVES ELGOOOUC.

. TeExuneltwwevo. H texunploon cuviotatar oTny Xal
ETULAOYY) OVOUATWV UETOPANTOV, CUVIRTACEWY, XAT., XOOS
xou oTny npooIxn oyohiwyv. H texunplwon mpenet va elvou
TOOT) 60T YEELACETOL YLOL VAL XAVEL TO TEOYQAUUUO XUTAVONTO.

O0te AyoTepT), AN OUTE XU TIEPLOCOTERT).

. evavayvwoTo. llpénel va €yel ouveny| otolyion, vo
ATOPEVYOVTAL YRAUUES UE TEPLOCOTEPOUC anto 80
YOUPOXTAPES, VAL UTEEY 0LV XEVE YOPW and TEAECTES, OTOU

TO BEATIOVEL TNV VLY VWOLUOTN T

178



179

JUYVA TEOoYPULUATIOTIXA AdUn otny C

No xdvouye dlabpeon uetald axepaiwy, eVEATIOTOVTIC OTL Vot
TQEOVUE CAY ATMOTEAECUA EVOY oELIUO XVNTHC UTOOLOOTOANC,
EVE) TNV TEAYUATIXOTNTA TOUPVOUUE TO axEpato TNAixo g
olalpeonc.

No voplooupe 6Tt o plor ax€pona UETOPBANTY UmopolUE Vo
QUAGEOLUE T 0CODBNTOTE UEYAAN, X OTL o pia YeTaBANTY
XWNTAC UTOOLOOTOANC UTIOPOVKE VoL £YOLUE Oom axpleia
UENOULUE.

Noa xdvouye Addoc otny oploxr) cuvinxn TepuaTIoNoD Wlog
douNC eETavVAANNC.

Noa yenowomnoljooupe yio TeAecT) cOYXELONG UECA OF
cLVUNXN TO =, avTl Yl To ==.

No Bdhovpe petd and pla for ¥ ula while €va ; mpwv TNV

EVIOAY| 1) TO UTAOX EVTIOADY TIOU ATOTEAOUY TO COUAL TOUC.

Noa Eeydoouvue 6Tl Tar oToLyElo £vOC Tivaxa pe dldotacr N

aprdpolvtol amd to 0 €w¢ To N-1, xon Oyt and 1o 1 €we to N.

Na yeplotodue ampdoexta Toug OelXTES, VIOl TOEAOELY oL VO
OOXLUACOVUE Vo YEAPOUUE EXEL TOU TUOTEVOUUE OTL OELY VEL

evoc 0elxTNg, Ywpelc Vo €YOVUE XAVEL TNV ATAUTOVUEV
OECUEVCT) VA UNC.
No deoueloVUE DUVOUXE UVAUN UE ETAVOANTITIXG TEOTO %ol

VoL ANV TNV ATOOECUEVOVUE OTAY OEV TNV YPELACOUATTE.
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No Bdiouvye ; oto téhog ulog odnylac #define.

Na Eeydoouvue va Bdlouye napeviéoelc yOpw and To xeluevo
AVTLXATACTUONG (iag LoxpoEVTOAC, Tou 0plloVUE UE
#define, xou 6mouv aAhol ypeldleton péoa 6" aUTO.

No tope&nyioouue TIC TEOTEQPAUOTNTES TWY TEAECTWY, YA
TaEddELY oL Vo Yedpouue

while (ch = getchar() != EOF)
avTl YL

while ((ch = getchar()) != EOF)

No xdvouye cLYYUOT AVAUESA CTNV EVVOLAL TNG
TEOTEQAUOTNTOC TWYV TEAEGTOV, TOU EYEL VAL XAVEL UE TO TOU
eoppoleton €vag TEAEOTAC, UE TN OELPA EXTEAEONC TWV
EVEQPYELWY TOL TPoadLoEllouy ol TeheoTéc. Lo mapddelyua,
To *p++ elvol OVTwC TO (B0 YE To *(p++), To omolo Ouwe
roAhol voullouv, Adog, 6Tl onuatvel 6Tt TpeTa Yo awéniel o
oelxTne p xou YeTd Vo TPOOTEAICOVUE TO TEQLEYOUEVO TTC
véoc devuvone. OXI. Anioe, o tehecTtic ++ €0 elvan
uetadeyaTinde, dnAwvovtac 0Tl TpwTa Yo tpoonehaclel o
TEPLEYOUEVO TNe OtedVBuvoT e Tou delyvel o p xau UeTd Yo
awéndel autoc. O mapeviéoelc YOpw and to p++ Belyvouy
oV e@apUoleTal 0 TENECTAHS ++ (oToV Belxtn p) xou Oyl moTE
Yo exteieciel n mpdn mou uTodeVIEL.



131

Na yeplotobue ampdoexta ueTaBANTEC UE TO (Do OVoua,
TapeCNYWVTAC TIC EUBEAElEC xadeuLde, xou Vo
YOO OTOLOUUE XATOLA AT AUTES, EVE) TEALYULATLXY

YETNOUWOTOLOVUE XATOLAL GAAT).

No Yewproouvpe 6Tt Tomuxéc YeTOPANTES Elval
apyxoToInuUEVeES (Yia tapddetypa, o 0), tapdTt eueic dev

EYOLUE XAVEL PNTA AATL TETOLO.

Not LaTuUTOCOVUE ATEOTEXTA EUPWAEVUEVES EVTORES 1T,
Topaeinovtoc dyxiotea { xou } 0 TEPLTTMOELC TOU
YEeLACovVTaL, UE ATOTEAECUA 1) EVTOAT) VoL Elval YEV
CUVTAXTIXE CWOTY|, OTOTE O UETAYAWTITIOTAS OEV
OLOLOETUEETOL, ARG VO GNUOLVEL XATL AAAO OO AUTO TOU

elyoue mpoveon va ypapouye.

Noa Eeydoouvue xplowwa break oTic TEQINTWOELC Yo EVTOAAC

switch.
No tautiooupe to A’ ye to "A".

No ropafBiédouvue to yeyovog ot plo cuyforoocelpd
tepuatilel pe Tov yopaxthiea *\0’.

Noa ouyxplvouue cuuBoAocElRES Ue TOV TEAECTH ==, avTl UE

TN ouvdETNoT strcmp.
No unv Bdrouvye cuvirxn TepUATIONOL Uldg avadpouTc.

No xohéoovye tnv scanf mepvovTac 6° aUTHY T UETUPBANTES
mou YEhovue va dlafBdoouvue, avtl yia T Oleudivoels Toug.
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Evyopiotieg ...

otnv Enixoven Kodnynteio Ilauna KapdAn yia ™
METABOOT TOADTIUNG EUTELRLOC, WOEWDY Xl UAXOU and To
uainua tou Avtixelpevootpagoic Ilpoypaupationod tou
oLdoxel oto Tunua pac and to axodnuoixd €tog 2002-03.

. enlong oty Ilaumd xan otoug andgoltoug Tou Turuatog
(mpomtuyloxo) xou peTaTTUYLoXOoD xOxhou) Xtépavo
Yraudtn xou Niko Ilo0ntoé mou dudBalay Ye aneploplot
UTIOUOVY] TOL TTRWTOAELXL OUTEY TOV BLAPAVELLY/ CNUELICEWY,
EVOOW YPaPOVTOUCHY, ot UTEdELEaY €va TAU0C amd Adlm
XoU TPOElPELC IOV Elyay, XAVOVTAC TAUTOYEOVOL X

TEOTACELS Yl TN OLopYwaoY| Touc.

Iavayisdtng Yrapatémoudog



