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Aougg

o IlohAéc opéc, ula ohvietrn ovtotnTa puropel va xadopioVel
and Vo GUVOAO BEDOUEVWY, TLHUVMC OLAPORETIXWY TUTWY,
onoTe Yo NTaY YOO VAL OUIBOTOLOVCAUUE TO OEOOUEVAL
AUTE (AT ATO EVAL YEVIXO OVOUQ, UE OXOTO VO

AVAUPEQOUACTE CTNV OVIOTNTA AUTH UE TO OVOUL AUTO.

o Xty C, n duvatdTnTal OUABOTOMNONS BEDOUEVWY, TTOU
ATOTEAOUY XATA XATOLO TEOTO TOL YORUXTNELO TS [log

TEOY POUUATIOTIXAG OVIOTNTAC, TAUPEYETAU ATO TIC DOUEC.

o Mia dour oplleton pe tov €€¥c TpOTO:
struct (etxéta dopne) {
(tOmoc)y (UEroc)y ;
(tOmog)e (UENOC)a;
(TOT0C) s, (UENOC)
}s
O oplopodc plac dounc aroteleltan amd TOUC OpPLoUOUS TWV
MEAWV NG, TOU TEPLYEdWoVTaL Goy UETABANTES

CUYXEXQUEVWY TOTIWV.

o duowxd, mivaxeg, delxTeC 1) axdua xoL BOUEC UTopoVY Vo elvol

LEAT plog dounc.

o [l o avaAutixr) culHTnoT TEpl DOUWY, TUPATEUTECTE OTIC
raparypdpouc §6.1 éwe §6.6 tou [KR]. T dnurovpyio véwy
ovopdtwy TUTWY (evtoAr typedef), evdoeic xou tedia bit,
mou Yo culntdodv oTn CLUVEYELY, OL TaEdYEAUPOL ONd TO

[KR] etvow o1 §6.7, §6.8 xou §6.9, avtiotouyo.
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o Ilapadelyuato:

struct employee {
char firstname[10];
char lastname[18];
int id_number;
float salary;

s

struct wordinfo {
char *word;
int nlines;

};

o Y ta mopadelypota autd opllovue ulo dour) struct
employee Lo TNV AVOTURAGTUCT) TANPOPORLDV VIO EVOL
UTEAANAO (Uxpd Gvopa, ETOVULO, optdldc UNTehou Xou
woVée) xon plo douny struct wordinfo yio tny
AVATAPAOTACT) TNE TANPOYORlac OYETXA UE TNV UTapdrn o
AEENC OE AATOLO XEPEVO, XAVDC Xol TO TANYOC TV YEOUUOY

0TI onoleg eugpaviCeTa.

e O oplopodc plac dourc elvon plo dRAwoN yia TNy onola dev
yivetow xdmota dEcpevon uviunc. Mnropolue duwe va
oploovuE CUYAEXPLIEVES UETOPBANTES TTOL £YOLY Gay TUTO Wla
ooy, we e&nge:
struct (etxéta Sounc) (UeToBANTA)1, ..., (HETUBANTA)L;
Téte, OEOUEVETOL 1) AMOUTOVUEVT] VAT YO TIC UETOPBANTES,
AVAANOYOL UE TOV YO oL YEeELdleToL Yo var @uiaydody Ta

UEAT TNC DouNC.
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o Ilopadelyuato:

struct employee jim, jane, the_employee;

struct wordinfo first_word, next_word, last_word;

o ‘Al mopadelypoto BNAGCEWY BOPMV:

struct point {
double x;
double y;
s
struct upright_rectangle {
struct point pil;
struct point p2;
s

e E00 opllouue N dour| struct point yi TNy avonopdotoon
evoc onuelou oto eninedo (Y€ow TwY CUVTETAYUEVKY TOV),
xoddC xat TN dour| struct upright_rectangle yio TV
AVATORACTACT] EVOSC 0pY0YWVIOU THPAAANAOYRAUUOU CTO

eninedo, pe Tic Theupéc TapdAAniec otoug d€ovee (Pé€ow dVo

onuelwy mou elvon arévavtl xopugec oe pia dlorydvio). *

“Mropeite vo oploete Souéc xon Yior GANEC YEWUETEXES OVTIOTNTEC GTO
eninedo, yia Tapddetyua, eudiypauua THARATE, TElYwVa, xOxAoug, B, aveLap-
TATWS TPOCAVATOMOUOU, TETPAY WYX, poUBoug, opBoydvia TapaAANAOYPOLUA,
(mhdyta) mapaAAnhoypoaupa xou tuyata tetpdnievpa; Mropeite va oploete o
YEWUETPIXES OVTOTNTES GTOV TPLOOLIGTATO Y WEO;
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o O oploudc PETABANTEOV PE TUTIO HATOLOL CUYXEXPUIEVT) DOWUY
uropel vou ylvel Tautoypova pe tn 0HAWoN TS BOUNC.
Hopdderyua:

struct point {
double x;
double y;
} pa, pb, pc;
2Ny meplntwon auty, dev elvon anapaltnTo vo dwoouue
eTx€Ta 0T doun. I mopdderypa, o e€nc oplouds Twv
UETABANTOY pa, pb xou pc elvor anodextoc:
struct {

double x;
double y;

} pa, pb, pc;
Duoixd, ToTE, AV YEAOUUE GTN CUVEYELX VoL Op{COUUE Xall
GhAec peTafSAnTtéc Tou TOTOL TN douNg, EETEL Vo
eNVOAIPBOVUE TN ONAWON TNG, APOL BEV TNC ELYAUE DOOEL

HATOLA ETIXETAL.

o MeTaf3Antéc ue TOTO dOUY| UTOPOUY VoL ovaTideEVTOL OOV TULES
o€ dAAeC UETOPANTES Tou (Blou TOTOL, UToEOLY Va dlvovTo
ooy oplopaTa XATE TNY XAAOY CLUVIPTHACEWY XAl UTOPOVY Vi

EMOTEEPOVTUL ATO CUVORTNOELC GTO OVOUY TOUC.
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e Me tov oploud plog petaBANTHc TUTOU BOUNC, UTOPOUUE Vo
XEVOUUE xau opytxoToinom TV weA®Y TtNne. Ilopdderyua:
struct point my_point = {22.4, -38.9};

[ autoportee petaBintéc TOmou dounc, ohAd xou
TEOXAVOPLOUEVLV TOTIWY, 0EYLXOTONOT) UTOEEL VoL YIVEL Xl
UE EVTOAY) AVTIXATACTAONGS 1) UECW ETUOTPOPNS CLVAETNOTC.
o H avagopd o’ éva yehoc plog petoffAntric TOTou dourc
yiveton ye tnv mapdotaoT)
(peTaBAnTY)) . (Uéhog)
o Ilopadelyparto:

struct point vertl, vert2;

struct upright_rectangle my_rect;
vertl.x = 2.4;

vert2.y = 7.8;

my_rect.pl.x = -8.3;

H tehevtalo evtorn elvon 1lcodOvoun pe tny
(my_rect.pl).x = -8.3;

EMELON O TEAECTAC . elvol apLOTERA TPOCETALPLOTIXOC.



‘Onwe optlovpe petafAnTéc pe TUTO %dmoto douy, ETol
UTOPOVUE Vo 0plooupe xat Oelxteg o douec. Iopdderyua:

struct point *ppa, *ppb;

Puoxd, elvon duxen pog evdivr va xdvoupe toug delxtec ppa
xou ppb va del&ouv ot dlevtivoelc OTIC OTolEC PUAGCTOVTL
1 Yo puAarydolv dedouéva TOTou dophc. Autd unopel va
yivel elte ye v avdideon tne dlebduvone xdamolag o
OPLOUEVNC UETOPANTAC TUTOL DOPNC, lTE UE BUVOLXY)
o€opevor). Ilapadelyporta:

struct point my_point;

ppa = &my_point;

ppb = malloc(sizeof (struct point));

‘Eyovtac oplogl €va BelxTr o douy|, OTWS ToV ppa OTo
TEONYOVUEVO TORADELY AL, UTOPOVUE VoL avapepYoluE o€
CUYXEXPEVO UEANOC XATA TO YVWOTA, YLl TOUEAOELY AL

(xppa) . x.
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2NV mopdotaoy (kppa) .x ol mapevioelc elvan amapaitnTeS.

Av ypdoope *ppa.x, auTd, AOYW TWV CYETIXWY

TEOTEQAUOTATWY TWY TEAECTWV . XU * Vo HTOV LOOOUVOUO UE

T0 *(ppa.x), 10 onolo oUW, TNV TEOXElUEVY) TepinTwoN
OEV VOl CUVTAXTIXA CWOTO, APoU To ppa.x Oev elvon

oelxtne.
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o Av évac (delxtng) Oelyvel oe xdmola Sopy| xou Y€AoLUE Vo
avapepdolpe o’ éva (UEAoC) TNe, avti Vo Ypdpoupe
(x(delxtng)) . (Mérog)

n C pog divel 0 duvatoTnTa Vo Yedpouue mo amhd,
(Belntng)—>(uéhoc)

e Onwc 0 teAeoTrC ., €TOL XL O —> Elval APLOTERS

TEooeTAUELOTIXOC. 'l mapddetypa, av €xovue oploel

struct upright_rectangle *rp;
T6TE 1) MopdoTacT rp—>pl.x elvan ) (Bl pe v (rp—>pl) .x.

o Ou teheotée . xou —> padll ye tic () yio xANoeLC
cuvopTRoewy xat Tic [1 yia delxtec mvdxwy Beloxovtar otny
XOPLYY) TNC lepapylac TEOTEPAUOTNTAC TWV TEAECTWV Xl
EMOUEVMC CUVOEOVTAL LOYVEG UE TOUC TEAEGTEOUC.

o Ilopdderyya:
struct wordinfo *pw;

Me tnv éxgpaor ++pw->nlines audvel To nlines yuotl
elvon 10od0vour pe v ++(pw->nlines). Av Uélaue va
awé&noouvue Tov delxtn pw Vo Enpene va Ypdouue
(++pw)->nlines ¥ (pw++)->nlines®, avdloya pe 10 THTE
Yo emdupolooue va yivel n ab&nor tou deixty), Tewv N ueTd
TNV TEOGTEAACT TOU UEAouc nlines.

o 'Eyovtoc mAéov avageplel oe 6Aouc toug tehectéc tne C, o
ITivaxag 2-1 tou [KR] (ogh. 83), elvon pio ToAD ypriown

TNYY YL OVAPOEA, OYETIXA UE TIC TPOTEQAUOTNTES TOUC.

YB3 dev sivan anapaltntec ot napeviéoeic, awol dev Yo unhpye apptBoia
vio To Tt Yo oAnoLve To pw++->nlines.
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o Onwc ouvufatvel xow pe 6 oug toug ToNoug otny C,

UTTOPOUUE VO OPICOVUE Xl THVUXES DOUWV.

o Ilopddetyya:

int main(void)
{ int i, n;
struct worddata {
char *word;
int numb;
char let;
} wordarrayl[] = {
{"ABCD", 1, ’a’}, {"EF", 2, ’b’},
{"GHIJ", 3, ’c’}, {"KL", 4, ’d’},
{"M", 5, ’e’}};
struct worddata *p = wordarray;
n = sizeof (wordarray)/sizeof (struct worddata);
printf("%d ", n);
for (i=0 ; i < 2 ; i++) {
printf("%c ", *p->word++);
printf("%s ", ++p->word);
printf("Yc ", p->let++);
printf("%c ", (++p)->let);
printf("%d ", p++->numb);
printf("%d ", ++p->numb); }
for (i=0 ; i < n ; i++)
printf("%s %d %c ", wordarrayl[i].word,
wordarray[i] .numb, wordarrayl[i].let);

printf("\n"); return 0; }

T\ Yo extunwiel and To mpdypauua auTtod;

“5ACDab24GIJcd46CD1bEF2bIJ4dKL4dME6e
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EVpeon Tpityodvev peyiotou xar ehayiotou epfadol

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

struct point {

double x; /* A point in 2 dimensions is defined */
double y; /* by its x- and y- coordinates */

} *points;

struct triangle {

struct point a; /* A triangle is defined by its three vertices */

struct point b;
struct point c;

};

struct triangle get_triangle(int, int, int);
double triangle_area(struct triangle *);
double get_side(struct point, struct point);

int main(int argc, char *argvl[])
{ int i, j, k, n = 10;
long seed;
struct triangle tr, max_tr, min_tr;
double area, max_area, min_area;
seed = time(NULL);
if (argc > 1)
n = atoi(argv[i]);

if (n < 3) { /* In order to have at least one triangle */

printf ("At least three points are needed\n");
return 1;
}
if ((points = malloc(n * sizeof(struct point))) == NULL) {

/* Allocate memory to store n points */

printf ("Sorry, not enough memory!\n");
return 1;

}



/* Initialize random number generator */
srand((unsigned int) seed);
for (i=0 ; i < n ; i++) {
/* Generate points with coordinates between 0.0 and 100.0 */
/* RAND_MAX is max number that rand() returns - usually 32767 */
(100.0 * rand())/(RAND_MAX+1.0);
(100.0 * rand())/(RAND_MAX+1.0);

(points+i)->x

(points+i)->y

}

for (i=0 ; i < n ; i++) /* Printout points generated */
printf ("P%-2d: (%4.1f,%4.1f)\n", i, (points+i)->x, (points+i)->y);

tr = get_triangle(0, 1, 2); /* Get first triangle */

area = triangle_area(&tr); /* Compute area of first triangle */

/* Initialize max and min triangles with first triangle */
max_tr = min_tr = tr;

max_area = min_area = area; /* Areas of max and min triangles */
for (i=0 ; i < n-2 ; i++) /* Iterate through all combinations */
for (j=i+1 ; j < n-1 ; j++) /* of points in order to form all */
for (k=j+1 ; k < n ; k++) { /* possible triangles */

tr = get_triangle(i, j, k); /* Get current triangle */

area = triangle_area(&tr); /* Area of current triangle */

if (area > max_area) { /* Is current larger than max? */

max_tr = tr;
max_area = area;

}
if (area < min_area) { /* Is current smaller than min? */
min_tr = tr;
min_area = area;
}
}
printf ("\n");
printf("Max triangle: "); /* Printout max triangle */

printf (" (%4.1£f,%4.1f) ", max_tr.a.x, max_tr.a.y);
printf("(%4.1f,%4.1f) ", max_tr.b.x, max_tr.b.y);
printf (" (%4.1£,%4.1f) ", max_tr.c.x, max_tr.c.y);

printf (" Area: %10.5f\n", max_area);

printf("Min triangle: "); /* Printout min triangle */
printf("(%4.1f,%4.1f) ", min_tr.a.x, min_tr.a.y);
printf (" (%4.1£,%4.1f) ", min_tr.b.x, min_tr.b.y);
printf("(%4.1£,%4.1f) ", min_tr.c.x, min_tr.c.y);

printf (" Area: %10.5f\n", min_area);

return O;
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struct triangle get_triangle(int i, int j, int k)

{ struct triangle tr;

tr.a *x(points+i);
tr.b = *(points+j);
tr.c = *x(points+k);

return tr;

/* Return triangle

double triangle_area(struct triangle *tr)

{ double s1, s2, s3, t;
sl
s2
s3
t = (s1+s2+s3)/2;

return sqrt(t*(t-s1)*(t-

get_side(tr->a, tr-
get_side(tr->b, tr-
get_side(tr->c, tr-

>b) ; /*
>c); /*
>a); /*

/* Compute

s2)*(t-s3));

with vertices i, j, k */

Get length of side ab */
Get length of side bc */
Get length of side ca */
half of the perimeter */

/* Return area */

double get_side(struct point pl, struct point p2)

{ /* Return Euclidean distance between points pl and p2 */
return sqrt((pl.x-p2.x)*(pl.x-p2.x)+(pl.y-p2.y)*(pl.y-p2.y));
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% ./triangles 17
PO : (37.5,51.6)
P1 : (31.4, 0.8)
P2 : (10.3,32.8)
P3 : ( 4.5,38.4)
P4 : (27.4,96.3)

P5 : (28.4,43.0)
P6 : (69.8,55.7)
P7 : (13.3,71.4)
P8 : (17.8,76.2)
P9 : ( 3.9, 8.8)
P10: (29.6,69.6)
P11: (20.6,43.3)
P12: ( 9.1,76.1)
P13: (33.9,25.6)
P14: (34.1,66.4)
P15: (15.1,22.9)
P16: (67.5,49.7)

h

% gcc -o triangles triangles.c -1m

Max triangle: (27.4,96.3) (69.8,55.7) ( 3.9, 8.8) Area: 2331.69411
Min triangle: (28.4,43.0) (17.8,76.2) (33.9,25.6) Area: 0.099438




120

AvTo-avopopixés SOWES

o To uehn plog douric unopel va elvon onotovdnnote ToOTOUL,
IXOUAL XOL DEIXTEC OE DOPES TOU (BLou TUTOU.
Xenowonolwvtag TETolou B0 doués, Tou ovoudlovTtol
QUTO-AVUPOPIXES XA ELVOL TTOAD Y PY|OLUES CTOV
TEOY POUUATIOUO, UTOPOVUE VA ORYOUVWCOUUE DEQOUEVA UE
TEOTOUC TIOU OLEUXOADVOLY ECAUEETIXE TN OLoYElPLOT) XU

eneéepyaoio Toug.

e O mh€ov cLVAUELC OPYAVICELC DEDOUEVHV HECH
QUTO-OVOPOEIXDY dOpMY elval oL cuvdedeuévee Motee (1,
amAd, Aotec) xon to duodixd dévtpa. Mmropel xavelc va oploel
Ao GAAEC OPYUVWOELS DEDOUEVLYV, OTWS OLTA GUVOEDEUEVEC
AMoteg, oupég, BEVTEA OYL xaT AVaYXT DUADLXA, XAT.

o 'Eotw n 0hhwon:
struct listnode {

int value;

struct listnode *next;
s
Auty n doun opllel €vav xoufo Aotag otov omolo

QUAACOETUL EVOC OXEPALOC Xal EVac OelxTne o xoufo AloTac.

o Av d€houpe va arodnxedoouvpe pia axorovdio and
axepatoue, ampoodloplotou Thilous, ahAd xou
UETAUBAANOUEVOU XATA TT) OLIEXELYL TN EXTEAECTC EVOC
TEOYEAUUATOS, UTopoVUE Vo To xdvouue Balovtac xdie
axépato 0" Eva xopPo AMotag xou delyvovtag amd xde xoufo

GTOV EMOUEVO TOUL.
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o H avagopd otn Mota yiveton pe €va 0elxtn oTtov mpwTo
xouPo tne. O teieutaloc xouPoc tne Aotac €yel ooy delxtn
oe eNOUEVO xoOufo to NULL.

struct listnode *

15

Avuty etvan plor AMloTa ye otouyela, xatd oepd, to 15, 22, 37
xou 12.

e [l va vAomotooupe T duvoxy| YUOT TNe AoTag, TEETEL
mavTa var yiveton, yia T @UAagn evog xouBou tne, N
XATAAANAY Suvaixy| Béopeuot) uvhune (Yéow malloc) xo,
puowxd, N anodéopeuon (Héow free), dtav dev ypelalOUaoTE

TAEOV TOV %0Uf0.

o O xoufol plac AMotac dev puhdocovta o dladoyxeEc VETELC
UVAUNG, opoU 1) VAU YL auTOUC OECUEDETAL UE OLUPOPETIXES
malloc. Autd onualveEL OTL OEV UTOPOVKE VA EYOUUE AUEDT
npooPacn oto N-00td ctolyelo ulag AMotag, 6Twe otoug
Tivaxeg, ahAd LOVO axohoLIMVTIC TNV AALGIDA TWY

oTolyelwy and To TEWTo £we T0 N-00TO.



o H nopeuPBolr| evoc xoufou oe ouyxexplevn VEor oe ula

Moto dev amantel Tnv yetoxivnor xovevog dihou xoufou.

Amidc mpénel va tpomonoinlel 0 BEXTNG YL ETOUEVO TOU

xoufou mou mponyeiton TNg V€ong mou eloAYETOL O VEOC

xoufoc, wote va dellel TAgov oTov véo xouPo. Emnlong, o

oelxtne yior emduevo Tou véou xoufou Yo meénel vo delel

GTOV EMOUEVO XOUP0o and N VEOT oL EYLVE 1) ELCAYWYY.

struct listnode *

:

15

e -
/
!
;

R

i
i

1

N

~
\

\

89

E8w, €ylve eloaywyr, otn AMloTo TS TeonyolUeEVNS oeAldac,

Tou oTolyelou 89 YeTald Twv otoyelwy 37 xan 12.

o AvticTtolya loybouy xou Lo TN Blory ey EVvOC xouou and

ulor Aot Aev amoutelton xolor peToxivnon.

struct listnode *

’\ 22 !

_

li
8

9

EB8w, €yive dlaypagn Tou otolyelov 22 and TNV TEOoTYOUUEVN

Moo
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o duowxd, unopolue va oploovue xouBouc AMoTtac GToug
omnoloug 1 TANpoopla ToL PUAdGGOLPE (TANY Tou delxTn
OTOV ETOUEVO XxOUP0) va elvat ontoloudrrote TUToU, byl LOVO
IXEPALOC, OAAS %ol XVNTHC UTOOLACTOAYC, OeinTne o€ %dmoto

tOmo (m.y. cupBolooelpd), Yevixd oTldHTOoTE.

o Enlong, uropolye o’ éva xéufo Aotac va oploovue
TEQLOCOTEPA OO €VaL UEAT] VIOl TNV TIANpoopia Tou xoufou,
Yo ToEAdELY U, WUlot GUUBOAOGELRE, EVay oxEPALo XaL €V

oelxtn oc AloTa.

o Mio dhAT, TOAD yEniolN, 0RYAVWGT) DEDOUEVWY UECK

QU TO-OLVUPOPIXMY DOUMY EVOL Tal DUADIXE DEVTEA.

o 'Eva duadixd 0évtpo elvon pla cuANoYH xOuLwy,
0PYOVWUEVWY Ot Wl BEVORPLXY) dLdTal Y, xadévas and Toug
omoloug unopel va €xel u€ypL 000 xoulouc-rtoudid. Kdde
xoufoc €xel Evay xOpo-yovéa, EXTOC and Tov TEWTO xOUfo

ToL 0€VTPOL, Tou elval 0 xoufoc-plla.

o To moudld evOC xOPBOU AVUPELOVTUL GOV TO APLOTERO XAl TO
oe&i moudl Tou xouPou. I'a TNy avanapdotaor evoc xouou
YENOLWOTOOVUE Wit auTO-ovapopLxy) douY|, OTwe 1 e€AC:

struct tnode {
int value;

struct tnode *left;

struct tnode *right;

};

o ’ ’ ’ ’ ’ / ,
Acev elvar evOLpépoy va uTtopolPE Vo €xoupe xo Alotec and MoTeg;
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e Me 11 yenom tne dourc struct tnode, oe xdie xopfo Tou
OEVTEOU PUAGCOETAL EVAC AXEPALOC, AAAG Vo UTOPOVCAUE
ooy TANPoopla TEOC YUAAEY VO £XOUUE DEBOUEVL
OTOLOVONTOTE TOTOV, OTWS Xl OTIC AOTEC, %o, QUOLXA, Xol
TEPLoCOTEPA TOU €VOC dedoueva. Ot deixtec left xou right
elvon ol dlevdivoelc Twv xOUPwv mou elvon aplotepd xou de&i

Toudt, avtioTolya, Tou xoulou.

e Onwc xau otic AMoteg, av xdmolo moudl dev UTdPYEL, O

avtiotolyoc delxtne elvon NULL.

o H avagopd o’ Eva duadixd DEVTEO YIVETOL HECK EVOC DEIXTN

ot ella Tou.

o Katd tn onuovpylo evog duadixod BEVTPOU, TEETEL VOl
deopeleTol duvouxd uvhun (Léow malloc) yio vor @uAoy Vel
x&ie xopfog, eve otay €vac xouog dev ypetdletal TAEOY,
TEETEL 1 UWVAKY TIoL xaTohopB3dveL var amodeopetetol (LEow

free).

o To duodLxd BEVTEA EIVOL TEAYUATINS YPHOLUA WS OPYAVOELS
0edouEvwy OTay elvar tagvounuéva. Evo duadixd dévtpo
elvon Ta€vounuEvo otay, Ue BAom xATOL0 XELTAELO OLATaE NG
otV TANEoYopia TOU ATOUNUEVOVUE GTOUS XOUB0oUE Tou, O
xouPoc-plla énetan OAWV TV XOUPWY 6T0 APLeTERO TAdl TOU
xou Tponyelton O AWV TwV xOUPwV oTo el moudl Tou X,
enlong, TO00 TO apLoTERG 600 xou To Ol moudi efvon
T vounuéva pe Ty B Aoyix.



125

o Yav xpLThpLa OLATAENS TNS TANEOYORINC TV XOUPBwWY EVOC
OEVTEOU, UTOPOVUE VAL EYOLUUE TNV AptdUNTIXY| LTS, oV N
TIANEOYOELo AUTH Elvall EVAC AXEPOLOC ) EVAC TEAYUATINOC
aplluoe, ¥ TNy algafBnTixy didtoln, av 1 TAnpopopla ivor
ulo ouufohooelpd. Av €youue neplocdTepeS TNe plag
TTANPOYOoplec 0TOV XOUP0o, TOTE Admola, ONAAdY To avticTOoLYO
uEhoc tNe dounc, Tallel Tov PONO TOU AEYOUEVOL HAELDLOU,
Tou Pe Bdon auto opileton 1) dLdtaln UeTaE) 600 xOUBwV.

e 'Eotw n npotaon “some words to insert into a binary tree”.
Yt0 oyNua, atvetan Eva TaELVOUNUEVO BLAOIXO OEVTPO TOU

TEPLEYEL TIC AEEEIC TN MEOTACTC AUTHC OTOUC XOUS0UC TOou.

struct tnode *

"

a into to

\ \

binary tree

o To CUYXEXPLEVO DEVTPO HATUOUEVAOTNAE ELOAYOVTIC
oTOOLXA TIC AEEELC TNE TEOTUONS UE TN OELRA TTOU
eupaviCovton otny npodtaor. Av elyayv ewcoyvel pe

OLOPOPETIXN OELRA, TO BEVTEO Vo NTAV TEAXE OLUPOPETING. *

o / 7 / 7 J ’
HOLO 'ﬁa T]TCX.V TO BEVTQO ay T] ELG(X.Y(.L)YY] TWY )\828(.0\) YIVOTAV ATO Tn\)

TeheuTala AEEY TNC TPOTAONS TTPOC TNV TPWTY);
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Anuioveyiot VEOV OVOAT®OY TUTWY

o Xty C nopéyetan n duVATOTNTA, UECK TNG EVIOANC
typedef, va dcdcouue Oxd pog ovouata o TOTOUS TToU
YENOWOTOOVUE GUY VA, Xt LETA Vo 0plloVUE UETUBANTES

ATOV TV TOTWVY UYe Bdor To vEo dvoya.

o Iloapadelyuato:

typedef int Length;
typedef char *String;

typedef struct listnode *Listptr;

struct listnode {
int value;
Listptr next;
+;

typedef struct tnode *Treeptr;

typedef struct tnode {
int value;
Treeptr left;
Treeptr right;

} Treenode;

Length len, maxlen;
String name, line[10];
Listptr a_list;
Treenode a_tree_node;

Treeptr a_tree;
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‘Otav 1 pviun Hov oxelfr), elye vonuo ota Tpoyeduatd Uac

VoL XAVOUUE OLXOVOULOL WVAUNC.

‘Evag 1p0mo¢ yior e€0xovounoT uviung elval oL eVOoELS, Tou
opllovtou 6mwe oL dopéc (pe ™ AéEN-xAedl union). Aev
OECUEVETOL YWDPEOC YLoL OAaL ToL HEAT) TN Oty oplleTan i
METUPBANTY TUTOL EVWOTE, AAAL AUTOC TOU ATMOUTE(TAL YLoL TT)
QOAAEY] TOU LEAOUC UE TIC UEYUAUTERES AMAULTACELS OE UVAWN.
‘Oha o €A QUAdocOVTAL G° WTOV ToV Yweo. Tlapdderyya:
union alternative_data {

int selection;

int ivalue;

float fvalue;

char *svalue;

} id_numb;

Ot evoelc elval YENOWES XL YLl TO TOXETAQLOUA TUTILXV
TORUUETEWY CUVIPTHCEWY, OTAY AUTEC OEV YEELACOVTOL OAES

TOUTOYPOVA XATE TNV XANOT TNS CLVAETNOTC.

‘ANhoc TeéTOC Yo owcovopia uvAung etvor tor tedlo bit.
OplCovtac plor douy|, Umopolue Vo BNAGCOVUE UEAN TUTOU
axepalou, ARG pe cuyxexpévo TAfdoc bits To xodéva.

o Ilopddelypa:

struct {
unsigned int mode : 2;
unsigned int bool : 1;

unsigned int octal : 3;
} flags;



Aoy elplor CUVOESEUEVELY ALCTWYV

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

typedef struct listnode *Listptr;

struct listnode {
int value;
Listptr next;

};

int empty(Listptr);

int in(Listptr, int);

int n_th(Listptr, int, int *);

void insert_at_start(Listptr *, int);
void insert_at_end(Listptr *, int);
int delete(Listptr *, int);

void print(Listptr);

int main(void)
{ Listptr alist;

int v;

alist = NULL; /* List is NULL
/* Check if list is empty

printf("List is¥%s empty\n", empty(alist) 7 "" : " not");

insert_at_start(&alist, 44); /*x List is 44--> NULL

printf("List is "); print(alist);
insert_at_end(&alist, 55);
printf("List is "); print(alist);
insert_at_start(&alist, 33); /* List is 33--> 44-> 55--> NULL
printf("List is "); print(alist);

insert_at_end(&alist, 66); /* List is 33--> 44-> 55--> 66--> NULL
printf("List is "); print(alist);

/* List is 44--> 55--> NULL

/* Check if list is empty
printf("List is%s empty\n", empty(alist) 7 "" : " not");
/* Check membership
printf("55 isY%s in list\n", in(alist, 55) 7 "" : " not");
printf ("77 is’%s in list\n", in(alist, 77) 7 "" : " not");
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if (n_th(alist, 2, &v)) /* Return 2nd element */
printf("Item no 2 is %d\n", v);
else
printf("Item no 2 does not exist\n");
if (n_th(alist, 6, &v)) /* Return 6th element */
printf("Item no 6 is %d\n", v);
else
printf("Item no 6 does not exist\n");
printf("Deleting 55. %s\n", delete(&alist, 55) 7 "OK!" : "Failed!");
/* List is 33--> 44--> 66--> NULL */
printf("List is "); print(alist);
printf("Deleting 22. %s\n", delete(&alist, 22) 7 "OK!" : "Failed!");
/* List is 33--> 44--> 66--> NULL */
printf("List is "); print(alist);
printf ("Deleting 33. %s\n", delete(&alist, 33) 7 "OK!" : "Failed!");
/* List is 44--> 66--> NULL */
printf("List is "); print(alist);
return O;
}
int empty(Listptr list) /* Check if list is empty */
{ if (list == NULL) /* Is it really empty? */
return 1; /* Yes, it is */
else
return O; /*x No, it isn’t x*/
}
int in(Listptr list, int v) /* Check if v is member of list */
{ while (1ist != NULL) /* Visit list elements up to the end */
if (list->value == v) /% Did we find what we are looking for? */
return 1; /* Yes, we did */
else
list = list->next; /* No, go to next element */
return O; /* Finally, v is not in list */

}
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int n_th(Listptr list, int n, int *vaddr)
/* Return n-th element of list, if it exists, into vaddr
{ while (1ist != NULL) /* Maybe search up to the end of the list

if (n—- == 1) { /* Did we reach the right element?
*vaddr = list->value; /* Yes, return it
return 1; /* We found it
}
else
list = list->next; /* No, go to next element
return O; /* Sorry, list is too short

}

void insert_at_start(Listptr *ptraddr, int v)
/* Insert v as first element of list *ptraddr
{ Listptr templist;

templist = *ptraddr; /* Save current start of list
*ptraddr = malloc(sizeof (struct listnode)); /* Space for new node
(xptraddr)->value = v; /* Put value
(*ptraddr)->next = templist; /* Next element is former first

}

void insert_at_end(Listptr *ptraddr, int v)
/* Insert v as last element of list *ptraddr
{ while (*ptraddr != NULL) /* Go to end of list
ptraddr = &((*ptraddr)->next);/* Prepare what we need to change
xptraddr = malloc(sizeof (struct listnode)); /* Space for new node
(xptraddr)->value = v; /* Put value
(*ptraddr)->next = NULL; /* There is no next element
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int delete(Listptr *ptraddr, int v)
/* Delete element v from list *ptraddr, if it exists
{ Listptr templist;
while ((*ptraddr) != NULL) /% Visit list elements up to the end
if ((xptraddr)->value == v) { /* Did we find what to delete?

templist = *ptraddr; /* Yes, save address of its node
xptraddr = (*ptraddr)->next; /* Bypass deleted element
free(templist); /* Free memory for the corresponding node
return 1; /* We deleted the element
+
else

ptraddr = &((*ptraddr)->next);/* Prepare what we might change

return O; /* We did’t find the element we were looking for
}
void print(Listptr list) /* Print elements of list
{ while (1list != NULL) { /* Visit list elements up to the end
printf("%d--> ", list->value); /* Print current element
list = list->next; /* Go to next element
}
printf ("NULL\n") ; /* Print end of list
}
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% gcc -o listmanagement listmanagement.c
% ./listmanagement

List is empty

List is 44--> NULL

List is 44--> 55--> NULL

List is 33--> 44--> 55--> NULL

List is 33--> 44--> 55--> 66--> NULL
List is not empty

56 is in list

77 is not in list

Item no 2 is 44

Item no 6 does not exist

Deleting 55. OK!

List is 33--> 44--> 66--> NULL
Deleting 22. Failed!

List is 33--> 44--> 66--> NULL
Deleting 33. OK!

List is 44--> 66--> NULL

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

typedef struct tnode *Treeptr;

typedef struct tnode {
char *word;
Treeptr left;
Treeptr right;

} Treenode;

Treeptr addtree(Treeptr, char *);
void treeprint(Treeptr, int);
void nodesprint(Treeptr);

int treedepth(Treeptr);

int treesearch(Treeptr, char *);

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

{ Treeptr p;
char buf[80];
p = NULL; /* Initialize binary tree
while (scanf("%s", buf) != EOF) /* Read words from input
p = addtree(p, buf); /* and insert them into the tree

printf("Tree is:\n"),

treeprint(p, 0); /* Kind of tree pretty printing

printf ("\nNodes are:\n");

nodesprint (p) ; /* Print tree nodes in alphabetical order

printf ("\n\nTree depth is %d\n", treedepth(p));

/* Compute and print depth of tree

printf("\n");

while (--argc) { /* For each argument
argv++; /* check whether it coincides with any tree node
printf ("%s found %s\n",
(treesearch(p, *argv)) 7 " " : "not", *argv);
}
return O;
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Treeptr addtree(Treeptr p, char *w) /* Insert word w into tree p
{ int cond;
if (p == NULL) { /* If tree is empty
p = malloc(sizeof (Treenode)) ; /* Allocate space for new node
/* Allocate space to copy word
p->word = malloc((strlen(w)+1) * sizeof(char));

strcpy(p->word, w); /* Copy word w to tree node
p—>left = NULL; /* Left subtree of new node is empty
p->right = NULL; /* Right subtree of new node is empty

}
else if ((cond = strcmp(w, p->word)) < 0)
/* Does word w precede word of current node?
p—>left = addtree(p->left, w);
/* If yes, insert it into left subtree
else if (cond > 0) /* Does it follow word of current node?
p->right = addtree(p->right, w);
/* If yes, insert it into right subtree

/* If it is the same with word of current node, do not insert it

return p; /* Return tree
}
void treeprint(Treeptr p, int indent) /* Pretty print tree
{ int 1i;

if (p !'= NULL) { /* If tree is not empty

treeprint (p->right, indent+4);
/* Print right subtree 4 places right of root node
for (i=0 ; i < indent ; i++)

printf (" "); /* Take care for indentation
printf ("%s\n", p->word); /* Print root node
treeprint (p->left, indent+4);
/* Print left subtree 4 places right of root node
}
}
void nodesprint(Treeptr p) /* Print tree nodes
{ if (p != NULL) { /* If tree is not empty
nodesprint (p->left); /* Print left subtree
printf("%s ", p->word); /* Print root node
nodesprint (p->right) ; /* Print right subtree
}
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int treedepth(Treeptr p)

{

/* Compute depth of tree p

int nl, n2;

if (p == NULL) /* Depth of empty tree is O
return O;

nl = treedepth(p->left); /* Compute depth of left subtree

n2 = treedepth(p->right); /* Compute depth of right subtree

return (n1 > n2) 7 ni+l : n2+1;

/* Return maximun of depths of left and right subtrees plus 1

int treesearch(Treeptr p, char *w)

{

/* Check whether word w is in tree p
int cond;
if (p == NULL) /* If tree is empty
return O; /* We didn’t find word
if ((cond = strcmp(w, p->word)) == 0)
/* Word w is the same with word of current node
return 1;
else if (cond < 0)
return treesearch(p->left, w);

/* If w precedes word of current node
/* Search left suftree
else /* Otherwise

return treesearch(p->right, w); /* search right subtree
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% gcc -o treemanagement treemanagement.c
% cat words.txt

some

words

to

insert

into

a

binary

tree

% ./treemanagement into found words < words.txt
Tree is:

words
tree
to
some
into
insert
binary
a

Nodes are:
a binary insert into some to tree words

Tree depth is 4

found into
not found found
found words

h




