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Perieqìmeno tou maj matoc

• Genik� perÐ upologist¸n kai programmatismoÔ upologist¸n

– Istorik  anadrom 

– H dom  tou upologist 

– H plhroforÐa ston upologist 

• Logismikì kai gl¸ssec programmatismoÔ

– Apait seic apì mÐa diadikastik  gl¸ssa
programmatismoÔ

– Ektelèsima progr�mmata

– Metagl¸ttish kai sÔndesh

• H gl¸ssa programmatismoÔ C

– Programmatistik� perib�llonta gia thn C

– O metaglwttist c gcc

– ParadeÐgmata apl¸n programm�twn sthn C

– Qarakthristik� kai dunatìthtec thc C

∗ Metablhtèc, stajerèc, tÔpoi kai dhl¸seic
∗ Entolèc antikat�stashc, telestèc kai parast�seic
∗ H ro  tou elègqou
∗ Dom  progr�mmatoc, sunart seic kai exwterikèc

metablhtèc
∗ Embèleia kai qrìnoc zw c metablht¸n
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∗ Anadrom 
∗ DieujÔnseic jèsewn mn mhc, deÐktec kai pÐnakec
∗ Dunamik  dèsmeush mn mhc
∗ Sumboloseirèc
∗ PÐnakec deikt¸n, deÐktec se deÐktec kai poludi�statoi

pÐnakec
∗ DeÐktec se sunart seic
∗ OrÐsmata gramm c entol¸n
∗ Aparijm seic, domèc, auto-anaforikèc domèc (lÐstec,

duadik� dèntra), en¸seic, pedÐa bit kai dhmiourgÐa
nèwn onom�twn tÔpwn

∗ EÐsodoc kai èxodoc
∗ Qeirismìc arqeÐwn
∗ Proepexergast c thc C kai makroentolèc

– Algìrijmoi taxinìmhshc pin�kwn kai anaz thshc se
pÐnakec

– OdhgÐec swstoÔ programmatismoÔ

– Suqn� programmatistik� l�jh sthn C

• Ergasthriakèc ask seic kai ask seic gia kat' oÐkon
ergasÐa
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Eisagwgik� jèmata

• Genik� perÐ upologist¸n

• Genik� perÐ programmatismoÔ upologist¸n

• Istorik  anadrom 

• K�poia upologistik� probl mata

• P¸c na m�joume na programmatÐzoume;

• H dom  tou upologist 

• H plhroforÐa ston upologist 

• Logismikì kai gl¸ssec programmatismoÔ
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Genik� perÐ upologist¸n

• Upologist c eÐnai èna teqnhtì kataskeÔasma pou èqei thn
ikanìthta na epexerg�zetai èna sÔnolo apì dedomèna pou
tou dÐnontai kai na par�gei ta apaitoÔmena apotelèsmata.

• To eÐdoc thc epexergasÐac pou prèpei na gÐnei ep�nw sta
dedomèna prosdiorÐzetai apì èna prìgramma me to opoÐo
èqoume trofodot sei ton upologist  kai to opoÐo
apoteleÐtai apì stoiqei¸deic ektelèsimec entolèc pou eÐnai
se jèsh na fèrei se pèrac o upologist c.

• GiatÐ qreiazìmaste upologistèc;

– Gia th gr gorh ektèlesh qronobìrwn arijmhtik¸n
upologism¸n, gia par�deigma pìso eÐnai to π, an
π2

6 = 1
12 + 1

22 + 1
32 + 1

42 + 1
52 + 1

62 + 1
72 + 1

82 + . . .;

– Gia thn apodotik  diaqeÐrish ogkwd¸n dedomènwn, gia
par�deigma trapezik¸n logariasm¸n.

– Kai gia ta dÔo prohgoÔmena, tautìqrona, gia
par�deigma sthn prìgnwsh kairoÔ.

• H suggraf  programm�twn gia upologistèc anafèretai me
ton genikì ìro programmatismìc upologist¸n.
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Genik� perÐ programmatismoÔ upologist¸n

• Sth genik  perÐptwsh, programmatismìc (enìc upologist )
eÐnai o saf c kajorismìc mÐac diadikasÐac, san èna sÔnolo
apì entolèc (to prìgramma), pou perigr�fei leptomer¸c ta
b mata pou prèpei na gÐnoun gia na epilujeÐ èna prìblhma
upologismoÔ.

• Ta progr�mmata gia èna upologist  apoteloÔn to
logismikì tou (software), en¸ h suskeu  tou upologist 
eÐnai to ulikì (hardware).

• 'Ena prìgramma trofodoteÐtai s' èna upologist , autìc to
ekteleÐ kai par�gei to apotèlesma thc epÐlushc tou
probl matoc.

• H suggraf  enìc progr�mmatoc gia thn epÐlush enìc
probl matoc proôpojètei thn epinìhsh enìc algorÐjmou,
dhlad  mÐac saf¸c kajorismènhc diadikasÐac mèsw enìc
sunìlou ektelèsimwn bhm�twn, pou eÐnai egguhmèno ìti
met� apì èna peperasmèno pl joc bhm�twn pou ja
ektelesjoÔn ja termatÐsei.

• 'Ena prìgramma eÐnai h diatÔpwsh enìc algorÐjmou se mÐa
sugkekrimènh gl¸ssa programmatismoÔ.
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Istorik  anadrom 

• 'Abakac, suskeu  prosjafairèsewn me mpÐliec (1000 p.Q.)

• O Mhqanismìc twn Antikuj rwn (75 p.Q.)

• Muhammad ibn Musa al-Khwarizmi, prìteine thn ènnoia
thc diadikasÐac gia autìmatouc upologismoÔc (800 m.Q.)

• MhqanikoÐ upologistèc gia arijmhtikoÔc upologismoÔc
(Blaise Pascal, Gottfried Leibniz, 17oc ai¸nac)

• Analutik  mhqan  tou Charles Babbage me pr¸th
programmatÐstria thn Ada Lovelace (19oc ai¸nac)

• Alan Turing, jemeliwt c twn ennoi¸n twn algorÐjmwn kai
tou upologismoÔ, h mhqan  Turing (1935)

• MARK I, o pr¸toc hlektromhqanikìc upologist c meg�lhc
klÐmakac, IBM, Harvard University (1943)

• John von Neumann, jemeliwt c thc trèqousac
arqitektonik c twn upologist¸n (1945)

• ENIAC, o pr¸toc upologist c me luqnÐec kenoÔ,
University of Pennsylvania (1946)

• IBM 7090, o pr¸toc upologist c me tranzÐstor (1961)

• IBM 360, o pr¸toc upologist c me oloklhrwmèna
kukl¸mata   tsip (1964)

• O proswpikìc upologist c, to PC (1981)

• Tim Berners-Lee, eis gage thn idèa tou pagkìsmiou istoÔ
sto diadÐktuo (1990)
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K�poia upologistik� probl mata

• P¸c proèkuyan ta apotelèsmata twn panellhnÐwn
exet�sewn gia thn eisagwg  se A.E.I. kai T.E.I.;

• P¸c apofasÐzetai an ènac foitht c tou Tm matìc mac èqei
ekplhr¸sei tic upoqre¸seic tou gia l yh tou ptuqÐou tou;

• Ti fìro ja plhr¸sei h oikogènei� mac efètoc;

• P¸c upologÐsthke to telikì posì plhrwm c stouc
teleutaÐouc logariasmoÔc O.T.E kai D.E.H. pou l�bame;

• Dedomènwn twn analutik¸n apotelesm�twn se k�je
eklogikì tm ma stic ejnikèc eklogèc, pìsouc bouleutèc
eklègei to k�je kìmma se k�je nomì;

• Dedomènwn twn apotelesm�twn mÐac dhmoskìphshc exìdou
(exit poll) se epilegmèna eklogik� tm mata, p¸c mporoÔme
na problèyoume to telikì posostì y fwn se ìlh th q¸ra
gia k�je kìmma pou summetèqei stic ejnikèc eklogèc;

• P¸c mporoÔme na problèyoume ton kairì sthn Aj na gia
aÔrio   gia tic erqìmenec hmèrec, dedomènwn ìlwn twn
apaitoÔmenwn metewrologik¸n stoiqeÐwn;

• P¸c gÐnontai oi krat seic aeroporik¸n eisithrÐwn;

• P¸c mporoÔme na kataskeu�soume to kalÔtero wrolìgio
prìgramma gia ta maj mata tou trèqontoc exam nou;

• To kalÔtero prìgramma exet�sewn gia thn erqìmenh
exetastik  perÐodo;
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P¸c na m�joume na programmatÐzoume;

• Dustuq¸c o programmatismìc den did�sketai.

• Den mporoÔme na m�joume na programmatÐzoume
diab�zontac biblÐa gia programmatismì.

• Den mporoÔme na m�joume na programmatÐzoume gr�fontac
progr�mmata sto qartÐ.

• O mìnoc trìpoc na m�joume na programmatÐzoume eÐnai na
gr�foume progr�mmata ston upologist , na ta ekteloÔme,
na brÐskoume ta l�jh pou sÐgoura èqoume k�nei, na ta
diorj¸noume, na ekteloÔme p�li ta progr�mmata, na
xanabrÐskoume l�jh, na ta diorj¸noume p�li, mèqri na
katafèroume na k�noume ta progr�mmat� mac na epilÔoun
ta probl mat� mac ìpwc prèpei.

• Epikourik�, h an�gnwsh kai katanìhsh kalogrammènwn,
tekmhriwmènwn kai orj¸n programm�twn eÐnai p�ntote
qr simh, all� apì mình thc den arkeÐ.
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H dom  tou upologist 

• Kentrik  mon�da epexergasÐac, o epexergast c

• Mn mh, gia proswrin  apoj keush dedomènwn kai
programm�twn

• DeutereÔousa mn mh, gia mìnimh apoj keush dedomènwn
kai programm�twn (dÐskoi, diskètec, tainÐec, CDs, DVDs,
klp.)

• Mon�dec eisìdou/exìdou, gia epikoinwnÐa me ton èxw kìsmo
(plhktrolìgio, ojình, ektupwt c, klp.)

ΚΕΝΤΡΙΚΗ
ΜΟΝΑ∆Α

ΕΠΕΞΕΡΓΑΣΙΑΣ

ΜΝΗΜΗ

∆ΕΥΤΕΡΕΥΟΥΣΑ
ΜΝΗΜΗ

ΜΟΝΑ∆ΕΣ
ΕΙΣΟ∆ΟΥ/ΕΞΟ∆ΟΥ
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H plhroforÐa ston upologist 

• Duadik� yhfÐa 0 kai 1 (bits - binary digits)

• Bytes, 1 byte = 8 bits

• SÔmbola, ASCII kwdikoÐ (’A’ = 65, ’B’ = 66, . . .)

• Sust mata arÐjmhshc

– duadikì

– dekadikì

– oktadikì

– dekaexadikì

(01101101)2 = (109)10 = (155)8 = (6D)16
0 ·27 +1 ·26 +1 ·25 +0 ·24 +1 ·23 +1 ·22 +0 ·21 +1 ·20 = 109

• H mn mh eÐnai organwmènh se suneq  keli�, pou to kajèna
qarakthrÐzetai apì th dieÔjuns  tou, kai mèsa sta opoÐa o
epexergast c mporeÐ na kataqwr sei, all� kai na diab�sei
ap' aut�, plhroforÐec (duadikoÔc arijmoÔc).

• Sth deutereÔousa mn mh, h org�nwsh sto qamhlì epÐpedo
eÐnai perÐpou ìpwc kai sthn (kÔria) mn mh, all� oi
kataqwrhmènec plhroforÐec prospelaÔnontai apì ton
qr sth mèsw arqeÐwn (files) kai katalìgwn (directories),  
kat� mÐa orologÐa fakèlwn (folders).

• Mon�dec mètrhshc qwrhtikìthtac mn mhc

– 1 Kilobyte (KB) = 210 (= 1024 ' 103) bytes

– 1 Megabyte (MB) = 220 (= 1048576 ' 106) bytes

– 1 Gigabyte (GB) = 230 (= 1073741824 ' 109) bytes
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Logismikì kai gl¸ssec programmatismoÔ

• Logismikì sust matoc

– Leitourgikì sÔsthma (Microsoft Windows, Unix, . . .)

– Metaglwttistèc (gcc, g++, . . .)

– Keimenogr�foi (pico, vim, . . .)

– . . .

• Logismikì efarmog¸n

• Gl¸ssec programmatismoÔ qamhloÔ epipèdou

– Gl¸ssa mhqan c

– Assembly

• Gl¸ssec programmatismoÔ uyhloÔ epipèdou

– Cobol, Fortran, Algol

– Pascal

– C

– C++

– Java

– C#

– SQL

– Prolog

– Haskell

– PHP

– Perl

– . . .
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Ti qreiazìmaste apì mÐa gl¸ssa programmatismoÔ;

• MhqanismoÔc gia eÐsodo (dedomènwn) kai èxodo
(apotelesm�twn)
Par�deigma:

Di�base Misjì Upall lou
Upolìgise Krat seic
Upolìgise Kajarì Misjì
EktÔpwse Kajarì Misjì

• DiatÔpwsh akoloujÐac bhm�twn proc ektèlesh
Par�deigma:

'Estw 'Ena Orjog¸nio TrÐgwno ABG
me Orj  GwnÐa sto A

B ma 1: Upolìgise to Tetr�gwno thc AB
B ma 2: Upolìgise to Tetr�gwno thc AG
B ma 3: Prìsjese ta DÔo Tetr�gwna
B ma 4: H Pleur� BG IsoÔtai me thn

Tetragwnik  RÐza tou Apotelèsmatoc

• FÔlaxh plhrofori¸n sth mn mh kai an�kths  touc
Par�deigma:

Misjìc = 1500
AÔxhsh = 0.04
Nèoc Misjìc = AÔxhsh * Misjìc + Misjìc
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• DiaforopoÐhsh ro c tou elègqou sÔmfwna me sunj kh
Par�deigma:

An Katan�lwsh < 200
Tìte Kìstoc = 20
Alli¸c Kìstoc = 0.3 * Katan�lwsh - 40

• Dunatìthta diatÔpwshc epanalhptik¸n diadikasi¸n
Par�deigma:

Arijmìc = 1
'Ajroisma = 0
Enìsw Arijmìc < 1001

'Ajroisma = 'Ajroisma + Arijmìc2

Arijmìc = Arijmìc + 1

• Paket�risma suqn� qrhsimopoioÔmenwn leitourgi¸n
Par�deigma:

Taxinìmhse(PÐnaka A)
Taxinìmhse(PÐnaka B)
Sugq¸neuse(PÐnaka A, PÐnaka B)

• Metafor� thc ro c tou elègqou alloÔ (polÔ sp�nia)
Par�deigma:

B ma 1: An Q = 30
Tìte P gaine sto B ma 2
Alli¸c P gaine sto B ma 4

B ma 2: EktÔpwse “Tri�nta”
B ma 3: P gaine sto B ma 5
B ma 4: EktÔpwse “'Oqi tri�nta”
B ma 5: . . .
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P¸c kataskeu�zoume ektelèsimo prìgramma;

• Sun jwc, gr�foume ta progr�mmat� mac se k�poia gl¸ssa
programmatismoÔ uyhloÔ epipèdou, gia par�deigma C.

• Gia lìgouc eÔkolhc sunt rhshc enìc progr�mmatoc, eÐnai
pijanìn na to èqoume diasp�sei se poll� phgaÐa arqeÐa
(source files), pou perilamb�noun k¸dika (code) grammèno
sth gl¸ssa programmatismoÔ pou èqoume epilèxei.

• O metaglwttist c (compiler) eÐnai èna prìgramma pou
metatrèpei ta phgaÐa arqeÐa se antikeimenik� arqeÐa
(object files), ta opoÐa eÐnai diatupwmèna sth gl¸ssa
mhqan c tou epexergast  tou upologist  mac.

• Ta antikeimenik� arqeÐa den eÐnai �mesa ektelèsima apì ton
epexergast , ektìc tou ìti to kajèna ap' aut� mporeÐ na
mhn sunist� èna pl rec prìgramma.

• O sundèthc (linker) metatrèpei èna sÔnolo apì
antikeimenik� arqeÐa, kaj¸c kai tuqìn biblioj kec
(libraries) pou ja tou dojoÔn, s' èna ektelèsimo arqeÐo
(executable file), to opoÐo epÐshc eÐnai diatupwmèno se
gl¸ssa mhqan c, all� eÐnai �mesa ektelèsimo apì ton
epexergast .
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H diadikasÐa thc metagl¸ttishc kai sÔndeshc

#include...

{

main()

printf(..

}

ΠΗΓΑΙΟ

ΑΡΧΕΙΟ
ΠΗΓΑΙΟ

ΜΕΤΑΓΛΩΤΤΙΣΤΗΣ

ΜΕΤΑΓΛΩΤΤΙΣΤΗΣ

ΑΝΤΙΚΕΙΜΕΝΙΚΟ
ΑΡΧΕΙΟΑΡΧΕΙΟ

ΑΡΧΕΙΟ
ΑΝΤΙΚΕΙΜΕΝΙΚΟ

ΑΝΤΙΚΕΙΜΕΝΙΚΟ
ΑΡΧΕΙΟ

ΒΙΒΛΙΟΘΗΚΗ

ΑΡΧΕΙΟ
ΕΚΤΕΛΕΣΙΜΟ

ΣΥΝ∆ΕΤΗΣ

#include...

00000001

11001101

00100110

10010101

01001001

00110001

11000010

11010000

11010010

11110011

11010001

11000000

00000011

00000011

00000011

11010000

00110001

func(int x)

{
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Programmatistik� perib�llonta gia thn C

• Metaglwttist c gcc thc C, apì to prìgramma eleÔjerou
logismikoÔ GNU, se leitourgikì sÔsthma Unix (gia
par�deigma, Solaris se stajmoÔc ergasÐac Sun   Linux se
proswpikoÔc upologistèc)

• Perib�llonta pou uposthrÐzoun ton metaglwttist  gcc,
k�tw apì leitourgikì sÔsthma Microsoft Windows

– Dev-C++

– Cygwin

– MinGW

• Perib�llon Microsoft Visual Studio gia Windows, all�
den ja qrhsimopoihjeÐ sta plaÐsia tou parìntoc
maj matoc
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ParadeÐgmata qr shc tou gcc

• gcc myprog.c

Metagl¸ttish tou phgaÐou progr�mmatoc myprog.c se
antikeimenikì arqeÐo kai kl sh tou sundèth gia thn
kataskeu  tou ektelèsimou progr�mmatoc a.out

• gcc -o myprog myprog.c

Metagl¸ttish tou phgaÐou progr�mmatoc myprog.c se
antikeimenikì arqeÐo kai kl sh tou sundèth gia thn
kataskeu  tou ektelèsimou progr�mmatoc myprog

• gcc -c myprog.c

Mìno metagl¸ttish tou phgaÐou progr�mmatoc myprog.c

sto antikeimenikì arqeÐo myprog.o

• gcc -o prog myprog1.o myprog2.o -lm

Mìno kl sh tou sundèth gia kataskeu  tou ektelèsimou
progr�mmatoc prog apì ta antikeimenik� arqeÐa myprog1.o

kai myprog2.o kai th majhmatik  biblioj kh (m)

• 'Allec endiafèrousec epilogèc tou gcc, ektìc apì tic -o,
-c kai -l:

– Gia na klhjeÐ mìno o proepexergast c, -E

– Gia na paraqjeÐ to apotèlesma se gl¸ssa assembly, -S
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H gl¸ssa programmatismoÔ C

• Metablhtèc, stajerèc, tÔpoi kai dhl¸seic

• Entolèc antikat�stashc, telestèc kai parast�seic

• H ro  tou elègqou

• Dom  progr�mmatoc, sunart seic kai exwterikèc
metablhtèc

• Embèleia kai qrìnoc zw c metablht¸n

• Anadrom 

• DieujÔnseic jèsewn mn mhc, deÐktec kai pÐnakec

• Dunamik  dèsmeush mn mhc

• Sumboloseirèc

• PÐnakec deikt¸n, deÐktec se deÐktec kai poludi�statoi
pÐnakec

• DeÐktec se sunart seic

• OrÐsmata gramm c entol¸n

• Aparijm seic, domèc, auto-anaforikèc domèc (lÐstec,
duadik� dèntra), en¸seic, pedÐa bit kai dhmiourgÐa nèwn
onom�twn tÔpwn

• EÐsodoc kai èxodoc

• Qeirismìc arqeÐwn

• Proepexergast c thc C kai makroentolèc
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Kalhmèra kìsme thc C

/* File: helloworld.c */

#include <stdio.h>

main()

{ printf("Hello world\n");

}

% gcc -o helloworld helloworld.c
% ./helloworld
Hello world
%

• 'O,ti perikleÐetai mèsa se /* kai */ jewreÐtai sqìlio kai
den lamb�netai upìyh apì ton metaglwttist .

• H gramm  #include <stdio.h> eÐnai odhgÐa proc ton
proepexergast  thc C na sumperil�bei s' ekeÐno to shmeÐo
ta perieqìmena tou arqeÐou epikefalÐdac (header file)
stdio.h, to opoÐo perièqei qr simec dhl¸seic gia tic
sunart seic eisìdou exìdou.

• K�je prìgramma C prèpei na perièqei akrib¸c mÐa
sun�rthsh me ìnoma main, pou eÐnai aut  apì thn opoÐa ja
arqÐsei na ekteleÐtai to ektelèsimo prìgramma pou ja
prokÔyei apì th metagl¸ttish.

• H printf eÐnai mÐa sun�rthsh exìdou, pou ìtan klhjeÐ,
ektup¸nei ì,ti thc èqei dojeÐ mèsa stic parenjèseic, sthn
prokeÐmenh perÐptwsh to alfarijmhtikì   sumboloseir�
(string) "Hello world" (qwrÐc ta "), akoloujoÔmeno apì
mÐa allag  gramm c (\n).
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Pìso eÐnai to π;

/* File: picomp.c */

#include <stdio.h> /* Header file for standard I/O library */

#include <math.h> /* Header file for math library */

main()

{ long i;

double sum, current, pi;

i = 1; /* Denominator of current term */

sum = 0.0; /* So far sum */

do {

current = 1/(((double) i)*((double) i)); /* Current term */

sum = sum+current; /* Add current term to sum */

i++; /* Next term now */

} while (current > 1.0e-15); /* Stop if current term is very small */

pi = sqrt(6*sum); /* Compute approximation of pi */

printf("Summed %8ld terms, pi is %10.8f\n", i-1, pi);

}

% gcc -o picomp picomp.c -lm
% ./picomp
Summed 31622777 terms, pi is 3.14159262
%

• To prìgramma upologÐzei to π me b�sh th seir�:

π2

6
=

1
12

+
1
22

+
1
32

+
1
42

+
1
52

+
1
62

+
1
72

+
1
82

+ . . .

• To #include <math.h> qrei�zetai epeid  qrhsimopoieÐtai
sto prìgramma h majhmatik  sun�rthsh sqrt, gia thn
eÔresh tetragwnik c rÐzac. Prosoq : Sthn entol 
metagl¸ttishc kai sÔndeshc (gcc) qrei�zetai kai to -lm,
gia na sumperilhfjeÐ sto ektelèsimo prìgramma kai h
majhmatik  biblioj kh thc C.
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• To i sumbolÐzei mÐa akèraia metablht  sthn opoÐa ja
ful�ssetai, dhlad  sthn perioq  thc mn mhc pou thc
antistoiqeÐ o metaglwttist c, h tim  tou trèqontoc
paronomast  kat� ton upologismì tou ajroÐsmatoc.
Dhl¸netai me mègejoc long, ¸ste na mporoÔn na
fulaqjoÔn s' aut n akèraioi megèjouc toul�qiston 4
bytes,  toi toul�qiston mèqri to 231 − 1 = 2147483647. An
eÐqe dhlwjeÐ apl¸c san int, mporeÐ na periorizìmastan se
2 bytes ga th fÔlaxh, dhlad  èwc to 215 − 1 = 32767.

• Ta sum, current kai pi eÐnai metablhtèc gia th fÔlaxh
pragmatik¸n arijm¸n, tou mèqri stigm c upologismènou
ajroÐsmatoc, tou trèqontoc ìrou thc seir�c kai thc telik c
proseggistik c tim c tou π, antÐstoiqa. Dhl¸jhkan san
double gia na èqoume eswterik  anapar�stash twn
arijm¸n aut¸n me megalÔterh akrÐbeia (dipl ) se dekadik�
yhfÐa, ap' aut n pou ja eÐqame an eÐqan dhlwjeÐ san float.

• Me tic entolèc antikat�stashc i = 1 kai sum = 0.0,
dÐnoume arqikèc timèc ston trèqonta paronomast  kai sto
mèqri stigm c �jroisma.

• H om�da entol¸n mèsa sto mplok do {..........} while ja
ekteleÐtai suneq¸c, ìso o trèqwn ìroc tou ajroÐsmatoc
eÐnai megalÔteroc apì k�poia el�qisth tim , thn 10−15 (=
1.0e-15).
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• Se k�je epan�lhyh tou mplok do {..........} while,
upologÐzoume arqik� ton trèqonta ìro tou ajroÐsmatoc (to
prìjema (double) sto i up�rqei gia na metatrapeÐ h tim 
tou akeraÐou i se pragmatik  tim  dipl c akrÐbeiac, prin
summet�sqei sthn arijmhtik  pr�xh). Met� prostÐjetai o
trèqwn ìroc tou ajroÐsmatoc sto mèqri stigm c �jroisma,
me to sum = sum+current (sun jwc to gr�foume kai san
sum += current), kai tèloc aux�noume ton trèqonta
paronomast  kat� 1, me to i++ (isodÔnamo me to i = i+1).

• 'Otan telei¸sei to mplok do {..........} while, sth
metablht  sum up�rqei to �jroisma ìlwn twn ìrwn thc
seir�c pou eÐnai megalÔteroi apì 10−15. Autì eÐnai perÐpou
Ðso me to π2

6 . Opìte, met� upologÐzoume proseggistik� to
π me thn entol  pi = sqrt(6*sum) (dhlad 

√
6× sum).

• Me thn kl sh thc sun�rthshc printf ektup¸netai to
apotèlesma. Sugkekrimèna, ektup¸netai ì,ti up�rqei mèsa
sta ", all� sth jèsh tou %8ld ektup¸netai h tim  tou i-1,
san dekadikìc (d) akèraioc megèjouc long (l) se 8
toul�qiston jèseic, stoiqismènoc dexi�. EpÐshc, sth jèsh
tou %10.8f ektup¸netai h upologismènh tim  tou π, san
pragmatikìc arijmìc (f) se 10 toul�qiston jèseic, me dexi�
stoÐqish, apì tic opoÐec oi 8 gia to klasmatikì mèroc.
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Gr�yte progr�mmata C pou na upologÐzoun me arket  akrÐbeia
ta parak�tw ajroÐsmata. MporeÐte na breÐte me poiouc
endiafèrontec arijmoÔc isoÔntai;

S1 =
1
12
− 1

22
+

1
32
− 1

42
+

1
52
− 1

62
+

1
72
− 1

82
+ . . .

S2 =
1
1
− 1

2
+

1
3
− 1

4
+

1
5
− 1

6
+

1
7
− 1

8
+

1
9
− . . .

S3 =
1
1
− 1

3
+

1
5
− 1

7
+

1
9
− 1

11
+

1
13
− 1

15
+

1
17
− . . .

S4 =
1

1× 3
+

1
3× 5

+
1

5× 7
+

1
7× 9

+
1

9× 11
+ . . .

S5 =
1

2× 3× 4
− 1

4× 5× 6
+

1
6× 7× 8

− 1
8× 9× 10

+ . . .

S6 =
1
14

+
1
24

+
1
34

+
1
44

+
1
54

+
1
64

+
1
74

+
1
84

+ . . .

To Ðdio kai gia to ginìmeno:

P =
2
1
× 2

3
× 4

3
× 4

5
× 6

5
× 6

7
× 8

7
× 8

9
. . .
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Pìte eÐnai to Orjìdoxo P�sqa;

/* File: easter.c */

#include <stdio.h>

#define STARTYEAR 2001

#define ENDYEAR 2010

main()

{ int year, a, b, c, d, e;

for (year = STARTYEAR ; year <= ENDYEAR ; year++) {

a = year % 19;

b = year % 4; /* Gauss method for Easter date computation */

c = year % 7;

d = (19*a+15) % 30;

e = (2*b+4*c+6*d+6) % 7;

printf("Easter in the year %d: ", year);

if (d+e+4 > 30) /* Easter in May */

printf(" May %d\n", d+e-26);

else /* Easter in April */

printf("April %d\n", d+e+4);

}

}

% gcc -o easter easter.c
% ./easter
Easter in the year 2001: April 15
Easter in the year 2002: May 5
Easter in the year 2003: April 27
Easter in the year 2004: April 11
Easter in the year 2005: May 1
Easter in the year 2006: April 23
Easter in the year 2007: April 8
Easter in the year 2008: April 27
Easter in the year 2009: April 19
Easter in the year 2010: April 4
%
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• To prìgramma efarmìzei th mèjodo tou Gauss gia ton
upologismì thc hmeromhnÐac tou P�sqa to ètoc year.
SÔmfwna me aut n, to P�sqa eÐnai stic (d + e + 4)
AprilÐou (an h hmeromhnÐa aut  eÐnai megalÔterh apì 30,
tìte pèftei mèsa ston M�io), ìpou
d = (19 · a + 15) mod 30, e = (2 · b + 4 · c + 6 · d + 6) mod 7,
a = year mod 19, b = year mod 4 kai c = year mod 7.

• Me tic dhl¸seic #define ......... zht�me apì ton
proepexergast  thc C na antikatast sei mèsa sto arqeÐo,
ìpou brei to sÔmbolo pou akoloujeÐ to #define me to
sÔmbolo pou eÐnai amèswc met�. Sthn prokeÐmenh
perÐptwsh, zht�me na antikatastajeÐ to STARTYEAR me
2001 kai to ENDYEAR me 2010.

• To mplok for( E1 ; E2 ; E3 ) {..........} perigr�fei ènan
brìqo pou ja prèpei na ektelesjeÐ epanalambanìmena.
Prin arqÐsei h ektèles  tou, ja ektelesjeÐ h entol  E1.
Ef' ìson h sunj kh E2 eÐnai alhjin , ja gÐnei h trèqousa
epan�lhyh sto brìqo. Me to tèloc k�je epan�lhyhc,
ekteleÐtai kai h entol  E3.

• Stic entolèc antikat�stashc, o telest c % parist�nei to
upìloipo diaÐreshc (mod).

• H dom  if( C ) E1 else E2 shmaÐnei ìti jèloume na
ektelesjeÐ h entol  (  mplok entol¸n) E1, an h sunj kh C

eÐnai alhj c,   h entol  (  mplok entol¸n) E2, an h
sunj kh C eÐnai yeud c.
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Na kataskeuasjeÐ magikì tetr�gwno 5× 5
/* File: magic.c */

#include <stdio.h>

#define SIZE 5

main()

{ int i, j, k;

int x[SIZE][SIZE]; /* The board to be filled */

for (i=0 ; i < SIZE ; i++)

for (j=0 ; j < SIZE ; j++)

x[i][j] = 0; /* Mark all squares as empty */

i = (SIZE-1)/2; /* Go to middle */

j = SIZE-1; /* right square */

for (k=1 ; k <= SIZE*SIZE ; k++) {

if (x[i][j] != 0) { /* If current not empty */

i = i-1; /* Move one square up */

j = j-2; /* and two squares left */

if (i < 0) i = i+SIZE; /* If you are outside */

if (j < 0) j = j+SIZE; /* go to the respective square inside */

}

x[i][j] = k; /* Fill current square with number k */

i++; /* Move one square down */

if (i == SIZE) i = 0; /* If outside get inside */

j++; /* Move one square right */

if (j == SIZE) j = 0; /* If outside get inside */

}

for (i=0 ; i < SIZE ; i++) {

for (j=0 ; j < SIZE ; j++)

printf("%4d ", x[i][j]); /* Print out board */

printf("\n");

}

}

% gcc -o magic magic.c
% ./magic
11 10 4 23 17
18 12 6 5 24
25 19 13 7 1
2 21 20 14 8
9 3 22 16 15

%
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• To prìgramma efarmìzei th mèjodo tou De la Loubère gia
na kataskeu�sei èna magikì tetr�gwno 5× 5 (h mèjodoc
efarmìzetai gia perittì m koc pleur�c), dhlad  èna
plaÐsio me 25 jèseic se di�taxh tetrag¸nou mèsa stic
opoÐec eÐnai topojethmènoi oi arijmoÐ apì to 1 èwc to 25,
mÐa for� o kajènac, ètsi ¸ste se k�je gramm , k�je st lh
kai k�je mÐa apì tic dÔo diagwnÐouc na èqoume to Ðdio
�jroisma (al jeia, pìso;). Gia thn perigraf  thc mejìdou
se mÐa yeudogl¸ssa, deÐte ton algìrijmo 118, sth deÔterh
selÐda tou http://www.di.uoa.gr/~ip/magic-sq.pdf. O
algìrijmoc 117, sthn pr¸th selÐda tou keimènou autoÔ,
mporeÐ na efarmosjeÐ gia thn kataskeu  magik¸n
tetrag¸nwn �rtiac pleur�c.

• Me th d lwsh int x[SIZE][SIZE] zht�me na desmeujeÐ
q¸roc gia èna didi�stato pÐnaka akeraÐwn x me SIZE (= 5)
grammèc kai SIZE st lec. Prosoq : Oi grammèc kai oi
st lec arijmoÔntai apì to 0 èwc to SIZE-1 (= 4). Me thn
èkfrash x[3][1], mporoÔme na anaferjoÔme sto stoiqeÐo
pou brÐsketai sthn 4h gramm  kai 2h st lh. Fusik�, sthn
C mporoÔme na orÐsoume kai monodi�statouc pÐnakec, all�
kai pÐnakec me di�stash megalÔterh apì 2.

• Parathr ste th qr sh twn entol¸n if. Den up�rqei tm ma
else. An isqÔei h sunj kh, ekteleÐtai h entol  (  mplok
entol¸n) pou akoloujeÐ. Alli¸c, o èlegqoc phgaÐnei sthn
epìmenh entol . O telest c != sth sunj kh thc pr¸thc
entol c if shmaÐnei “di�foro” (èlegqoc an to trèqon
tetragwnÐdio eÐnai gem�to).
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Metatrop  pez¸n gramm�twn se kefalaÐa
/* File: capitalize.c */

#include <stdio.h>

main()

{ int ch; /* Be careful! Declare ch as int because of getchar() and EOF */

ch = getchar(); /* Read first character */

while (ch != EOF) { /* Go on if we didn’t reach end of file */

if (ch >= ’a’ && ch <= ’z’) /* If lower case letter */

ch = ch - (’a’-’A’); /* Move ’a’-’A’ positions in the ASCII table */

putchar(ch); /* Print out character */

ch = getchar(); /* Read next character */

}

}

% gcc -o capitalize capitalize.c
% cat capinp.txt
This is a text file with 2 lines to
test the C program "capitalize.c".
% ./capitalize < capinp.txt
THIS IS A TEXT FILE WITH 2 LINES TO
TEST THE C PROGRAM "CAPITALIZE.C".
%

• H sun�rthsh getchar parèqetai apì thn prìtuph
(standard) biblioj kh eisìdou-exìdou thc C. Diab�zei èna
qarakt ra apì thn eÐsodo kai epistrèfei sto ìnom� thc thn
akèraia tim  tou ASCII kwdikoÔ tou qarakt ra. An den
up�rqei �lloc qarakt rac na diabasteÐ, dhlad  ft�same
sto tèloc thc eisìdou, tìte epistrèfei sto ìnom� thc mÐa
eidik  tim , to EOF, pou eÐnai #define'd se mÐa sugkekrimènh
akèraia tim  mèsa sto arqeÐo epikefalÐdac stdio.h.
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• H om�da entol¸n mèsa sto mplok while {..........} ja
ekteleÐtai suneq¸c, ìso up�rqoun kai �lloi qarakt rec
gia na diab�soume apì thn eÐsodo.

• H sunj kh mèsa sto if eÐnai mÐa logik  sÔzeuxh (telest c
&&). Ta ’a’ kai ’A’ eÐnai stajerèc qarakt ra kai isoÔntai
me thn arijmhtik  tim  twn kwdik¸n twn antÐstoiqwn
qarakt rwn ston ASCII pÐnaka, dhlad  ’a’=97 kai
’A’=65.

• To sugkekrimèno prìgramma basÐzetai sthn upìjesh ìti
ston ASCII pÐnaka oi kefalaÐoi latinikoÐ qarakt rec eÐnai
se suneqìmenec jèseic kai ìti to Ðdio isqÔei kai gia touc
pezoÔc. Autì ìntwc isqÔei, gi' autì kai to prìgramma
douleÔei swst�. Gia thn metatrop  enìc pezoÔ qarakt ra
se kefalaÐo, den qrei�zetai na gnwrÐzoume tic akribeÐc
timèc twn ASCII kwdik¸n, arkeÐ na metatopÐsoume ton pezì
qarakt ra kat� ’a’-’A’ jèseic.

• H sun�rthsh putchar parèqetai epÐshc apì thn prìtuph
biblioj kh eisìdou-exìdou thc C (eÐnai h “adelf ”
sun�rthsh thc getchar) kai h leitourgÐa thc eÐnai na
ektup¸sei sthn èxodo ton qarakt ra tou opoÐou ton ASCII
kwdikì dÐnoume mèsa stic parenjèseic.
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Metablhtèc, stajerèc, tÔpoi kai dhl¸seic sthn C

• Metablhtèc

– Sumbolik� onìmata gia jèseic mn mhc

– Apoj keush kai an�kthsh dedomènwn

– An koun se tÔpouc

• Stajerèc

– Sugkekrimènec timèc

– An koun se tÔpouc

• TÔpoi dedomènwn

– Gia akeraÐouc
∗ short int   short (sun jwc 2 bytes)
∗ int (sun jwc 4, spaniìtera 2   8, bytes, an�loga me

to mègejoc lèxhc tou epexergast )
∗ long int   long (sun jwc 4, merikèc forèc 8, bytes)
∗ long long int   long long (sun jwc 8 bytes)

– Gia qarakt rec, all� kai akeraÐouc
∗ char (1 byte)

– Gia pragmatikoÔc arijmoÔc (kinht c upodiastol c)
∗ float (apl c akrÐbeiac, sun jwc 4 bytes)
∗ double (dipl c akrÐbeiac, sun jwc 8 bytes)
∗ long double (ektetamènhc akrÐbeiac, sun jwc 16

bytes)
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• ParadeÐgmata stajer¸n

– Akèraiec stajerèc (jewroÔntai tÔpou int):
237, -12345, 22431L (to L sumbolÐzei ìti epijumoÔme na
jewrhjeÐ h stajer� tÔpou long), 0224 (o oktadikìc
arijmìc 224), 0x1C (o dekaexadikìc arijmìc 1C)

– Stajerèc qarakt ra:
’A’ (o ASCII kwdikìc tou qarakt ra A, dhlad  65)
’\n’ (o ASCII kwdikìc gia thn allag  gramm c)
’\t’ (o ASCII kwdikìc gia ton sthlogn¸mona, tab)
’0’ (o ASCII kwdikìc tou qarakt ra 0, dhlad  48)
’\0’ (o qarakt rac me ASCII kwdikì 0)
’\145’ (o qarakt rac me ASCII kwdikì ton oktadikì
arijmì 145)
’\xA2’ (o qarakt rac me ASCII kwdikì ton
dekaexadikì arijmì A2)

– Stajerèc kinht c upodiastol c (jewroÔntai tÔpou
double):
23.78, -1.24e-14 (dhlad  −1.24 · 10−14)

• MÐa eidik  kathgorÐa stajer¸n eÐnai ta alfarijmhtik�  
sumboloseirèc (strings). MÐa sumboloseir� eÐnai mÐa
akoloujÐa apì qarakt rec mèsa se ", gia par�deigma
"Hello world\n". Prìkeitai, ousiastik�, gia ènan pÐnaka
qarakt rwn, qwrÐc ta ", me teleutaÐo stoiqeÐo tou pÐnaka
to ’\0’ (parìlo pou den shmei¸netai sth diatÔpwsh thc
sumboloseir�c mèsa sta ").
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• Me mÐa d lwsh enhmer¸netai o metaglwttist c gia thn
prìjes  mac na qrhsimopoi soume sto prìgramm� mac
k�poia   k�poiec metablhtèc sugkekrimènou tÔpou, tic
opoÐec mporoÔme na arqikopoi soume kai me stajerèc tou
tÔpou autoÔ, an jèloume, kai antistoiqeÐ s' autèc
kat�llhlec jèseic mn mhc. ParadeÐgmata:

int i, j, k;

char ch;

float x, y = 2.34;

long count, cost;

double pi = 3.14159;

• Ta onìmata twn metablht¸n mporoÔn na perilamb�noun,
mèqri 31 sunolik�, pezoÔc kai kefalaÐouc qarakt rec,
arijmoÔc kai ton qarakt ra _.

• Den epitrèpetai h qr sh desmeumènwn lèxewn thc C (p.q.
if, float, for, klp.) gia onìmata metablht¸n.

• Den eÐnai kalì na orÐzoume metablhtèc sta progr�mmat�
mac pou arqÐzoun apì _, giatÐ tètoia onìmata
qrhsimopoioÔntai gia tic metablhtèc apì tic biblioj kec kai
endèqetai na dhmiourghjeÐ prìblhma.

• Parìti eÐnai epitreptì, den eÐnai kalì onìmata metablht¸n
na apoteloÔntai mìno apì kefalaÐouc qarakt rec, giatÐ
sun jwc dÐnoume tètoia onìmata stic sumbolikèc stajerèc
pou orÐzoume me #define, gia na tic diaqeiristeÐ o
proepexergast c.
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• Sth d lwsh mÐac akèraiac metablht c   mÐac metablht c
qarakt ra, mporeÐ na prohghjeÐ o prosdiorist c unsigned,
pou dhl¸nei ìti oi arijmoÐ pou ful�ssontai sth metablht 
prèpei na ermhneujoÔn san jetikoÐ (  mhdèn).

• An up�rqei sth d lwsh o prosdiorist c signed,   den
up�rqei kanènac, to perieqìmeno thc metablht c jewreÐtai
akèraioc me prìshmo (jetikì   arnhtikì).

• ParadeÐgmata:

signed char ch;

unsigned char uch;

short i;

unsigned long int k;

– Sth metablht  ch ful�ssontai arijmoÐ apì −128
(= −27) èwc 127 (= 27 − 1), en¸ sthn uch apì 0 èwc
255 (= 28 − 1)

– Sth metablht  i ful�ssontai arijmoÐ apì −32768
(= −215) èwc 32767 (= 215 − 1), en¸ sthn k apì 0 èwc
4294967295 (= 232 − 1)

• Se d lwsh metablht c, me tautìqronh arqikopoÐhsh, mporeÐ
na efarmosjeÐ o prosdiorist c const, pou exasfalÐzei ìti
h tim  thc metablht c den ja all�xei. Par�deigma:

const double e = 2.71828;

• Gia metablhtèc, stajerèc, tÔpouc kai dhl¸seic,
analutikìtera stic paragr�fouc §2.1 èwc §2.4 tou [KR]. aþ

aþGia th sunèqeia, o sumbolismìc [KR] ja anafèretai sto biblÐo:
Brian W. Kernighan, Dennis M. Ritchie, “H Gl¸ssa ProgrammatismoÔ C”.
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Entolèc antikat�stashc, telestèc kai parast�seic

• Oi entolèc s' èna prìgramma C, ìpwc kai oi dhl¸seic,
telei¸noun me èna ellhnikì erwthmatikì (;).

• 'Ena basikì eÐdoc entol c eÐnai h entol  antikat�stashc ( 
kat� thn pio sun jh orologÐa, entol  an�jeshc). EÐnai thc
morf c: 〈metablht 〉 = 〈par�stash〉

• MÐa entol  antikat�stashc èqei san apotèlesma ton
upologismì thc tim c thc par�stashc sto dexÐ mèloc tou =

kai thn an�jesh thc tim c aut c sth metablht  sto
aristerì mèloc tou =.

• PolÔ suqnèc eÐnai oi arijmhtikèc parast�seic pou
perigr�foun pr�xeic metaxÔ akèraiwn   pragmatik¸n
metablht¸n kai stajer¸n, mèsw twn arijmhtik¸n
telest¸n, dhlad  +, -, *, / kai % (upìloipo diaÐreshc).

• Prosoq ! DiaÐresh metaxÔ akeraÐwn dÐnei san apotèlesma
to phlÐko thc diaÐreshc.
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• Parast�seic pou emplèkoun metablhtèc kai stajerèc
diaforetik¸n tÔpwn dÐnoun san apotèlesma tim  tou
“eurÔterou” tÔpou. Gia par�deigma, k�poia arijmhtik 
pr�xh metaxÔ int kai double dÐnei apotèlesma double.

• An�jesh mÐac tim c enìc tÔpou se metablht  �llou tÔpou
èqei san apotèlesma th metatrop  thc tim c ston tÔpo thc
metablht c, eÐte qwrÐc ap¸leia plhroforÐac, eÐte me
ap¸leia plhroforÐac, an�loga me to an o tÔpoc thc
metablht c èqei th dunatìthta na anaparast sei pl rwc
thn anatijèmenh tim .

• Rht  metatrop  tÔpou mporeÐ na gÐnei mèsw prosarmog c
(cast), gia par�deigma, an h metablht  i eÐnai akèraiou
tÔpou, h èkfrash (double) i anafèretai sthn tim  thc i

san pragmatikì arijmì dipl c akrÐbeiac.
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• DÔo polÔ qr simoi telestèc eÐnai oi telestèc monadiaÐac
aÔxhshc (++) kai meÐwshc (--). 'Otan efarmìzontai ep�nw
se mÐa metablht , eÐte sta arister� eÐte sta dexi� thc,
èqoun san apotèlesma thn aÔxhsh,   meÐwsh antÐstoiqa,
thc tim c thc metablht c kat� 1. Gia par�deigma, h
akoloujÐa entol¸n

x = 2;

y = 9;

x++;

--y;

++x;

x--;

y--;

++y;

ja èqei san telikì apotèlesma oi metablhtèc x kai y na
èqoun telik� san timèc tic 3 kai 8, antÐstoiqa. Sto
par�deigma autì, den eÐqe k�poia shmasÐa h topojèthsh
twn telest¸n arister�   dexi� thc metablht c.

• Ektìc apì autìnomh entol , h efarmog  twn telest¸n
monadiaÐac aÔxhshc se mÐa metablht , mporeÐ na paÐxei kai
to rìlo par�stashc (  tm matoc par�stashc). Sthn
perÐptwsh aut , èqei shmasÐa an o monadiaÐoc telest c
eÐnai projematikìc (arister� thc metablht c)  
metajematikìc (dexi� thc metablht c).
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• 'Enac projematikìc telest c monadiaÐac aÔxhshc   meÐwshc
se mÐa par�stash uponoeÐ ìti pr¸ta prèpei na gÐnei h
tropopoÐhsh thc tim c thc metablht c (aÔxhsh   meÐwsh,
an�loga) kai met� na qrhsimopoihjeÐ h tropopoihmènh tim 
gia ton upologismì thc tim c thc par�stashc.

• 'Enac metajematikìc telest c monadiaÐac aÔxhshc  
meÐwshc se mÐa par�stash uponoeÐ ìti pr¸ta prèpei na
qrhsimopoihjeÐ h trèqousa tim  thc metablht c gia ton
upologismì thc tim c thc par�stashc kai met� na gÐnei h
tropopoÐhsh thc tim c thc metablht c (aÔxhsh   meÐwsh,
an�loga).

• Par�deigma:

x = 4;

y = 7;

z = ++y;

y = z - (x++);

z = x - (--y);

Ti tim  ja èqoun oi metablhtèc x, y kai z met� apì autèc
tic entolèc; aþ

aþ5, 3 kai 2, antÐstoiqa
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• PolÔ suqn�, sthn C, jèloume na elègxoume k�poia
sunj kh kai an�loga me to apotèlesma tou elègqou
(alhjèc   yeudèc) na proboÔme se k�poia enèrgeia.

• Oi sunj kec sun jwc eÐnai sugkrÐseic tim¸n arijmhtik¸n
parast�sewn, mèsw twn susqetistik¸n telest¸n ( 
telest¸n sÔgkrishc), pou eÐnai oi >, <, >=, <=, == (Ðso) kai
!= (di�foro).

• Pio sÔnjetec sunj kec mporoÔn na kataskeuasjoÔn apì
aploÔsterec mèsw twn logik¸n telest¸n && (KAI), ||
('H) kai ! (OQI).

• Ousiastik�, oi sunj kec den eÐnai k�ti diaforetikì apì tic
parast�seic. MÐa alhj c sunj kh eÐnai mÐa par�stash me
tim  Ðsh me 1, en¸ mÐa yeud c sunj kh jewreÐtai ìti èqei
tim  0. AntÐstoiqa, mÐa par�stash me tim  di�forh tou 0

mporeÐ na paÐxei ton rìlo mÐac alhjoÔc sunj khc, en¸ an h
tim  thc eÐnai 0, eÐnai isodÔnamh me mÐa yeud  sunj kh. Gia
par�deigma, gr�fontac

if (myvar != 0) { ........

eÐnai akrib¸c to Ðdio me to

if (myvar) { ........
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• Merikèc forèc, eÐnai polÔ qr simo na k�noume pr�xeic se
epÐpedo bit metaxÔ akeraÐwn tim¸n (metablht¸n kai
stajer¸n). Autì epitugq�netai mèsw twn telest¸n
pr�xewn me bit, pou eÐnai oi:

– &: KAI

– |: 'H

– ^: apokleistikì 'H

– <<: olÐsjhsh arister�

– >>: olÐsjhsh dexi�

– ~: sumpl rwma wc proc èna

• Par�deigma:

unsigned char x;

x = 178;

x = x & 074;

x = x | 0xD6;

x = x ^ 104;

x = x >> 3;

x = x << 2;

x = ~x;

Poia ja eÐnai h telik  tim  thc metablht c x; aþ

aþ179
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• K�je dimel c telest c (+, -, *, /, %, &, |, ^, <<, >>) mporeÐ
na qrhsimopoihjeÐ kai me èna sÔntomo trìpo se mÐa entol 
antikat�stashc, wc ex c:
〈metablht 〉 〈telest c〉= 〈par�stash〉
Aut  h entol  eÐnai isodÔnamh me thn:
〈metablht 〉 = 〈metablht 〉 〈telest c〉 〈par�stash〉
Gia par�deigma, h entol 

sum += x;

eÐnai isodÔnamh me thn

sum = sum + x;

• Merikèc forèc, eÐnai qr simec kai oi parast�seic upì
sunj kh, san thn
〈sunj kh〉 ? 〈par�stash〉1 : 〈par�stash〉2
H tim  aut c thc par�stashc eÐnai aut  pou èqei h
〈par�stash〉1, an h 〈sunj kh〉 eÐnai alhj c (dhlad , an èqei
tim  di�forh tou 0, jewr¸ntac thn wc par�stash kai
aut ),   aut  pou èqei h 〈par�stash〉2, an h 〈sunj kh〉
eÐnai yeud c (dhlad  Ðsh me 0). Par�deigma:

z = (a > b) ? a : b;

Me thn entol  aut , h tim  thc z ja gÐnei Ðsh me th
megalÔterh tim  apì tic a kai b.
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• H qr sh diafìrwn telest¸n mèsa se mÐa par�stash mporeÐ
na prokalèsei sÔgqush ston anagn¸sth enìc
progr�mmatoc gia to p¸c akrib¸c ja prèpei na upologisjeÐ
h tim  thc par�stashc, dhlad  gia th seir� me thn opoÐa ja
prèpei na efarmosjoÔn oi telestèc, ìqi ìmwc kai ston
metaglwttist .

• Up�rqoun sugkekrimènec proteraiìthtec metaxÔ twn
telest¸n, �llec perissìtero kai �llec ligìtero
anamenìmenec, opìte h seir� efarmog c twn telest¸n eÐnai
saf c.

• Se perÐptwsh pou jèloume na epib�loume sugkekrimèno
trìpo efarmog c twn telest¸n, prèpei na qrhsimopoioÔme
parenjèseic, akìma kai an eÐmaste bèbaioi ìti se k�poiec
peript¸seic den eÐnai aparaÐthtec lìgw twn proteraiot twn
twn telest¸n.

• Fusik�, prèpei na apofeÔgontai uperbolèc. Sthn entol 

x = y + z*w;

den qrei�zontai parenjèseic an jèloume h par�stash sto
dexiì mèloc na eÐnai h y + (z*w) (lìgw thc anamenìmenhc
megalÔterhc proteraiìthtac tou * ènanti tou +, pou ìntwc
isqÔei). Bèbaia, h par�stash (y+z) * w eÐnai diaforetik 
apì thn prohgoÔmenh.
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• K�je entol  antikat�stashc mporeÐ na jewrhjeÐ kai san
par�stash me tim  aut n thn tim c thc par�stashc pou
anajètoume sth metablht . 'Etsi, o kormìc tou
progr�mmatoc capitalize.c

ch = getchar();

while (ch != EOF) {

if (ch >= ’a’ && ch <= ’z’)

ch = ch - (’a’-’A’);

putchar(ch);

ch = getchar();

}

ja mporoÔse na grafeÐ pio sumpuknwmèna wc ex c:

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

if (ch >= ’a’ && ch <= ’z’)

ch = ch - (’a’-’A’);

putchar(ch);

}

Prosèxte, sth sumpuknwmènh ekdoq , tic parenjèseic gÔrw
apì thn entol  antikat�stashc ch = getchar(). EÐnai
aparaÐthtec giatÐ o telest c != èqei megalÔterh
proteraiìthta apì ton =. An den tic b�zame, ti ja ginìtan;
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• Gia entolèc antikat�stashc, telestèc kai parast�seic
sthn C, up�rqei ektetamènh an�lush stic paragr�fouc
§2.5 èwc §2.12 tou [KR], pou sunodeÔetai apì p�ra poll�
endiafèronta paradeÐgmata.

• EpÐshc, to Kef�laio 1 apì to [KR] (sel. 19�58) eÐnai mÐa
polÔ periektik  proparaskeuastik  eisagwg  sthn C, pou
emplèkei pollèc ènnoiec oi opoÐec analÔontai ektenèstera
sth sunèqeia tou biblÐou. EÐnai exairetik� qr simh h
eisagwg  aut , an mh ti �llo gia na prospaj sei kaneÐc na
katal�bei ta progr�mmata pou perilamb�nontai ekeÐ kai,
giatÐ ìqi, na dokim�sei na lÔsei kai tic ask seic tou.
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EÔresh M.K.D. kai E.K.P. tuqaÐwn arijm¸n
/* File: gcdlcm.c */

#include <stdio.h>

#include <stdlib.h> /* Header file for srand and rand functions */

#include <time.h> /* Header file for time function */

#define COMPUTATIONS 8 /* Pairs of numbers to compute GCD and LCM */

#define MAXNUMB 1000 /* Maximum number */

main()

{ int i, m, n, large, small, gcd, rem;

long curtime, lcm;

curtime = time(NULL); /* Current time (in seconds since 1/1/1970) */

printf("Current time is %ld\n\n", curtime);

srand((unsigned int) curtime); /* Seed for random number generator */

for (i=0 ; i < COMPUTATIONS ; i++) {

m = rand() % MAXNUMB + 1; /* Select 1st number in [1,MAXNUMB] */

n = rand() % MAXNUMB + 1; /* Select 2nd number in [1,MAXNUMB] */

if (m > n) { /* Which number is larger? */

large = m; /* Larger is m */

small = n;

}

else {

large = n; /* Larger is n */

small = m;

}

while (small) { /* While small is not 0 */

rem = large % small; /* Find remainder of large/small */

large = small; /* New large is previous small */

small = rem; /* New small is remainder found */

}

gcd = large; /* GCD of m and n equals to final value of large */

lcm = (m*n)/gcd; /* LCM(m,n) * GCD(m,n) = m * n */

printf("GCD(%3d,%3d) = %2d LCM(%3d,%3d) = %6ld\n",

m, n, gcd, m, n, lcm);

}

}
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% gcc -o gcdlcm gcdlcm.c
% ./gcdlcm
Current time is 1130666309

GCD(855,405) = 45 LCM(855,405) = 7695
GCD(125,139) = 1 LCM(125,139) = 17375
GCD(996,467) = 1 LCM(996,467) = 465132
GCD(191,890) = 1 LCM(191,890) = 169990
GCD(548,612) = 4 LCM(548,612) = 83844
GCD(378,531) = 9 LCM(378,531) = 22302
GCD(837,127) = 1 LCM(837,127) = 106299
GCD(938,656) = 2 LCM(938,656) = 307664
%

• Gia thn eÔresh tuqaÐwn zeugari¸n jetik¸n akeraÐwn,
qrhsimopoieÐtai h sun�rthsh rand, h opoÐa k�je for� pou
kaleÐtai epistrèfei èna (yeudo)tuqaÐo arijmì. H
arqikopoÐhsh thc genn triac (yeudo)tuqaÐwn arijm¸n
gÐnetai kal¸ntac th sun�rthsh srand, dÐnont�c thc san
par�metro thn trèqousa qronik  stigm , ìpwc aut 
epistrèfetai apì th sun�rthsh time (h par�metroc NULL

pou dÐnoume sthn time ja suzhthjeÐ sto mèllon).

• Gia thn eÔresh tou Mègistou KoinoÔ Diairèth (M.K.D.)
dÔo arijm¸n, qrhsimopoioÔme ton algìrijmo tou EukleÐdh.
Dhlad , brÐskoume to upìloipo thc diaÐreshc tou
megalÔterou me ton mikrìtero apì touc arijmoÔc kai
antikajistoÔme ton megalÔtero me ton mikrìtero, ton
mikrìtero me to upìloipo thc diaÐreshc kai
epanalamb�noume th diadikasÐa mèqri o mikrìteroc na gÐnei
Ðsoc me 0. Tìte o zhtoÔmenoc M.K.D. eÐnai o megalÔteroc.

• Gia thn eÔresh tou E.K.P., qrhsimopoioÔme th sqèsh
EKP(m,n) ·MKD(m,n) = m · n.
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H ro  tou elègqou sthn C

• 'Opwc kai se k�je gl¸ssa programmatismoÔ, ètsi kai sthn
C, up�rqoun entolèc pou ephre�zoun th ro  tou elègqou
sta progr�mmata (if, switch, while, for, klp.).

• Stic entolèc autèc eÐnai polÔ suqn  h qr sh enìc mplok
entol¸n. 'Ena mplok entol¸n apoteleÐtai apì entolèc pou
eÐnai kleismènec mèsa se �gkistra ({ kai }). An s' èna
mplok entol¸n perièqetai mÐa mìno entol , aut  den eÐnai
aparaÐthto na perikleÐetai mèsa se �gkistra.

• EÐnai exairetik� qr simo na melethjeÐ ìlo to Kef�laio 3
apì to [KR] (sel. 85�100), sto opoÐo perigr�fontai
analutik� ìlec oi domèc elègqou pou prosfèrei h C.
AkoloujeÐ mÐa pio sunoptik  perigraf  twn dom¸n aut¸n.
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Entol  if

• H sÔntaxh thc entol c if eÐnai:
if (〈par�stash〉)

〈mplok entol¸n〉1
else

〈mplok entol¸n〉2
• An h 〈par�stash〉 eÐnai alhj c (èqei tim  di�forh apì to

mhdèn), ja ektelesjeÐ to 〈mplok entol¸n〉1, alli¸c to
〈mplok entol¸n〉2.

• To tm ma apì to else kai met� eÐnai proairetikì. An den
up�rqei kai h 〈par�stash〉 eÐnai yeud c, o èlegqoc ja p�ei
sthn epìmenh entol  tou progr�mmatoc, dhlad  sthn pr¸th
entol  met� to if.

• H proairetikìthta tou else mporeÐ na prokalèsei
probl mata sthn anagnwsimìthta programm�twn me
emfwliasmènec entolèc if, an den up�rqei saf c
omadopoÐhsh me �gkistra. An den up�rqoun �gkistra pou
na epib�lloun sugkekrimènh dom , k�je else antistoiqeÐ
sthn amèswc prohgoÔmenh if pou den èqei else.

• Ti akrib¸c shmaÐnei to parak�tw;

if (n > 0)

if (a > b)

z = a;

else

z = b;

Prosoq ! O metaglwttist c den asqoleÐtai me th stoÐqish.



49

• Autì:

if (n > 0) {

if (a > b)

z = a;

else

z = b;

}

• An jèlame to else na antistoiqeÐ sto pr¸to if, èprepe na
to gr�youme ètsi:

if (n > 0) {

if (a > b)

z = a;

}

else

z = b;

• MÐa sunhjismènh qr sh thc entol c if eÐnai ìtan jèloume
na elègxoume mÐa seir� apì ep�llhlec sunj kec, kai
an�loga me to poia ja brejeÐ ìti isqÔei pr¸th, na
ektelèsoume èna mplok entol¸n. Autì gÐnetai wc ex c:
if (〈par�stash〉1)

〈mplok entol¸n〉1
else if (〈par�stash〉2)

〈mplok entol¸n〉2
......................................
else if (〈par�stash〉n−1)

〈mplok entol¸n〉n−1

else 〈mplok entol¸n〉n
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• H prohgoÔmenh entol  if ja mporoÔse na grafeÐ se mÐa
ekdoq  me stoÐqish wc ex c:
if (〈par�stash〉1)

〈mplok entol¸n〉1
else

if (〈par�stash〉2)
〈mplok entol¸n〉2

......................................
else

if (〈par�stash〉n−1)

〈mplok entol¸n〉n−1

else

〈mplok entol¸n〉n
H sugkekrimènh stoÐqish, ìmwc, m�llon k�nei pio
dusan�gnwsth thn entol , opìte eÐnai kalì na mhn thn
akolouj sei k�poioc.

• 'Ena par�deigma:

if (x > 0) {

sign = 1;

printf("Number is positive\n");

}

else if (x < 0) {

sign = -1;

printf("Number is negative\n");

}

else {

sign = 0;

printf("Number is zero\n");

}
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Entol  switch

• H sÔntaxh thc entol c switch eÐnai:
switch (〈par�stash〉) {

case 〈stajer�〉1:
〈entolèc〉1

case 〈stajer�〉2:
〈entolèc〉2

...........................
default:

〈entolèc〉
}
H switch eÐnai mÐa diakladwmènh entol  apìfashc pou
leitourgeÐ ìpwc perigr�fetai sth sunèqeia.

• H 〈par�stash〉 prèpei na eÐnai akèraia. UpologÐzetai h tim 
thc.

• K�je 〈stajer�〉i prèpei na eÐnai akèraia stajer� kai den
prèpei na up�rqoun dÔo case me thn Ðdia stajer�.

• An h tim  pou èqei h 〈par�stash〉 isoÔtai me k�poia
〈stajer�〉i, tìte o èlegqoc metafèretai stic 〈entolèc〉i. An
ìqi, o èlegqoc metafèretai stic 〈entolèc〉 (met� to
default).

• Oi 〈entolèc〉i (kai 〈entolèc〉) den eÐnai aparaÐthto na
sunistoÔn mplok entol¸n, dhlad  na eÐnai kleismènec mèsa
se { kai }.
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• Met� thn ektèlesh twn entol¸n se mÐa case, o èlegqoc
metafèretai stic entolèc thc epìmenhc case, ektìc an
teleutaÐa entol  thc prohgoÔmenhc case eÐnai h break.
Den eÐnai kal  praktik  oi entolèc mÐac case na suneqÐzoun
me autèc thc epìmenhc, ektìc an isqÔei to epìmeno.

• EÐnai dunatìn gia perissìterec timèc thc mÐac gia thn
〈par�stash〉 na jèloume na ektelesjeÐ h Ðdia om�da
entol¸n. S' aut n thn perÐptwsh, topojetoÔme ta
antÐstoiqa case suneqìmena kai b�zoume thn om�da
entol¸n sto teleutaÐo ap' aut�.

• H perÐptwsh default eÐnai proairetik . An den up�rqei kai
den tairi�zei kamÐa case, o èlegqoc metafèretai met� thn
entol  switch.

• Par�deigma:

switch (x) {

case 1: printf("one\n");

break;

case 2:

case 3: printf("two or three\n");

break;

case 4: printf("four\n");

break;

default: printf("other\n");

break;

}

Ti ja ginìtan an èleipan k�poiec break; GiatÐ b�lame
break kai sthn default perÐptwsh;
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Entolèc brìqou while

• MÐa pijan  sÔntaxh thc entol c while eÐnai:
while (〈par�stash〉)

〈mplok entol¸n〉
• Arqik� upologÐzetai h 〈par�stash〉. An èqei tim  di�forh

tou mhdenìc (eÐnai alhj c) ekteleÐtai to 〈mplok entol¸n〉.
UpologÐzetai p�li h 〈par�stash〉 kai enìsw eÐnai alhj c,
ja gÐnetai o kÔkloc ektèleshc tou 〈mplok entol¸n〉, mèqri
na gÐnei h 〈par�stash〉 yeud c (dhlad  Ðsh me to mhdèn).

• Par�deigma:

f = 1;

while (--n)

f = f*(n+1);

Ti upologÐzei autì to while;

• EpÐshc, jumhjeÐte kai thn entol  while sto
http://www.di.uoa.gr/~ip/cprogs/capitalize.c.
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• 'Allh pijan  sÔntaxh thc entol c while eÐnai:
do

〈mplok entol¸n〉
while (〈par�stash〉)

• Arqik� ekteleÐtai to 〈mplok entol¸n〉. Met�, upologÐzetai
h 〈par�stash〉. An èqei tim  di�forh tou mhdenìc (eÐnai
alhj c) ekteleÐtai p�li to 〈mplok entol¸n〉 kai suneqÐzetai
o kÔkloc ektèles c tou, mèqri na gÐnei h 〈par�stash〉
yeud c (dhlad  Ðsh me to mhdèn).

• Gia lìgouc kalÔterhc anagnwsimìthtac tou progr�mmatoc,
akìma kai an to 〈mplok entol¸n〉 apoteleÐtai apì mÐa mìno
entol , sun jwc th b�zoume mèsa se { kai }.

• Par�deigma:

f = 1;

do {

f = f*n;

} while (--n);

Ti upologÐzei autì to while;

• EpÐshc, jumhjeÐte kai thn entol  do/while sto
http://www.di.uoa.gr/~ip/cprogs/picomp.c.

• H basik  diafor� twn dÔo ekdoq¸n thc entol c while eÐnai
ìti sthn pr¸th perÐptwsh to 〈mplok entol¸n〉 mporeÐ kai
na mhn ektelesjeÐ kamÐa for�, an h 〈par�stash〉 eÐnai
arqik� yeud c, en¸ sthn ekdoq  do/while, to
〈mplok entol¸n〉 ja ektelesjeÐ toul�qiston mÐa for�,
afoÔ h 〈par�stash〉 elègqetai sto tèloc.
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Entol  brìqou for

• H sÔntaxh thc entol c for eÐnai:
for (〈par�stash〉1 ; 〈par�stash〉2 ; 〈par�stash〉3)

〈mplok entol¸n〉
• Diadikastik�, isodunameÐ me tic ex c entolèc:
〈par�stash〉1;
while (〈par�stash〉2) {

〈mplok entol¸n〉
〈par�stash〉3;

}
• Dhlad , arqik� upologÐzetai h 〈par�stash〉1. Sun jwc,

prìkeitai gia thn arqikopoÐhsh enìc deÐkth pou elègqei mÐa
epanalhptik  diadikasÐa. Sth sunèqeia, ekteleÐtai
epanalambanìmena to 〈mplok entol¸n〉, pou apoteleÐ to
s¸ma thc diadikasÐac, enìsw h 〈par�stash〉2, pou sun jwc
elègqei thn tim  tou deÐkth elègqou, eÐnai alhj c. Prin th
diexagwg  nèac epan�lhyhc, ekteleÐtai kai h 〈par�stash〉3,
pou sun jwc metab�llei to deÐkth elègqou.

• Par�deigma:

f = 1;

for (i=1 ; i <= n ; i++)

f = f*i;

Ti upologÐzei autì to for;

• EpÐshc, jumhjeÐte kai tic entolèc for sta
http://www.di.uoa.gr/~ip/cprogs/easter.c kai
http://www.di.uoa.gr/~ip/cprogs/magic.c.
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• EÐnai dunatìn k�poia apì tic 〈par�stash〉
1,2   3

na mhn
up�rqei, sun jwc h pr¸th  /kai h trÐth. An den up�rqei h
deÔterh, tìte den gÐnetai èlegqoc gia termatismì tou
brìqou, opìte prèpei autì na gÐnei biaÐwc me k�poio trìpo
mèsa apì to s¸ma thc epan�lhyhc. Se k�je perÐptwsh,
ìpoia 〈par�stash〉i kai na leÐpei, ta ; up�rqoun kanonik�.

• H entol 
for ( ; ; )

〈mplok entol¸n〉
eÐnai h klasik  ulopoÐhsh enìc atèrmonoc brìqou.

• EpÐshc, sthn C up�rqei kai o telest c , (kìmma), me ton
opoÐo mporoÔme na kataskeu�soume mÐa sÔnjeth par�stash
pou ja upologisjeÐ apì arister� proc ta dexi�. H tim  thc
sÔnjethc par�stashc isoÔtai me thn tim  thc dexiìterhc
apì tic aplèc pou thn sunistoÔn.

• Merikèc forèc, jèloume na gr�youme mÐa entol  for pou
ja elègqetai apì perissìterouc tou enìc deÐktec. Autì
gÐnetai qrhsimopoi¸ntac ton telest  , sthn 〈par�stash〉1
kai sthn 〈par�stash〉3. Par�deigma:

for (i=0, j=n ; i <= j ; i++, j--)

printf("%d\n", i*j);
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Entolèc break kai continue

• MÐa qr sh thc entol c break eÐnai aut  pou eÐdame sthn
entol  switch, gia ton termatismì thc akoloujÐac entol¸n
pou ja ektelesjoÔn ìtan tairi�xei k�poia sugkekrimènh
case.

• EpÐshc, me thn entol  break, mporoÔme na termatÐsoume
biaÐwc tic epanal yeic enìc brìqou (while, do/while  
for), prin isqÔsei h sunj kh termatismoÔ (  ìtan o brìqoc
eÐnai atèrmwn). Par�deigma:

while (!finished) {

......................

if (bad_data)

break;

......................

}

• Me thn entol  continue, o èlegqoc sto eswterikì enìc
brìqou metafèretai sto tèloc tou, gia na arqÐsei h epìmenh
epan�lhyh. Par�deigma:

for (i=0 ; i < n ; i++) {

if (a[i] < 0) /* Ignore negative elements */

continue;

............. /* Process positive elements */

}
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Entol  goto kai etikètec

• K�je gl¸ssa programmatismoÔ, ètsi kai h C, èqei mÐa
entol  gia rht  metafor� tou elègqou se k�poio �llo
shmeÐo (etikèta) tou progr�mmatoc. Sthn C, h entol  aut 
eÐnai h goto.

• H goto mporeÐ na qrhsimopoihjeÐ se polÔ exeidikeumènec
peript¸seic, gia par�deigma ìtan jèloume na gÐnei bÐaih
èxodoc apì fwliasmènouc brìqouc, ìtan o èlegqoc
brÐsketai se k�poio eswterikì brìqo. Autì den mporeÐ na
gÐnei me thn entol  break. Par�deigma:

for (i=0 ; i < n ; i++)

for (j=0 ; j < m ; j++)

if (a[i] == b[j])

goto found;

.............. /* Didn’t find common element */

found:

.............. /* Found a[i] == b[j] */

• H entol  goto bl�ptei sobar� thn idèa tou domhmènou
programmatismoÔ, giatÐ mporeÐ na odhg sei se progr�mmata
dusan�gnwsta kai dÔskola sunthr sima, kai gi' autì
prèpei na qrhsimopoieÐtai sp�nia, an ìqi kajìlou. aþ

aþSta plaÐsia tou sugkekrimènou maj matoc, apl� APAGOREUETAI h
qr sh thc.
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Dom  enìc progr�mmatoc C � Sunart seic

• MÐa sun�rthsh C eÐnai èna autìnomo, paketarismèno tm ma
progr�mmatoc pou fèrei se pèrac mÐa diadikasÐa h opoÐa
èqei safeÐc prodiagrafèc eisìdou kai exìdou kai
sugkekrimèno ìnoma.

• Sun jwc, kwdikopoioÔme se mÐa sun�rthsh ènan algìrijmo
pou prìkeitai na qrhsimopoi soume sto prìgramm� mac
arketèc forèc   ektimoÔme ìti eÐnai genikìterhc
qrhsimìthtac kai ja mporoÔse na faneÐ qr simoc kai se
progr�mmata pou ja gr�youme sto mèllon.

• Se genikèc grammèc, eÐnai kal  praktik  na gr�foume
progr�mmata C pou apoteloÔntai apì pollèc kai mikrèc
sunart seic, par� apì lÐgec kai meg�lec.

• Akrib¸c mÐa apì tic sunart seic enìc progr�mmatoc C
prèpei na èqei to ìnoma main. EÐnai h sun�rthsh apì thn
opoÐa ja xekin sei h ektèlesh tou progr�mmatoc.

• Orismìc sun�rthshc:
〈tÔpoc〉 〈ìnoma sun�rthshc〉 (〈tupikèc par�metroi〉)
{

〈dhl¸seic kai entolèc〉
}
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• Gia ton orismì k�je sun�rthshc, pr¸ta dhl¸noume to
〈ìnoma〉 pou èqei kai, mèsa se parenjèseic, ta onìmata kai
touc tÔpouc pou èqoun oi, legìmenec, 〈tupikèc par�metroi〉,
ef' ìson up�rqoun.

• Oi tupikèc par�metroi mÐac sun�rthshc eÐnai metablhtèc,
stic opoÐec dÐnontai sugkekrimènec timèc kat� thn kl sh
thc sun�rthshc kai oi opoÐec qrhsimopoioÔntai mèsa sto
s¸ma thc sun�rthshc (〈dhl¸seic kai entolèc〉) gia na
epiteuqjeÐ o stìqoc thc sun�rthshc.

• To s¸ma mÐac sun�rthshc perikleÐetai mèsa se { kai }.
• MÐa sun�rthsh mporeÐ na epistrèyei k�poia tim  sto ìnom�

thc, h opoÐa na qrhsimopoihjeÐ apì thn sun�rthsh pou thn
k�lese. O 〈tÔpoc〉 thc tim c pou epistrèfei mÐa sun�rthsh
dÐnetai mprost� apì to ìnom� thc, ston orismì thc.

• An den orÐzetai tÔpoc epistrof c gia mÐa sun�rthsh,
jewreÐtai ìti epistrèfei int.

• An den endiaferìmaste na epistrèyei mÐa sun�rthsh k�poia
tim , prèpei na orÐzoume ìti epistrèfei void, ton “kenì”
tÔpo. Akìma kai an èqoume orÐsei mÐa sun�rthsh na
epistrèfei k�poio tÔpo, ìqi void, den eÐnai telik�
upoqrewtikì na to k�nei, kai an to k�nei, den eÐnai
upoqrewtikì gia thn kaloÔsa sun�rthsh na qrhsimopoi sei
thn epistrefìmenh tim .
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• H epistrof  tim c apì sun�rthsh gÐnetai me thn entol 
return 〈par�stash〉. UpologÐzetai h tim  pou èqei h
〈par�stash〉, epistrèfetai kai h sun�rthsh termatÐzei. Me
mÐa apl  entol  return termatÐzei qwrÐc na epistrafeÐ
k�poia tim .

• H sun�rthsh main mporeÐ na orÐzetai

1. eÐte qwrÐc tupikèc paramètrouc

2. eÐte me dÔo paramètrouc sugkekrimènwn tÔpwn, mèsw
twn opoÐwn mporeÐ na gnwrÐzei h main an to prìgramma
ektelèsjhke me orÐsmata sth gramm  entol c kai, an
nai, me poia.

Perissìtera, gi' autì to jèma, argìtera.

• EpÐshc, h main mporeÐ na epistrèyei tim  tÔpou int, h
opoÐa eÐnai diajèsimh sto perib�llon tou leitourgikoÔ
sust matoc apì to opoÐo ektelèsjhke to prìgramma.

• O metaglwttist c apaiteÐ prin thn kl sh mÐac sun�rthshc
na gnwrÐzei touc tÔpouc twn tupik¸n paramètrwn thc kai
ton tÔpo thc epistrefìmenhc tim c. Sunep¸c,   prèpei na
prohgeÐtai o orismìc mÐac sun�rthshc apì thn kl sh thc,
 , an èpetai, na èqei prohghjeÐ apl¸c mÐa proanaggelÐa thc
sun�rthshc (tÔpoc epistrefìmenhc tim c, ìnoma kai tÔpoi
tupik¸n paramètrwn), to legìmeno prwtìtupo thc
sun�rthshc.

• Perissìtera gia sunart seic, stic paragr�fouc §4.1 kai
§4.2 tou [KR].
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Sun�rthsh Ôywshc se dÔnamh
/* File: powers.c */

#include <stdio.h>

#define MAXM 4 /* Maximum base of powers to compute */

#define MAXN 6 /* Maximum exponent */

int power(int, int); /* Prototype of power */

main()

{ int m, n, p;

for (m=2 ; m <= MAXM ; m++) /* Start from base 2 */

for (n=2 ; n <= MAXN ; n++) { /* Start from exponent 2 */

p = power(m,n); /* Call power function */

printf("%d^%d = %d\n", m, n, p);

}

}

int power(int base, int n)

{ int p;

for (p=1 ; n > 0 ; n--) /* base^n equals to */

p *= base; /* base * base * ... * base (n times) */

return p; /* Return result */

}

% gcc -o powers powers.c
% ./powers
2^2 = 4
2^3 = 8
2^4 = 16
2^5 = 32
2^6 = 64
3^2 = 9
3^3 = 27
3^4 = 81
3^5 = 243
3^6 = 729
4^2 = 16
4^3 = 64
4^4 = 256
4^5 = 1024
4^6 = 4096
%



63

Sun�rthsh upologismoÔ paragontikoÔ
/* File: factorial.c */

#include <stdio.h>

#define MAXN 12 /* Compute factorials up to MAXN */

int factorial(int n) /* No prototype needed */

{ int f;

for (f=1 ; n > 0 ; n--) /* Initialize factorial to 1 */

f *= n; /* Multiply into factorial n, n-1, ..., 1 */

return f; /* Return result */

}

main()

{ int n; /* For all n from 1 to MAXN */

for (n=1 ; n <= MAXN ; n++) /* Call function and */

printf("%2d! = %d\n", n, factorial(n)); /* print result */

}

% gcc -o factorial factorial.c
% ./factorial
1! = 1
2! = 2
3! = 6
4! = 24
5! = 120
6! = 720
7! = 5040
8! = 40320
9! = 362880
10! = 3628800
11! = 39916800
12! = 479001600
%
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Embèleia kai qrìnoc zw c metablht¸n

• Oi metablhtèc pou orÐzontai mèsa se mÐa sun�rthsh
lègontai autìmatec   topikèc. O lìgoc eÐnai ìti oi
metablhtèc autèc èqoun periorismènh embèleia kai qrìno
zw c. IsqÔoun mìno mèsa sth sun�rthsh pou èqoun orisjeÐ
kai gia ìso qrìno ekteleÐtai h sun�rthsh.

• Ektìc apì tic autìmatec metablhtèc, mporoÔme na orÐsoume
s' èna prìgramma C kai exwterikèc   kajolikèc metablhtèc.
Oi metablhtèc autèc orÐzontai ìpwc kai oi autìmatec (me
ton tÔpo touc, to ìnom� touc kai me pijan  arqikopoÐhs 
touc), mìno pou orÐzontai èxw apì sunart seic, sto Ðdio
epÐpedo me autèc.

• Oi exwterikèc metablhtèc èqoun to protèrhma ìti eÐnai
oratèc apì k�je sun�rthsh, mporoÔn dhlad  na
qrhsimopoihjoÔn sta s¸mata twn sunart sewn, kai
diathroÔntai kajìlh th di�rkeia thc ektèleshc tou
progr�mmatoc.

• Mèsw twn exwterik¸n metablht¸n, mporeÐ na epiteuqjeÐ
epikoinwnÐa metaxÔ sunart sewn qwrÐc na qrei�zetai
dedomèna pou k�poia sun�rthsh prèpei na per�sei se
k�poia �llh na to k�nei autì mèsw paramètrwn.
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• To pleonèkthma pou prosfèroun oi exwterikèc metablhtèc
mporeÐ na metatrapeÐ se meionèkthma, an den
qrhsimopoioÔntai me feid¸. Progr�mmata pou
qrhsimopoioÔn eurèwc exwterikèc metablhtèc mporeÐ na
eÐnai polÔ dusan�gnwsta kai dÔskola sunthr sima.
EpÐshc, sunart seic pou basÐzontai se exwterikèc
metablhtèc den eÐnai genik c qr shc.

• An èna prìgramma eÐnai diaspasmèno se poll� arqeÐa kai
jèloume na èqoume mÐa exwterik  metablht  pou na eÐnai
orat  apì tic sunart seic se ìla ta arqeÐa, tìte prèpei se
akrib¸c èna arqeÐo na d¸soume ton orismì thc metablht c,
gia par�deigma

int sp;

en¸ se kajèna apì ta �lla arqeÐa prèpei na k�noume mÐa
d lwsh thc metablht c, prot�ssontac ton prosdiorist 
extern, gia par�deigma

extern int sp;

Ousiastik�, o metaglwttist c desmeÔei mn mh gia mÐa
exwterik  metablht  ìtan dei ton orismì thc (gi' autì
prèpei na up�rqei autìc akrib¸c mÐa for�) kai
enhmer¸netai gia ton tÔpo mÐac metablht c ìtan dei mÐa
d lws  thc me extern (jumhjeÐte ìti an èna prìgramma
eÐnai diaspasmèno se poll� arqeÐa, ta arqeÐa aut�
metaglwttÐzontai xeqwrist�).
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• An jèloume h embèleia mÐac exwterik c metablht c na eÐnai
mìno to arqeÐo sto opoÐo orÐzetai kai na mhn sugqèetai me
k�poia exwterik  metablht  me to Ðdio ìnoma, all� se �llo
arqeÐo, mporoÔme na prot�xoume tou orismoÔ thc ton
prosdiorist  static, gia par�deigma

static double sum;

• O prosdiorist c static mporeÐ na efarmosjeÐ kai se
metablhtèc pou orÐzontai mèsa se sun�rthsh, ìmwc me �llh
shmasÐa. H embèleia mÐac topik c metablht c pou èqei
orisjeÐ san static mèsa se sun�rthsh, eÐnai h sun�rthsh
aut , all� h metablht  den eÐnai autìmath. DiathreÐtai,
ìpwc kai h tim  thc, kai met� ton termatismì thc
sun�rthshc. Se nèa kl sh thc sun�rthshc, h metablht 
èqei thn tim  pou p re met� thn prohgoÔmenh kl sh.

• Mh arqikopoihmènec exwterikèc metablhtèc jewroÔntai ìti
èqoun tim  0.

• Mh arqikopoihmènec autìmatec metablhtèc èqoun
aprosdiìristec timèc.

• Oi tupikèc par�metroi mÐac sun�rthshc eÐnai autìmatec
metablhtèc gia th sun�rthsh.
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• Oi autìmatec metablhtèc se mÐa sun�rthsh mporoÔn na
orÐzontai, ektìc apì to epÐpedo tou s¸matoc thc
sun�rthshc, kai se pio eswterik� mplok entol¸n (gia
par�deigma sto s¸ma mÐac entol c while). An up�rqoun
pollaploÐ orismoÐ gia to Ðdio ìnoma metablht c se di�fora
mplok, mèsa se kajèna ap' aut� isqÔei o orismìc pou ègine
s' autì,  , an den up�rqei, autìc pou ègine sto amèswc pio
exwterikì tou,  , an den up�rqei, sto pio exwterikì, k.o.k.

• An up�rqei sÔgkroush onìmatoc metaxÔ mÐac exwterik c
metablht c kai mÐac autìmathc mèsa s' èna mplok, isqÔei h
autìmath.

• Par�deigma:

int count;

float y;

double myfun(int y)

{ int i;

..............

while (......) {

int i, j;

..........

for (.......) {

int count;

..........

}

}

}

Poiec metablhtèc isqÔoun poÔ;
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• 'Otan metaglwttÐzetai èna prìgramma, desmeÔetai o
apaitoÔmenoc q¸roc gia na fulaqjoÔn ìlec oi exwterikèc
metablhtèc tou progr�mmatoc (all� kai oi topikèc
metablhtèc pou èqoun dhlwjeÐ san static mèsa se
sunart seic). O q¸roc autìc eÐnai twn statik¸n
(kajolik¸n) dedomènwn kai eÐnai ek twn protèrwn gnwstìc
kai desmeumènoc mèsa sto ektelèsimo prìgramma kai
antistoiqeÐ sto q¸ro pou ja katalhfjeÐ sth mn mh ìtan
fortwjeÐ to prìgramma gia na ektelesjeÐ.

• Oi autìmatec metablhtèc mÐac sun�rthshc, akrib¸c epeid 
èqoun periorismèno qrìno zw c, èqoun èna diaforetikì
trìpo fÔlaxhc, mèsw thc, legìmenhc, stoÐbac.

• H stoÐba gia èna prìgramma eÐnai mÐa dom  tÔpou LIFO
(Last In First Out), dhlad  mporoÔme na eis�goume
diadoqik� stoiqeÐa s' aut n, all� an jèloume na
exag�goume k�poio, ja exaqjeÐ autì pou eis qjh pio
prìsfata.

• 'Otan kaleÐtai mÐa sun�rthsh, o èlegqoc metafèretai s'
aut n, all� prin arqÐsei h ektèles  thc, desmeÔetai q¸roc
sth stoÐba gia tic autìmatec metablhtèc thc
(sumperilambanomènwn kai twn tupik¸n paramètrwn thc).
An h sun�rthsh aut  kalèsei sto s¸ma thc �llh
sun�rthsh, akoloujeÐtai h Ðdia diadikasÐa.
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• 'Otan termatÐzei mÐa sun�rthsh, epistrèfei, an qrei�zetai,
k�poia tim  sth sun�rthsh pou thn k�lese kai
eleujer¸netai o q¸roc sth stoÐba pou eÐqe krathjeÐ gia to
perib�llon (autìmatec metablhtèc) thc sun�rthshc.

• O mhqanismìc fÔlaxhc twn autìmatwn metablht¸n twn
sunart sewn sth stoÐba epitrèpei th qr sh mÐac polÔ
isqur c programmatistik c dunatìthtac, thc anadrom c
(recursion).

• MÐa sun�rthsh eÐnai anadromik  ìtan kaleÐ ton eautì thc.
Lìgw thc stoÐbac, den up�rqei kÐndunoc sÔgqushc me tic
metablhtèc thc sun�rthshc kai tic timèc touc, afoÔ se
k�je kl sh dhmiourgeÐtai nèo perib�llon sth stoÐba gia tic
metablhtèc thc sugkekrimènhc energopoÐhshc.

• Fusik�, prèpei h anadromik  kl sh mÐac sun�rthshc na
gÐnetai upì sunj kh, giatÐ alli¸c h ektèlesh tou
progr�mmatoc den ja mporoÔse na gÐnei me peperasmèno
trìpo.

• Gia exwterikèc kai autìmatec metablhtèc, all� kai gia thn
anadrom , deÐte tic paragr�fouc §4.3, §4.4 kai §4.6 èwc
§4.10 tou [KR].
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Upologismìc paragontikoÔ me anadrom 
/* File: recfact.c */

#include <stdio.h>

#define MAXN 12 /* Compute factorials up to MAXN */

int recfact(int); /* Prototype of recfact */

main()

{ int n; /* For all n from 0 to MAXN */

for (n=0 ; n <= MAXN ; n++) /* Call function and */

printf("%2d! = % d\n", n, recfact(n)); /* print result */

}

int recfact(int n)

{ if (!n) /* If n == 0 */

return 1; /* 0! = 1 */

else

return n*recfact(n-1); /* n! = n * (n-1)! */

}

% gcc -o recfact recfact.c
% ./recfact
0! = 1
1! = 1
2! = 2
3! = 6
4! = 24
5! = 120
6! = 720
7! = 5040
8! = 40320
9! = 362880
10! = 3628800
11! = 39916800
12! = 479001600
%
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Metatropèc metaxÔ dekadik¸n kai duadik¸n arijm¸n
/* File: convdecbin.c */

#include <stdio.h>

#define ERROR -1 /* Return value for illegal character */

int getinteger(int base)

{ char ch; /* No need to declare ch as int - no EOF handling */

int val=0; /* Initialize return value */

while ((ch = getchar()) != ’\n’) /* Read up to new line */

if (ch >= ’0’ && ch <= ’0’+base-1) /* Legal character? */

val = base*val + (ch-’0’); /* Update return value */

else

return ERROR; /* Illegal character read */

return val; /* Everything OK - Return value of number read */

}

main()

{ int n, digs[32], ind=0;

printf("Please, give a binary number: ");

n = getinteger(2); /* Read binary number */

if (n == ERROR) {

printf("Sorry, illegal character\n"); return 1;

}

else /* Print decimal value of number */

printf("Decimal equivalent is: %d\n", n);

printf("Please, give a decimal number: ");

n = getinteger(10); /* Read decimal number */

if (n == ERROR) {

printf("Sorry, illegal character\n"); return 1;

}

else { /* Convert number to binary digits */

while (n) { /* Repeat until number equals to 0 */

digs[ind++] = n%2; /* New digit is number mod 2 */

n = n/2; /* New number is number/2 */

}

printf("Binary equivalent is: ");

while (ind--) /* Print digits in reverse order */

printf("%d", digs[ind]);

printf("\n");

}

}
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% gcc -o convdecbin convdecbin.c
% ./convdecbin
Please, give a binary number: 1000100101111010001001001
Decimal equivalent is: 18019401
Please, give a decimal number: 18019401
Binary equivalent is: 1000100101111010001001001
% ./convdecbin
Please, give a binary number: 10011101
Decimal equivalent is: 157
Please, give a decimal number: 65535
Binary equivalent is: 1111111111111111
%

• An jewroÔsame ìti h sun�rthsh getinteger eÐnai genik c
qrhsimìthtac, ti akrib¸c ja èprepe na b�loume s' èna
phgaÐo arqeÐo getinteger.c kai ti s' èna arqeÐo
epikefalÐdac getinteger.h, ¸ste na qrhsimopoioÔme th
sun�rthsh aut  kai se �lla progr�mmata;

• Kai èna prìblhma:
H akoloujÐa Fibonacci orÐzetai wc ex c:

a0 = 1

a1 = 1

an = an−1 + an−2, ∀ n ≥ 2

Gr�yte prìgramma C pou na upologÐzei, gia dedomèno k, ton
(k + 1)-ostì ìro ak thc akoloujÐac Fibonacci. Ulopoi ste
dÔo diaforetikèc ekdoqèc tou progr�mmatoc, mÐa qwrÐc
anadrom  kai mÐa me anadrom . 'Eqete na sqoli�sete k�ti;
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DeÐktec

• 'Enac deÐkthc sthn C eÐnai mÐa metablht  sthn opoÐa
mporoÔme na kataqwr soume k�poia dieÔjunsh mn mhc.
Sth dieÔjunsh aut  mporoÔme na ful�xoume k�poia tim 
sugkekrimènou tÔpou.

• H apl  ekdoq  mÐac d lwshc metablht c tÔpou deÐkth eÐnai
thc morf c:
〈tÔpoc〉 *〈metablht 〉
Me th d lwsh aut  orÐzoume th 〈metablht 〉 na eÐnai
deÐkthc se dedomèna pou o tÔpoc touc eÐnai 〈tÔpoc〉.

• MporoÔme ìmwc na orÐsoume mÐa 〈metablht 〉 na eÐnai
deÐkthc se dedomèna tÔpou deÐkth pou deÐqnoun se dedomèna
pou o tÔpoc touc eÐnai 〈tÔpoc〉. Autì mporeÐ na gÐnei me mÐa
d lwsh thc morf c:
〈tÔpoc〉 **〈metablht 〉

• Den up�rqei amfibolÐa ìti h taktik  aut  genikeÔetai kai
se pio polÔplokec dhl¸seic (deÐkthc se deÐkth se deÐkth
klp.), all� oi pragmatik� qr simoi deÐktec, sth meg�lh
pleioyhfÐa twn programm�twn pou gr�foume, eÐnai autoÐ
pou orÐzoume me tic parap�nw dhl¸seic.

• PerÐ deikt¸n, all� kai pin�kwn, pou ja suzht soume sth
sunèqeia, to Kef�laio 5 apì to [KR] (sel. 135�178) eÐnai
mÐa anex�ntlhth phg  plhrofori¸n. aþ

aþEktìc, Ðswc, apì ta jèmata thc dunamik c dèsmeushc mn mhc, pou up�r-
qei mÐa sqetik  dustokÐa.
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• Par�deigma:

int *p;

double *pd;

char **ppc;

Oi metablhtèc p kai pd orÐsthkan san deÐktec se akeraÐouc
kai pragmatikoÔc dipl c akrÐbeiac, antÐstoiqa.
H metablht  ppc eÐnai deÐkthc se jèsh mn mhc pou
mporoÔme na ful�xoume deÐkth se qarakt rec.
DeÐte kai to sq ma:

12543

1029

503350295025501950115005

10131003

char **ppcdouble *pdint *p

10291021101310071003

int doubleint double

-3786 3.14159 0.387652e-26

10381034

1034

char

\0 \0dab \n

1038

doog \n\0

char* char* char*

5025

• To sÔmbolo * efarmosmèno se metablhtèc tÔpou deÐkth
qrhsimopoieÐtai kai stic entolèc tou progr�mmatoc, wc
telest c èmmeshc anafor�c. 'Otan èqoume orÐsei mÐa
〈metablht 〉 tÔpou deÐkth, h èkfrash *〈metablht 〉
parist�nei to perieqìmeno thc jèshc mn mhc sthn opoÐa
deÐqnei h 〈metablht 〉.
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• O antÐstrofoc tou telest  * eÐnai o &. H èkfrash
&〈metablht 〉 parist�nei th dieÔjunsh pou ful�ssetai h
tim  gia th 〈metablht 〉, ì,ti tÔpou kai na eÐnai aut .
Dhlad , oi telestèc * kai & diab�zontai wc ex c:
&p = h dieÔjunsh mn mhc pou eÐnai apojhkeumèno to p

*p = to perieqìmeno thc jèshc mn mhc pou deÐqnei to p

• Par�deigma:

int x = 5, y, *px, *py, *pz;

char c = ’F’, *pc, d;

px = &x;

py = &y;

pc = &c;

pz = py;

*pz = (*px)++;

d = --(*pc);

pc = &d;

(*pc)--;

Poiec oi timèc twn x, y, c, d met� apì autèc tic entolèc; aþ

• Ja mporoÔsame na eÐqame gr�yei --*pc antÐ gia --(*pc); bþ

• EpÐshc, gr�yame (*px)++. Oi parenjèseic qrei�zontai sthn
èkfrash aut , an jèloume o telest c monadiaÐac aÔxhshc
++ na efarmosjeÐ ep�nw sto perieqìmeno thc jèshc mn mhc
pou deÐqnei o deÐkthc px. An eÐqame gr�yei *px++, lìgw
thc uyhlìterhc proteraiìthtac tou telest  ++ (all� kai
tou --) ènanti tou telest  *, autì ja s maine to *(px++).

aþ6, 5, ’E’ kai ’D’, antÐstoiqa
bþNai, giatÐ ìqi;
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• Ti shmaÐnei ìmwc to *(px++) (  to isodÔnamì tou *px++); aþ

• 'Omwc, poio eÐnai to nìhma na aux soume   na mei¸soume
èna deÐkth kat� 1, dhlad  na k�noume ton deÐkth na deÐqnei
sthn epìmenh   prohgoÔmenh jèsh mn mhc apì aut  pou
èdeiqne; 'Eqei nìhma an anaferìmaste se suneqìmenec
jèseic mn mhc pou, me k�poio trìpo, èqoume desmeÔsei kai
qrhsimopoioÔme.

• Ektìc apì thn aÔxhsh   meÐwsh enìc deÐkth kat� 1 (mèsw
twn telest¸n monadiaÐac aÔxhshc kai meÐwshc ++ kai --),
mporoÔme na prosjèsoume se èna deÐkth   na afairèsoume
apì autìn mÐa akèraia stajer�.

• 'Allec pr�xeic metaxÔ deikt¸n den epitrèpontai, ektìc apì
thn afaÐresh deikt¸n pou deÐqnoun se stoiqeÐa enìc mplok
apì dedomèna tou Ðdiou tÔpou, pou èqoun desmeujeÐ, me
k�poio trìpo, gia eniaÐa diaqeÐrish. EpÐshc, epitrèpontai
kai sugkrÐseic metaxÔ tètoiwn deikt¸n.

aþ 'Oqi, DEN shmaÐnei ìti pr¸ta ja auxhjeÐ o deÐkthc px kai met� ja p�-
roume to perieqìmeno thc jèshc mn mhc pou deÐqnei h nèa, auxhmènh, tim 
tou deÐkth. Oi parenjèseic den deÐqnoun th seir� pou ja gÐnoun oi upologi-
smoÐ, all� to poÔ efarmìzontai oi telestèc. Sto prokeÐmeno par�deigma, o
telest c ++ eÐnai metajematikìc, �ra pr¸ta ja p�roume to perieqìmeno thc
jèshc mn mhc pou deÐqnei o deÐkthc px kai met� ja auxhjeÐ o deÐkthc. An
jèlame pr¸ta na aux soume ton deÐkth kai met� na k�noume thn anafor�,
èprepe na gr�youme *(++px).
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• An oi pi, pc kai pd eÐnai deÐktec (se int, char kai double,
antÐstoiqa), oi parak�tw entolèc eÐnai apolÔtwc nìmimec:

pi = pi+3;

pc -= 4;

pd = pd-2;

H prìsjesh se (afaÐresh apì) èna deÐkth p mÐac stajer�c
n, metab�llei ton deÐkth ¸ste na deÐxei n jèseic mn mhc
(ìqi n bytes), megèjouc ìso autì tou tÔpou dedomènwn pou
deÐqnei o deÐkthc, pio met� (prin). An oi int, char kai
double eÐnai twn 4, 1 kai 8 bytes, antÐstoiqa, pìso ja
metablhjoÔn oi deÐktec pi, pc kai pd; aþ

• MÐa polÔ sunhjismènh qr sh twn deikt¸n eÐnai sthn
perÐptwsh pou jèloume k�poia sun�rthsh na epistrèyei
k�poia tim  (  kai perissìterec), ìqi san epistrefìmenh
tim  sto ìnom� thc, all� epidr¸ntac stic metablhtèc thc
sun�rthshc pou thn k�lese. Tìte, h kaloÔsa sun�rthsh
prèpei na per�sei sthn kaloumènh th dieÔjunsh mÐac
metablht c thc, sthn opoÐa h kaloumènh ja gr�yei thn tim 
pou prèpei na epistrèyei.

• Jewr ste to ex c prìblhma: Jèloume na gr�youme mÐa
sun�rthsh swap, h opoÐa na antall�ssei ta perieqìmena
dÔo akèraiwn metablht¸n.

aþ12, -4 kai -16, antÐstoiqa
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• 'Estw ìti gia na antall�xoume tic timèc twn akèraiwn
metablht¸n a kai b protijèmeja na kalèsoume th
sun�rthsh swap(a,b), thn opoÐa èqoume orÐsei wc ex c:

void swap(int x, int y)

{ int temp;

temp = x;

x = y;

y = temp; }

GiatÐ eÐnai l�joc autì; aþ

• P¸c ja gr�fame th swst  swap; 'Etsi:

void swap(int *px, int *py)

{ int temp;

temp = *px;

*px = *py;

*py = temp; }

Kai p¸c ja thn kaloÔsame gia na antall�xoume tic timèc
twn metablht¸n a kai b; bþ

• Kai giatÐ qreiazìmaste th metablht  temp; gþ

aþ 'Estw ìti prin kalèsoume thn swap(a,b), oi timèc twn metablht¸n a kai
b eÐnai 5 kai 8, antÐstoiqa. Tìte, ousiastik� kaloÔme swap(5,8), dhlad  oi
tupikèc par�metroi x kai y thc swap, pou eÐnai topikèc/autìmatec metablhtèc
gia th sun�rthsh, paÐrnoun tic timèc 5 kai 8, antÐstoiqa, antall�ssontai
mèsa sthn swap oi timèc twn x kai y, all� oi metablhtèc a kai b thc kaloÔsac
sun�rthshc den ephre�zontai kajìlou apì thn allag  aut .

bþswap(&a,&b)
gþGia ton Ðdio lìgo pou qreiazìmaste èna trÐto pot ri an jèloume na

antall�xoume ta perieqìmena dÔo �llwn pothri¸n, ektìc ki an eÐmaste ta-
qudaktulourgoÐ (:-).
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PerÐ an�gnwshc akeraÐwn (kai ìqi mìno)

• Mèqri stigm c, den gnwrÐzame k�poio eÔqrhsto trìpo na
diab�soume ènan akèraio mèsa apì èna prìgramma C. T¸ra,
me th qr sh deikt¸n, autì eÐnai efiktì.

• H prìtuph biblioj kh eisìdou-exìdou thc C parèqei kai th
sun�rthsh scanf, pou eÐnai h “adelf ” sun�rthsh thc
printf, kai me thn opoÐa mporoÔme na diab�soume apì thn
eÐsodo enìc progr�mmatoc dedomèna proc epexergasÐa.

• H scanf sunt�ssetai me antÐstoiqo trìpo autoÔ thc
printf, dhlad  sthn pr¸th par�metro dÐnoume mÐa
sumboloseir� pou perigr�fei ti tÔpwn dedomèna
skopeÔoume na diab�soume kai me poion trìpo. Oi epìmenec
par�metroi anafèrontai sto poÔ ja fulaqjoÔn oi timèc pou
diab�sthkan.

• Mìno PROSOQH! Epeid  h sun�rthsh scanf prìkeitai na
epistrèyei sth sun�rthsh pou thn k�lese k�poiec timèc,
stic antÐstoiqec paramètrouc DEN b�zoume tic metablhtèc
stic opoÐec jèloume na fulaqjoÔn oi timèc autèc, all�
deÐktec stic metablhtèc autèc. EÐnai o Ðdioc akrib¸c lìgoc
gia ton opoÐo th sun�rthsh swap thn kaloÔme san
swap(&a,&b), ìpou a kai b eÐnai akèraiec metablhtèc.
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• Par�deigma:

int id, rank, *prank;

float salary;

prank = &rank;

printf("Please give id and rank: ");

scanf("%d %d", &id, prank);

printf("Please give salary: ");

scanf("%f", &salary);

• H an�gnwsh tim¸n gia thn akèraia metablht  id kai th
metablht  kinht c upodiastol c salary gÐnetai pern¸ntac
stic sunart seic scanf deÐktec stic metablhtèc autèc.
'Omwc sthn pr¸th scanf per�same thn Ðdia th metablht 
prank, afoÔ aut  èqei  dh orisjeÐ san deÐkthc se akèraio.
Bèbaia, sth sunèqeia, gia na anaferjoÔme sthn tim  pou
diab�same, autì prèpei na gÐnei mèsw tou telest  èmmeshc
anafor�c, dhlad  *prank,   mèsw thc metablht c rank. aþ

• Oi prodiagrafèc %d kai %f stic scanf upodeiknÔoun ìti oi
timèc pou ja diabastoÔn eÐnai akèraiec kai kinht c
upodiastol c, antÐstoiqa.

• Up�rqoun kai �llec prodiagrafèc pou mporeÐ na
qrhsimopoihjoÔn gia an�gnwsh tim¸n apì thn scanf,
kaj¸c kai k�poiec endiafèrousec dunatìthtec pou
parèqontai apì th sun�rthsh. Gia perissìtera, “man
scanf”   ìtan ja anaferjoÔme analutikìtera stic
sunart seic thc prìtuphc biblioj khc eisìdou-exìdou thc
C.

aþJa mporoÔsame na eÐqame apofÔgei thn entol  prank = &rank;
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PÐnakec

• 'Otan jèloume sthn C na qeiristoÔme èna sÔnolo apì
dedomèna Ðdiou tÔpou me eniaÐo kai genikì trìpo, orÐzoume
èna pÐnaka sugkekrimènou megèjouc gia th fÔlaxh twn
dedomènwn aut¸n.

• Me th d lwsh

int myarray[20];

orÐzoume èna monodi�stato pÐnaka akeraÐwn me ìnoma
myarray ston opoÐo mporoÔn na fulaqjoÔn to polÔ 20
akèraiec timèc. To 20 eÐnai h di�stash tou pÐnaka.

• 'Enac pÐnakac apojhkeÔetai sth mn mh se suneqìmenec
p�nta jèseic.

• Mèsa sto prìgramm� mac, mporoÔme na anaferìmaste sta
stoiqeÐa tou pÐnaka myarray, pou èqei oristeÐ me di�stash
20, san myarray[0], myarray[1], . . ., myarray[19].
Genik�, me to myarray[i] anaferìmaste sto stoiqeÐo tou
pÐnaka myarray me deÐkthaþ i, ìpou to i mporeÐ na eÐnai
k�poia par�stash, ìqi mìno stajer�   metablht , h opoÐa
pr¸ta ja apotimhjeÐ kai met� ja gÐnei h prospèlash tou
stoiqeÐou myarray[i].

aþProsoq  sthn orologÐa! Ton ìro “deÐkthc” ed¸, ton qrhsimopoioÔme
san ellhnik  apìdosh tou AgglikoÔ “index”. Prìkeitai gia deÐkth pÐnaka.
Oi deÐktec ìmwc pou eÐdame sthn prohgoÔmenh enìthta eÐnai deÐktec dieujÔn-
sewn kai antistoiqoÔn ston Agglikì ìro “pointer”. Gia th sunèqeia, den ja
k�noume idiaÐterh anafor�, ìtan qrhsimopoioÔme ton ìro “deÐkthc”, se poia
ekdoq  anaferìmaste. Ja prokÔptei autì eÔkola apì ta sumfrazìmena.



82

• An h di�stash enìc pÐnaka eÐnai N, oi deÐktec twn stoiqeÐwn
tou kumaÐnontai apì 0 èwc N-1.

• Prosoq  sto klasikì l�joc pou gÐnetai ston
programmatismì me th diaqeÐrish pin�kwn! Apìpeira
prìsbashc ektìc twn orÐwn enìc pÐnaka den eÐnai dunatìn
na diagnwsjeÐ apì ton metaglwttist , me sunèpeia na
prokÔyei sobarì prìblhma kat� thn ektèlesh tou
progr�mmatoc.

• EÐnai eujÔnh tou programmatist  na exasfalÐsei ìti ìtan
sto prìgramm� tou k�nei prìsbash sto stoiqeÐo x[i],
ìpou o pÐnakac x èqei orisjeÐ me di�stash, èstw, 100, tìte
to i den ja èqei tim  mikrìterh apì to 0   megalÔterh apì
to 99, ìtan gÐnetai h anafor� sto x[i]. Alli¸c . . .

Sto Unix, gia par�deigma, ja p�roume èna megaloprepèc
“Segmentation fault”   kanèna “Bus error” kat� thn
ektèlesh tou progr�mmatoc. aþ

aþEutuq¸c, dhlad , giatÐ se �lla programmatistik� perib�llonta, mpo-
reÐ na mhn èqoume kamÐa èndeixh gia to prìblhma, kai na nomÐzoume ìti to
prìgramm� mac eÐnai swstì. Bèbaia, gia na eÐmaste dÐkaioi, akìma kai sto
Unix mporeÐ, se k�poiec peript¸seic, na mhn p�roume k�poia èndeixh ìti
èqoume k�nei l�joc diaqeÐrishc mn mhc kai na nomÐzoume ìti to prìgramm�
mac douleÔei swst�, en¸ autì ja k�nei �lla ant' �llwn.
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• Up�rqei polÔ sten  sqèsh metaxÔ twn pin�kwn kai twn
deikt¸n dieujÔnsewn sthn C. Ousiastik�, to ìnoma enìc
pÐnaka eÐnai ènac stajerìc deÐkthc sto pr¸to stoiqeÐo tou
pÐnaka.

• Gia par�deigma, an èqoume orÐsei ènan pÐnaka a, tìte h
èkfrash *(a+i) eÐnai isodÔnamh me thn a[i]. OmoÐwc, kai
oi ekfr�seic a+i kai &a[i] eÐnai isodÔnamec.

• An s' èna deÐkth pa, pou deÐqnei se stoiqeÐa Ðdiou tÔpou me
ton tÔpo twn stoiqeÐwn enìc pÐnaka a, anajèsoume san tim 
th dieÔjunsh tou pr¸tou,   k�poiou �llou, stoiqeÐou tou
pÐnaka, oi ekfr�seic pa+〈N〉, ìpou 〈N〉 eÐnai akèraia
par�stash, eÐnai nìmimec wc dieujÔnseic gia prospèlash
twn stoiqeÐwn tou pÐnaka, arkeÐ na èqoume exasfalÐsei ìti
deÐqnoun mèsa sta ìria tou pÐnaka.

• EpÐshc, mporoÔme ton deÐkth pa na ton aux�noume   na ton
mei¸noume, kai, genik�, na ton tropopoioÔme, kat� boÔlhsh
(p.q. pa++, --pa, klp.), p�nta upì thn proôpìjesh ìti
mèsw tou tropopoihmènou deÐkth ja prospelaÔnoume
stoiqeÐa tou pÐnaka entìc twn orÐwn tou.
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• Par�deigma:

int i, a[8], *pa;

for (i=0 ; i<8 ; i++)

a[i] = i*i;

pa = &a[0];

a[6] = *(a+4);

*(pa+3) = a[5];

a[0] = *((pa++)+2);

*((++pa)+5) = a[1];

*(&a[5]-1) = *(--pa);

a[5] a[6] a[7]

a:

pa: pa+1: pa+2:

0 1 4 9 16 3625 49

a[4]a[0] a[1] a[2] a[3]

Poia ja eÐnai ta perieqìmena tou pÐnaka a met� thn
ektèlesh twn parap�nw entol¸n; aþ

• Prosèxte ìti en¸ sto prohgoÔmeno par�deigma,
tropopoioÔsame ton deÐkth pa, autì den mporeÐ na gÐnei gia
to ìnoma tou pÐnaka, parìti eÐnai epitreptì na
qrhsimopoihjeÐ san deÐkthc (p.q. *(a+4)). Dhlad ,
apagoreÔetai na gr�youme a++.

aþ4, 1, 4, 25, 1, 25, 16, 1
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• Merikèc forèc, jèloume na orÐsoume mÐa sun�rthsh, h
opoÐa na epexerg�zetai ta stoiqeÐa enìc pÐnaka. Fusik�,
mÐa lÔsh eÐnai na èqei dhlwjeÐ o pÐnakac exwterikìc, opìte
mporeÐ na gÐnei h epikoinwnÐa me thn kaloÔsa sun�rthsh
polÔ apl�.

• EÐnai pijanì, ìmwc, gia di�forouc lìgouc, kurÐwc gia na
eÐnai h sun�rths  mac genik c qr shc, na jèloume na
per�soume ton pÐnaka sth sun�rthsh san par�metro. Sthn
perÐptwsh aut , apl¸c pern�me èna deÐkth sto pr¸to
stoiqeÐo tou pÐnaka kai, mèsw autoÔ, h sun�rthsh mporeÐ
na prospel�sei opoiod pote stoiqeÐo tou.

• Par�deigma:

main()

{ int x[50], *myp;

..............

myfun(&x[0]);

..............

}

void myfun(int *px)

{ int y;

..............

y = *(px+2);

..............

}
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• Sto prohgoÔmeno par�deigma, h kl sh thc sun�rthshc
myfun apì thn main ja mporoÔse na eÐqe gÐnei kai san
myfun(x), dhlad  na per�soume to ìnoma tou pÐnaka,
afoÔ, ìpwc gnwrÐzoume, to ìnoma autì eÐnai ousiastik�
ènac deÐkthc sto pr¸to stoiqeÐo tou pÐnaka.

• An eÐqame anajèsei ston deÐkth myp th dieÔjunsh tou
pr¸tou stoiqeÐou tou pÐnaka (myp = &x[0]  , isodÔnama,
myp = x), ja mporoÔsame na kalèsoume th sun�rthsh kai
san myfun(myp).

• An jèloume na per�soume sth sun�rthsh ènan upopÐnaka
tou arqikoÔ pÐnaka, apì èna stoiqeÐo kai met�, ja
mporoÔsame na thn kalèsoume me par�metro th dieÔjunsh
tou stoiqeÐou autoÔ. Gia par�deigma, an èqoume k�nei
pr¸ta thn an�jesh myp = &x[2] me thn kl sh myfun(myp)

(  ap' eujeÐac myfun(&x[2])), h sun�rthsh myfun ja “dei”
ènan pÐnaka me pr¸to stoiqeÐo to trÐto tou arqikoÔ.

• EpÐshc, ston orismì thc sun�rthshc, ja mporoÔsame gia
tupik  par�metro na b�loume to int px[], antÐ gia to int

*px. EÐnai apolÔtwc isodÔnama.
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Istìgramma suqnot twn gramm�twn sthn eÐsodo
/* File: histogram.c */

#include <stdio.h>

#define YAXISLEN 12 /* Y-axis length */

main()

{ int i, j, ch, total;

int letfr[26]; /* Letter occurrences and frequencies array */

for (i=0 ; i<26 ; i++)

letfr[i] = 0; /* Initialize array */

total = 0; /* Initialize counter of total letter occurrences */

while ((ch = getchar()) != EOF) {/* Well-known read-character loop */

if (ch >= ’A’ && ch <= ’Z’) {

letfr[ch-’A’]++; /* Found upper case letter */

total++;

}

if (ch >= ’a’ && ch <= ’z’) {

letfr[ch-’a’]++; /* Found lower case letter */

total++;

}

}

printf(" |"); /* Start histogram printing - first Y-axis segment */

for (i=0 ; i<26 ; i++) { /* Convert letter occurrences */

/* to frequencies rounded to nearest integer */

letfr[i] = (int) ((100.0*letfr[i])/total+0.5);

printf("%s", (letfr[i] > YAXISLEN) ? "^^" : " "); /* If i-th */

/* letter frequency exceeds Y-axis length, print "^^" */

}

printf("\n");

for (j=YAXISLEN ; j>0 ; j--) { /* Print line at j-value of Y-axis */

printf("%2d|", j); /* Print frequency label and Y-axis segment */

for (i=0 ; i<26 ; i++)

printf("%s", (letfr[i] >= j) ? "xx" : " "); /* If i-th letter */

/* frequency is greater than or equal to j, print "xx" */

printf("\n");

} /* Print X-axis and letter labels */

printf(" +-----------------------------------------------------\n");

printf(" AaBbCcDdEeFfGgHhIiJjKkLlMmNnOoPpQqRrSsTtUuVvWwXxYyZz\n");

}
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% gcc -o histogram histogram.c
% ./histogram < histogram.c
|

12|
11| xx xx
10| xx xx
9| xx xx xx xx
8| xx xx xx xx xx
7| xx xx xx xx xx
6|xx xx xx xx xx xx xx
5|xx xxxx xx xx xx xx xx
4|xx xx xxxx xx xx xxxx xxxxxx
3|xx xx xxxx xxxx xx xxxx xxxxxx
2|xx xxxxxxxxxxxxxx xx xxxxxx xxxxxxxx xxxx
1|xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
+-----------------------------------------------------
AaBbCcDdEeFfGgHhIiJjKkLlMmNnOoPpQqRrSsTtUuVvWwXxYyZz

% ./histogram < /usr/dict/words
|

12|
11| xx
10| xx
9|xx xx
8|xx xx xx
7|xx xx xx xxxx xx xx
6|xx xx xx xx xxxx xxxxxx
5|xx xx xx xx xx xxxx xxxxxx
4|xx xx xx xx xx xxxx xxxxxxxx
3|xx xxxxxx xxxx xxxxxxxxxx xxxxxxxx
2|xxxxxxxxxx xxxxxx xxxxxxxxxx xxxxxxxx xx
1|xxxxxxxxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xx
+-----------------------------------------------------
AaBbCcDdEeFfGgHhIiJjKkLlMmNnOoPpQqRrSsTtUuVvWwXxYyZz

% ./histogram < /usr/include/stdio.h
| ^^

12| xx
11| xx
10| xx xx
9| xx xx xx
8| xxxx xx xx xx
7| xxxx xx xx xx
6| xxxxxx xx xx xxxx
5| xxxxxx xx xxxx xxxxxx
4| xxxxxx xx xx xxxxxx xxxxxx
3|xx xxxxxxxx xx xx xxxxxx xxxxxxxx xx
2|xx xxxxxxxxxx xx xx xxxxxx xxxxxxxx xx
1|xxxxxxxxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxx xx
+-----------------------------------------------------
AaBbCcDdEeFfGgHhIiJjKkLlMmNnOoPpQqRrSsTtUuVvWwXxYyZz

%
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Dunamik  dèsmeush mn mhc

• Oi pÐnakec eÐnai èna polÔ qr simo ergaleÐo se k�je gl¸ssa
programmatismoÔ, �ra kai sthn C, gia th diaqeÐrish me
eniaÐo trìpo enìc sunìlou apì omoeid  dedomèna. To
basikì prìblhma, ìmwc, me touc pÐnakec eÐnai ìti prèpei na
èqoume orÐsei th di�stash touc mèsa sto prìgramma,
b�zontac ètsi, kat� th f�sh thc suggraf c tou
progr�mmatoc, èna ìrio sto pl joc twn dedomènwn pou
mporoÔme na apojhkeÔsoume ston pÐnaka.

• An orÐsoume th di�stash enìc pÐnaka sqetik� mikr ,
k�noume oikonomÐa sth mn mh kat� thn ektèlesh tou
progr�mmatìc, all� autì èqei tìte periorismènec
dunatìthtec. An orÐsoume th di�stash polÔ meg�lh, mporeÐ
to prìgramm� mac na qeiristeÐ kai perissìtera dedomèna,
all� gÐnetai spat�lh sth mn mh ìtan den qreiazìmaste na
epexergastoÔme tìso poll� dedomèna.

• To idanikì ja  tan to prìgramm� mac na mhn desmeÔei
mn mh ex arq c, all� na to k�nei autì dunamik�, kat� th
f�sh thc ektèleshc, an�loga me tic an�gkec tou. Autì,
eutuq¸c, eÐnai efiktì.

• H dunamik  dèsmeush mn mhc gÐnetai s' èna q¸ro pou
diaqeirÐzetai to prìgramma, o opoÐoc lègetai swrìc, kai
eÐnai diaforetikìc apì to statikì q¸ro ston opoÐo
ful�ssontai oi exwterikèc metablht c kai th stoÐba sthn
opoÐa ful�ssontai oi autìmatec metablhtèc twn
sunart sewn.
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• Sthn C, h dunamik  dèsmeush mn mhc gÐnetai (kurÐwc) mèsw
thc sun�rthshc

void *malloc(unsigned int size)

• Kal¸ntac thn malloc me par�metro ènan akèraio size,aþ

aut  desmeÔei sto swrì size suneqìmena bytes kai
epistrèfei sto ìnom� thc èna deÐkth sto pr¸to ap' aut�.

• O deÐkthc pou epistrèfei h malloc deÐqnei se tÔpo void,
dhlad  ston kenì tÔpo, afoÔ den thn afor� ti tÔpou
dedomèna ja ful�xoume sth mn mh pou dèsmeuse.

• An, gia k�poio lìgo, h malloc den mporèsei na desmeÔsei
th mn mh pou thc zht jhke, epistrèfei sto ìnom� thc ton
kenì deÐkth NULL. P�nta, ìtan kaloÔme thn malloc, prèpei
na elègqoume an mac epèstreye deÐkth di�foro tou NULL

kai met� na proqwr soume.

• Epeid  to pl joc twn bytes pou qrhsimopoioÔntai gia th
fÔlaxh dedomènwn k�poiou tÔpou mporeÐ na diafèrei metaxÔ
diaforetik¸n metaglwttist¸n, leitourgik¸n susthm�twn
kai epexergast¸n, gia na eÐnai ta progr�mmat� mac
metafèrsima, to pl joc twn bytes pou zht�me apì thn
malloc na desmeÔsei to dÐnoume mèsw tou telest  sizeof.

aþSton tupikì orismì thc malloc, o tÔpoc tou size eÐnai size t, all�
autì praktik� eÐnai unsigned int.
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• H èkfrash sizeof(〈tÔpoc〉) èqei san tim  to pl joc twn
bytes pou apaitoÔntai sth sugkekrimènh ulopoÐhsh thc C
gia na fulaqjoÔn dedomèna pou o tÔpoc touc eÐnai 〈tÔpoc〉.
Gia par�deigma, me to parak�tw tm ma progr�mmatoc

int n, *p;

................ /* Compute n */

p = malloc(n * sizeof(int));

if (p == NULL) {

printf("Sorry, cannot allocate memory\n");

return;

}

................ /* Handle data starting at p */

desmeÔoume dunamik� q¸ro sto swrì gia na fulaqjoÔn n

akèraioi.

• Sthn pro ANSI C epoq , o deÐkthc pou epèstrefe h
malloc (tÔpou void *) èprepe pr¸ta na prosarmosjeÐ
ston kat�llhlo tÔpo deÐkth kai met� na anatejeÐ se
metablht . Dhlad  thn kl sh thc malloc sto parap�nw
tm ma progr�mmatoc ja thn gr�fame san:

p = (int *) malloc(n * sizeof(int));

Plèon, k�ti tètoio den eÐnai aparaÐthto kai, gia thn
akrÐbeia, den sunÐstatai.
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• O telest c sizeof mporeÐ na qrhsimopoihjeÐ eÐte san
sizeof 〈par�stash〉, eÐte san sizeof(〈par�stash〉),
opìte aut  h èkfrash èqei san tim  to pl joc twn bytes
pou apaitoÔntai gia na fulaqjeÐ h 〈par�stash〉, p.q. to
sizeof buf eÐnai 20, an èqoume orÐsei char buf[20].

• PROSOQH! 'Otan desmeÔoume dunamik� mn mh, eÐnai
eujÔnh dik  mac na thn apodesmeÔoume ìtan den thn
qreiazìmaste.

• H apodèsmeush mn mhc pou èqei desmeujeÐ dunamik� gÐnetai
me th sun�rthsh

void free(void *p)

• H par�metroc pou pern�me sth sun�rthsh free eÐnai ènac
deÐkthc pou mac eÐqe epistrèyei k�poia malloc.

• EÐnai polÔ sobarì l�joc s' èna prìgramma, na desmeÔoume
dunamik� mn mh kai na mhn thn apodesmeÔoume ìtan den thn
qreiazìmaste.

• Ektìc apì thn malloc, up�rqoun kai dÔo �llec
sunart seic gia dunamik  dèsmeush mn mhc (h realloc kai
h calloc). EÐnai pio sp�nia qrhsimopoioÔmenec apì thn
malloc. Mèsw thc entol c man, mporeÐ na m�jei kaneÐc
perissìterec plhroforÐec gi' autèc.

• 'Otan s' èna prìgramma qrhsimopoioÔme sunart seic gia
dunamik  dèsmeush kai apodèsmeush mn mhc, prèpei na
èqoume sumperil�bei sthn arq  to arqeÐo epikefalÐdac
stdlib.h. Dhlad :

#include <stdlib.h>
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• Se sqèsh me ta probl mata pou dhmiourgoÔntai ìtan
orÐzoume me statikì trìpo pÐnakec gia na diaqeiristoÔme
èna sÔnolo apì dedomèna, antÐ na k�noume dunamik 
dèsmeush mn mhc, ja prèpei na anafèroume ìti sthn C
up�rqei kai h dunatìthta na orÐsoume pÐnakec me metablht 
di�stash, gia par�deigma:

int array[n];

Fusik�, prin apì th d lwsh aut , sthn akèraia metablht 
n prèpei na èqoume d¸sei tim .

• O basikìc periorismìc pou up�rqei sth d lwsh pin�kwn me
di�stash pou den eÐnai gnwst  kat� th f�sh suggraf c
tou progr�mmatoc, eÐnai ìti mporeÐ na gÐnei gia pÐnakec pou
eÐnai autìmatoi, dhlad  topikoÐ mèsa se sunart seic. Den
mporeÐ na gÐnei gia pÐnakec pou jèloume na touc orÐsoume
ston statikì q¸ro, exwterik� twn sunart sewn.

• Se k�je perÐptwsh, eÐnai kalÔterh programmatistik 
taktik , ìtan jèloume na desmeÔsoume dunamik� mn mh,
autì na gÐnetai mèsw malloc kai deikt¸n, par� me pÐnakec
pou h di�stas  touc eÐnai parametrik .

• EpÐshc, na epishmanjeÐ ìti h dunatìthta gia pÐnakec me
parametrik  di�stash prostèjhke sto st�ntarnt thc C to
1999, opìte paliìteroi metaglwttistèc den to dèqontai.
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Sumboloseirèc

• MÐa sumboloseir�   alfarijmhtikì eÐnai ènac pÐnakac apì
qarakt rec (dedomèna tÔpou char). O qarakt rac ’\0’,
san stoiqeÐo tou pÐnaka, deÐqnei to tèloc thc
sumboloseir�c kai eÐnai apolÔtwc aparaÐthtoc gia na
mporoÔn na leitourg soun oi sunart seic biblioj khc gia
to qeirismì sumboloseir¸n.

• Lìgw thc �meshc sqèshc metaxÔ pin�kwn kai deikt¸n, se
mÐa sumboloseir� mporoÔme na anaferjoÔme kai me èna
deÐkth (tÔpou char *) pou deÐqnei ston pr¸to qarakt ra
thc sumboloseir�c.

• Mèsa s' èna prìgramma, mporoÔme m' èna sÔntomo trìpo na
anaferjoÔme se mÐa sumboloseir� gia thn opoÐa gnwrÐzoume
touc qarakt rec pou perièqei, perikleÐontac autoÔc touc
qarakt rec mèsa se " (qwrÐc to ’\0’). Par�deigma:

char *mess = "Hello world!\n";

\0\n!dlroolleH w

mess:

• Oi sumboloseirèc pou perièqontai mèsa s' èna prìgramma
ful�ssontai se idiaÐtero q¸ro. Akìma kai an den
susqetÐzontai �mesa me k�poiec metablhtèc tÔpou char *,
ìpwc eÐnai, gia par�deigma, h pr¸th par�metroc ìtan
kaloÔme thn printf, o metaglwttist c p�nta dhmiourgeÐ
antÐstoiqouc deÐktec, anajètei s' autoÔc tic dieujÔnseic
twn pr¸twn qarakt rwn twn sumboloseir¸n kai sth
sunèqeia tic qeirÐzetai mèsw twn deikt¸n aut¸n.
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• Ektìc apì thn arqikopoÐhsh enìc deÐkth se char me mÐa
sumboloseir�, ìpwc k�name me thn entol 

char *mess = "Hello world!\n";

mporoÔme na arqikopoi soume kai èna pÐnaka qarakt rwn
me mÐa sumboloseir�, wc ex c:

char arrmess[] = "How are you?";

Den up�rqei lìgoc na orÐsoume di�stash gia ton pÐnaka
arrmess, giatÐ aut  upologÐzetai autìmata apì to pl joc
twn qarakt rwn thc sumboloseir�c (sun ènan, lìgw tou
’\0’).

• MÐa ousi¸dhc diafor� metaxÔ twn parap�nw entol¸n, eÐnai
ìti h metablht  mess eÐnai deÐkthc pou arqikopoi jhke me
th sumboloseir� pou jèloume, sth sunèqeia, ìmwc, mporeÐ
na all�xei tim , an qrei�zetai, en¸ to ìnoma tou pÐnaka
arrmess, pou epÐshc arqikopoi jhke me mÐa sumboloseir�,
leitourgeÐ, fusik�, kai wc deÐkthc, mìno pou den epitrèpetai
na metablhjeÐ.

• H deÔterh ousi¸dhc diafor� eÐnai ìti den mporoÔme na
all�xoume to perieqìmeno, dhlad  touc qarakt rec, thc
sumboloseir�c "Hello world!\n" pou deÐqnei arqik� o
deÐkthc mess, parìti mporoÔme na all�xoume thn tim  tou
Ðdiou tou deÐkth, en¸ mporoÔme na all�xoume touc
qarakt rec thc sumboloseir�c "How are you?", parìti
den mporoÔme na all�xoume to arrmess.



96

• Oi sumboloseirèc eÐnai èna polÔ qr simo ergaleÐo gia ton
programmatismì sthn C, gi' autì h prìtuph biblioj kh thc
gl¸ssac parèqei mÐa seir� apì sunart seic gia th
diaqeÐris  touc.

• 'Otan qrhsimopoioÔme s' èna prìgramma sunart seic gia
diaqeÐrish sumboloseir¸n, prèpei na èqoume sumperil�bei
sthn arq  to arqeÐo epikefalÐdac string.h. Dhlad :

#include <string.h>

• Merikèc apì tic sunart seic autèc eÐnai:

unsigned int strlen(const char *s)

char *strcpy(char *s1, const char *s2)

int strcmp(const char *s1, const char *s2)

char *strcat(char *s1, const char *s2)

• H strlen epistrèfei to m koc thc sumboloseir�c s (qwrÐc
to telikì ’\0’). aþ

• H strcpy antigr�fei th sumboloseir� s2, mèqri kai to
telikì ’\0’, sth sumboloseir� s1, thn opoÐa epistrèfei kai
sto ìnom� thc.

• H strcmp sugkrÐnei tic sumboloseirèc s1 kai s2 byte proc
byte kai epistrèfei ènan akèraio jetikì, mhdèn   arnhtikì,
an�loga an h sumboloseir� s1 akoloujeÐ (alfabhtik�),
tautÐzetai   prohgeÐtai thc sumboloseir�c s2, antÐstoiqa.
H sÔgkrish gÐnetai me b�sh touc ASCII kwdikoÔc twn
qarakt rwn twn sumboloseir¸n.

aþEpis mwc o tÔpoc epistrof c thc sun�rthshc eÐnai size t, all� autìc,
praktik�, eÐnai unsigned int.



97

• H strcat prosart� èna antÐgrafo thc sumboloseir�c s2

sto tèloc thc s1, diagr�fontac pr¸ta to ’\0’ thc s1, kai
epistrèfei to apotèlesma kai sto ìnom� thc.

• K�poiec apì tic tupikèc paramètrouc twn sunart sewn gia
diaqeÐrish sumboloseir¸n èqoun dhlwjeÐ san const gia na
epishmanjeÐ ìti oi antÐstoiqec sumboloseirèc den ja
metablhjoÔn apì tic sunart seic.

• Oi sunart seic pou dhmiourgoÔn nèec sumboloseirèc (p.q.
strcpy, strcat) den analamb�noun kai th dèsmeush
mn mhc gia th fÔlax  touc. EÐnai eujÔnh thc kaloÔsac
sun�rthshc na to k�nei autì.

• Up�rqoun kai arketèc �llec endiafèrousec kai qr simec
sunart seic diaqeÐrishc sumboloseir¸n, ìpwc oi strncpy,
strchr, strstr, klp. H entol  man eÐnai èna mèso gia na
m�jei kaneÐc perissìterec plhroforÐec gi' autèc.

• K�poiec pijanèc ulopoi seic: aþ

char *strcpy(char *s1, const char *s2)

{ char *orig_s1 = s1;

while(*s1++ = *s2++);

return orig_s1; }

int strcmp(const char *s1, const char *s2)

{ for ( ; *s1 == *s2 ; s1++, s2++)

if (! *s1)

return 0;

return *s1 - *s2; }

aþP¸c ja ulopoioÔsame tic strlen kai strcat;
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PÐnakec deikt¸n kai deÐktec se deÐktec

• 'Opwc mporoÔme na èqoume pÐnakec akeraÐwn, pÐnakec
pragmatik¸n arijm¸n (kinht c upodiastol c, apl c  
dipl c akrÐbeiac),   pÐnakec qarakt rwn (sumboloseirèc),
ètsi mporoÔme na orÐsoume sthn C kai pÐnakec deikt¸n.

• Me thn Ðdia logik  pou to ìnoma enìc pÐnaka stoiqeÐwn
k�poiou tÔpou mporeÐ na jewrhjeÐ (sqedìn) isodÔnamo me
èna deÐkth se stoiqeÐa tètoiou tÔpou, ètsi kai to ìnoma
enìc pÐnaka deikt¸n antistoiqeÐ s' èna deÐkth se deÐkth se
stoiqeÐa tou tÔpou pou deÐqnoun ta stoiqeÐa tou pÐnaka.

• Par�deigma:

int i, j, *px[3], **ppx, s=0;

for (i=0 ; i<3 ; i++) {

px[i] = malloc((i+2) * sizeof(int));

if (px[i] == NULL)

return NO_MEMORY_AVAILABLE; }

for (i=0 ; i<3 ; i++)

for (j=0 ; j<i+2 ; j++)

*(px[i]+j) = i*j;

ppx = px;

for (i=0 ; i<3 ; i++) {

for (j=0 ; j<i+2 ; j++)

s += *(*ppx)++;

ppx++; }

Poia ja eÐnai h tim  thc metablht c s met� thn ektèlesh
twn parap�nw entol¸n; aþ

aþ15
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OrÐsmata gramm c entol¸n

• 'Otan ekteloÔme èna prìgramma, jèloume na èqoume, kat�
thn kl sh tou progr�mmatoc, th dunatìthta na dÐnoume sth
gramm  entol¸n k�poia orÐsmata, ta opoÐa na mporoÔn na
per�soun sto prìgramma, gia na ta epexergasteÐ
kat�llhla.

• Sthn C, h dunatìthta orism�twn sth gramm  entol¸n
parèqetai mèsw twn tupik¸n paramètrwn thc sun�rthshc
main.

• OrÐzontac thn main me dÔo tupikèc paramètrouc, mÐa
akèraia, sun jwc me ìnoma argc, kai mÐa pÐnaka deikt¸n se
qarakt rec (  deÐkth se deÐkth se qarakt rec), sun jwc
me ìnoma argv, mèsa sth sun�rthsh, mporoÔme na èqoume
prìsbash sta orÐsmata me ta opoÐa kl jhke to prìgramma
sth gramm  entol c.

• An èna ektelèsimo prìgramma myprog klhjeÐ san

% ./myprog first 241 third

kai h sun�rthsh main tou progr�mmatoc èqei orisjeÐ san

main(int argc, char *argv[])

tìte, mèsa sthn main, h metablht  argc èqei thn tim  4

(ìsa ta orÐsmata sun to ìnoma tou progr�mmatoc) kai oi
deÐktec argv[0], argv[1], argv[2] kai argv[3] deÐqnoun
sthn arq  twn sumboloseir¸n "./myprog", "first",
"241" kai "third", antÐstoiqa.
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• O deÐkthc argv[argc] (sto prohgoÔmeno par�deigma o
argv[4]) eÐnai o kenìc deÐkthc, NULL.

• H deÔterh tupik  par�metroc thc main mporeÐ na orisjeÐ
eÐte san char *argv[] eÐte san char **argv, isodÔnama.

• 'Otan k�poio ìrisma sth gramm  entol¸n eÐnai akèraioc
arijmìc, mèsa sto prìgramm� mac, kat� p�sa pijanìthta,
ja mac endiafèrei na èqoume diajèsimh thn arijmhtik  tim 
tou arijmoÔ, ìqi apl¸c ta yhfÐa tou san mÐa sumboloseir�.

• H metatrop  mÐac sumboloseir�c pou ta stoiqeÐa thc eÐnai
dekadik� yhfÐa sthn antÐstoiqh arijmhtik  tim  gÐnetai me
th sun�rthsh

int atoi(const char *s)

• H atoi upologÐzei thn tim  thc (arijmhtik c)
sumboloseir�c s kai thn epistrèfei sto ìnom� thc.

• Sto prohgoÔmeno par�deigma h kl sh atoi(argv[2]) ja
epèstrefe thn tim  241.

• 'Otan qrhsimopoioÔme thn atoi, prèpei na k�noume kai:

#include <stdlib.h>
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Poludi�statoi pÐnakac

• Ektìc apì monodi�statouc pÐnakec, sthn C, ìpwc kai se
ìlec sqedìn tic gl¸ssec programmatismoÔ, èqoume th
dunatìthta na orÐsoume kai pÐnakec me perissìterec thc
mÐac diast�seic.

• Me th d lwsh

int matrix[10][8];

orÐzoume èna didi�stato pÐnaka me ìnoma matrix me 10
grammèc kai 8 st lec.

• H anafor� sta stoiqeÐa tou pÐnaka gÐnetai me trìpo
antÐstoiqo me autìn twn monodi�statwn pin�kwn. To
stoiqeÐo matrix[i][j] eÐnai autì pou brÐsketai sthn i

gramm  kai sthn j st lh. aþ

• An èqoume orÐsei èna didi�stato pÐnaka, èstw me ìnoma
matrix, tìte to matrix[i] (isodÔnama to *(matrix+i))
eÐnai ènac deÐkthc sto pr¸to stoiqeÐo thc i gramm c tou
pÐnaka. Opìte, to *(matrix[i]+j) (isodÔnama to
*(*(matrix+i)+j)) den eÐnai �llo apì to stoiqeÐo
matrix[i][j] tou pÐnaka.

aþMìno, prosoq  kai ed¸, to i prèpei na kumaÐnetai, sto par�deigm� mac,
apì 0 èwc 9 kai to j apì 0 èwc 7.
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• 'Enac didi�statoc pÐnakac apojhkeÔetai kat� grammèc. An
anajèsoume s' èna deÐkth p, pou deÐqnei se tÔpo ì,ti kai o
tÔpoc twn stoiqeÐwn tou pÐnaka, th dieÔjunsh tou pr¸tou
stoiqeÐou tou pÐnaka (p.q. matrix[0][0]), tìte mporoÔme
na prospel�soume ta perieqìmena tou pÐnaka, th mÐa
gramm  met� thn �llh, me parast�seic thc morf c *(p+i).

• EpÐshc, afoÔ to *matrix eÐnai to Ðdio me to matrix[0],
dhlad  ènac deÐkthc sto pr¸to stoiqeÐo thc pr¸thc
gramm c (aut c me i=0) tou pÐnaka, mporoÔme na
prospel�soume kat� grammèc ta perieqìmena tou pÐnaka
kai me parast�seic thc morf c *(*matrix+i).

• Fusik�, mporoÔme na orÐsoume kai pÐnakec me perissìterec
twn dÔo diast�seic, all�, se pr¸th f�sh, den èqoun
idiaÐterh programmatistik  qrhsimìthta.

• P�ntwc, ìtan qrhsimopoioÔme pÐnakec, anagkastik�
orÐzoume sugkekrimènec diast�seic kat� th f�sh
suggraf c twn programm�twn mac, me apotèlesma eÐte na
k�noume spat�lh mn mhc eÐte na periorizìmaste sthn
epÐlush problhm�twn me mikrì mègejoc. EÐnai protimìtero
na qrhsimopoioÔme deÐktec kai na k�noume dunamik 
dèsmeush mn mhc.
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• An s' èna prìgramma qrei�zetai na ful�xoume dedomèna s'
èna didi�stato pÐnaka, agn¸stou, kat' arq n, megèjouc,
antÐ na dhl¸soume k�ti san

int x[10000][10000];

mporoÔme na orÐsoume èna deÐkth

int **px;

kai met� na k�noume:

px = malloc(N * sizeof(int *));

if (px == NULL)

return NO_MEMORY_AVAILABLE;

for (i=0 ; i<N ; i++) {

*(px+i) = malloc(M * sizeof(int));

if (*(px+i) == NULL)

return NO_MEMORY_AVAILABLE;

}

• 'Etsi, ìtan ta N kai M gÐnoun gnwst� kat� th f�sh
ektèleshc tou progr�mmatoc, ja desmeÔsoume ìsh akrib¸c
mn mh qreiazìmaste. AfoÔ ìmwc telei¸soume ì,ti èqoume
na k�noume, met� prèpei na apodesmeÔsoume th mn mh wc
ex c:

for (i=0 ; i<N ; i++)

free(*(px+i));

free(px);



104

ArqikopoÐhsh pin�kwn

• 'Otan orÐzoume mÐa metablht , mporoÔme, wc gnwstìn, na
thc d¸soume kai k�poia arqik  tim . H dunatìthta aut 
up�rqei kai gia touc pÐnakec.

• ParadeÐgmata:

int x[7] = {5, 3, -7, 12, 0, -4, 125};

float r[] = {1.2, -4.35, 0.62e-17};

int matrix[3][5] = {

{22, 1, -3, 8, 7},

{-2, 0, 24, 7, -10},

{76, 54, 12, -9, 8}

};

char arr[][2] = {{’a’,’b’},{’c’,’d’},{’e’,’f’}};

char mess[] = "a dog";

char buff[] = {’a’,’ ’,’d’,’o’,’g’,’\0’};

char *str[] = {"Hello", "world", "of", "C"};

• MporoÔme, kat� ton orismì, na paraleÐyoume to mègejoc
enìc monodi�statou pÐnaka, an arqikopoioÔme ìla ta
stoiqeÐa tou, afoÔ autì mporeÐ na prokÔyei apì to pl joc
twn tim¸n mèsa sta { kai }.

• Se poludi�statouc pÐnakec, mporoÔme na paraleÐyoume to
mègejoc mìno thc pr¸thc di�stashc.



105

DeÐktec se sunart seic

• 'Opwc mÐa metablht  antistoiqeÐ se mÐa dieÔjunsh mn mhc
pou mporoÔme na th ful�xoume s' èna deÐkth kat�llhlou
tÔpou, ìpwc epÐshc mporoÔme na anaferìmaste se pÐnakec
me th dieÔjunsh tou pr¸tou touc stoiqeÐou, ètsi mporoÔme
na anaferìmaste kai se sunart seic mèsw deikt¸n.

• 'Enac deÐkthc se sun�rthsh eÐnai mÐa metablht  sthn opoÐa
mporoÔme na kataqwr soume th dieÔjunsh thc pr¸thc apì
tic (suneqìmenec) jèseic mn mhc stic opoÐec brÐsketai o
k¸dikac thc sun�rthshc.

• Touc deÐktec sunart sewn mporoÔme na touc qeiristoÔme
perÐpou ìpwc kai touc �llouc deÐktec. Me ton telest 
èmmeshc anafor�c *, mporoÔme na anaferjoÔme se
sugkekrimènec sunart seic, mporoÔme na anajètoume tic
timèc aut¸n twn deikt¸n se �llouc sumbatoÔc deÐktec,
mporoÔme na touc pern�me san paramètrouc se sunart seic
klp. Den èqei nìhma ìmwc na touc metab�lloume (p.q. p++).

• Par�deigma:

int (*funvar)(char *);

To funvar eÐnai ènac deÐkthc se sun�rthsh pou epistrèfei
int kai èqei mÐa tupik  par�metro tÔpou char *.

• Ti diafor� ja eÐqe an gr�fame to parak�tw; aþ

int *funvar(char *);

aþEd¸ to funvar eÐnai to ìnoma sugkekrimènhc sun�rthshc, ìqi deÐkthc
se sun�rthsh, pou epistrèfei deÐkth se akèraio (int *) kai èqei mÐa tupik 
par�metro tÔpou char *.
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DiaqeÐrish orism�twn sth gramm  entol c
/* File: cmdlineargs.c */

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

int checkint(char *);

void reverse(char *);

main(int argc, char *argv[])

{ int sum = 0; /* Initialize sum of integers in command line */

while (--argc) { /* Loop while arguments are present */

if(checkint(*++argv)) /* Is argument an integer? */

sum += atoi(*argv); /* Then, sum it into the accumulator */

else {

reverse(argv[0]); /* Else, reverse argument and print it */

printf("Reversed argument: %s\n", argv[0]);

}

} /* Finally, print sum of integer arguments */

printf("\nSum of integers given is: %d\n", sum);

}

int checkint(char *s)

{ char *start;

while(*s == ’ ’ || *s == ’\t’) s++; /* Eat all whitespace */

if (*s == ’-’ || *s == ’+’) s++; /* Eat one sign */

start = s; /* Mark the begining of numbers */

while(*s >= ’0’ && *s <= ’9’) s++; /* Eat all numbers */

return (*s == ’\0’ && start != s);

/* Return if there where numbers and nothing else */

}

void reverse(char *s)

{ char c;

int i, j;

for (i=0, j=strlen(s)-1 ; i<j ; i++, j--) {

c = s[i]; /* Visit string from start and end concurrently */

s[i] = s[j]; /* and exchange characters in symmetric */

s[j] = c; /* positions until middle is reached */

}

}
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% gcc -o cmdlineargs cmdlineargs.c
% ./cmdlineargs This is a test
Reversed argument: sihT
Reversed argument: si
Reversed argument: a
Reversed argument: tset

Sum of integers given is: 0
% ./cmdlineargs And 123 another 12
Reversed argument: dnA
Reversed argument: rehtona

Sum of integers given is: 135
% ./cmdlineargs minus five -5 plus twenty two 22
Reversed argument: sunim
Reversed argument: evif
Reversed argument: sulp
Reversed argument: ytnewt
Reversed argument: owt

Sum of integers given is: 17
%

Prìsjesh poluy fiwn arijm¸n
/* File: addnumbs.c */

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

char *addnumbs(char *, char *);

main(int argc, char *argv[])

{ char *sum;

if (argc != 3) { /* Run with exactly two arguments */

printf("Usage: %s <numb1> <numb2>\n", argv[0]); return 1; }

if ((sum = addnumbs(argv[1], argv[2])) == NULL) { /* Compute sum */

printf("Sorry, a memory problem occurred\n"); return 1; }

printf("%s + %s = %s\n", argv[1], argv[2], sum);

free(sum); /* Free memory malloc’ed by addnumbs */

}
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char *addnumbs(char *s1, char *s2)

{ int i, j, k, d1, d2, sum, carry;

char *s3, *tmp, *result;

i = strlen(s1)-1; /* Index to last character of first number */

j = strlen(s2)-1; /* Index to last character of second number */

k = (i > j) ? (i+1) : (j+1); /* Index to last character of sum */

if ((s3 = malloc((k+2)*sizeof(char))) == NULL)

return NULL; /* Allocate memory for result */

s3[k+1] = ’\0’; /* Proper termination of resulting string */

carry = 0; /* Initial carry for addition */

for ( ; k>=0 ; i--, j--, k--) {

/* Loop till first digit of result is computed */

d1 = (i >= 0) ? (s1[i]-’0’) : 0; /* Get i-th digit of s1 */

d2 = (j >= 0) ? (s2[j]-’0’) : 0; /* Get j-th digit of s2 */

sum = d1+d2+carry; /* Sum two digits */

carry = sum/10; /* Next carry */

s3[k] = sum%10+’0’; /* Put k-th digit of result */

}

tmp = s3; /* Save s3 for freeing it afterwards */

while (*s3 == ’0’) /* Eat leading 0s in the result */

s3++;

if(*s3 == ’\0’) /* At least one digit is needed */

s3--;

if ((result = malloc((strlen(s3)+1)*sizeof(char))) == NULL)

return NULL; /* Allocate memory for result without leading 0s */

strcpy(result, s3); /* Copy corrected s3 to result */

free(tmp); /* Free original s3 */

return result;

}

% gcc -o addnumbs addnumbs.c
% ./addnumbs 12345 67890
12345 + 67890 = 80235
% ./addnumbs 125 88275346771923625166
125 + 88275346771923625166 = 88275346771923625291
% ./addnumbs 999999999999999 999999
999999999999999 + 999999 = 1000000000999998
% ./addnumbs 0000000000023 00000057
0000000000023 + 00000057 = 80
% ./addnumbs 3252352362364362362366 3262363262362363622
3252352362364362362366 + 3262363262362363622 = 3255614725626724725988
% ./addnumbs 0000000 0000000000
0000000 + 0000000000 = 0
%
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Aparijm seic

• Sthn C parèqetai ènac bolikìc trìpoc sÔndeshc stajer¸n
akèraiwn tim¸n me onìmata, mèsw twn aparijm sewn.
Prìkeitai gia mÐa dunatìthta antÐstoiqh tou #define, mìno
pou thn diaqeirÐzetai o metaglwttist c, ìqi o
proepexergast c.

• Par�deigma:

enum boolean {NO, YES};

Gia th sunèqeia, to NO tautÐzetai me to 0 kai to YES me to 1.

• MporoÔme na dÐnoume sugkekrimènec timèc stic stajerèc
aparÐjmhshc, upono¸ntac ìti oi epìmenec stajerèc èqoun
suneqìmenec timèc, ektìc an kai se autèc apodÐdontai timèc.

• ParadeÐgmata:

enum months {JAN = 1, FEB, MAR, APR, MAY, JUN,

JUL, AUG, SEP, OCT, NOV, DEC};

enum escapes {BELL = ’\a’, BACKSPACE = ’\b’,

TAB = ’\t’, NEWLINE = ’\n’};

Ed¸, oi stajerèc gia touc m nec sthn aparÐjmhsh months

antistoiqoÔn stouc arijmoÔc apì 1 èwc 12, en¸ oi stajerèc
thc aparÐjmhshc escapes antistoiqoÔn stic sugkekrimènec
timèc pou èqoun kajorisjeÐ gia thn kajemÐa.

• Anafor� stic aparijm seic, gÐnetai sthn par�grafo §2.3
tou [KR].
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Domèc

• Pollèc forèc, mÐa sÔnjeth ontìthta mporeÐ na kajorisjeÐ
apì èna sÔnolo dedomènwn, pijan¸c diaforetik¸n tÔpwn,
opìte ja  tan qr simo na omadopoioÔsame ta dedomèna
aut� k�tw apì èna genikì ìnoma, me skopì na
anaferìmaste sthn ontìthta aut  me to ìnoma autì.

• Sthn C, h dunatìthta omadopoÐhshc dedomènwn, pou
apoteloÔn kat� k�poio trìpo ta qarakthristik� mÐac
programmatistik c ontìthtac, parèqetai apì tic domèc.

• MÐa dom  orÐzetai me ton ex c trìpo:
struct 〈etikèta dom c〉 {

〈tÔpoc〉1 〈mèloc〉1;
〈tÔpoc〉2 〈mèloc〉2;
...........................
〈tÔpoc〉n 〈mèloc〉n;

};
O orismìc mÐac dom c apoteleÐtai apì touc orismoÔc twn
mel¸n thc, pou perigr�fontai san metablhtèc
sugkekrimènwn tÔpwn.

• Fusik�, pÐnakec, deÐktec   akìma kai domèc mporoÔn na
eÐnai mèlh mÐac dom c.

• Gia pio analutik  suz thsh perÐ dom¸n, parapèmpeste stic
paragr�fouc §6.1 èwc §6.6 tou [KR]. Gia dhmiourgÐa nèwn
onom�twn tÔpwn (entol  typedef), en¸seic kai pedÐa bit,
pou ja suzhthjoÔn sth sunèqeia, oi par�grafoi apì to
[KR] eÐnai oi §6.7, §6.8 kai §6.9, antÐstoiqa.
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• ParadeÐgmata:

struct employee {

char firstname[10];

char lastname[18];

int id_number;

float salary;

};

struct wordinfo {

char *word;

int nlines;

};

• Sta paradeÐgmata aut� orÐzoume mÐa dom  struct

employee gia thn anapar�stash plhrofori¸n gia èna
up�llhlo (mikrì ìnoma, ep¸numo, arijmìc mhtr¸ou kai
misjìc) kai mÐa dom  struct wordinfo gia thn
anapar�stash thc plhroforÐac sqetik� me thn Ôparxh mÐac
lèxhc se k�poio keÐmeno, kaj¸c kai to pl joc twn
gramm¸n stic opoÐec emfanÐzetai.

• O orismìc mÐac dom c eÐnai mÐa d lwsh gia thn opoÐa den
gÐnetai k�poia dèsmeush mn mhc. MporoÔme ìmwc na
orÐsoume sugkekrimènec metablhtèc pou èqoun san tÔpo mÐa
dom , wc ex c:
struct 〈etikèta dom c〉 〈metablht 〉1, . . ., 〈metablht 〉k
Tìte, desmeÔetai h apaitoÔmenh mn mh gia tic metablhtèc,
an�loga me ton q¸ro pou qrei�zetai gia na fulaqjoÔn ta
mèlh thc dom c.
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• ParadeÐgmata:

struct employee jim, jane, the_employee;

struct wordinfo first_word, next_word, last_word;

• 'Alla paradeÐgmata dhl¸sewn dom¸n:

struct point {

double x;

double y;

};

struct upright_rectangle {

struct point p1;

struct point p2;

};

• Ed¸ orÐzoume th dom  struct point gia thn anapar�stash
enìc shmeÐou sto epÐpedo (mèsw twn suntetagmènwn tou),
kaj¸c kai th dom  struct upright rectangle gia thn
anapar�stash enìc orjogwnÐou parallhlogr�mmou sto
epÐpedo, me tic pleurèc par�llhlec stouc �xonec (mèsw dÔo
shmeÐwn pou eÐnai apènanti korufèc se mÐa diag¸nio). aþ

aþMporeÐte na orÐsete domèc kai gia �llec gewmetrikèc ontìthtec sto
epÐpedo, gia par�deigma, eujÔgramma tm mata, trÐgwna, kÔklouc,  , anexar-
t twc prosanatolismoÔ, tetr�gwna, rìmbouc, orjog¸nia parallhlìgramma,
(pl�gia) parallhlìgramma kai tuqaÐa tetr�pleura; MporeÐte na orÐsete kai
gewmetrikèc ontìthtec ston trisdi�stato q¸ro;
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• O orismìc metablht¸n me tÔpo k�poia sugkekrimènh dom 
mporeÐ na gÐnei tautìqrona me th d lwsh thc dom c.
Par�deigma:

struct point {

double x;

double y;

} pa, pb, pc;

Sthn perÐptwsh aut , den eÐnai aparaÐthto na d¸soume
etikèta sth dom . Gia par�deigma, o ex c orismìc twn
metablht¸n pa, pb kai pc eÐnai apodektìc:

struct {

double x;

double y;

} pa, pb, pc;

Fusik�, tìte, an jèloume sth sunèqeia na orÐsoume kai
�llec metablhtèc tou tÔpou thc dom c, prèpei na
epanal�boume th d lws  thc, afoÔ den thc eÐqame d¸sei
k�poia etikèta.

• Metablhtèc me tÔpo dom  mporoÔn na anatÐjentai san timèc
se �llec metablhtèc tou Ðdiou tÔpou, mporoÔn na dÐnontai
san orÐsmata kat� thn kl sh sunart sewn kai mporoÔn na
epistrèfontai apì sunart seic sto ìnom� touc.
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• Me ton orismì mÐac metablht c tÔpou dom c, mporoÔme na
k�noume kai arqikopoÐhsh twn mel¸n thc. Par�deigma:

struct point my_point = {22.4, -38.9};

Eidik� gia autìmatec metablhtèc tÔpou dom c,
arqikopoÐhsh mporeÐ na gÐnei kai me entol  antikat�stashc
  mèsw epistrof c sun�rthshc.

• H anafor� s' èna mèloc mÐac metablht c tÔpou dom c
gÐnetai me thn par�stash
〈metablht 〉.〈mèloc〉

• ParadeÐgmata:

struct point vert1, vert2;

struct upright_rectangle my_rect;

vert1.x = 2.4;

vert2.y = 7.8;

my_rect.p1.x = -8.3;

H teleutaÐa entol  eÐnai isodÔnamh me thn

(my_rect.p1).x = -8.3;

epeid  o telest c . eÐnai arister� prosetairistikìc.



115

• 'Opwc orÐzoume metablhtèc me tÔpo k�poia dom , ètsi
mporoÔme na orÐsoume kai deÐktec se domèc. Par�deigma:

struct point *ppa, *ppb;

Fusik�, eÐnai dik  mac eujÔnh na k�noume touc deÐktec ppa

kai ppb na deÐxoun se dieujÔnseic stic opoÐec ful�ssontai
  ja fulaqjoÔn dedomèna tÔpou dom c. Autì mporeÐ na
gÐnei eÐte me thn an�jesh thc dieÔjunshc k�poiac  dh
orismènhc metablht c tÔpou dom c, eÐte me dunamik 
dèsmeush. ParadeÐgmata:

struct point my_point;

ppa = &my_point;

ppb = malloc(sizeof(struct point));

• 'Eqontac orÐsei èna deÐkth se dom , ìpwc ton ppa sto
prohgoÔmeno par�deigma, mporoÔme na anaferjoÔme se
sugkekrimèno mèloc kat� ta gnwst�, gia par�deigma
(*ppa).x.

• Sthn par�stash (*ppa).x oi parenjèseic eÐnai
aparaÐthtec. An gr�fame *ppa.x, autì, lìgw twn
sqetik¸n proteraiot twn twn telest¸n . kai * ja  tan
isodÔnamo me to *(ppa.x), to opoÐo ìmwc, sthn prokeÐmenh
perÐptwsh den eÐnai suntaktik� swstì, afoÔ to ppa.x den
eÐnai deÐkthc.
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• An ènac 〈deÐkthc〉 deÐqnei se k�poia dom  kai jèloume na
anaferjoÔme s' èna 〈mèloc〉 thc, antÐ na gr�foume
(*〈deÐkthc〉).〈mèloc〉
h C mac dÐnei th dunatìthta na gr�youme pio apl�
〈deÐkthc〉->〈mèloc〉

• 'Opwc o telest c ., ètsi kai o -> eÐnai arister�
prosetairistikìc. Gia par�deigma, an èqoume orÐsei

struct upright_rectangle *rp;

tìte h par�stash rp->p1.x eÐnai h Ðdia me thn (rp->p1).x.

• Oi telestèc . kai -> mazÐ me tic () gia kl seic
sunart sewn kai tic [] gia deÐktec pin�kwn brÐskontai
sthn koruf  thc ierarqÐac proteraiìthtac twn telest¸n
kai epomènwc sundèontai isqur� me touc telestèouc.

• Par�deigma:

struct wordinfo *pw;

Me thn èkfrash ++pw->nlines aux�nei to nlines giatÐ
eÐnai isodÔnamh me thn ++(pw->nlines). An jèlame na
aux soume ton deÐkth pw ja èprepe na gr�youme
(++pw)->nlines   (pw++)->nlinesaþ, an�loga me to pìte
ja epijumoÔsame na gÐnei h aÔxhsh tou deÐkth, prin   met�
thn prospèlash tou mèlouc nlines.

• 'Eqontac plèon anaferjeÐ se ìlouc touc telestèc thc C, o
PÐnakac 2�1 tou [KR] (sel. 83), eÐnai mÐa polÔ qr simh
phg  gia anafor�, sqetik� me tic proteraiìthtèc touc.

aþEd¸ den eÐnai aparaÐthtec oi parenjèseic, afoÔ den ja up rqe amfibolÐa
gia to ti ja s maine to pw++->nlines.
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• 'Opwc sumbaÐnei kai me ìlouc touc tÔpouc sthn C,
mporoÔme na orÐsoume kai pÐnakec dom¸n.

• Par�deigma:

main()

{ int i, n;

struct worddata {

char *word;

int numb;

char let;

} wordarray[] = {

{"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("%c ", p->let++);

printf("%c ", (++p)->let);

printf("%d ", p++->numb);

printf("%d ", ++p->numb); }

for (i=0 ; i<n ; i++)

printf("%s %d %c ", wordarray[i].word,

wordarray[i].numb, wordarray[i].let);

printf("\n"); }

Ti ja ektupwjeÐ apì to prìgramma autì; aþ

aþ5 A CD a b 2 4 G IJ c d 4 6 CD 1 b EF 2 b IJ 4 d KL 4 d M 6 e
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EÔresh trig¸nwn megÐstou kai elaqÐstou embadoÔ
/* 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);

main(int argc, char *argv[])

{ 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[1]);

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;

}
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/* 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 */

(points+i)->x = (100.0 * rand())/(RAND_MAX+1.0);

(points+i)->y = (100.0 * rand())/(RAND_MAX+1.0);

}

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("(%4.1f,%4.1f) ", max_tr.a.x, max_tr.a.y);

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

printf("(%4.1f,%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("(%4.1f,%4.1f) ", min_tr.b.x, min_tr.b.y);

printf("(%4.1f,%4.1f) ", min_tr.c.x, min_tr.c.y);

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

}
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struct triangle get_triangle(int i, int j, int k)

{ struct triangle tr;

tr.a = *(points+i);

tr.b = *(points+j);

tr.c = *(points+k);

return tr; /* Return triangle with vertices i, j, k */

}

double triangle_area(struct triangle *tr)

{ double s1, s2, s3, t;

s1 = get_side(tr->a, tr->b); /* Get length of side ab */

s2 = get_side(tr->b, tr->c); /* Get length of side bc */

s3 = get_side(tr->c, tr->a); /* Get length of side ca */

t = (s1+s2+s3)/2; /* Compute half of the perimeter */

return sqrt(t*(t-s1)*(t-s2)*(t-s3)); /* Return area */

}

double get_side(struct point p1, struct point p2)

{ /* Return Euclidean distance between points p1 and p2 */

return sqrt((p1.x-p2.x)*(p1.x-p2.x)+(p1.y-p2.y)*(p1.y-p2.y));

}

% gcc -o triangles triangles.c -lm
% ./triangles 17
P0 : (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)

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: 0.09948
%
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Auto-anaforikèc domèc

• Ta mèlh mÐac dom c mporeÐ na eÐnai opoioud pote tÔpou,
akìma kai deÐktec se domèc tou Ðdiou tÔpou.
Qrhsimopoi¸ntac tètoiou eÐdouc domèc, pou onom�zontai
auto-anaforikèc kai eÐnai polÔ qr simec ston
programmatismì, mporoÔme na organ¸soume dedomèna me
trìpouc pou dieukolÔnoun exairetik� th diaqeÐrish kai
epexergasÐa touc.

• Oi plèon sun jeic organ¸seic dedomènwn mèsw
auto-anaforik¸n dom¸n eÐnai oi sundedemènec lÐstec ( ,
apl�, lÐstec) kai ta duadik� dèntra. MporeÐ kaneÐc na
orÐsei kai �llec organ¸seic dedomènwn, ìpwc dipl�
sundedemènec lÐstec, ourèc, dèntra ìqi kat' an�gkh
duadik�, klp.

• 'Estw h d lwsh:

struct listnode {

int value;

struct listnode *next;

};

Aut  h dom  orÐzei ènan kìmbo lÐstac ston opoÐo
ful�ssetai ènac akèraioc kai ènac deÐkthc se kìmbo lÐstac.

• An jèloume na apojhkeÔsoume mÐa akoloujÐa apì
akeraÐouc, aprosdiorÐstou pl jouc, all� kai
metaballìmenou kat� th di�rkeia thc ektèleshc enìc
progr�mmatoc, mporoÔme na to k�noume b�zontac k�je
akèraio s' èna kìmbo lÐstac kai deÐqnontac apì k�je kìmbo
ston epìmenì tou.
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• H anafor� sth lÐsta gÐnetai me èna deÐkth ston pr¸to
kìmbo thc. O teleutaÐoc kìmboc thc lÐstac èqei san deÐkth
se epìmeno kìmbo to NULL.

15 22 37 12

listnode *

Aut  eÐnai mÐa lÐsta me stoiqeÐa, kat� seir�, ta 15, 22, 37
kai 12.

• Gia na ulopoi soume th dunamik  fÔsh thc lÐstac, prèpei
p�nta na gÐnetai, gia th fÔlaxh enìc kìmbou thc, h
kat�llhlh dunamik  dèsmeush mn mhc (mèsw malloc) kai,
fusik�, h apodèsmeush (mèsw free), ìtan den
qreiazìmaste plèon ton kìmbo.

• Oi kìmboi mÐac lÐstac den ful�ssontai se diadoqikèc jèseic
mn mhc, afoÔ h mn mh gi' autoÔc desmeÔetai me diaforetikèc
malloc. Autì shmaÐnei ìti den mporoÔme na èqoume �mesh
prìsbash sto N -ostì stoiqeÐo mÐac lÐstac, ìpwc stouc
pÐnakec, all� mìno akolouj¸ntac thn alusÐda twn
stoiqeÐwn apì to pr¸to èwc to N -ostì.
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• H parembol  enìc kìmbou se sugkekrimènh jèsh se mÐa
lÐsta den apaiteÐ thn metakÐnhsh kanenìc �llou
kìmbou.Apl¸c prèpei na tropopoihjeÐ o deÐkthc gia
epìmeno tou kìmbou pou prohgeÐtai thc jèshc pou
eis�getai o nèoc kìmboc, ¸ste na deÐxei plèon ston nèo
kìmbo. EpÐshc, o deÐkthc gia epìmeno tou nèou kìmbou ja
prèpei na deÐxei ston epìmeno kìmbo apì th jèsh pou ègine
h eisagwg .

89

15 22 37 12

listnode *

Ed¸, ègine eisagwg , sth lÐsta thc prohgoÔmenhc selÐdac,
tou stoiqeÐou 89 metaxÔ twn stoiqeÐwn 37 kai 12.

• AntÐstoiqa isqÔoun kai gia th diagraf  enìc kìmbou apì
mÐa lÐsta. Den apaiteÐtai kamÐa metakÐnhsh.

89

15 22 37 12

listnode *

Ed¸, ègine diagraf  tou stoiqeÐou 22 apì thn prohgoÔmenh
lÐsta.



124

• Fusik�, mporoÔme na orÐsoume kìmbouc lÐstac stouc
opoÐouc h plhroforÐa pou ful�ssoume (plhn tou deÐkth
ston epìmeno kìmbo) na eÐnai opoioud pote tÔpou, ìqi mìno
akèraioc, all� kai kinht c upodiastol c, deÐkthc se k�poio
tÔpo (p.q. sumboloseir�), genik� otid pote.

• EpÐshc, mporoÔme s' èna kìmbo lÐstac na orÐsoume
perissìtera apì èna mèlh gia thn plhroforÐa tou kìmbou,
gia par�deigma, mÐa sumboloseir�, ènan akèraio kai èna
deÐkth se lÐsta. aþ

• MÐa �llh, polÔ qr simh, org�nwsh dedomènwn mèsw
auto-anaforik¸n dom¸n eÐnai ta duadik� dèntra.

• 'Ena duadikì dèntro eÐnai mÐa sullog  kìmbwn,
organwmènwn se mÐa dendrik  di�taxh, kajènac apì touc
opoÐouc mporeÐ na èqei mèqri dÔo kìmbouc-paidi�. K�je
kìmboc èqei ènan kìmbo-gonèa, ektìc apì ton pr¸to kìmbo
tou dèntrou, pou eÐnai o kìmboc-rÐza.

• Ta paidi� enìc kìmbou anafèrontai san to aristerì kai to
dexÐ paidÐ tou kìmbou. Gia thn anapar�stash enìc kìmbou
qrhsimopoioÔme mÐa auto-anaforik  dom , ìpwc h ex c:

struct tnode {

int value;

struct tnode *left;

struct tnode *right;

};

aþDen eÐnai endiafèron na mporoÔme na èqoume kai lÐstec apì lÐstec;
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• Me th qr sh thc dom c struct tnode, se k�je kìmbo tou
dèntrou ful�ssetai ènac akèraioc, all� ja mporoÔsame
san plhroforÐa proc fÔlaxh na èqoume dedomèna
opoioud pote tÔpou, ìpwc kai stic lÐstec, kai, fusik�, kai
perissìtera tou enìc dedomèna. Oi deÐktec left kai right
eÐnai oi dieujÔnseic twn kìmbwn pou eÐnai aristerì kai dexÐ
paidÐ, antÐstoiqa, tou kìmbou.

• 'Opwc kai stic lÐstec, an k�poio paidÐ den up�rqei, o
antÐstoiqoc deÐkthc eÐnai NULL.

• H anafor� s' èna duadikì dèntro gÐnetai mèsw enìc deÐkth
sth rÐza tou.

• Kat� th dhmiourgÐa enìc duadikoÔ dèntrou, prèpei na
desmeÔetai dunamik� mn mh (mèsw malloc) gia na fulaqjeÐ
k�je kìmboc, en¸ ìtan ènac kìmboc den qrei�zetai plèon,
prèpei h mn mh pou katalamb�nei na apodesmeÔetai (mèsw
free).

• Ta duadik� dèntra eÐnai pragmatik� qr sima wc organ¸seic
dedomènwn ìtan eÐnai taxinomhmèna. 'Ena duadikì dèntro
eÐnai taxinomhmèno ìtan, me b�sh k�poio krit rio di�taxhc
sthn plhroforÐa pou apojhkeÔoume stouc kìmbouc tou, o
kìmboc-rÐza èpetai ìlwn twn kìmbwn sto aristerì paidÐ tou
kai prohgeÐtai ìlwn twn kìmbwn sto dexÐ paidÐ tou kai,
epÐshc, tìso to aristerì ìso kai to dexÐ paidÐ eÐnai
taxinomhmèna me thn Ðdia logik .
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• San krit ria di�taxhc thc plhroforÐac twn kìmbwn enìc
dèntrou, mporoÔme na èqoume thn arijmhtik  di�taxh, an h
plhroforÐa aut  eÐnai ènac akèraioc   ènac pragmatikìc
arijmìc,   thn alfabhtik  di�taxh, an h plhroforÐa eÐnai
mÐa sumboloseir�. An èqoume perissìterec thc mÐac
plhroforÐec ston kìmbo, tìte k�poia, dhlad  to antÐstoiqo
mèloc thc dom c, paÐzei ton rìlo tou legìmenou kleidioÔ,
pou me b�sh autì orÐzetai h di�taxh metaxÔ dÔo kìmbwn.

• 'Estw h prìtash “some words to insert into a binary tree”.
Sto sq ma, faÐnetai èna taxinomhmèno duadikì dèntro pou
perièqei tic lèxeic thc prìtashc aut c stouc kìmbouc tou.

tree

to

words

binary

intoa

insert

some

tnode *

• To sugkekrimèno dèntro kataskeu�sthke eis�gontac
stadiak� tic lèxeic thc prìtashc me th seir� pou
emfanÐzontai sthn prìtash. An eÐqan eisaqjeÐ me
diaforetik  seir�, to dèntro ja  tan telik� diaforetikì. aþ

aþPoio ja  tan to dèntro an h eisagwg  twn lèxewn ginìtan apì thn
teleutaÐa lèxh thc prìtashc proc thn pr¸th;
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DhmiourgÐa nèwn onom�twn tÔpwn

• Sthn C parèqetai h dunatìthta, mèsw thc entol c
typedef, na d¸soume dik� mac onìmata se tÔpouc pou
qrhsimopoioÔme suqn�, kai met� na orÐzoume metablhtèc
aut¸n twn tÔpwn me b�sh to nèo ìnoma.

• ParadeÐgmata:

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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En¸seic kai pedÐa bit

• 'Otan h mn mh  tan akrib , eÐqe nìhma sta progr�mmat�
mac na k�noume oikonomÐa mn mhc.

• 'Enac trìpoc gia exoikonìmhsh mn mhc eÐnai oi en¸seic, pou
orÐzontai ìpwc oi domèc (me th lèxh-kleidÐ union). Den
desmeÔetai q¸roc gia ìla ta mèlh thc ìtan orÐzetai mÐa
metablht  tÔpou ènwshc, all� autìc pou apaiteÐtai gia th
fÔlaxh tou mèlouc me tic megalÔterec apait seic se mn mh.
'Ola ta mèlh ful�ssontai s' autìn ton q¸ro. Par�deigma:

union alternative_data {

int ivalue;

float fvalue;

char *svalue;

} id_numb;

• Oi en¸seic eÐnai qr simec kai gia to paket�risma tupik¸n
paramètrwn sunart sewn, ìtan autèc den qrei�zontai ìlec
tautìqrona kat� thn kl sh thc sun�rthshc.

• 'Alloc trìpoc gia oikonomÐa mn mhc eÐnai ta pedÐa bit.
OrÐzontac mÐa dom , mporoÔme na dhl¸soume mèlh tÔpou
akeraÐou, all� me sugkekrimèno pl joc bits to kajèna.

• Par�deigma:

struct {

unsigned int mode : 2;

unsigned int bool : 1;

unsigned int octal : 3;

} flags;
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DiaqeÐrish sundedemènwn list¸n
/* 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);

main()

{ Listptr alist;

int v;

alist = NULL; /* List is NULL */

/* Check if list is empty */

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

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

printf("List is "); print(alist);

insert_at_end(&alist, 55); /* List is 44--> 55--> NULL */

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);

/* Check if list is empty */

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

/* Check membership */

printf("55 is%s in list\n", in(alist, 55) ? "" : " not");

printf("77 is%s in list\n", in(alist, 77) ? "" : " 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) ? "OK!" : "Failed!");

/* List is 33--> 44--> 66--> NULL */

printf("List is "); print(alist);

printf("Deleting 22. %s\n", delete(&alist, 22) ? "OK!" : "Failed!");

/* List is 33--> 44--> 66--> NULL */

printf("List is "); print(alist);

printf("Deleting 33. %s\n", delete(&alist, 33) ? "OK!" : "Failed!");

/* List is 44--> 66--> NULL */

printf("List is "); print(alist);

}

int empty(Listptr list) /* Check if list is empty */

{ if (list == NULL) /* Is it really empty? */

return 1; /* Yes, it is */

else

return 0; /* No, it isn’t */

}

int in(Listptr list, int v) /* Check if v is member of list */

{ while (list != 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 0; /* 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 (list != 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 0; /* 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 */

(*ptraddr)->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 */

*ptraddr = malloc(sizeof(struct listnode)); /* Space for new node */

(*ptraddr)->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 ((*ptraddr)->value == v) { /* Did we find what to delete? */

templist = *ptraddr; /* Yes, save address of its node */

*ptraddr = (*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 0; /* We did’t find the element we were looking for */

}

void print(Listptr list) /* Print elements of list */

{ while (list != 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 */

}

% 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
55 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
%
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DiaqeÐrish duadik¸n dèntrwn
/* 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 *);

main(int argc, char *argv[])

{ 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)) ? " " : "not", *argv);

}

}
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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 ident) /* Pretty print tree */

{ int i;

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

treeprint(p->right, ident+4);

/* Print right subtree 4 places right of root node */

for (i=0 ; i<ident ; i++)

printf(" "); /* Take care for identation */

printf("%s\n", p->word); /* Print root node */

treeprint(p->left, ident+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 n1, n2;

if (p == NULL) /* Depth of empty tree is 0 */

return 0;

n1 = treedepth(p->left); /* Compute depth of left subtree */

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

return (n1 > n2) ? n1+1 : 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 0; /* 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) /* If w precedes word of current node */

return treesearch(p->left, w); /* 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
%
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EÐsodoc kai èxodoc

• K�je prìgramma prèpei na eÐnai se jèsh na epikoinwneÐ me
to perib�llon tou, dhlad  na diab�zei dedomèna kai na
gr�fei apotelèsmata, ìpote to qrei�zetai.

• Sthn C, oi mhqanismoÐ eisìdou/exìdou parèqontai apì mÐa
seir� sunart sewn, oi opoÐec perilamb�nontai sthn
prìtuph biblioj kh eisìdou/exìdou thc gl¸ssac. 'Otan
qrhsimopoioÔme sunart seic thc biblioj khc aut c prèpei
na sumperilamb�noume sta progr�mmat� mac kai to sqetikì
arqeÐo epikefalÐdac:

#include <stdio.h>

• Oi mon�dec eisìdou/exìdou eÐnai ta reÔmata. MporoÔme na
susqetÐsoume èna arqeÐo, anoÐgont�c to, me èna reÔma, all�
up�rqoun kai prokajorismèna reÔmata, autì thc prìtuphc
eisìdou (stdin), thc prìtuphc exìdou (stdout) kai thc
prìtuphc exìdou gia diagnwstik� mhnÔmata (stderr).

• K�je prìgramma èqei, kat' arq n, antistoiqÐsei sto reÔma
stdin to plhktrolìgio kai sta reÔmata stdout kai stderr
thn ojình.

• H diafor� metaxÔ stdout kai stderr sunÐstatai sto ìti
sunhjÐzetai ta progr�mmata na ektup¸noun ta
apotelèsmat� touc sto stdout kai diagnwstik� mhnÔmata
sto stderr.
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• Se poll� perib�llonta (Unix, Command Prompt twn
Windows, Cygwin, klp.) up�rqei h dunatìthta èna
prìgramma pou diab�zei ta dedomèna tou apì thn prìtuph
eÐsodo (stdin) na mporeÐ na klhjeÐ me anakateÔjunsh thc
prìtuphc eisìdou se k�poio arqeÐo, opìte ja diab�zei
plèon ta dedomèna tou apì to arqeÐo autì. Par�deigma:

% ./myprog < inp_file

Ed¸, to prìgramma ./myprog, antÐ na diab�sei ta dedomèna
tou apì to plhktrolìgio, ja trofodothjeÐ me aut� apì to
arqeÐo inp file.

• OmoÐwc, mporoÔme na èqoume kai anakateÔjunsh thc
prìtuphc exìdou (stdout) se arqeÐo, opìte, antÐ na
ektup¸nontai ta apotelèsmata enìc progr�mmatoc sthn
ojình, ful�ssontai sto arqeÐo autì. Par�deigma:

% ./otherprog arg1 > out_file

Ed¸, antÐ na ektupwjoÔn ta apotelèsmata tou
progr�mmatoc ./otherprog sthn ojình, ja fulaqjoÔn
sto arqeÐo out file.



139

• EpÐshc, mporoÔme na dhmiourg soume swlhn¸seic apì
progr�mmata, dhlad  h èxodoc tou pr¸tou progr�mmatoc
thc swl nwshc na eÐnai eÐsodoc gia to deÔtero prìgramma,
tou opoÐou h èxodoc na eÐnai eÐsodoc gia to trÐto, k.o.k.
Par�deigma:

% ./prog1 22 13 | ./prog2 | ./prog3 27 | ./prog4 10 99

Ed¸, ta progr�mmata ./prog1, ./prog2, ./prog3 kai
./prog4 summetèqoun se mÐa swl nwsh, ìpou h èxodoc
kajenìc eÐnai eÐsodoc sto epìmeno prìgramma sth
swl nwsh.

• EpishmaÐnetai ìti tic anakateujÔnseic (eisìdou kai exìdou)
kai tic swlhn¸seic tic diaqeirÐzetai to perib�llon
ektèleshc twn programm�twn (leitourgikì sÔsthma  
o,tid pote �llo). Ta progr�mmata pou summetèqoun s'
autèc potè den to majaÐnoun. Me �lla lìgia, oi
qarakt rec <, > kai |, kaj¸c kai ta onìmata arqeÐwn stic
anakateujÔnseic den eÐnai orÐsmata sth gramm 
entol¸n kai den mporoÔme (kai den qrei�zetai) na ta
prospel�soume mèsw argc kai argv.

• Sth sunèqeia, perigr�fontai sunoptik� oi pio suqn�
qrhsimopoioÔmenec sunart seic thc prìtuphc biblioj khc
eisìdou/exìdou

• PerÐ eisìdou/exìdou sthn C, up�rqei ektetamènh anafor�
sto Kef�laio 7 tou [KR] (sel. 211�233).
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• int getchar(void)

Epistrèfei ton epìmeno qarakt ra apì to stdin, h EOF, an
èqei diabasteÐ ìlh h eÐsodoc.

• int putchar(int ch)

Gr�fei ton qarakt ra ch sto stdout. Epistrèfei ton
qarakt ra autì,   EOF se perÐptwsh l�jouc.

• int puts(const char *s)

Gr�fei th sumboloseir� s sto stdout kai amèswc met� mÐa
allag  gramm c. Epistrèfei to pl joc twn qarakt rwn
pou gr�fthkan,   EOF se perÐptwsh l�jouc. aþ

• int printf(const char *format, <op>1, <op>2, ...)

Gr�fei sto stdout ta orÐsmata <op>1, <op>2, . . ., sÔmfwna
me thn odhgÐa fìrmac format, kai epistrèfei to pl joc twn
qarakt rwn pou gr�fthkan.

– H sumboloseir� format perilamb�nei qarakt rec pou
metafèrontai autoÔsioi sthn èxodo kai prodiagrafèc
metatrop c gia thn ektÔpwsh twn <op>1, <op>2, . . .

– MÐa prodiagraf  metatrop c arqÐzei me ton qarakt ra
% kai termatÐzei me èna qarakt ra pou deÐqnei to eÐdoc
thc metatrop c pou prèpei na gÐnei.

aþUp�rqei kai h “adelf ” sun�rthsh char *gets(char *s), gia thn an�-
gnwsh apì to stdin mÐac sumboloseir�c, all� den prèpei na qrhsimopoieÐtai,
gia lìgouc asfaleÐac. M�lista, o gcc dÐnei sqetik  proeidopoÐhsh ìtan qrh-
simopoioÔme aut n th sun�rthsh s' èna prìgramma. Ant' aut c, ja doÔme
sth sunèqeia thn asfal  sun�rthsh fgets.
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– H genik  morf  mÐac prodiagraf c metatrop c eÐnai h
ex c:

%[tr][epp][.akr][mm]qm
'O,ti brÐsketai mèsa se [ kai ], mporeÐ kai na mhn up�rqei.

– MetaxÔ tou % kai tou qarakt ra metatrop c (qm)
mporeÐ na up�rqoun:
∗ K�poioi tropopoihtèc (tr), me opoiad pote seir�,

dhlad  èna -, pou epib�llei arister  stoÐqish,  /kai
èna +, pou kajorÐzei ìti o arijmìc ja emfanÐzetai
p�nta me prìshmo,  /kai èna 0, pou, gia arijmoÔc,
epib�llei th sumpl rwsh tou pl�touc pedÐou me
mhdenik� sthn arq , ef' ìson èqoume dexi� stoÐqish,
dhlad  an den èqei dojeÐ kai to - san tropopoiht c.

∗ To el�qisto pl�toc pedÐou (epp). Sumplhr¸nontai
ken� arister�   dexi�, an�loga me th stoÐqish,  
mhdenik� sthn arq  an èqoume dexi� stoÐqish kai èqei
dojeÐ kai   èndeixh 0 ìti jèloume sumpl rwsh me
mhdenik�.

∗ MÐa teleÐa . kai ènac arijmìc, h akrÐbeia (akr), pou
kajorÐzei to mègisto arijmì qarakt rwn pou ja
ektupwjoÔn gia èna alfarijmhtikì, ton arijmì twn
yhfÐwnaþ gia arijmì kinht c upodiastol c   ton
el�qisto arijmì yhfÐwn gia akèraio.

∗ To mègejoc metablht c (mm), dhlad  h, l   L, an
prìkeitai gia ektÔpwsh short int, long int   long

double, antÐstoiqa.

aþdekadik¸n gia metatropèc f, e   E   shmantik¸n gia metatropèc g   G
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– PijanoÐ qarakt rec metatrop c eÐnai:
∗ d: Gia arijmoÔc sto dekadikì sÔsthma.
∗ o: Gia apros mastouc oktadikoÔc arijmoÔc.
∗ x, X: Gia apros mastouc dekaexadikoÔc arijmoÔc. Me

metatrop  x, ta “yhfÐa” met� to 9 emfanÐzontai pez�
(a, b, c, d, e, f), en¸ me metatrop  X, emfanÐzontai
kefalaÐa (A, B, C, D, E, F).

∗ u: Gia apros mastouc arijmoÔc sto dekadikì
sÔsthma.

∗ c: Gia qarakt rec.
∗ s: Gia sumboloseirèc.
∗ f: Gia arijmoÔc kinht c upodiastol c, se

anapar�stash qwrÐc ekjèth.
∗ e, E: Gia arijmoÔc kinht c upodiastol c, se

anapar�stash me ekjèth. To sÔmbolo thc Ôywshc se
dÔnamh tou 10 emfanÐzetai san e   E, an�loga me ton
qarakt ra metatrop c pou qrhsimopoi jhke.

∗ g, G: Gia arijmoÔc kinht c upodiastol c, se
anapar�stash me   qwrÐc ekjèth, an�loga me to
mègejoc tou ekjèth se sqèsh me thn akrÐbeia pou èqei
zhthjeÐ. An o ekjèthc eÐnai mikrìteroc tou -4  
megalÔteroc apì   Ðsoc me thn akrÐbeia, efarmìzetai
metatrop  e   E (an�loga me to an èqoume g   G),
alli¸c efarmìzetai metatrop  f. Ta mhdenik� kai h
upodiastol  sto tèloc den emfanÐzontai.

∗ %: Gia ektÔpwsh tou %.
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– ParadeÐgmata ektup¸sewn:

int x = 3456 double d = -3768.08549

Prodiagraf  EktÔpwsh Prodiagraf  EktÔpwsh

%d 3456 %f -3768.085490

%7d ÃÃÃ3456 %14.4f ÃÃÃÃ-3768.0855

%2d 3456 %-14.3f -3768.085ÃÃÃÃÃ

%-7d 3456ÃÃÃ %e -3.768085e+03

%+7d ÃÃ+3456 %14.4E ÃÃÃ-3.7681E+03

%07d 0003456 %-14.3e -3.768e+03ÃÃÃÃ

%7.5d ÃÃ03456 %g -3768.09

%7o ÃÃÃ6600 %14.4g ÃÃÃÃÃÃÃÃÃ-3768

%-7x d80ÃÃÃÃ %-14.3G -3.77E+03ÃÃÃÃÃ

%7.6X Ã000D80 %014.4f -00003768.0855

char *p = "this is a test phrase"

Prodiagraf  EktÔpwsh

%s this is a test phrase

%25s ÃÃÃÃthis is a test phrase

%12s this is a test phrase

%.12s this is a te

%-25s this is a test phraseÃÃÃÃ

%25.12s ÃÃÃÃÃÃÃÃÃÃÃÃÃthis is a te

%-25.12s this is a teÃÃÃÃÃÃÃÃÃÃÃÃÃ
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• int scanf(const char *format, <op>1, <op>2, ...)

Diab�zei apì to stdin dedomèna, sÔmfwna me thn odhgÐa
fìrmac format, kai ta apojhkeÔei ekeÐ pou deÐqnoun oi
deÐktec <op>1, <op>2, . . ., Epistrèfei to pl joc twn
dedomènwn pou diab�sthkan   EOF, an èqei diabasteÐ ìlh h
eÐsodoc.

– 'Ena dedomèno eisìdou eÐnai mÐa akoloujÐa apì mh
leukoÔc qarakt rec pou termatÐzei ston epìmeno leukì
qarakt ra,aþ   ston epìmeno qarakt ra pou anamènetai
na diabasteÐ me b�sh to format,   ìtan exantlhjeÐ to
pl�toc pedÐou.

– H sumboloseir� format mporeÐ na perilamb�nei:
∗ Ken�   sthlogn¸monec, pou epib�lloun thn

katan�lwsh ìlwn twn leuk¸n qarakt rwn apì thn
trèqousa jèsh thc eisìdou kai met�.

∗ 'Allouc qarakt rec, ektìc apì ton %, pou prèpei na
sumfwnoÔn me ton epìmeno mh leukì qarakt ra sthn
eÐsodo, alli¸c h scanf stamat� to di�basma.

aþkenì, sthlogn¸monac   allag  gramm c
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∗ Prodiagrafèc metatrop c, pou sqhmatÐzontai, me
aut  th seir�, apì:
· ton qarakt ra %

· èna proairetikì qarakt ra *, pou deÐqnei ìti to
dedomèno pou diab�sthke den prèpei na fulaqjeÐ

· èna proairetikì arijmì pou kajorÐzei to mègisto
pl�toc pedÐou

· èna proairetikì h, gia thn an�gnwsh short int,  
èna l, gia long int   double,   èna L gia long

double.
· èna qarakt ra metatrop c, antÐstoiqa me autoÔc
thc printf (d, o, x, u, c, s, f, e, g, %)  
[. . .], to opoÐo prokaleÐ thn an�gnwsh thc
megalÔterhc akoloujÐac qarakt rwn sthn
eÐsodo, apì autoÔc pou perilamb�nontai mèsa
sta [ kai ],  
[^. . .], to opoÐo eÐnai parìmoio me to
prohgoÔmeno, all� diab�zontai qarakt rec
pou den perièqontai mèsa sta [ kai ]

– EpishmaÐnetai ìti h qr sh thc scanf gia an�gnwsh
sumboloseir¸n parousi�zei parìmoio prìblhma
asf�leiac me autì thc sun�rthshc gets, to opoÐo ìmwc
antimetwpÐzetai an dhlwjeÐ kai mègisto pl�toc pedÐou
(p.q. %20s) gia thn an�gnwsh.
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• FILE *fopen(const char *filename,

const char *mode)

AnoÐgei to arqeÐo me ìnoma filename gia na to
qrhsimopoi soume me ton trìpo pou perigr�fetai sto mode.
Epistrèfei èna reÔma (  deÐkth se arqeÐo), me b�sh to
opoÐo mporoÔme sth sunèqeia na anaferìmaste sto arqeÐo,
  NULL, an gia k�poio lìgo den  tan dunatìn na anoÐxei to
arqeÐo.

– To FILE eÐnai mÐa dom  (typedef'ed apì to stdio.h) me
kat�llhla mèlh gia na gÐnetai o qeirismìc tou arqeÐou.

– To mode mporeÐ na eÐnai:
∗ "r": Gia di�basma apì up�rqon arqeÐo.
∗ "w": Gia gr�yimo se arqeÐo. An to arqeÐo den

up�rqei, dhmiourgeÐtai. An up�rqei, ta prohgoÔmena
perieqìmen� tou diagr�fontai kai to gr�yimo arqÐzei
apì thn arq  tou arqeÐou.

∗ "a": Gia gr�yimo se arqeÐo me pros�rthsh sto tèloc
tou twn nèwn dedomènwn, an to arqeÐo up�rqei  dh,
qwrÐc diagraf  twn prohgoÔmenwn perieqomènwn tou.

∗ "r+": Gia di�basma kai gr�yimo, opoud pote mèsa se
up�rqon arqeÐo, qwrÐc diagraf  twn prohgoÔmenwn
perieqomènwn tou.

∗ "w+": Gia di�basma kai gr�yimo, opoud pote mèsa
sto arqeÐo, me diagraf  twn prohgoÔmenwn
perieqomènwn tou, ef' ìson autì up�rqei  dh.

∗ "a+": Gia di�basma apì opoud pote mèsa apì to
arqeÐo kai gr�yimo mìno sto tèloc tou, qwrÐc
diagraf  twn prohgoÔmenwn perieqomènwn tou.
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– Se orismèna sust mata, gÐnetai di�krish metaxÔ arqeÐwn
keimènou kai duadik¸n arqeÐwn (sto Unix p�ntwc, ìqi),
opìte ekeÐ, an jèloume na qeiristoÔme èna duadikì
arqeÐo, prèpei sto mode na prostejeÐ kai o qarakt rac
b, dhlad  na èqoume, an�loga me thn perÐptwsh "rb",
"wb", "ab", "r+b" ("rb+"), "w+b" ("wb+"),   "a+b"

("ab+").

• int fclose(FILE *fp)

KleÐnei to reÔma fp. Epistrèfei 0   EOF, se perÐptwsh
epituqÐac   apotuqÐac, antÐstoiqa.

• char *fgets(char *buf, int max, FILE *fp)

Diab�zei to polÔ max-1 qarakt rec apì to reÔma fp, mèqri
thn allag  gramm c (\n). Oi qarakt rec pou diab�sthkan
(mazÐ kai me to \n) ful�ssontai sth sumboloseir� buf, h
opoÐa termatÐzetai kanonik� me \0. Epistrèfei to buf,  
NULL an èqei diabasteÐ ìlh h eÐsodoc. aþ

• int feof(FILE *fp)

Epistrèfei mh mhdenik  tim  an èqoun diabasteÐ ìla ta
dedomèna apì to reÔma fp, dhlad  èqoume ft�sei sto tèloc
tou arqeÐou pou antistoiqeÐ sto reÔma,  , alli¸c, 0.

aþEpis mwc, up�rqei kai h sun�rthsh char *gets(char *buf), h opoÐa
k�nei perÐpou ì,ti kai h fgets. Diab�zei apì to reÔma stdin, qwrÐc na b�zei
k�poio p�nw ìrio sto pl joc twn qarakt rwn pou ja diabastoÔn kai, gi'
autì akrib¸c, gia lìgouc asfaleÐac, apojarrÔnetai h qr sh thc. EpÐshc,
h gets den topojeteÐ ton qarakt ra allag c gramm c (\n) pou di�base
mèsa sto buf. An jèloume na diab�soume mÐa gramm  qarakt rwn apì thn
prìtuph eÐsodo, mporoÔme na qrhsimopoi soume thn fgets, dÐnontac san
teleutaÐo ìrisma to stdin, antÐ na qrhsimopoi soume thn gets.
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• int getc(FILE *fp)

Epistrèfei ton epìmeno qarakt ra apì to reÔma fp,   EOF,
an èqoume ft�sei sto tèloc tou antÐstoiqou arqeÐou.

• int putc(int ch, FILE *fp)

Gr�fei ton qarakt ra ch sto reÔma fp. Epistrèfei ton
qarakt ra autì,   EOF se perÐptwsh l�jouc.

• int ungetc(int ch, FILE *fp)

GurÐzei pÐsw sto reÔma fp ton qarakt ra ch, ètsi ¸ste na
diabasteÐ p�li se epìmenh an�gnwsh. Epistrèfei ton
qarakt ra autì,   EOF se perÐptwsh l�jouc.

• int fprintf(FILE *fp, const char *format,

<op>1, <op>2, ...)

'Idia me thn printf, mìno pou gr�fei sto reÔma fp, antÐ gia
to stdout.

• int fscanf(FILE *fp, const char *format,

<op>1, <op>2, ...)

'Idia me thn scanf, mìno pou diab�zei apì to reÔma fp, antÐ
apì to stdin.

• int sprintf(char *str, const char *format,

<op>1, <op>2, ...)

'Idia me thn printf, mìno pou gr�fei sth sumboloseir�
str, antÐ gia to reÔma stdout.

• int sscanf(char *str, const char *format,

<op>1, <op>2, ...)

'Idia me thn scanf, mìno pou diab�zei apì th sumboloseir�
str, antÐ apì to reÔma stdin.
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• size t fread(void *ptr, size t size,

size t count, FILE *fp) aþ

Diab�zei apì to reÔma fp to polÔ count dedomèna
megèjouc size to kajèna kai ta topojeteÐ apì th
dieÔjunsh ptr kai met�. Epistrèfei to pl joc twn
dedomènwn pou diab�sthkan. O èlegqoc tèlouc thc eisìdou
mporeÐ na gÐnei me th sun�rthsh feof.

• size t fwrite(const void *ptr, size t size,

size t count, FILE *fp)

Gr�fei sto reÔma fp to polÔ count dedomèna megèjouc
size to kajèna, paÐrnont�c ta apì th dieÔjunsh ptr kai
met�. Epistrèfei to pl joc twn dedomènwn pou gr�fthkan.
An grafoÔn ligìtera apì count dedomèna, autì ja
ofeÐletai se k�poio l�joc pou sunèbh.

• int fseek(FILE *fp, long offset, int origin)

Jètei thn trèqousa jèsh sto reÔma fp na eÐnai:

– offset (≥ 0) qarakt rec apì thn arq , an to origin

èqei tejeÐ SEEK SET.

– offset qarakt rec apì thn trèqousa jèsh, an to
origin èqei tejeÐ SEEK CUR.

– offset qarakt rec apì to tèloc, an to origin èqei
tejeÐ SEEK END.

Epistrèfei 0 se perÐptwsh epituqÐac.

aþO tÔpoc size t eÐnai o unsigned int, typedef'ed.
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• long ftell(FILE *fp)

Epistrèfei thn trèqousa jèsh sto reÔma fp,   -1L se
perÐptwsh l�jouc.

• int fflush(FILE *fp)

Gr�fei sto reÔma exìdou fp ì,ti pijan¸c brÐsketai sthn
endi�mesh perioq  apoj keushc. Epistrèfei 0   EOF, se
perÐptwsh epituqÐac   apotuqÐac, antÐstoiqa.

• void perror(const char *s)

Ektup¸nei th sumboloseir� s kai mÐa perigraf  tou pio
prìsfatou l�jouc pou èqei sumbeÐ.

– H sun�rthsh perror eÐnai polÔ katatopistik  ìtan
qrhsimopoioÔme sunart seic thc prìtuphc biblioj khc
thc C, oi opoÐec endèqetai na prokalèsoun k�poio
l�joc, gia par�deigma h malloc   oi sunart seic
diaqeÐrishc arqeÐwn, ìpwc h fopen, kai mac endiafèrei
na m�joume poio akrib¸c l�joc prokl jhke.

– Sqetik  me th sun�rthsh perror eÐnai kai mÐa exwterik 
metablht  errno, h opoÐa èqei san tim  ènan akèraio
pou antistoiqeÐ sto pio prìsfato l�joc pou èqei sumbeÐ.

– An jèloume na qrhsimopoi soume th metablht  errno

mèsa s' èna prìgramma, prèpei na èqoume sumperil�bei
kai to arqeÐo epikefalÐdac sto opoÐo orÐzetai:

#include <errno.h>

MÐa epis mansh pou prèpei na gÐnei eÐnai ìti den mporoÔme na
qrhsimopoi soume opoiad pote sun�rthsh se opoiod pote
reÔma. Exart�tai apì to mode pou dìjhke ìtan �noixe to
antÐstoiqo arqeÐo.
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Antigraf  arqeÐwn
/* File: filecopy.c */

#include <stdio.h>

main(int argc, char *argv[])

{ FILE *ifp, *ofp;

int n;

char buf[1024];

if (argc != 3) {

fprintf(stderr,

"Usage: %s <soure-file> <target-file>\n", argv[0]);

return 1;

}

if ((ifp = fopen(argv[1], "rb")) == NULL) { /* Open source file */

perror("fopen source-file");

return 1;

}

if ((ofp = fopen(argv[2], "wb")) == NULL) { /* Open target file */

perror("fopen target-file");

return 1;

}

while (!feof(ifp)) { /* While we don’t reach the end of source */

/* Read characters from source file to fill buffer */

n = fread(buf, sizeof(char), sizeof(buf), ifp);

/* Write characters read to target file */

fwrite(buf, sizeof(char), n, ofp);

}

fclose(ifp);

fclose(ofp);

return 0;

}
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% gcc -o filecopy filecopy.c
% ./filecopy
Usage: ./filecopy <soure-file> <target-file>
% ./filecopy bla foo
fopen source-file: No such file or directory
%
% cat helloworld.c
/* File: helloworld.c */
#include <stdio.h>

main()
{ printf("Hello world\n");
}
% ./filecopy helloworld.c newhelloworld.c
% cat newhelloworld.c
/* File: helloworld.c */
#include <stdio.h>

main()
{ printf("Hello world\n");
}
% ls -l helloworld.c newhelloworld.c
-rw------- 1 ip www 81 Dec 18 21:45 newhelloworld.c
-rw-r----- 1 ip www 81 Oct 13 12:42 helloworld.c
% diff helloworld.c newhelloworld.c
%
% ./filecopy filecopy Copy\ of\ filecopy
% ls -l filecopy Copy\ of\ filecopy
-rw------- 1 ip www 6884 Dec 18 21:46 Copy of filecopy
-rwx------ 1 ip www 6884 Dec 18 21:34 filecopy*
% cmp filecopy Copy\ of\ filecopy
%
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EktÔpwsh gramm¸n eisìdou me antÐstrofh seir�
/* File: revinput.c */

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

typedef struct Slistnode *SListptr;

struct Slistnode { /* A list node structure */

char *line; /* with a string as member */

SListptr next;

};

void Sinsert_at_start(SListptr *, char *);

void Sprint(SListptr);

main()

{ char buf[1024];

SListptr list;

list = NULL; /* Initialize list to store lines to be read */

while (fgets(buf, sizeof buf, stdin) != NULL) /* Read a line */

/* and insert it at the start of the list */

Sinsert_at_start(&list, buf);

Sprint(list); /* Print the list, i.e. the input reversed */

}

void Sinsert_at_start(SListptr *ptraddr, char *buf)

/* The well-known insert_at_start function */

{ SListptr templist;

templist = *ptraddr;

*ptraddr = malloc(sizeof(struct Slistnode));

(*ptraddr)->line = malloc((strlen(buf)+1) * sizeof(char));

strcpy((*ptraddr)->line, buf);

(*ptraddr)->next = templist;

}

void Sprint(SListptr list) /* Just print out the list */

{ while (list != NULL) {

printf("%s", list->line);

list = list->next;

}

}
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% gcc -o revinput revinput.c
% ./revinput
These are some lines
to test program revinput.
Ok, one more line.
These are my last words
before the minus signs
---------------------------
^D
---------------------------
before the minus signs
These are my last words
Ok, one more line.
to test program revinput.
These are some lines
%
% cat helloworld.c
/* File: helloworld.c */
#include <stdio.h>

main()
{ printf("Hello world\n");
}
%
% ./revinput < helloworld.c
}
{ printf("Hello world\n");
main()

#include <stdio.h>
/* File: helloworld.c */
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O proepexergast c thc C

• O proepexergast c thc C eÐnai èna autìnomo uposÔsthma
tou logismikoÔ metagl¸ttishc, to opoÐo kaleÐtai autìmata
prin apì thn pragmatik  diadikasÐa thc metagl¸ttishc. O
skopìc tou proepexergast  eÐnai na metasqhmatÐsei to
phgaÐo arqeÐo C pou tou dìjhke s' èna �llo phgaÐo arqeÐo,
sÔmfwna me mÐa seir� apì odhgÐec pou apeujÔnontai s'
autìn. To apotèlesma tou proepexergast  eÐnai autì to
opoÐo ja uposteÐ th diadikasÐa thc metagl¸ttishc.

• Oi grammèc tou phgaÐou arqeÐou pou arqÐzoun apì # eÐnai
odhgÐec proc ton proepexergast .

• AkoloujeÐ mÐa sunoptik  perigraf  twn pio suqn�
qrhsimopoioÔmenwn odhgi¸n tou proepexergast . Sqetik�
pio analutik  anafor� gÐnetai sthn par�grafo §4.11 tou
[KR] (sel. 128�133).
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#include

• QrhsimopoieÐtai gia thn eisagwg  twn perieqomènwn
arqeÐwn epikefalÐdac sth jèsh pou brÐsketai h odhgÐa.
'Ena arqeÐo epikefalÐdac perièqei sun jwc dhl¸seic
prwtotÔpwn sunart sewn, orismoÔc sumbolik¸n stajer¸n
kai makroentol¸n (me thn odhgÐa #define), sumperil yeic
�llwn arqeÐwn epikefalÐdac, klp. Se arqeÐa epikefalÐdac,
den sunhjÐzetai na èqoume k¸dika progr�mmatoc. EpÐshc,
den k�noume #include phgaÐa arqeÐa k¸dika C. H odhgÐa
#include emfanÐzetai me dÔo ekdoqèc.

• Pr¸th ekdoq : #include <sysfile.h>

O proepexergast c ja y�xei na brei to arqeÐo sysfile.h

se katalìgouc pou èqei dhl¸sei me k�poio trìpo o
qr sthc, gia par�deigma me thn epilog  -I kat� thn kl sh
tou gcc,   stouc katalìgouc pou brÐskontai ta
prokajorismèna arqeÐa epikefalÐdac thc gl¸ssac, oi opoÐoi
mporeÐ na diafèroun apì egkat�stash se egkat�stash.

• DeÔterh ekdoq : #include "myfile.h"

O proepexergast c ja y�xei na brei to arqeÐo myfile.h

se katalìgouc tou qr sth, kat' arq n ston kat�logo pou
brÐsketai to phgaÐo arqeÐo, kai met� se �llouc
katalìgouc, pou dìjhkan, gia par�deigma, me thn epilog 
-I tou gcc. An den brejeÐ oÔte ekeÐ to arqeÐo, ja y�xei kai
stouc katalìgouc arqeÐwn epikefalÐdac tou sust matoc.

• Fusik�, eÐnai epitreptèc kai dhl¸seic:

#include <sys/types.h>

#include "mydir/anotherdir/myfile.h"
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#define

• QrhsimopoieÐtai gia ton orismì sumbolik¸n stajer¸n  
makroentol¸n. 'Opou brei o proepexergast c san lektikì
sÔmbolo (ìqi ìmwc mèsa se ") th sumbolik  stajer�   thn
parametrik  makroentol  pou orÐzetai me thn odhgÐa, thn
antikajist� me to keÐmeno pou thc èqei antistoiqhjeÐ.

• Par�deigma orismoÔ sumbolik c stajer�c:

#define YES 1

O proepexergast c ja antikatast sei to YES, ìpou to brei
san lektikì sÔmbolo mèsa sto phgaÐo arqeÐo me to 1 (ìqi
ìmwc sto printf("YES\n"), oÔte kai sto x = YESMAN++).

• Par�deigma orismoÔ makroentol c:

#define max(A, B) ((A) > (B) ? (A) : (B))

An brei o proepexergast c sth sunèqeia sto arqeÐo k�poia
entol  thc morf c

x = max(p+q, r+s);

ja thn antikatast sei me thn

x = ((p+q) > (r+s) ? (p+q) : (r+s));

Parathr ste, sto par�deigma autì, ìti ta A kai B ja
upologisjoÔn telik� dÔo forèc, afoÔ tìsec brÐskontai sto
keÐmeno antikat�stashc, pr�gma pou mporeÐ sto
sugkekrimèno par�deigma na mhn enoqleÐ, all� se �llec
peript¸seic qrei�zetai prosoq . aþ

aþPisteÔete ìti h èkfrash max(i++, j++) ja antikatastajeÐ swst� me
b�sh ti eÐqe sto mualì tou m�llon o programmatist c pou thn ègraye;
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• Oi parenjèseic gÔrw apì tic paramètrouc sto keÐmeno
antikat�stashc mÐac makroentol c endèqetai, se k�poiec
peript¸seic, na eÐnai krÐsimec. Par�deigma:

#define square(X) X * X

P¸c ja antikatastajeÐ to square(a+1); aþ Autì  tan pou
jèlame; bþ P¸c ja èprepe na dhlwjeÐ h makroentol ; gþ

• Arketèc apì tic sunart seic thc gl¸ssac pou
qrhsimopoioÔme sta progr�mmat� mac, eÐnai orismènec san
makroentolèc mèsa se arqeÐa epikefalÐdac kai ìqi me
k¸dika sth biblioj kh thc gl¸ssac. Gia par�deigma, oi
gnwstèc mac sunart seic getchar kai putchar orÐzontai
mèsa sto arqeÐo stdio.h wc ex c:

#define getchar() getc(stdin)

#define putchar(x) putc(x, stdout)

aþa+1 * a+1
bþ 'Oqi, bèbaia.
gþ#define square(X) ((X) * (X))
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#if, #else, #elif, #endif, #ifdef, #ifndef

• Sthn C, up�rqei h dunatìthta metagl¸ttishc upì sunj kh.
'O,ti perilamb�netai metaxÔ enìc #if kai tou amèswc
epìmenou #endif, pou den èqei antistoiqhjeÐ me k�poio
�llo #if, ja metaglwttisteÐ mìno an h akèraia par�stash
pou brÐsketai met� to #if apotimhjeÐ se mh mhdenik  tim .

• Sun jwc, oi akèraiec parast�seic met� to #if sugkrÐnoun
timèc sumbolik¸n stajer¸n, pou èqoun antistoiqhjeÐ se
akèraiouc, metaxÔ touc   me akèraiec stajerèc, mèsw twn
telest¸n sÔgkrishc thc C (==, !=, >, klp.).

• Me thn odhgÐa #else, arqÐzei to tm ma mÐac dom c
#if/#endif pou ja metaglwttisteÐ an h par�stash met�
to #if eÐnai yeud c (Ðsh me mhdèn).

• H odhgÐa #elif mporeÐ na qrhsimopoihjeÐ gia pio sÔntomh
graf  mÐac #else thc opoÐac to s¸ma apoteleÐtai apì mÐa
#if, apofeÔgontac ètsi kai to epiplèon #endif.

• Par�deigma:

#if SYSTEM == SYSV

#define HDR "sysv.h"

#elif SYSTEM == BSD

#define HDR "bsd.h"

#elif SYSTEM == MSDOS

#define HDR "msdos.h"

#else

#define HDR "default.h"

#endif

#include HDR
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• K�poia eidik  par�stash pou mporeÐ na up�rqei met� apì
èna #if eÐnai h defined(NAME), pou apotim�tai se 1 an to
NAME èqei oristeÐ me #define, alli¸c se 0. H odhgÐa

#if defined(NAME)

eÐnai isodÔnamh me thn

#ifdef NAME

• Stic parast�seic met� apì èna #if mporoÔme na èqoume kai
�rnhsh (!). Gia par�deigma, an jèloume na exasfalÐsoume
ìti ta perieqìmena tou arqeÐou hdr.h ja sumperilhfjoÔn
mÐa mìno for� se mÐa polÔplokh efarmog  me pollèc
sumperil yeic, ja mporoÔsame na to dom soume wc ex c:

#if !defined(HDR)

#define HDR

/* The real contents of hdr.h go here */

#endif

To #if !defined(HDR) ja mporoÔse na grafeÐ isodÔnama
kai san #ifndef HDR

• Domèc #if(#ifdef,#ifndef)/#endif mporeÐ na eÐnai
emfwliasmènec. Me th bo jei� touc mporoÔme na
prosomoi¸soume emfwliasmèna sqìlia, k�ti pou me ton
sun jh trìpo graf c sqolÐwn (/* . . . */) den eÐnai
dunatìn. P¸c;
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Taxinìmhsh pin�kwn

• Up�rqoun di�forec mèjodoi, �llec ligìtero, �llec
perissìtero apodotikèc, gia thn taxinìmhsh twn stoiqeÐwn
enìc pÐnaka.

• H taxinìmhsh enìc pÐnaka èqei nìhma ìtan up�rqei mÐa
sqèsh di�taxhc sto sÔnolo apì to opoÐo paÐrnoun timèc ta
stoiqeÐa tou pÐnaka. Gia arijmoÔc (akèraiouc   kinht c
upodiastol c) èqoume thn arijmhtik  di�taxh, gia
sumboloseirèc thn alfabhtik . Gia �llouc tÔpouc
dedomènwn, prèpei na èqei orisjeÐ saf¸c h sqèsh di�taxhc.
Gia par�deigma, di�taxh metaxÔ dom¸n mporeÐ na oristeÐ me
b�sh th di�taxh wc proc èna mèloc-kleidÐ thc dom c
(arijmhtikì   sumboloseir�).

• Sth sunèqeia, oi algìrijmoi, ta paradeÐgmata kai ta
progr�mmata pou parousi�zontai stoqeÔoun sthn
taxinìmhsh pin�kwn, se aÔxousa seir�, me stoiqeÐa pou
eÐnai arijmoÐ.

• Oi mèjodoi taxinìmhshc mporoÔn na prosarmosjoÔn eÔkola
kai gia peript¸seic �llwn monodi�statwn dom¸n
dedomènwn, gia par�deigma sundedemènwn list¸n.
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• 'Ena jèma pou èqei genikìtero endiafèron stouc
algorÐjmouc eÐnai o qrìnoc pou qrei�zetai gia thn ektèles 
touc, an�loga me to mègejoc thc eisìdou touc. Autì
ekfr�zetai me thn poluplokìthta qrìnou touc. Oi mèjodoi
taxinìmhshc èqoun di�forec poluplokìthtec qrìnou, oi
opoÐec antanakloÔn thn apodotikìtht� touc.

• Gia na ekfr�soume thn poluplokìthta enìc algorÐjmou,
sun jwc qrhsimopoioÔme ton sumbolismì O. 'Otan h
eÐsodoc enìc algorÐjmou èqei mègejoc n (gia par�deigma to
pl joc twn stoiqeÐwn enìc pÐnaka pou jèloume na
taxinom soume), lègontac ìti h poluplokìthta qrìnou tou
algorÐjmou eÐnai O(f(n)), ennooÔme ìti o qrìnoc ektèles c
tou, T (n), den èqei megalÔtero rujmì aÔxhshc apì autìn
thc sun�rthshc f(n), ìso aux�nei to n. Dhlad  up�rqoun
C kai n0 tètoia ¸ste T (n) < C · f(n) gia k�je n > n0.

• Gia par�deigma, h poluplokìthta tou algorÐjmou gia thn
eÔresh thc mèshc tim c n arijm¸n eÐnai O(n), en¸ h
poluplokìthta tou algorÐjmou kataskeu c enìc magikoÔ
tetrag¸nou n× n eÐnai O(n2).

• Se orismènec peript¸seic, h qronik  apìdosh enìc
algorÐjmou gia eÐsodo megèjouc n exart�tai kai apì to
poia eÐnai h sugkekrimènh eÐsodoc. Stic peript¸seic autèc,
mporoÔme na anaferìmaste sthn poluplokìthta qeÐristhc
perÐptwshc (gia thn pio “dÔskolh” eÐsodo)   sth mèsh
poluplokìthta (mèsh tim  apìdoshc gia ìlec tic pijanèc
eisìdouc).
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• H mèjodoc thc fusalÐdac

SÔgkrine zeug�ria diadoqik¸n stoiqeÐwn, apì k�tw
proc ta ep�nw, kai ìtan brÐskeic dÔo pou den eÐnai
sth swst  seir�, antimet�jesè ta. Met� apì to
pr¸to pèrasma, pr¸to stoiqeÐo ja eÐnai to mikrìtero
ìlwn. K�ne kai deÔtero pèrasma, gia ta stoiqeÐa
apì to deÔtero kai met�, opìte ètsi ja èljei kai to
deÔtero kat� seir� sth jèsh tou. Met� apì n−1
per�smata sunolik�, o pÐnakac ja èqei taxinomhjeÐ.
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• H mèjodoc thc epilog c

Brec to mikrìtero apì ìla ta stoiqeÐa kai
antimet�jesè to me to pr¸to. Brec to mikrìtero apì
ta upìloipa kai antimet�jesè to me to deÔtero.
Met� apì n−1 epilogèc kai antimetajèseic sunolik�,
o pÐnakac ja èqei taxinomhjeÐ.

3

2

8

1

3

5

7

8

6

7

3

2

9

5

8

1

3

8 8

3

8

5

9

2

3

6

9

8

6

3

2

1

3

5

7

8

9

8

7

5

3

1

8

2

3

6

9

7

8

8

2

7

3 3

7

2

8

8

6

1

3

5

9

5

3

1

8

8

2

7

3

6

9

5

6

1 1

6

7

9

5

8

3

8

2

3

2

8

3

8

5

9

6

1

3

7

3

1

6

9

poluplokìthta O(n2)

Gia i = 1, 2, . . ., n−1
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• H mèjodoc thc eisagwg c

Topojèthse to deÔtero stoiqeÐo prin   met� to
pr¸to ¸ste na eÐnai sth swst  seir�. Topojèthse
to trÐto sth swst  jèsh sta  dh taxinomhmèna
pr¸to kai deÔtero. Met� topojèthse to tètarto sta
trÐa pr¸ta. Met� apì n−1 eisagwgèc sunolik�, o
pÐnakac ja èqei taxinomhjeÐ.
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• H gr gorh mèjodoc

Me b�sh to pr¸to stoiqeÐo san odhgì, q¸rise ton
pÐnaka se dÔo �llouc, ènan pou perièqei stoiqeÐa
mikrìtera   Ðsa me ton odhgì kai ènan me megalÔtera
  Ðsa. Taxinìmhse touc dÔo autoÔc pÐnakec me thn
Ðdia mèjodo anadromik� (ef' ìson èqoun toul�qiston
dÔo stoiqeÐa), opìte to telikì apotèlesma eÐnai h
par�jesh twn taxinomhmènwn aut¸n pin�kwn me
endi�mesh parembol  tou odhgoÔ stoiqeÐou.
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Sun�rthsh qs(x, up, down)
start = up

end = down

Enìsw up < down

Enìsw xdown ≥ xup kai up < down

down = down−1
An up 6= down tìte
Antimet�jese xup kai xdown

up = up+1
Enìsw xup ≤ xdown kai up < down

up = up+1
An up 6= down tìte
Antimet�jese xup kai xdown

down = down−1
An start < up tìte
K�lese qs(x, start, up−1)

An end > down tìte
K�lese qs(x, down+1, end)

Gia na taxinom soume ton pÐnaka x pou èqei n stoiqeÐa, ja
prèpei na kalèsoume qs(x, 0, n−1).

• 'Allec mèjodoi taxinìmhshc

– H mèjodoc tou swroÔ, O(n log n)

– H mèjodoc thc sugq¸neushc, O(n log n)

– H mèjodoc tou Shell, O(n2) (sel. 94 [KR])
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Mèjodoi taxinìmhshc
/* 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 *);

main(int argc, char *argv[])

{ char method = ’b’, *name; /* Default sorting method is bubblesort */

int i, n = 10; /* Default array size is 10 */

long seed;

double *x, starttime, 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; }
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srand((unsigned int) seed); /* Initialize random number generator */

for (i=0 ; i<n ; i++) /* Generate n 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);

starttime = ((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-starttime 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-starttime);

free(x);

}

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>=i ; j--)

if (x[j-1] > x[j]) /* Compare pairwise from bottom to top */

swapd(&x[j-1], &x[j]); /* 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 = i-1;

while (j>=0 && x[j] > x[j+1]) { /* Move repeatedly the element */

swapd(&x[j], &x[j+1]); /* 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;

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) /* Is there at least one element left of pivot? */

quicksort_body(x, start, up-1); /* Quick(sort) smaller elements */

if (end > down) /* 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;

*a = *b;

*b = temp; }
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% gcc -o sorting sorting.c
% ./sorting b 30
Random numbers
0.7793 0.1050 0.5197 0.8237 0.8140 0.3184 0.8334 0.8853 0.0604 0.9981
0.9160 0.7987 0.6526 0.2380 0.4877 0.3815 0.8499 0.9563 0.5682 0.8995
0.7011 0.8272 0.3778 0.3641 0.3623 0.5319 0.9399 0.2587 0.0387 0.9204

Sorting by bubblesort
0.0387 0.0604 0.1050 0.2380 0.2587 0.3184 0.3623 0.3641 0.3778 0.3815
0.4877 0.5197 0.5319 0.5682 0.6526 0.7011 0.7793 0.7987 0.8140 0.8237
0.8272 0.8334 0.8499 0.8853 0.8995 0.9160 0.9204 0.9399 0.9563 0.9981

Time: 0.00 secs
% ./sorting s 30
Random numbers
0.4595 0.8727 0.5696 0.9981 0.7452 0.8356 0.5967 0.9968 0.6831 0.2828
0.1422 0.1314 0.0112 0.1514 0.9064 0.0762 0.9622 0.9530 0.5056 0.0356
0.2680 0.5524 0.3585 0.1433 0.1383 0.1783 0.9059 0.2644 0.3080 0.8845

Sorting by selectsort
0.0112 0.0356 0.0762 0.1314 0.1383 0.1422 0.1433 0.1514 0.1783 0.2644
0.2680 0.2828 0.3080 0.3585 0.4595 0.5056 0.5524 0.5696 0.5967 0.6831
0.7452 0.8356 0.8727 0.8845 0.9059 0.9064 0.9530 0.9622 0.9968 0.9981

Time: 0.00 secs
% ./sorting i 30
Random numbers
0.0288 0.4756 0.5888 0.2960 0.9495 0.1113 0.6595 0.1166 0.3072 0.6231
0.6908 0.9518 0.5337 0.5027 0.6060 0.8049 0.8516 0.1825 0.0201 0.2418
0.2553 0.0621 0.9665 0.1353 0.9752 0.1192 0.2774 0.7282 0.6423 0.9476

Sorting by insertsort
0.0201 0.0288 0.0621 0.1113 0.1166 0.1192 0.1353 0.1825 0.2418 0.2553
0.2774 0.2960 0.3072 0.4756 0.5027 0.5337 0.5888 0.6060 0.6231 0.6423
0.6595 0.6908 0.7282 0.8049 0.8516 0.9476 0.9495 0.9518 0.9665 0.9752

Time: 0.00 secs
% ./sorting q 30
Random numbers
0.0843 0.5580 0.6041 0.7343 0.3129 0.7320 0.5098 0.6124 0.8065 0.0953
0.5297 0.2080 0.9518 0.7837 0.9656 0.7879 0.9631 0.5661 0.2316 0.2067
0.0451 0.6699 0.6528 0.5289 0.4447 0.4719 0.5746 0.4992 0.1097 0.3981

Sorting by quicksort
0.0451 0.0843 0.0953 0.1097 0.2067 0.2080 0.2316 0.3129 0.3981 0.4447
0.4719 0.4992 0.5098 0.5289 0.5297 0.5580 0.5661 0.5746 0.6041 0.6124
0.6528 0.6699 0.7320 0.7343 0.7837 0.7879 0.8065 0.9518 0.9631 0.9656

Time: 0.00 secs
%
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% hostname
zeus
% ./sorting b 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985 0.9986 0.9987 0.9988 0.9989 0.9989
0.9990 0.9994 0.9994 0.9995 0.9995 0.9996 0.9996 0.9997 0.9998 0.9999

Time: 11.18 secs
% ./sorting b 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995 0.9995 0.9995 0.9996 0.9996 0.9997
0.9997 0.9997 0.9997 0.9998 0.9998 0.9999 0.9999 0.9999 0.9999 1.0000

Time: 97.74 secs
% ./sorting s 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985 0.9986 0.9987 0.9988 0.9989 0.9989
0.9990 0.9994 0.9994 0.9995 0.9995 0.9996 0.9996 0.9997 0.9998 0.9999

Time: 5.51 secs
% ./sorting s 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995 0.9995 0.9995 0.9996 0.9996 0.9997
0.9997 0.9997 0.9997 0.9998 0.9998 0.9999 0.9999 0.9999 0.9999 1.0000

Time: 50.46 secs
% ./sorting i 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985 0.9986 0.9987 0.9988 0.9989 0.9989
0.9990 0.9994 0.9994 0.9995 0.9995 0.9996 0.9996 0.9997 0.9998 0.9999

Time: 7.79 secs
% ./sorting i 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995 0.9995 0.9995 0.9996 0.9996 0.9997
0.9997 0.9997 0.9997 0.9998 0.9998 0.9999 0.9999 0.9999 0.9999 1.0000

Time: 69.16 secs
% ./sorting q 10000 2006 | tail -4
0.9982 0.9983 0.9985 0.9985 0.9985 0.9986 0.9987 0.9988 0.9989 0.9989
0.9990 0.9994 0.9994 0.9995 0.9995 0.9996 0.9996 0.9997 0.9998 0.9999

Time: 0.04 secs
% ./sorting q 30000 2006 | tail -4
0.9994 0.9994 0.9995 0.9995 0.9995 0.9995 0.9995 0.9996 0.9996 0.9997
0.9997 0.9997 0.9997 0.9998 0.9998 0.9999 0.9999 0.9999 0.9999 1.0000

Time: 0.13 secs
% ./sorting q 100000 2006 | tail -4
0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9999 0.9999 0.9999 0.9999
0.9999 0.9999 0.9999 0.9999 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Time: 0.45 secs
%
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Anaz thsh se pÐnakec

• Pollèc forèc èqoume èna pÐnaka apì stoiqeÐa (arijmoÔc,
sumboloseirèc, o,tid pote) kai jèloume na doÔme an èna
sugkekrimèno stoiqeÐo, Ðdiou tÔpou me aut� tou pÐnaka,
an kei ston pÐnaka. H diadikasÐa aut  lègetai anaz thsh.

• O aploÔsteroc trìpoc na k�noume anaz thsh s' èna pÐnaka
eÐnai me th legìmenh seiriak  anaz thsh. Diatrèqoume ta
stoiqeÐa tou pÐnaka, èna proc èna, mèqri na broÔme to
stoiqeÐo pou y�qnoume, an to broÔme telik�.

• An o pÐnakac eÐnai meg�loc, h seiriak  anaz thsh mporeÐ na
eÐnai polÔ qronobìra. An ìmwc taxinom soume ton pÐnaka,
èstw se aÔxousa seir�, mporoÔme na efarmìsoume mÐa polÔ
taqÔterh mèjodo, th duadik  anaz thsh.

• Me th duadik  anaz thsh, sugkrÐnoume to stoiqeÐo pou
y�qnoume me to mesaÐo (  èna apì ta dÔo mesaÐa) stoiqeÐo
tou pÐnaka. An sumpÐptei, stamat�me thn anaz thsh afoÔ
to stoiqeÐo brèjhke. An ìqi, sthn perÐptwsh pou to
stoiqeÐo prohgeÐtai tou mesaÐou, y�qnoume na to broÔme
sto pr¸to misì tou pÐnaka. An èpetai tou mesaÐou, to
y�qnoume sto deÔtero misì. H anaz thsh ston kat�llhlo
upopÐnaka gÐnetai me ton Ðdio trìpo, sugkrÐnontac to
stoiqeÐo me to mesaÐo tou upopÐnaka kai h diadikasÐa
suneqÐzei me autìn ton trìpo, mèqric ìtou eÐte na brejeÐ to
stoiqeÐo eÐte na ft�soume se kenì upopÐnaka.

• Poiec eÐnai oi poluplokìthtec twn mejìdwn; aþ

aþO(n) kai O(log n), gia th seiriak  kai th duadik  anaz thsh, antÐstoiqa.
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Mèjodoi anaz thshc
/* 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 seqsearch(char *, int, char **);

int binsearch(char *, int, char **);

void swapwords(char **, char **);

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 starttime, 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 */

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");

exit(1); }
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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");

exit(2); }

strcpy(words[k++], buf); } /* Store word read */

if (search == ’b’) /* If binary search selected */

heapsort(k, words); /* sort words via the heapsort method */

starttime = ((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) ? " " : "not ", arg);

break; } }

endtime = ((double) clock())/CLOCKS_PER_SEC; /* Search end time */

printf("Searching time is %.2f seconds\n", endtime-starttime); }

void heapsort(int n, char **x)

{ int i;

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 root of heap 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 */

}
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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 i;

for (i=0 ; i<n ; i++)

if (!strcmp(w, x[i])) /* 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+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 **w1, char **w2)

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

temp = *w1;

*w1 = *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 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 0.28 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
%
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% hostname
zeus
% wc -w ../hwprogs/large_file.txt
263901 ../hwprogs/large_file.txt

% ./searching -seq -max 300000 \
? -words ‘cat KRExcerpt.txt‘ < large_file.txt | tail -6

found programs
found in
found many
found different

not found domains.
Searching time is 0.81 seconds
% ./searching -bin -max 300000 \
? -words ‘cat KRExcerpt.txt‘ < large_file.txt | tail -6

found programs
found in
found many
found different

not found domains.
Searching time is 0.01 seconds
% ./searching -bin -max 300000 \
? -words ‘cat /usr/dict/words‘ < large_file.txt \
? | grep ’not found’ | wc -l

23606
% ./searching -bin -max 300000 \
? -words ‘cat /usr/dict/words‘ < large_file.txt \
? | grep ’ found’ | wc -l

1537
% ./searching -bin -max 300000 \
? -words ‘cat /usr/dict/words‘ < large_file.txt \
? | grep ’ time’

found time
found timeout

not found timepiece
not found timeshare
not found timetable
not found timeworn
Searching time is 0.29 seconds
% ./searching -seq -max 300000 \
? -words ‘cat /usr/dict/words‘ < large_file.txt \
? | grep ’ time’
^C .......... unacceptable running time
%
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'Ena prìgramma C prèpei na eÐnai . . .

• . . . swstì. Profan¸c! Prìgramma pou dÐnei l�joc
apotelèsmata prèpei na diorjwjeÐ.

• . . . apodotikì. Ta progr�mmata prèpei na dÐnoun ta
apotelèsmat� touc mèsa se eÔlogo qronikì di�sthma.
Bèbaia, o orismìc tou “eÔlogou” poikÐlei an�loga me thn
perÐptwsh kai tic sunj kec. Se k�je perÐptwsh, ja prèpei
na prospajoÔme to prìgramm� mac na èqei th mègisth
dunat  apìdosh. EpÐshc, ja prèpei na elègqoume th
sumperifor� tou kai gia, pijan¸c asun jista, meg�lec
eisìdouc. P�ntwc, èna prìgramma pou jewrhtik� k�poia
stigm  ja termatÐsei, all� mporeÐ na mhn zoÔme gia na to
doÔme, den èqei praktik  axÐa.

• . . . eÔrwsto. Den prèpei to prìgramma na bg�zei l�jh
ektèleshc, opoiad pote kai an eÐnai h eÐsodoc pou dèqthke.
Den arkeÐ na sumperifèretai omal� mìno gia tic
anamenìmenec eisìdouc.

• . . . tekmhriwmèno. H tekmhrÐwsh sunÐstatai sthn kal 
epilog  onom�twn metablht¸n, sunart sewn, klp., kaj¸c
kai sthn prosj kh sqolÐwn. H tekmhrÐwsh prèpei na eÐnai
tìsh ìsh qrei�zetai gia na k�nei to prìgramma katanohtì.
OÔte ligìterh, all� oÔte kai perissìterh.

• . . . euan�gnwsto. Prèpei na èqei sunep  stoÐqish, na
apofeÔgontai grammèc me perissìterouc apì 80
qarakt rec, na up�rqoun ken� gÔrw apì telestèc, ìpou
autì belti¸nei thn anagnwsimìthta.
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Suqn� programmatistik� l�jh sthn C

• Na k�noume diaÐresh metaxÔ akeraÐwn, euelpist¸ntac ìti
ja p�roume san apotèlesma ènan arijmì kinht c
upodiastol c, en¸ sthn pragmatikìthta paÐrnoume to
akèraio phlÐko thc diaÐreshc.

• Na nomÐsoume ìti se mÐa akèraia metablht  mporoÔme na
ful�xoume tim  osod pote meg�lh,   ìti se mÐa metablht 
kinht c upodiastol c mporoÔme na èqoume ìsh akrÐbeia
jèloume.

• Na k�noume l�joc sthn oriak  sunj kh termatismoÔ mÐac
dom c epan�lhyhc.

• Na qrhsimopoi soume gia telest  sÔgkrishc mèsa se
sunj kh to =, antÐ gia to ==.

• Na b�loume met� apì mÐa for   mÐa while èna ; prin thn
entol    to mplok entol¸n pou apoteloÔn to s¸ma touc.

• Na xeq�soume ìti ta stoiqeÐa enìc pÐnaka me di�stash N

arijmoÔntai apì to 0 èwc to N-1, kai ìqi apì to 1 èwc to N.

• Na qeiristoÔme aprìsekta touc deÐktec, gia par�deigma na
dokim�soume na gr�youme ekeÐ pou pisteÔoume ìti deÐqnei
ènac deÐkthc, qwrÐc na èqoume k�nei thn apaitoÔmenh
dèsmeush mn mhc.

• Na desmeÔoume dunamik� mn mh me epanalhptikì trìpo kai
na mhn thn apodesmeÔoume ìtan den thn qreiazìmaste.
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• Na b�loume ; sto tèloc mÐac odhgÐac #define.

• Na xeq�soume na b�loume parenjèseic gÔrw apì to keÐmeno
antikat�stashc mÐac makroentol c, pou orÐzoume me
#define, kai ìpou alloÔ qrei�zetai mèsa s' autì.

• Na parexhg soume tic proteraiìthtec twn telest¸n, gia
par�deigma na gr�youme

while (ch = getchar() != EOF)

antÐ gia

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

• Na k�noume sÔgqush an�mesa sthn ènnoia thc
proteraiìthtac twn telest¸n, pou èqei na k�nei me to poÔ
efarmìzetai ènac telest c, me th seir� ektèleshc twn
energei¸n pou prosdiorÐzoun oi telestèc. Gia par�deigma,
to *p++ eÐnai ìntwc to Ðdio me to *(p++), to opoÐo ìmwc
polloÐ nomÐzoun, l�joc, ìti shmaÐnei ìti pr¸ta ja auxhjeÐ
o deÐkthc p kai met� ja prospel�soume to perieqìmeno thc
nèac dieÔjunshc. OQI. Apl¸c, o telest c ++ ed¸ eÐnai
metajematikìc, dhl¸nontac ìti pr¸ta ja prospelasjeÐ to
perieqìmeno thc dieÔjunshc pou deÐqnei o p kai met� ja
auxhjeÐ autìc. Oi parenjèseic gÔrw apì to p++ deÐqnoun
poÔ efarmìzetai o telest c ++ (ston deÐkth p) kai ìqi pìte
ja ektelesjeÐ h pr�xh pou upodeiknÔei.
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• Na qeiristoÔme aprìsekta metablhtèc me to Ðdio ìnoma,
parexhg¸ntac tic embèleiec kajemi�c, kai na
qrhsimopoioÔme k�poia ap' autèc, en¸ pragmatik�
qrhsimopoioÔme k�poia �llh.

• Na jewr soume ìti topikèc metablhtèc eÐnai
arqikopoihmènec (gia par�deigma, se 0), parìti emeÐc den
èqoume k�nei rht� k�ti tètoio.

• Na diatup¸soume aprìsekta emfwliasmènec entolèc if,
paraleÐpontac �gkistra { kai } se peript¸seic pou
qrei�zontai, me apotèlesma h entol  na eÐnai men
suntaktik� swst , opìte o metaglwttist c den
diamartÔretai, all� na shmaÐnei k�ti �llo apì autì pou
eÐqame prìjesh na gr�youme.

• Na xeq�soume krÐsima break stic peript¸seic mÐac entol c
switch.

• Na tautÐsoume to ’A’ me to "A".

• Na parablèyoume to gegonìc ìti mÐa sumboloseir�
termatÐzei me ton qarakt ra ’\0’.

• Na sugkrÐnoume sumboloseirèc me ton telest  ==, antÐ me
th sun�rthsh strcmp.

• Na mhn b�loume sunj kh termatismoÔ mÐac anadrom c.

• Na kalèsoume thn scanf pern¸ntac s' aut n tic metablhtèc
pou jèloume na diab�soume, antÐ gia tic dieujÔnseic touc.
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