[TPOI PAMMATI2ZMO2 HAEKTPONIKQN YTTOAOINZTQN
http://courses.softlab.ntua.gr/progintro/

Awaokovtes:  2tabnc Zoyog (zachos@cs.ntua.gr)
Nikog [Naracmtupov (nickie@softlab.ntua.gr)
AnpnTpng PoTaxng (fotakis@cs.ntua.gr)
A®po XoOAOV (dsouliou@mail.ntua.gr)
[TeTpog Iotikag (ppotik@cs.ntua.gr)

A10QPOVELEC TOPOVCIACEMDV

v Eicaymyn 6tnv TANpoeopikn 27/ 1 / 17

v Elooyomyn 6tov TpoypouLaTiGUO
e T yYA®ooo Pazcal

v MegBoooroyia adyoplOuiknc emiAvonc
TpoPfAnudTev

2. Za&yoc, N. ITaracmdpov [Tpoypappotiopdg Hiexktpovikmv Ynoroyiotdv



T e T T e e e T e

¢ 2K0mO¢ TOL LoOMNUATOC
o Elcaymyn otnv mAnpo@opikn
(computer science)

» Eicayoyn otov mpoypappnoticuo
nAektpovikmv vroroyiotawv (H/Y)

» MebBoooroyia alyoplOuiknc exiAvong
TpoPAnudTov
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@ AAyop1Ouocg

o Ilemepacuévn axolovbia evepyelmv
OV TEPTYPAPEL TOV TPOTO EMIAVONC EVOG

TPOPANUATOCS
o E@apuoletar oe doedouéva (data)
¢ Llpoypaupa
o AKpIPNC TEPLYpOPT) EVOC aAyopiBuov &
LLLOL TUTTLKT) YAMOGO, TTOL OVOUALETON
YAOGGO TPOYPOLLUATICLOV
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¢ ook YAOcoo

o XWPIC TOGO OWOTNPOVS GUVTUKTIKOUG
TEPLOPLOUOVE

o MegydAn mukvoTNnTo KOl GTLLOIGTOAOYIKT)
KavoTNTa

¢ Tonucn yAwooa
o Avotnpotorn GOVTOEH Kol CTLULOCLOA0Yid

¢ 'A0oGao TPoYPAUUOTIGUOD

o TomiKn YA®GGO GTNV OTO10L UTOPOVV VOl
TEPLYPAPOVY DTTOAOYIGLOT

o Exteléoiun amd Evav NAEKTPOVIKO DTOAOYIGTY)
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¢ [IAnpopopikn

HAextpovikoli

VTOAOYIOTEG < > MoaoOnuoatika

(engineering)

2xe0laom Ko Oemplo Kot
KOTOOKELT avoALTIKN UEB0OOC

¢ Kevtpikn €vvola:
vToAoYIoUOC (Computation)
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4 H?anO(pOleﬁI ]JOLGHHOLTIKOTCO{HGH g
1eboooAOYIOGC TV UNYOVIKOV

Anontoeig — [pofinua

IIpooaypapéc

2yeotoom

Y Aomoinon

Eumeipikoc Eheyyos — Ocmpntikn enaindevon

BeAtiotonoinon

IToAvmAokdtnta (KOGTOC TOP®V-ayadmV)

Texunpioon

2ovtnpnon

‘Evvolec mov vanpyov yioo Toug Unyovikovs, GTny

TANPOPOPIKT] TVTTOTOIONKAY, THPOV LOONLUOTIKT LOPOT,

Gpo UTOPEL KAVEIC VoL ETLYEIPT|LATOAOYNOEL LE OTES TIG

EVVOLEC YPTOLLOTOLOVIC ATTOOEIEELC.
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¢ AgvtepoPaba ekmaiogvuon
2KOTOC: va. LAOEIC VoL GKEPTEG

o H Evxieidcio I'empetpio (ue T Pactkn 0100KTIKN TG aSia)
ATOVGLALEL OO TO TPOYPAULLLO GTTOLOMV EOW KOl YPOVIQL.

o Amotélecuo: OTMC EIOAUE KOl OTIC TAVEAANVIEG ECETAGELC
otveTan Eugpootn otnyv anocstndion avovcsimv Bempnudtov Kot
YVOGEMV OL0LPOPIKOD KOl OTEPOGTIKOD Aoyiouov. H
KOVOTNTA LOONUOTIKNG ETIAVGTC ATA®Y OALY TPOTOTVTMOV
tpoPAnudtv ogv mailel poro.

o Amovcio YVOGEDMV GLVOVAGTIKIG (LETPNON TEPIMTTMGEWMV,
tplywvo Pascal).

» Eoappoyn tov arootndicpévav kavovav;

o AlyeBpa: av p@TNG® EvaV TEAELOPO1ITO AVKEIOV TOGO KAVEL
107%93 Ba. duckorevtel TOAD VO OTOVTIGEL, EVD QUGIKA

yvopiCet ot (a+p)(0—P) = a*p?
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¢ O1 poOntéc ayvooLv TNy €vvolo ToV
“omoooTIKOV aAYOp1Oov”
o T.Y. LoBatvouv Eva UN-omod0TIKO aAYOpP1OLO

vio. TNV €vpeon Tov M.K.A. eved 0 adyoprOpoc
t0v EvkAeion amovoialel amd tnv VAN

¢ Ilpotaon
» Elcaymyn g Oswpntiknc IIAnpopopikng
oTn 0gvTEPOPADLLN EKTAIOEVGT] V1oL OAOVC
TOVG HanTég
o MebBoooloyia emilvonc TpofAnudtoy e
oYE0106T Ko VAOTToinon alyopibumy
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¢ TprroPaBuia ekmaiocvon

o H teyvoroyia aAlalel agvoo Kot ypryyopo — to Bepuéta
LEVOLV

o Avutd To OcpEla TpEmEL Vo, EIval N poYOKOKOAL GTNV
TprtoPaduia exmaiogvon: Epeacn otny aAyYoplOLIKY
OKEYT GE OVTIOIGTOAT LUE TIG TEYVOAOYIKES OEEIOTNTEG
(computer literacy)

« Computer science, computing science, informatics

» Dijkstra: n Emotmun tov YroAoyiotov £yl toon
GYEOT UE TOVG VITOAOYIGTEG OGT Ko 1) AGTPOVOLIDL LLE
T0L TNAECKOTLOL

o Primality: onuavtikoé enitevyuo o€ pio yopo ympic
VTTOOOULES
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¢ Na unv ceyvaue ot
o To va xavelg AaOn gtvor avOpwmivo.

» I'o va Ta kavelc OdAoooa ypetalecol
VTOAOYIGTY)!

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv

10



.- e Nl e e il i e R i S TR T AP

¢ KataoKew) VTOAOYIGTIKOV UNYoVOV

o APYO1OTNTO: DTTOAOYIOTIKEC UNYOVEG,
UNYOVIGLOGC TOV AvTIKLONp®V, K.AT.

« 170¢ onmdvac, Pascal ko Leibniz,
LY OVIKEC VTTOAOYIOTIKES aplOLLOUNYOVES
—> GTOLYEIMOEIC OPOUNTIKEC TPAEELC

» 1830-1840, Babbage, “avoAivtikn unyovn”
= AOYAPIOLOL, TPLYMVOLETPIKEC CUVAPTIGELS

» 1880-1890, Hollerith, unyavn ne ddzpnrec
KOPTES Y10 TNV QVTOLOTOTOINGT TOV EKAOYDOV

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ Kataokevn vmoroyliotomv

» 1920-1930, Bush, nAektpikn (ovaroyikn)
VTTOAOYIGTIKT UNYOVI] = OL0POPIKES ECIGMGELC

» ~1940, Zuse, niextpovikn (ynorokn)
VTTOAOYIGTIKT] LNy ovn
= TPOYPOLLLLOL KO OEOOUEVA, YDOPLOTA

» 1945-1950, uovtéro von Neumann
= TPOYPOLLLLOL KO OEOOLEVOL, OO KOVOU

o 1950-onuepa, payoaio ovamTuén TC
TEYVOAOYLOC TOV NAEKTPOVIKDV VITOAOYIGTMOV

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 12
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¢ Kataokevn vmoroyliotomv

1952 main frames IBM 650, 7000, 360
1965— mini computers DEC PDP-8
1977 personal computers Apple Il
1981 IBM PC
1983, 1984 Apple: Lisa, Macintosh
1985 Internet

1990- world wide web

2000— PDA, smartphones, cloud, k.Ax.

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv



—

¢ Mnyovikol vTOAOYIoTMOV

« Tom Watson, IBM, 1945
O K0GOS YPELALETOL TEPITOV 5 DITOAOYIOTES

« Gordon Moore, Intel, 1965

H mokvoryto tov o
ransistors
hardware oo W/NA
OAOKi”pwﬂéva MOORE'S LAWY Pentiurm® i PFUCE"EEUI'- - 10,000,000
l 4 Pentium@ Pr:;j::}jiq:y///
KUOKAWUATO et F’?/ | 1,000,000
OITTAOOI0CETAL T ¢ -
’ ’ / ' 4 100,000
kale 18 unveg Tt
BOBO / jﬁﬁ/ | 10,000
400:30-3\/’,
. ; 1000
1970 1975 1980 1985 1990 1995 2000

2. Zdyog, N. ITaroacmopov

m http://www.intel.com/research/silicon/mooreslaw.htm

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Eayoy (xiv)
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¢ OcpéAta TNC TANPOPOPIKNG
o MoaOnuatikn Aoyikn
o APIGTOTEANG: GLAAOYIGLOT

A A—->B
B

(modus ponens)
« EvkAcionc: aCiopatikn Ocwpio

o Apyéc 200v onmdva, Hilbert
= acioua, 0e@pnuo, TUTIKY oTOOEIEN
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__ Etcsowcoy

OHpoyp(wua tov Lelbniz:

Oeuelimon tov podnuatikoy

o YAOOGO Y10, OAO. TO, HO.OnuUOTIKA

» Bempia

» ovvenng (consistent) kou TANnpng (complete)

An-=A aVTiQa.oT

¢\ woca (Boole, De Morgan, Frege, Russel)

o TPOTAGIAKOC AOYIGLLOG

o KOTNYOPNUOATIKOG AOYIGLOG

NNy —>, &
Vv, d

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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EBoayoyn

T N e i e S o R . % M A

¢ Ocopla
» 2VvoAro0empla, Cantor, Frege €
o ITapado&o tov Russel

AcA > Ag¢A
A={Xx|xe&x} AgA — AcA

o ANAeC Bempieg ovvOorwv (ZF, k.Am.)

o AMLeC Dempleg yia TN Bepeiimon Tov
uodnuatikov (Bewpio cuvopTNoEWLV,
KOTNYOPLOV, K.AT.)

o 1920-1930, ntpoomdOeieg yior amOOEIEN
GUVETELOC
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@ 2VVETELD KOl TANPOTTOL

» 1931, Godel,

Oswpnuo un TANPOTNTOC

—> 0€V ElvOl OLVOTOV VO KOTAOGKEVAGTEL
CLVETNC Kol TANPNCS Oewpla TS apOunTiKng

» 1936, Turing,

arreipn ravia

= UM OTOKPIGIUEC o] [O]1]1]0
(undecidable) mpotaoeic T cepan
= unyowvn Turing, ¢
VTTOAOYIGIULOTI T o
(EOWTEPIKN
Karaoraon)

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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EBoayoyn
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¢ Mn tinpotnra (Incompleteness)
» David Hilbert, 1862-1943
» Kurt Godel, 1906-1978 (aotirtio)
o Ao&140mc
 Incompleteness: a play and a theorem
* O O¢eioc I1€Tpog ko 1 ewkacio Tov Goldbach

o Ilomaonuntpiov

* To yapdyero tov Turing
» Hoffstader

e (GOdel, Escher, and Bach
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OKKOLEOL g nknpoq)opu(ng
o ALYOP1OLOL KO OOUEC OEOOUEVIDV
o I'A®GGEC TPOYPUULATIGLOD
o APYITEKTOVIKT] VTOAOYIGTMOV KO OIKTV®V
o Ap1OunTikoi ko cuuPoirkot vToAoyIGLOL
o /AELTOLPYIKA CLOTLLOTO
o MebBoooroyia — teyvoLOYio AOYIGUIKOD
» Baoegic 0e0ouEVOV Kol OLoyEIPLET TANPOPOPLDV
o Teyvntn vonuochvn Kol pOUTOTIKT)
» Emikowvovia avBpnmov — vmoroylot)

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv

20



EBoayoyn

¢ Y 1OAOY1GTNC

N e i e S o R . % M A

o EMECEPYOOTNG

o LV

e GLOKEVLEC E1GO000V/ECOO0V

¢ Iot0tnTeg

o OWTOUOTO YWPIS ECLTVAOQ

o LEYOAT TOYLTNTO

o OoKpifela 6TIC TPACELS

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ '\ \owcoca unyoavnc
0110110 11011011
olevbuvon  EVTOAN
¢ XvuPoiikn yAwooo (assembly)
label: add ax, bx
otevbduvon  mPACN 0EooUEVA
¢ 'Aoocec yaunAov Kot VYNAOD ETITEOOV
¢ Y omoinon yYAWGo®OV TPOYPULUOTIGULOV
o UeTayAmTTIoTNC (COMpiler)
o Otepunvéog (Interpreter)
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¢ Kvup1otepec YAOGOES, 16TOPIKA

1950
1960

1970
1980

1990
2000

2. Zdyog, N. TTaroaom

pov

FORTRAN, LISP, COBOL, Algol,
BASIC, PL/I

Pascal, C,

Smalltalk, Prolog, ML, Logo

C++, Modula-2, Ada, Perl

Java, Python, Ruby, Haskell, PHP
CH, ...

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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T'Adooeg mpoypappatiopod — (HI)

¢ Pascal
« Niklaus Wirth (1971)
« I'Addcoa yevikov okomov (general purpose)
o XUGTNUOTIKOC KOl OOUNUEVOC TPOYPOULULATIGLLOG

¢C
« Dennis Ritchie (1972)
» I'evikol okOmOU OAAQ YOUNAOTEPOV EMITEOOV

o IIpoypoupatiopnoc cuoTnudT®V

S 1 Pa;ca'l

» Bjarne Stroustrup (1983)

o I'eviKOU GKOTOV, OVTIKEILEVOGTPEPNS
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PROGRAM Hellol ()
{
WRITELN ("hello world") ;
} PROGRAM Hello2 ()
{
WRITELN ("hello", "world");
}
PROGRAM Hello3 ()
{
WRITE ("hello "),; WRITELN ("world") ;
}
PROGRAM Hello4 ()
{
WRITE ("hello world"); WRITELN() ;
}

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 25



| AGKnGSL (Pascal /

program Hellol(output);
begin
writeln('hello world')
e program Hello2 (output) ;
begin
writeln('hello ', 'world')
end.
program Hello3 (output) ;
begin
write('hello '); writeln('world')
end.
program Hello4 (output) ;
begin
write('hello world'); writeln
end.

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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I e e e e T

int main ()

#include <stdio.h>

{
printf ("he
return 0;

}

#include <stdio.h>

int main ()

{
printf ("hello " "world\n");

int main ()

{

return 0;

}

printf ("hello {
printf ("world printf ("hello world") ;

#include <stdio.h> ' O;

#include <stdio.h>

int main ()

printf ("\n") ;
return O;

2. Zdyog, N. ITaroacmopov

[Ipoy }
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exnoeic (CHi) e 7 e Sl

#1nclude <iostream>
using namespace std;

int main ()

{ #include <iostream>
cout 4 using namespace std;
returr

int main ()

#1nclude <iostreamr> J :
using namespace sf #include <iostream>

using namespace std;

int main () : :
{ int main ()

cout << "hello | 1

cout << "world\: cout << "hello world";

return O; cout << endl;
} return O;

2. Za&yoc, N. ITaracmdpov [Ipoypap
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S e e e e T e

PROC hello()
{

}

PROGRAM Hello5 ()

{
hello(); hello();
hello(); hello();

}

WRITELN ("hello world") ;

PROC hello ()

{
WRITELN ("hello world") ;

}

PROGRAM Hello6 ()
{

int i;
FOR(i, 1 TO 20) hello():;
}

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 29




AGKT]GSI(P&SC&'

program HelloS(output);
procedure hello;
begin
writeln('hello world')
end;
begin program Hello6 (output) ;
hello; hello var 1 : integer;
end. procedure hello;
begin
writeln('hello world')
end;
begin
for 1 := 1 to 20 do hello
end.

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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void hello ()
{

#include <stdio.h>

printf ("hell
}

int main ()

{
hello() ; hel

return O;

}

2. Zdyog, N. ITaroacmopov

#include <stdio.h>

void hello()

{
printf ("hello world\n");

}

int main ()
{
int 1i;
for (i=0;
hello () ;
return O;

}

1i<20; 1i++)

31



#include <iostream>
using namespace std;

void hello ()

{
cout <L

}

int main ()

{
hello () ;

return O;

}

"hel

hel

2. Zdyog, N. ITaroacmopov

#include <stdio.h>
using namespace std;

void hello ()
{

}

int main()

{

cout << "hello world\n";

int 1i;

for (i=0;
hello () ;

return O;

1<20; 1i++)

}
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int 1i;
PROC num hello()

{
WRITELN (i, "hello world");

}

PROGRAM Hello7 ()
{

const int n = 20;

FOR(i, 1 TO n) num hello();

}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv



AGKT]GSIQ(P&SC&D

program Hello7(output)

const n = 20;
var 1 : integer;

procedure num hello;

begin
writeln(i, ' hello world')
end;
begin
for i := 1 to n do num hello
end.

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Aoknoeig (C)

Nl

#include <stdio.h>

const int n = 20;
int 1i;
void num hello ()

{
printf ("%d hello world\n", i);

}

int main()
{
for (i=1; i<=n; i++)
num hello() ;
return O;

}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Nl

#include <iostream>
using namespace std;

const int n = 20;
int i;

void num hello ()

{

cout << i1 << " hello world\n";
}
int main()
{

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

num hello();

return 0;

}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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PROC hello()

{
WRITELN ("hello world") ;
}
PROGRAM Hello9()
{

int 1, n;

WRITELN ("Give number of greetings",
"then press <enter>:");

n = READ INT();

FOR(i, 1 TO n) hello();

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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AGKncsetg(PaSCal) T

program Hello9 (input,output) ;
var i,n : integer;

procedure hello;
begin

writeln('hello world')
end;

begin
writeln ('Give number of greetings ',
'then press <enter>:');
read (n) ;
for i := 1 to n do hello
end.

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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#include <stdio.h>
void hello ()

{
printf ("hello world\n");
}
int main|()
{

int 1, n;

printf ("Give number of greetings "
"then press <enter>:");

scanf ("%d", é&n);

for (1i=0; i<n; i++) hello();

return 0O;

}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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aokneeic (Cre)y el 7 i 2N

x. Za&yocq,

#include <iostream>
using namespace std;

void hello ()

{
cout << "hello world\n";
}
int main|()
{

int i1, n;

cout << "Give number of greetings "
<< "then press <enter>:";

cin >> n;

for (1i=0; i<n; i++) hello();

return O;

40



PROC hello()
{
WRITELN ("hello world") ;
}
PROGRAM HellolO ()
{
int 1, n;
WRITELN ("Give number of greetings'",
"then press <enter>:") ;
n = READ INT() ;
if (n < 0) WRITELN("# is negative") ;
else FOR(i, 1 TO n) hello();
}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Aoknoeig (Pascal)  (v)

program HellolO(lnput output)
var i,n : 1integer;

procedure hello;
begin

writeln('hello world')
end;

begin
writeln ('Give number of greetings ',
'then press <enter>:');
readln (n) ;
if n < 0 then writeln('# is negative')
else for i1 := 1 to n do hello
end.

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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#1nclude <std10 h>

void hello()
{

}

int main|()

{

printf ("hello world\n");

int i,n;

printf ("Give number of greetings "
"then press <enter>") ;

scanf ("$d\n", &n);

if (n<0) printf("#is negative\n") ;

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

return O;

}

X. Za&yoc, N. Tlaracmtdpov [Ipoypappatiopoc Hiektpovikav Y toroyiotmv
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Nl

2. Zb

#include <iostream>
using namespace std;
void hello ()

{
cout << "hello world\n";
}
int main ()
{

int 1,n;

cout << "Give number of greetings "
<< "then press <enter>";

cin >> n;

if (n<0) printf("#is negative\n") ;
else for (i=0; i<n; i++) hello();

return O;

}

Og, IN. TTUZLOO7TUPUU TIPUOYPURRAUIIO UG TIACKTPOVIRWYV T7TUOAUTTOTWYV
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Aoun rovnpoypocuuonog

ETIKEPOAALOO,
{
REAL r, a;
ONAMOELS
WRITE ("Give the radius: ") ;
r = READ REAL() ;
a = 3.1415926 * r * r;
WRITELN ("The area is:", a); EVTOAEC
} oawua = block

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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QERIKS ® 0(7\18 ol 70 ovo,t’wc TOD T,L”?,Uafo€ re/log -----
TPOYPOUUOTOS TOV OPILETAL i 22
header \\
PROGRAM} > identifier ()

/ i

1 B : ofdA KovTIO:
opxn | pean: meprypagovy YPOPOVTOL

TH OEIPA UE TNV OTOLO. TETPAYWVO, KOVTIA:
YPOPOVTOL TO, KODTLO, ATTOITOVY ECHYNOTN

OKpPLPC ETO1

2VVTUKTIKO OLOYPOULLLLOL
o TEPLYPAPEL TN CVVTOEN EVOC TUNLOTOC TOV
TPOYPOILUATOS
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OAnM)Gac_; pst?mr(bv

o UETAPANTY): EVA «KOVTL» TNG LVNUNG TOL
VTTOAOYIGTI) OOV UTOPEL Vo amoOnKeLTEL
Lo TANPo@opia (Evo 0EOOUEVO)

e GTO TUNUO ONADMGE®Y OPILOVUE OAEG TIG
LETOPANTEC TOV YPNCLUOTOLEL TO TPOYPOLLLLLOL

o Y10 KOOE petaPAntn opiCovpe To OVOLLA TNG
KOl TOV TUTO TNG, ONA0OT] TO TEOLO TV OLVOTOV
TILOV TOV UTOPEL 1| LETAPAN T VO TAPEL

int 1i;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Aoun tov mpoypappotog  (IV)

¢ AmAol ool HeETOPANTOV
« int axepaiol op1buol 0,1, -3
» REAL TpoyuotiKol opifuol  3.14

» char YOPOKTHPES 'a’
» bool AOYIKES TIUES true, false

¢ ANAoon tePLocOTEPOV LETAPANTOV
I i e
REAL x,y; char ch;
bool changed;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Aopn tov mpoypappotog (V)

¢ Xopa, block
block

—’@ rg 2 2 @——’

\| declaration |/ statement -
¢ XyoMa

REAL x,y; /* oL ouvtetayuévecg
TOU Kévipou */
REAL r; // n aktiva

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv



Tl cmuouvaop@o npoypauua _‘ Yy

¢ 2vvtoxTikn opfotnTa

o TO TTPOYPOLLLLY TTPETEL VO VTTUKOVEL GTOVC
GUVTOKTIKOUG KOVOVEC TNG YADOCGOG

TPOYPOUULOTIGLOV
¢ XvvtoxTikd opdipora otnv Pazcal

o ELQOVICOVTOL OTOV OEV IKOVOTOLOVVTOL TO!
GUVTOKTUKO 010y POLLLLOTOL

o TOPAOELYLLOL:
( PROGRAM ) example

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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ONon uou:ucﬁ opO(’)mw
o TO TTPOYPULULLO TPETEL VOL DVTTAKOVEL TOVC
VONLLOITIKOVE KOVOVEC TNG YAWCGOG

TPOYPOULUOTIGHLOV
¢ Nonpotikd cedipoto otnv Pazcal

o EGQOALEVT] YPNIOT TEAEGTMOV
n = "a" % 3;

o YPNOMN LETAPANTOV YOPIC ONAMON
int n, 1;
n=d-+ 37
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0211 uamo?»oymﬁ 0 p@(’)mw

o OTOV TO TTPOYPOULLO EKTEAELTOL, TTPETEL VOL
KAVEL aKPIPOC avTod TOV BEAOVUE VO KAVEL

¢ Xnuoctoloyikd cedipata otnv Pazcal
o TPOEPYOVTOL OTTO TNV KOKN GYEOTOION 1N TNV
KOKT] VAOTTOINGT TOL TPOYPAULOTOC

o OVTA TO GPAALOTO OvoudlovTon cuvnOme bugs
Ko 1 owotkooio eEaAeync Tovg debugging

x1l = (-b +§sqr(b*b—4*a*c))/(2*a);

sqrt 0101pETN LUE
TO UNOEV
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¢0 uawykmrumﬁg wtopsi VO EVIOTIIGEL O€
EVOL TTPOYPOLLLLLOL TNV VTTOPEN

o GLVTOKTIK®OV GOUAUATOV

o VONUOTIKOV GQAAUATOV
¢ Tvnovel KotdAAnAo UnvOLOTO GOAALOTOG
¢ O mpoypappatioc etval vrevdvvoc yia

o TN 010pHON TOV TUPATAV®

o TOV EVTOTIGUO KO TN 010pHmomn
O UOGIOAOYIK®OV GCOUALATOV

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 54



ZDVIOLKTLKOL 61aypauuaw

|dent|f|er

_—

letter

TECO, KO KEQOAQLOL VPOLUILOATOL

EIVAL O10.QOPETIKA!

letter -~
g 2 e e J5is
o A 1 oo O e
=, o 1 e
{7 A 0 [

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Ava@scsn nungcseuewﬁ?mm

¢ [opaoctypata avabécewv

ni=-2:

pi =
done
ch =

3.14159;
= true;
lbl’.

counter = counter + 1;

x1

2. Za&yoc, N. ITaracmdpov

(-b + sqrt(b*b-4*a*c))/(2*a) ;

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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€ 2VVTOKTIKO 010y POLLLLLOL

write_stmt

?

WRITE

WRITELN

WRITESP

TT

SN S

WRITESPLN

~

expression

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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‘EGodogomqvobovy (1)

¢ EZoo0oc otnyv 000vn
WRITELN ("Hello world!") ;
WRITELN ("Hello", "world!");

¢ ECo00¢ xmpic arrayn YPOUNG
WRITE ("Hel") ;
WRITELN("1lo", "world!'");
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‘EGodogotnvobovn  (HI)

¢ ECoooc otnv 00ovn i
Kolgpib i 3%x-1 = 17
WRITE ("x") ; x* (x+1) = 42
WRITE(" = ") ;
WRITE (x) ;

WRITELN () ;
WRITELN ("3*x-1 =", 3*x-1);

WRITELN ("x* (x+1) =", x*(x+1)) ;

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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E<§060g GTNV 060vn

¢ ECoooc otnv 00ovn
WRITE (4) ; 42
WRITELN (2) ; 4 2
WRITELN (4, 2); 666
WRITE (6) ; 9 9
WRITE (6) ;

WRITELN (6) ;
WRITE (6, 6);
WRITELN (6) ;

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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Elcsoéog 0 0 n?mmpokoyto _‘ Yy

OEiGOBOQ 0TO TO TANKTPOAOYLO
n = READ INT();
r = READ REAL() ;
c = getchar()
¢ Ei16000¢ a0 T0 TANKTPOAOY1O KOl

OLaBocUa LEYPL TO TEAOC TNG YPOLLUNG
SKIP LINE () ;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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E16060§ 0 0 nmpokoyto

PROGRAM examplel ()

{
REAL r, a;

WRITE ("Give the radius: ") ;

r = READ REAL() ;
a = 3.1415926 * r * r;

WRITELN ("The area is:", a);

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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PROGRAM operatlon()
{

int first, second, result;
char operator;

first = READ INT() ;
operator = getchar() ;
second = READ INT() ;

switch (operator) ({

case '+': result = first
case '-': result = first
case '*': result = first
case '/': result = first

}
WRITELN ("The result is:",

}

I N P

second;
second;
second;
second;

result) ;

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v

break;
break;
break;
break;



OAnoenKamuc()g x(bpog (buffer)

o TOPEUPAAAETOL LETACD TOV TANKTPOAOYIOV
KOl TOV TTPOYPALLLATOC

o €KEl amoBnKevOVTOL TPOCHPIVA T OEOOUEVAL
OV TANKTPOAOYEL O YPNOTNG UEYPL VU
O10.faGTOVV A0 TO TPOYPOULLLLOL

» M el0aymyn oto buffer yiveton pe to motnua
TOL TANKTPOL enter

o apykd o buffer etvan kevog

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 65



| ELGOSOQ omoro n?mmpokoyto G

PROGRAM additionl ()
{

int first, second;

WRITE ("First: ") ;
first = READ INT();
WRITE ("Second: ") ;
second = READ INT();

WRITELN ("Result:", first + second);

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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OHp(bm smé?»scm napaé}siyum:oc_;

First: 3.
Second: 6.
Result: 9

@ A€DTEPT EKTEAEGT) TOPAOELYLOTOG

First: 3 6.
Second: Result: 9

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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ELGOSQ 0 0 nmpokoyto

PROGRAM addition2 ()
{

int first, second;

WRITE ("First: ") ;
first = READ INT();
SKIP LINE () ;

WRITE ("Second: ") ;
second = READ INT();

WRITELN ("Result:", first + second);

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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OHp(bm 8Krék86n napaﬁgiyum:oc_;

First: 3.
Second: 6.
Result: 9

@ Aeltepn EKTEAEOT TOPAOELYLLOTOG

First: 3 6.
Second: 6.
Result: 9

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Apt@unrucsgnapoccwcsetg il

¢ AAEC TOPAOCTACELC

o 0T00EPEC KO LETOPANTEC

@ ATTAEC TPAECELC
o TPOcHeDT, apaipeon +, -
o TOAAOTTAOGLOOUOC *
o OlOipECT TPAYLOTIKDV 0P1OU®V /
o TNAMKO OKEPOLOC OLOUPECTC / mpocoyi!
e VTTOAOLTO UKEPOLOG OLOUPECTC % MOD
o TPOGTILLOL 1o

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Apt@pnrg nocpoccswcsag ii) |

¢ [lopaoctypato
o1l + 1 — 2 TOUmov int
«1.0+ 2.0 — 3.0 TtOnov REAL
el + 3.0 — 4.0 tomov REAL
$oc/ 2 — 2 OKEPOO TNALIKO
«5 % 2 — 1 KEPULO VTTOAOLTO
«5.0 / 2 — 2.5 Owipeon REAL
«+5.0 % 2 — N amoyopevetor!

¢ [Ipoypatikn otaipeon HETOSD OKEPAIMV;

inE x5d2, YT wpaok (00 x %1/ v )

X. Zayoc, N. ITamacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v o




OHporspau’)mw TEAECTOV
o Y. 5+3*x-y = 5+ (3*x) -y

¢ IIpocetalploTikOTNTO TEAEGTOV
o WY. X-y+1 = (x-y)+1
® 2E1p0 EKTEAEOTC TOV TPACEDV
o KoBopileTon €V UEPEL OO TNV TPOTEPALOTNTO,
KOUL TNV TPOGETAUPICTIKOTNTO TOV TEAEGTWOV
o YEVIKO OUMG ECOPTATOL OTTO TNV VAOTOINGT
o Y. (x+1)*(y-1)

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv {4



Aoymeg nocpoccswcetg

@ 2VYKPIGELC

e 100TNTA, OVIGOTNTO

o LEYOADTEPO, WKPOTEPO

o LEYOADTEPO N 16O, UIKPOTEPO 1) 1GO

@ AOYIKEC TPACELC
o 6VCEVEN (Kon) && AND
e oaCeven (1) ||l OR
o apvnon (Oyv) ! NOT

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Aoyucag nocpacswcsatg

¢ ITivaxec aAnOetac Aoyikwv mpacemy

AND p OR q
P q o b P q
P && g P Il g
false | false false false | false false
false | true false false | true true
true | false false true | false true
true true true true true true
oVCEVEn NOT p O1dCevén
P |
- P
false true
true false i b

X. Zéyoc, N. ITanacmopov

[Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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Hporspmomw Tekscsrmv (1)

TeAeotC Xnuocio H(f T?E;iﬁ;% v
+ - | NOT pdonuo, AoYIKn dpvnon —
* / % MOD| molomlactoopdc, dioipeon aPLoTEPH
+ - npOcHeon, apoipeon aPLoTEPQ
< <= >= > GUYKPLoN aPLeTEPQ,
== |= 00T TN apLoTEPQ
&& AND Aoyikn o0levén aploTePd
|| OR Aoy S14levén aplotepd

ETOVQ. UEYOAN TPOTEPGLOTHTO
KOTQ: UIKPY TPOTEPOLOTHTO

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v



OHporspat(’)mw TEAECTOV

e Y. NOT p AND q OR r

= ((NOT p) AND gq) OR r
o T.Y. x>3 AND NOT y+z==
(x>3) AND ((NOT y)+z)==5)
o .. x>3 AND NOT (y+z==5)
= (x>3) AND (NOT ((y+z)==5))

» Ortav oev gipaote ciyovpot, oc PAdTTEL VOL
YPNGLLUOTOLOVLE EMTAEOV TapEVOESELC!

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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OZTOLGSpég

unsigned_integer

0

non_zero_digit

digit

unsigned number

—— unsigned _integer

digit

ﬁQC

Al

unsigned_integer

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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OMsraBanég (omkég)

simple variable

identifier

%

simple variable

(o}

expression &

¢ AplOuNTIKEC TOPUOTACELS

arithmetic expr

j— arithmetic_expr

arithmetic_term

2. Za&yoc, N. ITaracmdpov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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0Ap16 unrmoi (’)pm Kol napéwovrsg

arithmetic_term

j— arithmetic term |I'|

arithmetic factor

arithmetic_factor |—

. unsigned_number ~

— variable

— call

@ arithmetic_expr @/

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv




OAoyucég nap(wrdsatg Kol Opot

logical expr

logical expr

o~

@

logical term

logical term

logical term

o~

@

logical factor

2. Za&yoc, N. ITaracmdpov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Ry Bahaae

@ Aoy1Kol TopayovTeC

logical_factor
O
4 N
— variable [—
N call -/
T /@\ T
N arithmetic_expr arithmetic_expr L

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv



o e

I e e e e T

¢ TpomomolovV TN GEPA EKTEAEGTC TOV
EVTOAMDV TOV TPOYPOALULOTOC

@ O1 eVTOAEC UGTIOAOYIKO EKTEAODVTOL KOTA
GEPA OTTO TNV 0PN UEXPL TO TEAOG
@ Mg T1C OOUEC EAEYYOV ETMTVYYOVETOL:
s OLLOOOTTOINOCT EVTOADV
o EKTEAECOT EVTOAMV VIO cLVONKN

o ETOVOANYT EVIOADV
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Aoywa dwypappotapong (1)

Q ¢ Apyn kat t€hog

< > ¢ OLOKANpEC AetTovpyiec 1
OL0OTKOOTEG

¢ AmAEC eVTOAEG

¢ Eleyyoc cvuvOnknc

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 83



Aoywa dwypappotopong ()

/ / ¢ Asuitovpyia
£16000V/EC000V

i<=10 »>— ¢ Enovainyn (Bpoyoq)
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ZDVOSm evrokn

¢ OL000TOINGT TOAA®MV EVTOAMV GE Uia

¢ XpNo1Un 6€ GLVOVUGLO LUE AAAEC OOUEC

@ 2VVTOKTIKO OLAYPOLLLLLOL

block

local_declaration

)

statement

C

-

-

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Zvveern evrokn

¢ [lopaoctypato
{

int x=2, y=3, z=3;

WRITELN (x,

a=2: -b=3;
{
o=3;
WRITE (a,

}
WRITELN () ;

}

2. Za&yoc, N. ITaracmdpov

Y, Z);

b, lc);

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv

86



¢ Extéleon eviolwv vto cuvOnkn

¢ 2VUVTOKTIKO OOy POLLLLLOL

if stmt

expression

-

statement

statement

FRCDS

¢ Aoy1Ko oldypapiLLo

statement

true ) false
expression

statement

true ] false
expression

statement

v

2. Za&yoc, N. ITaracmdpov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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S I e e e e T

¢ [lopaoctypato
if (amount >= x) amount = amount - x;

if (amount >= 1000000)
WRITELN("Found a millionaire!") ;

if ((year > 1900) && (year <= 2000))
WRITE ("206¢ aitedvag") ;

if (x*x + y*y == z*z) {
WRITELN ("Pythagorian:", x, y, z);
s = (z-x)*(z-y)/2;
WRITELN ("Perfect square:", s);

}

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 89



¢ [lopaoctypato

if (year $ 4 == 0 AND
year % 100 !'= 0 OR
year $ 400 == 0 AND
year $ 4000 !'= 0)
WRITELN ("To é&to¢'", year,
"etvaL dloekto!") ;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv



0Hocpoc88wu(xw (cn)vaxswc)

if (x % == 0) WRITELN("&ptiLog");
else WRITELN ("neptLttdg") ;
if (x > y) WRITELN ("xépdLoa") ;
else if (x < y) WRITELN ("xképdLoeg") ;
else WRITELN (" toonmoaAta") ;

TO TOPOKOTW EIVOL I000VVOUO OALG YEIPOTEPO.

if (x > y) WRITELN ("képdLoa") ;
if (x < y) WRITELN ("képdLoeqg") ;
if (x == y) WRITELN (" toonaAia") ;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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T e e e

¢®'Evo else avTioTolyEl 6GTO TANGIEGTEPO
TPOMNYOVUEVO if TOV OEV £YEL NON
OVTIGTOLYIOTEL GE AALO else

¢ [Hapdoeryua

if (x>0)
if (y>0)
WRITELN ("npato tetaptnuéptLo") ;
else if (y<0)
WRITELN ("tétapto tetaptnuéptLo") ;
else
WRITELN ("&fovoag twv x");
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Evro?m SItCh T e _‘ Yy

¢ Extéleon viod GUVOnKn V10! nokksg
OLOPOPETIKEC TEPUMTTWOELS

¢ llpocopEpetan m.y. avti TOL:

if (month==1)
WRITELN ("Iavoud&ptLog") ;
else if (month==2)
WRITELN ("®eBpoudpLog") ;
else 1if

else if (month==12)
WRITELN ("Aekéupprog") ;
else
WRITELN ("axupo¢ ufnvoag") ;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Evro?m SWItCh Gii il e T _ Yy

¢ [lopaoctypato

switch (month) {
case 1: WRITELN("IavoudapLog"); break;
case 2: WRITELN ("®eppoudptiog"),; break;

case 12: WRITELN ("AeképBpLog") ; break;
default: WRITELN ("akupog¢ ppnvoag"); break;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv



€ 2VUVTOKTIKO 010y POLLLLLOL

switch stmt

@ BX ESEL010 @ @ — @ :
| ( Case ) constant Q switch clause
- ( detau -|t) @ gwitch clause

break stmt
switch _clause
o
< Statement > ( break stmt NEXT_stmt

k NEXT stmt : W

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv




) L T aid 5

S £ e e el il e e SR A

¢ Ileprocotepa mapaoelyLaTol

switch (month) {

case 1l: case 3: case 5: case 7:

case 8: case 10: case 12:
WRITELN ("31 days"); break;

case 4: case 6: case 9: case 1l1:
WRITELN ("30 days"); break;

case 2:
WRITELN ("28 or 29 days"),; break;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv



) L

i = Nl el i O e TR e e i T At e e, ™

¢ O1 LEPEC UEYPL TNV TPOTOYPOVL

r = 0;

switch (month) {
case 1l: r = r + 31; NEXT;
case 2: r =r + 28; NEXT;
case 3: r =r + 31; NEXT;
case 4: r = r + 30; NEXT;
case 5: r = r + 31; NEXT;
case 1l1l: r = r + 30; NEXT;
case 12: r = r + 31; NEXT;

}
r =r - day + 1;
WRITELN ("Mévouv", r, "pépecg!");

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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_Evroan FOR

R o R T e e T

¢ Bpoyoc mepropiopEvou aptBuon
ETOVOANYEDY

€ 2VVTOKTIKO 010y POLLLLLOL

FOR stmt

FOR

range

—| expression

n identifier

O

range

o}

expression

G-

statement

>

expression

=

‘ DOWNTQ |

2. Za&yoc, N. ITaracmdpov
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EvtoAn for

S I e e e e T

¢ MobBaivo vo, HeTpam

PROGRAM counting ()
{

int 1;

WRITELN ("Look!") ;

FOR (i, 1 TO 10)
WRITELN (i) ;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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OAuvocumg TOV 0VO 270 = 1
PROGRAM powers of two () |271 =2
vl 242 = 4
L _ 243 = 8
int 1, p; 2~4 = 16
p=1; 275 = 32
FOR (i, 0 TO 10) { 276 = 64
nMNAN 2727 = 128
WRITELN(% f ST ne N
=", P); 249 = 512
p=p* 2; 2410 = 1024
}
}

Avaddotwtn: p = 2!
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g0 1ol S

S W el e e il 5 i e T e s e e R . 2R T At e e, ™

¢llapayovtiko
NI=1x2x3x..Xn 0l =1

|
RN

Ni =i+l /

true
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EvtoAn for

S I e e e e T

¢llapayovtiko
PROGRAM factorial ()

{

X. Zéyoc, N. ITanacmopov

int n, p, 1;
WRITE ("Give n: ") ;
n = READ INT() ;
p=1;
FOR (i, 2 TO n)

P=pP *1;
WRITELN(n, "! =", p);

Avortoiowtn: p =1

Give
1! =
Give
4!\ =

Give

7! =

Give
12!

n: 12
479001600

Give n: 17./

17!

-288522240

Yrepyeidion!

[Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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2oy i

S W el e e il 5 i e T e s e e R . 2R T At e e, ™

¢ B\énw actepdkio

FOR (i, 1 TO 5) { % % % % ¥ % % %k *
FOR (j, 1 TO 10) % % % % Kk %k %k k k
WRITE ("*") ; % % Kk % % Kk Kk Kk *k
WRITELN () ; % % Kk % % Kk Kk Kk *k
} % % Kk % % Kk k Kk *k
FOR (i1, 1 TO 5) { * %
FOR (j, 1 TO 2*1i) * % % K
WRITE ("*") ; dr o v e o
WRITELN () ; % % % %k % %k % %
} Je K e e K ek ke ok

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 106



¢ Ntouwo
¢ 01 apBuot mnyaivoov uEyprto N = 6

€ GLVOAIKA 28 KopuATio

& 11 yiveTal yioo GAAEC
TILES TOV N;

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 108



_EvzoM for i

= T el T il il o O D

PROGRAM domino2 () Give n: 3.
{ 00
int n, count, 1, j; 01
WRITE ("Give n: ") ; o’
n = READ INT() ; 11
count = 0; 12
FOR (i, 0 TO n) 13
FOR (j, i TO n) { 2 2
WRITELN (i, j); 23
count = count + 1; 33 _
} Total 10 pieces.
WRITELN ("Total", count,
"pieces.") ;
}

X. Zayoc, N. ITamacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v 109



PROGRAM dominol ()

{

}

_Evroan

for W il

= TR T il e e S e R

Axpipoc i+1 koppdtio Exovv Give n: 6.

A1 4 ] with largest
BT | oS e with largest
with largest
with largest

int n, count, i; ERLER LErgiee
with largest

WRITE ("Give n: "); with largest
n = READ INT() ; Total 28 pieces.
count = 0;
FOR (i, 0 TO n) {

WRITELN (i+l, "with largest", 1i);

count = count + i1 + 1;

Sooor b WDN R
o O dWDNBKHEO

}
WRITELN ("Total", count, "pieces.");

X. Zayoc, N. ITamacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v 110



Evrokn __ L

count :Zn(i+1):nz+i_ (n+1)§n+2)

PROGRAM dominoO ()
{

int n, count;

WRITE ("Give n: ") ;

n = READ INT();

count = (n+2)*(n+l)/2;
WRITELN ("Total", count,

Give n: 6.
Total 28 pieces.

Give n: 17.
Total 171 pieces.

Give n: 42
Total 946 pieces.

"pieces.") ;

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v




gao o (1)

- Nl el i O e TR e e i T At e e, ™ i

¢ YnoloyiCovue 10 1010 UE 3 OLO0POPETIKOVS TPOTOVE
i (n+1)(n+ 2)

count = Zn“znl = Y (i+1) =

i=0 j=i i=0 2

domino2 dominol dominoO

¢ 116oec apOunTiKéc TPACEIS KAVOLV;
¢ domino2: (n+1)(n+2)/2 npocbéoeic O(n?)
¢ dominol: 2(n+1) tpocbicelg O(n)
¢ domino0: 2 tpocbiceig, 1 molamiaciacpuds O(1)
¢ KaAdtepo (YypnyopdTteEPO) mTPOYPOLLLLLOL:
QUTO UE TN UWIKPOTEPT OLVATY] TOAVTAOKOTNTO!

¢ 11660 okeéptopan eym / [16c0 «oképtetoy o H/Y !

X. Zayoc, N. ITamacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v 112



Evro?m __ B0 e ‘1

¢ Ileproyec yuo uawﬁknrn skeyxou

¢ FOR (i1, lower TO upper)
av lower < upper, Oua yivouv upper — lower + 1
EMOAVOANYELS, OAALDG Kot

®FOR (i1, upper DOWNTO lower)
av lower < upper, Oa yivouv upper — lower + 1
EMOVOANYELS, OAALDC Kot

¢FOR (i, 1 TO 20 STEP 3)
i nmaipver tig tpéc: 1,4, 7, 10, 13, 16, 19

¢ FOR (i, 100 DOWNTO 50 STEP 5)
i maipver Tic iwéc: 100, 95, 90, 85, ..., 60, 55, 50

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 113



= D o e e X .

¢ E101kéc mepumtmdGELS Y100 TOL OPloL:;
FOR (i, 10 TO 10) ... // uia popd
FOR (i, 12 TO 10) ... // Kouio popa
¢ H petaPintn eAcyyov ogv gtvor optopévn
LETA TO TEAOC TOL PpOyov
¢ H petaPint eAc&yyov ogv umopet va
uetaPAnOet (m.y. ue avabeon) pEca oto
cOUO TOV Bpoyov
¢ Ta opra (ko To Brypa) vroroyiovron o
QOpPA GTNV aPYN

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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voﬁ while i (i) |

S £ e e el il e e SR A

¢ BpoOyoc 660 1kavomoleiton o cuvonkn

) false
expression

true

¢ AoYy1KO O1ypoLLLLoL

Y
statement

€ 2UVTOKTIKO OL0YPOLLLLLOL

while stmt

( expression ﬂ statement |—

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 115




Evtoln while s i

S £ e e el il e e SR A

¢ O ap1BuoC emavaANYE®V YEVIKA 0EV ElVOl
YVOGTOC EK TOV TPOTEPWOV

¢ Av n cuvON KN €lval apyKa YELONG, O
BpoOyoc tepuatiCeTon YmPIC VoL EKTEAECTEL
TO COUQ

¢ H pon ereyyov umopel va petaPAnOet pe tig
evioléc break kot continue

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 116



Evro?m |Ie R e _

OAUVéLuag TOV 61’)0, cova
PROGRAM powers of two 2 ()

{
int 1, p;
p=1; 1 = 0;
while (p <= 10000000) {
WRITELN(% ""A", i, v a—
=N Py 2A1 = 2
P — p * 2; 2A2 = 4
A=y ] 2~3 = 8
} . Aoy
} Avorloiwtn: p =2 gég _ g;zgzgg
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vo while i iV)

et R el e Bl i i e T

¢ Antelpoc Bpoyoc
PROGRAM line punishment ()
{

while (true)
WRITELN ("I must not tell lies");

I must not tell lies
I must not tell lies

I must not tell lies
o Break

Aroxomrovue Evo. mpoypouuo us Cekrl+Cn Ctrl+Break

X. Zayoc, N. ITamacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v 118



Evro?m |Ie

QARSIPOQ [Spoxog, MVOTSpO TPOPOVNG
PROGRAM another infinite loop ()

{ X
: 8 i 17
int x 17; Eg
while (x > 0) 101
x = (x + 42) % 2012; 143
} 185
1991
Avolloiwtn: to X eivar Oetikog ko 21
TEPITTOC OKEPOLOG 182

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 119



S £ e e el il e e SR A

_EvroAn while i

¢ IIpwtol apBuoi Output p | t
PROGRAM primes () 2 3 3
{ 3 5 3
int p, t; 5 5
WRITELN (2) ; ¥ ! g
FOR (p, 3 TO 1000 STEP 2) >
: AR 997 9| 3
while (p $ t !'= 0) t = t+2; 11} 3
if (p == t) WRITELN(p) ; 3
} 7
} R
Avolioliwtn tov while: 1o P o¢ droupeital gg; 99;
ue Kovevoy opiuo > 2 kar <t
2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 120



S I e e e e T

¢ M£y16T0¢ KOVOC d1apETNES TMV a Ko b,

EVOC OTTAOC 0AYOP1OLOC

z = MIN(a, Db);

while (a $ z '= 0 OR b % z !'= 0)
z =z = 1;

WRITELN(Zz) ;

Avallolwy: oev vmapyel apltOuoc W > Z
OV VO, OLOIPEL Kol TOV A kail Tov D

ToAvmAokotnTa: O(MIN(a, b))

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv

vo?uﬁ while ii) |
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Evtoln while s N

D e e

¢ M£y16T0¢ KOvOC d1apETNG TMV a Ko b,
aAYOPLOLOC LE OLPULPEGELC
» I0éa 1: av @a>Db tote ged(a, b) = ged(a—b, b)

while (a > 0 AND b > 0)
if (a > b) a=a - b; else b =Db - a;
WRITELN (a+b) ;

o 2TN YEWPOTEPT MEPITTMGCT], ] TOAVTAOKOTI T
eivar topa O(max(a, b))

o XTN UEOT TEPITTMOT OUMS, OVTOC O AAYOPIOUOC
ELVOIL KOADTEPOC TOV TPOTNYOVLLEVOL

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 122



Evrokn Whlle 75 )

L T ™ o e e R e ot S R ST < &

¢ Méyiotog Kow()g Bloupémg TV a Ko b,
aiyoptOuoc tov EvkAegion
» [0 2: av @a>b tote ged(a, b) = ged(a mod b, b)

while (a > 0 AND b > 0)
if (a >b) a=a % b; else b=Db % a;
WRITELN (a+b) ;

» gcd(54, 16) = gcd(6, 16) = gcd(6, 4) =
gcd(2, 4) = gcd(2,0) =2

» gcd(282, 18) = gcd(12, 18) = gcd (12, 6) =
gcd(0, 6) =6

o TToAvmhokotnta: O(log(a+b))

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 123




Evro?m Whlle Gl e i

PROGRAM gcd ()
{

int a, b;

WRITE ("Give a: "), a READ INT() ;
WRITE ("Give b: ") ; READ_INT();
WRITE ("gcd(", a, ",", b, ") =");

a = abs(a); b = abs(b) ;

while (a > 0 && b > 0)
if (a > b) a=a % b; else b =Db % a;
WRITELN (a+b) ;
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Evromjdo..while ()

¢ Bpoyoc ue GUVOﬁKn VOl OTTOTIUATOL OTO
TEAOC KAOE emavOAYNC

¢ Aoyiko odypopuo i

statement

expression

true

€ 2UVTOKTIKO OL0YPOLLLLLOL

do while stmt

statement {while}@ expression %

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 125




Evromjdo..while ()

¢0 eksyxoc_; ™G GUVOnKng YIVETOL GTO TEAOC
KaOe emavainync (Kot Oyt 6TV opyn)

¢ To coua tov Ppoyov exteAeitan
TOVAQYIGTOV il Opd

¢ O ap1Buog EmOVOANYE®Y YEVIKA OEV EIVOUL
YVOOTOC EK TOV TPOTEPWOV

¢ H pon eA&yyov umopel va petaPAnbet pe tic
evtoléc break kol continue

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 126



Evrod do ... while (i)

TN - i e i s T [l . i s T e R e e e R T

¢ Ap1Buoi Fibonacci
Fo=0, F;=1
F.,=F,+F.; VneN
W 2. 3,878 3 21 38 ah 89 vldd.
233,371, 610:987 15972584, 4181 /.
¢ [IpofAnua: morog ivatl 0 peYaADTEPOG
ap1Ouoc Fibonacci mov dgv vrepPaivet To N;
F.<n kot F,,>n

¢ NB: H axolovbio Fibonaccl sivou avéovoo

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 127



Evro?m dO ) f

PROGRAM fibonacci ()

{
int n, current, previous, next;
WRITE ("Give n: "); n = READ INT();
if (n <= 1) WRITELN(n);
else {_ Give n: 20
previous = 0; current = 1; 13
do ({ . Give n: 100
next = current + previous; 89
previous = current; Give n: 987.
current = next; 987
} while (current <= n);
WRITELN (previous) ;
} ,
} AvollolwTy,

X. Zayoc, N. ITamacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v 128



Evro?m () f

PROGRAM bigsum ()

{
int sum, number; char symbol;
do o
sum = 0; 17
do { 6+
number = READ INT() ; 34
sum = sum + number; 12+
do symbol = getchar() ; 21=.]
while (symbol !'= '+' AND 42
symbol != '="');
} while (symbol == '+');
WRITELN (sum) ;
} while (true);
}
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Evrokeg break Koucontmue _

¢ H break npoxaiet Tov AUEGO (TPO®PO)
TEPUOTIGUO €VOC PpOYOL

¢ H continue npoympdel aUECHOS GTNV
EMOLEVT] ETAVOATIYT EVOC BpOy oL

break stmt continue _stmt

M {continue}e@%

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 130



Evroleg break Kot contlnue (11)

¢ H atvync ewcoocia...
‘Evoc piloc poc pobnuatikoc woyvpiletal 0Tt
v10. KAOe Tp®TO apltOud P 1oyvEL:
(17p) mod 4217 # 42

¢ Oa tpoomadncovue va Ppooue
oVTITOPAOELY oL

¢ AnAaon Evav TpmTo aplBuo P TETO0V MOTE
(17p) mod 4217 = 42

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 131



¢ Ba Tpononouﬁcm)ps TO npéypaupa
VTTOAOYIGLLOD TOV TPOTOV POV

PROGRAM primes ()
{
int p, t;
WRITELN (2) ;
FOR (p, 3 TO 1000 STEP 2)
{

t = 3;
while (p $ t !'=0) t = t+2;
if (p == t) WRITELN(p) ;

}
}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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PROGRAM prime_conj ()
{

int p, t;

FOR (p, 3 TO 1000000 STEP 2) {

}
}

X. Zéyoc, N. ITanacmopov

ti= 3

while (p $ t !'= 0) t

oV TO P OeV
gvoll TPOTOC,

TPOYDPNCE
GTO ETOUEVO P

= t+2;

if (p '= t)| continue; K
if ((17 * p) % 4217 == 42) {
WRITELN("Counterexample o)
break H(’)}Vlg BPSIG
} CVTITOPAOELY L
Counterexample: 140443 GTGHdTnGE
17 x 140,443 = 2,387,531 =559 x 4217 + 42
[Ipoypappotiopnoc Hiektpovikav Ymoloylot®v 133



Kevn evton

I e e e e T

¢ XvuPoriletor pe Eva semicolon
@ Agv KAveL TImoTo 0TV EKTEAELTOL
¢ [apdoeryna

if (x>4) {
Y = L
X = x-5;
; // Kevh eVvToOAjn

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 134



AO]JT] TOUTEpO'YpO(HMOLTO, éOWOL s $

¢ Movaoo kmotke. module
® BpilokeTal o€ CEXWPLOTO UPYELO TPOYPALUATOS

¢ Amoteletton amo:
¢ Onlhocelc otafepmv Kot TOTOV
@ ONAMGELC KOl OPIGHOVE VTTOTPOYPULLULATOV

@ 10V OpIGHO EVOC (ATAOV) TPOYPALUOTOC

module

const_def

type_def

g

declaration

")

definition

D C

program

)V

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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®2av uawBansc_,, aAAQL:
¢ tponyeital n AEEN-KAEWL const

@ VTOYPEWMTIKY OPYIKOTOINGT

¢ amayopeveTol | avabeon

const_def

—Coonet)-

type

declarator

value

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ [lopaoctypato

const int N = 100000;

const REAL pi = 3.1415926535,
e = 2.7182818284;

const char SPACE = ' ';

¢ Xpnon avti 1oV 6TalEpOV EKPPAGEWDV
&nt.y. FOR (1, 1 TO N)

¢ IIpoxaBopiopévec otabepéc
é7ny. INT MIN, INT MAX

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 137



Zl)voovv 0L nmoov

@ 2oV ONAMGCELS pswﬁknrmv aAAQL:
¢ tponyeiton n AEEN-KAEWl typedef

€ 01 apyiKomoinon

4 ONA®VOLY OVOLOTO TOTT®V, OY1 LETAPANTOV

type_def

type

declarator

struct_def

union_def

J

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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ZUV(DVD 0L nmoov

¢ [lopaoctypato

typedef int number;
typedef bool bit;
typedef REAL real;

¢ Xpnon avil TV TOTOV

number n;
bit b; real r;

¢ IIpoxaBopiouevol Tomot
¢1.y. int, REAL, bool, char

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ OpiCovtol 6TO TUNLO ONAMCEWDV
¢ Kabe opiopog o1001kaciog meplEYEL:
o TNV EMKEQPAAION TNG
e TO COUO TNG

¢ KaAovvtal pe avorypopr Tov OVOUOTOS TOVG
Ko aoplOpunon TV TopaUETPOV

call

identifier { ( expression

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 140



A1a8u<oc018g B0 _ :

¢ Eupereta evog ovopatog (n v. pswﬁknmg)
V0L TO TUNUOL TOV TPOYPALUOTOS OTTOV
EMLTPETETOL 1] ¥PNON TOV

¢ Tomwkd (local) ovouara etvor ovtd wov
ONAMVOVTOL GE EVO, VTTOTPOYPOLLLLYL

¢ 'evika (global) ovouoata sivor avtd mov
ONA®VOVTOL ECM OTTO LITOTPOYPALLLLOTO KO
exyovv eupéirela o oAOKANPo T0 Module

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 141



I e e e e T

¢ Tvmucée (formal) mapdpeTpor evoc
VTOTTPOYPALLOTOC EIVOL O1 QVTES TTOV
OPILOVTOL GTNV EMKEPUAION TOV

¢ [Ipaypotikég (actual) mapauetpotr evoc
VTOTTPOYPAUUATOC EIVAL AVTEC TOV
OlVOVTOUL KOTA TNV KANGN TOV

¢ X¢ KGO KANGT, Ol TPAYUATIKEC TAPAUETPOL
TPETEL VO AVTIOTOLYOVV LA TPOC Uit OTN
GEPA KUl GTOV TOUTO UE TIC TUTIKEC

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Aad1Kooiss kit 5

.. A Nl el i O e TR e e i R ey [ g i P < &

¢ XPIGTOVYEVVIATIKN KOPT TOGTAA

¢ Kabe ypapun £xet o i e +
M HOpQN: @
seeee
n+2m+2
: —— - REREERE
blJojojJo]o]i|i]J]i]JoJo]Jo]o]b @@@@@@@@@
> @ERRREEEEEAE
@EQRRRREEEEEQME
T , ##t#
b, 1, 0 ! OKpO, LEGO KO #4431
VTTOAOLTO YPOLLLUNG it 3
4n, m: OlOCTACELS T e R +
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| AwSmameg g

PROC |1line | (char border, int n, char inside, |

int m, char outs:Ldep

TOTIIKY UETOPANTH

FOR (i, 1 TO
FOR (i, 1 TO
FOR (i, 1 TO

. WRITE (border) ; // apilotepo miaioio

m) WRITE (outside);
n) WRITE (inside) ; — :
m) WRITE (outside); | | OV

guperero

 WRITELN (border); // 0e&ié nhaioio

TOTIKEC

OVOLO. O10OIKOOLOG

TOPOUETPOL

2. Za&yoc, N. ITaracmdpov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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AtothKocmg S e i)

PROC line (char border 1nt n, char 1n81de,
int m, char outside)

EEEE
PROGRAM tree postcard () TOOYUOTIKES
{ ,
TTOPOUETPO!
int 1; | Ll
Lane ("4 157 &Vl (. y=ripyis // movw miaioio
line('l'l 15’ : 'I OI \ ')’

FOR (i, 1 TO 13 STEP 2)
line('|', 1, '@'I (15_i)/2/ et
FOR (i, 1 TO 3)
line('l'/ 3/ '#'I 6/ : ');
Line (1) 1o 20, sy
Iine(V+'5 15, - " =N =00 70 iy // xarw miaiolo

}
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AL0OIKOGIES s NI

I e e e e T

€ 20YKPOLGT] OVOULATOV

€ 0TOV Lo TOPAUETPOG N TOTIKY) LETAPANTY £xEL
EVOL OVOLLOL TTOV YPNGLUOTOLEITOL 1)OT] OE
eCMTEPIKOTEPT EUPELELT

4710 Ovopa oto ecmteptkOTEPO block kpHPetl avtd
010 eEmtepikotepo block

® ExtéAleon pe 1o yept
¢ Trace tables
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Awdikacieg s )

R T RN e el s e e e

int a, b, c;

PROC p42 (int y, int b) {
int ¢ = 42; WRITELN(a, b, c, y);
a=a+b;c=c+1; b=c+b; y=y1;
WRITELN(a, b, c, y);

}

PROC pl7 (int a, int x) {
int b = 17; WRITELN(a, b, ¢, x);
p42 (b, x); WRITELN(a, b, ¢, x);

}

PROGRAM proc example () {
a=1; b=2; c¢c = 3; pl7(b, c); p42(c, a);
}
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a
1
4 2 17 3 3
] 1 3 42 17
4 46 43 16
pl17 a | X b 217 3 3
P 3 17 4 4 42 3
8 47 43 2
p42 y‘b|c
3 |42
46‘43
p42 y‘b|c
314 |42
247‘43
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S e e e e W T e e

¢ Onmc 01 01001KAGIES, OALD EMIGTPEPOLV
LLLOL TIUT] OC OTTOTEAEGLLOL

¢ Agv umopovv va ypnoiHomonfovy mg
EVTOAEC OAAQ LOVO GE TOPUGTACELS

¢ Eniotpopn amoTteEAEGUOTOC E TNV EVTIOAN
return (kou yopic TapdoToomn, yio
OLOOTKOGIEC)

return_stmt

expression

T O}
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Zuvocpmcetg i e (ii)

FUNC int gcd (1nt a, int b)
{

a = abs(a); b = abs (b) ;
while (a > 0 AND b > 0)
if (a > b) a=a % b;
else b=Db % a;
return a+b;
}
PROGRAM gcd func ()
{
int x, y;
WRITE ("Give x: ") ; = READ INT();
WRITE ("Give y: "); = READ INT();
WRITELN("gecd is:", gcd(x y))

}
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AOW]MSVOGRPOVPGHHOWIGHOQ e

¢ [oca: kabe aveldptnin Acttovpyio TOV
TPOYPALLOTOC TPETEL VO AVTIOTOLYEL OE
AVEEAPTNTO VTTOTPOYPOLLLLLL

¢ [TAcovexktpota

» EvkoAOTEPN avaTTUEN TPOYPALUAT®V
(«oraipetl ko Bacileven)

o EvkoAOtepN aviyvevon cooAudtmy

o Emavaypnoiuomnoinon Etoiumy
VTTOTTPOYPOLULOTDV
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Ba@mouocGuyKaKptuevonomcm g

@ [leprypapn) emihAvong TpoPAnuotog
» Elcaymyn kot anobnkevon ocoouEvmv
* TPOTOC EIGAYDYNG OEOOUEVOV
e EAEYYOGC 0POOTNTOG OEOOUEV®V
o ALYOp1OLOC emECEPYOTLOC
* TEPLYPOLPT] TOL aAYOPIOHOV
* KMOIKOTOINGT 6T YAMGGO TPOYPOLLLOTIGLLOV

o IHopovoiaon amoTEAEGUATOV

e TPOTTOC KO LOPPT) TOPOVGIOONG OMOTEAEGUATMV
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HocpovcnoccnchmvmpnGn _‘ Yy

¢ LIo1oTika YopAKTNPIGTIKA TTPOYPOULUATOV
o AVOyvoo1UOTNTO
e QmTAOTNTA
* KOTOAAANAN ETIAOYT] OVOLLAT®V, TT.Y.
monthly income incomeBeforeTaxes
e oTOLYlON
¢ 5O
o OLAKOTNTO TPOC TO YPNGTN
o Texunpioon
o 2LVTNPNON
o Evnuepmon
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OZTO{xtcm

o IIpOypopupo Kol vVTOTPOYPALUOTO

PROGRAM ... PROC ... FUNC ...

{ { {
ONADOCEIS ONADOELS ONADOTELS
EVIOAEC EVIOAEC EVIOAEC

} } }

o ATAEC EVTOAEC

if (...) evioin while (...) evroiy
else cvroin
FOR (...) evtoin
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OZroixtcm (Guvéxsux)

o 2VVOETEC EVTOAEG

if (.) { while (..) { FOR (..) {

EVIOAEC EVIOAEC EVIOAEC
} } }
else {
EVIOAEC
} do {
EVIOAEC

} while (..);
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HocpovcnoccnchmvmpnGn _ Yy

¢ X10iy1om (cvveyeln)

» 20VOeTEC EVTOAEC (OCLVEYELD)

switch (...) {
case TiUl; : EVIOAEG
case Tiul, : EVIOAES,

case T, : EVIOLEG,
default : eviodég,.,
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Eéoé‘)og ueuop(ponomcm i

€ AKEPOLES TIUES
WRITELN (FORM (42, 4)); 4|2

¢ ... 0AAQ KO OTIONTTOTE AAAO
WRITELN (FORM ("hello", 8));

¢ lIpaypoatikec TipeE
WRITELN (FORM(3.1415926, 8, 4));

3.11|[4|1|6
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Apxstoc Ksluevou

¢ Avokatenbovvon 16000V Kol EE000V

PROGRAM redirection ()
{

int n, i1, sum = 0;

INPUT ("file-to-read-from. txt") ;
OUTPUT ("file-to-write-to.txt");

n = READ INT();
FOR (1, 1 TO n)

sum = sum + READ INT() ;
WRITELN (sum) ;
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Toxtikol TVTO!1

I e e e e T

¢ O1 TUTOL int, bool Kol char
¢ AmaptOuntot ool

enum color {white, red, blue, green,
yvyellow, black, purple};
enum sex {male, female};
enum day t {mon, tue, wed, thu,
fri, sat, sun};

enum color ¢ = green;
typedef enum day t day;
day d = fri;
¢ [1paceic pe TaKTIKOVC TOUTOVG
o TEAEGTEC GUYKPLONG ==, !=, <, >, <=, >=
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OAounusvn pewBMm omoenKeum Lo
OVAAOYT OO TIUEC OEOOUEVOV

¢ [Tivaxag (array): dounuévn petafAntn mov
amoONKeDEL TOAAEC TILEC TOV 1010V TOTOV
int n[5];

OPICEL EVOV TTIVOKO TEVTE AKEPALMV, TO
GTOLYELOL TOV OTTOIOV E1VAL:

n[0] ,n[1] ,n[2] ,n[3] ,n[4]
KO £YOVV TUTO int
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¢ [lopaoctypato

REAL a[l0];
int b[20];
char c[30];

a[l] = 4.2;

a[3] = READ REAL();
a[9] = a[l];

b[2] = b[2]+1;

c[26] = 't';
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¢ AvdPacuo evoc mivoko

o YVOGTO NEYEDOC
FOR (i, 0 TO 9) a[i] = READ INT();

o TpOTO OPdCETON TO HEYEDOC
n = READ INT();
FOR (i, 0 TO n-1)
a[i] = READ INT();

o OTO TOPOTAVD TPETEL VA TPOTYNOHOVV

int a[l100]; // &du oy uikpotepo tov 10
int 1, n;
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¢ AvdPacuo evoc mivoaka (cuveEyeia)

o TEPUOTIONOC pe TNV Tiun 0 (epovpodg/sentinel)
x = READ INT(); i=0;
while (x '= 0) {

af[i] = x; 1 = i+l; x = READ INT();

}

o GTO TOPUTAV® TPETEL VO TPOT YOOV
int a[l00], x;
int 1i;

o IIpocoyn: o€ yivetal EAeyyog yio 10 TAN00C
TOV OTOLYELOV OV otvovTot!
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Hpaietg uemvomsg

® AmAec mpacelg, m.y.
alk] = a[k]+1;
a[k] = a[l]+a[n];
FOR (i, 0 TO 9) WRITELN(a[i]) ;
if (a[k] > a[k+1])

¢ Apyikomoinon (Le UNOEVIKAY)
FOR (i, 0 TO 9) a[i]=0;

¢ EVpeon eldytotov ototyElov

x = a[0];
FOR (i, 1 TO 9) if (a[i] < x) x = a[i];
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Tpoppuc avalnmmon——— (1)

OHpOBXn Lo (owagnrncng) 6wsrou EVOLC
TIvoKog oKeEPAimVY a Ko Cntetton vo, Ppebet
oV VTTAPYEL O OKEPOLOC X GTOL GTOLYELN TOV

PROGRAM linsearch ()

{
int x, n, a[l1l00];
OALEC ONAOEIS ;
TITAOG ETIKEQOALLON. ;
00NYIES OTO YPNOTH ;
X = READ INT();
010/0oUO. TOV TIVOKO, ;
WOCIHLO OTOV TIVOKG. VIO, TOV X ;
TOPOVOLO0N OTTOTEAETUCTDV

}
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Tpoppuc avalnmmon (1)

OMwL OLVATI] CUYKEKPLUEVOTOINGT

n = READ INT();
FOR (i, 0 TO n-1) a[i] = READ INT();

i=0;
while (i < n AND a[i] !'= x) i=i+l;
if (i < n)

WRITELN ("To Bphka otn Oéon", 1i);
else

WRITELN ("Aev to BpHxra") ;

o 21N YEWPOTEPN TEPiTTMOOT O eAeyyBoOV Ol
TOL GTOLYELN TOV VUKL

o Amoutobvtor an +b Buota= ypappikn

(a, b otabepéc, N to néyebog Tov Tivaka)
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Tpoppuc avalnmmen (1)

if (a[i] == x) break; else i = i+l;
while (i < n);
if (i < n)

WRITELN ("To Bphka otn Oéon", 1i);

else
WRITELN ("Aev 10 Bpaka") ;
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Tpoppuc avalnmmen——— (V)

if (a[i] == x) found = true;
else { found = false; 1 = 1i+1l; }
while (NOT found AND i < n);

if (found)

WRITELN ("To Bphka otrn Oéon", i);
else

WRITELN ("Aev 10 Bpaxka") ;
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Tpoppuc avalnmmen———— (V)

OEvaKXaKuKﬁ CLYKEKPLUEVOTTOINON #3

i = 0; found = false;
do

if (a[i] == x) found = true;
else i = i+1;

while (NOT found AND i < n);

if (found)

WRITELN ("To Bphka otrn Oéon", i);
else

WRITELN ("Aev to BpHxra") ;
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Tpoppuc avalnmmen (Vi)

OEvaKXaKuKﬁ CVYKEKPLLUEVOTOINGT #4

i=20;
do {
found = a[i1] == x;
L= 1+17
} while (NOT found AND i < n);
if (found)
WRITELN ("To Bphka otn Oéon", i-1);

else
WRITELN ("Aev 10 Bpaxka") ;
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Avodwnavatiqmen . (I)

¢ [IpohnoOeon: o wivakoc va givon
TOCIVOUNUEVOC, TT.Y. GE ODEOVOA OLATOEN

¢ Eivot moAv o amoooTIKn owd T YPOLLULKN
avacnTnon

o XTN XEPOTEPT TEPITTMOCT] ATOLTOVVTOL
a log, n + b fruara
(a, b otaBepéc, N to néyebog Tov wivako)
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Auoc8u<n ava@nmcm _ v

¢ To npoypappua
const int N = 100;

PROGRAM binsearch ()

{
int i, x, n, first, last, mid, a[N];
Mnvoua emikepatioo ko 00nyies ypnone ;
n = READ INT(); // katd avcovoo ocipa
FOR (i, 0 TO n-1) a[i] = READ INT();
x = READ INT();
Avolntnon Koi eupovion amoTeEAEGUATOS
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Auoc8u<n ava@nmcm _ v

¢ Avolntnon Kot ELPAVIoT] OTOTEAEGLOTOC

first = 0; last = n-1;
while (first <= last) {
mid = (first + last) / 2;
if (x < a[mid]) 1last = mid-1;
else if (x > a[mid]) first = mid+1;
else break;

}
if (first <= last)

WRITELN ("To Bphika otn O6éon", mid) ;
else

WRITELN ("Aev to PBpAxa") ;
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HOM)SLOLGIOLIOL mvouceg

¢llopaocryna
int a[l0][16];

a[l][13] = 42;
FOR (1, 0 TO 9)

FOR (j, 0 TO 15)
a[i][J] = READ INT();

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 174



H()Mankoccnacmognwamov ek

¢ Atvovton o1 wivakec: a (mxn) , b (nxq)
¢ Znteiton o wivakac: ¢ =ab (mxq) omov:

n
Cij= ; i Oy
- - _r q T _
n | m
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H()M»ankoccnacmognwa](mv eRs ,_

¢ 10 Tpoypappuo
REAL a[m] [n], b[n][q], c[m][q];

FOR (i, 0 TO m-1)
FOR (j, 0°TO g-1) {
c[i][3] = O;
FORZ(K, 0 TO 'n-1)
c[i][J] = c[1][]3] +
af[i] [k]1*b[k][]];

}
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Mowucoc Ipowmv ek i) |

¢ Awidotortol Tivakeg (NxN) Tov TEPLEYOLY
OAOVC TOVC PLOTKOVC petaén 0 kot N%—1

» TO 00polGUO TOV GTOLYEIMV KAOE GTNANC,
YPOULUNG Kol Olay@viov elval otafepo

10| 9 | 3 [22|16
17(11| 5 | 4 |23
, ! 24(18|12| 6 | 0

¢ I1poPAnua: KotaoKey
pop UH , ) 120(19(13]| 7
LOYIKOV TETPOYWVOD 8| 2|21]15|14

(nxn) yio TeP1TTo N
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Mowucoc tsroowmvoc (11)
3
( ( ( 0
1 1 1
2 2
3 3 3 3
4 o4 o4 0|4
( ( 6|0 6|0
1 1 1 1 {
2 2 2 2
3 913 10193 10193
o4 o4 o4 1115 |4
6|0 6|0 6|0 6|0
1 i 1 i 1 i 1 7
3|2 S|2 3|2 S |2
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Mowucoc Ierpowmvoc (111)

¢ Kataokevn yio mepttto N
int a[17][17], i, 3Jj, k, h, m, n=5;

i =n/2; j=n; k=0;
FOR (h, 1 TO n) {
j=j-1; a[i]l[jl=k; k=k+1;
FOR (m, 2 TO n) {
j=(j+1) %n; i=(i+1l)%n;
alil[jl=k; k=k+1;
}
}

FOR (1, 0 TO n-1) {
FOR (j, O TO n-1) WRITE(FORM(a[il[]j], 4)):
WRITELN () ;

}
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e s Rl i T TR e R R TR T

@ AVOOPOUIKEC O100IKOGIEC 1] CLVOPTNGELS:
OVTEC TTOV KOAAOVV TOV E0VTO TOVC
¢ To apyuco TpoPAnua avaryeton 6TV
EMIAVON EVOC 1] TEPIOGOTEPWOV UIKPOTEPWOV
TpoANUAT®V TOL 1010V TUTTOV
¢ [Tapaostypo: moporyovitko
enl=n*(n-1)*(n2)*..*2*1
o AvVOOpOUIKOC OPLOUOC
0'=1 (n+1)! = (n+1) * n!
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Wl e e il e e e R S

¢ [Hopdostypo: moporyoviiko (GuVvEYELD,)
FUNC int fact (int n)

: if (n==0) return 1;
else return fact(n-1) * n;

}
TPOYPOULLY KOAEL fact (3) +  ovveyilet...
fact (3) KoAEl fact (2) EMOTPEPEL 6
fact (2) KoAel fact (1) EMGTPEPEL 2
fact (1) KoAel fact (0) EMOTPEPEL 1
fact (0) EMOTPEPEL 1
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R e e T

¢ Ap1Bpoi Fibonaccli
e =
gk = F ot s el
@ AV0OOPOUIKT] GLVAPTNGT] VITOAOYIGLLOD

FUNC int fib (int n)
{
if (n==0 OR n==1)
return n;
else
return fib(n-1) + fib(n-2) ;
}
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¢ AvTt0C 0 OVOOPOULKOC VTTOAOYIGLOC TV
aplOumv Fibonaccl dev givon amodoTikoc

fib(2)

fib(1)

ﬁb(ax)/\

fib(3)
/\ /\
fib(3) fib(2) fib(2) fib(1)

N

£ib(0)

fib(1) fib(1) fib(0) fib(1) fib(0)

2. Zdyog, N. ITaroacmopov
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_Avaopopn

N T el i O R R e A i

¢ M£EY16T0C KOWVOC O1apETNG

o AVOOPOUIKT) DAOTOTNON TOV 0AYOPiOHOV

tov EvicAeion

FUNC int ged (int i, int j)
{
if (i==0 OR j==0)
return i+j;
else if (1 > j)
return gcd (i3], J)
else
return gecd (1, J31) ;

}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Nl el i O e TR e e i T At e e, ™

¢ Xvvaptnon mopouota e tov Ackermann
Z(i, j, 0) = j+1 0=
(0. 2),=0 2(i,0,n+3) =1
z(i, j*+1, n+1) = z(i, z(i, j, n+1), n) , Vi, j, neN

FUNC int z (int i, int j, int n)
{
if (n==0) return j+1;
else if (j==0)
i1f (n==1) return 1;
else if (n==2) return O;
else return 1;
else return z(i, z(i,j-1,n), n-1);

}
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Aumﬁma owoc8p0un

FUNC int f2 (int n); // function prototype

FUNC int f1 (int n)
{
if (n==0) return 5;
else return £f1l(n-1) * £2(n-1);
}
FUNC int £2 (int n)
{
if (n==0) return 3;
else return f1l (n-1) + 2*f2 (n-1) ;
}
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Apt@unrucownokoywum ey _‘ Yy

¢ TVmoCc REAL
o TPOCEYYICELS TPUYUOTIKOV aplOUmV
» trunc: aképoio HEPOC (OmTOKOmTN)
o floor: axképaioc mov ogv vepPaivel
« round: GTPOYYVAOTTOINGT
¢ [Tapaotacn Kivntnec VTOOGTOANC
o Mantissa ko ekfétme +m- 2 X
omov 05<mM<lxow xeZn m=x=0
o TO M glval mepLoprouEVNC akpifetac,
T.Y. 8 CNUOVTIKO ynoio
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Apt@ UNTIKOL Dnokoytcum (11)

¢ AplOuntikd ceaApota
1000000 + 0.000000001 = 1000000  yiaz;
¢ Avoroapdotoaon Tov aptiumy
1000000 ~ 0.95367432 - 2 %0
0.000000001 ~ 0.53687091 - 2 9

~ 0.00000000 - 2 %0
aOpowopa  ~0.95367432 - 2
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Eupscm tsrpowoovumg plCOLQ (1)

TR e - e e R e, ™ EEEREECR . S e @

¢ Xmpic ypnon e cuvaptnons sqrt

¢ M¢cbBoooc Bapurovimv

¢ Kataypaeetal yio Tpotn @Opa oo ToV
‘Hpwva tov AAeCavoped

¢ E101kn mepintmon ¢ yevikotepns nebooov

tov Newton, yio tnv €0pecn TS PLLOC
OTOLOGONTTOTE GLUVEYOVS GLUVAPTNOEMG

fly) =0 edm: f(y) = y>—x

Y10, KATTO10 000EV X
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Evpeon terpayovikng piCog (1)

0H8p1ypa(pﬁ ™G nebooov
o Alvetail o aptBuog x>0
» 'Eotm mpooeyyion y g piCog, pe y < VX
e Eotwz=X1Yy
« To z eivar mpocéyyion e pilag, pe VX < z

o I'0 va Bpo (o KaAVTEPT TPOGEYYIOT], TOIPVE®
TO LEGO OPO TMV Y KOl Z

o EmavalopPavm 0cec popec BEA®m
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EDpSGﬂ rsrpowa)vumg plCag (111)

L T ™ TN - i e i i B T T et et e e e N

¢ Xwpig ypnon e cuvaptnong sqgrt

1 X
Yo =1 yiHZELyi-I_y_i]
¢ TMopaderyno: V37 (6.08276253)
Yo=1 y, = 6.143246
y, =19 y: = 6.083060
y, = 10.473684 Ve = 6.082763
Y, = 7.003174
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FUNC REAL sqgroot (REAL x)

{
const REAL epsilon = 0.00001; // 1lE-5

REAL old, new = 1;

do {

old = new;

new = (old + x/o0ld) / 2;
} while (NOT ( /* ovvOnkn tepuotiouod */ )) ;
return new;
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OEvakkocKuKég GUVGﬁKeg TEPUOTIGLLOD

o 2T00EPOC OP1OUOC ETOVOANYEWDV

n == 20
o Emtuync evpeon piCoc AdOoc!
new * new == x

o AOAVTN GUYKALON

abs (new * new - x) < epsilon

o XLYETIKT) GUYKALON

abs (new * new - x) / new < epsilon
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EUPSGT[ rsrpowmvmng plgag ‘, |

¢ EvoAAOKTIKEC GUVONKEC TEPUATIGLLOD

o AmoAVTN ovyKAlon kotd Cauchy
abs (new - old) < epsilon

o 2LYETIKY) GUYKALON

abs (new - old) / new < epsilon
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proovouerpu(eg vaocprncssu; a1

¢ ZVuVNUTOVO LE owémwyucx Taylor

= 1
cos( X) = .Zo (1 e
@ y10. TOV 0po e ogiktn I+1 sxouua
i X2|+2 7 i X2| X2
(-1) _ Sl S o _ .
(21 + 2)! r (20! (21 +1)(21 + 2)

¢ omote ov N = 21+1 €yovpe:

newterm = — oldterm

n(n+1)
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FUNC REAL mycos (REAL x)
{

const REAL epsilon = 1lE-5

REAL sgx = x * x, term =1, sum = 1;
intn = 1;
do {

n=n-+ 2;

term = -term * sqx / (n*(n+l));

sum = sum + term;
} while (abs(term/sum) >= epsilon) ;
return sum;
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Ano my Pazcal TN C KoL TN C++ (|) |

¢ TOmol ogoopEVOV

o AKEpOOL ap1OpOl
int char

» KabBopiouog mpoonuovenc
signed unsigned

« KaBopiopoc peyeboug
short long

o AplOpot Kyt LITOOIGTOANG
float double
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char , signed char , unsigned char

signed short int , unsigned short int

signed int , unsigned int

signed long int , unsigned long int

float
double (REAL)

long double

Me KOKKIVO YpOuo 0G0 LITOPOVV VoL TAPOAELPOOV.
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Hpéypauua Ko Dnonpoypduuaw

int main () PROGRAM example ()
{ {

fééurn 0; }
}
void p (...) PROC p (...)
e {{a755008%
int £ (...) FUNC int £ (...)
17,17 e it
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Ano ™mv azcal ot C - KO TN C++ _ (IV)

¢ AvdBeon

x += 42; X=X HA27

i %= n+l; i=1% (nt+tl);

x =y=2z=20; x =0, y=0; z =20;

y = (x = 17) + 25; Ximadil s gy - = RS2
i++; [*n*/ ++i; S B

PSR 1 % =il i =2y

qo =B Rt o A — s Tl [ | [l e L B
1 = 3; x = ++1; i =3; 1 =1+1; x = 1;
i = i++; [/ AabBog!
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Ano my Pazcal TN C KoL TN C++ (V)

¢ Bpoyog for

for (i=1; i<=10; i++) FOR (i, 1 TO 10)

for (i=8; i>=1l; i--) FOR (i, 8 DOWNTO 1)

for (i=1; i<=10; i+=2) | FOR (i, 1 TO 10

STEP 2)

// OJiapopetiko amotéleouo!

n = 3; n = 3;

for (i=1l; i<=n; i++) FOR (i, 1 TO n)
n++; n = n+l;
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o Bp()xog for

for (apywomoinomn; ocvvOnknm; Prua)
EVTOAN

s = 0;

[/ eowtepixn oniwan e uetofintns i

for (int i=1l; 1 <= 10; i++)
s += 1;

[/ mpooélte tov tereaty , (KOuuo,)

int 1, s;

for (i=1l, s=0; 1 <= 10; i++)
SiA=r1~
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X. Zéyoc, N. ITanacmopov

Ano ™mv azcal ot C - KO TN C++ ,_ (VII)

¢ ECodoc otnv 006vn ot C (ko ot C++)

#include <stdio.h>

printf ("Hello\n") ;
printf ("3d", 1i+1) ;

printf ("sd %1f", i, r);

printf ("sc", c);

printf ("354", 1i);

printf ("%5.31f", r);

printf ("%c %d %c %d\n",
s, w97 O ) adi)e:

WRITELN ("Hello") ;
WRITE (i+1) ;

WRITE (i, r):;
WRITE (c) ;

WRITE (FORM (i, 5)) ;

WRITE (FORM(xr,5,3)) ;

a 97 a 97

[Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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Ano my Pazcal TN C KoL TN C++ (V|||)

¢ Eicodoc and 10 mAnktpoArdylo otn C (ko otny C++)

#include <stdio.h>

scanf ("%d", &i);
scanf ("%$1f", &r);
= getchar() ;

12y

scanf ("%c", &c);

while (getchar()'!'='\n');

H
I

i = READ INT() ;

c = getchar();

SKIP LINE() ;

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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Ano my Pazcal TN C KoL TN C++ (IX)

¢ 'ECoooc otnv 006vn otn C++

#include <iostream>
using namespace std;

cout << "Hello\n";
[*n*/
cout << "Hello" << endl;

cout << i+l1;
cout K< 1€ V" Ll
cout << c¢;

WRITELN ("Hello") ;

WRITE (i+1) ;
WRITE (i, r):
WRITE (c) ;

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v

205



Ano my Pazcal TN C KoL TN C++ ,_ (X)

¢ Eicoooc amd 10 mAnKTpoAdylo otn C++

#include <iostream>

using namespace std;

cin >> 1;
cin >> r;

cin >> C;

[*n*/

c = cin.get() ;

cin.ignore (

i = READ INT() ;
r = READ REAL() ;
c = getchar()

SKIP LINE() ;

numeric limits<streamsize>: :max(),
'\n') ; / / tpouaxrtixo, Etol oev givai;
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e g e

@ Aclkng (pomter) M 8181)61)\/011 LLOLG

TEPLOYNS TNS UVNUNG OTov PpickeTal pia
neToPanTm
¢ [Hapdoeryua

int *p; P °

/* o dciktng p tomoBeteital va deiyvel o€

42

KOO0 akEpato LetofAnty */

*p = 42;
WRITELN (*p + 1);
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Asucrsg L (ii) |

¢ Kevog deiknc (NULL) 81611(11 TIUN OEIKTN
OV O€ Ol veL Tovbeva

¢ [Hopdoeryna

int *p; P o

p = NULL;

€ ATTOyOpEVETOL 1| TPOGTEAAGT) TNG UVIUNG
LEGM EVOC KEVOD OEIKTN
p = NULL;
WRITELN(*p); // AdaBog!
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AgiKTeg ()

e TNt e i il e i e T R T e e

Agkto00TNnoN: &
n otevbvvon pog peTaPAntge
int x =17, *p;
P = &x;
ATOOEIKTOO0TNO: *

TO TTEPLEYOLEVO LOC 01EV0VVOTC
WRITELN (*p) ; p

*p = 42;
P /

WRITELN (x) ; /
X

42
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Aeucreg KoL owoc@ecm

¢ AvdOeon osiktov P | ¢ | 42

< Pl S q . > 17

P . —| 42

w
q . 17 LETO

¢ AvaOeomn mepleyouEV®V “%
*q = *p; p - . 42

q - .42
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Hocp(xé}swuoc ueé}suagg ik

PROGRAM example ()

{ P . » 23 | x
int x = 42, y = 17;
int *p, *q; g9 ° » 425 |y
P = &X; q = &y’
*p — *p AL *q;
*q — *p *y;
q =P/
23 425

(*q)++; *p -= 3;
WRITELN (x, y);
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Hepoccmoc nocpocugrpa)v e owoc(pop(x _

FUNC int gecd (int a, int b);

PROC normalize (int &p, int &q)
{
int g = ged(p, Q)
p/=9; q/=g;
}
PROGRAM simplify fraction ()

{
int x = READ INT();
int y = READ INT() ;
normalize (x, Vy)
WRITELN (x, Vy)

}

X. Zéyoc, N. ITanacmopov

[Ipoypappotiopnoc Hiektpovikav Ymoloylot®v 212



Aeuasg owu nspacu(nog ue owoc(popoc

int ged (int a, int b);

void normalize (int *p, int *q)

{
int g = ged(*p, *qgq
*p /= g; *q /= g,

; H C dev vrootnpilet

i.nt main () TEPUGLOL LLE OLVOPOPQ!
int x, y; ,///:;;;

scanf ("%d %d", &x, &y);
normalize (&x, &y);
printf ("%d %d\n", x, y);
return O;

}

2. Za&yoc, N. ITaracmdpov 213
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Hwou(eg Kal 88u<rsg (1)

Ap1OunTIKn 0EIKTOV

int a[3] = {7, 6, 42}; 2
int *p; !
6

p = &(a[0]);

P = &a; 42 |

pi=4a,

WRITELN (*p) ; P

WRITELN (* (p+1)) ; $
7

p = pt2; 6

WRITELN (*p) ; 42
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Hwouceg Kal 5811(’[8(; (11)

[coovvapio TVEKOV Kol OEIKTMV
‘Evoc mivakog etval Evog 0€IKTNG 6TO TPMTO
OTOLYELO.
al[il] 1GOOVVOLO UE * (a+1i)
O1 tivakeg oumg etvon 6tabepot ogiKTeEC,
ONAOOT] OEV UTOPOVV VO AAAACOVY TIUN

int a[3] = {7, 6, 42};
int *p = &a;
p++; /* owoto */

a++; /* laboc! */
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Hwouceg Kal 5811(’[8(; (111)

2vuPoAocelpéc

char a[l5] = "Hello world!", b[1l5];
// a[l2] == '\O'

void strcpy (char *t, char *s)

{
while ((*t++ = *s++) !'= '\0');
}
int main ()
{

strcpy (b, a);
printf ("$s\n", a);
return O;

}
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Hwouceg Kal 5811(’[8(; (V)

Extdnmwon cvuPorocelpig
void putchar (char c);

void puts (char *p)

{
while (*p !'= '\0') putchar (*p++) ;
}
int main ()
{
char s[] = "Hello world!'\n";
puts (s) ;
return O;
}
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Ensﬁepyamamtua\/ov _‘ Yy

¢ AvdPacuo Ko emeCepyocio OAOV TOV
YOPOKTN POV TNS EIGOO00V, T.Y. LETPTUOL
int n = 0;
while (getchar () !'= EOF) n++;

printf ("$d characters were read.\n", n);

¢ H tiun EOF onuaivel 1o T€A0G TS E16000V
(Ctrl-Dn Ctrl-2Z amd 10 TANKTIPOAOY1O)
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¢ I1.y. aviiypaen g 10000V 6TV 85;080

while (true) {
int ¢ = getchar() ;
if (c == EOF) break;
putchar (c) ;
}
¢ H 1y EOF mpémel va avatedel og petafAnt

int, 0yt char! Icoovvapua:
int c;

while ((c = getchar()) '= EOF)
putchar (c) ;
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OAtdBaGuoc Ko 8n8§8pya0ioc OA®V TOV
AKEPULOV TNC E10000V, T.Y. ABpoion

int i, sum = 0O;

while (true) {
if (scanf("%d", &i) !'= 1) break;
sum += 1;

}
¢ H scanf smotpépel 1o mAnbog tawv
otolyEimv mov owPdotnkay. Isoovvaua:

int i, sum = 0;

while (scanf("%d", &i) == 1) sum += 1i;
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OHapéLstu(x ]2 npéypauua TOV

o Ol0PACEL EVa KEILEVO OO TNV E1GO00
o LETPAEL TOV OPLOUO TOV YOPUKTPWOV KO TOV
aplOUo TOV YPOLUDV
o VTTOAOYICEL TO LEGO OPO UNKOVC YPOLLUNG
¢ Metpdue o ' \n' Kol TOVS VITOAOITOVS
YOPOKTIPEG
¢ EAEyyovpue yio t€A0C €16600V (EOF)
¢ 10 t0 HEGO Opo, KAvovuE OloipeEST!
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Eneiepyamalcetuavov R )

¢ IHapdostypo 1
int lines = 0, chars = 0;
while (true) {
int ¢ = getchar();
if (c == EOF) break;
if (¢ == '\n') lines++; else chars++;

}

printf ("%d lines were read\n", lines);

if (lines > 0)

printf ("$% acters per line\n",
1.0 * chars|/ lines):;

¢ KaAvtepa: (double) chars  HETOTPOTN THTOL
(type cast)
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OHapéLstu(x 24 npéypauua TOV

o O10PACEL EVa KELLEVO OO TNV EIGOO0

o UETPAEL TOV OPIOUO TOV YOPOUKTPOV, TOV
AECEMV KOL TOV YPOLUDV

¢ T1 onuaivel «AEEN; Ao00oyIKa yYpaupoto:!

€ 20uvapTNoT™ Y10 TOV EVIOTIGLO YPOUULATOV

FUNC bool isletter (char c)
{

return ¢ >= 'a' AND c¢c <= 'z'
OR ¢ > 'A' AND ¢ <= 'Z':
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OHocpécSStyu(x 2

int ¢, lines = 0, chars = 0, words = 0O;

= getchar() ;
while (c !'= EOF)
if (isletter(c)) { words++;
do { chars++; ¢ = getchar();, }
while (isletter(c)):;
}
else { chars++;
if (¢ == '\n') lines++;
= getchar() ;
}

¢ Eyovpue owaPacet Eva yopaKtpo «UTpocTo»!
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OHapéLstu(x 34 npéypauua TOV

o O10PACEL EVa KELLEVO OO TNV EIGOO0

o UETPAEL TIC GLYVOTNTEC EUPAVIONC AECE®V
ue unkoc amo 1 peyxpt 20 ypaupoto
¢ Métpnon unkovg AEENG
¢ Metpntéc AéCemv ava unkog: mivakoc!
¢ Eow o¢ yperaletarl va acyoAnbovue pe tic
AAAOLYEC YPOULU®V!
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OH(xpéchwu(x 3
int 1, ¢, freq[21];
FOR (i, 1 TO 20) freqgq[i] = O;

= getchar () ;
while (c !'= EOF)

if (isletter(c)) {
int n = 0;
do { nt+; ¢ = getchar(), }
while (isletter(c)):;
if (n <= 20) freqg[n]++;

}

else c = getchar() ;
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Eneiepyama Ketuevov

¢ Ilopdocrypa 3 (cuveyeln)
FOR (i, 1 TO 20)

printf ("%4d words of length %2d\n",

freq[i], 1);

¢ Metatpomn KEQOAULOV YPOUUATOV GE TECH

FUNC char tolower (char ch)

{
if (ch > 'A' AND ch <= 'Z'")
return ch - 'A' + 'a';
else
return ch;
}

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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OHapéLstu(x 4: npéypauua TOV
o O10PACEL EVa KELLEVO OO TNV EIGOO0

o YPAPEL TOVC YOPUKTNPESC KAOE YPOLLUNG
AVTIGTPOPU

¢ Amonkevon ToVv yopaKINpoV Ko
YPOLUNG: TIvaKoG!

¢ [IpEnel va vmobEcovue Eva LEYIGTO UNKOC
YPOUUNC — Oa ETPETE VAL KAVOVUE EAEYYO
vrEpPaocns tov!
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OHapéLSewua 4

const int MAX = 80;
int 1, ¢, line[MAX];

while ((c =
int n = 0;
while (c '= '\n') {
line[n++] = c¢; c = getchar()

getchar()) !'= EOF) {

}

FOR (i, n-1 DOWNTO 0O) putchar(line[i]);
putchar('\n') ;

}
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OEUpacm ELPAVIONC kaﬁng -KAELO10V

[/ M AEEN-KAEWL ExEL 3 YOPOUKTIPES

FOR (j, 0 TO 2) key[]] = getchar();

// éot® i TO UNKOG ™G YPOUUNG
FOR (k, 0 TO i-3)

if (line[k] == key|[O]
AND line[k+1l] == key[1]
AND linel[k+2] == key[2])

WRITELN ("keyword found!") ;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv

230



£ e e el il e e SR A

¢ Llivokec yapaktnpwv char []
® AgIKTEC GE YOPAKTIPOL char *

® Tekewovouv pe 1o yopaktinpo ' \O'
¢ [Hapdoeryua
char name[30];
printf ("What’s your name?\n");
scanf ("%$s", name) ;

printf ("Hi %s, how are you?\n", name);

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Zvuﬁokocetpeg T e T _ v

¢ XpNoUEC GLVOPTNCELG BLBMOOnKng
#include <string.h>
¢ Metpnon unkouc: strlen

printf ("Your name has %d letters.\n",
strlen (name)) ;

¢ AeCIKOYpOPIKN CVYKPLON: strcmp
if (strcmp(name, "John") == 0)

printf ("I knew you were John!\n");

QQUiZZ strcmp ("ding", "dong") == ?
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_2vpPorooelpeg

R e e Rl e T B R i e o i ki ™

¢ Avtrypoon: strcpy
char a[l0];
strcpy(a, "ding") ;
a[l] = 'o';
printf ("$s\n", a); // dong

@ 2vuveEvoon: strcat
char a[l0] = "abec";
strcat(a, "def");
printf ("$s\n", a); // abcdef

3. Zéayoc, N. Homacmdpov Tpoypappaticuoc Hektpovikdv YToloyiotdv 233



S e e e e W T e e

¢ [IpoPAnua: va avaotataybovv ta gToryEld
EVOC TIVOKO, OKEPOLMV GE OOEOVON GEPQL

¢ Mo a7t TIC GNUOVTIKOTEPES EQPAPLOYEC TOV
NAEKTPOVIK®OV DTTOAOYIGTMOV

¢ Booikn otaoikacio: evaiioyn TiLoV

PROC swap (int &x, int &y)
{

int save;
save = X; X =y, y = save;
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ZUprmKeg Ma@oﬁolTaéwouncng i

* AvmiperaOeon kabe (evyovg oToryelmVv EKTOG OLATACNG

(bubble sort).

* Ewayoyn ototyciov 6e katdAAnAn BEon taStvounuévou
mivako (insertion sort).

* Emloyn peyoAdtepov oto1yeiov ko TomofETnon 6to
téAo¢ (selection sort, heapsort).

* 2VYYOVELGT TASIVOUNUEVOV TIVAK®V :
Awaipeon ot péon, tavouneon, cvyymvevon (mergesort).

* Awipeon 6e LIKPOTEPO KO LEYOAVTEPO OTTO
oTolEl0-OloY®mPLopov Kot tastvounon (quicksort).
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dlagwounon ~ya e 7o N

@ M£Booog ¢ (pucoch8ag (bubble Sort)

FOR (i, 0 TO n-2)
FOR (j, n-2 DOWNTO i)
if (a[j] > a[3j+1])
swap(a[j]l, a[j+1]);

¢ ITAN00¢ cuykpioewv
(n-1)+(n-2)+..+2+1 =n(n-1)/2
Meroincap n°. - =5 0(n%)
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| Tou‘.iwo pmon

¢ [Topaoderypo ektELEONC (n = 7)

input:

12498675

1249865 7
12498567
12495 867
12459867
12459867
41259867

45126978
45126798
45126 798
45612798

41259867
412596 87
41256 987
41256987
45126987

45612789
45612789
45671289

45671289
45678129

45678912

2. Za&yoc, N. ITaracmdpov
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Tacwopmon T L

¢ BeAtioon ue €leyyo 8\/00\%(170)\/

FOR (1, 0 TO n-2) {
bool swaps = false;
FOR (j, n-2 DOWNTO 1i)
if (a[j] > alj+1]) {
swaps = true;
} swap (a[j], a[j+1]);
if (NOT swaps) break;

}

¢ 21NV KOADTEPT TEPITTMGT ATAULTOVVTOL
O(n) ovykpioceic, otn yepdtepn O(N?)
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¢ Ta&vounon ue slooymyn (msertlon sort)

FOR (i, 1 TO n-1) {
int x = a[i], jJ = 1;
while (j > 0 AND a[j-1] > x) {
aljl = a[j-11; J = j-1;
}
aljl = x;

}
¢ I1An0oc cuykpicemv;
e taEnc tov n? = O(n?)
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OT(x&w()pmcm LLE smkoyn (Selectlon Sort)

FOR (i, 0 TO n-2) {
int minj = 1;
FOR (j, i+l TO n-1)
if (a[j] < a[minj]) minj
swap (a[i], a[minj]);

5 |-
}

¢ I1An0oc cuykpicemv;
e taEnc tov n? = O(n?)
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OTaﬁwow]cm LLE CLYYMDVELO (merge Sort)
o Alop® TNV okoA0LOI TOV aplOUOV GE 0VO
pepn
o Mg avaOpOUIKEC KANGELS, TOASIVOUM TOL OVO
LEPN aveCAPTNTOL
o XVYY®OVEL® TOL OVO TOEIVOUNUEVH LLEPT

€ 21N YE1POTEPN TEPITTOGCT UTAULTOVVIOUL
O(n log n) ovykpicelc
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LS “EW Rl e el il e T e e

¢ Tacivounon pe cuyymvevon

PROC mergesort (int a[], int first,
int last)

{
int mid;
if (first >= last) return;

mid = (first + last) / 2;
mergesort(a, first, mid);
mergesort(a, mid+l, last);
merge (a, first, mid, last);
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¢ 2vyymvevon

PROC merge (int a[], int first,
int mid, int last)

{
int b[last-first+l];

int i = first, j = mid+1l, k = 0O;
while (i <= mid AND j <= last)

if (a[i] < a[]]) b[k++] = a[i++];
else b[k++] = a[J++];
while (i <= mid) b[k++] = a[i++];
while (j <= last) Db[k++] = a[j++];

FOR (i, 0 TO k-1) a[first+i] = b[i];
}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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OT(x&wouncm LLE GLYYMVELGT) (Sla(poparuc(x)

PROC mergesort (int n, int *a)
{

int mid;

if (n <= 1) return;

mid = n/2;

mergesort (mid, a);
mergesort (n-mid, a+mid) ;
merge (a, a+mid, a+n);
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ocwounon a2 a8 e

¢ 2Zvywvevon (61a(poparu<a)
PROC merge (int *first, int *mid,

: int *last)
int b[last-first];
int *i = first, *jJ = mid, *k = b;
while (i < mid AND j < last)
af s (*1-<i*ry)y  kkido= Fickl:
else *k++ = *J++;
while (i < mid) *k++ = *i++;
while (j < last) *k++ = *j++;

i = first; jJ = b;
while (J < k) *i++ = *j++;
}
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Hacwvounon v 200 o BRI

¢ Tocivounon ue Slocusptcm (qUICk Sort)

PROC quicksort (int a[], int first,
int last)

{

int 1i;
if (first >= last) return;

1 = partition(a, first, last);
quicksort(a, first, 1i);
quicksort(a, i+l, last);
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OAt(xusptcm (partltlon)

FUNC int partition (int a[], int first,
int last)
{ // emioyn evog aroiyeiov
int x al[ (first + last)/2];
int 1 first, j = last;

while (true) {
while (a[i] < x) i++;
while (x < a[j]) J—--;
if (1 >= j) break;
swap(al[i], al[jl); i++; J—-;
}

return j;

}
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| Toccﬁwo Hmon

¢ 2¢ kB Pnua g 81au8p10nc_;

swap(af[i], a

<X |2X <xX| 2X
Fyrst .1 — ey last
¢ Meta ) owopuepion
<x <xX| | 2x >X
ffrst Falla lasT
uepog 1 HEPOC 2 -

2. Zdyog, N. ITaroacmopov
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007101008117[01:8 a?wopte LLOG ra&wo unong n
aplBumv ypetaleton TovAdytotov O(n log n)

GVYKPIGELC
1 < Zo

//\

Ty < T3 Ty < X3

/\ /\
L1,T2,T3 r1 << T3 1 < I3 Ly, Lo, Tq

/\ /\

L1,23, T2 L3,&L1, T2 L2, L1, T3 Lo, T3,%1
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¢ Eion opBotnroc
o XUVTOKTIKY
o Nonuotikn
o LTNUOCLOAOYIK)
¢ 2Znuoctoloyikny opfoTnTa EAEYYETOL:
o LE dokiuéc (testing)
o UE pOOMUaTIKY ETOANOELON
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¢ [Topdoerypa: ebpeomn yivoueEVov

FUNC int mult (int x, int y)
{

T fugtn RIS 1) G
FOR (1, 1 TO x) z = z+y;
return z;

}
¢ loyvpiopoc:

« H cuvaptnon vroroyiCel 10 yivOUEVO OVO
QLOIKOV aPLOU®V X Ko Y

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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R e e il e O e TR - RS, R % e A i,

¢ Evtomiouoc onueiowv omov Ba ypapovv

BePBoumoerg
FUNC int mult (int x, int y)
{
int 1, /*1*/ z = 0; /*2*/
FOR (i, 1 TO x)
[*3*/ z = z+y [*4*%/;
/*5*/ return z;
}

¢ Koataypaen OA®V TV OuVOTOV
TPOTTOV PONG EAEYYOV

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ BePawwoeic

/*1 — BeBaimon e16660v: X >0,y >0 */
-
[*2.Xx>20,y>0,2z=0*/
FOR (i, 1 TO x)
/ *3 — AvoAiroiotn Bpoyov:
X>20,y20,1<x,z=y*(I-1) */ l
zZ = z+y e
[*4 . x>20,y>0,z=y*1*/ ;
/*5 — Befaioon e€660v: X >0,y >0,z=y * x */ e |
return z;

¢ EnoAnbevon: yio kdBe ovvatod TpOTO poNG
152253 25518 5dia- e 55
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OH(xpochwu(x Unokoywpog Suvocung LLE
emavolapfavopevo tetpoyoviouo (Gauss)

FUNC REAL power (REAL y, int j)
{
/*1*/ REAL x=y, z; int i=j; /*2*/
if (i<0) { /*3*/ x=1/x; i=abs(i); }
[*4*/ z=1;
while (i>0) {
/*5*/ if (1%2 '= 0) z=z*x;
/*6*/ x=x*x; i=i/2; [/*7*/
}

/*8*/ return z;
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¢ Pon eA&yyov

¢ BePaiwoels
/*1 — BeBoioon i06dov: REAL Y, intj */
[*2:X=Yy,1=]*/
/*3:i<0*/
/*4:i>0,yl=x*/
/ *5 — Avadhoiotn Bpdyov: 1 >0, yl =z * x! *x/
/*6:1>0, y=z*X avidprtog,
yl =z * x"av i meprrtog */
/*7:yj:z*xi*/
/*8 — BePainon e£680v: yl =z */

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ Mepikn opBotnto (partial correctness)

o OV TO TTPOYPOLLLLO GTOUOTNCEL,
10TE TO amoTEAEca Ba givar 0pOo

¢ O\kn opBOTNTOL (total correctness)

o TO TPOYPOLLLO B0l CTOLOTNGEL
Ko T0 ommoteEAes o Oa etvar 0pHo
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Texvokoywckoywumov

¢ Software engineering

¢ AvamTuEn AOYIGLLKOU TTOV VO, ECOCPAAILEL:
o TOPAOOGT LEGH GE TPOOLAYEYPOLLUEVOL
YPOVIKA OplaL
o KOOTOC LEGO GE TPOOTAYEYPAUULEVO 0Pl
o KOAN TO10TNTA
o OCLOTIOTIO

e OLVOTT KO Ol OOTOVIIPT) GLVINPNON

¢ MovtEla KOKAOL CmNC AOYIGUUKOD
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Movrs?»o TOV Kocwppocmn

£ T

Anaitioelg and
TO oUOTNUA

AmntaiThoselg anéd
TO AOYLOMLKO

NMpoKaTApKTLKN
oxedlaon

Anacrfisels ané 1
To oloTn
i \ Emuripmon \
Enuaipuwon A "
TO AMYIOpLIKS
Enuaipoon \
Mpoxaraperikd m
XeSlaon
AEMTOPEPNG v
oxedlaon
EnainBeuon \
. Kiadi koMol Ihon KkaL ¥
Enl kkaBaplon
AaBdv Eier 4Bug
KUPWU I I HXOG BV \
Zuvevion V1
Enaindsuon \
EAEYXOSG VL3 vII
POAELTOUD YL
EAYXOG OUCTRHOTOS \
Aeitoupyla kat VIII
ouvTiipnen
n l‘l ENavEnIKOpwon

AsniTopepiic
oxedlaon

IV

EnaArBsuon K

X. Zéyoc, N. ITanacmopov
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Kwdikonolnon kal

£KkaBaplon
AaBuv N ,
EAsyxoq povadag c cosen)
Anauthocig and n
\ Emukugxaon \
Zu vév w an H::;n:lp(nnq m
~
\ EnahiBeuan \
‘tso‘w Eheyxoq povadag \
EAcyXoc nia i)
npoAeltToupyla e
\ EIyxes ousThpaTog \
EAeYX0C OUCTHMATOG foen o

AeilToupyla kKat
ouvTiipnon

Enavermkupwon
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OAoun (Struct) BOw] HEVN uewB?mm OV
amoteAEiTOn o TANO0C EMUEPOVC
LETOPANTOV TOAVOS OLUPOPETIKMOV TUTMV

® O1 emuéEpovg LeETOPANTEC AEYOVTOL TEOLOL
KO PEPOVV CEYMPIGTA OVOLLOTO

¢ 20vTadn

struct_def

: declarator type >
% struc t} identifier @ %
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¢ [Hapdoeryna

struct student t {
char firstName[20] ;
char lastName[30];
int class, room;
int grade[l5];

¥

struct student_t S ;

s.class = 3;
WRITELN (s.firstName,

T T T e T e

firstName

lastName

class

room

grade[O0]
grade[1]

grade[14]

s.lastName) ;

X. Zéyoc, N. ITanacmopov [Ipoypappotiopnoc Hiektpovikav Ymoloylot®v
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OHapaﬁswua HEGOC OPOC Ba@pokoylac_;

FUNC REAL average (struct student t s)

{
REAL sum = 0.0;

int 1i;

FOR (i, 0 TO 14) sum += s.grade[i];
return sum / 15;
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Aopéc pécacedopss  (Iv)

struct date t {
int day, month, year;

} i
typedef struct date t date;

struct student t {
date birthDate;

};

WRITELN (s.birthDate.day, "/",
s.birthDate.month, "/",

s.birthDate.year) ;
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nyoc8u<010tp16u01

struct complex t { REAL re, im; };
typedef struct complex t complex;

FUNC complex cMult (complex x, complex y)
{

complex result;
result.re = x.re*y.re-x.im*y.im;

result.im = x.re*y.im+x.im* y.re;
return result;

}

FUNC REAL cNorm (complex x)
{

}

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 264
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Evooelc

¢'Evoon (union): 6mme n doun aAld Lovo Eva
oo To TEdio ypnotuomoleiton Kabe otryun!
¢ [Hopdoeryna
union number t { int i; REAL r; };

union number t n;

it = 1
R s AR
printf ("$1£f\n", n.r); r

n.i = 42;
printf ("%d\n", n.i);

printf ("%$1£f\n", n.r); /* Laboc! */
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¢ Apyeio (file): amoteheiton amd

o uetaPAntod mAnboc croryeimv
o OTTOOMKELVUEVOV TO EVOL LETA TO AAAO
o GLVNOWMC OTNV TEPLPEPELAKT LLVTUN
(1.¥. 0TO 01OKO)
o €V YEVEL TEPIEYEL OVOOIKA dedoueva (binary)
o E01KT TEPIMTMOT: APYEI0 KELWUEVOL
¢ [opdoerypa
#include <stdio.h>
FILE *f;
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¢ Avorypo Kol KAEIGIUO opyEIOV
fopen

fclose

¢ AdBacuo Ko ypoyiuo

fputc
fputs
fprintf

fwrite

fgetc AOPOKTHPES
fgets oVUPOLOTEIPES
fscanf OTIONTIOTE
fread axolovbicc byte

¢ Eleyyoc t€Aovc apyeiov

feof

2. Za&yoc, N. ITaracmdpov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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Apxsux Ksmevm)cmC _‘ Yy

¢ [Topdocrypa: pEtpnon aplepou YPOLLLOV
KO YOPOKTI POV TOAADV OPYEI®V TOV
OVOLLACOVTOL OTN VPO EVIOAMYV

#include <stdio.h>

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

{
int 1i;
for (i=1; i<argc; i++)
[/ emelepyooio tov opyeiov argv[i]
return O;

}
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OHapéLSmyu(x (Guvéxsux)

// emelepyaaio tov apyeiov argv[i]

FILE *f;
int chars = 0, lines = 0, c;

if ((f = fopen(argv[i], "rt")) ==
return 1;

while ((c = fgetc(f)) !'= EOF) {
chars++;
if (¢ == '\n') lines++;

}

fclose (£f) ;

printf ("%d chars, %d lines, %s\n",

chars, lines, argv[i]);

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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AUOLSLKOL xsux o) C )

OHapOLBSWI,L(x CVTLY PO 81)0(811(0)\/ APYELDV

#include <stdio.h>

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

{

FILE *fin, *fout;

fin = fopen(argv[l], "rb");
if (fin == NULL) return 1;

fout = fopen(argv([2], "wb") ;
if (fout == NULL) return 2;

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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AUOLESLKOL xetoc TN C (ii) |

g Hapc’xﬁsw ua (ocvveyeln)

while (!feof(fin)) ({
unsigned char buffer[1000];

unsigned int count;

count = fread(buffer, 1, 1000, fin);
fwrite (buffer, 1, count, fout);

}

fclose (fin) ;
fclose (fout) ;

return 0;
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¢ Kootoc e ektéAeonc evoc aAyopiBpov mov
EMIADVEL KATO10 TPOPAN LA, GLVOPTI|CEL TOV
neyEBove Tov TPoPANUOTOC
o YPOVOGC: aPLOUOC VTOAOYIGTIK®OV PUATOV
o YOPOC: OTTALTOVUEVO HEYEDOC Lvnung
¢ 2VVOPTNOELC TOAVTAOKOTNTOG

o BeTIKEC KO AVEOVOEG
em.y. f(nNy=n(n-1)/2
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| Hokvnk()l(ornw | e ,_ v

¢® Avo epayua: O
O(f)=9{g|3c. IAn,. ¥n>n,. g(n) <cf(n)}
¢® Katow ppayua: €2
Q(f)={g|3c. In, Vn>n,. g(n)>cf(n)}
¢ Tdacn peyeboue: O
O(f)={9|3dc,, C,. In,. ¥Nn>n,
c,<g(m)/f(n)<c,}

o I'pdpovue g=0O(Tf) avti g € O(f)
o Y. 5N+ 4n—2nlogn + 7 = O(n?)
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L T ™ TN T e gl s e N

O(1) < O(log*n) < O(Iogn) < O(\/n)
< O(n) < O(n logn)
< O(n%) < O(n?log°n)
< O(n®) < ... < Poly
< 0O(2") < O(n!) <O(nM)
2202w i
Poly = noW

2
2/n 1 vrepekfetikn cuvapmon: 22° (n eopéc)
kot log*n n avtiotpoen g
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¢ Last In First Out (LIFO)
0,T1 umaivel teAevtato, Pyaivel Tpmto

«— Kopvor| (top)

«— Badon

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 2175



¢ APnpNUEVOC TOUTTOC OEOOUEVMV
« stack: vAomolel ™ otoiPa (axepainwv aplOumv)

o OpiCovton o1 amopaitnTeC TPACELS:
e (stack) onuovpyei Lo dosto 6ToiPa

s empty eAEYYEL OV L 6ToiPa gtval dogla
* push TPOGONKN 6TOLYEIOL GTNV KOPLON
* pop aQOIPECT GTOLYXELOV ATTO TNV KOPLOT

e O TpOMTOC VAOTOINONC TOV TOPUTAVE®D OEV
EVOLAPEPEL LTOVE TTOL Dol TOL ¥ PNGLUOTOIGOVY

o TEt0O101 TOMOL AEyovTal agpnpnuevol (ATA)

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 2176



¢ Avtikeipeva (objects) otn C++
Y Aomoinon otoiPoc pe mivakao
class stack {

ublic:
stack ()4”‘///’

Kataokgvootng (constructor)

bool empty () :
void puzhy(int x) ; puébosdot (methods)
int pop ()’ 3

private: ; ]
const int size = 100; nedio (fields)
int data[size]; OTt®¢ 670 Struct
int top; i

}
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[ . R e N N Se L Bl e e L e N Al e e,

¢ [Hapdoerypo ypnong
PROGRAM stack demo ()
{

stack s; // koaleiton o katookevaoTng
int 1i;

FOR (i, 1 TO 10) s.push(i);

while (!s.empty())
WRITELN (s.pop()) ;
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¢ Kataokevn aosog otoipog

stack: :stack ()

{
top = 0;

}

¢ Eleyyoc av o otoiPa givarl aosio

bool stack: :empty ()
{

return top == 0O;

}
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¢ [IpocOnkn otoryeiov

void stack::push (int x)

{
data[top++] = x;

}
€ AQOipeCT) OTOLYEIOV

int stack::pop ()
{

return data[--top];

}
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Awyeiponmepvipng - (1)

@ 2TOTIKEC LETAPANTEC: YEVIKEC 1 TOTIKEC

e 0 YOPOC GTN Uynun 0mov tomofeTovvTon
OECUEVETOL KAOE POPA TOL KOAEITOL T
EVOTNTO OTTOL ONAMVOVTOL KO
OTTOOEGUEVETAL OTO TEAOG TNG KANGTG

@ AvvouikeG HETOPANTES
o 0 YOPOC GTN UVNUN 0oV ToTOBETOVVTOUN
OECUEVETON KOl OTTOOECUEVETOL OVVOLLLLKAL,
ONAOOT LE GPPOVTION TOV TPOYPOLLLATIOTT
e 1 TPOGTEAOCT) GE OVVOUIKES LETOPANTEC
yivetal ue tn ypnon oty (pointers)
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¢ Mg 1 Boﬁ@sm TOV 81)vocuu<0’)v uetapintov
VAOTO1I0VVTOL OVVAUIKOL TUTTOL OEOOUEVOV

o GLVOEOEUEVEC MOTEC,
o 0EVTPU, YPAQOL, K.AT.
¢ [TAcovekTpoTo TOV OLVAUIKOV TOTOV

o UTOPOVV VO TEPLEXOVV OTTEPTIOPIGTO TANOOC
otovyeimv (av to emitpEmel | obEGIUN Lvnun)

o KATOLEC TPACEIS VAOTOLOVVTOL OTTOOOTIKOTEPO,
(.. TPOGONKN Kol OLoypapr) CTOLYELMV GE
evolaueon BEon)

282
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Auvoc umnnocpocxoopn p,wn e i

¢ Aéopevon (C++)
o ONUIOVPYIO LULOC VEUC OVVOLIKNG LETAPANTNG

int *p;

p [
p = new 1int;
¢ AmooEopevon
o KOTOGTPOPT UIOG OVVOUIKNG UETAPANTNG
delete p;
p [
\x/
L
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Auvauum napaxoopncmuvnung (II) Yy

¢ Acougovon

o ONUIOVPYIa TTivako LETAPBANTOD peyEOovC

int *p, n;

p °

n = 3;

p = new int[n];
[/ av oev vmapyel apkeTy UVHUYN, TPOKDTTEL ECAIPECH

// o€ ovto 1o uabnuao os Bo uiinoooue yio eCoupéoeic oty C++

¢ AmooEopevon
delete [] p-
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| Avvoc uum nocpocxo)pn on uvn Hme h | |)

¢ Acopevon kot anooécsugvon o C
#include <stdlib.h> p = new int[42];

int *p; delete [] p:

p = (int *) malloc (42 * sizeof (int));
if (p == NULL) ({
printf ("Out of memory'\n") ;
exit(1l) ;
}

free (p) ;
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ZDVOS’ESQ SUV(xmng uawﬁ?mrsg _‘ Yy

¢ Ilapdoeryua

struct thing {
int num;
int *ptr;
};
// oe C++ aprel thing avii struct thing
thing *p;

p = new thing; P . 49
p->num = 42; .
p->ptr = NULL; =

p->something 1coovvauo e (*p) .something
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OHapéLSmyu(x (GDVéXSlOL)

q =P/ P . 3 42
g->num = 563; o 1
g->ptr = new int;
* (g->ptr) = 127;
q--pP \
delete p; P ) \ 5 SO
q ®
EEKPEUAOTOL OETKTEG! J £
ckovrioln!

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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21)V6888p8veg MGTSQ

¢ Etvor ypo ke o1atdEels
¢ Kabe xouPoc mepreyet:
o KOO0l TAN|POPOPIQ
o £VO GOVOEGO GTOV EMOUEVO KOUPBO

¢ O teAdevtaiog KOUPOC £xEL KEVO GUVOEGLLO
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Zl)vSeBsueveg Mmsg

¢ EvkoAotepn mpocOnkn otoryEimv

o TIPLV

o UETA
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21)V6888p8veg MGTSQ

¢ EvkoAOTepN Oorypoup1] oToLyEI®V

o TIPLV

o UETA
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ZDVSSBEHS\/SQ MGTSQ _ Yy

¢ Tumog kOuPov cuvoedeEVNC Mcwc_;

struct node {
int info;
node *next; ——— OVTOOVAPOPA.!

} i
@ Mo GLVOEOENEVT] AlOTOL TOPIGTAVETON
ovvNOmC LE EVa OETKTN GTO TPMOTO TNG
OTOLYELD

node *head;
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ZDVSSBEMS\/SQ MGTSQ Yy

¢ [Hapdosrypo KaTaoKeELNE MOTOC

FUNC node* readListReversed ()

{
node *head = NULL, *n;
int data;

while (scanf ("%d", &data) == 1) {
n = new node;
n->info
n->next
head =
}

return head;
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ZDVSSBEHS\/SQ Mmeg ‘ Yy

¢ Extonoon Alotog

PROC print (node *p)

{
while (p !'= NULL) {
WRITELN (p->info) ;
p = p—->next;
}
}

¢ [oodvvaua (yio va pun «yoabei» n apyn p):
node *q;

for (q = p; g '= NULL; q = g->next)
WRITELN (g->info) ;
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ZDVSSBSMS\/SQ MGTSQ J

¢ Extonoon Alotog ue 0w0c6po un

PROC print (node *p)
{
if (p !'= NULL) { WRITELN (p->info) ;
print (p->next) ;

}
}

¢ Extonomon Alotog avTticoTpo@a LE avaopOouUn

PROC printBack (node *p)
{
if (p != NULL) { printBack (p->next);
WRITELN (p->info) ;

}
}
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ZIOLBSQ (iavoc) ( )

Wl e el T e i o e e s S [ T e e i T T

¢ Y Aomoinomn e omAd GUV6888u8vn AloTol

y
7

/
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OYkonomGn LLE omkoc GUV5858M8VT| Mcw

class stack {

public:
stack () 1 A !
i ey ; 1ot OT®we P!

void push (int x);
int pop ()
private:
struct node {
int info;
node *next;

};

node *head;
};

2. Za&yoc, N. ITaracmdpov
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e it )1

= W e e e e W T At e e, ™

¢ Kataokevn aosog otoipog

stack: :stack ()

{
head = NULL;

}

¢ Eleyyoc av o otoiPa givarl aosio

bool stack: :empty ()

{
return head == NULL;

}
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2t0ifPeg

= Nl el i O e TR e e i R gy i

¢ [IpocOnkn otoryeiov

void stack::push (int x)

{

node *p
p->info
p—->next

head = p;

2. Za&yoc, N. ITaracmdpov

new node;
X/,
head;

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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X10ipeg Gt 1210

—_— T e e e e e R ey e e

¢ AQUipeEST OTOLYELOV

int stack::pop ()

{
node *p = head;
int result = head->info;
head = head->next;
delete p;
return result;
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= e e e e e W A ety o}

¢ [Hapdoerypo ypnong
PROGRAM stack demo ()
{
stack s; // koaleiton o katookevaoTng
int 1i;

FOR (i, 1 TO 10) s.push(i);

while (!s.empty())
WRITELN (s.pop()) ; Agv Al ace

} timota!
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¢ First In First Out (FIFO)
0,Tl UTOUVEL TPOTO, Pyaivel TPOTO

L ?QQQQ Q? 4-1

UTPOCTA
(front)

oW
(rear)

ovpa
(tail)

KEQOAN
(head)
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€ ApnpnUEVOC TOTTOC OEOOUEVIV
o OpiCetal 0 TOMOC queue MOV VAOTOLEL
TV ovpa (akepaimv apiumv)
o OpiCovton o1 amapaitnTeg TPAEELC:
* (queue) oONuUOVPYEL LI GO OVPA
s empty EAEYYEL OV L0 OVPA Elva AOELL
 enqueue nPOcHNKN 6TOLYEIOV GTO TELOG

« dequeue agaipeon cToryEiov omd TV apyn
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. R e e L~ i e e R e

¢ Y Aomoinomn 1e oAl GUVOEOEUEVT) AloTO

front rear
/

2,
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¢ Y omoinon ue amAd cuvoedeuEVN AGTO!
class queue {
public:
queue () ;
bool empty () ;

void enqueue (int x) ;
int dequeue ()

private:
struct node {
int info;
node *next;
Ee
node *front, *rear;

};

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 304




¢ Kataokeovn aogog ovpog

queue: :queue ()
{

front = rear = NULL;

}

¢ Eleyyoc av o ovpd givarl aosio
bool queue: :empty ()

{
return front == NULL;

}

2. Za&yoc, N. ITaracmdpov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ [IpocOnkn otoryeiov

enqueue (int x)

void queue: :
{
node *p =
p->info =
p->next =
i1f (front
front =
else

new node;
X/

NULL;

== NULL)
P

rear->next = p;

rear = p;

2. Za&yoc, N. ITaracmdpov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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¢ AQUipeEST OTOLYELOV

int queue: :dequeue ()
{

node *p = front;
int result = front->info;
if (front == rear)

rear = NULL;
front = front->next;
delete p;
return result;
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paumK Aotsga o i ) .

struct node {
int info;
node *next;
} s
typedef node *list;
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TpoppkégMoteg (1)

OEwow(Dyﬁ OTO TENOC O(n)
PROC insertAtRear (list &1, int data)
{

node *p, *q;

p = new node;
p->info = data; p->next = NULL;
if (1 == NULL) 1 = p;
else { g =1;

while (g->next !'= NULL)

q = g->next;
g->next = p;
}
}
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TpoppikégMoteg ()

OEwow(Dyn LETE, TOV Kouﬁo P O(1)
PROC insertAfter (node *p, int data)
{

if (p '= NULL) {
node *q = new node;
g->info = data;
g->next p->next;

1
p->next = q; ;
) X
} p
Nt/
NI
. I T4
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TpoppikégMoteg (V)

OAlowpoc(pn ToLv KOuPov et tovp  O(1)
PROC deleteAfter (node *p)

{
if (p != NULL AND p->next !=NULL) ({
node *gq = p->next;
p->next = g->next;
delete qg;
}
}
| q
N A\
NN
, “%Q)K; ‘
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Tpoppkechoteg o " TN

OEl’)pscm Grmxe{ou O(n)
FUNC node *search (list 1, int data)
{
node *p;

for (p = 1; p '= NULL; p = p->next)
if (p—->info == data) return p;
return NULL;
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TpoppikégMoteg (V)

OAqurpoq)ﬁ MoTog O(n)

PROC reverse (list &l)
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TpoppikégMoteg ~  (vil)

OZUvévoocm OV0 AOTOV O(n)
PROC concat (list &l1l1, list 12)
{
node *p;

if (12 == NULL) return;

if (11 == NULL) 11 = 12;

else {
pr=1l;
while (p->next != NULL) p = p->next;
p->next = 12;

}

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 314



KDKMKE tcreg

¢0 en(’)usvog TOV TEAELTOUOV KOUPBOL ETvon
TOAL O TTPOTOG
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Amkoc GDVSSBgueveg Mcsreg Che

¢ Avo cihvoecol o€ kKaBe kouPo, Tpoc Tov
ETOLLEVO KO TTPOC TOV TTPOTYOVUEVO

A\ 4

A
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| Amkoc GDVSSBgueveg KUKMKSQ Mcreg i

¢ Avo cihvoecol o€ kKaBe kouPo, Tpoc Tov
ETOLLEVO KO TTPOC TOV TTPOTYOVUEVO

¢ O €mOUEVOC TOV TEAELTALOL EIVOIL O TPMOTOG

¢ O TPONYOVUEVOC TOV TTPOTOV EIVAL O
TEAELTOLOC

A\ 4

A
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Oprpoc; 1 YpOaen L. (graph) G =(V, E)

o V. 20voAo kOUPwV 1 KOpuO®V

« E 20voAo axpwv, oniaon Cevymv kouPwv

¢ [Hapdoeryua
o= X 2, 38 nr 6 Ty

E=1xy | xyeV,
X+ty=4 N X+y=7 }

¢ I poopikn mopactaon
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OK(HSUOUVO“SVOQ YPAPOG (dlrected graph)
o O1 axpég etvar otateTaryueEva Cevyn

o Mmopolv va vAomoinBodv ue 0etkTeg
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¢ Ewwkol ypapot
NG HOPPNG:

¢ KdaOe xoppPog
exer0, 112
oo

¢ PiCa: 0 apyikoc
KOuPoc tov
OEVOPOL

¢ OOAA: kOuPot
YOPIC TOOLN

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 320



& Movo 10

KOTMOTOTO 0 0 (0
EMIMEOO UTOPEL
Vo Unv etvot

TANPEC ORO

¢ IIn0oc kopPwv=n = vyos= O(logn)
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AUOLBLKOL ﬁevrpoc e Tk

¢ Y Aomoinon ue mivoukol |

e Av €vag kopupog anoGnKsuewl
otn Oéon 1 tov mivaxka, 2i 2i+1
TOL TOLLO10L TOV OoOnKevovTon
otic 0éoec 21 ko 21+1

¢ [Topaostyua /1@\
= Tv' - 2 s ? 3
R e AN
:Ei};é :Ei(])];z (B)  s(e) @ W
Msie e sl O G
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¢ Y Aomoinomn 1e 0EIKTEC

struct node {
int info;
node *left, *right; P N

}: /N

typedef node *tree;

info

VAN
left / \right _;_ _;_
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AUOLBU(OL vrpa v

OAtéchth OA®V TOV KOUP®V EVOC 0EVTPOV

» mpobBepatikn owdracn (preorder)
v10. KAOE VITOOEVTPO, TPWTA N Pila,
LETA TO UPLOTEPO VITOOEVTPO KOl LETA TO OEELO
o emBepatikn ddtaén (postorder)
Y10 KAOE VITOOEVTIPO, TPWTU TO APLGTEPO
VTTOOEVTPO, LETA TO OECIO Kol LETA M pila
o« evOepoTikn owdtaén (inorder)
Y10, KAOE VITOOEVTPO, TPWTO TO OPLGTEPO
VTTOOEVTPO, LETA N PICa Ko LETA TO OEELO
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¢ AMdoyion preorder

1
2 E8
3ﬁ\9 10
5
4 6

(@ 11

2
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AUOLBU(OL Bevrpoc e (ii) |

¢ Adoyion postorder

11
§) ElO
2 ﬁ\ 7 9
OROKORO
D 0)
1 3 4
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¢ Adoyion Inorder

3 6
1ﬁ\ 8 10
5

O}
2

4 6

2. Zdyog, N. ITaroacmopov

[Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv
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AUOLSU(OL Bevrpoc T e T _ Yy

¢ Y omoinon ¢ o1doyiong preorder
PROC preorder (tree t)

{
if (t != NULL) { WRITELN(t->info) ;
preorder (t->left) ;
preorder (t->right) ;
}
}

¢ H mopomave orodikaoctio eival avoopo UK

¢ H un avoopouikn otdcylon ivot EPIKT)
aAAG ToAvTAok (threading)
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JAVOSIKA OEVTIp 0 XY

¢ I1An0oc KOpB(D\/ KO VYOG 88\/rp01)

FUNC int size(tree t)
{
if (t == NULL) return O;
return 1 + size(t->left)
+ size(t->right);

} : .
FUNC int height (tree t) [oAvmroxotra,
{ O(n)

if (t == NULL) return O;
return 1 + max(height(t->left),
height (t->right)) ;
}
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Avocﬁuqx 68th(x ocva@nmcmg o) (i)

* Blnary search trees

¢ 10 kaBe kouPo 1oyvovv e
Ol TOPOKAT® 1010TNTEC: Pan
» OAol 01 KOUPOL TOV 7 1

OPLGTEPOD VITOOEVIPOV Ly \
EYOLVV TIUEC UIKPOTEPEC M = = ,/ \
5

1GEC TNC TUNG TOL KOUPov
» OMot ot k6pPot Tov = —

0EELOV VTTOOEVTPOV EXOVV 69
TIUEG LEYOADTEPEG 1) 1GEG ==t
NG TUNG TOL KOUPov
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¢Ta 81)(1811((’1 Sévrp(x (xvaCﬁmcmg
OLELVKOADVOLV TNV OVOLT)TNON OTOLYEI®V

¢ Avoopopikn avalnnon
» OV M TIUN OV CnrTeiton tvor otn pica, PpEdnke
o OV EIVOL LIKPOTEPN OTTO TNV TIUN TNS PLCac,
apkel va avalntnel oto apletepd mool
o OV EVOL LEYAAVTEPT OO TNV TIUN TNG pilac,
apKel vor avalntnoetl oto 0eEl moot
¢ Kootoc avalntnong, eicaymyne, olypoeng:
O(k), 6mov K givail To Vyog Tov dEVTPOL
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OAV(xCﬁmcm

node *search (node *t, int key)

{
if (t == NULL) return NULL; / / not found

if (t->info == key) return t; // found

if (t->info > key)

return search(t->left, key)
else

return search(t->right, key);
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OEwowooyﬁ

node *insert(node *t, int key)

{
if (t == NULL) ({

node *p = new node;
p->info = key;
p->left = p->right = NULL;

return p;

}
if (t->info > key)

t->left = insert(t->left, key);
else i1f (t->info < key)

t->right = insert(t->right, key):
return t;

}
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AUOLBU(OL evrpoc owocgnmcmg o ()

IcoCuyioua
Epocov 10 kd6ot0¢ Todv mpdiEemv eivan O(K)
OEéAovue va KpaTAdue UKpO To VYOS K Tov 0&vTpov
Iooluyiouéva dévopa. (balanced trees): to Baboc
OVO PUAL®V OLPEPEL TO TOAD KaTd 1
Adpopec mopaAiroryEC 0piLovy OLOPOPETIKA, TNV
évvola Tov woolvyiopatog: AVL, red-black trees
2€ £va, 1I60LVYICUEVO OVOOIKO OEVTPO OVALTTNOMG
ue N koupPovug, uropovue va Ppebovue amd t piCa
o€ omotoonmote KouPo pe kootog O(logn)
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Tokanovpyu«)cmcmuocUnlx _‘ Yy

¢ Bell Labs, ~1970

¢ Aoun tov Unix

» mopnvog (kernel)

« ®A010¢ (Shell)

o PonOnTikd mwpoypdupaza (Utilities)
¢ [epapy1Ko cvoTNU APYEI®V

o Agvopixt ooun

« 'Evoc kotdhoyoc (directory) umopel vo mepiéyet
apyeio (files) 1 dAAovc (VTo)kaTaAdyYoVS
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¢ Anolvta ovopota

/
/etc

/home/nickie/book
/home /paul
/etc/passwd

@ 2 ETIKA OVOLLOTOL

book

courses/201

./courses/102
./paul
./../etc/passwd

home etc

s

paul nickie

BN

passwd

book

courses

i

TPEYWV

///\\\ KOTAAOYOGC

102] (201
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Tokenovpyucocmcm _ i ,._

¢ Octikd otoryeio Tov Unix
o LEPOPYIKO GVOTNUO OPYEIDV
» TTOAAOL YpMOTEC GLYYXPOVMC (Multi-user)
o TOAAEC Olepyacicg cuyypodvme (multi-tasking)

o EMIKOIVOVIEC KO VTOGTNPIEN OKTVOV

¢ Apyntikd ototyeio Tov Unix
o KPLTITOYPOPIKO OVOLLOTO EVIOAWDV

o TEPLOPICUEVN KOl cLVONUaTIKY Bonbeia
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Zvcrnua ocpxawov ” _‘ Yy

¢ Avtiypaon ocpxsimv cp
cp oldfile newfile
cp file; file, ... file, directory
cp -r directory, directory,
cp -i oldfile newfile

¢ Metovouoacio 1 LETAKIVNOT apYEI®V mv
mv oldfile newfile

mv file, file, ... file, directory
mv -i oldfile newfile
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Zvcrnua pxewov ” _ Yy

¢ Aloypoon ocpxsimv rm
rm/ file; file, .- /dile
emy-1 Tile ey 7 =i
rm -£ file, file, ... file,
rm -r directory

¢ Anuovpyia directories mkdir
mkdir directory, ... directory,

¢ Awaypoopn adeimv directories rmdir
rmdir directory; ... directory,

¢ A\\oyn directory cd

cd directory
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OEu(pémcm nknpocpopt(bv Yo ocpxsioc 1s
1s
1s file, file, directory, ...

« Emiloyéc (options)
-1 EKTETUUEVEC TANPOPOPIES

-a gueaviCovtal Kol To KPuQQ apyeio
-t  TOCIvOUNGT ®C TPOG TO YPOVO TPOTOTOINCNG
-F gu@aviCeTon 0 TOTOC KADE apyeiov

-d gpopaviCovtor TAnpoopiec yio £va directory,
OY1 Y10l TOL TEPLEYOUEVA TOV
-R  OVOOPOUIKT] ELOAVIGT) TANPOPOPLDV
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| Hpoypauuaw ecpocpuoyoov U n IX -

¢ Eunpdvion manual page
man command
whatis command

¢ Eppavion mepleyopEvVmy apyeiov
cat file, file, ... file,

® Eppavion mepleyouEvmy apyEiov
ava GEALOO

more file; file, ... file,
less file; file, ... file,
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cat

more
less
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¢ Eupavion Tpmtov ypouumy

head file; file, ... file,
head -10 file, file, ... file,

¢ Epodvion teAevtoimv ypouumy
tail file, file, ... file,
tail -10 file, file, ... file,

¢ [IAnpopopiec yia 10 €100¢ apyeElov
file file, file, ... file,

¢ Eupavion nuepounvios Ko mpog
date
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Hpoypaaw ecpocpuoyoov Unlx ,_ Yy

head

tail

file

date
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OEKﬂ’m(Dsn ocpxsiou
lpr file; file, ... file,

¢ Metaylottiotng Pascal

pc -o executable program.p
gpc -o executable program.p

¢ MetayAmttiomg C

cc -o executable program.p
gcc -o executable program.p

¢ Enclepyaoio apyelov KEWEVOD
vi file, file, ... file,
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CcC

vi
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Boccsum kenovpyta TOV V| (1)

@ AVO KOTOGTAGELS AEITOVPYILOC
e KOTAGTOOT] EVTOAWDV
e KOTAOTOON EIGAYOYNC KELUEVOD

€ 21NV KOTAOGTOGOT E1I60YOYNS KEWWEVOD
o TTNYOUVOLLE LE GLYKEKPIUEVES EVTOAEG
(m.y. i, a)
o UTOPOVLUE LOVO VO EIGAYOVLULE YOPOAKTNPES
¢ XNV KOTOOTOOT EVIOAWDV
o TTNYOLVOLUE LLE TO TANKTPO ESC

o UWTOPOVLE VO, LETAKIVOVLLOIOTE KOl VO, OTVOULLE
EVTOAEG
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OMewKi\/ncn pécsoc o1 apxeio
« 4 T > xatd éva yopaxtipo
hjkl (oupoimg)

w Lo AECN 0eCid
CTRL+F [0l GEALOO LETA

CTRL+B [0t GEALOO TTPLV

CTRL+D LI1GT] GEALOO LIETQ

CTRL+U L1GT) GEALOQ TPV

0 $ OV aPYN 1 OTO TEAOG TNG YPOLUNG
A OTOV TPMOTO YOPUKTNPA TNG YPOLLUNG
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OMewKi\/ncn pécsoc o€ apxeio (cvvEyeln)
- + OV apyr TG TPONYOVHEVNG N
TG ETOHEVTG YPOHLUNG
() oV apxn TG TPONYOVLEVNG T
NG EMOUEVNC TPOTUGTG
{ } omVapyn e TponyovHEVNS 1
NG EMOUEVNC TTOPAYPAPOV
NG otnvN-00TN YPUUUN
G OTNV TEAELTOIN YPOLLUT
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OEwow(Dyﬁ KSl]JéVOD
ELCQYWYN TPV 1] LETAL TOV CUISOr

i a
I A

o O

p)

2. Zdyog, N. ITaroacmopov

EIGOYMYN OTNV OPYN 1 OTO TEAOC TNG
YPOLUNG

EICOYMYT) GE VEOQ, KEVT] YPUULUN KAT®
N TAVE® OO TNV TPEYOVO
QVTIKOTAOTOOT EVOS YOPUKTH P
OVTIKOTOGTOOT TOAADMY YOUPOKTNPOV
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Boccsucn kenovpyta TOV V| (V)

¢ Alaypopr] KEWWEVOL
x TOV TPEYOVIQ YOPUKTNPO
X TOV TTPOTYOVUEVOL YUPOUKTT PO

dw  UEYPLTO TEAOG AEENC

dd  OAOKANPNG TNG TPEYOVGOG YPAIUNG
ndd N ypopuwv apyiCovrac amo tnv
TPEYOLOQ

o O1 AECEIC KO O YPOLLUEC TTOV O10LYPAPOVTOLL
tonofetovvton oto buffer (cut)
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OEI’)pecm Gvuﬁokocapdg
/ XXX €DPEGT TPOC TOL EUTPOC
? XXX €0peEON TPOC TO TIOW

nN enouevn evpeon ophnc N
avTifeTnC Popag

@ AAAeC evToAdec
CTRL-L EMOVAGYEOLOCT TNG EIKOVOC
u AKUPWOT TNS TEAEVTOLOC EVIOANG
EMOVAAYN TNG TEAELTALOG EVIOANG

J GLUVEVMOT] TNE TPEYOVCOC YPOULUNG
LE TNV ETOLEVN
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OAvrwpoc(pﬁ Kol paroudvncm KELUEVOL

yy  ovTiypoon pog ypouune oto buffer
(copy)

nyy ovtiypoagn N ypouumv oto buffer

p P EMKOAANGT TOV TEPLEXOUEV®OV TOV
buffer kdtm 1 Tovo amd v TpEYovca

ypauun (paste)

¢ AmoOnkevon Ko ££000¢

:w  amofnkevon Tov apyeiov

:q  €6000C

:wq  amodnkevomn Tov apyeiov Kol EE000C
:q!  €6000¢ Ympic amobnkevon
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antemnel . Cya i el

¢ Aixtvo vroloyiotmv (computer network)

¢ Ovopora Ko 0O1EVOHVGEIC VTOAOYIGTMOV
o AievOuvon IP  147.102.1.1
o Ovoua theseas|softlab|.ece|.ntual|gr

0 DVTOAOYIOTNG *—

oto oiktvo Tov Epyaoctnpiov
Teyvoloyiag Aoyicpikod +—
010 oikTvo TN . HM.M.Y.
010 0ikTLO Tov E.MLIL.
010 0lkTVLO TG EAAGOOC ~—

o Emikpditetec
(domains)
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Itrnet | T (ii) |

¢ Hlextpoviko toyvopopeio (e-mail)

o NAEKTPOVIKT] TOYVOPOUIKN O1ELOVVON

nickie|@|softlab.ntua.gr

OVOUO, YpN|oTN *— — OVOULO VTTOAOYIOTY
N EMKPATELOC

o VTTAPYEL TANODPO EQAPLOYDV TOV
oLy EPiLoVTaLl TO NAEKTPOVIKO TAYLOPOLELD
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Itrnet T iii) |

¢ IIpocPaon ce amopoKPLVGUEVOVS
vroloylotéc (telnet)

maya$ telnet theseas.softlab.ntua.gr

SunOS 5.7

login: nickie

Password:

Last login: Thu Jan 16 12:33:45
Sun Microsystems Inc. SunOS 5.7

You have new mail.
Fri Jan 17 03:16:45 EET 2003

There are 28 messages in your mailbox.
There are 2 new messages.

theseas$
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Internet | e iv) |

OMsroc(popoc apyeimv (FTP)

o KatéPaopa apyeimv (download)
LETOPOPA APYELOV OO TOV OTOUOKPVOUEVO
VTTOAOYIGTI] TPOC TOV TOMIKO VITOAOYIOTH

o avéBaouo apyeiov (upload)
LETOPOPA. apYELOV QO TOV TOTIKO DITOAOYIGTY)
TPOG TOV OTTOUOKPVGUEVO VTOAOYLIOTH

« anonymous FTP
T.Y. £ftp.ntua.qgr

2. Zdyog, N. IMamasmopov [Ipoypappatiopnodg Hiektpovikdv Ymoroyiotdv 354



¢ HAextpovikd véa (news)
o oudoec ovlntnong (newsgroups)
n ov{ntnon cvvnOWC TEPIOTPEPETOAL
YOP® OO cVYKEKPLUEVA BEpaTa
T.Y. comp.lang.pascal
» Ol OUAVEC OLLNTNONG AEITOVPYOVV GOV
TIVOKES AVOUKOIVOGEMV

o KOOEVOC umopel va O10PACEL TIC OVOKOIVIOGELS
TOV GAA®V Kol Vo BAAEL TNV avOKOTV®OGT] TOV

(posting)
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nternet i e )
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Internet i e ey (i) |

OKOUTGOWCOMO (Chat M IRC)
o Kavaia (channels)
N GLLNTNGT TEPIGTPEPETAL YOP® OO EVOL
OEua KOotvou EVOLAPEPOVTOG
o EIVOIL OLMC GLYYPOVT], ONACOY YIVETUL GE
CUYKEKPLLUEVO YPOVO KOl OEV TNPELTOL OPYELD
TOV AeYOEVTOV

o KOOEVOG UTOPEL VO «OKOVEL) TA AEYOLEVOL TV
GAL®V KOl VO «UAGY TPOS AVTOVG
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Itret i e ii) |

[ =k e A

¢ I HoyKoouo¢ 16T0¢
World-Wide Web (WWW)

o £V0O GLGTNULO OVOCNTNONG VITEPUECTKDV
nAnpopopiwv (hypermedia information)
» 10TOCEAIOEC (WED pages),
vrepuéoa (hypermedia),
ovvoeopot (links),
eEumnpetnTé (Servers), Ko
nepinynrteg (browsers)
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Itrnet L e (iii)

¢ Aievbivoeic otov maykoouto 1otd (URL)

http|://|www.corelab.ece.ntua.gr{/courses/programming/

! ! !
£100C OvVouLoL O¢on otov
TAnpoeopiac  eCumnpeInn eCUTNPETNTN
KOl TPOTOKOALO
EMTKOTVOVIOG

¢ [Hapoaoctypata otevbvvoemy

http://www.ntua.gr/
ftp://ftp.ntua.gr/pub/linux/README.txt
news://news.ntua.gr/comp.lang.pascal
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