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Empéreia kar tapovoiaon: Koothig Xaymvag (kostis@cs.ntua.gr)

Apywcéc owapaveles: Nikog IHamaomopov  (nickie@softlab.ntua.gr)

['Awooeg Ipoypounaticuov:
OcowpnTikod YToPabpo kot Movtéla

v AEKTIKT KOl GLUVTOKTIKY] AVAAVGT] YAMGOMOV
v 20V0OPTNGLOKOC TPOYPOLUOTIOUOGC

v AOY1KOG TPOYPOUUOTIOUOC

v AVTIKEILEVOGTPEPNC TTPOYPUULUATIGLOG

Koot Zayovag Movtéha ['howocov [poypappaticpot



Metappacn TPOyPULLAT®V

T Ml . - - s i

[Inyaio tpoypopuo

l

MeTOYAOTTIGTIG

l

> ExteAEo1uo TpoypapLLa

Eic000¢ 'ECo00c¢ R

Koot Zayovag Movtéha ['howocov [poypappaticpot



MSTOL([)OLGT] ﬂZpO'YOL]J]JOL’C(DV -

e e e e o T

IInyaio Tpoypapua

AxkoAiov0io amd xapak‘rﬁp8€¢ MST(IVQ\.(DTTlGT T’]Q
AEKTIKOG AVOALTNIC

AK0AOVOLO 07T0 AEKTIKEG uovd&ag\l,

2VVTOKTIKOG AVOALTNC

YOVTOKTIKO 0£VO pol,

2NUOGIOA0YIKOC AVOAVTNG

Emonpeiopévo cuvtoKTiKO ﬁévﬁpol,

['evvntopac Koowka
Koowkag

Eicooo¢ { 'ECoo0g
> EKTeAECILO TPOYPOLLLLOL >

Koot Zayovag Movtéha ['howocov [poypappaticpot



Zuvwin Kot o uamokoyux TPOYPOL uaw)v

€ 2 0vToln YAMGOMV TPOYPUUUATIOROV: TTOG
OELYVOLV T TPOYPALLOTO GTO YPNOTY, Tl
LOPPT) KOl TL OOUT) EYOVV
e H oVvtain cuvnbwg opiCeton pe ypnon Kamolog
TUTTIKNG YPOLLUOTIKNG
€ X 1NU0GLOA0YLN YAMGGOV TPOYPUUNUTIGUOV:
TL GNUOIVOLV TO TPOYPOAULATO, TOL ELVOL T
GUUTEPUPOPA TOVG
o H onuacioroyia eivar mo 00GKOAN va optobel
oo TN GOVTOEN — OLAPOPOL TPOTOL OPIGLOV TNG

Koot Zayovag Movtéha ['howocov [poypappaticpot



Zvvmin K01 o1 uoclokoyta napaSawuaw

i RS e W S el = T e T MRS T

¢ Opdon Aektikd AdBoc
OTial TG Ooma XUCE Ppay ema yxladpa KN
¢ Opdon Aextikd opOn aALd cuvTaKTIKG AABOG
o mamac o pakn £daye mayd maxug
¢ Opdon cvvroktikd (ko AekTikd) opO1) aAld
ONUOCTIOAOYIKA (Kol VO Uotikd) AABog
O TAmAc o maxld £daye maxuc ¢akn
¢ Opdon cuVTOKTIKA (KoL «GTNUAGIOAOYIKAEY) 0pOT1) AALD
vOonuotikd AA0og
n dakn n maxd Epaye oL oA
¢ Opdomn kab’ oA opO1

O TATAC O TaXUC €daye Taxld Ppakn
Koot Zayovag Movtéha ['howocov [poypappaticpot



Asmum owa?wcm ykmccmv

& H \extikn) avaivon ogv ival TETPLUUEVO
TPOPANUO Y1IOTL O1 YAWGGES TPOYPUULOTIGULOV
cvvnlmc etvon To TEPITAOKEC AEKTIKA OO T
EAANVIKG

*p->f++ = -.12345e-6

float x, vy, z;
float * p = &z;

= y/*p;

Koot Zayovag Movtéha ['howocov [poypappaticpot



ANA®GT AEKTIKOV LOVAOW®V

£ T Ml e

¢ [1oc oNAwvovTal 01 AEKTIKES LOVAOEG;

o AECELC KAEIOWA — LEc® ovuPorocelpav (strings)

o Ilwg opiCovrtat Tta ovopoto TV LETAPANTOV;

o Ilog opiCovtat o1 aptBpol Kivntig VTOOIGTOANG;

¢ Koavovikég ekppacelc (regular expressions)

e Evoac e0ypnotog tpOmToc v OpiGOVLUE
aKoAoVOlEC amd YopaKTNPES

o XPNGUOTOLOVVTOL EVPEMG: grep, awk, perl, K.AT.

Koot Zayova, Movtéha ['howocov [poypappaticpot
NG Zaywvog



AEKTIKEG uovocé‘)eg HE KOVOVIKEG EKPPAGELG

HapaSeiyuam:

e 'O —topraler povo pe 1o yopoxkTpo 0 (UNOLY)

o 'O']'L" — Ttanpraler pe unosv N ne éva,

o 'O''171'2'1'3'1'4')'5')'6')'7']'8']'9" -
TOLPLACEL HE Ynola

e [0-9] — 10 1010 pe TO TOAPOATAV® OALG GE TLO
GUUTTAYY] HOPOY

e [0-9]* —oe1pd amd ynoio (mOBovOS KEVI)

Koot Zayova, Movtéha ['howocov [poypappaticpot
NG Zaywvog



OEUOTO GYEOOCUOV AEKTIKOV LOVAOMV

T Ml e

& Axéparot apOuot (m.y. 10)
e Ol apvnTIKOL OKEPALOL ETVOLL LioL AEKTIKT) LOVAOO!
M oxy;
& Xopoaxtpec (m.y. 'a’)
o [lodC avamapicTovTon Ol UN EKTLTOGILLOL
YOPAKTNPEG T TO
& Ap1Opol Kivn g LTOOLUGTOANG (7T.Y. 3.14e-5)
& 2vuPorocelpég (m.y. "hello world")

o Il®¢ avamapiotatal o xapaxKnpog

Koot Zayovag Movtéha ['howocov [poypappaticpot



A\EKTIKES uovocBeg & KOVOVIKEG EKPPAGELG

¢®To akcpdﬁnro
={ ,=+,-.%/(),>.<a,...2,0,....9,A,...7Z}
¢ Ovo uom@ou LLE KATO1EC KAVOVIKEC EKPPACELC
e LPAR ::=(
e PLUS ::=
o letter ::=A|B|...|Z]a|b]|... |z
o digit::=0|1]|...]9
o ID ::=letter (letter | digit)*
e« INT ::=((1]... | 9) digit*) | 0

Koot Zayovog Movtéla ['hwocov [poypappaticpot 10



Asmum owa?wcm (Scannmg) -

& TeuoyiCel Eva Tpoypauuo e pio akoAovdio
a0 AEKTIKEC LOVAOES (tokens)
foo = a + bar2(42) ;

ID EQUALS ID PLUS ID LPAR INT RPAR SEMI

¢ Ovc1006TIKA ATAOTTOLEL TN AELITOVPYIN TOV
GUVTOKTIKOD OVOADTY)

@ O1 AeKTIKOL AVOALTEC ETVOIL TTLO YPTYOPOL OTTO
TOVC GLUVTOKTIKOVG OVAAVTEG O10TL £YOVV VOl
KOAVOLV IE ATAOVGTEPT) YPOLLLATIKT

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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MlOL ypauu(numyta IOLAWMKOL -

M npoTaon anoTteAeiTal

ano Hla OUCLaoTIKA ppaon, <S> --= <NP> <V> <NP>
€va pAUA, KAl L0 OUCLOOTLKA

ppacn

Mia ouolaoTIKR Ppaon

anoTteleital and éva GpBpo NP> 1= <A> <N>

KOl £VA OUCLOOTIKO

PAuata givat Ta €EAG... <V>::= loves | hates | eats
ApBpa eival Ta €€ngG... <A> ::=a | the

OuolaoTIKG ElVAL T EENG...  <N> --= = dog | cat | rat

Koot Zayovog Movtéla ['hwocov [poypappaticpot 12



H(Dg 801)81)81 MI(X ’YpOLMMOL’ClKT[ o

¢ Mo ypoppotikn givan £va, GOVOAO KOVOV®OV TOL
0plLoVV TMC KATOUOKEVALETOL EVH, CVVTUKTIKO
0EVOPO

¢ =cxkvaue Balovtag to <S> o1tn piCa Tov 0EVOPOL

¢ O1 KavOVEC TNG YPOUUOTIKNC AEVE TMOC UWITOPOVUE VO
TPpocHEcoVIE TOOIA 6€ KABE oMUELD TOV OEVOPOL

¢ [0 mapdoeryua, o Kovovog
<S> ;= <NP> <V> <NP>
AEEL OTL umopovue va Tpochésovue koupBovg <NP>,
<V>, ka1 <NP>, pue avtn mn 6e1pd, 0¢ oot ToL
KOuPov <S>

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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Fpomuomm i ocpte unruceg SK(pp()LGSlg

<expr> ::= <expr> + <expr>
| <expr> * <expr>
| ( <expr>)

| al b ] c

& Mo ap1lOuntikn EKepacm Umopel va elval
e TO GOpOICUO OVO AALDV EKPPACE®V, N
¢ TO YWVOUEVO OVO EKPPACEMV, 1|
o L0 EKQPOCT] TOL TEPIKAELETON ATTO TOPEVOESELS, N

e Kd&molo oo TIC uetaPfAntéc a, b, N ¢

Koot Zayovog Movtéla ['hwocov [poypappaticpot

14



Koot Zayovog

2VVTOKTIKO 0EVOPO

e ST i i i P e R D M P . 20 A R T

<expr>

I

( <expr>)

(<expr>) ¢

N

<expr> + <expr>

a b

Movtéla ['hwocov [poypappaticpot

15



TR T e il T

= T s B 2,

Zucrrowuca hlvia yapuarmng B

0pYIKO GOUPOLO / <S> & <NP> <V/> <NP>

-----------------------

____________________________

MOPOYOYNG ‘\~E-L\<NP>"=.I::: <A><N> .~

L <V> loves | hatesleats
W1 TEPLOTIKG, — :"'.
couupoia <A>

a | the

“‘a<N>/'I::: dog | cat | rat
rapuaru«i GOUPO

(AeKTIKEC LOVAOEQ)
Koot Zayovog Movtéla ['hwocov [poypappaticpot

16



Tpa up(nucagcs po p(pn B ackus-Naur -

¢ Mo ypoppotikn oe popen Backus-Naur eivat
e 'Eva 60voA0 om0 AekTIKEG novadeg (tokens)

e XvuPorocelpéc OV ATOTELOVV TO LIKPOTEPQ AOTOUPETA KOUUATION TG
GUVTOENC TOV TPOYPAUUOTOC

e 'Eva 6OvoAO amd pun teppatika coupoiro

« XvuPorocelpéc mov eykieiovtal oe aykvieg, .y <NP>, ko
AVTITPOGMOTEVOVY KOUUATLO TOL GLVTAKTIKOVD TNG YADGGOC

* A€ oUVOVTIOUVTOL GTO TPOYPALLLL, OAAY lval couPoAia Tov Bpickovtal
GTO OPLOTEPO UEPOS KATOL®V KOAVOVOV TNG YPOULOTIKNG

o TO apytko cOUPOLO TNG YPULLUOTIKNG

* 'Eva cvykekpiuévo un teppratikd cvpporo mov amoteAel t pila tov
GUVTOKTIKOD 0EVOPOL Y10 KAOE amodeKTO o TN YANOGSOO TPOYPOLLLLLOL

e 'Eva 60OVOAO 00 KOVOVES TUPAYOYNS

Koot Zayova, Movtéla ['hwocov [poypappaticpot
NG Zaywvog
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3 S W ¢ e .

@ O1 KaVOVEG TOpay®YNG YPNOILOTOIOVVTOL
Y10 TNV KOTOGKEDT) TOL GUVTOKTIKOV
0EVOPOL

& Ka0e kavovog €xer ) popen A 1= A

e To apiotepd HEPOC A amoteAeitar amd Evol un
TEPUOTIKO GOUPOAO

e To 0€li nuepoc A givan Lo akoAovBio amwod
TEPUATIKG (AEKTIKEC LOVAOEC) KO U1 TEPUOATIKA
coupoia

Koot Zayovog Movtéla ['hwocov [poypappaticpot

Kavoveg mopayoyng (1)

18



Kovoveg mopayoyng —— (2)

& Kd0e kavovac mpoootopiCetl Evov mhavo
TPOTO KATAGKELTC TOV GUVTUKTIKOV
VTTOOEVOPOL TTOV

e £YEL OC PiCa TOL TO UM TEPUATIKO GOUPOAO GTO
aPLoTEPO UEPOC A TOV KAVOVO KO

e (G TOLOLA VTN C TNG Pilac (Ue TNV 101 GEPA
enPAvionc) £yel to cuUPoia oto 0L LEPOC A
TOL KOVOVOL

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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S W ¢ e .

¢ ApyiCovue TV Katackevn Paloviag To apyKo
GUUPOAO TNC YPOUUOTIKNG 6T pila TOL OEVOPOL

¢ [IpocOctove moold e KAOe un TEPUATIKO
SOUPOAOD, ¥PNOILUOTOIMVTOC KATOL0V OO TOVG
KOVOVES TTOPOAYWYNGS TNE YADGGUC Y10, TO
GUYKEKPIUEVO UN TEPUATIKO

¢ H owowkacio tepuatiCel dtav OAa Tl @OAAX TOV
OEVOPOV ATOTEAOVVTOL U0 AEKTIKEG LOVAOEC

¢ H cvuPorocelpd mov avtiotoryel 610 0EVOPO
BpiokeTon owaPdlovtac Tor POAAN TOV 0EVOPOL OTTO
APLOTEPA TTPOC TOL OECIA

Koot Zayovog Movtéla ['hwocov [poypappaticpot

KotaoKew] GUVTUKTIKOV 0EVOPMV

20



<expr= = <expr= + <expr=

Hapaﬁaiypara | <expr> * <expr>

e e T T N I ( <eXpr> )

¢ To CLVTAKTIKA 0EVOPL. Y10 lalb|ec
TIC TTOPAKATO EKPPACELS
a+b (a+b) (a+ (b)) a*b+c
¢ H xotoockeun 1oV GUVTOKTIKOV 0EVOP®V Eivol

OOVAELN TOL GLVTOKTIKOD AVOAVTY (parser)
EVOC LETOYAMTTIOTN

@ Y T3P 0VV 01 POPOL OTTOOOTIKOL AAYOPTIOUOT KOl
EPYOAELN Y10l ULOVTOUATT] KOTOOKELT] TOV
GUVTOKTIKOD OVOADTY)

Koot Zayovog Movtéla ['hwocov [poypappaticpot 21



Op1oUOC YAOGOOV

S s T T e

¢ [0 va opicovpe ™ oOVTOEN TOV YAOGGOV
TPOYPOUUUOTIGUOD YPNOILOTOIOVLE YPOUUUOTUKES

¢ H yAocoa mov opileton amod pio ypoUUaTikn elval
TO GLVOAO TV GLUPOAOGEIPDOV Y1d. TOL OTTOTNL ™
YPOULOTIKY UTOPEL VO, TOPAEEL GUVTUKTIKG 0EVOPU

¢ T1C TEPIOGOTEPEC POPEC TO GVUVOAO 0VUTO Elvan
AmePO (TaPOAO TOL 1 YPUULOTIKY Elval
TETEPAGLLEVT)

¢ H xotoaokeun piog ypouUaTikng yio Lo YAMGoo
LOACEL ALYO LE TPOYPOULUUATIGUO. ..

Koot Zayovog Movtéla ['hwocov [poypappaticpot 22



| HapaSewua Koccheungypauuonmg (1)

2uvN0m¢ yiveTal pE ApnNom TS TEYVIKNC “Olaipet
Kot Bacideve” (divide and conquer)

¢ Ilopaociyno: KatasKeELT] TNEC YADOCGOS TV
onAwcemv ¢ C:
o OPYIKA, 1 ONA®GN £YEL EVOL OVOLLO, TUTTOV
e GTN GLVEYELN Lo aKOAOVOia amd petaPAnTéG mov
olaympilovron pe kouuata (0mov kdbe petafPintm umopei va
TOPEL U0, OPYIKN TIUN)
e KO GTO TEAOG VA EPMTNUATIKO (semicolon)

float aaa;
short a, boo, c;
int a =1, boo, ¢c =1 + 2;

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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| HapaSewua Koccheungypauuarumg (2)

€ Apykd a¢ oryvonicovpe tnv midovn vLTapen
APYIKOTOINTOV:
<var-decl> ::= <type-name> <declarator-list> ;
€ O Kavovoc Y10 TO, OVOULOLTO TV TTPMTOYEVOV
TOTOV (primitive types) eival amrAodoToToC:

<type-name> ::= short | int | long | char |
float | double

Ynueioon: oev moipvoouue VTOYN TOTOVE TIVAK®OV
Koot Zayovog Movtéla ['hwocov [poypappaticpot

24



| HapaSm i Kawmceung Ypo uuomm]g (3)

¢ H oxorovOio tov petapAntov mov
O ®PILOVTOL PE KOUUOTA EYEL OC EENC:

<declarator-list> ::= <declarator>
| <declarator> , <declarator-list>

& Omnov Cava, Eyovue TPOC TO TAPOV ALYVONGEL
TOVC THAVOVE OPYIKOTOINTEC TV UETAPANTOV

Koot Zayovog Movtéla ['hwocov [poypappaticpot

25



¢ O1 onAmTEC petaPAntov, ue 1 yopic
OPYLKOTOMNGELC, OpiLovTal ™C:

<declarator> ::= <variable-name>
| <variable-name> = <expr>

& 10 oLOKANpN TN C:
o Ilpémel va emrpéyovue Ko CEVYN 0O AyYKOAES LETA TO
OVOLLO, TOV UETAPANTOV Y10, T ONAMGCT TOV TIVAK®V

o Ilpénel emionc va opicovue ko T cOVTOE TOV
OPYIKOTOINTOV TIVAK®OV

o (Duvowd BELOLUE KOl OPIGHOVC Y10 TO, UT) TEPUATIKA
ocvupoia <variable-name> ko1 <expr>)

Koot Zayovog Movtéla ['hwocov [poypappaticpot

| HapaSewua K(naKeDng ypauuarucng (4)

26
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KYPIA MONTEAA IN'AQX2 QN
IHPOIPAMMATIZXMOY

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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Kuptoc npoypaupaucs’cuca uovraka

@ 1 1p0cTOKTUKOC TTPOYPUUUATIGHOG
(imperative programming)
« FORTRAN, Algol, COBOL, BASIC,
C, Pascal, Modula-2, Ada
€ 20VOPTNCLOKOC TTPOYPOLUOTIGLOC
(functional programming)
o LISP, ML, Scheme, Miranda, Haskell, Erlang

@ AOY1KOG TTPOYPOLUATIGLLOG

(logic programming)
e Prolog

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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Kuptoc npoypaupaucs’cuca uovraka

€ AVTIKEILEVOGTPEPNC TTPOYPUUUATIGLLOG
(object-oriented programming)
o Simula, Smalltalk, C++, Eiffel, Java, C#
¢ [Ipoypappatiocpog «cevapiovy (scripting)
o Perl, Python, Ruby, JavaScript, PHP

& [ LapdAANAOC/TaVTOYPOVOC/ KATAVEUNULEVOGS

TPOYPUUULATIOUOG
(parallel/concurrent/distributed progr.)

e OCCAM, Concurrent C, Ada, Java, C#, Erlang

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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2YNAPTHXIAKOX
IHPOIT'PAMMATIZXMOX

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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AlOL(pOLVSlOL OLVOL(pOpOLg (referentlal transparency)

- o e T e ot s e £ Lo D e

¢ X¢ uio YA®GGH GLVOPTNGLOUKOV TPOYPOLUATIGULOD,
1 OTOTIUNGOT ULOC GLVAPTNGNC OIVEL TAVTA TO 1010
OTTOTEAEGLO, Y10l TIC 1O1EC TIUEC TOV TOPAUETPOV TNG

¢ H onuoavtucn) avt) w0t to 0ev 160el Kot avArykn
OTIS YAWGGEC TPOCTUKTIKOD TPOYPUULATIGLOD

@ XTIC TPOGTUKTIKEC YAMGGES aVTO cvuPaivel Aoym:

e MetafAntav mov opilovot Kot aAAALOVV TIUES EKTOC
TOV GOUOTOG TNG svvaptnong (global variables)

e EZdptnong and v katdotoon (state) Tov VTOAOYIGLOV

o ANV mapevepyelmv (side-effects) mov umopei va
VTTAPYOVV GTO TPOYPOLLLLLOL

Koot Zayova, Movtéla ['hwocov [poypappaticpot 31
NG Zaywvog



HapaSawuacaascal o

program example (output)
var flag:boolean;

Tt Tom®VEL TO
TPOYPOLHLL

function f(n:int): int .
begin S ko peta 4
if flag then £ := n [Meoicovo S16TL
else £ := 2*n; ¢ lep p Y ,
Flee co s Flee TEPLUEVOLUE OTL
end f(1)+ f(2) = f(2)+ (1)
begin ¢ Xto pofnuotika ot
flag := true; GUVOPTNOELS

writeln (£(1)+£(2)) ;
writeln (£ (2)+£(1)) ;

end

Koot Zayovog

eCOPTOVTOL UOVO
OO TO OPloUaTA
TOUC

Movtéla ['hwocov [poypappaticpot
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| Zuvapmmomog TPOYPOULUATIO pog (1)

& [\ covektnuata
e 2LVTOUIN (2-10 popéc HIKpOTEPOS KWOIKOGC)
o EvkoAia otnv Kotavonon
o AYOTEPO GPAALATO EKTEAECTC
o Emavaypnoipomoinen, apaipecn, oouncn
o AvTOHOTN OOYELPIGT] LVIIUNG

[Tapaoerypo: QuickSort oe Haskell

gsort [] = []
gsort (x:xs) = gsort 1lt ++ [x] ++ gsort ge
where 1t = [y | v <- xs, y < x]
ge = [y | y <- xs, ¥y >= X]

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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| Zuvapm Gt(xKog TPOYPOULUATIO pog o

& Mclovektnuota
e Meiwuévn amdooon
e MeyoADTEPEC AMOUTIGELS UVIUNG
¢ Oy perovektnuato ©
OQAAOYY PIAOCOPIOGC OTOV TTPOYPOLUOTIOUO
e Oy petaPAntéc, Oy EVTOAEC avaOECTC
e EKQpacelC KOl GUVOPTNCELS

¢ Ta ntopaoeiypota Tov akoAovbovv gtvon
o< Haskell http://www.haskell.org/

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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Ankmcmg KOl aciocooyn ROV

- o e T e e R s i 2

¢ AMJA®OGN GLVOPTICGEMV

incn=n+1
f t=t * inc t

¢ ANAoon TV

x =f o6
y = £ (£ 2)

€ 2 VUTEPAGUOC TOTOV (type inference)

o Ot 1001 VITOAOYICOVTOUL OV TOLATA
inc, £ :: Int -> Int
X, VY :: Int

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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incn=n+1
Yno?»oywum uumv £t =+t * inc t
P i ~ e e — f 6
€ Y TOAOYIGUOC TIUNG y = £ (£ 2)

x> £f 6 =2 6 * inc 6
=2 6*(6+1l) = 6*7 => 42

& To amotéleocua etvar avedpTnTo TNS GEPAS
TOV ETUEPOVE VITOAOYIGUDV (vmo k.0.)
y D> £ (£2) 9 £ (2 * inc 2)

=2 f (2*(2+1)) =» £ (2*3) = £ 6
=2 6 * inc 6 = 6*(6+1) = 6*7 =D 42

y =2 £f (£2) 9 £2 * inc (f 2)
= (2 * inc 2) * inc (2 * inc 2)
=2 (2*(2+1)) * inc (2*(2+1))
=2 (2*(2+1)) * (2*(2+1)+1l) = .. = 42

Koot Zayovog Movtéla ['hwocov [poypappaticpot 36



Tonucag o

& Mce xpﬁcm Tov let

X = let inc n = n+l
f t=t * inc t
in £ 6

¢ ... N ue ypnon 1ov where
X

= f 6
where inc n = n+l
f t=t * 1inc t

@ O1 ToTIKEC ONAWGEIC aKkOAOVOOVV KaVOVEC
euPéreroc 0mmg m.y. tne Pascal

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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| Hkswcf)eg uua)v -

€ 2 VVOPTNOCELC UE no?»?»ag TOPOUETPOVE

Koot Zayovog

add :: (Int, Int) -> Int
add (x, y) = x+y

.. Kol “TOAAG” amotelécuoTol

solve2eq :: (Double, Double, Double)
-> (Double, Double)
solve2eq (a, b, c) =
let d = b*b - 4.0*a*c
xl = (-b - sgrt(d)) / (2.0*a)
x2 = (-b + sqrt(d)) / (2.0%*a)
in (xl1, x2)

Movtéla ['hwocov [poypappaticpot

38



_Avaopopn

N . Rl o P e S

€ 270 GLVOPTNGIUKO TPOYPUUUATICUO EIVOL O
KUPLOC TPOTTOC EMAVAANTTIKOV VITOAOYIG LDV
e YTOAOYIGUOC TTOPOYOVTIKOD

factorial n =
if n <=1 then 1
else n * factorial (n-1)

e Yoloyiopnoc M.K.A. (aAydp1Buoc EvkAieion)

ged (n, 0) =n
ged (n, m) = gecd (m, n mod m) |ovmz0

N

pattern matching 6TiC TOPUUETPOVS

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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LUVOPTNOEIG VYNANGTOCHS

- o e T e S W

€ 2VVOPTNCELS TOV TALPVOLV MG TTOPUUETPOVS
AAAEC CLVOPTNGELG

twice :: (Int -> Int, Int) -> Int
twice (£, x) = £ (£ x)

incn=n-+1
plus2 x = twice (inc, x)

¢ ... 1] TOL £YOVLV G UTOTEAEGLOL GUVOAPTNGELC

plusN :: Int -> (Int -> Int)
plusN x = let f y=x + vy
in f
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AVOVVLEG GUVOPTNGELG

¢ “H cuvdaptnon mov anetkoviCel

K&Oe n oto nt+1” An. n+1
\n -> n+l
& [lopdostyuo
twice :: (Int -> Int, Int) -> Int

twice (£, x) = £ (f x)

plus2 :: Int -> Int
plus2 x = twice (\n -> n+l, x)

plusN :: Int -> (Int -> Int)
plusN x = \y > x + vy

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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Hapauarpmv m)vxsux (1)

S = L e e T T s R Sl T e T e i S Ly &

¢ “Currying” (Haskell B. Curry)

Koot Zayovog

Mia cuvdptnon pe 000 TAPAUETPOVC
IGOOVLVOLLEL LE LU0 GLVAPTNGT) TTOL OEYETOL
TNV TPOTN TOPAUETPO KOl EMIGTPEPEL L0
GLVAPTNGT TOV OEYETOL T1 OEVTEPT

add :: (Int, Int) -> Int

add (x, y) = x+y

add’ :: Int -> (Int -> Int) Curr.ied

add’ x = \y -> x+y version
add (x, y) == (add’ x) vy
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Hapauarpmv m)vxsux -

S o e e A e s R el e S

& Amlovotepn ypaoen curried GLVOPTIGEDV

add :: Int -> Int -> Int
add x y = x+ty

twice :: (Int -> Int) -> Int -> Int
twice £ x = £ (f x)

@ Me 11¢ curried GUVOPTNGELS EMTPETETAL

N “HEPIKN EQAPUOYN”

twice (add 20) 2 = add 20 (add 20 2)
= add 20 (20+2) = 20+ (20+2) = 42
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& AxolovBiec OLOEWO WV GTOLYEI®V

digits :: [Int]
digits = [0,1,2,3,4] == 0:1:2:3:4:1]
prices :: [(String, Float)]

prices = [ ("ppAo", 3.0),
("oaxAadL", 2.2),
("avavae", 5.5)]

& [lopaoctypata pe AMoteg

e EVpeomn unkovg
length [] =0
length (x:xs) = 1 + length xs
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OH(xpocBewuocw LLE Mcsrgg (Guvexewc)

e 2LVEVMGT] OVO ALGTMOV

concat [] ys = ys
concat (x:xs) ys = x : concat xs ys

e Avaotpopn AMoToc

reverse [] = []
reverse (x:xs) =
concat (reverse xs) [x]

e AvaoTpOoO1 AloTOG (kaADTEPH VAOTOINON)

reverse xXs = rev xs []
where rev [] ys = ys
rev (xX:xXs) ys = rev xXs (x:ys)
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& [lopoociypota pe MoTeG Kol GUVOPTNGELS

LYNANG TSNS
o E@opuoyn pog cuvaptnong o€ OAa ta
oTolElN oG AloTog

map £ [] = []
map £ (x:xs) = £f x : map £ xs

o “DuATplplopnd” TOV GTOYELOV UOGC AMOTOC
filter £ [] = []
filter £ (x:xs) =
i1f £ x then x : filter f xs
else filter f xs
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Hapauerpmog nouuop(ptcuog

- o e T e e s R £

@ 11010C 0 TOTOC TNC TAVTOTIKNG GLVAPTNONC;

id x = x

& Mnopel va ogyBel mapaperpovc kabe TOTOL

id 42 = 42 :: Int
id "Hello" =» "Hello" :: String
id inc = inc :: Int -> Int

¢ Eivou Lot toAvHop@ikn) cuvaptnon

id :: a -> a (y10. kale toTO a)

Koot Zayova, Movtéla ['hwocov [poypappaticpot 47
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E T Ml . s R £

@ [1ep1oGOTEPEC TOAVUOPPIKEC GUVAPTNGELS

Koot Zayovog

length :: [a] -> Int

concat :: [a] -> [a] -> [a]

reverse :: [a] -> [a]

filter :: (a -> Bool) -> [a] -> [a]

KO UE TEPIGCOTEPOVG “AyVMOTOVS TOTOVG
map :: (a -> b) -> [a] -> [b]

EVOL OKOLLOL GOVOETO TOPAOELY L

zip :: [a] -> [b] -> [(a, b)]

zip [] ys []

zip xs [] []

zip (x:xs) (y:ys) = (x,y) : zip xs ys
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Optopot (D

R e

& ATAEC amaplOunGEls
data Light = Red | Green | Yellow
next :: Light -> Light
next Green = Yellow

next Yellow = Red
next Red = Green

¢ 1110 6OvOeTOL TUTTOL dEdOUEVDV

data Number = NInteger Int
| NReal Double
| NComplex Double Double

neg (NInteger n) = NInteger (-n)
neg (NReal r) = NReal (-r)
neg (NComplex x y) = NComplex (-x) (-y)
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Optopot I )

e P e e s

€ AVOOPOUIKE OPIGUEVOL TUTTOL

Koot Zayovog

2VVOEOEUEVEC LOVOLLOPPIKEC AMOTEG
data IntList = Nil | Cons Int IntList

1 K0l TOAVUOPPIKEG AMOTEG
data List a = Nil | Cons a (List a)

[Topadeiypota

sum :: List Int -> Int
sum Nil = 0
sum (Cons x Xs) = x + sum Xxs

length :: List a -> Int
length Nil = O
length (Cons x xs)

1l + length xs
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Optopot I )

e P e

€ AVoOpoUIKd OpIGUEVOL TUTTOL (GLVEYELX.)

o IIoAvpOpEIKA OVOOIKA OEVTPOL
data Tree a = Empty
| Node a (Tree a) (Tree a)

e Métpmom kouPav
count :: Tree a -> Int
count Empty = 0
count (Node a left right) =
1 + count left + count right
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Optopot I G,

R e

€ AvoOpoLKd OptoUEVOL TOTTOL (CUVEYELR)
e Aldoyiom kotd PAboc
preorder :: Tree a -> [a]
preorder Empty = []

preorder (Node a left right) =
a : preorder left ++ preorder right

o Aldoylomn KaTA TAGTOC
traverseBF :: Tree a -> [a]

traverseBF t = trav [t]
where trav [] = []
trav (Empty : ts) = trav ts
trav (Node a left right : ts) =
a : trav (ts ++ [left, right])
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Optopiot I ),

R e

€ AVOOpOUIKE OPIGUEVOL TUTTOL (GLVEYELX.)
o Aldoyion katd Baboc  (kaddtepn vAomoinon)
preorder t = trav t []
where trav Empty ts = ts

trav (Node a left right) ts =
a : trav left (trav right ts)

o Aldoylon katd mAdtoc  (kKoAvtepn viomoinon)
traverseBF t = trav [t] []

where
trav []1 [] = []
trav [] ys = trav (reverse ys) []

trav (Empty : xs) ys = trav xs ys
trav (Node a left right : xs) ys =
a : trav xs (right : left : ys)
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Hpo@u L1 KoL 0KV pn omouuncm

e T ]

- o e T e e

¢ [1p6Ovun anotiunon (eager evaluation)
e O1vmoAoyiouol yivoviolr 060 o vopitepa ovvaTov
o Ol TOPAUETPOL TOV GUVAPTNGE®V ATOTLLOVTOL TPLV TNV
KANGN
o m.y. LISP, ML, Scheme, Erlang
¢ Oxvnpn anotiunon (lazy evaluation)

o O1vmoAoyiouol yivovialr 660 mo apyotepa oOvvatov,
ONAOT LOVO OTOV YPELOGTEL TO OTOTEAEG LA TOVC
(call by need evaluation)

o Ol TOPAUETPOL TV GLVAPTNCEDY UTOTILAOVTOL TV
TPMOTN POpA Tov Ba YpelOGTEL 1] TIUN
o m.y. Miranda, Haskell
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Hpoeuun Ko OKvnpnwtouw]cm B _“

& [lopaoctyua: amepn avaopoun
loop n = loop (n+l)
foo x y = if x == 1 then y else 42
e IIp0Bvun amotiunon

foo 6+1 (loop 0) = foo 7 (loop (0+1))
=» foo 7 (loop 1) = foo 7 (loop (1+1))

= foo 7 (loop 2) = .. (oev tepuotiCer)

o Oxvnpmn amotiunon

foo 6+1 (loop 0)
= if 6+1 == 1 then loop 0 else 42
= if 7 == 1 then loop 0 else 42 = 42
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| Hpoeuun KOL OKVN pn anouuncm - () |

¢ [lopaoctyua: dmepn Moto TpOTOV 0plOuv
LLE TO KOGK1IVO TOoL Epatochévn

primes :: [Int]
primes = sieve (natsgt 2)
where

natsgt n = n : natsgt (n+l)
sieve (x:xs) =

X : sieve (filter (ndiv x) xs)
ndiv x y =y mod” x /=0

primes == [2,3,5,7,11,13,17,19,23,29,..]

allnats = 0 : map (\n -> n+l) allnats

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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IT€pa. oo T0 GLVAPTNGLOKO uovrako

€ “Ayvd” GUVOPTNCLOKOC TPOYPOULLUATIGLOC
(purely functional programming)
& [lopevepyetec (side effects)
o MetaParrouevec netaPantéc(mutable variables)
* TOAMOTAEG avOaOEGELS TIUNC
* TPOCTEAAGELS (AWVAKANGELS TIUNG)
e Eico00¢/€€000¢ (input/output)
* EKTOMOGT G6€ 000VN 1] o€ apyEio

* AVAYVOOT OO TO TANKTPOAOYLO 1 amtd apyELO

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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AOI'IKOX
IHHPOIT'PAMMATIZXMOX
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AOV“(OG RPOVP(WHOWIGHOG

& Kevtpikn 10€a
e To mpOypOULLO EIVOL EKPPAGUEVO GE U0, LOPOT
GUUPOAIKNC AOYIKNG LE ONAMON TOV GYECEWDV
LETOCD TMV OEOOUEVMV TTOV OloyEPILETON

e H sxtéleon tov mpoypAuUoTog IGOOVVAUEL LE TN
OLEEAYMYT GLAAOYIGUMV GE QLTY) TN AOYIKN

¢ H yAocca Prolog

e W.F. Clocksin and C.S. Mellish,
Programming in Prolog, 4th edition,
Springer-Verlag, New York, 1997.

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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S W ¢ e . i

(predicate logic)

¢l Ipotacelc
o ANAOGEIC GE GLUPOAIKT] LOPPN TOV Elvau
elte aAnOeic N Oy aAnbeic
o AvopEpovton GE OPOVG KOl GE GYECGELS LETOCD
AVTOV TOV OPOV
o ATOUIKN) TPOTOON: KaTnydpnua (opiopata)
o Teleotéc: — (0 A(xor) v (M)
= (ovvendyetal) <= (TPOKVMTTEL AMO)
< (looovvapetl) V(v kdBe) I (vmdpyer)

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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S W ¢ e . i

& Kovovikn popon kol tpotacelc Horn
o KaOe mpoOtaon umopel va ypopet otnv
TOPOKAT® KAVOVIKT] LOPON
B vB,v..vB, & A, ANAN..NA,
omtovta A, 4,,...A,xor B, B,, ... B, givon
A TOUIKEC TTPOTAGELC
o ITOAAEG (aAAO OYL OAEC) O1 TPOTAGELC UTOPOVV
VoL YPOPOUV GE LOPON Tpotaoewy Horn
B &< A ANAN..NA,
N A AA,AN. ANA,
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Tomor dedopeveov g YAwsoag Prolog

OMSTOLBM]Tég' Apyilovv pe kepahaio ypaupa i

(4 b/

LE TO YopaKTipa ©

& Atoua: ApyiCovv pe pikpd ypauua (t.y. john) 1
nepkAEiovTol amd amosTpOPoLS (1.y.  John')

&® AxEpanot: 0, 42, -42, ...
¢ llpoyuatikoi: 3.1415,
& Aiotec: [1, [1,2,3], [42,apple]

& Aounpueva 0e00UEVa: person (john, 1970),
student (e103109001,[10,9,10,9,10])

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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'eyovota Kot Kavoveg

€ AMAoo1 YEYOVOT®V

male (john) .

male (george) .

female (mary) .

female (jenny) .
parent (john,george) .
parent (mary,george) .
parent (john, jenny) .
parent (mary, jenny) .

¢ ANAmon Kavovev

father (X,Y) :- parent(X,Y), male (X).

mother (X,Y) :- parent(X,Y),

Koot Zayovog Movtéla ['hwocov [poypappaticpot

female (X) .
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'eyovota Kot Kavoveg

€ AnAmwon Kavovev (GLVEYELD)

human (X) :- male (X).
human (X) :- female (X).

brother (X,Y) :-

male (X) , parent(Z,X), parent(Z,Y).

sister(X,Y) :-

female (X), parent(Z,X), parent(Z,Y).

¢ Epotoeic — 6toy01

Koot Zayovog

?- male(john).
yes

?- male (mary) .
no

Movtéla ['hwocov [poypappaticpot

(goals)

male (john) .

male (george) .

female (mary) .
female (jenny) .
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FS’Y OVO’COL KOLl KOLVOVSQ

¢ Epomoelc — 6toy0o1 (cuveyeln)

?- male (peter).

no
?- male (X) .
X = john;

X = george;
no

?- human (X) .
X = john;

X = george;
X = mary;

X = jenny;
no

male (john) .
male (george) .

female (mary) .
female (jenny) .

human (X) :- male (X).

human (X) :- female (X).

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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'eyovota Kot Kavoveg

& Epomcelc — otoyol (cuvEyELn)
?- brother (george, jenny) .
yes

?- mother (X,george) .
X = mary;

no
?- sister(X,Y).

X = jenny, Y = george;
X = jenny, Y = jenny;
X = jenny, Y = george;
X = jenny, Y = jenny;
no

Koot Zayovog Movtéla ['hwocov [poypappaticpot

66



(resolution)

& AAyop1Opog emilvonc

e H epmdTNoN-6t0)0¢ cuykpiveTal e T YEYOVOTOL
KO TO, Ap1oTEPA LEAN (KEPOAEC) TOV KAVOV®V

o Evomoinon (unification): avtn n cOYKpPIoN
TPOKOAEL TOAVOS TN GCLYKEKPIUEVOTOINGT
KOOIV LETAPANTOV

e AV M GUYKPIOT ETLTVYEL Y100 KATO10 YEYOVOC,
0 GTOYO0¢ £YEL IKavoTonDel

o AV EMTUYEL YO TO OPIGTEPO UEAOC KAVOVA, Ol
voBEoelg mpootibevtal 61N AloTa TOV GTOY®V

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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& ALyop1Buocg emidvonc (cuveyeia)

o OmcBoopounon (backtracking): av €vog 6T0OY0G
ATOTUYEL, ONANOT OEV UTOPEL VO IKOVOTOINOEL, O

aAyop1Ouog omicsBoopouel GTOV AUECMC

TPOTNYOVUEVO GTOYO KOl TPOooTAOEl TNV €miAvon ue
TNV QUECMOC ETOUEVT] ETAOYN YEYOVOTOG 1) KOVOVOL

& [lopdostypo
?- mother (X,george) . backtracking
—y— parent (X,george) , female (X) . < : |
—Jornm, parent (john,george) , female (john). X
X=mary
» parent (mary,george), female (mary). v

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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XapamnptcrmamgProlog

& H ceipa gppaviong yeyovotmv, Kavovey

Kol 6TOY®V €ivol KaBOP1GTIKN

ancestor (X,Y) :-
ancestor (Z,Y), parent(X,Z).

ancestor (X,Y) :- parent(X,Y).
€ Y71160e01 TOV KAEIGTOV KOGLOV

e O1 uoveg aAnbelc mpotdcelc etvat aVTEC TOL
ATTOOEIKVVOVTOL PAGEL TOV YVOGTOV YEYOVOTMV
KOl KOVOV®V
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| Xocpocm pchoc ™S Prolo g

& To npoPAnua e dpvnong
e Mo apvntikn tpotocn not A egivor aAnO”nc
Otav 0 6T0Y0C A 0€ UmopEL vou tKovoTotn0et
e Avtn 1 ApVvNGM O0EV TOVTILETOL UE TN AOYIKT
dpvnon, t.y. not not 4 # 4
& To npofAnua tov “mpootaypapnv’”
o 'Eva mpOypoppa 16000VVALEL LE TOV OPIGUO TMOV
TPOOLULYPUPDV TOV GE KOTNYOPTUATIKT AOYIKY

e O LETOOYNUATIGUOC TOV TPOOLALYPUPDV GE
aAyoplOuo emilvong eivan Eva dAvto TpoPAnua

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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[Hopaoetypoto

e e Al s e R R P ., e e i R A e @

& Ap1OunTikeEC TpacelC

Koot Zayovog

daysOf (january,Y,31).
daysOf (february, Y, 29) :-
Y mod 400 =:= 0,
Y mod 4000 =\= 0, !.
daysOf (february, Y, 29) :-
Y mod 4 =:= 0,
Y mod 100 =\= 0, !.
daysOf (february, Y, 28) .
daysOf (march,Y,31).

daysOf (december,Y,31).

validDate (D,M,Y) :-
daysOf (M,Y,X), 1 =< D, D =< X.

Movtéla ['hwocov [poypappaticpot
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daysOf (january,Y,31).

daysOf (february,Y,Z2) :-
( (Y mod 400 =:= 0,

Y mod 4000 =\= 0) ->
Z = 29

; (Y mod 4 =:= 0,
Y mod 100 =\= 0) ->

Z = 29
; Z = 28
) .
daysOf (march,Y,31).

daysOf (december, Y, 31).

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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1lapadetypara

I N e e

& Aloteg

Koot Zayovog

length([],0).
length ([ |Xs],N) :-
length(Xs,M), N is M+1.

member (X, [X]| 1) .
member (X, [ |Xs]) :-
member (X,Xs) .

append([],Y¥s,¥s).
append([X|Xs],¥Ys, [X]|Z2s]) :-
append (Xs,Y¥s,Zs) .

Movtéla ['hwocov [poypappaticpot

73



1lapadetypara

N . Rl o P e S

& Aictec (ovveyeln)
?- length([1,2,3,4,5],N).

N =5;

no

?- member (X, [1,2,3]).
X =1;

X = 2;

X = 3;

no

- append([1,2,3],[4,5,6],L).
L= [11213/4/516];
no

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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1lapadetypara

N . Rl o P e S

& Aictec (ovveyeln)
?- append(L,[4,5],[1,2,3,4,5]).
L =1[1,2,3];
no
?- append([1]X],Y,[1,2,3]).
X=11, ¥=1[2,3];

X = [2], ¥ = [3];
X =1[2,3], Y =[]
no

Koot Zayovog Movtéla ['hwocov [poypappaticpot
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1lapadetypara

N . Rl o P e S

& Aictec (ovveyeln)
?- append (X,Y,[1,2,3]).

Koot Zayovog

X =
X =
X =
X =
no

1, ¥y =1[1,2,3];
1], ¥ = [2,3];
(1,2], ¥ = [3];

1,2,3], ¥ = [1];
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[Hopaoetypoto

Wl il i = e e, R el i Sl T e R S e e,

& Aictec (ovveyeln)
?- member (3,L).

Koot Zayovog

B = A

(31 1
[, 31 _1;

.. ATELPEC AMVGELS

Movtéla ['hwocov [poypappaticpot
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Ilapaoeiypota. —— (5)

& Alotec Kou (agoa%ng) ro@vo unon
sort(L,SL) :-
permutation (L, SL), sorted(SL),<;%
permutation (L, [H|T]) :-

append (V, [H|U],L), Zrauaraelttn
append (V,U, W), dLadLKaoLa TG
permutation (W, T) . aVO‘ZﬂTrIIGF]C
permutation([],[]). NMEPLOOOTEPWY
AUCEWV

sorted([]) .
sorted ([ ]).

sorted([A,B|T]) :- A=<B, sorted([B|T]).
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Koot Zayovog

| Hapocéiswuaw

R o M e T e R L T, T i

?- sort([42,13,77],L).

L
no

[13,42,77];

?- permutation([1,2,3],X).

KX XK e X XK

'1,2,3];

'1,3,2];
2,1,3]1;
2,3,11;
3,1,2];
'3,2,1]1;
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(6)

& Alotec Kou (agoe:/lng) Tactvounon (cuvEyELd)
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lapaoetypata (7)_

T R R R T e

& Aiotec kou QuickSort

gsort([H|T],S) :-
split(T,H,A,B),

2TOLLOTAEL TN
gsort (A,SA), ,

dladkaoia tng
gsort (B, SB), ,

avagntnong

append (SA, [H|SB],S) .

gsort([],[]).
split([X|Xs], :
A = [X|As], split(H,Xs,As,B).
split([X|Xs] , H,A,B) :-

X>H, B = [X|Bs], split(H,Xs,A,Bs).

split([1,_,[1,[1).

TMEPLOCOTEPWV
KOLVOVWV
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Tlapooeiypoto

R N e e s R S

& Aioteg xar QuickSort (pe ypnon 1f-then-else)
gsort([H|T],S) :-
split(T,H,A,B),
gsort (A,SA),
gsort (B, SB),
append (SA, [H|SB],S) .
gsort([],[]).

split([X|Xs] , H,A,B) :-
( X =< H -> A = [X|As], B = Bs
; A = As, B = [X|Bs] ),

split(H,Xs,As,Bs).
split([],_,[1,I1).
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