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21)\/10@1 KoL on uamo?»oywc TPOYPOL uuaw)v

¢ 2ovToén YAMGOo®V TPOYPUUUATIOUOV: TOC
OELYVOVV TA TPOYPALUOTO GTO YPNOTH, Tl
LOP®T) KOl TL OOUT) EYOVV
o H oVvtaéin cuvnbwg opileton pe ypnon Kamotog
TUTIIKTG YPOLLUOTIKNG
¢ ZNpooclorloyio YAOGGMV TPOYPULUITIGUROV:
TL CNUOIVOVY TO TPOYPAULATO, TOLO EIVOL T
GULUTEPUPOPA TOVG
« H onuacioroyia etvar mo o0GKoAN va op1eOet
oo TN oLVTOEN — OLAPOPOL TPOTOL OPIGUOV TG
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ZUVIO@] KO O1) uoclokoyux napaé}swpon:oc

——— e N e o e T e : = s

¢ ®paon M;Krucoc AdBoc
OTtal TIAC oA XUCE day ema ywada KN
¢ Opdon Aextika 0pO1 aALd cuvTaKTiKG AABOG
o manag¢ o dokn £paye maxLd moxus
¢ Opdon cvvtokTikd (Kot AekTikd) opO1) aALd
ONUOCTIOAOYIKA (Kol VOUotikd) AAB0og
O TATAC O TtoXld £daye maxuc ¢akn)
¢ Opdon GLVTOKTIKA (KOl «GTUAGIOAOYIKA») 0pO1 OAAD
VO Lotk AAB0G
n dakn n eyl Epaye moxL mara
¢ ®pdon xab’ OAa 0pO1

O TATAC O TaXUC €daye Taxta pakn
Koot Zayovoc Movtéla 'howocdv [Tpoypappoticuod



Asmum owa?wcm yka)cscsoov

¢ H Aextikn avaAven o€V €ivol TETPLUUEVO
TPOPANUO V10Tl OL YAWGGEC TPOYPOUULOATIGLLOD
cvvnbmc etvor To TEPITAOKEC AEKTIKA OTO T
EAANviKa

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

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

= y/*p;
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¢ [1oc onAwvovTal 01 AEKTIKES LOVAOEG;

o AECEIC KAEIWOWN — HEC® cvuPoroceEp®V (Strings)

o Ilog opiCovton T ovopata TV HETAPANTOV;

o Ilmwg opiCovron ot ap1Opoi Kivntig VTOOIOIGTOANC;

¢ Kavovikég ekppaocelc (regular expressions)

» 'Evoc e0ypnotoc tpOmoc va 0picovue
aKOAOVOIEC QT YOUPAKTPES

o XPNOCILOTOIOVVTOL EVPEMS: grep, awk, perl, K.AT.

Koot Zayovoc Movtéha 'howooov [poypappaticpot



[Hapaoetyunata:

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

o '0']'L" — Ttonpraler pe unosv N ne éva,

« 'O'1'1')'2')1'3']1'4')'5'|'6')1'7']'8')'9 -
TOLPLOCEL HE Yynolia

o [0-9] — 10 1010 pe TO TAPOATAV®D OALG GE TLO
CUUTTAYT] HOPOY

o [0-9]* —oe1pd amd ynoia (mOovOS KEVN)

Koot Zayovoc Movtéha 'howooov [poypappaticpot



¢ Axéparot apOuot (m.y. 10)

o O1 apvnTikol aKEPALOL EIVOL Lol AEKTIKT) LOVAOOL
n oxy;
¢ Xapoxtnpeg (m.y. 'a’)
o [lo¢ avamapiotovtol O [N EKTLTOGULOL
YOPAKTNPES 1 TO * ;
¢ Ap1Bpotl KivnTg LTOOLUGTOANC (7T.Y. 3.14e-5)
¢ 2vuPorocelpeg (m.y. "hello world")

 [log avarapiotatol o yapoaxktnpog *;

Koot Zayovoc Movtéha 'howooov [poypappaticpot



AEKTIKEG uovocf)eg & KOVOVIKEG EKPPAGCELS

¢®To ock(denro
R e (I e Vet | SRR N
¢ Ovo pom@ou LLE KATO1EC KAVOVIKEC EKPPAUCELC
o LPAR ::=(
o PLUS ::=
o letter ::=A|B|...|Z|a|b]|...|z
o digit::=01]1]...|9
o ID ::=letter (letter | digit)*
o« INT ::=((1] ... | 9) digit*) | 0

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 10



Asmum a?wcm (Scannmg) e

OTspaxiCa EVOL TPOYPOLLLLY, GE Lo 0KoAoVOia
oo AEKTIKEC LOVAOES (tokens)
foo = a + bar2(42) ;

ID EQUALS ID PLUS ID LPAR INT RPAR  SEMI

¢ Ovo106TIKA ATAOTTOLEL TN AELTOVPYIN TOV
GUVTOKTIKOD OVOADTY

¢ O1 AekTIKOl AOVOALTEC ETVOIL TTLO YPTYOPOL OTTO
TOVC GLVTOKTIKOVC OVOAVTES O10TL £YOVV VAL
KOVOLV LE ATAOVCTEPT) YPOLLLOTIKY

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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M npotaon anoteAeiTal

ano Ha OUCLaoTIKN ppaon, <S> =:= <NP> <V/> <NP>
E€Va pPAUA, KOl LI OUCLIOOTLKN

ppaocn

Mia ouola0TIKR PpPaon
anoTeAElTal ano €va apbpo
KOl EVA OUOLAOTIKO

<NP> ::= <A> <N>

Prpata sivatl Ta €€AG.. <V> ::= loves | hates | eats
ApBpa eival Ta €€ng... <A> ::=a | the
OuolaoTIKA EIVAL TA €ENG...  <N> == dog | cat | rat

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot |1



[Tmc 00VAEVEL LLdL YPOLLLLOTIKN

R - i e

¢ M ypappotikn givon £va, GOVOAO KOVOV®OV TOL
0p1LoVV TMC KATAUOKEVALETOL EVOL GUVTUKTLKO
0EVOPO

¢ Zexwvapue Balovog to <S> otn pila ToL 0EVOPOL

¢ O1 KavOVEG TNG YPOUUOTIKNC AEVE TMC UTOPOVLUE VO
TpochEcove Tood o€ KABe onuEio TOL OEVOPOL

¢ [0 mopdoetypa, 0 Kovovog
<S> .= <NP> <V> <NP>
AEEL OTL umopovuE va Tpoohésovue kopupBovg <NP>,
<V>, kot <NP>, ue aovtn m 6E1pa, 0C oot ToL
KOuPov <S>

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 13



L T S T = — e T

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

| a |l b | c

¢ Mo ap1lOunTikn EKEpacT UITOPEL VoL VoL
« T0 A0pOIGHA OVO AALDV EKPPAGEWMV, 1|
¢ TO YIVOUEVO OV0 EKOPACEMV, N
o L0 EKQPOOT] TOL TEPIKAELETOU QTTO TOPEVOESELS, N

o KAmol omto TIC uetaPfAntéc a, b, n ¢

Koomg Zayovoc Movtéla 'howocdv [Tpoypappoticuod
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_— £S>i:= <NP> <V> <NP>

apyKo cOUPoAo s

_______________________

____________________________

L1 TEPLOTIKA / ‘-:
coppora L<A> I

a | the

<N>: fi‘ogxl\cat | ra__t.,//
TEPUOTIKG GOUPOA

(AEKTIKEC LOVAOEQ)
Koomg Zayovoc Movtéla 'howocdv [Tpoypappoticuod
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™ — = —— -

¢ Mo ypopuatikny og popen Backus-Naur sivon
o 'Eva 6OvoAo amo AeKTIKEG HovaoES (tokens)

e XVuUPoroGELPES TOV ATOTELOVV TO LIKPOTEPQ AOTOUPETA KOLLUATIOL TG
GUVTOENG TOV TTPOYPAULLOTOS

» 'Eva 6OvoA0 amo un tepuotika cvufpoia

» YvuPorocelpéc mov eykieiovtot o€ aykvAec, m.y. <NP>, kot
AVTITPOCOTEVOVY KOUUATIOL TOV GUVTOKTIKOD TNG YAMOGOS

* A€ GLVAVTIOVVTOL GTO TPOYPALLU, OAAG Elval cOUPoia mov BpickovTal
GTO OPLOTEPO UEPOG KATOL®V KOAVOVMOV TNG YPOLLOTIKNG

o TO apytko cOUPOLO TNG YPOLLUOTIKNG

* 'Eva ovykekpiévo un teppatikd cOuporo mov amoteret t piCa tov
CUVTOKTIKOD 0EVOPOL Y10 KAOE amoOEKTO OO TN YADMGOO TPOYPOLLLLLOL

o 'Eva c0VOLO 00 KOVOVES TUPAYOYS

Kootmg Zayova, Movtéla 'howocdv [Tpoypappoticuod 17
NG ~oywvag



® O1 KavOoveG Topay®yns yPNoLLOTOIOVVTOL
Y10 TNV KOTOGKEDT) TOLV GUVIOKTIKOV

0EVOPOL

¢ Kabe kavovog €xer tn popen A ::= A
o To apiotepd puEpoc A amoteAdeitar amd Evol un
TEPUOTIKO GUUPBOAO

o To 0¢e&i uépog A eivan wa akorovdio amod
TEPUOTIKG (AEKTIKEC LOVAOEC) KO U TEPUOTIKA
couupoAa

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 18



¢ Kd0Be kavovac mpooortopiCetl Evav mbavo
TPOTO KATAUGKELTC TOV GUVTUKTIKOV
VTTOOEVOPOL TTOV

o £YEL WG piCa TOL TO UN TEPUATIKO GVLUPOAO GTO
aPLoTEPO LEPOC A TOV KAVOVO KO

o (OC TOOLA OWTNG TNG pilac (e TNV 1oL GEPAL
eUPAvVIoNC) £xel T cLUPOAN 6TO 0EET HEPOC A
TOL KOVOVOL

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 19



T e il .

¢ ApyiCovpue TV Kotaokevn BACOVTOC TO OPYIKO
GUUPOAO TNC YPOUUOTIKNG 6T pila TOV 0EVOPOL

¢ IIpocOcTovue moold o KAOE un TEPUATIKO
oVUPOAO, YPNCLUOTOIDVTOC KATOIOV OO TOVG
KOVOVES TTOPOAYWYNGS TNE YADOGHC Y10, TO
CUVYKEKPIUEVO UN TEPUATIKO

¢ H owokaoio tepuatilel 0tav OA To, QUAAN TOV
OEVOPOL OITOTEAOVVTOL OTTO AEKTIKEC LOVAOES

¢ H ocvuPorocelpd mov avTioTory el 6GT0 0EVOPO
Bpioketon owaPdCoviac Tor PUAAN TOV OEVOPOL OO
APLOTEPQ TTPOC TOL OECIN

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot

Kotookevn GUVIOKTIKOV 0EVOPMV
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<expr> ::= <expr> + <expr>

IHapaostyuata | <expr>* <expr>
-__ _._,ﬁ‘“ S — | ( <expr>)
¢ To cCUVTAKTIKO 0EVOPU. Y10 lalb|ec
TIC TTOPAKATW EKPPACELS
a+b (a+b) (a+ (b)) a*b+c

¢ H K0tooKeL] TOV GUVTOKTIKOV 0EVOPMV E1vaL
OOVAELX TOL GLVTOKTIKOV OVOAVLTN (parser)
EVOC LETOYAMTTIOT

¢ Y Tapyovv o1popotl amoo0TiKol alyopiuot Kot
EPYOAELQ Y10l YULOVTOUAT KOTOUOKELT] TOV
GUVTOKTIKOD OVOAVTY)

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 21



Op1oLOC YAOGOOV

S T T T e

¢ [ va opicovue T oVVTIOEN TOV YADOGGQV
TPOYPOLUATIGULOD Y¥PNCILOTOIOVUE YPUULUOTIKES

¢ H yAocoa mov opiCeton oo Lo YPOLUOTIKN EIVOL
TO GLVOAO TV GUUPOAOGEIPDOV Y10, TOL OTTOLOL 1)
YPOULLOTIKY) WTOPEL VO, TAPAEEL GLVTAKTIKG, 0EVOPQL

¢ Tic mEPLOGOTEPES POPEC TO GVUVOAD 0VTO Elvau
AmEPO (TOUPOLO TOL 1 YPUULOTIKY E1VOLL
TETEPUGLUEVT))

¢ H xortoaokevn pioc ypouUUaTiKng Yo Lo YAMGoo
LOLACEL AYO LE TPOYPALUATIGUO. ..

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 27



| Hapocéiswu(x Konoclceung ypauu(nmg (1)

S e M e e = T s i S 5

20vN0m¢ yiveTal PE Yp1on TNS TEYVIKNC “Ol0lpEl
Kot Baciieve” (divide and conquer)

¢ Ilopaosiyno: KatacKELT] TNEC YADMOCGOC TOV
oniwcewv g C:
o OPYIKA, M ONA®GON EXEL EVOL OVOLLO, TOTTOV
o OTN CLVEYELN Lo aKOAOLOiO oo petaPAnTEC mov
otaympilovron pe koppata (0mov kadbe petaPintm umopei va
TOPEL LUL0, OPYIKN TIUN)
e KO 0TO TEAOG VO EPMTNUATIKO (semicolon)

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

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 23



| HapaSewua KawKeung ypauuonucng (2)

S e M e e = T s i S e ey T2 e

¢ Apykd a¢ oryvonicovue tnv mdovn LTaPEN
APYIKOTOINTOV:
<var-decl> ::= <type-name> <declarator-list> ;
¢ O Kavovoc Y10 To OVOLLOTO TV TTPWTOYEVOV
TOTOV (primitive types) eival amrAoDoToTOoC!

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

Ynuetoon: 0ev Toipvooupe VTOYN TOHTOVE TIVAK®V
Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 24



| Hapoc881 o Kawm(s:ung Ypo uuonucng (3)

¢ H axoAovOio tov petaAntodv mov
OO ®PILOVTOL E KOULLOTO, EYEL OC EENC:

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

¢ Omnov Cava, Eyovue TPOG TO TAPOV OLYVONGEL
TOVC THAVOVC OPYIKOTOINTEC TV UETAPANTOV

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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¢ O1 onAmteC petaPAntov, pe N yopig
APYLKOTOIMGELC, OpilovTal ™C:

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

¢ [ 10 oAOKANpN TN C:
o llpémel va empéyouue Ko CEVYN OO AYKOAES LETA TO
OVOLO, TOV UETAPANTOV Y10, TN ONAMGT TOV TIVOK®V

o Ilpémel emionc va opicovue Kot T GLVTOUEN TOV
OPYIKOTOINTOV TIVAK®OV

o (Duvoikd BELOLUE KOl OPIGHOVGS Y10 TO, UT) TEPUATIKA
ovupoia <variable-name> ko1 <expr>)

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot

| HapuSewua Kocheung ypauu(nucng (4)

26



KYPIA MONTEAA I'AQX2 QN
INPOI PAMMATIXMOY

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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Kupio mpoypappotiotiko povrero (1)

¢ 11p0ooToKTIKOC TPOYPUUUATICIOG
(imperative programming)
« FORTRAN, Algol, COBOL, BASIC,
C, Pascal, Modula-2, Ada
€ 20VoPTNOLOKOC TTPOYPALLUOTIGLOC
(functional programming)
« LISP, ML, Scheme, Miranda, Haskell, Erlang

@ A0Y1KOGC TPOYPOLUUOTIGLLOG

(logic programming)
» Prolog

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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KVplo, Tpoypopotiotiko povtero  (2)

® AVTIKEILEVOOGTPEPNG TTPOYPUULULATIGLOG
(object-oriented programming)
» Simula, Smalltalk, C++, Eiffel, Java, C#
¢ IIpoypoappatiocpoc «cevapiovy (scripting)
» Perl, Python, Ruby, JavaScript, PHP

¢ [HoapdAAnNAoc/TauTOYPOVOS/ KATAVEULEVOC

TPOYPUUULATIOUOG
(parallel/concurrent/distributed progr.)

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

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 29



2YNAPTHXIAKOX
INPOI PAMMATI2XMOX

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot

30



AlOL([)OLVSlOL OLVOL(pOpOLg (referentlal transparency)

Tl S - e e

¢ X pio YAWoG0o GLVOPTINGLOKOD TPOYPUUUATIGLOD,
N QTOTIUNGY WaG GLVAPTNONC OIVEL TAVTA TO 1010
OTTOTEAECLOL Y10 TIC 1O1EC TIUEC TOV TTOPAUETPWOV TNG

¢ H onuoavtikn ot 1010TTol 0EV 1IGYVEL KAT OVAYKT
OTIC YAWGGEC TPOGTUKTIKOD TPOYPOULLUATIGLOD

¢ XTI TPOCTAKTIKEC YAMGGEC 0wTO cvuPaivel AOym:

« MetaPAntov mov opiCovor Kot GAAACOVY TIUEC EKTOC
TOV GOUOTOS TG ovbvaptnong (global variables)

» EZdptnong and v katdotoon (state) Tov VTOAOYIGLOV

o AMov mapevepyelov (side-effects) mov umopet va
VITAPYOVV GTO TPOYPOULLLLOL

Koomg Zayovoc Movtéla 'howocdv [Tpoypappoticuod 31



aaoEe of 1o

e T 2 e

program example (output)

T ToT@vel 1O
var flag:boolean;

| | | TPOYPOLLUAL;
function f(n:int): int :
begin S ko peta 4
if flag then £ :=n [eoicovo S10TL
else £ := 2*n; y P p Y :
Filoa c= el Fes TEPLUEVOVUE OTL
end f(1)+ f(2) = f(2)+ (1)
begin ¢ X210 podnuotika ot
flag := true; CLVOPTNOELS

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

eCOPTOVTOL HUOVO
0O TOL OPloUOTA
TOVG

Koomg Zayovoc Movtéla 'howocdv [Tpoypappoticuod 82



2VVOPTNOLOKOG TPOYPAUpaTIonos (1)

- TR i R e il iy

¢ [TAcovektnuoto
o 2VVTOUIO (2-10 popec UIKPOTEPOS KWOIKOG)
« EvkoAia otnv Kotavonon
o AYOTEPOU GOAALOTO EKTEAECTC
« Emavaypnociponoinon, agaipeon, oounon
o AVTOHOTN OLOYELPLOT UVIIUNG

[Tapaoderypo: QuickSort oe Haskell
gsort [] = []
gsort (x:xs) = gsort 1lt ++ [x] ++ gsort ge
where 1t [y | v <- xs, y < x]
ge [y | ¥ <- xs, ¥y >= Xx]

Koomg Zayovoc Movtéla 'howocdv [Tpoypappoticuod 33




¢ Melovektnuorta
o Melouévn amdooon
o MeyoADTEPEC ATOUTI|GELS LUVIUNG
¢ Oy peovektnuoto ©
QAAOYY PILOTOPIOC OTOV TTPOYPOLUOTIOUO
o Oyt petaPAntéc, Oy evroréc avabeonc
o Ex@paoeic Kot GuvaptnoELg

¢ Ta mtopaogiypota Tov akoAovhovV Etvor
o< Haskell http://www.haskell.org/

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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Ankmcatq KoL aciocooyn rmw)v g

T o R s e S s

¢ AMA®oN GLVOPTICEMY

incn=n+1
Bt =t *®aanc’t

¢ Anlmon TV

% = f 6
y = £ (£ 2)

@ 2VUTEPAGUOC TOTTOV (type inference)

o Ot tOmO1 VITOAOYICOVTON OV TOLOTOL
inc, £ :: Int -> Int
X, VY S EnE

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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! £ incn=n+1
Y moAoylopol TIH®V £t =t * inc t
s R e R R e x — f 6
€ YToAOYIGLLOC TIUNG y = £ (£ 2)

x =» £ 6 =9 6 % inc b
= 6*(6+1) = 6*7 = 42

¢ To amotéleoua tvor aveCAPTNTO TNS CEIPAS
TOV ETUEPOVE VITOAOYICUDV (vmo k.0.)
VY £ (£ 2) P £ (2% jne2)

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

y > £ (£2) 9 £2 * inc (£ 2)
=2 (2 * inc 2) * inc (2 * inc 2)
= (2*(2+1)) * inc (2*(2+1))
=2 (2*(2+41)) * (2*(2+1)+1l) = .. = 42

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 36



TNl S e -

& Mg ypnion Tov let

X = let inc n = n+l
fit ="t ®¥3nc Lt
in £ 6

¢ ... N ue ypnon tov where
X

et 6
where inc n = n+1l
£t -= .t *31nct

¢ O1 TomKEC ONA®GEIC aKOAOVOOVY KAVOVEC
euPeretog ommg m.y. g Pascal

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot

Tomkeg ONAOGELS
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@ 2uVapTNoELC UE no?»?»eg TOPOUULETPOVC

Koomg Zayovoc

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

.. Kol “TOAAG” amoTteAEcLOTOL

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 (x1, x2)

Movtéla 'howooov [Ipoypappaticpot
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_Avoopopn

TR S el

€ XT0 GLVOPTNGIUKO TPOYPOULATICUO EIVOL O
KUPLOC TPOTTOC EMAVAANTTIKOV VITOAOYIG LDV
o YTOAOYIGUOC TTOPOYOVTIKOD

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

o Ymoloyionoc M.K.A. (aAyopiBuroc EvkAeion)

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

N

pattern matching oTiC TOPUUETPOVS

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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Tl S - S

LUVOPTNOEIC VYNANgTOCHS

€ 20VOPTNOELS TOV TALPVOLV MG TTOPUUETPOVS
AAAEC CLVOPTNGELS

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

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

@ ... 11 TOL £YOLV OC UTOTEAEGO CUVOPTNGELC

plusN :: Int -> (Int -> Int)
plusN x = let £f vy = x + y
in vk
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AVOVDLEG CUVOPTIGELS

¢ “H cuvaptnon mov ametkoviCel

K@0e n oto nt1” An. n+1
\n -> n+l
¢ [Tapdostypo
twice :: (Int -> Int, Int) -> Int

twice (£, x) = £ (f x)

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

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

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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Hapauarpm\/ m)vxswc

e i s 8 ™

¢ “Currying” (Haskell B. Currjy)

Koomg Zayovoc

Mio cuvdptnon pe 0HO TAPAUETPOVE
IGOOVLVOLLEL LLE LU0 GLVAPTNGT] TTOL OEYETON
TNV TPOTN TOPAUETPO KOl EMIGTPEPEL L0
GLVOPTNGT TOV OEYETOL T1 OEVTEPT)

add :: (Int, Int) -> Int

add (x, y) = x+y

add’ :: Int -> (Int -> Int) CW”?%i

add’ x = \y -> x+y version
add (x, y) == (add’ x) vy
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Hapauarpm\/ m)vxswc Geh

T e ol i i e

¢ Amlovotepn ypoon curried GLVOPTNGEDV

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

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

® Me 11¢ curried GuUVOPTNGELC EMTPETETAL
N “HEPIKN EQAPHOYN”

twice (add 20) 2 = add 20 (add 20 2)
= add 20 (20+2) = 20+ (20+2) = 42
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@ AxohlovBiec OLOEWWMV GTOLYEI®V

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

prices = [ ("pniAo", 3.0),
("oaxAadL", 2.2),
("avavace", 5.5)]

¢ [Hopaoctypuoata pe AMoTe

o EVpeon unkovg
length [] = 0
length (x:xs)

1 + length xs
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o 2VVEVOGT] OVO AIGTMOV

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

o AvOooTpoen AMoTac

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

o AVOooTpOoPn AMoTOC (kaADTEPY VAOTOINON)

Koomg Zayovoc

reverse xXs = rev xs []
where rev [] ys = ys
rev (x:xs) ys = rev xXs (x:ys)
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¢ [Topaosiypota e MoTEG KOl GUVOPTNGELS

LYNANG TOCNG
» E@apuoyn uioc ocvvdaptnong e Ola ta
oTOLELN (oG AloTog

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

o “DiATplplopnd’” TOV GTOYEIOV ULOG AMGTOC
filter £ [] = []
filter £ (x:xs) =
if £f x then x : filter f xs
else filter f xs

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot 46



Hapauerpmog nouuop(plcsuog

Py e il S s e S

¢ 11o10¢ 0 TOTTOC TNC TAVTOTIKNG GLVAPTNONG;

AR "= X

¢ Mnopel va ogyBel mapapuerpove Kabe ToHmTov

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

¢ Etvon Lot ToAuop@1kn) cuvaptnon

id :: a -> a (y10. Kale tOTO a)
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¢ [1ep1oG0TEPEC TOAVUOPPIKEC GCUVOAPTNGELS
length :: [a] -> Int
concat :: [a] -> [a] —-> [a]
reverse :: [a] -> [a]
filter :: (a -> Bool) -> [a] -> [a]

o KO L€ TEPIGCOTEPOLE “AYVOOTOVS TLUTOVG
map :: (a -> b) -> [a] -> [Db]

o EVOL KOO OVVOETO TOPAOETYLLOL
zip :: [a] -> [b] -> [(a, b)]
zip [] ys = []
zip xs [] []
zip (x:xs) (y:ys) = (x,y) : zip xs ys

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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¢ AmAéC amaplBuncelc

data Light = Red | Green | Yellow
next Light -> Light
next Green = Yellow
next Yellow = Red
next Red = Green
¢ [110 ovvOeTOL TOTTOL OEOOUEVOV
data Number = NInteger Int
| NReal Double

neg (NInteger
neg (NReal r)
neg (NComplex

Koomg Zayovoc

NComplex Double Double
n) = NInteger (-n)
= NReal (-r)

X y) = NComplex (-x) (-y)
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€ AvoopoKa OploUEVOL TOTOL

o LUVOEOEUEVEC LOVOLOPPIKEC MOTEC
data IntList = Nil | Cons Int IntlList

1 Kol TOAVULOPPIKES AMOTEG

data List a = Nil | Cons a (List a)

o Iapaociypaza

sum :: List Int -> Int

sum Nil = 0

sum (Cons x Xs) = X + sum Xxs
length :: List a -> Int

length Nil = 0
length (Cons x xs)

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot

1 + length xs
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@ AvoopouUtKd opioUEVOL TOTOL (CLVEYELR)

o IToAvpop@ukd ovaotkd oEvipa

data Tree a = Empty
| Node a (Tree a) (Tree a)

o Métpnon kouPwyv
count :: Tree a -> Int
count Empty = 0
count (Node a left right) =
1 + count left + count right
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@ AVOOPOUIKE OPIGUEVOL TUTTOL (GLVEYELX.)
» Aldoyiomn Kotd Pabog

preorder :: Tree a -> [a]
preorder Empty = []

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

» Aldoylon KaTO 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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Optlopot TtV

TR S el

€ AvoopolKa OploUEVOL TOTTOL (CVVEYELR)
» Alaoyion kot Pdboc  (katdtepn vAomoinon)

preorder t = trav t []
where trav Empty ts = ts
trav (Node a left right) ts =
a : trav left (trav right ts)

» Aldoylon Katd TAdTOC  (kKoAvTEpn vAOTOINGY)

traverseBF t = trav [t] []
where
trav [] [] []
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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HpoOu U1 Kol 0KV pn anouuncm

T ST g e - r——— o

¢ [Ip6Ovun amotiunon (eager evaluation)
» Otrvmoroyiouot yivovial 060 mo vopitepa oOvvaToV
o Ol mOpAUETPOL TOV CUVOPTNGEMV ATOTLLOVTOL TPV TNV
KANGN
« m.x. LISP, ML, Scheme, Erlang
¢ Oxvnpn amotiunon (lazy evaluation)

o O1vmoAoyiouotl yivovior 060 7o apyoTepa. oOvvaToV,
ONAOON LOVO OTOV YPELNGTEL TO OMOTEAEGLA TOVG
(call by need evaluation)

o O1 TOPAUETPOL TOV GLUVOPTIGEMV ATOTILMOVIOL TNV
TPOTN POPA TOV Ba YPEIOGTEL 1 TIUN
» m.x. Miranda, Haskell
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Hpo@uun KoL OKVpT] anouuncm

T o T s il - e S T e e ey TS

¢ [Hopaoctryuo: amepn avoopoun
loop n = loop (n+l)
foo x y = if x == 1 then y else 42
o IIp6Bvun 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 Oxvnpn 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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Hpo@uun KoL OKVpT] anouuncm

T o T s il - e S T e e ey TS

¢ [Hapaoctyuo: amepn MoTo TPOTOV apLOu(bv
LE TO KOoK1vo Tov Epatocbévn

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
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¢ “Ayva” cuVOPTNOLOKOC TPOYPUUUATIOUOG
(purely functional programming)

¢ [Topevepyetec (side effects)
o MetaPoarrouevec petaPantec(mutable variables)
* TOAMOTAEC VOOECELC TIUNC
* TPOCTEAAGELS (AUVOUKANGELS TIUNG)
» Eic000¢/€€000C (input/output)
* eKTOTMOMN o€ 000vNn N o€ apyElo

* VAYVOOT OO TO TANKTPOAOYLO 1 a0 OpyELO

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot



AOI'IKOX
INPOI PAMMATI2XMOX
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¢ Kevtpikn 10€a

o To mpOypOapLLO EIVOL EKPPACUEVO GE UL LOPOT
GUUPOAIKNG AOYIKNG UE ONAMOT TOV GYECEWMV
LETOCD TMV OEOOUEVMV TOV Ol EPICETOL

» H extéAleon tov mpoypAUUOTOC IGOOVVOALEL LLE TN
OLEEAYMYT GLAAOYIGUMV GE QVTY) T1 AOYIKN

¢ H yAoooa Prolog

o« W.F. Clocksin and C.S. Mellish,
Programming in Prolog, 4th edition,
Springer-Verlag, New York, 1997.
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(predicate logic)

¢ llpotacelc
o ANAcEIC o€ cLUPOAIKT) LOPPT TTOV ETvon
elte aAnbeic N Oy aAnbeic
o Avo@pEpovton GE OPOVE KOl GE GYECELC LETOCD
AVTOV TOV OPOV
o ATOlIKN TPOTOON:  Katnydpnua (opiopata)
o Teleotéc: — (0 A (ko) v (M)
= (ovvendyetal) <= (TPOKOMTEL ATO)
< (looovvapet) V (v kdde) I (vmdapyer)
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¢ Kavovikn popon kol tpotacelc Horn

» Kabe npotaon umopetl va ypapet otnv
TOPOKAT® KAVOVIKT] LOPON

Biv Biviin B e AN A N SN A
ontov ta A, 4,,... A, xou B, B,, ... B, givan
O TOUIKEC TTPOTACELS
o IToAAEC (aAAG OYL OAEC) O1 TPOTAGELC UTOPOVV
VoL YPOPOUV GE LOPPT Tpotaoewy Horn
B = A nANNA
N AT NAs N B
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@ MetafAnTéc: Apyiovy pe kepataio ypappa M

LE TO yopoxKTnpa © ’

¢ Atoua: ApyiCouv pe pikpd ypaupa (t.y. john) n
TEPIKAEIOVTOL OO ATOGTPOPOVS (.Y, " John' )

® Axkeparot: 0, 42, -42, ...
¢ Ilpoyuoatikoi: 3.1415,
® Aiotec: [1,[1,2,3], [42,apple]

¢ Aounpueva 0E00UEVD: person (john, 1970),
student (e103109001,[10,9,10,9,101])
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Feyovow KoL Kowovsg (1)

T e il R T

¢ AMAoon yeYovoTmV
male (john) .
male (george) .

female (mary) .
female (jenny) .

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

¢ AMAmon Kavovmv
father (X,Y) :- parent(X,Y), male (X).
mother (X,Y) :- parent(X,Y), female (X).
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¢ 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 — 610y01 (goals)

?- male (JOhn) . male (john) .
yes male (george) .
?- male (mary) . female (mary) .
no female (jenny) .
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® Epotcelg — otoyol (cuvEyELd.)

?- 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).

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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I'eyovota Kot Kavoveg

® Epomcelg — 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

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot

66



(resolution)

¢ Ahyop1Buocg emilvonc
o H epmdtnon-6t0y0¢ cuykpiveTol UE TO YEYOVOTOL
KOUL TOL P1oTEPA LEAN (KEPAAES) TOV KAVOV®V
« Evomoinon (unification): avt n 6OYKPIoN
TPOKOAEL TOAVOC TN CLYKEKPIUEVOTOINGOT
KOOIV LeTaPAntaov

o AV 1M o0YKpPIoN ETLTLYEL Y10, KATO10 YEYOVOC,
0 GTOYOG £YEL IKOVOTOINDEL

o AV EMITUYEL Y10L TO OPLOTEPO UEAOC KOVOVQL, Ol
vo0écelc Tpootifevtonl 6T Mot TV GTOY MV

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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EniAvon

S T e T

@ A\yop1Buog emiAvonc (cuvEyela,)
o OmcBoopounon (backtracking): av £€voc 610G
ATOTUYEL, ONANOTN OEV UTOPEL VO TKOVOTOINOEL, O
aAyop19uog omicBodpoUEl GTOV AUECMC
TPONYOVUEVO GTOYO Kol TPOooTaYEl TNV EmiAvoN UE
TNV OUECHG EMOLUEVT ETAOYN YEYOVOTOC 1] KOVOVOL

¢ [Tapdaostypo
?- mother (X,george) . backtracking
ozl parent (X,george) , female (X) . - ‘ |
el il parent (john,george) , female (john) . X
X=mary
» parent (mary,george) , female (mary) . v
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XapamnptmmamgProlog g

¢ H oeipa eppavionc yeyovotmv, Kavovey

Ko 6TOY®V Elvol KaBOop1oTIKN

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

ancestor (X,Y) :- parent(X,Y).
® Y7100eon To0Uv KAEIGTOV KOGLLOV

o O1 povec aAndeic Tpotacelc Elvot AVTEC TOL
QTOOEIKVVOVTOL BACEL TOV YVOGTOV YEYOVOTMV
KO KOVOV®V
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¢ To npoPAnua e dpvnong
o Mo apvntikn tpotocon not 4 gtvol aAnOnG
OTOV 0 6TOY0C A 0€ UMOPEL VoL IKOVOTTOIN0EL
o AVTN M APVNOT OEV TOVTICETOL UE TN AOYIKY
apvnon, m.y. not not 4 # 4
¢ To npoPAnua tov “mpootaypapwuv’”
o 'Eva mpOypopLLel 1IGOOVVOLLEL LE TOV OPIGLO TMV
TPOOIALYPOPMV TOV GE KOTIYOPTLLOTIKT) AOYIKY)
o O LETUGYNUATIGULOS TV TPOOIOYPAUAPDV GE
aAyoplOuo emilvong eivan Eva AAVTO TPOPAN U
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lapaoeiypata

TR S el

¢ Ap1OunTikeC TPAEELC

Koomg Zayovoc

daysOf (january,Y,31) .
daysOf (february,Y,29) :-
Y mod 400 =:= O,
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 'howooov [Ipoypappaticpot
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daysOf (january,Y,31).

daysOf (february,Y,2) :-
( (Y mod 400 =:= 0,

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

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

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

daysOf (december, Y, 31) .

Koomg Zayovoc Movtéla 'howooov [Ipoypappaticpot
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lapaoeiypata

TR S el

® Aloteg

Koomg Zayovoc

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

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

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

Movtéla 'howooov [Ipoypappaticpot
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lapaoeiypata

TR S el

® Aiotec (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= [1121314/516];
no
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lapaoeiypata

T e e

® Aiotec (ovveyeln)

Koomg Zayovoc

o append(L, [41511[112/31415])-
L =11,2,3]1;
no

- append([11X],Y,[1,2,3]).

X=1[1, ¥ = [2,3];
X =[2], ¥ = [3];
Xi=12, 3150 = [1
no

Movtéla 'howooov [Ipoypappaticpot
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lapaoeiypata

T e e

® Aiotec (ovveyeln)
?- append (X,Y,[1,2,3]).

Koomg Zayovoc

o
X
X

X
no

1, ¥ =11,2,3];
(11, ¥ = [2,3];
1,2], ¥ = [3];

1,2,3], ¥ = [1];

Movtéla 'howooov [Ipoypappaticpot
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IHopaoetypoto

e P s W R R ety P Y

® Aiotec (ovveyeln)
?— member (3,L) .

Koomg Zayovoc

R m B o e e 0 g e

BoH M i
B e
[ 2R

I A 3 I_] ’

fii D I_I3I_];

.. AETEPES AVGELS
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Alopaocetypard 7t 0 en T DY

¢ Alotec Kon (agogxlng) miwo unon
sort(L,SL) :-
permutation (L,SL), sorted(SL),<;%
permutation(L, [H|T]) :-

append (V, [H|U],L), Zrauataslt TN
append (V,U,W) , oladlkaola tng
permutation (W, T) . aVO‘ZﬂTr’IGHC
permutation([],[]) . TEPLOCOTEPWY
AUoEwV

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

sorted([A,B|T]) :- A=<B, sorted([B|T]).
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Koomg Zayovoc

, HapaSawuaw

N e i

N

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

L
no

[13,42,77];

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

T T o T T T I

1,2 3

15132
2 L3
WA N i
3adee T
(3211 ;
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@ 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], By Gt
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)-~

TIEPLOCOTEPWV
KOLVOVWV
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HapaSewuaw i

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,[1).
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