Ewocaywyn otoucg Tunoug

Piet Mondrian, C_:omp-ositioh" WlthBrue Yéllz)w, Black, and Red, 1922

Kwotng Zaywvag <kostis@cs.ntua.gr>
Nikoc lNMarraotrupou <nickie@softlab.ntua.gr>



Mepiexopeva

e Tunol oTIC YAWOOEG NPOYPAUUATIOHOU
- Tieivat ol Tunot;
- Katnyopieg kKat avanapacTtacelg Twv TUnwy

« XpAon Kat XpnopotTnTa Twv TUnwv
[[AWOOEC PE OTATIKO KAl YAWOOEC KAl QUVALIKO OUCTNHA TUNwv
‘EAeyX0G TUNWYV

* KATA TO XpOVo peTdppaong (compile-time checking)

* KOTA TO XPOVO eKTEAEONG (run-time checking)
H €vvola TG ouvtnpnTiKAG avaAuong NpoypappaTwY
lcoduvapia Tunwv
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T1 €ival o1 TUTTOI;

« 'EvVOG TUNOG €ival €va gUVOAO ano TIUEG
« 'Otav opidoupe OTL pIa HETABANTA EXEL EVA OUYKEKPLIUEVO
TUNO, dNAWVOUUE OTL Ol TIHEG TNG HETABANTAG Ba gival
NAVTA OTOLXEID TOU OUYKEKPLIUEVOU OUVOAOU
int n;
« Apa €vag Tunog givat Eva oUVoAo ano TIHEG
- MOU £XOUV U CUYKEKPIULEVN KOLWVI) avanapdoTtaon

- Kal Hia ouAAoyr ano AEIToupyiec Nou Hnopouv va EQapUooTOUV
O€ AUTEG TIC TIHEG

« To nowa ouvoAa BewpouvTtal i) dev BewpouvTal TUMOL
gcaptatal anod tTn y\wooa
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[MpwWTOYOVOI KOl KATOOKEUA(OMEVOI TUTTOI

« Kd&bBe TUnog nou pnopei va xpnotponotndei aAAa o€
LIMOPEL va OPLOTEL ano £va NPOYPOAUUA HOC YAWOOAG
glval Evag NpwTtoyovog TUnog NG YAwooag

- [lpwtdyovolr tunot tng ML: 1nt, real, char
- 'Eva npoypappa ML o€ pnopei va opioetl €vav TUMoO rnou va
OOUAEUEL oAV TOV NPOKABOPIOUEVO TUMO 1INt

« KdabBe TUNOG nou pNopel va oploTel anod €va npoypapua
(He Baon npwTtoyovoug 1 N OPLOUEVOUC TUNOUG) €ival
£vag KATaoKeualOeEVOG TUNOG

- T1.x. kataokeualdpevog tunog otnv ML: I1nt list

- Opiletal pe xprjon Tou NpwTtoyovou Tunou Int Kat Tou
KataokeuaoTh tunwy list
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NMpwToOYyOVOI TUTTOI

e O oplopoOC TNG KABE YAWOOOG €ival auTog nou KaBopilel
noLolL €ival NpwTOoyovol TUNot TS YAwooag

« Kdanoleg yAwooeg opidouv TOUC NPWTOYOVOUC TUMOUG Mo
auoTNPA anod KAMoLleG AAAEG:
- [T1.x. n Java opilel TouG NPWTOYOVOUG TUNOUG EMAKPIBWG

- Ano tnv GAAN peptd, n.x. n C kat n ML agrjvouv kanotwa neplbwpla
eAeUBEPIOG OTOV OPLOUO TWV NPWTOYOVWY TUNWYV HETACU
OLAPOPETIKWY UAOMOLNCEWV TNG YAWOOAG
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Mapddelypa: TTPWTOYOVOI TUTTOI OKEPAIWYV

C: Java:
char byte (1-byte signed)
unsigned char char (2-byte unsigned)
short Int short (2-byte signed)
unsigned short iInt iInt  (4-byte signed)
int long (8-byte signed)
unsigned iInt Scheme:
long Int integer
unsigned long Int , L,
long long AKEpPaAlOoL “angipou” EUPOUG
Aev undpyeL NPoKaBOoPLoPEVN Haskell:
uhonoinan, aAA& ot “peyaAutepol” int (4-byte signed)
TUMOL NPEMEL VA £XOUV TOUAAXIOTOV Integer (“anewpo’ £0pog)

TO EUPOC TWV “UKPOTEPWV” TUNWV
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OfpaTa oxedIOoUOU

e 2.€ Mola oUVOAQ aVTIOTOLXOUV Ol NPWTOYovol TUnol,

- Tielval HEPOG TOU OPIOMOU TNG YAWOOOG, TL ENAPIETAL OTN
OLAKPLTLIKI EUXEPELA TNG UAoNoinonG TNG YAWOOOG;

- Eav xpelaoTtei, nwg pnopei €va npoypappa va avakaAUuyel
TTANPOPOPIEC OXETIKEC LE TA HEAN TOU GUVOAOU,;
« (INT_MAX otnC, Int.maxInt otnv ML, ...

* TuAettoupyieg unootnpidovtal Kat NWG;
- N\eNTOUEPEIC OpLOHOL NEPL OTPOYYUAONOINONG, ECAIPETEWY, K.AM.

* H enl\oyn ™G avanapaotaong sival KaBopLoTIKN Yia
KAMOLEG ano TIC ano@Acelg
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Kartaokegualopevol TUTTOI

* [1pooBeTol TUNOL oL onoiot opidovTtal He XpNon TNG
vYAwooaGg

« [lapadeiypata: anaplOpnoelg, NAEIAdEC, NiVOKEG,
OUMBOAOCEIPEG, AMOTEG, EVWOELG, UNOTUNOL, KAl TUNol
OUVOPTNOEWV

* [ kKGBe evav anod auTtoug, unNnAapxXeL 0TEVN OXEON LETALU
TOU Nwg opidovTtal Ta oUuvoAa oTa HOONUATIKA KAl TOU
nwg opidovTal ol TUr70t OTIC YAWOOEG NMPOYPAUUATIOHOU
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AtrapiOunoeic (enumerations)

¢ 2TO HOONUATIKA UNOPOULE OPIOOUHE €vVa OUVOAO aNAWG
LE TNV anapibunon Twv HEAwWV TOU:
S ={a,b,c}
* [loAAEC YAwoOEeC unootnpidouv TUNoOUG anapibpnonc:

C: enum coin {penny, nickel, dime, quarter};
Ada: type GENDER is (MALE, FEMALE);
Pasca|2type primaryColors = (red, green, blue);
ML: datatype day =M | Tu | W] Th ] F | Sa | Su;

e QOpilouv €va vEO TUMO (= OUVOAO TIHWV)

« Opilouv gniong pa culloyr) and OVOUATIOUEVEG
OTOBOEPEC AUTOU TOU TUMOU (= OTOLXEIQ TOU OUVOAOU)
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AvatrapdoTaocn TIHWV HIOG atrapidunong

« 'Evag ouvning Tponog avanapadotaons anaplopnoswy
eival n xpnoonoinon HKpwV aKEPAiWV yla TIG TIUEG

 H avanapdaotaon HNopel va gival EHPavinG oTov
NPOYPAUMATIOTH, onwg n.X. otn C:

enum coin { penny = 1, nickel = 5, dime = 10, quarter = 25 };

enum escapes { BELL = "\a", BACKSPACE = "\b", TAB = "\t",
NEWLINE = *\n", VTAB = "\v", RETURN = *"\r" };
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AgiToupyieg atTapIOunoewy

‘EAEYXOC 100TNTAG, PUOLKA:

fun 1sWeekend x = (X = Sa orelse x = Su);

« Eav n “akepala puon’ Tng avanapactaons Twy
anaplOpNocwy ival eppavng, N YAwooa ouvniwg
ENITPENEL KANOLEG ANO I OAEG TIC AEITOUPYIEC NOU
ENITPENOVTAL OE AKEPAIOUG:

Pascal: for ¢ := red to blue do p(c)
C: 1nt X = penny + nickel + dime;
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[MAe1adeg (tuples)

* To KOPTEOLAVO YIVOUEVO OUO ) NEPIOCOTEPWY OCUVOAWV
opilel auvoAa anod NAELAOEG:
S =X xY =4x,y)|xe X AyeVY}

« Kanoleg yhAwooeg unootnpifouv KaBapeg nAEIAdEC:
fun getl (X - real * real) = #1 Xx;

* [loANEC GAAeG unooTtnpiouv eyypa@eg (records), nou
gival NAeladeg ta nedia Twv onoiwv £XoUV OVOUATA:

struct complex { type complex = {

double rp; rp:real, ‘ML

double 1p; ip:real

+> }s
fun getip (X - complex) = #i1p X;
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AvatrapdoTacn TwvV TTAEIAO WV

« H ouvnng avanapaoctaon Twv NAeadwy eival ta nedia
TOUG va dlOTACOOVTAL TO €vA HETA TO AAAO OTN HVAMN

* AANG undpxouv NOANEC AENTOUEPEIEG:
- Me nowa ogipq;

- Emrpénovtal “tpuneg” yia eubuypdppion (alignment) tTwv nediwv
(N.X. O€ APXEG DLAPOPETIKWY AELEWV) OTN UVAUN;

- Eivatkatiandé 6Aa autd opatd OTOV NPOYPOAUUATIOTH;
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Mapadeiypa: ANSI C

The members of a structure have addresses increasing in the
order of their declarations. A non-field member of a structure is
aligned at an addressing boundary depending on Iits type;
therefore, there may be unnamed holes in a structure. If a
pointer to a structure is cast to the type of a pointer to its first
member, the result refers to the first member...

Adjacent field members of structures are packed into

Implementation-dependent storage units in an implementation-
dependent direction...

The C Programming Language, 2nd ed.
Brian W. Kernighan and Dennis M. Ritchie
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AgiToupyieg TTAEIGO WYV

« En\oyr otolxeiwv, QUOIKQ:

C: X.Ip
ML: #iIp X

« AMNAEG AslTOUpPYIEG AVAAOYQ LE TO NMOLO/NOCO UEPOG TNG
avanapaoTaong €ival ELPAVESG OTOV NPOYPAHUUATIOTA:

C: double y = *((double *) &x);
struct person {
char *firstname;
char *lastname;
} pl = {"dennis","ritchie"};
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Avuopuara (vectors)

« Avuopata yvwoTtou (oTtaBgepou) UrKoug:
S =X"={x,,...,x, )|Vi.x, e X}

* AvUopaTa ayvwoTou HAKOUG:
S=X"=[J X'
e TUMNOL OXETIKOL PE TA AVUOUOTA:
- [livakeg, cUPBOAOOELPEG KOl AMOTEG

- Eival oav T1G nAelddec aAAaG ouvrBwg €xouv Tov 010 Tuno
OTOIXEIWV KAl NOAAEG nNapaANayEG and yYAwooa o€ YAwooa
- 'Eva napadetlypa dagoponoinong: deikteg (indices) o€ nivakeg
 [loleg €ival ot TIHEG TWV OEIKTWV;

« KabBopidetal 1o pEYEOBOG TWV NIVAKWY OTO XPOVO HETAYAWTTIONG N
OTO XPOVO EKTEAEONG;
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TINEG OEIKTWV

« 21n C, C++, Java kat C#:
- To npwTto oTolxeio evOG nivaka a eivat to af0]
- O 0gikTeG gival navta akEpatol nou apxiouv and 1o 0

* H Pascal eival nio euEAKTN:

- Mnopei va xpnotponotnBouv dla@opol TUMNotL OEIKTWV: OKEPALOL,
XAPOKTHPEG, anaplOpnoelg, unodlaoTtrpata (subranges)

- O apxIkog deiktnG kKabopiletal and Tov NPOYPAUHUATIOTH

- O TeAKOG deikTNnNG KaBopileTal eniong anod Tov NPOYPOAUMATIOTH:
OUWG TO HEYEBOG £VOC NivaKa MPENEL VA €ival YVWOTO KATA TO
XPOVO HETAPPOAOCNG TOU NPOYPAUHUATOGC
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MNapddeiypa mTrivaka o€ Pascal

type
LetterCount = array|["a".."z"] of Integer;

var
Counts: LetterCount;

begin
Counts["a"] =1

Elwoaywyn otoug Tunoug
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2XEOIOOTIKA OEPATO OXETIKA ME TA AVUCMOATO

e TiLeidoug dEIKTEG HNOPOUV VA €XOUV Ol MIVAKEG;

* [lpEnelL To HEYEBOG TWV NIVAKWYV VA Eival KABOPLOUEVO
KATA TO XPOVO LUETAPPAONG;

* Mnopel va aAAagel (N.X. eNEKTABEL) TO PEYEOBOG OUVAULKA,;

* Mnopouv ol Nivakeg va €Xouv NOAAEG OLOOTAOELG;

« Eival €vag nivakag pe noAAEG dlaoTAOELG LOOOUVAUOG HUE
€vav Nivaka ano nivakeg;

* [lwg dlaTaGooovTal TA OTOLXEID EVOG MivaKA OTN MVAUN;

* OtLoupBolooelpeg £xouv TO OLKO TOUG TUNO ) €lval
nNivakeg ano bytes; Ynapxel tunog AioTag;
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Evwoeig (unions)

* H €&vwon dUo ocuvoAwv dIVEL Eva KALVOUPLO GUVOAO
S=XUY

* [loANEG YAwooeg unootnpifouv TUNOUG EVWOEWV:

C: union element { ML: datatype element =
int 1; I of Int |
double d; R of real;

¥

 H avanapaotaon TwvV EVWOEWV UMOPEL va VAl I LNOPEL
va HNV €ival EHPaviG oTov NPoyPAHUATIOTA:

sizeof(u) == max(sizeof(u.1),si1zeof(u.d))
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AuoTnpoTnNTa TUTTWV KOOI EVWOEIG

e 2TNnVv ML, TO pOVO NouU HNOPEL VO KAVOURE OE Hia Evwon
glval va EEAYOULE TA NMEPLEXOUEVA TNG
« Kalotnv nepintwon autn NPENEL va NMOUPE TL HNOPEL va
VIVEL HE TIC TIUEG EVWOEWYV DLAPOPETIKWY TUMWV:
datatype element =

1 of Int |
R of real;

fun getReal (R X)
| getReal (1 X)

I 1l
X

real Xx;
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Evwoeig xwpic auotnpd ocuoTnua TUTTWYV

2 € HEPLIKEC YAWOOEC OL AENTOUEPELIEG TNC uAonoinong

TWV EVWOEWV Eival ELPAVEIC OTOV NMPOYPAUUATIOTA

2.€ KANOLEC NEPINTWOELC TA MPEOYPAUUATA UMOPOUV VO

EKMETAAAEUBOUV TO YEYOVOG OTL O TUNOG KAMOLAG TIMNG

XAVETAL:

Elwoaywyn otoug Tunoug

union element {
int 1;

double d;

};

union element e;
e.1 = 100;
double x = e.d;
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Ti1 Aégl n ANSI C yia TIg eEVWOEIG;

A union may be thought of as a structure all of whose
members begin at offset 0 and whose size is sufficient to
contain any of its members. At most one of the members can
be stored in a union at any time. If a pointer to a union is cast

to the type of a pointer to a member, the result refers to that
member.

In general, a member of a union may not be inspected unless
the value of the union has been assigned using that same
member.

The C Programming Language, 2nd ed.
Brian W. Kernighan and Dennis M. Ritchie
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Y1roouvoAa (subsets)

 Mnopoupe va opiooUE TO UNOCUVOAO Nou opileTal e
Baon €va katnyopnua P :
S ={xe X |P(x)}

« Kanoleg yhAwooeg unootnpidouv unotunouc (subtypes),

LE Alyn N NEPLOCOTEPN YEVIKOTNTO

- NAiyn yevikotnta: Oplopog unodlaotnuatwy otnv Pascal
type digit = 0..9;

- Kapnoon yevikotnta: Oplopog unotunwy otnv Ada

subtype DIGIT 1s INTEGER range 0..9;
subtype WEEKDAY 1s DAY range MON._.FRI;

- [ToANA yevikoTnTa: Oplopdg tunwyv otn Lisp pEow
KATNYOPNUATWY
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Mapadeiypa: Ada Subtypes

type DEVICE i1s (PRINTER, DISK);

type PERIPHERAL(Unit: DEVICE) 1s
record
HoursWorking: INTEGER;
case Unit 1s
when PRINTER =>
Line count: INTEGER;
when DISK =>
Cylinder: INTEGER;
Track: INTEGER;
end case;
end record;

subtype DISK _UNIT 1s PERIPHERAL(DISK);

Elwoaywyn otoug Tunoug
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MNapddsiypa: OpIocuOG TUTTWYV OTN Lisp

(declare (type
(declare (type
(declare (type

(declare (type

Elwoaywyn otoug Tunoug

integer X))
(or null cons) x))
(and number (nhot iInteger)) X))

(and iInteger (satisfties evenp)) x))
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AvatmrapdaoTaon TwWV TIMWV EVOS UTTOTUTTOU

e 2UVNBWG, 0 UNOTUMNOC XPNOIONOLEL TNV O1a EOWTEPLKN
avanapacTacon JE TOV unePTUNO (supertype) Tou

 Epwtnoslc:

- Mnopei va xpnowonotnBei kanowa nio “@énvr)” avanapaoctaon;
[1.X. oL U0 NAPAKATW TUNOL XpelalovTal ToV idlo XwpPo
anoBrnkeuong;

X2 1..9
X: Integer?
- Otunotunot eniBaiAovTal Kat EAEyXovTal arnd To HETAYAWTTIOTA;
X =10
X = X + 17
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AgITOUpYiEG UTTOTUTTWYV

¢ 2UVNBWCG oL ENTPENOUEVEC AEITOUPYIEG €ival OAEG oL
AElToupyieg nou gival dLaBECIIEG KAl YIa TOV unePTUNO

« Kabwg kal kanoleg AAAEG Nou deV £XOUV TOOO NOAU
vOnua oTOoV UnePTUNoO:

function toDigit (X: Digit) : Char;

Oéua yia nepltouAdoyn

‘Evac UTtOTUTIOC Elval Eval UTTOCUVOAO OAWV
TWV TLLWV EVOC uTtepTUTIOU, OlAAA cuvNBwWC
UTtOOoTNPLIEL EVa UTTIEPOUVOAO OO AELTOUPYLEC.
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Katroia Adyia yia TiIG KAdoeig (classes)

* M anod TIC PACIKEG IOEEC TOU AVTIKEILEVOOTPEPOUG
NPOYPOLUATIONOU

« M kKAGon givat €va €i00¢ TUNou: Kanola 0edopEVA Kat oL
AEITOUPYIEG TOUG OE “OUOKEUQOIa MNAKETOU”

« M unokAGon ival Evag unotunog: neplAappBavel Hovo
€VaA UNOOUVOAO TWV QVTIKEIMEVWY, OANG unooTnpilel eva
UNMEPOUVOAO TWV AEITOUPYIWV

* [leploooTeEPA YA TIC KAAOEIG OTIC OLOAEEELG TWV
YAWOOWV QVTIKEIUEVOOTPEPOUC NPOYPAUUATIOHOU
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2uvapTtioeig (functions)

* To oUVOAO TWV OUVAPTNOEWYV PE KANOLOo Nedio OplOpOU
KAL TIWV:
S=D > R={f|dom f=Daran f =R}

* OLnepooOTEPEG YAWOOEG unoaotnPIi(ouVv TNV £vvold TWV

OUVAPTNOEWV:
C: Int f(char a, Char b) {
return a == b;
}

ML: fun f(a:char, b:char) = (a

b);
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AgITOUPYiEC CUVOPTACEWYV

« QuOoIKA, KAAON OUVOPTAOEWV

« Mexpl OoTIypnG, To Bewprjoape wsg OEOOUEVO OTL OL
urnoAotnotl TUnotL pnopoucav va NEPAcTOUV WG
NAPAUETPOL, VA ENOTPAPOUV WG aNoTEAECHATA, VA
avateBouv og PETAPBANTEG, K.AN.

* Me T1¢ ouvapTAOELG OE UNOPOUKE VA TO BEWPNOOUME WG
OEDQOUEVO: OL NEPLOOOTEPEG YAWOOECG OV unootnpilouv
KATL NEPLOCOTEPO and KANOn cuvapTHoewv!
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XpNOoIMOTNTA TWV TUTTWV

Eicaywyn otoug Tutroug
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XpnNoIgoTNTA TWV TUTTWV

* BonBouv otnv opyavwon Kat TEKPNPiwon NPoyPOUUATWY
- Ala@OPETIKOL TUNOL YIa JLAPOPETIKEG EVVOLEG
* Avanaplotdvouv €vvoleg ano To nedio Tou NPoBARHATOG
- YnodnAwvouv TNV npoTIfEPEVN Xpnon TwV HETABANTWY
« Ol TUNOL HNOPOUV va eAeyxBoUv aUTONOTA KAl VA HEIVOUV O€
OUMQWVia pEe aAAaYEG OTO NPOYPAUMA, O avTiBeon e Ta
OXOAla
* YNoOEIKVUOUV KAl AVIXVEUOUV KAMOIoU €i00UC opaApaTa
- O €AeyX0G TUNWYV HNOPEL va aviXVEUOEL UNOAOYIOUOUG XWPIG
onuaotoAoyia, onwg n.x. 3 + true - "Bill™
* Ynootnpidouv tn BeAtiotonoinon (optimization)
- Mapadeypa: ot short akEpalol anobnkevovTal oe Atlyotepa bits
- Ano@uyr EAEYX0OU EEALPECEWV 1) UNEPXEIALIONG
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2@AaApara TUTTWYV (type errors)

« 'Onwg eidape, €vag tunog opiletat ano:
- Tponoug €l0aywyngG TIHWYV Yia ToV TUNo

- Tponoug xpnoyonoinong Twv THWV Yyia TV Napaywyr] VEwv
TUNWV THWV

e Katw ano auto To npiopa
- KaBe tunog cuoxeTtideTal pe €va oUVOAO ano AEITOUPYIEG
(dnAadn, HE KAMOIOUG TEAEOTEG)

- KdabBe Aettoupyia opileTal NAvw 0€ OTOLXEIO EVOG OUYKEKPIUEVOU
TUnou (d0nNAadr], 0€ £Va OUYKEKPLUEVO OUVOAO TIHWV)

- 'BEva o@dApa tunou AapBavel xwpa otav n Asttoupyia naet va
EPAPHUOOTEL OE OpiopATA EKTOC TOU NEdIOU OPLOUOU TNG
(dnAadn, o€ opiopaTta dLAPOPETIKOU TUMNOU)

Elwoaywyr otoug Tunoug 34



ETTionueiwoeig TUTTWYV

* [loAANEC YAWOOEC anattouy, ] TOUAAXIOTOV EMNITPENOUV,
ENONUEIWOELG TUNWV O PETABANTEG, OUVAPTNOELG, K.AM.

o XpnowonotwouvTtal and Tov NPOYyPAUUATIOTH Y TNV
Napoxn OTATIKNG NANPOYOPIaC TUNWY OTO CUCTNUO
uAonoinong tTng YAwooag

* QL enonuewaoelg eival eniong eva €i00¢ TeKUNpPiwong,
NouU KOBLOTA TA NPOYPAUUATA MO EUKOAA AvayVWOLUO
ano aAAoug

« Mgpog NG ouvTagng TNG YAwooag ouvnOwg €XEL OXEON
LIE TOV OPLOUO TUnwyv (n.X. *, =>kat list otnv ML)
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Eyveveic TUTtTOI (intrinsic types)

« Kdanoleg yAwooeg XpnNOoonoloUv OVOUOOTIKEG CUUBACELC

Yl TOV OPLOO TWV TUNWV HETABANTWYV
- 2& dlaAékToucg tng BASIC: S$ opicel pia cupolooelpd
- 2 dlaAekToug tng Fortran: 1 opilel Evav akEPALO

* 'Onwg Kat ol pNTEG EMONUEIWOELS TUNWYV, Ol EYYEVEIC
TUnoL npopnBeuouy pe NANPOYOPIa TUNWY TOCO TNV
uAonoinon Tng YAwooag 600 Kal TOV avayvwoTn Tou
npoypAappaToq
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ATTAOG CUNTTEQPAOCHOG TUTTWV

* OLnNePLOOOTEPEG YAWOOEG UAOMNOLOUV KAMOLEG ANAEG
LOPYEC OUUNEPACHOU TUNWV

* OL0oT0BepPEC €xoUV TUNO NOU KaBopileTal OTATIKA
[1.x. otn Java: H otabepa 10 €xelt tuno 1nt, n 10L €xelt tuno long

* OLEKPPATELC IE TN OEIPA TOUC UNOPEL VO EXOUV OTATIKA
kKaBopllOpevouc TUNOUG, NOU CUUNEPAiVOVTAL EUKOAA

ano TOUG TEAEOTEG KAl TOUG TUMNOUG TWV OPLOUATWY TOUG

[1.x. otn Java: eav o a eivat double, TéTE N EKPpacn a*0 £xel
tuno double (0.0)

 HyAwooa ML nnyaivel Tnv napanavw 1WO€a oTa AKpA...

Eloaywyr otoug Tunoug 37



‘EAgyX0C TUTTWYV: ZTATIKOG KOl OUVAMIKOG

Eicaywyn otoug Tutroug
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‘EAeyX0G XpOVOU HETAPPAONG EVAVTI EKTEAEONG

* OwyAwooeg Lisp, Prolog, Python, Ruby, ... eAeyxouv toug
TUNOUC OTO XPOVO EKTEAEONG TOU NPOYPAUUATOC
[1.x. otn Lisp o€ pa €kppaon (car X) €AEyXOUUE €AV TO X €ival
AlOTO NPV NAPOUPE TO car Tou X
* Otyhwooeg ML kat Haskell eA€yxouv Toug TUNOUG KATA
TO XPOVO HETAPPACNC TOU NMPOYPAUUATOGC
[1.x. o€ pa kKAfon F(x) npénetva €xoupe - A —» B kat X € A

« 'Eva and ta Kupla “‘nape-dwoe” Tou oXeAAOUOU YAWOOWV
- Kat ot dUo TponotL ano@eUuyouv Ta oPAApaTa
- O OUVAMULKOG EAEYXOC KABUOTEPEL TNV EKTEAEDN
- O oTaTIKOG €AeyX0G NePLopilel TNV EKPPACTIKOTNTA
* AloTteg o€ Lisp: Ta oTtolxeia pnopouv va €XouV dla@oPETIKOUG TUNOUG
* Aloteg og ML: 0Aa Tta oTolxeia npEneL va €xouv Tov idlo Tuno
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2TATIKOG EAEYXOG TUTTWV

* 2TO OTATIKO EAEYXO TUNWV, O TUNOG TNG KABE €KPpaonG
KaBopiletal npv TNV EKTEAECH TOU NPOYPAUUATOG

e O YETAYAWTTIOTAC TUNWVEL pnvUpaTa AdBoucg dtav ol
TUNOL NOU £EAYOVTAL OTATIKA TOV KAVOUV va KaTaAaRBel

KAMNola QOUVENELD ] AOUMPWVIa OTN XpNon Twv Tunwv
- 'Ooov agopd o teAeotég: 1 + "abc™

- 'Ooov agopd o ouvaptnoelg: round(*'abc'™)

- 'Ooov agopd o€ evtoAEG NG YAwooag: 1T "abc™ then ..

* [1OAAEG poOVTEPVEG YAWOOEG NMPOYPAUHUATIOHOU EXOUV
OTATIKA (] WG €Ml TO NAEIOTOV OTATIKA) oCUCTAHATA
TUnwv
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Auvauikog EAeyxog TUTTWYV (dynamic typing)

* 2€ NOAAEC AANeC YAwooeg (n.X. Lisp, Scheme, Smalltalk,
Erlang, Prolog, Python, Ruby, ...), Ta npoypapuata dev
EAEYXOVTAL OTATIKA YO NBava oeAaApaTa TUNwyY

« EAEyxovTal Opwg OUVAULKA yia TETOLOU €idouc opaApaTa

« Me GAAa AOYLQ, KOTA TO XPOVO EKTEAEONG, N uAornoinon
TNG YAWOOOG EAEYXEL OTL TA OPIOUATA TWV TEAECTWV
glval TUnwyv oL onoiol €ivat oupBaTol PE TOUG TEAEOTEG
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Mapadeiypa: Lisp

« M ouvaptnon og Lisp nou npooBeTel dUO aplOpoUG:
(defun f (a b) (+ a b))

« Qa eyeipel e€aipeon €av 0 a N o b dev gival apBpoi
« KAnoelg pe opiopata AdBog tunou, n.x. (F nil nil),
OEV UMOJEIKVUOVTAL KOTA TO XPOVO HETAYAWTTIONG

e 2TO OUVOULKO €AEYXO0 TUNWV TA Nnapandavw Aaen

NIAVOVTAL KOTA TO XPOVO EKTEAECNG TOU NMPOYPAUHUATOGC

- Katd kanolo tpoéno, oTIC YAWOOEG HUE OUVAULKO EAEYXO TUNWV Ol
TUNOoL XpnotonolouvTal Napandavw ano auTEG PUE OTATIKO EAEYXO,
OLOTL OL TUMOL NPENEL VA EAEYXOOUV KATA TO XPOVO EKTEAEONG

- AuTO onuaivel 0TL N uAonoinon TG YAWooag npEneL va
dlaTNPACEL NANPOPOPIa Y TOV TUMO TNG KABE PETABANTAG
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Ek@ppaoTiKOTNTAO

e 271n Lisp, €ivat duvato va ypAwoupue T ouvapTnon
(lambda (x) (cond ((less x 10) x) (T (car x))))

Kanoleg XpAoeIg TNG ouvapTNong UNopel va odnynoouv o€
OQPAALATO TUNWV, KAMOLEG AANEC OLWG OXL

* O OTATIKOG EAEYXOC TUNWYV ElvAL NAVTA CUVTNPNTIKOG
1T (big-hairry-boolean-expression)
then ((lambda (xX) .. ) 5)
else ((lambda (x) .. ) nil)

A€ PNOPOUPE VA anoPAaCioCOUHE KATA TO XPOVO HETAYAWTTIONG €AV
Ba undap&el KANolo oPAALQ TUMOU
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2TATIKOG EAEYXOG TUTTWYV £VaVTI OUVAMIKOU

« Agv gival 6Aa aonpa N pauvpa...

* ['AWOOEC PE OTATIKO EAEYXO TUNWYV MOAANEC POPEC

XPNOLONOLOUV KAMOLO QUVALLKO EAEYXO

- [1.x. AOyw TNG UNapg¢ng unotunwv (subtyping),
EIOIKA OTIC AVTIKEIMEVOOTPEPEIC YAWOOEC NPOYPAUUATIONOU

- T1.x. AOyw unePPOPTWHEVWY TEAECOTWV

* ['AwoOoEC pe OUVAULKO EAEYXO TUNMWYV NOAAEGC POPEGC

XPNOLLOMNOLOUV KAMOLO OTATIKO EAEYXO
- Tunotywa (LEPN) NpoypaApUATWY o€ Lisp, pnopouv va e€axbouv
HE Xpon dNAWOEWV TUNWYV Kal TOMKOU CUMNEPACUOU TUNWV

- [1oAAOl HETAYAWTTIOTEG TNG Lisp Xpnoonolouv thv nAnpogopia
QUTI) YlO TNV ano@uyn EAEYXWV TUNWV KATA TO XPOVO EKTEAEONG
KAL YIa TNV napaywyr KAAUTEPOU (TaxuTEPOU) KWOIKA UNXAVAG
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PnTtoi EAeyXOl TUTTWYV KATA TO XPOVO EKTEAEONG

« Kdanoleg YAWOOEC ENTPENOUV OTOV NPOYPOALUATIOTH va

ENEYCEL TUNOUG KATA TNV EKTEAEON TOU NPOYPAUUATOG:

[1.X. n Java enTpEnEL ToV EAEYXO0 TOU TUMOU KAMOLOU AVTIKELUEVOU
LE Xprion Tou TeAeoT 1nstanceof

[1.x. n Modula-3 enttpenel tn dlakAadworn (branch) pe Baon tov
TUNO KAMOLOU AVTIKEIUEVOU HE XPNOoN TNG €EKk@pacng typecase

 Ta napanavw anatrtouv OTL N NAnpo@opia yla TUNoug
glval napouoa Katd To XPOVo EKTEAEONG, NAPOAO Mou N
YAWOOQ £XEL WG €Mi TO NAEIOTOV OTATIKO CUCTNUA TUNWV
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AuoTnpd Kal ao0ev) CUCTAMOTA TUTTWV

* Hemdiwtn Tou EAEYXOU TV TUNWYV £ival N ano@uyr TnG
EPAPHOYNG TEAECTWYV OE OPIOUATA TWV OMOiwv O TUNOG
OEV £XEL VONUA VIO TO CUYKEKPIUEVO TEAEOTNA

e 2€ Kanoleg yYhAwooeg, onwg otnv ML kat otn Java, o
EAEYXOCG TUNWV EivalL APKETA ECOVUXLIOTIKOG Kal
€Ca0@aAilel o€ peyaAo Babuo To napanavw—AgEPE OTL N
YAWOOQ €XEL AUOTNPO cUOTNUO TUNWV (strong typing)

* 2& NOAANEC YAwOOEG (O0nwg n.X. N C) auto 0 oupPaivet:

TO oUuoTnua TUNwv givat acbeveg (weak) kat dldTpnTo

- AuTO napéExel eVeAEia OTOV NPOYPAUUATIOTH
- AAANG Oev NPOOPEPEL APKETH ATPAAELD
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2XETIKN AC@AAEIN TUTTWYV TWV YAWOOWV

Mn aogaleic: H olkoyévela BCPL ocupnepzapfavouevng
™G C kat tng C++

- “Zouhounwpata” Tunwv (type casts), aplOunTikr pe OEIKTEG, ...

[Nepinou aogaleic: H olkoyevela tng Algol, Pascal, Ada
- Z€EKPEPAOTOL OEIKTEG

« A€opeuoe €va OEIKTN p O €vav AKEPALO, ANOOECUEUOE TN UV Nou
OEIXVEL O P, KAL OTN CUVEXELD XPNOLLONoinoe TNV TIUA Nou dEiXVEL O p

« Kapia yAwooa pe pntr) anod€opeuon HVARNG 0EV NPOCYEPEL NMARPN
ao@AAela TUNwWv!
Aogaleic: H olkoyévela tng Lisp, n ML, n Smalltalk, kat ot
Java, C#

- Lisp, Smalltalk, Prolog, Erlang, Ruby: yAwooeg duvapikwy Tunwy
- ML, Haskell, Java, C#: yhAwooecg otaTtikwy Tunwv (statically typed)
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EpyvaAcia oTaTIKAG avaAAuong TTPOYPAMHUATWY

* TopEAG HE APKETH EPEUVNTIKI OPACTNPIOTNTA NPOCPATA
- Lint, Purify, Coverity, PreFix, PreFast, Dialyzer, Valgrind, ...

« AUO KaTnyopieg avaAuong
- 2UvTnPNTIKEG (= Sound for correctness)
« EAv n avdAuon netL O0TL TO NPOYPAHUA €ival cwoTO, TOTE ival
* Eav n avaiuon neL “oxt owoTto”, pnopel va pnv undpyouv AGon
- Mn ouvtnpnTIKEG (= Sound for errors)
« Eav n avaiuon net “owoto”, To NPOYPAUUA UNOPEL va gival
E0PAALEVO
« EAv n avaAuon Bpetl kanolo npoANHa, TOTE OVIWG UNAPXEL
Kanow “avwpaAia ” oTo npoypappa
- M KaAUTEpPN KATNyoplonoinon, Kata Tn yVwun Hou:
e 2UVTNPNTIKG epYaAcia xpelialovTtal yia anddelgn opbotTnTag
* Mn ouvtnpnTIka epyaAcia yia eupean o@aApatwy (bug finding)

Elwoaywyn otoug Tunoug 48



OfpaTa I00OUVANIAG TUTTWYV

Eicaywyn otoug Tutroug
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looduvauia TUTTWYV

* [16TE dUO TUNOL BewpouvTal idlot;

¢ 2NMUAVTIKA EPWTNON TOOO YIA TO OTATIKO OCO0 KAl YA TO
OUVOULKO EAEYXO TUNMWV

o [0 napadeypa, N YAwooa Unopel va ENTPENEL pLa
avaBeona := b povo €av n petapAntn b €xel “tov 1010”
TUMO UE TNV a

* AlOQPOPETIKEG YAWOOECG opiouv TNV IOOOUVAMIO TWV
TUNWV HE OLAPOPETIKOUG TPOMOUG
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looduvapieg TUTTWYV

* looduvapia ovopatog (hame equivalence): dUo Tunol
elvat idloL av Kat povo av £xouv To idlo ovopua

« looduvapia dopng (structural equivalence): dUo Tunot
gival idlotL av Kal pHOvo av £X0OUV NMPOKUYEL ano Toug 0loug
NPWTOYOVOUG TUMOUG HE XpNnon Tng idlag oslpag idlwv
KOTOOKEUAOTWY TUNWV

* (Otnapanavw, dev €ival oL HOvoL TPOMNOL OPLOUOU TNG
LOOOUVALIOG aAAQ gival oL Mo EUKOAOL va €€nynbouv.)
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MNapddeiypa I000UVANIOG TUTTWYV

type i1rpairl = Int * real;
type 1rpair2 = iInt * real;
fun f(x:irpairl) = #1 Xx;

* Ti1B8a oupBel eav nepacoupe wg oplopa otnv T pa

NAPAUETPO TUNOU Irpalr2,;
- H ooduvapia ovopatog dev To eNTPENEL Irpalr2 Kat irpairl
elval OLaPOPETIKA OVOUATO
- H ooduvapia OoUAG TO EMNLTPENEL Ol TUNOL KaTaokeualovTal Pe
Tov idlo TpoONo

e 2Tnv ML emtpenetat: n YA\wooa unootnpidel Icoduvapia

OOMNG
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MNapddeiypa I000UVANIOG TUTTWYV

var
Countsl: array["a".."z"] of Integer;
Counts2: array["a".."z"] of Integer;

 T10a ouppel eav npoonabrooupe va avaBeTOUE TOV

nivaka Countsl otov nivaka Counts?2;

- H ooduvapia ovopatog dev TO ENTPENEL Ol TUMOL TWV NIVAKWY
Countsl kat Counts2 dev €xouv Ta idla ovopata

- H ooduvapia doung To ENTPENEL OL TUNOL KATAOKEUALOVTAL JE
Tov idlo Tpono

* Ol neploooTepPEeG UAoMNoloelg Tng Pascal dev enttpenouv
TNV napanavw avadeon
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2UUTTEPOOCHATIKA

* Ot tUunot naiouv onNUAVTIKO POAO O€ NMOAAEC YAWOOEG

NPOYPOLUATIONOU

- [1a TRV opyavwaon Kat TNV TEKUNPiwon VoG NPOYPAUHATOG

- [a TRV ano@uyr} CQOAUATWY AOYIOUKOU

- [a TRV napoxn NnAnpo@opiac 0To HETAYAWTTIOTA TNG YAWOOAG
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Baoik epwTnNON VIO T CUCTAMOTA TUTTWV

* 1600 HEPOC TNG avanapaocTaonG KAvel To ouoTnua

TUNWV EUPAVEC OTOV NPOYPAUUATIOTN;
- Mepikoi nPoyPAPHATIOTEG NPOTIHOUV YAWoOoeg aav Tn C, 00Tl
» [lpoo@Epouv Tn duvaToTNTA YIa an’ eubeiag npoonEAacn otTn
AEMNTOUEPN avanapaocTaon TwV TUNWV OTAV YA KAnolo Adyo
auTO eival emOuunTo
- Mepikoi aAAoL npoTIHoUV YAwooeg oav TV ML, d10TL
« KpuUBouv TIG AeNTOUEPELIEG TNG UAONOINONG TV TUNWV Kal
» [lpoo@Epouy “kKaBapoug” TPONOUG XPNoLHonoinong
OEQOUEVWY MOU ENITPEMNOUV TNV AvVANTUEN NPOYPAMUATWY
XWPIGC OPAAPATA KAMOLoU €id0UG, Kal OLIEUKOAUVOUV TNV

anoodelLn Tng opboTNTAG TOUG
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