Ewoaywyrj otoug Tunoug

Piet Mondrian, Composition with Blue, Yellow, Black, and Red, 1922

Kwothg Zaywvag <kostis@cs.ntua.gr>

Mepiexdpeva

» TUnot oTIC YAWOOEG NPOYPALUATIOHOU

- Tueivat ot TUNOY;

- Katnyopieg kat avanapaoTAoelg Twv TUnwv
+ XpAon Kat XpnoéTnTa Twv TUnwyv
- Mwooeg pe oTaTikd Kal YAWooeg kat duvapiké oUoTnpa TUNwv

- 'EAeyxog TUnwv

* Katd To Xpdvo petdepacng (compile-time checking)
* Katda 1o Xpovo ekTéAeONG (run-time checking)
- H évvola tng ouvTnpnTIKAG avaAuong NpoypPappaTwy

- looduvapia TUnwv

Eloaywyn otoug Tunoug

T gival o1 TOTTOI;

» 'Evag tUnog eival €va oUvoAo and TIWES
* 'Otav opioupe OTL i HETAPBANTH) €XEL VA CUYKEKPLUEVO
TUNOo, dNAWVOULE OTL Ol TIHEG TNG KETABANTNAG Ba gival
NAvVTA OTOLXEIO TOU OUYKEKPLUEVOU OUVOAOU
int n;
+ Apa évag TUnog eival éva oUvoAo and THEG

- nou &xouv pia cuykekpévn Kowvij avanapdortaon

- Kat pia guAAoyr) and Asttoupyleg nou pnopouv va epappooTolV
O€ QUTEG TIG THEG

* To nowa oUuvoAa BewpouvTal ) dev BewpouvTal TUNOL
eCaptatal and tn y\wooa
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MpwTdéyovol Kal KATOOKEUALOMEVOI TUTTOI

» Kdbe tUnog nou pnopei va xpnotonotndei ahAG de
pnopei va oplotei anod €va npoypappa eivat £vag
nNPWTAYOVOG TUNOG LG YAWOTOG

- NMpwtdyovoltunottng ML: int, real, char

- 'Eva npéypappa ML e pnopei va opioet €vav TUno nou va
douAeUEeL oav Tov NpokaBoplopévo tuno int

+ Kda6e TUnog nou pnopei va optotei ané €va npoypappa

(ne Baon Toug NpwTOYOVOUG TUNOUG) ival €vag

KataokevalOpevog TOnog

- M.x. kataokeualdépevog TUNog otnv ML: int list
- OpiCetal pe xprion Tou Nnpwtdyovou TUNou int Kat Tou

kataokeuaoth Tunwv list
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Mpwtdyovol TUTtTOI

* O oplopodG TNG KGBE YAWooag ival autog nou kabopilel
notol givat npwtoéyovol TUnoL atn yYAwooa

+ Kdnoleg yAwooeg opifouv Toug NpwTtdyovoug TUNoug Mo
auoTnpd anod KANoleg AANEG:
- T.x. n Java opiCel Toug NpwTdYyovoug TUNOUG ENAKPLBWG
- Andé tnv GAAn pepd, n.x. n C kat n ML ag@ARvouv kdnowa neplbwpla

€AeuUBEPIOG OTOV OPLOUS TWV NPWTOYOVWY TUNWV PETAEU
OLAPOPETIKWY UAONOICEWY TNG YAWOOAG
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Mapadeiypa: TPpwTOYyovol TUTTOI AKEPAiWV

c:
char
unsigned char
short int
unsigned short int
int
unsigned int
long int
unsigned long int
long long

Aev undpyel npokaboplopévn

uAonoinan, aAAd ot “peyaiutepol”

Java:

byte (1-byte signed)
char (2-byte unsigned)
short (2-byte signed)
int  (4-byte signed)
long (8-byte signed)

Scheme:
integer
Aképailol “angipou” eUpoug

T0noL NpEneL va €Xouv ToUAdXLoTOV

TO €UPOG TWV “UKPOTEPWV” TUNWV
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Oéuata oxediaouou

Karaokeuadopevol TUTTO!I

* 2Z€ nolwa gUVOAQ avTIOTOLKOUV oL NpwTdyovol TUNol;

- Tueival pépog Tou oplopol TNG YAWOOOG, TL ENCQIETAL OTN
OLAKPLTIKA EUXEPELD TNG UAOMNOINONG TNG YAWOOAG;
- Edv xpelaotel, nwg pnopei £va npodypappa va avakaAUWel
B€pOTA OXETIKG PE TA LEAN TOU GUVOAOU;
* (INT_MAX otn C, Int.maxInt otnv ML, ..)

» TuAettoupyieg unootnpifovTal Kat NWg;
- /enTopepeiq oplopoi nepi oTpoyyulonoinong, egatpéoewy, K.An.
* H enmoynA t™ng avanapdotaong ival kaBoploTIKY yia
KAMOoLEG and TIG ano@Acelg
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» [pdabeTol TUNOL oL onoiot opifovTal pe XpAon tTng
yAwooog

* Mapadeiypata: anapBunoelg, NAeades, Nivakeg,
oupBoAooElpEG, AOTEG, EVWOELG, UNOTUMNOL, Kal TUnot
ouvapTAoEWYV

» Mo kaBe €vav and autolg, undpxeL OTEVI OXEON UETAEU
ToU Nwg opiovTal Ta oUvoAa ota HaBnuaTIKA Kal Tou
nwg opiovTal oL TU7o0! 0TI YAWOOEG NPOYPAUUATIOHOU
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ATrapiOunoeig (enumerations)

AvatrapdoTaon TINWV JIag atrapidunong

* 210 podnuaTiké pnopouUpe opicoupe €va gUVOAO anAwg
He TNV anapibpnon Twv HEAWV Tou:
S ={a,b,c}
 TMoAAég yAwooeg unoatnpifouv TUNoug anapidpnong:
C: enum coin {penny, nickel, dime, quarter};
Ada: type GENDER is (MALE, FEMALE);
Pascal: type primaryColors = (red, green, blue);
ML.: datatype day =M | Tu | W] Th | F | Sa | Su;
* OpiCouv €va véo TUNO (= oUVOAO)
* OpiCouv eniong pia CuAAOYR ONO OVOUATIOUEVEG
OTaBePEG auToU TOu TUNOU (= OTOLXEIO TOU GUVOAOU)
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+ 'Evag ouvintng Tponog avanapdotaong anaplOpioewy
gival n xpnowonoinon HIKpWY OKEPAIWV YA TIG TIHEG

* H avanapdotaon pnopei va gival epgavig otov
NPEOYPAUUATIOTH, 6nwg 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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AgiToupyigg atrapiOuioewv

* 'EAeyxog 106TNTAG, QUOIKA:

fun isWeekend x = (x = Sa orelse x = Su);

* Edv n “oképata @uon” tTng avanapdoTtaong Twy
anapBpRoewy gival eppavig, n YAwooa ouvinowg
ENTPENEL KANOLEG ano A OAEG TIG AelToupyieg nou
ENTPENOVTAL OE OKEPAIOUG:

Pascal: for ¢ := red to blue do p(c)
C: int x = penny + nickel + dime;
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MAc1adeg (tuples)

* To kapTteolavd yivopevo dUO I NEPICCOTEPWY CUVOAWYV
opilelL ouvola and NAELGdeG:
S=XxY =4{x,y)|xe X AyeVY}
+ Kdanoleg yAwooeg unoatnpifouv Kabapég NAEIGdeC:
fun getl (x : real * real) = #1 x;
+ MoA\ég dAeg unootnpidouv eyypagég (records), nou
eival NAelddeg ta nedia Twv onoiwv €xouv ovopaTa:

struct complex { type complex = {

double rp; rp:real, ‘ML
double ip; ip:real
}: }:
fun getip (x : complex) = #ip X;
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AvatrapdoTaon Twv TAEIGdwv

* H ouviAbng avanapdotaon Twv NAeGdwy eivatl Ta nedia
TOUG va SlOTACOOVTAL TO €va HETA TO GAAO 0T PVAUN

* AN\G undpxouv NOANEG AENTOUEPELEG:
- Me now ogipg;

- Entpénovral “tpuneg” yia euBuypappion (alignment) Twv nediwv
(n.X. O ApXEG DOPOPETIKWV AEEEWV) OTN UvAUN;
- Eivatkdti ané 6Aa autd opatd 0TOV NPOYPAUHATIOTH;
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Mapadsiypa: 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 its 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 TAe1adwv

* Enwoyn otoixeiwv, uUOKa:

C: x.ip
ML: #ip X

» AMN\eg Aettoupyieg avaloya pe TO Nolo/néao HEPOG TNG
avanapdoTaong €ivat EPPavEG OTOV NPOYPAUUOTIOTA:

C: double y = *((double *) &x);
struct person {
char *firstname;
char *lastname;
} pl1 = {"'dennis™”,"ritchie"};
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Avuouarta (vectors)

* Aviopota yvwoTtou (otabepol) prKoug:
S=X"={(x;,... . x,)IVi.x, e X}
* AvUOpOoTO ayvWwOoTOU PAKOUG:
s=x"= x'
+ TuUnol OXETIKOI pe TO avUOPOTA:

- Mivakeg, oupBoAooelpég kat AloTeg
- Eivai oav Tig nAeiddeg aAAd cuvnBwg €xouv Tov idlo Tuno
aToleiwv Kat NOAAEG napaAayEG and yAwooa o yA\wooa
- 'Eva napdadetypa dagoponoinong: deikteg (indices) oe nivakeg
+ TMoleg eival oL TIHEG TWV DEIKTWY;

» KaBopiletal To pEyeB0G TwWV MVAKWY OTO XPOVO HETAYAWTTIONG A
OTO XPOVO EKTEAEONG;
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Tipég SeIKTWV

* ZtnJava, C, kat C++:;
- To npwTto oTolxeio evog nivaka a eivat to a[0]
- OudeikTteg eival navta aképatot nou apxi¢ouv anoé 1o 0

» H Pascal gival no eué\kTn;:
- Mnopei va xpnoponotnBouv dia@opol TUNoL SEKTWV: AKEPALOL,
XOPOKTAPEG, anaplBpnaoelg, unodlaoTtrpata (subranges)
- O apxikog deiktng kaBopileTal and Tov NPOYPAUUATIOTH

- O TeAkdg deikTng KaBopideTal eniong and Tov NPOYPAUUATIOTH:
OUwG To PEYEBOG £VOG Nivaka NPENEL va ival yvwoTé KAatd To
XPOVO HETAPPAONG TOU NPOYPAUUATOG
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Mapadsiypa mivaka og Pascal

type

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

Counts: LetterCount;

begin
Counts["a"] = 1
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2xedI00TIKG BEUATO OXETIKA JE TA AVUCHATA

* Ti€idoug deikTEG PNOPOUV va £XOUV OL NIVAKEG;

+ Eival to péyebog Twv nivakwyv KaBoplopEvo ato Xpodvo
HETAPPAONG;

* Mnopei va aAN&EeL (n.X. enekTabEei) TO pEYEBOG SUVAUIKA;

* MnopouUv ol nivakeg va £Xouv NOANEG SLaOTACELG;

» Eival évag nivakag pe noAEG d1a0TAOELG I0OOUVALOG E
évav nivaka anod nivakeg;

* MNwg dlaTAooOVTAL TA OTOIKEID EVOG NIVOKA OTN HVAUN;

» O oupBolooelpég €xouv To BIkd TOug TUMO N gival
nivakeg ané bytes; Yndpyel TUnog Aiotag;
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Evwozeig (unions)

* H évwaon dUo ouvoAwy divel €va KalvoUuplo cUVoAo
S=XUY

» [MoAAéC yAwooeg unoatnpifouv TUNOUG EVWOEWV:

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

¥
* Havanapdotaon Twv EVWOEWV UNopei A pnopei va pnv
elval EpPavig oTov NPOYPAUHATIOTH:
sizeof(u) == max(sizeof(u.i),sizeof(u.d))
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AuoTnpoTnNTa TUTTWV KOI EVWOEIG

+ Ztnv ML, 1O povo nou pnopei va KAvoupe o€ pia Evwon
eival va eEadyoupe Ta nepLEXOUEVA TNG

+ Kat otnv nepintwon auth npénet va noUpe TL UNopei va
YIVEL PE TIG TIHEG EVWOEWV JIOPOPETIKWY TUNWV:

datatype element =

I of int |
R of real;
fun getReal (R xX) = X
| getReal (1 x) = real x;
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Evwoeig xwpig auotnpd oUoTNNA TUTTWV

* Z€ PEPIKEG YAWOOTEG OL AEMTOUEPELEG TNG UAOMOINGNG
TWV EVWOEWV Eival EPPAVEIG OTOV NPOYPAUHATIOTH

* 2€ KAMOLEG NEPINTWOELS TA NPOYPAUHATA UNopouV va
EKUETAAAEUBOUY TO YEYOVOG OTL 0 TUNOG KANOLAG TIUAG

xavetat: ;
union element {

int i;

double d;

}:

union element e;
e.1 = 100;
double x = e.d;
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Ti Aée1 n ANSI C yia TIG EVWOEIG;

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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YtmrooUvoAa (subsets)

* MnopoUpe va opigoupe TO UNOGUVOAO nou opideTal pe
Bdaon éva katnyopnua P :
S ={xe X |P(x)}

« Kanoleg yAwooeg unootnpifouv unotunoug (subtypes),
He Alyn ) neploodTePn YEVIKOTNTA
- Ayotepn yevikétnta: Oplopdg unodaotnudtwy otnv Pascal
type digit = 0..9;
- Kapnoon yevikotnta: Opiopdg unotdnwy otnv Ada
subtype DIGIT is INTEGER range 0..9;
subtype WEEKDAY is DAY range MON..FRI;

- ToAAA yevikotnTa: Oplopdg Tunwv otn Lisp péow
KOTNYOPNUATWY
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Mapdadeiypa: Ada Subtypes

type DEVICE is (PRINTER, DISK);

type PERIPHERAL(Unit: DEVICE) is
record
HoursWorking: INTEGER;
case Unit is
when PRINTER =>
Line_count: INTEGER;
when DISK =>
Cylinder: INTEGER;
Track: INTEGER;
end case;
end record;

subtype DISK_UNIT is PERIPHERAL(DISK);
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Mapdadeiypa: Opiopdg TOTTWY OTN Lisp

(declare (type integer X))
(declare (type (or null cons) x))
(declare (type (and number (not integer)) X))

(declare (type (and integer (satisfies evenp)) X))
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AvatrapdoTaon TwV TIHWV EVOG UTTOTUTTOU

* ZUuvhBwg, 0 UNOTUNOG XPNOLOMNOLEL TNV O10 ECWTEPIKN
avanapdoTaon Pe Tov unepTUno (supertype) Tou

* Epwthoeq:

- Mnopei va xpnopononBei kdnota nio “@OnvA” avanapdoTacn
I1.x. ot dUo napakdtw TUnot xpewddovTat Tov dlo Xwpo
anoBrikeuong

Xz 1..9
X: Integer?
- Ouunotunot enBaAovTal Kat EAEyXovTal and TO HETAYAWTTIOTH;

X =10
X =X+ 17
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AgiToupyigg utroTUTTWV

* ZuvhBwg ol enttpendpeveg Aettoupyieg eival OAeg ot
AerToupyieg nou ival S1aBETIEG Kal YO TOV unepTUNo

+ Kabwg kat kanoleg GAAeG nou Oev £X0UV TOGO NOAU
vénua otov uneptuno:

function toDigit (X: Digit) : Char;

Ofpa ya meplouAAoyn

‘Evag unotumog elvat €va UTtooUVOAO OAWV
TWV TLLWV EVOG UTEEPTUTIOU, AAAG cuvhBwg
unooTtnpileL éva uTEPOUVOAO Ao AELTOUPYLEG.
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Karrola Adyla yia Tig KAdoeig (classes)

* M and TG BACIKEG IOEEC TOU QAVTIKELEVOOTPEPOUG
NpPOYPOHUOTICHOU

» M KAGon eival éva €{dog TUnou: kanola dedopéva Kat oL
AElTOUpPYiEG TOUG O€ “ouoKeuaaoia NaKETOU”

* M unokAdaon givat €vag unotunog: nep\appavet poévo
€va UNOGUVOAO TWV AVTIKEIEVWY, aAAG unooTnpilel Eva
unepPoUVOAO TWV AEITOUPYLWV

» Mepogdtepa yia TIG KAATELG OTIG OIONEEELG TWV
YAWOOWV QVTIKELEVOOTPEPOUG NPOYPALHATIOHOU

Ewoaywyn otoug Tunoug 29

ZuvapTthoeig (functions)

* To oUvoAo Twv GUVAPTACEWY LE KAMOLO Nedio oplopoU
KAl TIWV:
S=D—> R={f|dom f=Daran f =R}

* OLnepLocOTEPEG YAWOOEG UNOOTNPICOUV TNV EVVOld TWV
OUVOPTHOEWV:

C: int f(char a, char b) {
return a == b;
}

ML: fun f(a:char, b:char) = (a = b);
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AgiToupyieg cuvapTRocEwv

» Quokd, KAOnN ouvVapTAoEWY

* Méxpt oTiyung, To Bewpnoape wg dedopEvo OTL oL
unoéAoLnot TUNot Hnopouacayv va NepactolV wg
NOPAUETPOL, Va ENOTPAPOUV WG anoTEAECHATA, VA
avatebolv og PETABANTEG, K.AN.

* Me Tig ouvapTtAoelg &€ PNOopPoUpE va TO BEWPHTOUNE WG
0€00EVO: 0L NEPLOTOTEPES YAWOOEG OV unooTnpifouv
KATL NEPLOCOTEPO and KAfon cuvapTrocwv!
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XpnoihuoTnTa TWV TUTTWYV
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XpnoyoTnTa TWV TUTTWYV

+ BonBouv otnv opydvwon kat TEKUNPiwon NpoypappdTwy
- Alo@opeTIKOi TUNOL YIO JIOPOPETIKEG EVVOLEG
* AvanaploTtavouv €vvoleg anod To Nedio Tou NPOBANHATOG
- YnodnAwvouv Tnv NpoTIBEPeVN Xpnon Twv HETABANTWY
* OLTUnoL pnopoulv va eAeyxBoUv auTtOpaTa KAl VO HEivouv o€
oupgwvia pe aAAayEG O0TO NPOYPAUUA, OE avTiBEDN pE Ta
oxoAla
* YnodelkvUouv Kal avixveUouv kdnolou eidoug opaapata
- O éAeyxog TUnNwv pnopei va avixveloel UNoAoyIopoUg Xwpig
anpaotodoyia, 6nwg n.x. 3 + true - "Bill™
* Ynootnpifouv tn BeAtiotonoinon (optimization)
- Mapdadetypa: ot short aképatol anoBnkevovtal oe AtyoTepa bits
- Anoguyn eAéyxou etalpéoewy f ungpxeillong
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Z@aAuata TUTTWYV (type errors)

» 'Onwg €idape, €vag Tunog opifetal and:
- Tpdénoug el0aywyng TIHWV yia ToV TUNo
- Tpoénoug XpNnotonoinong Twy TIHWV Yo TNV NApAYwYr VEWV
TUNWV TIHWV
+ Kdtw and autd to npioua
- Kdbe tunog ouoxetideTal pe €va oUVOAO and AEIToupyieg
(OnAadH, He KANOIOUG TEAEOTER)
- Kdabe Aettoupyia opieTal nAvw O€ OTOIKEID EVOG OUYKEKPIUEVOU
TUnou (dnAadn, o€ €va OUYKEKPIUEVO OUVOAO TIHUWV)
- 'Eva o@dApa TUnou AapBdvel xwpa 6tav n Aettoupyia ndet va
£QPapHOOTEL € OpiopaTa EKTOG TOU Nediou oplopol TNG
(dnAadn, o€ opiopata dlaPOPETIKOU TUMNOU)
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Emionpeiwoeig TOTTwv

» [MoAAég yYAwooeg anattolyv, ) TOUAAXIOTOV ENTPEMNOUY,
EMONUEWOELG TUNWV OE PETARANTEG, GUVOPTNOELG, K.AM.

+ Xpnowonowuvtatl and Tov NPOYPAHATIOTA yia ThV
napoxn oTATIKAG NANPogopiag Tunwv oTo cUCTNUA
uAonoinong tTng YAwooag

+ Ol emonpewoelg eival eniong €va €idog TeKuNpiwong,
nou KabloTd Ta NpoypdUUaATa Mo EUKOAO aVAYVWOLUO
ané dA\oug

* Mé£pog tng ouvTagng TG YAWooag ouvhRBwg €XelL oxEan
HE Tov oplopd Tunwy (n.x. *, ->kat list otnv ML)
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Eyyeveig T01r0I (intrinsic types)

+ Kdnoleg yAWOOEG XPNOLLONOIOUV OVOUOOTIKEG CUMBAOELG
yla Tov oplopd Twv TUNwv PeETapAnTwy
- Ze dloAékToug TnG BASIC: S$ opiel pia cupBoloaelpd
- Xe dloAéktoug Tng Fortran: 1 opilel €vav akEpalo

* 'Onwg Kal oL pNTEG ENONUEWOELG TUNWV, OL EYYEVEIG
TUnoL npounBeUouv pe NAnpoopia TUNwv TG00 TV
uAonoinon TG YAwooag 600 Kal TOV avayvwaoTh ToU
NPOYPAHHOTOG
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ATTAOG OCUPTTEPAONOG TUTTWYV

* O neplocoTEPEG YAWOAOEG UAOMNOLOUV KAMOLEG ANAEG
HOPYEG ouUNEPATHOU TUNWV
* OL0Tabepég €xouv TUNO Nou KaBopietal OTATIKA
M.x. otn Java: H otaBepd 10 €xel TOno int, n 10L €xet tuno long
* O ekppdoelg pe Tn oelpd TOUG UNOPEL va €X0UV OTATIKA
kaBopllopEVOUG TUNOUG, NOU CUHNEPAivovTal EUKOAA

ano Toug TEAEOTEG KAl TOUG TUMNOUG TWV OPIOUATWY TOUG

MN.x. otn Java: €dv o a givat double, T6TE n £€k@paon a*0 €xel
T0no double (0.0)

* HyAwooa ML nnyaivel Tnv napandvw 13éa ota dkpa...
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‘EAeyx0g TUTTWV: ZTATIKOG KOl SUVAMIKOG
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‘EAeyxog XxpOvou peTa@paong EvavTl EKTEAeoNg

* OwyAwooeg Lisp, Scheme, Prolog, Python ... eAéyxouv
TOUG TUNOUG OTO XPOVO EKTEAEONG TOU NPOYPAUHATOG
M.x. o pa ékppaon (car X) eAéyxoupe v To X gival AioTta
nptv NGPOUHE TO car Tou X
* O1yAwooeg ML kat Haskell eAéyxouv Toug TUNoug Kata
TO XPOVO PETAPPAONG TOU NPOYPAUUOTOG
M.x. oe pa kAfon F(x) npénetva €xoupe 2 A = B kat x = A
+ 'Eva and Ta KUpla “ndpe-0woe” Tou oXedloopoU YAWoowy
- Kat ot 800 Tponot ano@elyouv Ta EAALATA
- O duvapkog EAeyx0G KaBuoTepEl TNV EKTEAEDN
- O oTaTikog €AeyX0G NEPLOPIEL TNV EKPPACTIKOTNTA
» ANioteg og Lisp: Ta oTolxeia pnopouv va £xouv dla@opeTIKOUG TUNOUG
* Aioteg oe ML: 6\a Ta oTolxeia npénet va €xouv Tov dlo Tuno
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ZTATIKOG éAeyx0g TUTTWV

* 2TO OTATIKO £AeYX0 TUNWYV, O TUNOG TNG KABE EKPpaong
kaBopideTal Npv TNV EKTEAECN TOU NPOYPAUUOTOG

* O HETOYAWTTIOTAG TUNWVEL PNvVUpaTa AdBoug éTav ol
TUNOoL Nou €€AyovTal OTATIKA TOV KAVOUV va KaTaAdBEL

KANOLO ACUVENELD | aCUPQWVia oTn Xpron Twv Tunwv
- 'Ooov agopd oe teheoTeg: 1 + "abc™

- 'Ooov agopad ot cuvapthoelg: round(*'abc™)

- 'Ocov agopd o€ evToAég TNG YAwooag: If abc™ then ..

* [MOAAEG pOVTEPVEG YAWOTEG NPOYPAUKATIONOU £XOUV
OTATIKA oUOTAMATA TUNWV
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Auvapikég éAeyxog TUTTWY (dynamic typing)

* Z€ NOANEG GAAeG YAwaooeg (n.x. Lisp, Scheme, Smalltalk,
Erlang, Prolog, Python, Ruby, ...), Ta npoypduupata dev
€AEyXOVTAL OTATIKA yia niBavd o@dipaTta TUNwv

« EAéyxovtal Opwg Suvapkd yia TETolou €idoug OQAaAaTa

* Mg &A\a AOya, katd To Xpdvo EKTEAEONG, N uhonoinon
NG YAWOOAG EAEYXEL OTL T OPICUATA TWV TEAECTWV
eival Tnwv ot onoiot eivat cupBaTol pe TOUG TEAEOTEQ
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Mapadeiyua: Lisp

* M ouvaptnon oe Lisp nou npocBeTtel U0 aplBpoug:
(defun ¥ (a b) (+ a b))
* Qa gyeipel €aipeon €av o0 a ) o b dev eival apBpoi
+ KAnoelg pe opiopata AdBog tunou, n.x. (F nil nil),
€V UnNodEIKVUOVTAL KOTA TO XPOVO LETAYAWTTIONG

* XT0 duVapIKO EAeyX0 TUNWV Ta Napandvw Adon

nidvovTal KaTd To XPOVO EKTEAECNG TOU NPOYPAUUATOG

- Katd kdnoto tpono, oTig YAWooeg e SUVAHIKO EAeyXO0 TUNwWV oL
TUNoL XPnaotonololvTal Napandvw anéd auTég PHE OTATIKO EAEYXO,
B10TL oL TUNoL NpéneL va eAeyxBoUv KaTd To XpOVo EKTEAEONG

- Aut6 onpaivel 6tL n ulonoinon TNG YAWOOOG NPENEL va
dlatnproel nAnpogopia yia Tov TUNo TNG KABe PETABANTAG
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Exk@paoTikéTnTa

ZTATIKOG éAeyX0g TUTTWV £vavTi SUVAUIKOU

» X2tn Lisp, €ival duvatd va ypAaywoupe Tn ouvapTtnon
(lambda (x) (cond ((less x 10) x) (T (car x))))

Kdnoleg xpnoelg Tng ouvapTnong Hnopei va odnynoouv oe
g@dApata TUnwv, KAnoleg GANEG OpwWG OXL

* O oTaTIKOG £AeYXOC TUNWV €ival NAvTa ouvTNPNTIKOG

if (big-hairy-boolean-expression)
then ((lambda (xX) .. ) 5)
else ((lambda (x) .. ) nil)

A€ pnopoupe va ano@aoiGoOUPE KATA TO XPOVO HETAYAWTTIONG AV
Ba undp&el kanoto aaApa TUNou
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» Aev gival 6ha donpa A padpa...
* Mwooeg pe oTaTikd EAEYX0 TUNWV NOAAEG POPEG

XPNOWOnoloUV KAMOoLo SUVAUIKO EAEYXO

- TM.x. AMdyw tNng Unapgng unotunwv (subtyping),
€10IKA OTIG AVTIKEWLEVOOTPEPEIG YAWOTTEG NPOYPAUUOTIOHOU
- T.X. AOyw unepQOPTWHEVWY TEAECTWY

* Muwooeg pe duVapkd EAeYX0 TUNWV NOAAEG POPEG

XPNOWonotouv KAnolo oTaTikd EAeyX0

- Tonot ywa (p€pn) npoypappdtwy o€ Lisp, pnopolv va egaxBouv
He Xpron SnAWoEwV TUNWV Kal TOMKOU GUMNEPACHOU TUNWV

- TMoA\oi peTayAwTTIOTEG TNG Lisp xpnowonololv Tnv nAnpogopia
QUTA YO TNV ano@uyn eAEyXwv TUNWV Katd To XpOvo eKTEAEONG
KOl Yl TNV Napaywyr) KAAUTEPOU (TaxUTEPOU) KWOKA UNXAVAG
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Pnroi éAeyxol TUTTWV KATA TO XpOVO eKTEAEONG

AuoTnpd kal acBevil cuoTAMATA TUTTWYV

+ Kdanoleg yAWOOEG ENTPENOUV OTOV NPOYPAUHATIOTH VA
€AEyEeL TUNOUG KATA TNV EKTEAEDN TOU NPOYPAUHATOG:

IM.x. n Java emtpEneL Tov EAeyX0 TOU TUNOU KAMOLOU AVTIKEIUEVOU
He xpron Tou TeAeotn instanceof

M.x. n Modula-3 enttpénel tn dlakAddwan (branch) pe Baon tov
TUNO KAMOLOU QVTIKEWWEVOU PE XProN TNG Ekppaacng typecase

* Ta napandvw anattodv 6TL N NANPoopia yia TUNoug
eival napouoa Katd To XpOvo EKTEAEONG, NAPOAO NOU N
YAwooa £xel wg eni To NAgi0TOV OTATIKO CUCTNUA TUNWV
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* H emdiwgn tou eAéyxou Twv TUNWV €ival n anoguyn tng
€QPOPHOYNG TEAECTWYV O€ OpioPATA TWV ONoiwv o0 TUNog
€V £XEL VONUA YO TO CUYKEKPLUEVO TEAEOTH

+ XZe Kanoleg yA\wooeg, 6nwg otnv ML kat otn Java, o
€AEYXOG TUNWV eival apkeTa €EOVUXLIOTIKOG Kal
€taopalifel o€ peyadAo Babud To napandvw—AEUE OTLN
yAaoa £xel auoTtnpd cuoTtnua ToNwv (strong typing)

* X&g noA\EG yAwooeg (6nwg n.x. n C) autd de oupPaivet:
To oUoTnua TUNwv eivatl aoBevég (weak) kat dlGtpnTo

- AuTo napéxel euehigia oToV NPOYPAUHATIOTH
- AMN\G dev NPOCYEPEL APKETH AOPAAEIA
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IXETIKA ao@AAgIa TOTTWY TWV YAWOOWV

EpyaAgia oTatikng avdAuong TpoypaupdTwy

Mn aogaleic: H owoyévela BCPL oupnepiapfavopévng
g C kat tng C++
- “Zoulounwpata” TUNwv (type casts), aplOUNTIKr pe OEIKTEG, ...
Mepinov aopaleig: H owkoyévela Tng Algol, Pascal, Ada
- ZeKPEUAOTOL OEIKTEG

* Aéopeuoe éva OelkTn p o€ Evav akEPALO, ANOSECUEUOE TN UVAKN Nou
OeiXVeL 0 p, KaL 0T CUVEXELD XPNOLMOoNoinoe TNV TiA nou deixvel o p

» Kapia yAwooa pe pntr anodéopeucn pvApNg Sev Npoo@pEpeL NARpPN
ao@AAela TUNWV!

Aogalelc: H okoyévela tng Lisp, n ML, n Smalltalk, kot ot
Java, C#
- Lisp, Scheme, Smalltalk, Prolog, Erlang: yAwooeg duvapikwv tinwv
- ML, Haskell, Java: yA\wooeg oTatikwyv TUnwv (statically typed)
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* Top€ag He apKETN EpeUVNTIKA dpactnedTnTa NpdéoPata
- Lint, Purify, Coverity, PreFix, PreFast, Dialyzer, Valgrind, ...

+ AUo katnyopieg avaiuong
- ZuvTtnpnTikéG (= Sound for correctness)
* Ed&v n avaAuon net 6Tt To npdypappa eivat owotd, TOTE gival
* Edv n avaAuon net “0x1 owoTto”, UNopei va pnv undpyouv Aan
- Mn ouvtnpnTikég (= Sound for errors)
» Edv n avdAuon net “owoTd”, To NPOYPAUKA HNOPEl va gival
€0QaAUEVO
* Edv n avaAuon Bpet kanoto npoRANua, TOTE OVTWG UNAPXEL
kanolwa “avwpoAia ” oTo npdypappa
- M kaAUTEPN KOTNYOPLONOINGN, KATA TN YVWHN HOU:
* ZuvTnpnTIka epyaleia XpeladovTal yia anddegn opboTNTAG
* Mn ouvTtnpnTikd epyaleia yia elpean opaiudtwy (bug finding)
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Ofuata 1I00duvVapiag TUTTWV
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looduvapia TOTTWY

» [éte dUo TUNOL BewpouvTal idloy;

¢ ZnNUOVTIKA EPWTNON TOCO YO TO OTATIKO OCO KAl YIa TO
OUVAUIKO €AeyXO0 TUNWV

* lNa nopadetypa, n yAwooo pnopei va enttpénel pua
avdBeon a :-= b povo €av n petaBAntn b €xel “tov id10”
T0No pE TNV a

* AlGQOPETIKEG YAWOOEG Opifouv TNV LOOSUVALIa TWV
TUNWV e SLlaQOoPETIKOUG TPONOUG
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looduvapieg TUTTWV

Mapddeiypa 1Ico0duvapiag TUTTWYV

+ looduvauia ovéuatog (name equivalence): dUo tunot
eival idlol av kat pévo av €xouv To B0 dvopa

+ looduvapla Soprg (structural equivalence): 500 tunot
eival idlol av kat pévo av €xouv NpokUYeL and Toug idloug
npwToyovoug TUNouG PE XPAOoN TNG idlag oelpdg idlwv
KOTOOKEUOOTWY TUNWV

* (Ounapandvw, dev givat ot povol TPOnoL OPLOoU TNG
looduvapiag aAAaG gival oL mo eUkoAoL va €Enynbouv.)
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type irpairl = int * real;
type irpair2 = int * real;
fun f(x:irpairl) = #1 x;

* TioupBaivel eav nepdooupe wg épopa otnv T pua
NapPAUETPO TUNOU Trpair2;
- Hooduvapia ovopatog dev To entpénet: irpair2 kat irpairl
eival Sl0POPETIKG OVOpATA

- Hooduvapia dopng To enttpénet: oL TUNOL KATAOKEUAZOVTaL e
Tov {dlo Tpéno

+ 2tnv ML emtpéneTat
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Mapddeiypa 1Icoduvapiag TUTTWYV

ZUMTTEPAOHATIKA

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

* TioupBaivel edv npoonaBRooupe va avaBEgoupe TovV

nivaka Countsl otov nivaka Counts2;

- H woduvapia ovépatog dev To eNTPENEL 0L TUNOL TWV NIVAKWY
Countsl kat Counts2 dev £X0UvV OVOUATA

- Hooduvapia dopng To enttpénet: oL TUNOL KATAOKEUAZovVTaL e
Tov idlo Tpdno

» Ouneploodtepeg uhonotoelg Tng Pascal dev enttpEnouv
TNV napandvw avadeon
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* O tUnot naiouv onuavTikd POAO o€ NOANEG and TIG
YAWOOEG NPOYPAUHATIONOU
- T tnv opydvwaon Kat TNV TEKUNPiwan evog npoypdppaTog
- Ta tnv ano@uyn o@AAPGTWY AoYIoUKOU
- Ta tnv napoxr NANPo@opiag 0To HETAYAWTTIOTH TNG YAWOOTOG

Eloaywyr} otoug TUnoug 54




Baoiki epwTnon yia Td CUCTAMATA TUTTWYV

» 600 pépog TNG avanapdoTacng KAveL To cUCTNHA
TONWV EPPAVEG OTOV NPOYPAUHATIOTH);
- Mepikoi NpoypapHATIOTEG NPOTIHOUV YAWooeg oav Tn C, doTL
* Mpooépouv Tn duvatdtnTa yia an’ eubeiag npoonéAaon atn
Aentopepn avanapdotaon Twv TUNwv dTav yia Kanoto Adyo
auTo eivat enBupnTd
- Mepikoi dGA\ol npoTieolv yAwooeg aav tTnv ML, dioTt
* KpuBouv Tig AenTopépeleg TNG UAONOINONG TwV TUNWV Kat
* Mpoo@épouv “kaBapoUls” TPOMoUG Xpnatonoinong
0eBOUEVWY MOU ENTPENOUV TNV AVANTUEN NPOYPARUATWY
Xwpig o@dApata kdnolou €idoug, Kat SleukoAUvouv Thv
anodegn tng opBOTNTAG TOUG
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