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Mepiexopeva

e Tunol oTIC YAWOOEG NPOYPAUHUATIOHOU
- Tuielval ol Tunot;
- Katnyopieg kKat avanapaoTAcEIS TwV TUNWV
« XpAon Kat XpnopoTnTa Twyv TUnwv
- 'AWOOEG PE OTATIKO KAl YAWOOEG KAl QUVAUIKO OUCTNUA TUNWV
- 'EAeyxog tunwv
* KOTA TO XpOvo peTagppaong (compile-time checking)
* KATA TO XPOVO KTEAEONG (run-time checking)
- H gvvola ™TnG ouvtnpnTIKAG avaAuong NpoypappaTwy
- looduvapia Tunwv
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T1 €ival o1 TUTTOI;

« 'EvaG TUNOG €ival Eva oUvoAo anod TIHEG
* 'Otav opidoupe OTL HIa HETABANTA EXEL EVA OUYKEKPLIUEVO
TUNO, ONAWVOULE OTL Ol TIHEG TNG HETABANTAG Ba gival
NAVTO OTOLXEIO TOU OUYKEKPIUEVOU OUVOAOU
int n;
* Apa £vag TuUnog givat Eva cUVOAO anod TIEC
- MOU £€XOUV LI CUYKEKPLLEVN KOV avanapaoTtaon

- Kat Hia ouAAoyn and AelToupyieg Nou HNopouV va EQAPHOCTOUV
O€ AUTEG TIG TIUEG

« To nowa ouvoAa BewpouvTtal N dev BewpouvTal TUMNoL
ecapTatal and Tn YAwooa
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NMpwTOYOVOI KOI KATAOKEUOALOMEVOI TUTTOI

« KdabBe tUnog nou pnopei va xpnotponotndet aAAa o€
LMOPEL VO OPLOTEL Ano £va NPOYPALUA LOGC YAWOOAG
gival £vag NpwTtoyovog TUNog TNG YAWOoOoOG

- [lpwtdyovoltunot tng ML: int, real, char

- 'Eva npoypappa ML o€ pnopei va opioel €vav TUMo rnou va
OOUAEgUEL OaV TOV NPOKABOPIOPEVO TUMO int

« KdabBe TUNOG nou pNopei va oploTel anod va rnpoypappa
(He Baon npwTtoOyovoug 1 dn OPIOPEVOUC TUMOUG) €ival

EVAGC KAOTAOKEUACOLEVOG TUMNOG
- T1.x. kataokeualopevog tunog otnv ML: int 1list

- OpieTtal pe Xpron Tou NpwTOYOovoU TUMNOU int Kal TOU
KOTAOKEUAOTH TUNWYV list
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NMpwToYyOVOI TUTTOI

* O oplOpOG TNG KABE YAWOOOG €ival auTog nou KaBopilel
nolol €ival NPwTOyovol TUNOoL TNS YAwooag

« Kanoleg yAwooeg opiouv TOUG NPpwTOyovoug TUNoug o
QUOTNPEA ano KANOIEG AAAEG:

- T1.x. n Java opilel TOUG NPWTOYOVOUG TUNOUG EMAKPIBWG

- Ano tnv aAAn pepta, n.x. n C kat n ML agrjvouv kanowa neplowpla
eAeVOEPIAC OTOV OPLOUO TWV NMPWTOYOVWYV TUNWV HETAEU
OLAPOPETIKWY UAOMOINOEWY TNG YAWOOAG
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Mapdadeiypa: TTpwWTOYOVOI TUTTOI OKEPAIWYV

C:

char signed char

unsigned char

short int

unsigned short int

int unsigned int

long int

unsigned long int

long long int

unsigned long long int
Agev unapyel Nnpokaboplopevn
uAonoinon, aAAa ot “‘peyaiutepol”
TUNOL NPENEL VO £XOUV TOUAAXLIOTOV
TO €EUPOG TWV “UKPOTEPWYV” TUNWV
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Java:
byte (1-byte signed)
char (2-byte unsigned)
short (2-byte signed)
int  (4-byte signed)
long (8-byte signed)
Scheme:

integer
AKEpalol “angipou” eUpouG
Haskell:

Int (4-byte signed)

Integer (“anepo” eUpog)
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OfpaTa oXeOIOOUOU

e 2€ Mol oUVOAQ aVTIOTOLXOUV Ol NPWTOYOoVOoL TUNOL,

- TLeival HEPOG TOU OpPLOHOU TNG YAWOOAG, TL ENAPIETAL OTN
OLAKPLTIKI EUXEPELO TNG UAONOINONG TNG YAWOOOG;

- Eav xpelaotel, nwg pnopei €va npoypappa va avakaAUuyel
TTANPOPOPIEC OXETIKEC LE TA HEAN TOU GUVOAOU;
* (INT MAX 0tn C, Int.maxInt otnv ML, ..)

« T Aettoupyieg unootnpidovtal Kal NwWg;
- N\ENTOUEPEIC OPLOHOL NEPL OTPOYYUAONOINONG, ECAIPECEWY, K.AM.

« H enoyn ™nG avanapaotaong eivalt KaBoploTIKN Yia
KAMolEG ano TIC ano@Acelg
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KaraokegualOoevol TUTTOI

* [1poobBeTol TUNOL oL onoiot opidovTtal Pe XpNon TNG
vAwooag

* [Mapadeiypata: anaplOUnoelg, NAEIAdEC, NIVAKEG,
OUMBOAOCEIPEG, AMOTEG, EVWOELG, UNOTUNOL, KAl TUMNOL
OUVOPTNOEWV

* [a kKABe evav and autoug, unNnAapxEL OTEVN OXEON UETALU
Tou nNwg opidovTtal Ta oUvoAa oTa HaBNUATIKA KOl TOU
nwg¢ opiovTal ol TUr70L OTIC YAWOOEG NMPOYPAUUATIOHOU
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AtrapiBuiRoeig (enumerations)

¢ 2TO HABNUATIKA UNOPOULE OPIOOUE Eva OUVOAO QNAWG
LE TNV anapiOunon Twv HEAWY TOU:
S ={a,b,c}
* [MToAAEC YAwooeG unootnpidouv TUNOUG anapibpnonc:

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

« Opilouv £va vEO TUMO (= OUVOAO TIHWV)

* Opilouv gniong pa cuAAoyr and OVOUATIOHEVEG
OTOBEPEC AUTOU TOU TUMNOU (= OTOLXEIO TOU OUVOAOU)
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AvatrapdoTaocn TIHWV HIOG atrapidunong

« 'Evag ouvnBng tTponog avanapadotaong anaplopnoswy
gival n xpnoonoinon HKPWyY aKEPAIWY YIa TIC TIHEG

 H avanapaotaon pnopel va eival EHpavng 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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AgiTOoUupyieg atTapIOuNoewy

‘EAEYXOC 100TNTAG, QPUOLKA:

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

« Eav n “akepala puon’ tTng avanapaoctaons Twy
anaplOpNoewWy ival epPavng, N YAwooa ouvnowg
ENITPENEL KANOLEG ANO ] OAEG TIC AEITOUPYIEG NMou
ENITPENOVTAL OE AKEPAIOUG:

Pascal: for ¢ := red to blue do p(c)
C: int x = penny + nickel + dime;
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[MA&1adeg (tuples)

« To KapTeOLAVO YIVOUEVO OUO ) NEPIOCOTEPWY CUVOAWV
opilel ouvoAa anod nAeladeg:

S=XxY ={(xy)|xeXAyeY}
« Kdnoleg yAwooeg unootnpifouv KaBapec NAEIGdEC:

fun getl (x : real * real) = #1 x;

* [ToAAEC GAAEC unooTnpilouv eyypa@Eg (records), nou
eival NAeladec ta Nedia Twv Onoiwv €Xouv OVOUOTA:

struct complex ({ type complex = ({
double rp; rp:real, ‘ML
double ip; ip:real

}; };

fun getip (x : complex) = #ip x;
Elwcaywyn otoug Tunoug 12



AvatrapdoTaon TwV TTAEIadwYV

« H ouvnOng avanapaotaon Twv NAsladwy sival ta nedia
TOUG va dlOTACOOVTAL TO £VA HETA TO AAAO OTN MVAMN

* AAAG UNAPXOoUV NMOANEC AEMTOUEPEIEG:

- Me nowa og1pq;

- Enmtpenovtal “tpuneg” yia eubBuypappion (alignment) tTwv nediwv
(N.X. 0O€ APXEG OLAPOPETIKWYV AEEEWV) OTN UVAUN;

- Eivat katiand 6Aa autd opatd OTOV NPOYPOALUATIOTH;
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NMapadeiypa: 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 TTAEIAOWV

« En\oyn otolxeiwyv, QUOIKA:

C. =x.ip
ML: #ip x

* AMNAEG AelToupyieg avaloya pE TO NOLO/NOCO HEPOG TNG
avanapaotaong eival EPPAVEG OTOV NPOYPAUUATIOTNA:

C: double y = *((double *) &x);
struct person {
char *firstname;
char *lastname;
} pP1l = {"dennis","ritchie"};
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Avuopuara (vectors)

« Avuopata yvwoTtou (0Tafepou) HNKOUG:
S=X"={(Xy ., X)) | VI. X, € X }
« AvUopaTta ayvwoTou HAKOUG:
S=X*=UX

e TUNOL OXETIKOL LE TA AVUOUATA:

- Mivakeg, oUPBOAOCEIPEG KaL AOTEG

- Eilval oav TI¢ nAelddeg aAAG ouvrBwg €xouv Tov dlo Tuno
OTOlXEIWV Kal NOAAEC napaAAayeC and yYAwooa o€ YAwooa

- 'Eva napadetypa dagopornoinong: deikTeg (indices) o€ Nivakeg
» [loleg €ival ot TIHEG TwV OEIKTWV;

» KaBopiletal To pEYEBOG TWV NIVAKWY OTO XPOVO HETAYAWTTIONG N
OTO XPOVO EKTEANEONG;
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TIMEG OEIKTWV

« 2Tn C, C++, Java kat C#:

- To NPWTO OTOLXEIO EVOC Nivaka a €ival To a[0]
- O 0¢gikTeG gival navta akEpatol nou apxiouv and 1o 0

* H Pascal eival no eueAIKTN:
- Mnopei va Xxpnowonotnouv d1a@opot TUNoL OEIKTWV: AKEPALOL,
XOPAKTAPEG, anaplBunoelg, unodlaothpata (subranges)
- O apxkog deiktng Kabopiletal and Tov NPOYPAUHATIOTH

- O TeAIKOG O€ikTNG KaBopileTtal eniong and Tov NPoypPARHATIOTN:
OHWG TO MEYEBOG €vOG Nivaka rnpeENeL va ival yvwoTo KATd To
XPOVO HETAPPOAONG TOU NPOYPAUUATOG
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MNapddeiypa ivoka o€ Pascal

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

Counts: LetterCount;

begin
Counts['a'] =1

Elwcaywyn otoug Tunoug
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2XEOIOOTIKA OEPATO OXETIKA ME TO AVUCMOATO

e TiLe€idoug OEIKTEG HNOPOUV VA £XOUV Ol MIVAKEG;

» [lp€neL To pEYEBOG TWV NIVAKWY va gival KABOPLOUEVO
KOTA TO XPOVO LUETAPPAONG;

* Mnopei va aAAGgeL (n.X. enekTaBbel) To HEYEBOG DUVAUIKA;

* Mnopouv ol Nivakeg va €Xouv NOAAEG OLOOTACELG;

« Eival evag nivakag pe NoAAEG dlAOTACELG LOOOUVALIOG HE
gvav nivaka ano nivakeg;

* [lwg dlaTAooovVTalL TA OTOLXEID EVOG MIVAKA OTN MVAUN;

* OLoupBolooelpeg £xouv TO OIKO TOUG TUNO 1) €lval
nivakeg ano bytes; Yndapxel tunog AlOTag;
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Evwoeig (unions)

* H €vwon dUo ocuvoAwv diIVEL Eva KalvoUPLO GUVOAO
S=XuY={z|lzeXvzeY} union
S=X®Y ={(x,0)|xeX}u{y,l)|yeY} sum

* [loAAEC YAwWOOEG unooTtnpi{ouv TUMOUG EVWOEWV:

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

 H avanapaotaon TwvV EVWOEWV UNMOPEL va lval N UNOPEL

vVa NV €ival EHpaviG oTov NPoypPaAHUATIOTA:
sizeof (u) == max(sizeof(u.i),sizeof(u.d))
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AuoTnpOoTNTA TUTTWYV KOI EVWOEIG

« 2Tnv ML, TO pOVO Nou Unopei va KAVOURE O€ PIa £VWOon
gival va ECAYOULE TA NMEPLEXOUEVA TNG

« Kal oTnVv nepintwon autn NPENEL va NMOUPE TL UMNOPEL va
YIVEL HE TIC TIHEG EVWOEWYV DAPOPETIKWY TUMWV:

datatype element =
I of int |
R of real;

fun getReal (R x)
| getReal (I x)

I
%

real x;
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Evwoeic xwpic auotnpd ocuoTnua TUTTWV

¢ 2€ HEPIKEC YAWOOECG Ol AENTOMEPELEG TNG UAONOINONG
TWV EVWOEWV €ival ELPAVEIC OTOV NPOYPAUUATIOTA

¢ 2€ KAMOLEC NEPINTWOELC TA NPOYPAUUATA UNoPOoUV vVa
EKMETAAAEUBOUV TO YEYOVOG OTL O TUNOG KAMNOLWAG TIUNG

XAVETAL:

Elwcaywyn otoug Tunoug

union element {
int 1;

double d;

};

union element e;
e.i = 100;
double x = e.d;
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Ti1 Aég1 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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YtroouvoAa (subsets)

 Mnopoupe va oplooUE TO UNOCUVOAO Nnou opileTal e
Baon €va katnyopnua P :

S ={xeX | P(x)}

« Kdnoleg yAwooeg unootnpifouv unotunoucg (subtypes),
HE Alyn N NEPLOCOTEPN YEVIKOTNTO
- Aiyn yevikotnta: Oplopdc unodlaoctnuatwy otnv Pascal
type digit = 0..9;
- Kaupnoon yevikotnta: Oplopog vnotunwy otnv Ada

subtype DIGIT is INTEGER range 0..9;
subtype WEEKDAY is DAY range MON. .FRI;

- [1ToAAA yevikoTnTa: Oplopdg tunwy otn Lisp pEow
KATNYOPNUATWY
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MNapadeiypa: 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) ;

Elwcaywyn otoug Tunoug
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MNapdadeiypa: OpICHOC TUTTWY OTN LIS

(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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AvatTapdaoTaon TWV TIMWV EVOC UTTOTUTTOU

e 2UvNBwG, 0 UNOTUMNOG XPNOIONOLEL TNV O1a EOWTEPLKN
avanapAaoTtaon YE TOV UnePTUNo (supertype) Tou

 EpwTtnocelc:

- Mnopel va xpnowonotnei kanota no “@onvr)” avanapdotoon;
[1.x. ot dUo napakATw TUNoL xpeldlovTtal Tov idlo Xwpo
anolnkeuong;

X: 1..9
X: Integer?
- Otunotunot enBAaANovTal KAl EAEYXOVTAL ANO TO HETAYAWTTIOTA;
X :=10
X :=X + 17
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A&ITOUPYIEG UTTOTUTTWYV

¢ 2UVNBWCG oL ENTPENOUEVEG AEITOUPYIEG €ival OAEG oL
AElTOUpYieC Nou eival dLaBECIPEG Kal YIO TOV UNEPTUNO

« Kabwg kat Kanoleg AAAEG Nou OV £XOUV TOOO MOAU
vONUa OTOV UMNEPTUNO:

function toDigit (X: Digit) : Char;

O£pa yla epLouAAoyn

‘Evolc utoTtUMoC €lval Eva UTTOCUVOAO OAWV
TWV TLHLWV EVOC UTTEPTUTIOU, aAAA cuVNRBWC
UTtOOTNPL(EL Eva UTIEPOUVOAO QO AELTOUPYLEC.
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KaTrola Adyia yia TiI¢ KAdoeig (classes)

* M anod TIC PACIKEG IOEEC TOU AVTIKEILEVOOTPEPOUG
NPOYPOLUATIONOU

« M KAGon €ival €va €ido¢ Tunou: kanota 0edopEVA Kal Ol
AEITOUPYIEC TOUG O€ “OUOKEUQOIa NAKETOU”

* M unokAdon gival Evac unotunog: nepAapBavel povo
€V UNMOOUVOAO TWV AVTIKEIMEVWY, AAAG unooTnpilel eva
UNMEPOUVOAO TWV AEITOUPYLWV

* [leploooTeEPA YA TIC KAAOEIG OTIC OLOAEEELG TWV
YAWOOWV AVTIKEIUEVOOTPEPOUC NPOYPAUUATIOHOU
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2uvapTtnoeig (functions)

« To oUvOAO TWV OUVAPTNOEWYV HE KANOLO NedIO OPLOUOU
KOl TUHWV:

S=D->R={f|domf =DAaranf=R}

* OLneploooTeEPEG YAWOOEG unootnpifouv TNV £vvola TwV
OUVaPTHOEWV:

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

}

ML: fun f(a:char, b:char) = (a = b);
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A&ITOUPYiEC CUVOPTACEWYV

« QuOolKka, KAon ouvapTAOEWV

« Mexpl oTiypng, tTo Bewprjoape wsg 0OOUEVO OTL OL
unoAotnot Tunot pnopoucayv va NnEPACTOUV WG
NAPAUETPOL, VA ENOTPAPOUV WG aNoTEAECUATA, VA
avateBouv og PETAPBANTEG, K.AN.

* Me T1¢ ouvapTNoELG OE UNOPOUKE VO TO BEWPNOOUUE WG
OeQOUEVO: OL NEPLOTOTEPEC YAWOOEC OV unootnpilouyv
KATL NEPLOCOTEPO ANO KA on ouvapToewyv!
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XpNOoIMOTNTA TWV TUTTWV

Eicaywyn otoug Tutroug
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XpnoIigoTnTa TWV TUTTWV

 BonBouv otnv opyavwon Katl TEKUNPLWaON NPOYPAUUATWY
- Al0@OPETIKOL TUMNOL YO JLAPOPETIKEG EVVOLEG
* Avanaplotdvouv €vvoleg anod To nNedio Tou NPoBARHATOG
- YNnodnAwvouv TnV npoTIBEuevn Xpron Twv HETABANTWY
e OLTUNOL HNoPOUV va AeYyXO0OUV QUTOMATO KOL VA HEIVOUV O€

OUHPWVIa pE aAAQYEC OTO NPOYPAHUA, O avTiBeaon He Ta
OXOALa

*  YNOOEIKVUOUV Kal aVIXVEUOUV KAMOLOU €i00UC OQAALATO

- O €Aeyxo¢ TUNWV PNOPEL va avixveUOEL UNOAOYIOUOUG XWwPIG
onpaotloAoyia, onwg n.X. 3 + true - "Bill"

* Ynootnpilouv tn BeAtiotonoinon (optimization)

- Mapddeypa: ot short akEpalol anoBnkevovTal oe Alyotepa bits
- AnoQ@uyr EAEYXOU EEALPECEWV ) UNEPXEIALONG
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2(PAApaTta TUTTWYV (type errors)

* 'Onwg eidape, evag tunog opidetal ano:
- Tpbénoug elcaywyng TIHWVY yla TOV TUNO
- Tponoug Xpnolonoinong Twy TIHWYV YIa TNV Nnapaywyr VEWV
TUNWV TIHWV
« Katw andé auto To npiopa
- Kdabe TUnog ouoxetideTal pe €va aUVOAO anod AEITOUPYIEG
(ONAadn, YUE KAMOIOUG TEAEOTEG)

- Kdabe Aettoupyia opideTal nAvw O€ OTOLXEIO EVOG OUYKEKPIUEVOU
Tunou (dnNAadr], 0€ €va OUYKEKPLIUEVO OUVOAO TIHWV)

- 'Eva o@dApa Tunou Aappavel xwpa otav n Asttoupyia naet va
EQAPHUOOTEL OE OPIOHATA EKTOC TOU NEdiOU OPIOUOU TNG
(dnAadr], o€ opiopaTa dLAPOPETIKOU TUMOU)
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ETTionNuEIWOEIG TUTTWYV

* [1oAAEG YAWOOEC analtouv, N TOUAAXIOTOV EMNLTPENOUV,
ENONUEWWOELC TUNWV O€ PETABANTEG, OUVOPTNOELG, K.AM.

« XpnolyonowouvTtatl ano Tov NPoypPaUHaTIOTA VI TNV
Napoxn OTATIKNG NANPOYOPIAC TUNWY OTO cUCTNUA
uAonoinong TnG YAwooag

« QL enonuewaoelg eival eniong eva €100G TEKUNPiwoNG,
Nou KaBL1oTA Ta NPOYPALHATA Mo EUKOAO avayVWOLLO
ano AAAOUG

 MEg€pog NG ouvTagng TNG YAWOOOG ouvnBwg €XEL OXEON
LE TOV OPIOMO TUNWV (N.X. *, =>Kal 1ist otnv ML)
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Eyyeveig TuTTOI (Intrinsic types)

« Kdanoleg YAWOoOEG XpNOLHONOLOUV OVOUOOTIKEG OUMBACELG
yla TOV OPLOUO TWV TUNWV HETARANTWYV

- 2& OlaAEkToug TG BASIC: s$ opicel pua oupoloosipa
- 2€ OlaAEKTOUG TNG Fortran: I opilel Evav akEPALO

* 'Onwg Kat ol pNTEG EMNONUEWOELS TUNWYV, Ol EYYEVEIC
TUnoL npopnBeuouy pe NANPoOYopia TUNWY TOOO TV
uAonoinon TnG YAwooag 000 KAl TOV avayvwoTtn Tou
NPOYPAUHOTOG
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ATTAOG CUNTTEPACHOG TUTTWV

* OLNEPLOOOTEPEG YAWOOEC UAOMOLOUV KAMOLEG AMAEG
HOPPEC oUpNEPACHOU TUNWV

 OLoTaBepeEg €xouv TUNO Nou Kabopiletal OTATIKA
[1.x. otn Java: H otabepa 10 £xel TUNO int, N 10L €XEL TUMNO long

e OLEKPPAOELC PE TN OEIPA TOUG UMOPEL VO €XOUV OTATIKA
KaBopl{Opuevouc TUNOUG, NOU CUMNEPAIVOVTAL EUKOAQ

ano TOUG TEAEOTEG KAl TOUG TUNOUG TWV OPLOUATWY TOUG

[1.x. otn Java: €edv 0 a €ival double, TOTE N EKPPACH a*0 EXEL
TUNo double (0.0)

 HyAwooa ML nnyaivel Tnv napandvw 1O€a ota AKpPA...
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‘EAgyX0C¢ TUTTWYV: ZTATIKOG KOI OUVAMIKOG

Eicaywyn otoug Tutroug
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‘EAEyX0G XPpOVOU HETAPPAOCNG EVAVTI EKTEAEONG

« OwvyAhwooecg Lisp, Prolog, Python, Ruby, ... eA€yxouv Toug
TUNOUG OTO XPOVO EKTEAEONG TOU NPOYPAUUATOC
[1.x. otn Lisp o€ pia €kppaon (car x) €AEYXOUUE €AV TO x €ival
AOTO NPV NAPOUPE TO car TOU x
« Owyhwooeg ML kat Haskell eA€yxouv TouG TUNOUG KATA
TO XPOVO HETAPPAOCNG TOU NPOYPALUATOG
[1.X. o€ pa KAfon £ (x) npenetva €xoupe £: A — B KAl x € A
« 'Eva ano ta Kupla “nape-0waoe” Tou oXeOIOOUOU YAWOOWYV
- Kat ot dUo Tponot ano@euyouv Ta oPAApaTa
- O OUVAUIKOG EAEYXOC KABUOTEPEL TNV EKTEAEDN
- O oTaTIKOG £AeyX0G NePLOPICEL TNV EKPPACTIKOTNTA

» NioTeg o€ Lisp: Ta oTolxeia pnopouv va €XouV dla@opETIKOUG TUNOUG
» Aioteg o€ ML: 6Aa Ta oTolkeia npEneL va €Xouv Tov idlo TUno
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2TATIKOG EAEYXOG TUTTWV

* 2TO OTATIKO EAEYXO TUNWYV, O TUNOG TNG KABE EKppaonG
KaBopiletal npLv TNV EKTEAECH TOU NPOYPAUUATOG

e O HETAYAWTTIOTAC TUNWVEL pnvupoTa AaBoug oTtav ol
TUNOL NOU €EAYOVTAL OTATIKA TOV KAVOUV va KAaTOAAREL

KAMowa QOUVENELD N AOUMPWVIa 0TN XpNon Twv Tunwv

- 'Ooov agopd oc TeEAEOTEG: 1 + "abe"
- '‘Ooov agopd og oUVAPTNOELG. round ("abec")
- '‘Ooov agopd o evTOAEG TNG YAwooag: if "abe" then ..

* [1OAAEG pOVTEPVEC YAWOOEG NMPOYPOAUUATIOHOU €XOUV
OTATIKA (] WG €Ml TO NAEIOTOV OTATIKA) CUCTAHOTA
TUnwv
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AuvauIKkog EAeyXog TUTTWYV (dynamic typing)

* 2. NOANEG OAAEC YAWOOEG (Nn.X. Lisp, Scheme, Smalltalk,
Erlang, Prolog, Python, Ruby, ...), Ta npoypdaupata dev
EAEYXOVTOL OTATIKA YO NBava o@AaApata TUnwyv

« EAEyxovTal Opwg OUVAULKA VIO TETOLOU €id0UG o@AAuaTa

* Me aANa AOYLO, KOTA TO XPOVO EKTEAEONG, N UAOMOINON
TNG YAWOOOG EAEYXEL OTL TA OPIOUATA TWV TEAEOTWV
eival TUnwv ot onoiol givat cupBaTol PE TOUG TEAEOTEG
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Mapadeiypa: Lisp

« Mwa ouvaptnon og Lisp nou npooBeTel OUO aplOpoUG:
(defun £ (a b) (+ a b))

* Qa eyeipel e€aipeon €Av 0 a N 0 b dev gival apBuoi

« KA\oelG pe opiopata AdBog tunou, n.X. (£ nil nil),
O€V UNOOEIKVUOVTAL KOTA TO XPOVO UETAYAWTTIONG

e 2TO QUVAMLKO €AEYXO TUMWV TA napanavw Aaon

NIAVOVTAL KOTA TO XPOVO EKTEAEOCNC TOU NPOYPALUATOGC

- Katd kanoto tpoéno, oTIC YAWOOEG HE OUVAMULKO EAEYXO TUMWV Ol
TUNOoL XPNOotlonotlouvTal Napandavw ano auTEG UE OTATIKO EAEYXO,
OLOTL OL TUNOL NPENEL va EAEYXOBOUV KATA TO XPOVO EKTEAEONG

- AuTO onpaivel 0TL n uAornoinon TnG YAwooag npEneL va
dlaTNPNOEL NANPOPOPIA YIa TOV TUMNO TNG KABE HeTaBANTAG
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EK@paocTIKOTNTA

« 2Tn Lisp, €ivat duvatod va ypaWoupue Tn ouvapTtnon
(lambda (x) (cond ((less x 10) x) (t (car x))))

Kanoleg xpnoelg TnG ouvapTnong KMNopei va odnynoouv o
O@AALATO TUNWV, KAMOLEG AANEC OUWG OXL

* O OTATIKOG EAEYXOC TUNWYV ElvVaAL NAVTA CUVTNPNTIKOG

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

A€ pNOPOUPE Va anoPaciocOUHE KOTA TO XPOVO HETAYAWTTIONG €AV
Ba undap&el Kanolo oPAApa TUNOU
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2TATIKOG EAEYXOG TUTTWYV EVOVTI OUVAMIKOU

« Agv gival OAa aonpa n pauvpa...

* ['AWOOEC PE OTATIKO EAEYXO TUNWYV MOAAEC POPEC

XPNOONolouVv KAMolo QUVAUIKO EAEYXO
- T1.x. AOyw NG UnapEng unotunwy (subtyping),
EI0IKA OTIC AVTIKEILEVOOTPEPEIC YAWOOEC NPOYPAUUATIOHOU
- l.x. A\Oyw unepQOPTWHEVWYV TEAEOTWV

* ['AwOOEC pe DUVAULKO EAEYXO TUMWYV NOAAEC POPEGC

XPNOLLOMNOLOUV KAMOLO OTATIKO EAEYXO
- Tunotyila (HEPN) NpoypApUATWY OE Lisp, pnopouv va e€axbouv
HE XPpron ONAWOEWV TUNWV KAl TOMIKOU CUUNEPACUOU TUNWV

- [1ToAAol HETAYAWTTIOTEG TNG Lisp Xpnolyonolouv tTnv nAnpogopia
QUTH YO TNV ano@uyn EAEYXwV TUNWV KATA TO XPOVO EKTEAEONG
KAL Y10 TNV Napaywyr) KAAUTEPOU (TaXUTEPOU) KWOIKA UNXavhG
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PnT1oi EAgyXOIl TUTTWV KATA TO XPOVO EKTEAEONG

« Kdanoleg YAWOOEG ENTPENOUV OTOV NPOYPOAUMATIOTH va
EANEYEEL TUNOUG KATA TNV EKTEAECH TOU NPOYPALUATOG:

[1.X. n Java eENTpENEL TOV EAEYXO TOU TUMOU KAMOIOU AVTIKEIUEVOU
LE Xprjon Tou TEAEOTN instanceof

[1.x. n Modula-3 enttpenel tn dlakAadworn (branch) pe Baon tov
TUMNO KAMOLOU QVTIKEIUEVOU HE XPNON TNG €EKPPaonG typecase

« Ta napanavw anatrtouv OTL N NAnpo@opia yla TUNOUG
glval napouoa KAaTa TO XPOVO EKTEAEONG, NAPOAO NOU N
YAWOOQ £XEL WG €Nl TO NAEIOTOV OTATIKO CUCTNUA TUNWV
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AuoTnpd Kal ao0evy CUCTAMOTA TUTTWV

* H endiwgn Tou EAEYXOU TWV TUNWYV £ivat N ano@uyr tTng
EPAPHOYNG TEAECTWYV OE OPIOUATA TWV OMNMOiIwv O TUNOG
OEV £XEL VONUA VIO TO OUYKEKPLUEVO TEAEOTN

e 2€ Kanoleg YAwooeg, onwg otnv ML katL otn Java, o
EAEYXOC TUMWV EIvValL APKETA ECOVUXIOTIKOG KAl
eCcao@aAilel o€ peyaio Baduo To napanavw—AEUE OTL N
YAWOoOQ £XeL auoTnpo cuoTnpa Tunwyv (strong typing)

* 2& NOAAEC YAwooeg (onwg n.X. n C) autd o€ oupPalvet:
TO OUOTNUO TUNWV gival aoBeveg (weak) kat dlatpnTo

- AUTO napexeL eVEAIEIa OTOV NPOYPAUMATIOTNH
- AAN\NG Oev NPOCPEPEL APKETN ATPAAELD
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2XETIKN AC@AAEIN TUTTWYV TWV YAWOOWV

Mn ao@aAeic: H oikoyevela BCPL oupnepAappavopévng
™G C kat tng C++

- “Zouhounwpuata” Tunwv (type casts), aplOUNTIK pe OEIKTEG, ...

[epinou ao@aAeic: H oikoyévela tng Algol, Pascal, Ada
- ZEKPEHOOTOL OEIKTEG

« A€opeuoe €va OEiKTN p O€ €vav AKEPALO, ANOOECHUEUTE TN UV NOU
OEIXVEL O P, KAL OTN CUVEXELD XPNOLHONOINCE TNV TIUA Nou OEiXVEL O p

» Kapia yYAwooa pe pntr anodEopeuon PVANG devV NPOoo@EPEL NAN PN
ao@AAEla TUNWV!

Aoc@aleic: H okoyevela tng Lisp, n ML, n Smalltalk, kat ot
Java, C#

- Lisp, Smalltalk, Prolog, Erlang, Ruby: yAwooeg duvapikwy Tunwv
- ML, Haskell, Java, C#: yhAwooecg otaTikwy Tunwv (statically typed)
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EpyvaAcia oTaTiIKRG avaAuong TTPOoYPOAUMNATWY

* ToOHEAG YE APKETH €PEUVNTIKA OPACTNPLOTNTA NPOCPATA
- Lint, Purify, Coverity, PreFix, PreFast, Dialyzer, Valgrind, ...

« AUO KaTnyopieg avaAuong
- 2ZUVTNPNTIKEG (= Sound for correctness)
* Eav n availuon netL oTL To NpOypaAppa €ival owoTo, TOTE £ival
« Eav n avaiuon neL “oxt owoTto”, HNopei va pnv undpyxouv Aaon
- Mn ouvTtnpnTIKEG (= Sound for errors)
« Eav n avaiuon net “owoto”, To NPpOYyPAUUa UNOPEL va gival
E0QAAUEVO
« EdQv n avaAuon Bpet kanoto npoAnua, TOTE OVTWG UNApXEL
Kanowa “avwpaAia ” oTo Npoypappo
- M KaAUTEpPN KATNyoplonoinon, Kata Tn YVWHN Hou:
¢ 2UVTNPNTIKG epYaAcia XpelwdlovTal yia anddelgn opbotTnTag
« Mn ouvtnpnTika epyaAcia yia eupean opaApatwy (bug finding)
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OfpaTa I00OUVANING TUTTWYV

Eicaywyn otoug Tutroug
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looduvauia TUTTWYV

* [10TE dUO TUNOL BewpouvTal idlot;

* 2NUAVTIKI €pWTNON TOOO YO TO OTATIKO 000 KAl YIa TO
QUVAULKO €AEYXO TUNWV

e [0 napadeypa, N YAWooo HNOPEL va ENTPENEL LA
avdBeon a := b povo €Av n peTaBAnTh b €xet “tov idlo”
TUNO HUE TNV a

* AOQPOPETIKEC YAWOOEC 0piouV TNV IOOJUVAUIO TWV
TUNWV HE OLAPOPETIKOUG TPOMOUG
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looduvapieg TUTTWYV

 |ooduvapia ovopatog (name equivalence): Uo Tunot
eival idlol av Kat Hovo av €Xouv To idlo ovoua

 |ooduvapia dopig (structural equivalence): duo Tunol
givat idlotL av Kal pévo av €XouV NPOKUYEL ano Toug idloug
NPWTOYOVOUG TUMOUG HE XPNon TnG I0lag ospag 0wV
KOTAOKEUQOTWY TUNWV

* (Outnapanavw, dev €ivat oL povol TPOrotL OpLOHoU TNG
LOOOUVALIOG aAAG €ival oL N0 EUKOAOL va egnynbouv.)
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NMNapddeiypa 1I000UVANIOS TUTTWYV

type irpairl = int * real;
type irpair2 = int * real;
fun f(x:irpairl) = #1 x;

* Ti16a oupBel edv nepacoupe wg Oplopa otnv £ pa

NAPAUETPO TUNOU irpair2,;

- H 1ooduvapia ovopatog dev To EMNTPENEL irpair2 KAl irpairl
eival dlaPoPETIKA ovopaTa

- H wooduvapia doung To eMTPENEL OL TUNOL KaTaokeualovTal Je
ToVv idlo TpoONno

e 2Tnv ML enttpenetat n yAwooa unootnpiel looduvapia
OOHNG
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NMapadeiypa 1I000UVANING TUTTWYV

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

« T10a oupPei eav npoonabnooupe va avaBEooUE TOV

NivoKa Countsl OTOV Nivoka Counts?2;

- H ooduvapia ovopatog dev TO ENTPENEL OL TUMOL TWV NIVAKWY
Countsl Kal Counts2 dgv €xouv Ta idla ovopaTa

- H wooduvapia doung To eMTPENEL OL TUNOL KATAOKEUAlOVTaL HE
Tov idlo TpONno

* Ol neploooTepPEC UAonolnoelg tng Pascal dev enttpenouv
TNV napanavw avadeon

Elcaywyn otoug TUnoug 53



2UUTTEPOCMATIKA

* Ot tunot naiouv onUavTikO POAO O€ NOAAEC YAWOOEG
NPOYPOLUATIONOU
- [1a TNV opyavwaon Kat TNV TEKUNPiwon evog NPOoYPAUHATOG
- [a v ano@uyr cEAANATWY AOYIOUIKOU
- [ v napoxn NANPoYopiac 0To HETAYAWTTIOTA TNG YAWOOAG
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Baolik epwTNON VIO T CUCTAMOTO TUTTWYV

* 1600 pEPOC TNG avanapadoTaong KAvel To ouoTnua

TUNWV EUPAVEC OTOV NPOYPAUUATIOTN;
- Mepikoi NPOoYPAUHATIOTEG NPOTIHOUV YAWoOoeg aav Tn C, d10TL
* [lpoo@Epouv Tn duvaTOTNTA YA an’ euBeiag npooneEAaon otTn
AEMNTOUEPK avanapaocTaon Twv TUNWV OTAV YA KArolo Adyo
auTO givatl emBuunTo

- Mepikoi aAAoL npoTipouv YAwooeg oav thv ML, 00Tt
« KpuBouv TIG AeNTOMEPELIEG TNG UAONOINONG TWV TUNWV Kal
* [Mpoo@Epouv “kaBapoug” TPONOUG XPNOIonoinong
OEDOUEVWYV MNOU ENTPENOUV TNV AVANTUEN MPOYPAMHATWY
XWPIC OQAAUATA KANOLOU €i00UG, Kal OIEUKOAUVOUV TNV

anodelgn TnG opOOTNTAG TOUG
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