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

KwoTtng Zaywvag <kostis@cs.ntua.gr>

Mepiexopeva

+ TUnot oTIG YAWOOEG NPOYPAUUATIOUOU
- Tueivat ot TOnoy;
- Katnyopieg kat avanapaoTtdoelg Twy TUnwv

« XpAon Kat XxpnopdTnTa Twy Tunwv
- M\wooeg pe oTatikéd KAt YAWOTEG KAl SUVAUIKO oUOTNUA TUNWY
- 'EAeyxog tUnwv
* KaTd TO Xpbvo petappacng (compile-time checking)
* KOTA TO XPOVO eKTENEONG (run-time checking)
- H évvowa Tng ouvtnpnTiKAG avaAuong npoypappdTwy
- looduvapia Tunwv

Eloaywyn otoug TUnoug

T gival o1 TUTTO!I;

MpwTtdyovol Kal KATOOKEUAJOMEVOI TUTTOI

* 'Evag Tunog eival €va oUvoAo anod TIUEG
» 'Otav opidoupe OTL pa PETAPBANTA EXEL VA OUYKEKPLUEVO
TUNO, dNAWVOULE OTL OL TIMEG TNG HETABANTNAG Ba gival
NAvVTa OTOLXEIO TOU OUYKEKPIUEVOU GUVOAOU
int n;
* Apa £vag TUNOG €ivat Eva GUVOAO ano TIUEG
- MOU €XOUV HIO CUYKEKPLUEVN KOV avanapdoTaon

- Kal pia guAhoyr and AEIToupyieg Nou Hnopouv va £QAapUooTouV
O€ QUTEG TIG TIUEG

» To nowa ouvoAa BswpouvTal f) dev BewpouvTal TUnoL
etaptatalL and tn yhAwooa

Ewoaywyn otoug Tunoug

+ Kd&Be TUnog nou pnopei va xpnowonotndei aAAa o€
pnopei va oplotei anod €va npoypappa eival €vag
NPWTOYOVOG TUNOG HIOG YAWOOOG

- Mpwtdyovortunottng ML: int , real , char

- 'Eva npéypappa ML &€ pnopei va opioel €vav TUnNo nou va
doulelel oav Tov NpokaboplopEVo TUno int

* Kd&Be TUnog nou pnopei va oplotei anod €va npdypappa
(ue Bdon Toug NpwTtdyovoug TUNOUG) gival €vag
KATAoKEUALOUEVOG TUNOG

- T.x. kataokeualdéuevog TUNog atnv ML: int list

- OpiCetal pe xprion Tou NnpwToOyovou Tunou int kAL Tou
KOTAOKEUQOTA TUNwV list
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MpwTtdyovol TUTTOI

* O oplopdg TNG KABE YAWooOG gival auTtog nou Kabopidel
notot ivat npwTtdyovol TUNoL oTn YAwooa

* Kdanoleg yAwooeg opiCouv TOUuG NPWTOYOVOUG TUNOUG Mo
auoTnPAa anod KANoeG AANEG:
- T.x. n Java opicel Toug npwTtdyovoug TUNOUG ENAKPLBWG
- Ané tnv GAAn pepid, n.x. n C kaw n ML agrjvouv kanota neplbwpla

€heuBepiag oTov oplopd TWV NPWTOYOVWY TUNWVY UETOEU
OlAPOPETIKWVY UAOMOIACEWY TNG YAWOCOG
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Mapdadeiypa: TTPWTOYOVOI TUTTOI OKEPAIWYV

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

long int M

unsigned long int Integer

long long Aképatol “aneipou” eupoug

Aev undpxel NpoKaBopIoUEVN
uAonoinon, aAAd ot “peyaAutepol”
TUNoL NPENEL VA £XOUV TOUAGXIOTOV
TO €UPOG TWV “UKPOTEPWYV” TUNWV
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Oéuara oxedlaooU

* 2€nola oUVOAQ avTIOTOLXOUV Ol NPWTOYOoVOoL TUNOL;

- Tueival p€pog Tou oplopoU ThG YAWoOOG, TL ENAPiETAL OTN
OLAKPLITIKA EUXEPELA TNG UAOMOINONG TNG YAWOTOG;
- Eav xpelootei, nwg pnopei Eva npoypappa va avaKaAUyeL
BEpaTA OXETIKA E TO PEAN TOU OUVOAOU;
* (INT_MAXotn C, Int.maxint  otnv ML, ...)

» TuAettoupyieg unootnpifovtatl Kat Nwg;
- Nentopepeic oplopoi nepi oTpoyyulonoinong, eEalpEocswy, K.An.
* H en\oynA ™G avanapdotaong €ival KaBOPLOTIKA YO
KANOLEG and TIG ANOYAOELG
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Karaokeguafopevol TUtrol

* [1pbéoBeToL TUNOL OL onoiot opifovTal Pe XPRon TG
yAwooag

* [Napadeiypata: anaplOpnoelg, NAEIAdEG, NiVaKeG,
oupBoAoCEIPEG, NOTEG, EVWOELG, UNOTUNOL, KAl TUMOL
OuUVOPTHOEWV

* [ kKGBe €vav and autoug, undpxel OTEVH OXEon HETAEU
TOU Nwg opiovTal Ta oUvoAa 0Ta HaBNUATIKA KOl TOU
nwg opi¢ovTal oL U0l 0TI YAWOOEG NPOYPAMUATIOHOU
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ATtrapiOuioeig (enumerations)

AvatrapdoTtaon TIHWV MIOG atrapidunong

* 2TA HABNMOTIKA LNOPOUHE OPIOOUHE EVA OUVOAO ANAWG

ME TNV anapibpnon Twv PEAWV Tou:

S ={a,b,c}
» [MoA\EG yAwooeg unootnpifouv TUNOUG anapibpnong:
C: enum coin {penny, nickel, dime, quarter};
Ada: type GENDER is (MALE, FEMALE);
Pascaltype primaryColors = (red, green, blue);
ML: datatype day =M |Tu|W |Th|F|Sa| Su;

* Opidouv €va vEo TUNO (= OUVOAO)
* OpiCouv €niong pa cuAAoyr) and OVOUOTIOUEVEG

oTaBePEG auTOU TOU TUNOU (= OTOLKEID TOU GUVOAOU)
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* 'Evag ouviRBng tponog avanapdotaong anapOprnoswyv
eival n xpnowonoinon HIKPWY OKEPAIWV YA TIG TIHEG

* H avanapdotaon pnopei va ivat pQavig otov
NPEOYPAUKATIOTH, 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 ='W, RETURN = "\r' };
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AgiToupyieg atrapIiOURcEwWyV

MA&1adeg (tuples)

» 'EAeyX0G 100TNTOG, QUOLKA:

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

« Eav n “ak€pala guon” TnG avanapaotaong Twy
anaplOpnoewy gival EPPavig, n YA\wooa ouvinwg
entpénel kanoleg and f OAEG TIG AstToupyieg nou
ENTPENOVTAL OE AKEPAIOUG:

Pascal:for ¢ := red to blue do p(c)
C: intx = penny + nickel + dime;
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* To kaptealavo yvopevo dUO ) NEPIOCOTEPWY CUVOAWV
opifel ouvoAa and NAELAdEG:
S=XxY = {(X,y)|Xe X AyeVY}
+ Kanoleg yAwooeg unootnpi¢ouv KaBapEg NAEIAdEG:
fun getl (x : real * real) = #1 x;
* [MoAAEG GAAeG unooTnpilouv eyypa@eg (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;
Ewoaywyn otoug TUnoug 12




AvatrapdoTaon Twv TTAEIAd WV

* H ouvABng avanapdotacn Twv NAsddwy €ival Ta nedia
TOUG va dlaTACOOVTAL TO £VA HETA TO GAAO OTN MVAUN

* AANG undpxouv NOAAEG AENTOUEPELEG:

- Me now ogipg;

- Enurpénovtal “tpuneg” ya eubuypdppion (alignment) tTwv nediwv
(n.x. o€ apxEQ SLOPOPETIKWY AEEEWV) OTN MVAMN;
- Eival kaTi anoé 6Aa autd opatd GTOV NPOYPAUUATIOTH;
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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 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 memb

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 TTAE1GO WV

« En\oyn otolxeiwv, QUOIKA:

C: x.ip
ML:  #ip X

* AN\EG AelToupyieg avaloya e TO Noo/néoo PEPOG TNG
avanapdoTtaong €ival EPPAVEG OTOV NPOYPAUUATIOTH:

C: double y = *((double *) &x);
struct person {
char *firstname;
char *lastname;
} p1 = {"dennis","ritchie"};
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Aviopuara (vectors)

* Aviopata yvwoTou (otaBgpol) phKoug:
S=X"={(X4,... ,X,)|IVi.x, e X}

* AvUopaTa ayvwoTou HAKOUG:
S=X"=J x'
i
» TUnol OXETIKOL UE TO AvUOUOTA:
- Mivakeg, oupBoAoaelpég katL NoTEG
- Eivai oav 11 nAeddeg aAAG ouvhBwg £xouv Tov idlo Tuno
OTOLXEIWV Kal NOANEG NApaAAayEG and YAWooa o€ YAWooo
- 'Eva napdadeypa dagpoponoinong: dcikteg (indices) oe nivakeg
* lMoieg €ival oL TIHEG TV BEKTWY;

» KaBopiletal To pEyebog Twv NIVAKWY 0To XpOVO PETAYAWTTIONG N
OTO XPOVO EKTENEONG;
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Tipég SEIKTWYV

Mapadeiypa Trivaka o€ Pascal

+ 21nJava, C, kalt C++:
- To npwto oTolxeio evég nivaka a ival 1o aj0]
- Ot d¢eikTeg gival navta akEpatot nou apxifouv and 1o 0

« H Pascal gival no euéAkTn:
- Mnopei va xpnoyonoinBouv didgopol TUnot SEIKTWV: aKEPALOL,
XOPOKTAPEG, anaplBunoelg, unodlaothpata (subranges)
- O apxkoég deiktng kabopiletal and Tov NPOYPAUUATIOTH

- O telkOg deikTng KaBopideTal eniong and Tov NPOYPAUUATIOTH:
OUWG TO PEYEDBOG €vOG Nivaka npéneL va gival yvwotd Katd 1o
XPOVO UETAPPACNG TOU NPOYPAUUATOG
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type

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

Counts: LetterCount;

begin
Counts['al1=1
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2XEQIAOTIKA OEPATA OXETIKA ME TA AVUOHATO

Evwoeig (unions)

» TiLeidoug deikTeG pNopouv va €X0UV Ol NIVOKEG;

+ Eival To péyebog Twv Nivakwv KaBoplopEvo oTo Xpovo
HETAPPAONG;

* Mnopei va aA\GEel (n.X. enekTabei) To PEYEBOG dUVALLKA;

* Mnopouv ol Nivakeg va €Xouv NOAAEG OLAOTACELG;

» Eival €vag nivakag pe NOAAEG BLOOTACELG LOOOUVAUOG UE
€vav nivaka ano nivakeg;

* lNwg dlatdooovTal T OTOLKEIO EVOG NivaKa OTN UVAUN;

* OLouppolooelpeg €xouv To OLIKO TOUG TUMO A €ival
nivakeg ano bytes; Yndpxel Tunog Aiotag;
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* H €évwon dUo ouvoAwv divel €va Kalvouplo oUVOAO
S=XUY

* [1oAAEG YAwOOEG unooTnpifouv TUNOUG EVWOEWV:

C: union element { ML: datatype element =
int i; | of int |
double d; R of real,
3

* H avanapdotoon Twv EVWOEWV UNOPEl A HNOpPEL va pnv
elval EpYavig oTov NPOYPOUUATIOTH:
sizeof(u) == max(sizeof(u.i),sizeof(u.d))
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AuoTnpoTnTa TUTTWYV KOl EVWOEIG

* 2Tnv ML, TO pOVO NoU HNOPEL va KAVOUUE O€ Hia Evwon
eival va e€ayoupe Ta NEPLEXOUEVA TNG
+ Kal otnv nepintwaon auth NPENEL va NOUKE TL MNOPEL va
YIVEL PE TIG TIHEC EVWOEWV BIOPOPETIKWY TUNWV:
datatype element =

| of int |
R of real;

fun getReal (R x) = X
| getReal (I x) = real x;
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Evwoeig Xxwpig auotnpdé ocuoTnUA TUTTWYV

* 2€ PEPIKEG YAWOOEG OL AENTOUEPELEG TNG UAOMOINoNG
TWV EVWOEWV Eival EPPAVEIG OTOV NPOYPAUUATIOTH

*  2€ KANOLEG NEPTTWOELG TA MPOYPAUUATA HNOPOUV VO
EKUETAAAEUBOUV TO YEYOVOG OTL O TUNOG KANOLAG TIUAG

xavetat: )

union element {
inti;
double d;

|3

union element e;

e.i=100;

double x = e.d;
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Ti 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
membel

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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Y1moouvoAa (subsets)

* MnopouUpe va opicoupEe TO UNOCUVOAO Nou opieTal pe
Baon €va katnyopnua P :
S={xe X |P(x)}

+ Kdanoleg yAwooeg unootnpifouv unotunoug (subtypes),
HE Alyn A neplocOTEPN YEVIKOTNTA
- Aiyn yevikotnta: Oplopédg unodlaotnudtwy otnv Pascal
type digit = 0..9;
- Kdapnoon yevikétnta: Oplopdg unotunwy otnv Ada

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

- MoANA yevikoTnTa: Oplopdg TUnwy otn Lisp péow
KATnyopnUaTtwyv
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Mapdadeiypa: Ada Subtypes

Mapadeiypa: Opiopdg TUTTWY OTH Lisp

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

(declare (type (and integer (satisfies evenp)) x))

Eloaywyr) otoug Tunoug 26

AvaTtrapdoTacn TWV TIMWV £VOG UTTOTUTTOU

AgiToupyieg uTTOTUTTWYV

* 2UVABWG, 0 UNOTUNOG XPNOLLONOLEL TNV Bl ECWTEPIKA
avanapaoTacn UE TOV UNEPTUNO (supertype) Tou

+ EpwtAoeG:

- Mnopei va xpnowonownBei kdnowa no “@énvr” avanapdotaon);
IM.x. ot dU0 NapakaTw TUNoL XpeldovTal Tov idlo Xwpo
anoBnkeuong;

X:1..9
X: Integer  ?
- Otunotunot eniBaAAovTaL Kat EAEYXOVTAL and TO HETAYAWTTLOTH;
X:=10
X=X+1 ?
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* 2UVABWG oL ENTPENOPEVEG AELTOUpPYIEG Eival OAEG OL
AetTtoupyieg nou gival dLABEOIES KAl YO TOV UNEPTUNO

* KaBwg Kat KAnoleg AANEG Nou deV €XOUV TOGO NOAU
vOnua oTov unepTUno:

function toDigit (X: Digit) : Char;

Ofpa yia neplouAioyn

‘Evag umotuTog ival £€va uUTtooUVOAO OAWV
TWV TLUWYV EVOG UTIEPTUTIOU, aAAG cuvhBwG
uTooTNPIlEL €va utEpoUVOAO Ao AEITOUpYIEG.
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Kdatroia Adyia yia Tig KAdoeig (classes)

* M and TG BACIKEG LOEEG TOU AVTIKEILEVOOTPEPOUG
NPEOYPAUHOTIOHOU

* Mua kAGon gival €va €idog TUnou: Kanota dedoUEVA Kal Ol
AelToupyieg Toug o€ “ouokeuaoia NnakETou”

* M unokAdon givat €vag unotunog: NepMapBAavel povo
€va UNooUVOAO TwV AVTIKEILEVWY, AAAG unooTnpilel Eva
UNEPOUVOAO TWV AEITOUPYLWV

* [eploodTEPA YIa TIG KAAOELG OTIG OLOAEEEIG TWV
YAWOOWV QVTIKEILEVOOTPEPOUG NPOYPAUATIOHOU
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2uvapTtioeig (functions)

* To oUVOAO TwWV OUVAPTHOEWV HE KAMOLO NESIO OPLOUOU
KAl TIHWV:
S=D - R={f|dom f =D aran f = R}

* OLneploodtepeg YAWOOEG unootnpifouv Tnv €vvola Twv
OUVAPTAOEWV:

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

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

* Quokd, KAAon ouvopTHOEWV

* MéxpLoTiypng, To Bewpnoape wg deSOUEVO OTL OL
unoAotnot TUnotL Hnopoucay va NEPACTOUV WG
NAPAUETPOL, VO ENOTPAPOUV WG ANOTEAECHUATA, VA
avaTteBouv og PETABANTEG, K.AM.

* Me TG ouvapTAOELIG OE UNOPOULE Va TO BEWPHOOUUE WG
0edopEVO: oL NEPLOTOTEPEG YAWOOEG eV unootnpifouv
KATL NEPLOOOTEPO and KAHoN ouvapTRoewv!
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XpnoipéTnTa TWV TUTTWYV
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Xpno1uoTnTA TWV TUTTWV

* BonBouv otnv opydvwon Kal TEKUNPiwon NPoyPAUUATWY
- Al0QOPETIKOL TUNOL YIa SLAPOPETIKEG EVVOLEG
» Avanapiatdvouyv £vvoleg and To nNedio Tou NPoBARUATOG
- YnodnAwvouv Tnv NPoTIBEUEVN XPMON TWV HETABANTWY
* O1t0noL pnopouv va eAeyxBouv auToPaTa Kal va peivouv ae
oup@wvia pe aAAayEG 0To NPOypappa, OE avTiBeon pe Ta
oxOA
* YnodelkvUOUV Kal aviXVEUOUV KANOLoU €i00UG OQPAAUOTO
- O €Aeyxog TUNwv pnopei va avixvelaoel UNOAOYIOUOUG XWpPIg
onuaatoAoyia, 6nwg n.x. 3 + true - "Bill"
* Ynootnpifouv Tn BeAtioTonoinon (optimization)
- Mapadetypa: ot short  aképatol anoBnkevovTtal oe Alyotepa bits
- Ano@uyR eAéyxou eEalpEaswy f unepxeillong

Eloaywyr otoug TUnoug 33

2@AaApara TOTTWYV (type errors)

* 'Onwg gidape, €vag Tunog opidetal ano:
- Tpbénoug sloaywyng TIHWY yia Tov TUno
- Tpoénoug xpnoonoinong Twy TIHWVY Yo TV NOPAYWYH VEWV
TUNWV THWV
* Kdatw anoé autd to npiopa
- KaBe tunog cuoxeTidetal pe €va oUVOAO anod Aettoupyieg
(6nAadn, He KANOLOUG TEAEDTEG)

- KdaBe Aettoupyia opifeTal ndvw o€ OTOIKEID EVOG CUYKEKPLIEVOU
TUNou (dnAadn, o€ £va GUYKEKPLILEVO GUVOAO TIHWV)

- 'Eva o@dApa tOnou AapBavel xwpa 6tav n Asttoupyia ndet va
€QAPHOCTEL O€ OpiopaTa EKTOG ToU Nediou oplopoU TNG
(®6nA\adn, og opiopata dlaPoPETIKOU TUNOU)
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Emionueiwoeig TUTTWYV

* [MoAAEG YAWOOEG anattouv, | TOUAAXIOTOV ENTPEMNOUY,
EMNONUEWOELG TUNWV O€ PETABANTEG, CUVAPTAOELG, K.AM.

+ XpnowonoouvTal and Tov NPOYPAKHATIOTH yia TNV
napoxn OTATIKAG NANPOYOopiag TUNWV 0TO CUCTNUA
uAonoinong tng YAWooag

* OLenonuelwoelg ival eniong €va €idog Tekunpiwong,
Nnou KaBLoTd Ta NPOYPAUUATA MO EUKOAA QVAYVWOLO
and dA\oug

* MéEpog TNG ouvTagng tTnNG YAWoOoOg ouvhBwg €XEL OXEON
HE TOV OpoUd TUnwv (n.x. *, -> katlist  otnv ML)
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Eyyeveig T0TTOI (intrinsic types)

* Kdnoleg YAWOOEG XPNOIONOLOUV OVOUOOTIKEG CUMBACELG
yla TOV OPIOUO TwV TUNWV HETABANTWY
- 2e dlaAékToug Tng BASIC: S$ opicel pia oupBoroaosipd
- Ze OloAékToug TG Fortran: | opilel €vav akEpato

* 'Onwg Kal oL pNTEG ENONUEWOELG TUNWVY, Ol EYYEVEIG
TUNoL NpopnBevUouV PE NANPOYopia TUNWV TOCO TNV
uAonoinon TnG YAwooag 600 Kal TOV avayvwoTn Tou
NPOYPAUHOTOG
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ATTAOG CUNTTEPAO OGS TUTTWV

* OLneplooOTEPEG YAWOOEG UAOMOLOUV KAMOLEG AMNAEG
HOPQYEG CUUNEPATHIOU TUNWV
* OLoT0BegpEG €x0OUV TUMO NOU KaBopIZeTAL OTATIKA
MM.x. otn Java: H otaBepd 10 €xeL TUno int , n 10L €xeL TUno long
* OLeKQpPAoELG PE TN OEPAE TOUG UNOPEL VO €XOUV OTATIKG
KaBopll6pevouG TUNOUG, NOU CUUNEPAIVOVTAL EUKOAO

and Toug TEAEOTEG KAl TOUG TUNOUG TWV OPLOUATWY TOUG

I.x. otn Java: €dv o a ivat double , Téte n €kPpacn a*0 €xel
TUno double (0.0)

* HyAwooa ML nnyaivel tTnv napandvw ©B€a ota Akpa...
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‘EAgyx0G TUTTWYV: ZTATIKOG KOl SUVAUIKOG
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‘EAEyX0G XPOVOU HETAPPAOCNG EVAVTI EKTEAEONG

* OwyAwooeg Lisp, Scheme, Prolog, Python ... eA€yxouv
TOUG TUMNOUG OTO XPOVO EKTEAECNG TOU NPOYPAUHOTOG
M.x. o€ pa €kppaon (car x)  €AEyXOupe €Av TO X gival AioTta
npLv NAPOULE TO car TOU X
* Oi1yAwooeg ML kat Haskell eAéyxouv Toug TUNOUG KaTA
TO XpOVO HETAPPAONG TOU NPOYPAUUATOG
M.x. og pa kAAon f(x)  npénetva €xoupe f: A — B kot x: A
* 'Eva and ta kupla “népe-dwoe” Tou oxedlaopol YAWoowWwY
- Kat ot 800 tpdénot ano@elyouv Ta OQAALATA
- O duvauIKOG ENeYXOG KABUOTEPEL TNV EKTENEDN
- O oTaTIKOG EAEYXOG NEPLOPIZEL TNV EKPPACTIKOTATA

+ Nioteg o¢ Lisp: Ta oTolKeia pnopouv va £Xouv dLla@opETIKOUG TUNOUG
» Nioteg og ML: 6Aa Ta oTolkeia npgneL va €xouv Tov idlo TUno
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2TATIKOG EAEYXOG TUTTWYV

* 2TO OTATIKO €AEYXO TUNWYV, O TUNOG TNG KABE €KPpaong
kaBopideTal Npv TNV EKTEAECN TOU NPOYPAUUATOG

* O HETAYAWTTIOTAG TUNWVEL PNvUpaTa AdBoug 6tav oL
TUNOL NoU €EAYOVTAL OTATIKA TOV KAVOUV va KATAAGBEL

KANowa acuvEneLd 1) acup@wvia otn XpRon Twyv Tunwy
- 'Ooov agopd oc TeheoTéG: 1 + "abc”
- 'Ooov agopd og ouvapTtAoelg: round("abc")
- 'Ocov agopd og evToAeEG TNG YAwooag: if "abc” then ...
* [1OAAEG HOVTEPVEG YAWOOEC NPOYPAUHATIOUOU €XOUV
OTOTIK& CUCTAMATA TUNWV
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Auvapikog £EAeyxog TUTTWYV (dynamic typing)

* 2€ NOAAEG AANEG YAwoOEeG (n.X. Lisp, Scheme, Smalltalk,
Erlang, Prolog, Python, Ruby, ...), Ta npoypduupata dev
EAEYXOVTAL OTATIKA yia NiBava o@aApata Tunwv

* EA€yxovTtal OpwG SUVOULKA VIO TETOLOU €id0UG OPAAUOTA

* Me dAAa Ady1a, KaTd TO XPOVO EKTEAEONG, N UAonoinon
TNG YAWOOOG EAEYXEL OTL TA OPIOPATA TWV TEAECTWV
givatl Tunwv ot onoiol eivat CUPPATOL UE TOUG TEAEOTEG
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Mapdadeiypa: Lisp

* M ouvaptnon o Lisp nou npocBeTeL dUO aplOpoUG:
(defun f (a b) (+ a b))
* Oa eyeipel e€aipeon €av 0 a ) o b dev gival apBpoi
* KAnoelg pe opiopata AdBog tunou, n.x. (f nil nil) ,
Oev UNOBEIKVUOVTAL KATA TO XPOVO UETAYAWTTIONG

* 2710 duvapikO €Aeyxo TUNWV Ta napandvw Adon

ndvovTal KaTd To XPOVO EKTEAEONG TOU NPOYPAUHATOG

- Katd kdnowo tpono, oTig YAMOOEG PUE DUVAULIKO EAEYXO TUNWV OL
TUNOL XpNOolonoouvTal Napandvw and auteG e OTaTIKO EAEYXO,
O16TL oL TUNOL NPENEL va eAeyXBoUV KATd TO XPOVO EKTEAECNG

- Autd onpaivel 6TL n uhonoinon TNG YAWooOG NpENEL va
dlatnprosl NAnpo@opia yia Tov TUNo Tng KABE PLETABANTNAG
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Ek@paocTikéTNTO

» 2T1n Lisp, €ival duvato va ypadywoupe Tn ouvaptnon
(lambda (x) (cond ((less x 10) x) (T (car x))))

Kdnoleg xproelg Tng ouvapTnong Hnopei va odnyroouv oe
O@AAROTA TUNWYV, KANOLEG AAAEG OLWG OXL

* O oTaTIKOG €AeyX0G TUNWV €ival NAVTA ouVTNPENTIKOG

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

A€ pnopoUpe va ano@acicoupe KATA TO XPOVO LETAYAWTTIONG €4V
Ba undptel kdnolo oAAua TUnou
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2TATIKOG EAEYXOG TUTTWYV £VAVTI SUVAMIKOU

* Aev eivalt 6Aa aonpa A paupa...
* AWOOEG PE OTATIKO EAEYXO TUNWV NOANEG POPEG

XPNOLONoLoUV KANolo duVaUIKO EAEYXO
- T.x. Mdyw TG Unap&ng unotunwv (subtyping),
€10IKA OTIG AVTIKEWWEVOOTPEPEIG YAWOOEG NPOYPAUUATIOHOU
- TM.x. Aoyw unepQOPTWHEVWY TEAECTWV

* [AWOOEG HE DUVAMIKO EAEYXO TUNWV NOANEG QPOPEG

XPNOonolouv KAMoLo OTATIKO EAEYXO

- Tunotywa (HEpN) NpoypappdTwy o€ Lisp, pnopouyv va eEaxbouv
HE XpRon dnAwoewv TUNWV KAl TOMKOU CUINEPACKOU TUNWY

- oMol peTayAwTTIOTEG TNG Lisp xpnoonololv thv nAnpogopia
QUTA YO TNV ano@uyr] eAEyXwv TUNWV KATd TO XpOVo EKTEAECNG
KL YO TNV Napaywyr) KOAUTEPOU (TaxUTEPOU) KWAIKA HUNXavrG
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PnTtoi £éAgyxol TUTTWYV KATA TO XPOVO EKTEAEONG

AuoTnpd Kol ac0eviy CUCTAHATA TUTTWYV

+ Kdnoleg yYAWOOEG ENTPENOUV OTOV NPOYPAUHATIOTH va
EAEYEEL TUNOUG KATA TNV EKTEAECH TOU NPOYPAUUATOG:

IM.x. n Java enitpénel Tov €AeyXO TOU TUMNOU KAMOLOU OVTIKEILEVOU
e xprion Tou TeAeoTH instanceof

I.x. n Modula-3 enttpenet tn dlakAadwaon (branch) pe fdaon tov
TUNO KAMOLOU AVTIKEEVOU HE XPAON TNG €KPpaong typecase

* Ta napandvw anattolv OTL N NANPOYopia yia TUNOUG
eival napouoa KaTtd To XpOvo €KTEAEONG, NAPOAO NOU N
YAWOOO €XEL WG €Ni TO NAEIOTOV OTATIKO CUCTNUA TUNWV
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* H endiwgn Tou eAEyXOU Twv TUNWV €ival N ano@uyr Thg
EQAPUOYNG TEAECTWYV OE OPICHOTA TWV ONOoiwv O TUNOG
OEV £XEL VONUQ YIa TO OUYKEKPIUEVO TEAEOTA

* 2g Kanoleg YAwooeg, onwg otnv ML kat otn Java, o
EAEYXOG TUNWV €ival OPKETA EEOVUXIOTIKOG KOl
etao@alidel o€ peydlo Babuod to napandvw—AEPE OTL N
yAwooa €xel auotnpo cluotnua Tunwy (strong typing)

* 2€ NOAEG YAwooeg (6nwg n.x. n C) autd de cupPaivet:
TO oUOTNUA TUNWV gival aoBeveg (weak) kat dLIATPNTO

- AuTé napExel eueMgia OTOV NPOYPAUUOTIOTH
- AA\G Ogv NPOOPEPEL APKETH aoPAAELQ
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2XETIKA AO@AAEIO TUTTWV TWV YAWOOWV

EpyaAcia oTaTIK G avaAuong TTPOYPOAHMATWYV

Mn ao@aleic: H owkoyévela BCPL oupnepidapBavopevng
™G C kat tng C++

- “Zoulounwpata” TUNWY (type casts), apBUNTIKA pe JEIKTEG, ...

Mepinou aogaleic: H oikoyévela tng Algol, Pascal, Ada

- ZeKpEpaaTol OEIKTEG
+ Aéopeuoe €va OeikTn p o€ €vav aKEPALO, ANOOECUEUTE TN UVALN NOU
OceiXVEL 0 p, KL OTN CUVEXELA XPNOWONOoIiNoE TNV TIUr nou deixvel o p

* Kapia yAwooa pe pntr) anod€opeucn Uvipng 0ev npoo@EpeL NARPN
aog@aAela TUnwv!

Aogaleic: H okoyévela tng Lisp, n ML, n Smalltalk, kat ot
Java, C#

- Lisp, Scheme, Smalltalk, Prolog, Erlang: yAwooeg duvauikwv tonwy
- ML, Haskell, Java, C#: y\wooeg otatikwyv TUnwv (statically typed)
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* Top€ag HE aPKETH EPEUVNTIKA dpacTtnpldTnTa NPOc@aTa
- Lint, Purify, Coverity, PreFix, PreFast, Dialyzer, Valgrind, ...

* AUO0 Katnyopieg avaAuong
- ZuvtnpnTikéG (= Sound for correctness)
» Edav n avdAuon net 6TL To NpoOypappa eival owoTo, TOTE eival
* Edav n avdAuon net “Ox1 owoTto”, pnopei va pnv undpxouv Aadn
- Mn ouvtnpntikég (= Sound for errors)
» Edv n avdAuon net “owoTo”, To NpdyPaUUa Hnopel va givat
E0QANUEVO
« Edv n avdAuon Bpel kanoto npdPANua, TOTE OVTWG UNApXEL
kanow “avwpalia ” oto npdypappa
- Muwa KaAUTEPN KOTNYOPLONOINGH, KOTA TN YVWHN HOoU:
* 2uvTnpenTika epyaleia xpeldlovtal yia andédegn opbétnTag
* Mn ouvtnenTiKG epyaleia yia ebpeon o@aipdtwy (bug finding)
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Oépara 1Icoduvapiag TUTTWV
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looduvapia TUTTWYV

* [16Te dUo TUNOL BewpouvTat idlot;

* 2NMAVTIKA €PWTNON TOOO YA TO OTATIKO OCO0 KAl yla TO
OUVAULKO €AEYXO TUNWV

* [a napadelypa, n YA\wooa pnopei va enTpeEneL pia
avdBeon a = b povo €av n petaBAnTA b €xel “Tov id10”
TUNo PE TNV a

*  AlQOPETIKEG YAWOOEG OpifouV TNV LOOdUVAUIa TWV
TUNWV PE BLOPOPETIKOUG TPONOUG
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looduvapieg TUTTWYV

Mapadeiypa 1Icoduvapiag TOTTWY

 looduvapia ovépatog (name equivalence): dUo Tunol
eivat idlot av kat pévo av €xouv To idlo0 dvopua

 looduvapia dopng (structural equivalence): dUo TUNOL
elval idlol av kat povo av €Xouv NPOKUYEL anod Toug idloug
NPWTOYOVOUG TUNOUG UE XPAOoN TNG idlag oslpdg idlwyv
KATAOKEUOOTWY TUNWV

* (Ounapandvw, dev eivat ot povol TPONoL OpLOoU TNG
looduvapiag aAAd givat oL No EUKOAOL va €EnynBouv.)
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type irpairl = int * real;
type irpair2 = int * real;
fun f(x:irpairl) = #1 x;

* TioupBaivel edv nepdooupe wg oplopa otnv f pa
NOPAUETPO TUNOU irpair2
- H woduvauia ovéupatog dev To entTpéneL: irpair2  katirpairl
eival dlapopeTikd ovépata

- H woduvapia doung To emTpénet: oL TUNOL KATAOKEUAJoVTaL E
Tov {610 Tpdno

* 21nv ML enttpEneTal
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Moapadsiyya 1Ico0duvapiag TUTTWYV

2UMTTEPOAOCHATIKA

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

» TioupBaivel edv npoonabiocoupe va avaBEcoupE ToV

nivaka Counts 1 otov nivaka Counts2 ;

- H woduvapia ovépatog dev To entTpENEL: oL TUNOL TWV NIVAKWY
Countsl kat Counts2 Ogv £X0UV OVOLATO

- H woduvapia dopng to enttpénel: oL TUNOL KATAOKEUALOVTAL PUE
Tov 810 Tpdno

* Ouneplooodtepeg uhonotroelg Tng Pascal dev enttpEnouv
TNV napandavw avabeon
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* O TtUnotL naiouv onNUAvTIKO POAO 0€ NOAAEG anod TIG
YAWOOEG NPOYPAUHATIOHOU
- [ v opydvwaon Kat TV TEKUNPIiwon evog NPoypaUaTOog
- TMa v ano@uyr c@aApATWY AOYIOHIKOU
- [a tnv napoxn NANPo@opIiag 0TO HETAYAWTTIOTH TNG YAWOOOG
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Baolik epwTNON YIA T CUCTAMATA TUTTWYV

* [1600 PHEPOG TNG avanapAoTaonG KAVEL TO OCUCTHHO
TUNWV EPPAVEG OTOV NPOYPAUHATIOTH;
- Mepkoi npoypappaTIoTEG NPOTIHOUV YAwaoeg aav Tn C, doTL
* Mpooépouv Tn duvaToTNTA YO an’ eubeiag npoonéAaon otn
Aentopepr) avanapdoTtaon Twv TUNwv Tav yia KAnowo Adyo
auTo eival enlBupnTo
- Mepwoi aAAoL npoTipolv YAwooeg oav Thv ML, 10Tt
* KpuBouv TIG AenTopépELeG TNG UAonoinong Twv TUNWV Kot
* Mpooépouv “kaBapoug” TpONoug Xpnaouonoinong
O€OOUEVWY MOU EMNTPENOUV TNV AVANTUEN NPOYPAUHATWY
Xwpic oedApata kanolou €idoug, Katl SIEUKOAUVOUV TNV
anodelgn Tng opbOTNTAG TOUG
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