Ewcaywyr otoug Tunoug

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

Kwotng Zaywvag <kostis@cs.ntua.gr>

Mepiexédueva

« Tunol oTIG YAWOOEG NPOYPAUHATIOHOU
- Tueivai ot TUNOY;
- Katnyopieg kat avanapaotdoelg Twv Tunwyv
« XpAon Kat xpnowoTnTa Twv Tunwv
- M\wooeg pe oTaTikd KAl YAWOOEG KAl QUVAUIKO oUoTNa TUNWY
- 'EAeyxog tUnwv
* Katd TO XpOvo petdepacng (compile-time)
* KOTA TO XpOvo ekTéNeONG (run-time checking)
- H évvola Tng ouvtnpnTiKAG avaAuong NpoypPappdTwy
- looduvapia Tunwv

Ewoaywyn otoug Tunoug

Ti gival o1 TUTTO!I;

MpwTdyovol Kal KATOOKEUALOMEVOI TUTTOI

» 'Evag tunog ivat €va ouvolo
* 'Otav opifoupe OTL pa LETAPBANTH EXEL VA CUYKEKPIUEVO
TUNOo, dnAwvoupe OTL OL TIHEG TNG HETABANTAG Ba eival
NAVTA OTOLXEIO TOU OUYKEKPIUEVOU GUVOAOU
int n;
» Apa €vag TUnog eivat €va ouvoAo anod TIES

- Nou €X0UV IO CUYKEKPLUEVN KOV avanapdotaon

- Ko pia ouA\oyR and Asttoupyieg nou Lnopouv va QapuooTouV
O€ AUTEG TIC TIHEG

* To nowa cuvoAa BewpouvTal f) dev BewpouvTal TUnol
etaptatal and th yAwooa

Ewoaywyr otoug Tunoug

+ KdaBe TUnog nou pnopei va xpnoonotndei aAAa de
Hnopei va oploTei anod €va npdypappa ival €vag
NPWTOYOVOG TUNOG KOG YAWOOOG

- Mpwtdyovoltunottng ML: int, real, char

- 'Eva npéypappa ML &€ pnopei va opioel €vav TUno nou va
OOoUAeUEL 0av TOV NPOKABOPIOUEVO TUNO int

+ Kd&Be TUnog nou pnopei va oplotel anod Eva npoypappa
(e Baon Toug NpwTtdyovoug TUNOUG) €ival €vag
kataokeuadouevog TUnog

- T.x. kataokeualOpevog TUNog otnv ML: int list

- OpiCetal pe xprion Tou NnpwTtoéyovou Tunou int Kat Tou
kataokeuaotA Tunwv list
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MpwTtdyovol TUTTOI

* O oplopog NG KAGBe yAwooag eival autog nou kabopidel
notol eivat npwtdyovol TUnoL oTn yAwooa

+ Kdanoleg yYAwooeg opiouv Toug NPwTOYOovouG TUNouG no
auoTnPAa anod KANoLEG AAANEG:

- T.x. n Java opicel Toug npwTtdyovoug TUNOUG ENAKPIBWG

- Ano tnv aAAn pepid, n.x. n C kaw n ML agrjvouv kanowa neplowpla
eheuBepiag oTov oplopd TWV NPWTOYOVWY TUNWY PETOEU
OLAPOPETIKWY UAOMOLNOEWY ThG YAWCOAG
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Mapddeiypa: TpwTOYyOVOoI TUTTOI AKEPAiWYV

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 Scheme:

unsigned long int Integer

long long Aképatol “aneipou” eUpoug

Agev undpxel NPoKaBopLopEVN
uAonoinon, aAAG ot “peyaAutepol”
TUNOL NPENEL VA £X0UV TOUAGXLOTOV
TO €UPOG TWV “UKPOTEPWV” TUNWV
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Ofpara oxedlaocuou

* 2€ nola oUVoAa avTioTolKoUuVv oL npwTtéyovol TUnol,

- Tieival HEPOG TOU OPLOHOU TNG YAWOOAG, TL ENAPIETAL OTN
OLAKPITIKA EUXEPELA TNG UAOMNOINONG TNG YAWOOAG;

- Edv xpelaoTtel, nwg pnopei €éva npoypappa va avakaAuyel
BENATA OXETIKA PE TA PHEAN TOU GUVOAOU;
* (INT_MAX otn C, Int.maxInt otnv ML, ..)

* TuAetToupyieg unootnpifovTtal Kat Nwg;
- /\entopepeic oplopoi nepi oTpoyyulonoinong, e€alpécewy, K.Am.
* H en\oyn ™G avanapdotaong €ivat KaBopLloTIKA yia
KANOLEG and TIG aNOYAOELG
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KataokgualOpevol TUTTOI

» [1p6aBeTOL TUNOL OL Onoiot opidovTal pe XpARon NG
YAWOOOG
* [Napadeiypota: anaplOpAoels, nAelddeg, Nivakeg,

OUMBOAOCELPEG, NOTEG, EVWOELG, UNOTUNOL, KAl TUNOL
OUVOPTHOEWV

* [a kGBe €vav and auTtoug, uNApXEL OTEVI OXEON LETAEU
TOU Nwg opidovTal Ta oUuvoAa 0Ta PaBnUATIKA KOl TOU
Nwg opifovTal ol 7Urol OTIG YAWOOEG NPOYPAUUATIOHOU
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AtrapiOpunoeig (enumerations)

Avatrapdotaon TIHWV MIOG aTrapidunong

e ZTO HOBNUOTIKA HNOPOULE OPICOUNE €va OUVOAO anAwG
HE TNV anapibpnon Twv HEAWV TOU:
S ={a,b,c}
* [MoANég yYAwooeg unoatnpiouv TUNoug anapidbunong:
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 (= 0UVOAO)
* Opi¢ouv eniong pa cuAAoyn and OVOUATIOUEVEG
OTaBEPEG AUTOU TOU TUMOU (= OTOLXEIO TOU OUVOAOU)
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* 'Evag ouvhBng tponog avanapdotaons anaplOpiocwyv
gival n xpnowonoinon JIKPWY OKEPAIWY YA TIG TIHEG

* H avanapdotaon pnopei va givat EPQavig otov
NEOYPAUMATIOTH, 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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AgiToupyieg atraplOuRoewyv

* 'EAEYX0G 100TNTAG, QUOLKA:

fun IsWeekend x = (X = Sa orelse x = Su);

* Edv n “ak€pala @uon” Tng avanapdoTaong Twv
anaplOpnoewy eivat EPPAvAG, N YAwooa ouvhBwg
ENTPENEL KANOLEG anod 1) OAEG TIG AELITOUPYIEG NOU
ENTPENOVTAL OE AKEPAIOUG:

Pascal: for ¢ := red to blue do p(c)

C: Int x = penny + nickel + dime;
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MA&g1adeg (tuples)

* To kaptealavo yvopevo dU0 ) NEPIOCOTEPWV GUVOAWY
opidel ouvoAa anod NAEIAdEG:
S=XxY ={x,y)xe X AyeY}

+ Kanoleg yAwooeg unootnpifouv KaBapEG NAEIAdeC:

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

* [MoANEG GAAeG unooTtnpifouv eyypageg (records), nou
eival nAeddeg Ta nedia Twv onoiwv €xouv ovopaTa:

struct complex { type complex = {
C: double rp; rp:real, ‘ML
double ip; ip:real
¥ ;
fun getip (x : complex) = #ip X;
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AvatrapdoTaon TwV TTAEIAO WV

* H ouvnBng avanapdotaon Twv NAEWGOwWY eival Ta nedia
TOUG va dlaTACOoOVTAL TO £va PETA TO AGANO OTN UVAUN

*  AANG undpxouv NOANEG AENTOUEPELEG:

- Me nowa ogipg;

- Enrpénovrtal “tpuneg” yua eubuypdpon (alignment) tTwv nediwv
(n.x. 0 apXEQ DOPOPETIKWY AEEEWV) OTN UVAMN;
- Eivai k&t ané 6Aa autd opatd OTOV NPOYPAUKATIOTH;
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Mapdadeiypa: ANSIC

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 TTAEIGO WYV

* En\oyn otolxeiwv, QUOIKA:
C: x.1ip
ML: #ip X
* AN\eg Aettoupyieg avaloya pe To Nolo/ndéoo HEPOG TNG
avanapdoTaong ival EPPAVEG OTOV NPOYPAMUATIOTH:

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

* AvUopata yvwotou (otabepol) HAKOUG:
S =X"={(xg,... ,x,)|IVi.x e X}

* AvUopaTa ayvwoTou PRKOUG:
s=x"= x'
i
* TUnol OXETIKOL HE TA AvVUOUOTA:
- [ivakeg, cupBOAOOEIPEG KaL NiOTEG
- Eivai oav Tig nAeddeg aAAG ouvhBwg £xouv Tov idlo Tuno
oTolKElwV Kal NOANEG napalAayEG and YAWooa € YAWOOoo
- 'Eva napdadelypa dagoponoinong: dcikteg (indices) o€ nivakeg
+ lMoleg ival ot TIHEG TwV OEIKTWVY;

+ KaBopiletal To p€yebog Twv NIVAKWY 0TO XpOVO HETAYAWTTIONG A
OTO XPOVO EKTENEONG;
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Tipég deIKTWYV

Mapddeiypa Tivaka o€ Pascal

+ 21tnJava, C, kat C++:
- To npwto aTolxeio evég nivaka a givat to a[0]
- Oud¢gikTeg gival ndvta akEpatol nou apyi¢ouv and to 0

» H Pascal gival no eu€NKTN:
- Mnopei va xpnotonoinBouv didgopol TUnot SEIKTWY: akEPALOL,
XOPOAKTAPEG, anapBunoelg, unodlaoTrpaTa (subranges)
- O apxkég deikTng KaBopileTal and TOV NPOYPAKHATIOTH

- O teNk6G deikTng KaBopideTal eniong and Tov NPOYPAUUATIOTH:
OUWG TO HEYEBOG €VOG Nivaka NpENEL va gival yvwoTo KAatd To
XPOVO PETAPPAONG TOU NPOYPAUUATOG
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type

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

Counts: LetterCount;

begin
Counts["a"] = 1
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2XEQIOOTIKA BEPATA OXETIKA ME TA AVUOMATA

Evwoeig (unions)

* Tieidoug deikTeg pNopouv va £€X0UV OL NIVOKEG;

* Eival to pé€yebog Twv nivakwyv KaboplopEvo aTo Xpovo
HETAPPAONG;

* Mnopei va aAAGEeL (N.X. eneKTABEL) TO PEYEBOG BUVALLKE;

* Mnopouv oL NivaKeg va €Xouv NOAAEG OLAOTACELG;

» Eival évag nivakag pe NoAAEG BLOOTACELG LOOOUVAUOG HE
€vav nivaka anoé nivakeg;

* MNMwg dlatdooovTal Ta OTOIKEID EVOG NivaKa 0T UVAUN;

* Ououppolooelpeg €xouv To OIKO TOUG TUNO N gival
nivakeg ano bytes; Yndapxel Tunog AioTag;
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* H &vwon dUo auvoAwv divel €va Kawvouplo oUVoAo
S=XUY

* [MoANEG YAWOOEG UNOOTNPICOUV TUNOUG EVWOEWV:

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

}:
* H avanapdotaon Twv EVWOEWV HNOPEL 1) LNOPEL va pnv
eival eppavng oTov NPoYPAUUATIOTA:
sizeof(u) == max(sizeof(u.i1),sizeof(u.d))
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AuoTnpoTnTa TUTTWV KOl EVWOEIG

« 21tnv ML, TO pévo nou pnopei va KAVOULE O€ pia €vwon
gival va e€ayoupe Ta NEPLEXOUEVA TNG
* Kal otnv nepintwon auTr NPENEL va NOUKE TL LNOPEL va
YIVEL PE TIG TIHEC EVWOEWV BIAPOPETIKWY 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 auoctnpé ocUoTNUA TUTTWYV

* Z€ UEPIKEG YAWOOEG Ol AENTOUEPELEG TNG UAONOINoNG
TWV EVWOEWV €ival ELPAVEIG OTOV NPOYPAUMATIOTH

*  2€ KANOLEG NEPINTWOELG TA NPOYPAUUATA HNOPOUV Va
EKUETAAEUBOUV TO YEYOVOG OTL O TUNOG KANOLWAG TIUAG

Xavetat: ;
union element {
int i;
double d;
};

union element e;
e.i = 100;
double x = e.d;
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Ti Aée1 n ANSI C yia TiIg eVvWOEIG;

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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Y1mroouvoAa (subsets)

* MnopouUpe va opicoupe To uUNOoUVOAO Nou opifeTal e
Baon €va katnyopnua P :
S ={xe X |P(x)}

+ Kanoleg yAwooeg unootnpidouv unotunoug (subtypes),
HE Alyn A nepLoodTEPN YEVIKOTNTA

- Ayotepn yevikétnTa: Oplopog unodlaotnuatwy otnv Pascal
type digit = 0..9;

- Kapnoon 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

Ewoaywyn otoug TUnoug 24




Mapdadeiypa: Ada Subtypes

Mapddeiypa: Opiopdg TUTTWY OTN 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))
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AvaTtrapdoTaon TwWV TIHWYV VOGS UTTOTUTTOU

AgiToupyieg UTTOTUTTWV

* ZuvnBbwg, 0 uNOTUNOG XPNOLLOMOLEL TNV Bla ECWTEPLKA
avanapaoTaon KE ToV unePTuno (supertype) Tou

* Epwtnoec:

- Mnopei va xpnowonoinBei kanowa no “eBnvA” avanapaotaon;
M.x. ot dUo napakatw TUNOL XpetalovTal Tov iBlo Xwpo
anoBnkeuong;

Xz 1..9
X: Integer?
- Ouunotunol emnBaliovTal Kat EAEyXovTal anod TO PETAYAWTTIOTH;
X =10
X = X + 1?
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* 2uvNBwG oL ENITPENOPEVEG AELTOUPYIEG Eival OAEG OL
Aeltoupyieg nou eival dIOBECIEG KAl YIO TOV UNEPTUNO

* Kabwg kat Kanoteg AAAEG nou dev €Xouv TOGO NOAU
vOnua oTov unepTUNo:

function toDigit (X: Digit) : Char;

Ofpa yia neplouAdoyn

‘Evag UTtoTUTIOq €ivat €val UTTOGUVOAO AWV
TWV TLUWV EVOG UTIEPTUTIOU, AAAd cuVHBWG
UTtOoTNPLlEL €va uTtEpoUVOAO aTtO AELTOUPYIEG.
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Kdatroia Adyia yia TIg KAdoeig (classes)

* M and TG BaOIKEG IOEEG TOU AVTIKEILEVOOTPEPOUG
NPOYPOUUATIONOU

* M kAd@on eival €va €idog TUnou: Kanowa dedoUEVA KAl Ol
AEITOUPYIEG TOUG O€ “Ouckeuaoia NAkKETou”

* M unokAdon givat €vag unotunog: nepAapavel pévo
€va UNOoUVOAO TWV AVTIKEILEVWY, AAANG unooTnpilel Eva
UNEPOUVOAO TWV AELTOUPYLWV

* [NeploodTEPA YIa TIC KAACELG OTIC BLOAEEEIC TWV
YAWOOWYV QVTIKELEVOOTPEPOUG NMPOYPAUUATIONOU

Eloaywyri otoug Tunoug 29

2uvapTtnoeig (functions)

* To oUvoAo Twv CuUVaPTHOEWV HE KANOLo Nedio oplopoU
KAl TIHWV:
S=D > R={f|dm f=Daran f=R}

* O neploodTePEG YAWOOEG UNOOTNPICOUV TNV £VVOLa TWV
OUVOPTAOEWV:

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

ML: fun Ff(a:char, b:char) = (a = b);
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AgiToupyieg cuvapTROEWYV

* Ouolkd, KAHON ouvapTHOEWV

* MExpL OTIYUAG, TO Bewpnoape wg dedOUEVO OTL OL
unoéAotnol TUNoL PNopoucayv va NEPACTOUV WG
NAPAUETPOL, VO ENOTPAPOUV WG ONOTEAECHUATA, VA
avateBouv o€ HETABANTEG, K.AM.

* Me TG ouvapTnoEelg € PNOPOULE VA TO BEWPAOOUUE WG
0edOPEVO: 0L NEPLOOOTEPEG YAWOOEG dev unooTnpifouv
KATL NEPLOCOTEPO and KARON cuvapThHoewv!
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XpnoigoéTnTa TWV TUTTWV
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XpnoiyéTnTa TWV TUTTWV

* BonBouv otnv opydvwaon Kal TEKUNPIiwon NPoyPApHATWY
- Ala@opeTikol TUNOL y1a SLAPOPETIKEG EVVOLEG
* Avanaplotavouv €vvoleg anod to nedio Tou NPoLAAUATOG
- YnodnAwvouv Tnv NPoTIBEEVN XPAON TWV HETABANTWY
* OLTUNOL LNopouV va greyxboUv auTOUATA KAl va Peivouv og
gupQwvia pe aAayEg oTo NpOypappa, o€ avtiBeon pe ta
OXOAl
*  YNodeIKvUOUV Kal aviXvEUOUV KAMNOoLou €idoug o@aApaTa
- O €Aeyx0G TUNWV HNOpPEL va avixveUael UNOAOYIOHOUG XWwpIg
onuagooAoyia, 6nwg n.x. 3 + true - "Bill"™
* Ynootnpiouv tn BeAtiotonoinon (optimization)
- Mapddelypa: ol short akepalol anobnkevovtal oe Alyotepa bits
- Ano@uyn e\éyxou eLalpEcewy 1 unepxeillong
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2@AaApara TUTTWYV (type errors)

* 'Onwg eidape, €vag TUNog opidetal anod:
- Tpoénoug el0aywyng TIHWVY yia Tov TUNO
- Tpoénoug xpnowonoinong Twv TIHWVY Yia TNV NoOpaywyn vewv
TONWV THWV
* Kd&tw ané auto To npiopa
- Kd&Be tUnog ouoxetietal pe €va oUVOAO anod Asttoupyieg
(®nAadn, pe KANOLOUG TEAEOTEG)
- KdabBg Aettoupyia opifeTal 0 €va CUYKEKPIIEVO TUMNO
(6nAadn, o€ £va GUYKEKPLLEVO GUVOAO TIHWV)
- 'Eva o@dApa tonou Aappavel xwpa étav n Asttoupyia nagL va
€QAPUOCTEL O€ opiopaTa EKTOG TOU Nediou OpLOpoU TNG
(®5nAadn, oe opiopata dlaPOPETIKOU TUNOU)
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Emionueiwoeig TUTTWV

* [MoAAEG YAWOOEG anattouy, f) TOUAGXIOTOV ENTPENOUY,
ENONPEWOELG TUNWV OE PETABANTEG, OUVAPTAHOELG, K.ANM.

« XpnotonolouvTal and ToV NPOYPAUUATIOTA VI TV
napoxrn OTATIKAG NANPOPOPIOC TUNWY 0TO CUCTHUA
uAornoinong g yAwooag

* O enonpewwoelg ival eniong €va €id0G TEKUNPIWONG,
Nnou KaBLoTA Ta NPOYPAUUATA MO EUKOAA avayVwOolHa
anoé GAAoug

* MEpog TNG oUVTAENG TNG YAWOOOG CUVHBWG £XEL OXEON
HE TOV OPLOUO TUNWV (n.X. *, -> kat list otnv ML)

Eloaywyr otoug TUnoug 35

Eyyeveig TUTTOI (intrinsic types)

* Kdanoleg yAwooeg Xpnoyonolouv OVOUAOTIKEG CUUBACELG
YO TOV OPIOUO TwV TUNWV HETARANTWV
- Xe dlaAékToug TnG BASIC: S$ opilel pa cupBolooelpd
- Xe dlaAékToug TnG Fortran: I opilel €vav aképalo

* 'Onwg Kat oL pNTEG ENONUEWOELG TUNWV, OL EYYEVEIG
TUNOL NPOoUNBeUoUV PE NANPOPOPIa TUNWY TOCO TNV
uAonoinon TnG YAwooag 600 Kal TOV avayvwoTn Tou
npPoypAaupaTog
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ATTAOGG CUPTTEPACHOG TUTTWYV

* O neplooOTEPEG YAWOOEG UAOMOLOUV KAMOLEG ANAEG
HOPYEG CUMNEPATHIOU TUNWV
* OLoTaBepEG €X0OUV TUNO NOU KaBopileTal OTATIKA
M.x. otn Java: H otaBepd 10 €xeL TUno int, n 10L €xel Tuno long
* Ol ekQpdoelg e TN oelpd TOUG UNOPEL va €XOUV OTATIKA
KaBopllOPEVOUG TUMOUG, MOU CUUNEPAivVOVTAL EUKOAQ

anod TouG TEAEOTEG KAl TOUG TUNOUG TwV OPLOUATWY TOUG

MN.x. otn Java: €dv o a eivat double, Téte N €kPpacn a*0 €xel
TUno double (0.0)

* HyAwooa ML nnyaivel Tnv napandavw O€a ota Akpa...
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‘EAgyX0G¢ TUTTWYV: ZTATIKOG KOl AUVOMIKOG
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‘EAgyX0G XpOVOU HETAPPAONG EVAVTI EKTEAEONG

* OwyAwooeg Lisp, Scheme, Prolog, Erlang, ... eA€yxouv
TOUG TUMOUG OTO XPOVO EKTEAEONG TOU NPOYPAUHATOG
M.x. o pa €kppaon (car X) eAéyyxoupe €Av TO X gival Aiota
npLv NGPOULE TO car Tou X
* OwyAwooeg ML kat Haskell eAéyxouv Toug TUNOUG KATA
TO XpOVO HETAPPAONG TOU NPOYPAUHATOG
M.x. oe pa k\fon F(x) npénetva €xoupe 2 A - B kat X - A
* 'Eva and ta kupla “‘ndpe-dwoe” Tou oXedaooU YAWoOowV
- Kat ot 800 tponotL ano@elyouv Ta GYAAUOTA
- O duvapKog €Neyx0G KaBuOTEPEL TNV EKTEAEDN
- O oTaTIKOG €AeyX0G NEPLOPIZEL TNV EKPPACTIKOTATA
* Nioteg o€ Lisp: Ta otolkeia pnopoulv va €xouv dla@opeTIKoUG TUNOUG
* Nioteg oe ML: 6A\a ta oTtolkeia npénet va £xouv Tov idlo Tuno
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2TATIKOG EAEYXOG TUTTWV

e 2TO OTATIKO €AEYXO0 TUNWV, 0 TUNOG TNG KABE EKPPaoNG
kaBopileTal NpLv TV EKTEAECT TOU NPOYPAULATOG

* O PETaYAWTTIOTAG TUNWVEL PnvUpaTa AdBoug 6Ttav oL
TUNoL Nou €EAyoVTalL OTATIKA TOV KAVOUV va KATaAdBEL

KAMoLla OOUVENELD ] aOUP@WVia oTn Xprnon Twv Tunwv
- 'Ocov agopd os teAeoTeg: 1 + "abc™
- 'Ooov agopd og ouvaptAoelg: round(*abc™)
- 'Ocov agopd og evToAeg TNG YAwooag: IF abc™ then ..
* OLnePLOOOTEPEG HOVTEPVEG YAWOOTEG MPOYPAUUATIOUOU
€XOUV OTATIKA OUCTAHATA TUNWV
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Auvapikog EAeyxog TUTTWYV (dynamic typing)

* Xg UEPIKEG GAAEG YAwOoeG (n.X. Lisp, Scheme, Smalltalk,
Erlang, Prolog), Ta npoypdppata v EAEYXOVTAL OTATIKA
yla nibava oc@AaApaTa TUnwy

* EA&yxovTtal OpwG SUVAULKA YIa TETOLOU €i00UG OPAAUOTA

* Me dAAa Ady1a, KaTd TO XPOVO EKTEAEONG, N uAonoinon
™G YAWOoOAG EAEYXEL OTL TA OPIOHATA TWV TEAECTWV
eival TuUnwv ot onoiol givat oUPBATOL HE TOUG TEAEOTEG
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Mapdderypa: Lisp

* Muwa ouvaptnon o Lisp nou npoaBetel dUo apBpoug:
(defun ¥ (a b) (+ a b))
* Oa eyeipel e€aipeon €av o0 a r o b dev gival apBpoi
* KAAoelg pe opiopata AdBog tunou, n.x. (F nil nil),
dev UNOdEIKVUOVTAL KOTA TO XPOVO HETAYAWTTIONG

* 2710 OuvauikO €Aeyxo TUNWV Ta napandvw Adon

nivovTal Katd To XPOVO EKTEAECNG TOU NPOYPAUHATOG

- Katd kdnowo tpono, oTig YAWOOEG e OUVAULIKO EAEYXO TUNWV Ol
TUnoL xpnowonotwouvtal napandvw and auteEG PE OTATIKO EAEYXO,
O10TL oL TUNOL NpENnEL va EAeyXBoUV KATa TO XpOVO EKTEAEDNG

- AuTO onuaivel 6TL N uAonoinon TG YAWooag NPENEL va
dlatnpnoel NANPo@opia yia Tov TUNo TnG KABE HETABANTNAG
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Exk@paoTIKOTNTA

» 21N Lisp, €ivat duvato va ypawoupe Tn cuvaptnon
(lambda (xX) (cond ((less x 10) x) (T (car x))))

Kdanoleg xpRoelg Tng ouvaptnong pnopei va odnyrnoouv og
OQ@AApaTa TUNWY, KANOLEG AANEG OWG OXL

* O oTaTIKOG €AeYX0G TUNWV €ival NAvTa ouvTNPNTIKOG

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

Ag pnopoUpe va ano@aciocoupe KATA TO XPOVO PETAYAWTTIONG €4V
Ba undap&el KAnowo oAAUa TUNoOU
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2TATIKOG EAEYXOG TUTTWYV EVAVTI SUVAMIKOU

» Aev gival 6Aa donpa ) pauvpa...
* [AWOOEG HE OTATIKO EAEYXO TUNWV NOANEG POPEG

XPNOonolouv KAnoto duvapikd EAeyX0

- T.x. Méyw TG Unap&ng unotunwv (subtyping),
€0IKA OTIG OVTIKEEVOOTPEPEIG YAWOTEG NPOYPAUUOTIOHOU

- T.x. Aoyw unepQOpPTWHEVWY TEAECTWY
* [AWOOEG HE BUVAMIKO EAEYXO TUNWV NOANEG POPEG

XPNOOMNOLoUV KAMNOLO OTATIKO EAEYXO
- Tonotya (L€pN) NpoypappdTwy o€ Lisp, pnopouv va egax8olv
HE XpAon dnAwoewv TUNWV KAl TOMKOU CUUNEPACOU TUNwv
- MoA\oi petayAwTTIoTEG TNG Lisp xpnoyonowoly thv nAnpogopia
auTH YO TNV ano@uyn eAEyXwv TUNWV KATA TO XPOVO EKTEAEONG
KaL Yo TNV napaywyn KAAUTEPOU (TaXUTEPOU) KWAIKA INXAaviG
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PnTtoi £éAeyxol TUTTWV KATA TO XPOVO EKTEAEONG

AuoTtnpd kai AcBevi Zuothpara TUTTWY

+ Kanoleg yAwooeG ENTPENOUV OTOV NPOYPAUMATIOTA va
EAEYEEL TUNOUG KATA TNV EKTEAECN TOU NPOYPAUUATOG:

M.x. n Java emTpénel Tov €AeyX0 TOU TUNOU KAMOLOU QVTIKEUEVOU
He xprnon tou TeAeoTr] instanceof

M.x. n Modula-3 enttpénet tn dlakAddwaon (branch) pe faon tov
TUNO KAMOLOU QVTIKEWWEVOU E XPrOoN TNG EKPpacng typecase

* Ta napandvw anattouv 6TL N NANPOPopPia yia TUNoug
givat napouoa Kata 1o XpOvo EKTEAEONG, NAPOAO NOU N
YAWOOoO €XEL WG €ni TO NAEIOTOV OTATIKO CUCTNUA TUNWV
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* Hendiwgn Tou eAéyxou Twv TUNWV €ivatl n ano@uyn tTng
EQAPUOYAG TEAECTWYV OE OPIOUATA TWV ONoiwv 0 TUNOG
OV EXEL VONUA VIO TO OUYKEKPLUEVO TEAEDTH

* Xg Kanoleg YAwooeg, 6nwg otnv ML kat otn Java, o
EAEYXOG TUNWV €ival OPKETA EEOVUXIOTIKOG KOl
egao@alifel o€ peydAo Babuod to napandvw—AEPE OTLN
yAwooa £xeL auotnpoé cuotnua Tunwv (strong typing)

* 2& NoA\EG YAwooeg (6nwg n.x. n C) autd &g oupPaivel:
TO OUOTNUA TUNWV givat aoBeveg (weak) kat ddTpnTo

- AuTé napExel eueAEia OTOV NPOYPAUUOTIOTH
- AN\G Oev NPOOPEPEL APKETH QTPAAELD
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ZXETIKN AO@AAEIN TUTTWV TWV YAWCOWV

EpyaAgia oTaTIKAG aVAAUONG TTPOYPOAUHATWY

Mn aoc@aleic: H owkoyévela BCPL cupneplhappavopévng
™G C kat tng C++

- “Zoulounwpata” TUNwv (type casts), aplOUNTIKAG HE OEIKTEG, ...

Mepinou aogaleic: H owkoyévela tng Algol, Pascal, Ada

- ZEKPEPOOTOL OEIKTEG
» A¢€opeuoe €va deikTn p 0€ £Evav OKEPALO, ANOOECUEUTE TN UVHN NOU
deiXvel 0 p, KOl 0T OUVEXELQ XPNOONoiNae TNV T nou deiXvelL o p

+ Kapia yA\wooa pe pnth anodéopeuon UVAENG dev Npoo@EPEL NAAPN
ao@aAela TUNwv!

Ao@aleic: H owkoyévela tng Lisp, n ML, n Smalltalk, kat ot

Java, C#

- Lisp, Scheme, Smalltalk, Prolog, Erlang: yAwooeg duvauikwv tonwy
- ML, Haskell, Java: yAwooeg otatikwy TUNwy (statically typed)
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* TOMEQG HE QPKETA EPEUVNTIKA dpACTNPEIOTNTA NPOCYATA
- Lint, Purify, Coverity, PreFix, PreFast, Dialyzer, Valgrind, ...

» AUo katnyopieg avaiuong
- ZuvTnenTiKESG (= Sound)
* Edav n avdAuon net 6TL To Npoypappa eival cwoTo, TOTE eival
« Edv n avdAuon net “Oxt owotd”, pnopei va pnv undpyouv AGOn
- Mn ouvtnpnTikéG (= “unsound”)
* Edv n avdAuon neL “owoTo”, To NPOYPAUUa UNopEl va givat
E0QAAUEVO
* Edv n avdAuon Bpet kanoto npoPANua, TOTe dVTwG UNApPxEL
Kanow “avwpaAia ” oto npoypappa
- M kaAUTEPN KOTNYyOPLONoiNon, KATd Tn yVWHnN Hou:
* 2ZuvTnpenTika epyaieia xpelwddovtal yia andédegn opbotnTag
* Mn ouvtnpnTiKG epyaleia yia ebpeon o@aipdtwy (bug finding)
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OéuaTta Ico0duvapiag TUTTWYV
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looduvapia TOTTWYV

» [16Te dUO TUNOL BewpouvTal idloy;

* 2NUAVTIKA €PWTNON TOOO VIO TO OTATIKO 600 KAl yIa TO
OUVAULKO €AEYXO TUNWV

* [ napdadelypa, n YA\wooa Pnopei va enTpeEneL Yo
avaBeon a :-= b pdévo €av n petapAnth b €xel “tov idl0”
TUNo PE TNV a

*  AlQOPETIKEG YAWOOEG opifouv TNV LOOdUVAia TwV
TUNWV PE dLaPOPETIKOUG TPOMOUG
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looduvapieg TUTTWYV

Mapddeiypa 1Icoduvapiag TOTTWYV

 looduvapia ovépatog (name equivalence): 600 TUnoL
eivat idlol av kat pévo av €xouv To idlo Gvopa

» looduvapia doprig (structural equivalence): dUo tunot
givat idlol av kat pévo av €xouv NpokKUYeL and Toug idloug
NPwTOYOVOUG TUMNOUG UE XPron TnG idlag oelpdg iduwv
KATAOKEUAOTWY TUNWV

* (Ounapandavw, dev givat oL LovoL TPOMNOL OPLOUOU TNG
Looduvapiag aAAd ivat oL no eUKOAOL va €EnynBouv.)
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type irpairl = int * real;
type irpair2 = int * real;
fun f(xX:irpairl) = #1 x;

* TioupBaivel eav nepdooupe wg 6pwopa otnv T pa
NAPAUETPO TUNOU Irpairz;

- H woduvapia ovépatog dev To enttpenel: irpair2 kat irpairl
eivatl dapopeTikd ovéuata

- H woduvapia doung To emTpénet: oL TUNOL KATAOKEUAZOVTaL UE
Tov idlo Tpdno

* 2Ttnv ML emtpéneTal
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Mapddelypa 1Icoduvapiag TUTTWV

2UNTTEPAOCHATIKA

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

* TioupBaivel edv npoonabrjcoupe va avabBEToUpE ToV

nivaka Countsl otov nivaka Counts?2;

- H wooduvapia ovépatog dev TO ENTPENEL OL TUMOL TWV NIVAKWY
Countsl kat Counts2 dev £xouv ovopaTa

- H woduvapia dopng To emTpéneL: oL TUNOL KATAOKEUAZOVTAL UE
Tov {610 Tpdno

* Ouneploodtepeg ulonotnoelg tng Pascal dev enttpEnouv
TNV napandvw avadeon
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e OuTUnot naifouv onpavTtikd pOAo o€ NOAAEG anod TIG
YAWOOEG NPOYPAUUATIONOU
- [a v opydvwaon Kat TNV TEKUNPIwWon VoG NPoYPAUUaTOS

- lMa v anoguyr ceaApdTwyv
- Ta tTnv napoxn NANPo@opiag 0To HETAYAWTTIOTH TNG YAWOOOG
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Baoikn epwTnoN yIid T CUCTAMATA TUTTWV

* 600 pépog TNG avanapdoTaong KAvel To oUoThUA
TUNWV ELPAVEG OTOV NPOYPAUUATIOTH;
- Mepkoi npoypappaTIOTEG NPOTIHOUV YAwooeg aav Tn C, d0TL
* MMpooEpouv Tn duvaTodTNTA Yo an’ eubeiag npoonéAacn otn
AenTopepr] avanapdotacn Twy TUNwv 0Tav yia KAanoo AGyo
auTo gival entBupnTtd
- Mepkoi GAAoL npoTiolV YAwooeg oav Thv ML, O10TL
» KpuBouv TIG AenTopépeleg TNG uAonoinong Twy TUNwv Kat
* MMpooépouv “kaBapousg” TPONoUG Xpnaoonoinong
dedopEVWY NOU ENTPENOUV TNV AvANTUEN NPOYPAUUATWY
XWpPIg o@aApaTa Kanowou €idoug, Kal OIEUKOAUVOUV TNV
anéden Tng opBOTNTAG TOUG
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