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Mepiexopeva

« TuUnot oTIG YAWOOEG NPOYPAUMATIONOU
- Tieivat ol Tunoy,
- Katnyopieg kat avanapaotaoelg Twv TUnwy
+ Xpnon Kat XpnowwoTnTa Twv TUnwv
MWOOEG HE OTATIKO KAl YAWOOEG KAl QUVAIKO CUCTNHA TUNWV
‘EAeyxog TUnwv
* KOTA TO XpOvo petdgpacng (compile-time checking)
* Katd To XpOvo ekTéAeONG (run-time checking)
H €vvola Tng ouvtnpnTIKAG avaAuonG NPOoyPAapHATWY
looduvapia Tunwv

Eloaywyn otoug Tunoug

Ti gival o1 TUTTOI;

MpwTtdyovol Kal Kataokeualduevol TUTTOI

'Evag tunog ival €va cuvoAo anod TIUEG
* 'Otav opifoupe OTL A LETAPBANTH €XEL EVA OUYKEKPIUEVO
TUNO, dnAwvoupe OTL oL TIEG TNG HETABANTAG Ba gival
NAVTA OTOLXEIO TOU CUYKEKPIUEVOU CUVOAOU
int n;
* Apa £vag Tunog givat €va oUVOAO and TIHEG
- MOuU £XOUV IO CUYKEKPLHEVN KOLVI avanapdoTacon

- Kal pia ouAAoyr and Aettoupyieg nou PNopouv va EpapuooTouV
O€ QUTEG TIG TIHEG

* To nowa ouvoAa BewpouvTal A dev BewpouvTal TUNOL
etaptatal andé tn yA\wooa
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* Kd&Be TUnog nou pnopei va xpnotponotndei aAAa o€
Hnopei va oploTei and €va npdypappa pac YAwooag
gival €vag npwtoéyovog TUNog TG YAWoOoOG

- lMNpwtdyovortunot tng ML: int, real, char

- 'Eva npéypappa ML & pnopei va opioel €vav TUno nou va
OOUAEUEL OaV TOV NMPOKABOPIOPEVO TUNO int

+ Kd&Be tUnog nou pnopei va oplotel and €va npoypappa
(ne Baon npwtdyovoug A AdN OPLOPEVOUG TUMNOUG) gival
€vVaG KaTaokeualOpevog TUNoG

- [.x. kataokeualbduevog Tunog otnv ML: int list

- OpiCetal pe xprion Tou NPpwWTOYOVOU TUMOU int KAl TOU
KOTAOKEUOOTH TUNWV list
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MpwTtéyovol TUTTOI

* O oplopdg NG KABE YAwooag gival autdg nou Kabopidel
notot €ivat NpwToOyovol TUNoL TG YAWooog
+ Kdnoleg yAwooeg opifouv Toug NPwWTOYOVoUG TUNOUG Mo
auotnpd and kKanoleg AAAEG:
- I.x. n Java opiCel Toug npwtdyovoug TUNOUG ENAKPLBWG
- Ané tnv dAAn peptd, n.x. n C kaw n ML agrivouv kdnola neplbwpla

g€Aeubepiag oTov oplopd Twv NPWTOYOVWY TUNWV PETAEU
OLOQOPETIKWY UAONOIACEWY TNG YAWOTOG
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Mapadsiypa: TpwTdYyOovol TUTTOI AKEPAIWYV

C: Java:
char signed 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 unsigned int long (8-byte signed)
long int Scheme:

unsigned long int

long long int

unsigned long long int
Aev undpxel npokaboplopévn Haskell:
uAonoinaon, aAAd ol “peyalutepol” Int
TUNoL NPENEL va €X0UV TOUAGXLOTOV
TO €UPOG TWV “UKPOTEPWV” TUNWV

integer

AkEpatol “aneipou” eupoug

(4-byte signed)
Integer (“Gnepo” eupog)
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Oféuata oxedlaououU

* 2€ Nnola oOUVOAQ aVTIOTOLXOUV OL MPWTOYOovoL TUNOL,

- Tieival p€Pog Tou OpLopoU TG YAWOOAG, TL ENAQIETAL 0T
OlOKPLTIKA EUXEPELA TNG UAoMoinoNg TNG YAWOOAG;

- Eav xpewaotei, nwg pnopei €va npoypappa va avakaAuyel
TIANPOPOPIEC OXETIKEG LE TA PEAN TOU GUVOAOU;
* (INT_MAX 01N C, Int.maxInt oTnv ML, ..)

* TuAelToupyieg unootnpifovtal Kat Nwg;
- /\entouepeic oplopoi nepi oTpoyyuAlonoinaong, eEalpecewy, K.AM.
* H enwoyn TG avanapdotaong ival KABOPLOTIKN Yia
KAMOLEG ano TIG ano@ACELG
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Karaokeuadbpevol TUtrol

* [1po6oBeTOL TUNOL OL Onoiot opifovTal pe XPAoN TNG
yAwooag

* [lapadeiypata: anaplOpnoeLg, NAEAOEG, NiVAKEG,
OUMPBOAOCELPEG, AIOTEG, EVWOELG, UNOTUMOL, KAL TUMOL
OuUVvapTHOEWV

* [a kKGBe €vav andé auTtoug, undpxeL OTEVR OXEON UETAEU
TOU NWG opifovTtal Ta oUuvoAa oTa PaBnUaTIKA Kal Tou
nwg opifovTal oL 7UrnoL 0TIG YAWOOEG NPOYPAUHATIOHOU
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AtrapiOunoeig (enumerations)

AvatrapdoTaon TINWV MIAG aTTapiOunong

e 2TA HOBNUATIKA PNOPOUKE OPIOOUE €VA GUVOAO ONAWG
HE TNV anapiBunon Twv HeEAWV TOU:
S ={a,b,c}
» [MoAAEG YAwooeg unooTnpifouv TUNOUG anapifunong:

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 vEo TUNO (= OUVOAO TIUWV)
* OpiCouv eniong pa cuAhoyr and OVOUATIOUEVEG
OTOaOEPEG AUTOU TOU TUNOU (= OTOLXEIO TOU CUVOAOU)
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* 'Evag ouvhOng tpdnog avanapdotaong anaplOpnoewv
gival N Xxpnowonoinon HIKpWY aKEPQiwY yia TIG TIHEG

* H avanapdotaon Ynopei va ivat EPPavig otov
NPOYPAUMATIOTAH, 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 atrapiBunoewy

MA&g1adeg (tuples)

* 'EAeyxog 1006TNTAG, QUOIKA:

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

* Edv n “aképala guon” TnG avanapaoTaons Twy
anaplOunoswy givat EPPavig, N YAwooa ouvhBwg
ENTPENEL KANOLEG ano A OAEG TIG AELITOUPYIEG NOU
ENTPENOVTAL OE OKEPAIOUG:

Pascal: for ¢ := red to blue do p(c)

C: int x = penny + nickel + dime;
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* To kapteolavo yIvopeVO dUO A NEPLOCOTEPWY CUVOAWV
opilel ouvoAa and NAEIAdEG:

S=XxY={(xy)|xeXAyeY}
» Kdanoleg yA\wooeg unootnpifouv kabapeg nAEIAdeG:
fun getl (x : real * real) = #1 x;
* [MoANEG GAAeG unooTtnpifouv eyypa@eg (records), nou
gival nAeladeg Ta Nedia Twv onoiwv €Xouv ovouaTa:

struct complex { type complex = {

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

MNapdadeiypa: ANSI C

* H ouviRBng avanapdotaon Twv NAEGdWV €ival Ta Nedia
TOUG va dlaTACCOVTAL TO €Va HETA TO GANO OTH HVAUN

*  AA\G unapxouv NOANEG AENTOUEPELEG:

- Me nouwa ogpg;

- Enwrpénovtal “tpuneg” yia euBuypdppion (alignment) Twv nediwv
(N.X. o€ apPXEC OLAPOPETIKWV AEEEWV) OTH HVAUN;
- Eivai kaTi ané 6Aa autd opatd oTovV NPOYPOAUUATIOTH;
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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 TTAe1GO WYV

Avuopara (vectors)

* En\oyn otolxeiwv, QUOIKA:
C: =x.ip
ML: #ip x
* AMN\eG Aettoupyieg avaloya HE TO Nolo/NdC0o HEPOG TNG
avanapaoTaong €ival EPPAVEG OTOV NPOYPOAUUATIOTH):

C: double y = *((double *) &x);
struct person {
char *firstname;
char *lastname;
} pP1l = {"dennis","ritchie"};
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* Avuopata yvwoTou (oTaBgpou) pKoug:
S=X"={(X, .0, X)) | Vi. X, € X}
* AvUOHOTO QYVWOTOU HAKOUG:
S=X"=UXi

* TUnol OXETIKOL HE TO avUOUATA:

- [livakeg, cupBoAoCEIPEG KAl AIOTEG

- Eival oav 1ig nAetddeg aAAd ouvARBwg €xouv Tov idlo TUno
oTolxeiwv kal NoAAEG napailayeg and yAwooa og yAwaooa

- 'Eva napadetypa diapoponoinong: ocikteg (indices) o€ nivakeg
* [loieg €ival oL TIEG TWV OEIKTWV;

» KaBopiletal To péyebog Twv NivAKwY oTo XpOVo HETAYAWTTIONG A
OTO XPOVO EKTEAEDNG;
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TipEG BEIKTWYV

Mapddeiypa ivaka og Pascal

+ 21n C, C++, Java ka1 C#:

- To npwTo oTOoIKEID EVOG Nivaka a eivat To a[0]
- Ot d¢eikTeg €ival navta aképatotl nou apxi¢ouv and to 0

* H Pascal gival no eueANKTn:
- Mnopei va xpnoiponoinBouv did@opol TUNoL SEIKTWV: AKEPALOL,
XOPAKTAPEG, anaplOunoelg, unodlaoTriuata (subranges)
- O apxkog deikTng KaBopieTal and TOV NPOYPAUUOTIOTH

- O teAIKOG deikTng KaBopileTal eniong and Tov NPOYPAUUATIOTH:
OUWG TO HEYEBOC €vOG Nivaka NPENEL va ival yvwoTo KATA TO
XPOVO HETAPPACNG TOU NPOYPAUUATOG
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type

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

Counts: LetterCount;

begin
Counts['a'] =1
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2XEQINOTIKA OEpATA OXETIKA ME TO AVUO AT

Evwoeig (unions)

* TiL€idoug BEIKTEG UNOPOUV VA £XOUV OL NIVOKEG;

* [lp€nel To p€yeBOC TWV NIVAKWY Va €ival KABoPLoPEVO
KATA TO XpOVO UETAPPAONG;

* Mnopei va aA\&EeL (n.X. enekTaBel) TO PEYEBOG OUVAUIKA;

* Mnopouv oL Nivakeg va €xouv NOANEG BLOOTACELG;

* Eival évag nivakag pe NoAAEG dLaOTACELG LOOOUVANOG HE
€vav nivaka ano nivokeg;

* [wg dlatdooovTal Ta OTOLXEID EVOG Nivaka 0T KUVAUN;

* OLoupBolooelpég €xouv TO OIKO TOUG TUMO A gival
nivakeg and bytes; Yndapxel tunog Aiotag;
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* H €vwon dUo cuvoAwv divel Eva Kalvouplo oUVOAo
S=XuY={z|lzeXvzeY} union
S=X®Y ={(x0)|xeX}u{y,|yeY} sum

* [1ToAAEG YAWOOEG uNooTnNPIiCouV TUNOUG EVWOEWV:

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

};

* H avanapdotaon Twv EVWOEWV UNopEL va givat A pnopei

Va YNV €ivat EQPavAg oTov NPOYPAUHOTIOTH:
sizeof (u) == max(sizeof(u.i) , sizeof(u.d))
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AuoTnpoTNTA TUTTWYV KOI EVWOEIG

Evwoeig xwpig auotnpod cUoTNHA TUTTWYV

* 21nv ML, T0 pévo nou pnopei va KAVOULE O€ Hia €vwon
eival va eEAyOUpE TA NEPLEXOUEVA TNG
« Kat otnv nepintwaon auTr) NPENEeL va NOUUE TL UNOPEL va
YIVEL HE TIC TIHEG EVWOOEWYV BIOPOPETIKWY TUNWV:
datatype element =

I of int |
R of real;

fun getReal (R x)
| getReal (I x) = real x;

|
%
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* 2€ UEPIKEG YAWOOEG Ol AENTOUEPELEG TNG UAOMNOINoNG
TWV EVWOEWV EIVAL ELPAVEIG OTOV NPOYPAUUATIOTH

* 2€ KAMOLEG NEPNTWOELG TA NPOYPAUUATA HNOPOUV VA
EKUETAANEUBOUV TO yeEYOVOG OTL O TUNOG KAMOLAG 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 TIG EVWOEIG;

Y1roouvoAa (subsets)

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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* Mnopoupe va opicoupEe TO UNOCUVOAO NMou opieTalL e
Baon éva katnyoépnua P :
S={xeX | PKX}
+ Kdanoleg yA\wooeg unootnpifouv unotunoug (subtypes),

He Alyn A neploodTEPN YEVIKOTNTA

- Aiyn yevikoétnta: Oplopog unodaotnudtwy otnv Pascal
type digit = 0..9;

- Kapnoon yevikotnta: Oplopog unotunwy otnv Ada

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

- [MoAAA yevikoTnTa: Oplopdg Tunwy otn Lisp peow
KaTnyopnUAaTwyv
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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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MNapdadeiypa: OpIou6G TUTTWY 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 TINWV EVOG UTTOTUTTOU

* 2UuvnRBwg, 0 UNOTUNOG XPNOLLONOLEL TNV D10 ECWTEPIKA
avanapadoTacn YE TOV UNEPTUNO (supertype) Tou

+ Epwtnosiq:

- Mnopei va xpnoiponoinBei kdnowa no “@onvr” avanapdotaon;
IM.x. ot dUo NapakdTw TUNOL XpelAdovTal ToV Blo Xwpo
anoBnkeuong;

X: 1..9
X: Integer?

- Ouunotunot eniBAaAlovTal Kat EAEyXovTal and To HETAYAWTTIOTA;

X :=10
X :=X + 17

Ewoaywyr otoug Tunoug
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AgiTOUpYiEG UTTOTUTTWV

* 2UVvROwG oL ENITPENOUEVEG AEITOUPYIEG Eival OAEG OL
AelToupyieg nou gival SLABECIUES Kal Yl TOV uNEPTUNO

* KaBwg Kat kanoleg AAAEG Nou dev €XOUV TOOO NOAU
vOnua oTov unepTuno:

function toDigit (X: Digit) Char;

Ofua yia neplouAdoyn

‘Evag umotumog ival €va UTTooUVOAO OAwV
TWV TILWV €VOC UTEPTUTIOU, 0AAAG cuvRBwWG
umootnpllel €va uTtEPOUVOAO Ao AELTOUpPYIEG.
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Kdatroia Adyia yia 116 KAAoe€Ig (classes)

* M anod TIG PACIKEG IOEEC TOU AVTIKEILEVOOTPEPOUG
NEOYPOUHUATIOHOU

* Mia kAGon gival €va €idog Tunou: Kanowa dEdoUEVA Kal OL
AELITOUPYiEC TOUG O€ “ocuoKkeuaoia NaKETou”

* M unokAdon €ival €vag unotunog: NePAapBAaveL Hovo
€vVa UNOOUVOAO TWV QVTIKEIMEVWY, OAAG unooTnpidel Eva
UNEPOUVOAO TWV AEITOUPYIWV

* [eploodTepa yla TIG KAAOELG OTIG DIOAEEEIC TWV
YAWOOWV QVTIKEILEVOOTPEPOUG NPOYPAUUATIOUOU
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2uvapTtnoeig (functions)

* To oUuvolo Twv cuvapTHOEWV HE KAMolo Nedio oplopou
KAl TIHWV:

S=D->R={f|domf =DAaranf=R}
* OLneploodTePEG YAWOOEG uNooTnpifouv TNV £vvola TWV
OUVOPTAOEWV:

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

}

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

* Duokd, KAAON OUVaPTHOEWY

* MEXpL OTIYUAG, TO BewpRoape wG dEDOUEVO OTL OL
unoAoLnoL TUNoL HNopoucav va NEPACTOUV WG
NAPAUETPOL, VO ENOTPAPOUV WG ANOTEAECHUATA, VA
avateBouv o€ PETAPBANTEG, K.Am.

* Me TIG ouvapTnoElG OE UNOPOUKE VA TO BEWPAOOUUE WG
0edOWEVO: Ol NEPLOCOTEPEG YAWOOEG dev unoothpifouv
KATL NEPLOOOTEPO and KANon cuvapTtHoewv!
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Xpno1puéTnTa TWV TUTTWV
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Xpno1puéTnTa TWV TUTTWV

* Bonbouv otnv opydvwon Kal TEKUNPiwon NpoypappaTwy
- AlOQOPETIKOL TUMOL YL DLOPOPETIKEG EVVOLEG
» Avanaplotd@vouv €vvoleg anod To nedio Tou NpofARUaATOog
- YnodnAwvouv Tnv NnpoTIBEREVN XPron Twv HETARANTWY
* O1TUNOL HNopPOoUYV va eAeyxBoUV AUTOUOTA KAl Va UEivouv o€
OUHQWVia pe aAAaYEG OTO NPOYPAUUA, OE avTiBean pe Ta
oXOAla
*  YNOdEIKVUOUV KAl aVLXVEUOUV KAMOLoU €i00UG OPAALATA
- O €Aeyxog TUNWV HNopPEi va aviXveuael UNOAOYIOHOUG XwpPIg
onuaooAoyia, 6nwg n.x. 3 + true - "Bill"
* Ynootnpi¢ouv tn BeAtiotonoinon (optimization)
- TMapddelypa: ol short akEpalol anoBnkevovTal oe Alyotepa bits
- Ano@uyn eAéyxou eEalpeoewyv R unepxeillong
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Z@AaAparta TUTTWYV (type errors)

* 'Onwg €idape, €vag Tunog opidetal anod:
- Tpoénoug eloaywynG TIHWV yia ToV TUMNO
- Tpdénoug xpnolonoinong Twv TIWV yia TNV Napaywyr vEwv
TUNWV TPWV
* Kdatw and auto To npiopa
- Kda&Be tUnog ocuoxetidetal pe €va oUVoAo anod Asttoupyieg
(dnAadn, pPe KANOLOUG TEAECTEG)
- KaBe Aettoupyia opietal ndvw o€ oTOLXEIO EVOG CUYKEKPIUEVOU
TUNou (dnAadr|, o€ £va CUYKEKPILEVO GUVOAO TLUWV)
- 'Eva o@dApa tunou AapBavel xwpa 6Tav n Aertoupyia naeL va
€QAPHOOTEL O€ opiopaTa EKTOG TOU NEdiou OpLOpOU TNG
(dnAadn, o€ opiopata dLAPOPETIKOU TUMOU)
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Emionueiwoeig TUTTWV

* [MToANEG YAWOOEG anattouv, 1| TOUAAXIOTOV ENITPENOUV,
ENONMEWOELG TUNWV OE PETABANTEG, CUVAPTINOELG, K.AM.

« XpnowonolouvTtal and ToV NPOYPAUUATIOTH yia TNV
napoxn OTATIKAG NANPOYOPIAG TUNWV OTO OUCTNUA
uAonoinong tng YAWooag

* Ol enonpewoelg ival eniong €va €id0¢ TeKUNpiwong,
Nnou KaBloTtd Ta NPoyPAHATA N0 EUKOAO avVAyVWOIO
and dAAoug

* ME€pog TNG oUVTOENG TNG YAWOOOG ouvhBwG £XEL OXEON
HE TOV OPLOO TUNWY (N.X. *, ->Kal 1ist otnv ML)

Eyyeveig Tutrol (intrinsic types)

* Kdnoleg YAWOOEG XPpNOONOLOUV OVOUAOTIKEG OULPBAOCELG
ylO TOV OPLOUO TWV TUNWV KETABANTWV
- X2e dloAekToug NG BASIC: S$ opilel pa oupporooelpd
- 2e dlaAékToug TG Fortran: I opiel Evav aképalo

* 'Onwg Kat oL pNTEG ENONUELWOELG TUNWYV, OL EYYEVEIG
TUnoL npopnBevuouv Pe NAnpo@opia TUNwv TGO TNV
uAonoinon tng yYAwooag 600 Kal ToV avayvwoTth Tou
npoypAappaTog
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ATTAOG CUUTTEPAOHOG TUTTWV

* OLneploodTEPEG YAWOOEG UAOMOLOUV KANOLEG AMNAEG
HOPYEC CUMNEPACOU TUNWV
* OL0oTaBePEG €XOUV TUNO Nou Kabopiletal OTATIKA
M.x. otn Java: H otaBepd 10 €xeL TUNO int, N 10L €XEL TUMNO long
* OLek@PAOEIG HE TN OEPA TOUG HNOPEL va €XOUV OTATIKA
KaBopl{OEVOUG TUNOUG, NMOU CUUNEPAIVOVTAL EUKOAQ

and Toug TEAEOTEG KAl TOUG TUNOUG TWV OPLORATWY TOUG

M.x. otn Java: €dv o0 a €ival double, TOTE N EKPPOCH a*0 £XEL
TUNo double (0.0)

* H yAwooa ML nnyaivel tTnv napandvw 10€a ota akpa...
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‘EAgyx0Gg TUTTWV: ZTATIKOG KOl OUVOMIKOG
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‘EAgyx0¢ XpOVou HETAPPAONG EVAVTI EKTEAEONG

2TATIKOG EAEYXOG TUTTWYV

* OwyAwooeg Lisp, Prolog, Python, Ruby, ... eA€yxouv Toug
TUNOUG OTO XPOVO EKTEAECNG TOU NPOYPAUUATOC
N.x. otn Lisp o€ pua €kppaon (car x) €AEYXOULE €AV TO x €ival
AloTa nplv NGpoUpE TO car TOU x
* Owyhwooeg ML kat Haskell eAéyxouv Toug TUNOUG KATA
TO XpOVO HETAPPAONG TOU NPOYPAUUATOG
M.x. o€ o KARon £ (x) npEnetva €xoupe £: A — B KAl X € A
* 'Eva and ta kupla “népe-dwoe” Tou oxXedlaopuou YAwoowyv
- Kat ot dUo tpdnol ano@evyouv Ta GEAAUATA
- O duvaukég EAeyX0G KOBUOTEPEL TNV EKTEAEDN
- O oTaTIKOG £AeYX0G NEPLOPICEL TNV EKPPACTIKOTNTA
» Nioteg o€ Lisp: Ta oTtolkeia pnopoulv va £xouv dLa@opeTIKOUG TUNOUG
» Nioteg og ML: 6Aa Ta oTolxeia npénel va £xouv Tov idlo TUno
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* 2TO OTATIKO EAEYXO TUNWV, O TUNOG TNG KABE EKPPAONG
KaBopileTal npv TNV EKTEAECT TOU NPOYPAUUATOC

* O PETAYAWTTIOTAG TUNWVEL PNVUROTA AdBoug oTtav ot
TUNOL NOU €LAYOVTAL OTATIKA TOV KAVOUV VO KOTOAGBEL

KANoLa aCcUVENELD 1) AOUPPWVIa oTn XpHon Twv Tunwv

- 'Ocov agopd oc TeNeOTEG: 1 + "abe"
- 'Ocov agopd og oUVOPTAHOELG: round ("abe")
- 'Ocov agopd og eVTOAEG TNG YAwooaG: if "abe" then ..

* [1OANEG HOVTEPVEG YAWOOEG NPOYPAUUATIONOU £XOUV
OTATIKA (f WG €Ni TO NAEIOTOV OTATIKA) CUCTAHUOTA
TUnwv
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Auvapikég éAeyxog TUTTWYV (dynamic typing)

* 2€ NOA\EG AAAEG YAwoOEeG (n.X. Lisp, Scheme, Smalltalk,
Erlang, Prolog, Python, Ruby, ...), Ta npoypdppata dev
EAEYXOVTAL OTATIKA Yo NBava o@AApaTa TUNnwv

* EA€yxovtal Opwg Suvapka yia TEToloU €idousg OQAApaTa

* Me GAAa AOyLa, KaTA To XPpOVo EKTEAEONG, N UAOMOINON
NG YAWOOOG EAEYXEL OTL TA OPIOUATA TWV TEAEOTWV
eival Tunwv oL onoiot eivat CUPPATOL PE TOUG TEAEOTEG
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Mapdadeiypa: Lisp

Mwa ouvdptnon o€ Lisp nou npooBETeL dUo aplOpoug:
(defun £ (a b) (+ a b))

* Oa gyeipel e€aipeon €Av 0 a ) 0 b dev gival aplBpoi

* KARoelG he opiopata AdBog tunou, n.X. (£ nil nil),

OV UNOdEIKVUOVTAL KATA TO XPOVO PETAYAWTTIONG

e 2TO QUVAMIKO EAEYXO TUNWV TA NAapanavw Aden

NAvoVTaL KATA TO XPOVO EKTEAECNG TOU NPOYPAUHATOG

- Katd kanolo tTpono, oTiG YAWOOoEG e SUVAUKO EAEYXO TUNWV Ol
TUnoL xpnowonolouvtal napandvw and auTEG UE OTATIKO EAEYXO,
OL6TL oL TUNOL NPENEL va EAeYXOOUV KATA TO XpOVO EKTEAEONG

- AuTé onuaivel 6TL N uAonoinon ThG YAwOoOoAG NPENEL va
dlaTNPACEL NANPOYOPIa Yia TOV TUMNO TNG KABE PHETABANTAG
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EK@PaoTIKOTNT

« 21n Lisp, €ivat duvato va ypAwoupue Th cuvaptnon
(lambda (x) (cond ((less x 10) x) (t (car x))))

Kdanoleg XpAOELG TNG ouvApTNOoNG Hnopei va odnynoouy o€
OQAALOTAO TUNWYV, KANOLEG AANEG OHWG OXL

* O oTaTIKOG EAEYXOG TUNWV Eival NAVTA CUVTNPNTIKOG

if (big-hairy-boolean-expression)
then ((lambda (x) .. ) 5)
else ((lambda (x) .. ) nil)
Ag pnopoupEe va ano@aciooupe KATA TO XPOVO HETAYAWTTIONG €AV
Ba undapgel KaGnolo oPAAa TUNOU
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2TATIKOG EAeYXOG TUTTWV £vaVTI OUVAUIKOU

« Aev gival 6Aa donpa f paupa...
* [AWOOEG PE OTATIKO EAEYXO TUNWV NOANEC POPEG

XPNOWONolouv KANoLo QUVALIKO EAEYXO
- IM.x. Adyw ™G UNapEng unotunwy (subtyping),
€0IKA OTIG AVTIKEILEVOOTPEPEIG YAWOOEG NPOYPAUUATIONOU
- TM.x. Aoyw unepQOPTWHEVWY TEAECTWV

* AWOOEG e OUVAUIKO EAEYXO TUNWYV MOAANEG POPEG

XPNOWOMNOLOUV KAMOLO OTATIKO EAEYXO
- Tunotywa (L€pn) NPoYPAUATWY O Lisp, pnopouv va eEayxBouv
HE xprion dnAwoewv TUNWY Kal TONIKOU CUUNEPACOU TUNWVY

- [MoAAoi peTayAwTTIOTEG TNG Lisp xpnoyonolouv tTnv nAnpogopia
QuUTH YO TNV ano@uyr EAEyXwV TUNWV KAaTd TO XPOVO EKTEAECNG
KL Yl TNV napaywyr) KOAUTEPOU (TaxUTEPOU) KwdKA UNXAVAG
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PnToi éAgyxo0l TUTTWV KATA TO XPOVO EKTEAEONG

AuocTnpd Kal aoBevi) CUCTAMATA TUTTWV

+ Kdnoleg yYAWOOEG ENTPENOUV OTOV NPOYPAUUATIOTH va
EAEYEEL TUMOUG KATA TNV EKTEAECT TOU NPOYPAUUATOG:

M.x. n Java entpEnetl Tov EAeyX0 TOU TUMNOU KAMOLOU AVTIKEIMEVOU
HE XPpron Tou TEAEOTH instanceof

M.x. n Modula-3 enmitpénet Tn dlakAadwaon (branch) pe Bdon tov
TUNO KAMOLOU QVTIKEIMEVOU PE XPAON TNG EKPPAONG typecase

* Ta napandvw anattouv TL N NANPo@opia yia TUNoug
givalt napouoa Katd To XpOvo EKTEAEONG, NAPOAO Mou N
YAWOOQ €XEL WG €Ni TO NAEIOTOV OTATIKO OUCTNUA TUNWV
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* H enwdiwgn Tou eA€yxou Twv TUNWV €ival n ano@uyr tThg
EQAPUOYAG TEAECTWV OE OPIOHATA TWV OMNOiwv 0 TUNOG
OEV €XEL VONUA VIO TO CUYKEKPIUEVO TEAEOTH

* 2€Kanoleg yYAwooeg, 6nwg otnv ML kaw otn Java, o
EAEYXOG TUNWV €ival apKETA ELOVUXIOTIKOG Kal
€Cao@aAilel o€ peyadAo Babud to napandvw—AEUE OTL N
YAwooa €xel auotnpd cluotnua Tunwv (strong typing)

* 2€ NOAAEG YAwooeg (6nwg n.x. n C) autd de ouppaivet:
TO oUOTHHA TUNWV gival aoBeveg (weak) kat daTpnTo

- AUTO napExel euelEia oTOV NPOYPAUUATIOTH
- AM\G dev NPOCPEPEL APKETH) AOPANELD
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2XETIK ACQAAEIN TUTTWV TWV YAWOCOWV

EpyaAcgia oTATIKAG AVAAUONG TTPOYPANMNATWYV

Mn ac@aleic: H oikoyévela BCPL cupneptA\apBavopEvng
™G C kKaiL tng C++

- “Youlounwpata” Tunwv (type casts), aplOunTIKr| pe dEIKTEG, ...

Mepinou aoc@aleic: H oikoyévela tng Algol, Pascal, Ada

- ZEKPEUOOTOL OEIKTEG
+ Ag&opeuoe €va OEikTn p 0€ €vav AKEPALO, ANOOECTUEUOE TN UVAKN NOU
O€ix Vel 0 p, KOL OTN OUVEXELQ Xpnolonoinae tnv T nou dgixveL o p

» Kapia yAwooa pe pnth anod€opeucn Uviung dev npoo@EpPeL NARPN
ac@aiela Tunwy!

Aogaleic: H oikoyévela tng Lisp, n ML, n Smalltalk, kat ot

Java, C#

- Lisp, Smalltalk, Prolog, Erlang, Ruby: yAwooeg duvauikwy Tunwv
- ML, Haskell, Java, C#: yA\wooeg otatikwy TUnwyv (statically typed)
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* ToOMEAG PE APKETR EPEUVNTIKI dpaoTnpdTNTA NPdcPaATa
- Lint, Purify, Coverity, PreFix, PreFast, Dialyzer, Valgrind, ...

» AUo katnyopieg avadAuong
- ZuvTnpnTtikeég (= Sound for correctness)
* Edv n avaluon net 611 To Nnpoypappa eival owotod, TOTE gival
* Edv n avaluon net “Ox1 owoTtd”, Unopei va pnv undpyouv Adon
- Mn ouvtnpnTikEG (= Sound for errors)
* Edav n avaluon net “owotd”, To Npdypappa pnopei va givat
E0QOALEVO
* Edv n avdAuon Bpet Kanoto npoBANpa, TOTE OVTWG UNdpxEL
Kanow “avwpaAia ” oto npdypappa
- M KaAUTEPN KATNYOPLONOoiNon, KATA T YVWWN Hou:
* ZuvTnpntikd epyaleia xpeldlovtal yia anodeEn opboTNTOG
* Mn ouvtnpnTIKa epyaleia yia eupeon o@aipdtwy (bug finding)
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OfpaTta I00dUVANIag TUTTWYV
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looduvapia TOTTWYV

* [16TE dUO TUNOL BEWpouvTal idlot;

* 2NHUAVTIKA €PWTNON TOOO YIa TO OTATIKO 600 KAl yIa TO
QUVOULIKO EAEYXO TUNWV

* o napdadelypa, n YAwooo HNOPEL va ENTPENEL HIA
avabeon a := b pévo €dv n HeTaBANTA b €xel “Tov 010’

TUNo YE TNV a
*  AlOQOPETIKEG YAWOOEG Opiouv TNV LOOBUVAUIa TWV

TUNWV PE OLaQOPETIKOUG TPONOUG
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looduvapieg TOTTWV

Mapddeiypa iIcoduvapiag TUTTWV

* looduvapia ovépatog (name equivalence): dUo TUnot
eivat idlotl av Kat povo av €xouv To idlo évoua

» |looduvapia dopng (structural equivalence): duo Tunol
givat idlot av Kat HOvo av £Xouv NPoKUYEL and Toug dloug
NPWTAYOVOUG TUNOUG HE XPHon TNG idlag oelpdg idlwv
KATAOKEUQOTWY TUNWV

* (Ounapandvw, dev €ivat oL pévol TPONoL OpLopoU TNG
LOOBUVAIaG aAAG €ival oL No EUKOAOL va €€nynBouv.)
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type irpairl = int * real;
type irpair2 = int * real;
fun f(x:irpairl) = #1 x;

* T1B8a oupBei edv NnEPACOULE WG OPLOMa OTNV £ pa
NAPAUETPO TUNOU irpair2;

- Hooduvapia ovopaTog dev TO ENTPENEL irpair2 Kal irpairl
givat dloQopeTIKG ovopaTa

- Hooduvapia dopAG To entTpénel: oL TUNOL KOTAOKEUAZOVTAL pIE
Tov idlo Tpdno

* 2Tnv ML enttpéneTtat: n YAwooa unootnpilel Looduvapia
doung
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Mapdadeiypa iIcoduvapiag TUTTWV

2UMTTEPOACHATIKA

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

* T1B8a oupBei edv npoonabriooupEe va avaBECOUE TOV

nivaka Countsl OTOV NivoKa Counts2;

- H woduvapia ovopaTtog dev TO ENTPENEL OL TUNOL TWV NIVAKWY
Countsl Kal Counts2 dgv €xouv Ta idla ovouata

- Hooduvapia dopAg To entTpEnel: oL TUNOL KATAOKEUAZOVTAL LIE
Tov dlo Tpdno

* Ol negploodTEPEG UAONOLAOELG TNG Pascal dev enttpEnouy
TNV napandvw avadeon
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* Ot TtUnot nai¢ouv onUAvTIKO POAO O€ NOANEG YAWOOEG
NPEOYPOUUATIOHOU
- lNa v opydvwon Kat TNV TeKUnpiwon evog npoypappaTos
- lNa v anoguyni 6QAAUATWY AOYIOULKOU
- lNa v napoxn nAnpo@opiag 0To PETAYAWTTIOTH TNG YAWOOOG
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BaoIKA £pwTNON YIA TA CUCTAMOTA TUTTWYV

* [1600 PEPOG TNG avanapacTaong KAVEL TO cUOTHUA
TUNWV EUPAVEC OTOV NPOYPAUMATIOTH;
- Mepikoi npoypappaTIOTEG NPOTIOUV YAwooeg oav Tn C, dL0TL
* Mpoo@épouv Tn duvaToOTNTA Yo an’ euBeiag NnpoongAaon ot

AenTopepr avanapaoTaon Twv TUNwv OTav yla KAnolo Adyo
auTo gival eMBuPNTo
- Mepikoi Aol npoTipolv yAwooeg oav Tnv ML, d16TL

* KpuBouv TG AenTopEPELEG TNG UAONOINONG TwV TUNWV Kal

* Mpooyépouv “kaBapoug” TPONoOUG XpnoyLonoinong
0€OOMEVWY NOU EMNTPENOUV TNV AvANTUEN NPOYPOAUUATWY
XWwpIig oaApata kanotou €idoug, Kat SLIEUKOAUVOUV TNV
anédegn ™ng opbSTNTAG TOUG
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