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T elvait oL TUTTOL;

* 'Otav opiCoupe OTL pa LETABANTH €XEL VO OUYKEKPILEVO
TUNo, dnAwvoupe OTL oL TIEG TNG HETABANTAG Ba gival
NAVTA OTOLXEIO TOU OUYKEKPIUEVOU GUVOAOU

int n;

* Apa €vag Tonog givat €va oUvoAo and TIHEG
- MOU €XOUV MO CUYKEKPILEVN KOV avanapdotaon

- Kal pia cuA\oyr) and AelToupyieg nou Hnopouv va eQappooTouV
O€ QUTEG TIG TIHEG

* To nola ouvoAa BewpouvTal A dev BewpouvTal TUnol
etaptatal anod Tn yaAwooa
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Mola eivat n xpnowotnta Twv TUNwv;

ZPpAaApata TUNWV

* Tekunpiwon NPOYPOUUATWY NOU EAEYXETAL UNXAVIOTIKA
(machine-checked documentation).

- n.X. Tt pnopoUpe va kataAdBoupe otnv ML yia éva npdypappa pe
TUNo (int -> bool) -> int list -> bool list

- QUTOMATOG €AEYXOG OTL OL TUMOL NAPAUEVOUV E£YKUPOL LETA and
aA\ayEg (refactoring)
* AoQaAela

- OLAELTOUPYiEG NOU pNopouUV va EQAapHooToUV oTa dedopEva eival
HOVO aUTEG Nou €ival OPLOPEVEG YIa TOV TUMO TOUG

- OnoQuyr KAMowyv Katnyopuwy oQaAPATWY KATA TNV EKTEAECN
* Taxutnta

- type-specific optimizations

- ano@uyr SUVOIKWY EAEYXWV (OTATIKA CUCTAMATA TUNWV)
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* 'Evag tunog opi¢etal ano:
- Tpdnoug KaTaoKEUAG TIHWV TOU TUMNOU

- Tpénoug xpnoonoinong Twy TIHWVY yia TNV napaywyr vewv
THWV

* Kdbe Tunog ouoxeTieTal pe €va oUVOAO anod AEITOUPYIEG
(TENEOTEQ)

* Kdbe Aettoupyia opietal ndvw O€ OTOLKEIA EVOG
OUYKEKPIUEVOU TUMOU

* 'Eva o@dApa TUnou AapBAavel xwpa 0Tav Jia Asttoupyia naet
Va EQAPHOCTEL OE OpioUaTa EKTOG TOU NEDIOU OPLOPOU TNG
(®nAadn, o€ opiopaTa OLOPOPETIKOU TUMNOU)
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Eidn ocvotquatwv tunwv Eidn ocvotiuatwv tunwv

* 200TNMa TUNWV: To oUVOAO KavOVwy Nou KaBopilel Nwg ot
2TATIKG oUOTHUa
Tonwv

Auvapiké ouotnpa
Tonwv

TUNoL 3EBOUEVWY XpnOolonolouvTal Kat aAANAendpouyv o€
ML YAWOOO NPOYPAUUATIONOU

* 2TaTtiKé ) OUVANIKO

- ZTOTIKO: OL TUMNOL EAEYXOVTAL NPLV TNV EKTEAEDT], KATA TO XPOVO

HETAPpPOONG
* M.X O€ Ya KARon £ (x) npéneLva €xoupe £: A — B KAl x: A

- Auvapikd: ol TUnot EAEyXovTal KOTA TNV EKTENEON
* loxup6 r aocBeveg
- loxupo: Ot tunot Twv dedopéEvwy TNPOUVTAL QUCTNEJ, Kal Ol
QUTOMATEG HETATPONEG Eival NEPLOPIOUEVEG.

- AoBeveg: Entpeénel neploodTEPEG QUTOUATEG HETATPONEG TUNWY,
aKOUA Kal av 08nyouv o€ anpOPAENTEG CUUNEPIPOPEG.

ML, Java, Rust, Haskell, Go,
Scala, ...

LISP, Python, Ruby, ...
loxup6

C, C++ JavaScript, Perl, PHP

AoOevég
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ZTatiko Vs Auvapiko cuotnpa Tumwv MNapddetlypa: ITaTKA cucTANOTA TUTIWV

Auvapiko

Mo gvéNikTo

ML (toxupd)

AnayopeUeL TIG OLWNNPEG HETATPONEG

C (aoBeveg)

Entpénel ownnpég petatponég TUnwy, nou

2TATKO

AVayKaoTIKG CUVTNPNTIKN NPOOEyYIon

- To napakdtw npdypapua ML dev Ba - To napakdtw npdypappa Python Ba Tonwv unopei va odnynoouv oe anpoBAenTa

HETOYAWTTIOTEL, NAPOTL N EKTENEGN TOU TPEEEL KAVOVIKA anoTeAEOHATO.
Oev Ba odnyouTtav o€ GEAALA
(40 if True else "hello!") + 2
(if true then 40 -5+ 5.1; int main() {

else "hello!") + 2 TaxUTepn ypogr K@3lka stdIn:1.2-1.9 Error: printf("$d\n", 3 + 'a');
Auvopikoi €AeyXoL KaTd TNV eKTENEON operator and operand do printf("$£f\n", 3 + 'a');
O tUnog NG KABe £kPpaong kabopiCeTat Katd To Xpovo ekTEAEONG, N uAonoinon g not agree [overload - bad printf("%c\n", 3 + 'a');
L, L, 3 3 3 3 " " 1 ] .
NPW TNV EKTEAEDN TOU NPOYPAPUATOG YADOOAG EAEYXEL OTL TA 0PIOUATA TWV instantiation] printf("%$s\n", 3 + 'a');
. . . . . — + " n ;
[e) uSTGV}\m‘rTl(JTr']q TUNWVEL HﬁVUHG 7\("190UQ TEAEOTWV €ival TUNWV ot onoiot givat tZI 1a2 1.9 E & 0
: : n:1.2-1. rror: r rn O0;
av avixveUOEL KAMNoIa GOUVENELA OTOUG oupBatol e TOUG TEAEOTEG S © etu
operator and operand do }

TUnoug
Aly6TEPQ OPAALATA EKTEAEONG
Taxotnta (AtydTepoL SUVapIKOi EAEYXOL KATA

TNV EKTENEON)
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not agree
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> ./a.out
100

0.000000
ol
[1]

22734 segmentation fault




Nopadetypa: AuvapLlkd cUCTHHOTA TUTTWV

Python (1loxup0) JavaScript (a00evEQg)

AnayopeUel TIG OLWNNPEG LETATPONES
LYY unopei va 0dnyrioouv og anpoBAenta
anoteAéopaTa.

print ("The answer is")
print(4 + '2"')

console.log('5' + 2);
console.log(2 + '5"'");
console.log('5' - 2);
console.log('10' * 2);
console.log('hello' * 2);

> python3 test.py
The answer is

Traceback
last):
File "test.py",

<module>

print(4 + '2")
TypeError: unsupported operand
type(s) for +: 'int' and 'str'

Ewoaywyn otoug TUnoug

Entpénel ouwnnpég petatponég Tunwy, nou
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Katnyopisg tunwv
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Mpwtoyovol Kat KAtooKeUa{OLEVOL TUTIOL

« Kd&Be TUnog nou pnopei va xpnotonotndsi aAd de
Hnopei va oplotei and €va npdypappd pag YAwooag
givat évag npwtdyovog TUnog TNG YAWooaGg

- Mpwtdyovortunot tng ML: int, real, char

- 'Eva npdéypappa ML 8 pnopei va opioel €vav TUno nou va
OOUAEUEL 0aV TOV NPOKABOPLOUEVO TUNO int

« Kd&Be TUnog nou pnopei va oplotei and €va npoypappa
(ne Bdon npwtdyovoug ) AdN opLOPEVOUG TUMNOUG) €ival
€vag KataokeualOuevog tunog

- T.x. KataokeualOpevog Tunog otnv ML: int list

- OpiceTtal pe xprion Tou NpwTOYyovou TUMNOU int KAl TOU
KATAOKEUAOTH TUNWV list

Ewocaywyn otoug Tunoug
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Mpwtdyovol tumnol

* O oplopog NG KAGBE YAWooag eival auTtog nou kabopilel
notot ivat NPpwTOyovol TUNOoL TG YAWooag
+ Kdanoleg yAwooeg opifouv Toug NpwTtdyovoug TUNOUG nio
auoTnPAa and KANoleG AAAEG:
- T.x. n Java opiel TOuUG NPWTOYOVOUG TUNOUG ENAKPLBWG
- Ano6 tnv GAAn peptd, n.x. n C katn ML agrjvouv kanota nepbwpla

€\eubepiag oTov OpLIopd TV NPWTOYOVWY TUNWV HETOEU
OlOQOPETIKWY UAOMOINCEWV TNG YAWOTAG
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Nopdadetypa: mMPwWTOYovoL TUTOL OKEPALWV Ofpata oxedracpou

(OH Java: _ * 2€ Nola OUVOAQ QVTIOTOLXOUV Ol NPWTOYOovOL TUNOoL,
cha::: signed char byte (1-byte S'gn_ed) - Tieival pEpog Tou OpLopoU TNG YAWOOOG, TL ENAPIETAL OTN
unsigned char char (2-byte unsigned) OLAKPITIKA EUXEPELQ TNG UAOMOINONG TNG YAWOOAG;
short int short (2-byte signed) - Edv xpelootei, nwg pnopei éva npdypappa va avakaAUyel
unsigned short int int  (4-byte signed) TTANPOPOPIEG OXETIKEG LE TA UEAN TOU OUVOAQU;
int unsigned int long (8_byte S|gned) . (INT_MAX otn C, Int.maxInt otnv ML, ..)
long int Scheme: T AetToupyieg unootnpifovTal Kot NWG;
unsigned long int integer - AenTopepeig opopol nepi oTpoyyulonoinong, eEalpEoewy, K.Am.
long long int AKE “ , y . i , , ,
unsigned long long int KEPALIOL ArnePou EUupoug - H 8I'Il7\OVI’] NG avanapactaong evat KGBOplOTlKI’] Yy

Aev unapxel NPOKaBOPLOPEVN Haskell: KAMNoLEG Ano TIG anogaacelq

uAonoinan, aAAd ot “peyoAlTepol” Int (4-byte signed)

TUNOL NPENEL VA £XOUV TOUAAXIOTOV

: : \ Integer (“Gnepo” evpog)
TO €UPOG TWV “UKPOTEPWV” TUNWV
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Kataokevaldpevol tumnot AnaplOpnosic (enumerations)

* [Mpo6oBeTol TUNOL OL onoiol opifovTal UE XPAON TNG * 2TO HOBNUOTIKA HNOPOUKE OPIOOUHE EVa OUVOAO NAWG
yAwooag HE TNV anapiBunon Twv HEAWV TOU:

* [lapadeiypata: anaplOpnoelg, NAEIAdEG, Nivakeg, S = {a,’ b, C}
OUHPOAOTEIPEG, MOTEG, EVWOELG, UnoTunol, Kat Tunot « TMoANéG YAWOOEC unoaTnpPifouv TUNOUG anapiBpnong:
OuvapTHOEWV

C: enum coin {penny, nickel, dime, quarter};
* [ kGBe €vav and auTtoug, UNAPXEL OTEVA OXEON HETAEU TypeScript: enum Color { Red, Green, Blue }

TOU NWG opiovTal Ta oUvoAa oTa HaBnNUOTIKA KAl TOU ML: datatype day =M | Tu | W | Th | F | Sa | Su;
Nwg opiCovTal oL TUr7oL oTIG YAWCOEG NPOYPAUUATIONOU
* OpiCouv éva vEo TUNO (= OUVOAO TIHWV)

* OpiCouv eniong pa cuAAoyn and OVOUOTIOUEVEG

oTaBePEG AUTOU TOU TUMNOU (= OTOLXEID TOU OUVOAOU)
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Avarnopdotoon TLHWV Jog arnapibpnong

Aettoupyieg anaplOpRoswv

* 'Evag ouvning tpdénog avanapdotaong anaplOprocwy
€ival n xpnowonoinon HIKPWY aKEPAiwY YA TIG TIHEG

* H avanapdaotaon pnopei va givat ELQavng otov
NPOYPOAUHATIOTH, 6nwg n.xX. 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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* 'EAeyxog 106TNTAG:

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

* Edv n “aképaila @uon” TG avanapdaotaong Twy

anaplOunoewy givat epavig, N YAwooa ouvnbwg
ENTPENEL KANOLEG and A OAEG TIG AEITOUPYIEG NOU
ENTPENOVTAL OE OKEPAIOUG:

C: int m = penny + nickel + dime;
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MAswadeg (tuples)

Avamnopaotocn Twv MAELAdwv

* To KapTeoLavo YIVOUEVO BUO A NEPLOCOTEPWY OUVOAWV
opidel cuvoAa and NAELGdEG:
S=XXY={(xy|xeXAye?}
+ Kdanoleg yAwooeg unootnpifouv apLyeic NnAEddeG:
fun getl (x : real * real) = #1 x

* [1oAEG GAAeG unooTtnpifouv eyypageg (records), nou

gival nAeladeg Ta Nedia TwV ONoiwv €X0UV OVOUOTA:
ML type point = {

X : real,
y : real

C: struct point {
double x;
double y;

}; }

fun getip (p : point) = #x p
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* H ouvnBng avanapdotaon Twv NAEGdwy eival Ta nedia
TOUG va dLlATACOOVTAL TO €va HETA TO GANO OTN UVAUN

*  AAAG undpxouVv NOAAEG AENTOUEPELEG:

- Me nowa ogipg;

- Emtpénovtal “tpuneg” yia eubuypappion (alignment) Twv nediwv
(n.X. o€ apXEG BLAPOPETIKWY AEEEWV) OTN KVAMN;

- Eivai kati ané 6Aa autd opatd GTOV NPOYPAUUATIOTH;
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Noapadetypa: 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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Aewtoupyieg mAeLAdwv

« En\oyn otouxeiwy:

C: a.x
ML: #x a

* AMNAeG Aettoupyieg avaloya e TO Nolo/ndco HEPOG TNG
avanapdoTaong €ival EUPAVEG OTOV NPOYPAUUATIOTH:

C: struct point p = {1.1, 2.2};

printf("p = (%£, %f)", *((double *) &p)
, *((double *) sp + 1));
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Avuoparta (vectors)

* AvUopata yvwoTou (oTaBgpou) HAKOUG:
S=X"={(x,..x,)| Vi x;€ X}
* AvUopaTa ayvwoTou HAKOUG:
S=X"=UX!

* TUnol OXETIKOL PE TO AVUOUOTA:

- [ivakeg, CUPBOAOOEIPEG Kal AiOTEG

- Eivair oav 1ig nAe1ddeg aAAG ouvhRBwGg €xouv Tov idlo TUno
OTOIXEIWV KAl NOAEG napaAAayEG and YAWooa o€ YAWooo

- 'Eva napdadetypa dlagoponoinong: dsikteg (indices) o€ nNivakeg
* [loleg ival oL TIHEG TwV DEIKTWY;

+ KabBopidetal To pEyebog Twv NVAKWY 0TO XpOVO PETAYAWTTIONG A
OTO XPOVO EKTEAEONG;

Ewoaywyn otoug TUnoug 24

IXESLOOTIKA OEpOTO OXETIKA KE TAL AVUCLOTOL

* TLeidoug dEIKTEG HNOPOUV va €XOUV Ol NIVOKEG;

* [Mp€neL To PEYEBOG TWV NIVAKWY VA €ival KOBOPLOPEVO
KaTd TO XpOVO PETAPPAONG;

* Mnopei va aAAGgel (n.X. eneKTaBEel) TO HEYEBOG OUVALLKA;

* Mnopouv ot Nivakeg va €xouv NOAANEG DLAOTAOELCG;

* Eival €vag nivakag pe NOANEG BLOOTACELG LOOBUVALOG UE
€vav nivaka anod nivakeg;

* [Mwg dlatdooovTal Ta OTOLXEIO EVOG NivaKA OTN UVAKN;

* Ol OoupBOAOCELPEG €XOUV TO BIKO TOUG TUMNO 1) €ival
nivakeg anod bytes; Yndapxel tunog Aiotag;
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Evwoelg (unions)

Newtoupyeieg evwoewv

* H €vwon dUo cuvoAwv divel Eva Katvouplo cUVOAO
S=XUY={z|zeXvzeY} union
S=XUY={x0|xeX}u{O, )|yeY} sum(taggedunion)
MoAAEG YAwOOEG unooTnpifouv TUNOUG EVWOEWV:

ML: datatype element =
I of int |
R of real

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

* H avanapdotaon Twv EVWOEWV UNOPEL va €ival A pnopei
Va MV €ival ERYAaviG o0ToV NPOYPOUMATIOTH
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* 21NV ML, pnopoupe va eA€yEoupe To tag TNG €vwong
(M€ow Taiplaopa NPOTUNWY) Kat va €EAyOUpE TA
0edopEVQ.

* H avanapdaotaon ivat adla@aving 0ToV NPOYPARUATIOTH

datatype element =

I of int |
R of real

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

|
%

real x
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EVWOELS XWPLE avoTtnpo ocUoTNHA TUTIWV

TuAégL n ANSI C yLa TIG EVWGELG;

* 2€ UEPIKEG YAWOOEG Ol AENTOPEPELEG TNG UAONOINONG
TWV EVWOEWV EIVaL ELPAVEIG OTOV NPOYPAUUATIOTH

* 2€ KANOLEG NEPINTWOELG TA NPOYPAUMATA HNOPOUV VO
EKUETAAAEUBOUV TO YEYOVOG OTL O TUNOG KAMNOLIOG TIUAG
XaveTtat:

union element {
int 1i;
double d;

};

sizeof (element) ==
max (sizeof (int) ,sizeof (real))

union element e;
e.i = 100;
double x = e.d;
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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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Zuvaptnoelg (functions)

Aewtoupyieg cuvaptRoEWV

* To oUvoAo TwV CUVAPTACEWYV E KANOLO NEDIO OPLOOU
KOl TIWV:

S=D-—>R ={f|domain(f)=D Arange(f) =R }
* OLneploodTEPEG YAWOOEG unootnpifouv Tnv €vvola Twv
OUVAPTACEWV:

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

ML: fun f(a:char, b:char) = (a = b)
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* KAAon ouvapTAoEWY

* MExpL OTIYUNG, TO Bewproape wg dEOOUEVO OTL OL
unoAotnotL TUNoL KNopoucayv va NEPACTOUV WG
NAPAUETPOL, VA ENOTPAPOUV WG ANOTEAEOHATA, VA
avateBouv o€ PETABANTEG, K.AM.

* Me TIG ouvapTAOELG OE PNOPOUE VO TO BEWPOOUNE WG
0eDOUEVO: OL NEPLOCOTEPEG YAWOOEG dEV unooTnpifouv
KATL NEPLOCOTEPO and KARON cuvapTHoewy!
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YroouvoAa (subsets)

Avamnopaotoon TwWV TLULWV EVOG UTTOTUTIOU

* Mnopoupe va opicoupEe TO UNOOUVOAO Nou opileTal ue
Baon €va katnyoépnua P :
S={xeX| Px)}
+ Kdanoleg yA\wooeg unootnpifouv unotunoug (subtypes),

HE Alyn 1 NEPLOOOTEPN YEVIKOTNTA

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

- Kaunoon yevikotnta: Opiopdg unotunwv otnv Ada
subtype DIGIT is INTEGER range 0..9;
subtype WEEKDAY is DAY range MON. .FRI;

- MoMA\A yevikéTnTa: Oplopég tunwy otn Lisp peow
KaTnyopnHaTtwy
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* 2UVABwWG, 0 UNOTUNOG XPNOLOMNOLEL TV BlO ECWTEPLKN
avanapaoTacn PE Tov unePTUNo (supertype) Tou

+ EpwTthoec:

- Mnopei va xpnouonoinBei kdnow no “@eénvA” avanapdotaon;
M.x. ot U0 NnapakdTw TUNOL XpewdlovTal Tov idlo XWwpo
anobnkeuong;

X: 1..9
X: Integer?
- Outunotunot eniPBaAovTal Kat EAEyXOVTaL ano TO LETAYAWTTIOTH);
X :=10
X :=X + 17

Ewoaywyn otoug TUnoug 37




Aewtoupyieg unotunwy

* 2UVABWG oL ENTPENOPEVEG AELTOUPYIEG Eival OAEG OL
AelToupyieg nou gival dlaBETIPEG Kal Y TOV UNEPTUNO

* KaBwg kal kanoleg GAAEG nou devV €X0UV TOCO NOAU
vOnua otov unePTuno:

function toDigit (X: Digit) : Char;

Ofpa yia neptouAdoyn

Kdmnowa AdyLa yia tig KAaoei (classes)

‘Evag umotuTog lval €va UTTooUVOAO OAWV
TWV TLLWV EVOG UTtEPTUTIOU, aAAAG cuvBwWC
urtootnpilel Eva uTEPOUVOAO Ao AELTOUPYLEG.
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* M and TIG BAOIKEG IOEEC TOU AVTIKEILEVOOTPEPOUG
NPOYPAUUATIOHOU

* Mia kAGon gival €va €idog Tunou: Kanola dedopEva Kat ot
AELITOUpYiEG TOUG O€ “OuoKeuaoia NAKEToU”

* M unokAdon gival €vag unoTtunog: nepAapBavel povo
€va UNooUVOAO TWV QVTIKEIMEVWY, AAAG unooTthpilel €va
UNEPOUVOAO TWV AELTOUPYLWV

* [leploodtepa yia TIG KAAOELG OTIG BIAAEEEIG TWV
YAWOOWV QVTIKEILEVOOTPEPOUG NPOYPAUHATIOHOU
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ZpaApata tunwv (type errors)

* 'Onwg eidape, Evag Tunog opifetal ano:
- Tpoénoug elcaywyng TIHWVY yia Tov TUno
- Tpdnoug xpnoWonoinong Twy TIWV yia TNV Napaywyr véwv
TUNWV TIWV
* Kdatw and auto To npiopa
- Kdb6e tUnog ouoyetietal pe Eva oUVONO anod AsLToupyieg
(5nNAadr], Ue KANOLIOUG TEAEOTEG)
- Kdbe Aettoupyia opileTal NAvw 0€ OTOLXEIO EVOG OUYKEKPLUEVOU
TUNou (dnAadr, o€ €va CUYKEKPIUEVO GUVOAO TILWVY)
- 'Eva o@dApa tonou AapBavel xwpa 6tav n Asttoupyia ndet va
€QAPUOOTEL 0€ opiopaTa eKTOG TOU Nediou OplopoU TNG
(5nAadn), o€ opiopaTta SLOPOPETIKOU TUMOU)

EMLONMUELWOELS TUTWV

* [MToAAEG YAWOOEG anattouv, A TOUAAXIOTOV ENITPENOUY,
ENONPEWOEIG TUNWV OE HETABANTEG, CUVOPTINOELG, K.AM.

« XpnowonowouvTtal and ToV NPoypPaUUaATIOTA yia TNV
NapoxnA OTATIKAG NANPOYOPIAG TUNWY 0TO CUCTNUA
uAonoinong tTng yAwooag

* O enonpewoelg gival eniong €va €idog Tekunpiwong,
nou KaBloTd Ta NPoypPAUUaATA N0 EUKOAO avay VOO
and GAAOUG

* ME€pog TNG oUVTOENG TNG YAWOOOG CUVABWG €XEL OXEDN
HE TOV OPLOMO TUNWV (N.X. *, => Kat 1list otnv ML)
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ATIAOG CUUMEP LGOS TUTIWV

* OLNePLOOOTEPEG YAWOOEG UAOMOLOUV KAMOLEG ONAEG
HOPYEG oUMNEPAOHOU TUNWV
* OL0TaBepPEG €XOUV TUNO NOU KABopIleTal OTATIKA
M.x. otn Java: H otaBepd 10 €xeL TUNO int, N 10L €XEL TUNO long
* OL eKQPAOEIG PE TN OEPA TOUG UNOPEL va €XOUV OTATIKA
KaBoplldpevoug TUNOUG, NOU CUMNEPaivovTal EUKOAa

anod TOUG TEAEOTEG KAl TOUG TUMNOUG TWV OPLOUATWY TOUG

MN.x. otn Java: €dv o a €ival double, TOTE N EKQPACN a*0 £XEL
TUNO double (0.0)

* H yAwooa ML nnyaivel tTnv napandvw 0€a ota akpa...
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‘EAgyX0G TUMWV: ZTATIKOG KOl SUVOLLKOG
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‘EAgy)0G XpOVOU peTAPPOONG EVAVTL EKTEAECNG

* Ow1yAwooeg Lisp, Prolog, Python, Ruby, ... eA€yxouv Toug
TUNOUG 0To XPOVO EKTEAECNG TOU NPOYPAUHATOG
M.x. otn Lisp o€ pa €k@pacn (car x) €AEyXOUUE €AV TO x €ival
AioTa nplv NAPOUE TO car TOU x
* Owtyhwooeg ML kat Haskell eA€yxouv Toug TUNOUG KATA
TO XPOVO HETAPPAONG TOU NPOYPAUUATOG
M.x. o pa kKAfon £ (x) npénetva €xoupe £: A — B KAL x : A
* 'Eva ano ta kupla “ndpe-dwoe” Tou OXEQLAOHOU YAWOOWV
- Kat ot dUo tpdnol ano@elyouv Ta GQAAUATA
- O duvapkog €AeyxoG KaBuaTEPEL TNV EKTEAEDN
- O otaTikég €AeyXog neplopilel TNV EKPPACTIKOTNTA
+ Nioteg o€ Lisp: Ta oTol eia pnopouv va £X0uV dlagopeTIKOUG TUNOUG
* Nioteg og ML: 6Aa Ta oToixeia npénet va £xouv Tov idlo TUno
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ZTATLKOG EAEYXOG TUTTWV

* 2TO OTATIKO €AEYXO TUNWYV, O TUNOG TNG KABE EKPpPaonG
KaBopileTal npv TNV EKTEAEON TOU NPOYPAUUOTOG

* O PETAYAWTTIOTAG TUNWVEL pnvupata AdBoug otav ol
TUnNoL Nou €€AayovTal OTATIKA TOV KAVOUV va KaTaAdBel

KAnola acuveENEeLa | acup@wvia otn XpRon Twyv Tunwv
- 'Ocov agopd o TeEAeOTEG: 1 + "abe"

- 'Ocov agopd ce ouvapTroelG: round ("abe")

- 'Ooov agopd o€ eVTOAEG TNG YAwOOOG: if "abe" then ..

* [1OA\EG HOVTEPVEG YAWOOEG NPOYPAKUATIOUOU £XOUV
oTaTKa (f wg €ni To NAEIOTOV OTATIKA) CUCTAMATA
Tunwv
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Avvopkog €Aeyxog tumwv (dynamic typing)

ZTATLKOG EAEYXOG TUTWV EvavTL SUVALKOU

* 2€ NOAANEG AAAeG YAwooeg (n.x. Lisp, Scheme, Smalltalk,
Erlang, Prolog, Python, Ruby, ..), Ta npoypdupata dev
EAEYXOVTAL OTATIKA Yo NiBava o@AApaTa TUNWY

* EAEyxovTal OpwG SUVAULKA Y TETOLOU €I00UG OQAApATA

* Me GAAa AOyLa, KATA TO XPOVO EKTEAEONG, N UAoMoinon
NG YAWOOOG EAEYXEL OTL TA OPIOUATA TWV TEAECTWV
€ival Tunwv oL onoiot givat CUPPBATOL PE TOUG TEAEOTEG
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+ Agv gival 6Aa donpa A paupa...
* [AWOOEG PE OTATIKO EAEYXO TUNWV MNOANEG POPEG

XPNOLONOLOUV KAMOLO QUVAULKO EAEYXO
- IM.x. Adoyw TG UNnapéng unotunwy (subtyping),
€0IKA OTIG AVTIKEUEVOOTPEPEIG YAWOOEG NPOYPAUUATIOHOU
- M.x. Aoyw unepPOPTWHEVWY TEAECTWV

* [AWOOEG PE DUVALLKO EAEYXO TUNWV NOAAEG POPEG

XPNOLONOLoUV KAMNOLO OTATIKO EAEYXO
- Tunot yia (L€pn) NpoypappdTwy o€ Lisp, pnopouv va egaxbouv
HE xprion dnAwoewyv TUNWVY Kal TONIKOU CUUNEPACHOU TUNWV
- oMol peTayAwTTIOTEG TNG Lisp xpnowonolouv TV NANpo@opia
AUTH YO TAV ano@uyr EAEYXWV TUNWV KATA TO XPOVO EKTEAECNG
KOl yla TNV napaywyr KOAUTEPOU (TaxUTEPOU) KWOLKA NXaviG
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Pntot éAgyxol TUMWV KOTA TO XPOVO EKTEAEONG

Auotnpa kat acBeviy cvotpata TUTwWvV

* Kdanoleg YAWOOECG ENTPENOUV OTOV NPOYPAUUATIOTA va
EAEYEEL TUNOUG KATA TNV EKTEAECH TOU NPOYPAUHOTOG:

M.x. n Java enTtpEneL Tov EAEYX0 TOU TUMOU KAMOLOU OVTIKELLEVOU
LE XPron Tou TEAEOTH instanceof

M.x. n Modula-3 enitpénel tn dlakAddwon (branch) pe pdon tov
TUMNO KAMOLOU AVTIKEIMEVOU UE XPAON TNG EKQPPAONG typecase

* Ta napandvw anatrtouv 6TLn NAnpogopia yia TUNoUG
eival napouoa Katd To XpOvo EKTEAEONG, NAPOAO MOU N
YAWOOQ €XEL WG €M TO NAEIOTOV OTATIKO CUCTNHA TUNWV
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* Hemdiwén Tou eAEyxou Twv TUNWV €ival N ano@uyn g
EQAPHUOYAG TEAEOTWV OE OPIOHATA TWV ONOiWV 0 TUNOG
gV €XEL VONUA YO TO CUYKEKPIUEVO TEAEDTN)

* 2¢€ KANoleg YAWOOEG, 6nwg otnv ML kat otn Java, o
EAEYXOG TUNWV €ival apkeTA €EOVUXIOTIKOG Kal
ecao@alidel oc peyalo Babuod to napandvw—AEPE OTL N
YAwooa £xeL auotnpd clotnua Tunwv (strong typing)

* 2€ NOAANEG YAwooeg (6nwg n.x. n C) autd d€ oupBaivet:
TO oUOTNMA TUNWYV gival aoBeveg (weak) kat ddTpnTo

- AUTO NOapEXEL EVEAE IO OTOV NPOYPAUKATIOTH
- AN\ dev NPOCPEPEL APKETH AOPAAELD
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ZXETKN aoPpAAELa TUTIWV TWV YAWGOWV

EpyaAeia otatikig avaAuong mPoypoLpHATwY

Mn ao@aAeic: H owkoyévela BCPL oupnepl\appavopévng
™G C kalt tng C++
- “Zoulounwpata” TUnNwv (type casts), aplOUNTIKA PE OEIKTEG, ...

Mepinou aocgaAeic: H owkoyévela tng Algol, Pascal, Ada

- ZEKPEPOOTOL OEIKTEG
» Ag€opeuoe €va OeikTn p 0€ €vav aKEPALO, anodECUEUCE TN UVAKN NoU
OelXvelL 0 p, KAL 0T CUVEXELQ XPNoLonoinoe tnv Tir nou Ogixvel o p

+ Kapia yA\wooa pe pnth anod€opeuan Uvipng dev npoo@epeL NANPN
ao@aiela Tunwv!

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

- Lisp, Smalltalk, Prolog, Erlang, Ruby: yAwooeg duvapikwy Tonwv
- ML, Haskell, Java, C#: yA\wooeg oTaTikwy TUnwv (statically typed)
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* ToOMEAG PE APKETA EPEUVNTIKN dpaoTNPOTNTA NPOCPATA
- Lint, Purify, Coverity, PreFix, PreFast, Dialyzer, ...

* AUO KaTnyopieg avaiuong
- ZuvtnpnTkEG (= Sound for correctness)
* Edv n avaiuon netL 6TL To NPOYPARUa ival owoTo, TOTE €ival
* Edv n avaiuon net “ox1 owoTo”, pnopei va pnv undpyouv Aden
- Mn ouvtnpnTikEG (= Sound for errors)
* Edv n avaiuon net “owoto”, To NPOYPAUa HNopEi va eival
E0QAALEVO
* Edv n avaiuon Bpel kanoo npoBAnua, TOTE OVTWG UNAPXEL
kKanow “avwpoAia ” oTto npéypappa
- M KoAUTepn KaTnyoplonoinan, KaTtd Tn yVwin Hou:
* ZUvVTNPENTIKG epyaAeia xpeiddovtal yia anddelgn opboTnTag
* Mn ouvtnpntikd epyaleia yia eUpeon o@aipdtwy (bug finding)
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Ofpata L.ooduvapiag TUnwv
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looduvapia TUNwv

* [16Te dUO TUNOL BEwpouvTal idlol;

* 2NMAVTIKI €PWTNON TOOO YO TO OTATIKO GO0 Kal YIa TO
QUVAUIKO EAEYXO TUNWV

* [a napddelypa, n YAwooa HNopei va ENTPENEL HLa
avaBeon a := b pévo €dv n HeTABANTA b €L “Tov id10”
TUNO PE TNV a

*  AlAQOPETIKEG YAWOOEG 0opiouv TNV LOOdUVAUIa TwV
TUNWV PE dLaQOPETIKOUG TPOMNOUG
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looduvaypieg TOwv

Nopdadeypa tooduvapiog TUNwWvV

* looduvapia ovéopatog (name equivalence): dUo Tunot
eivat idlot av kat pévo av €xouv TO idlo dvopa

* looduvapia dopng (structural equivalence): 600 TUNOL
givat idlot av kat pévo av €xouv NPoKUYEL anod TouG
idloug NpwWTOYOVOUG TUNOUG HE XPHon TNG idlag oelpdc
OV KATAOKEUAOTWY TUNWV

* (Outnapandvw, dev givat ol pévol TponotL oplopoU TG
LoodUVANIaG aAAG gival oL No eUKOAOL va €EnynBouv.)
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type irpairl = int * real
type irpair2 = int * real
fun £ (x irpairl) = #1 x

* Ti18a oupBei edv nEpACOUUE WG OPLOUA OTNV £ LA
NOPAUETPO TUNOU irpair2;

- Hooduvapia ovépaTtog dev TO ENTPENEL irpair2 Kal irpairl
givat dlapopeTIKA ovopaTa

- Hooduvapia doung To enttpEnel: oL TUNOoL KATAOKEUAJoVTaL PE
Tov idlo Tpdno

* 2Tnv ML enttpéneTat n yA\wooa unootnpidel locoduvapia
douNng
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Nopadsypa Looduvapiog TUNwWV

2UMTTEPOC MATIKA

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

* Ti18a oupBei edv npoonadrjooupe va avaBECOUUE TOV

nivaka Countsl oToV nivaka Counts2;

- Hooduvapia ovopatog dev TO ENTPENEL: OL TUNOL TWV NIVAKWY
Countsl Kal Counts2 dev €xouv Ta dla ovopata

- Hooduvapia doung To entTtpEneL: oL TUMOL KATAOKEUAZOVTAL e
Tov {610 Tpbdno

* Ol neploodTEPEG UAONOLNOELG TNG Pascal dev enttpEnouy
TNV napandvw avadeon
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* OiTUnot naifouv onuUavTikd POAO 0€ NOAEG YAWOOEG
NPOYPOUHATIOHOU
- [a TNV opydvwon Kat TNV TEKUNPiwon evog NPoypAUHOTOG
- lNa v ano@uyni CEOAUATWY AOYIOMIKOU
- [a tnv napoxr nANPo@opiag 0To HETAYAWTTIOTH TNG YAWOOOG
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BaoiKf EpwTNON YIA TA CUCTAMATA TUTTWV

* [1600 PEPOG TNG avanapaoTaong KAVEL TO CUOTNHA

TUNWV ELPAVEG OTOV NPOYPAUUATIOTHA;
- Mepoi NpOyPOUHOTIOTEG NPOTIHOUV YAWooeg oav Th C, ddTt
* [Mpooépouv Tn duvatdTNTA Yia an’ eubeiag npoonéAaon oTn
Aentopepn avanapdoTtaon Twv TUnwv 0Tav yia Kanoto Adyo
auTo eival emBupnTo
- Mepwoi Aot npoTyolv YAwooeg oav Tnv ML, di6Tt
* KpUBouv TIg AenTopEPELEG TNG UAOMOINONG TWV TUNWV Kal
* [MpooEpouv “kabapoug” Tpdnoug xpnotonoinong
OeOOUEVWY NOU ENTPENOUV TNV AvANTUEN NPOYPAUUATWY
XWpIG o@daApaTta kanolou €idoug, Kat BIEUKOAUVOUV TNV

anoodelgn TnG opbOTNTAG TOUG
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