Ovéuata kat EpBeEAela

AVOKUKAWOT OVOUATWY

Wassily Kandinsky, Black“-

KwoThg Zaywvag <kostis@cs.ntua.gr>

* H katavonon tng epBEAELAG ival Apeon €AV TO KABE TL
€XEL TO OIKO Tou OGvopua

a* a;
b + b;

fun square a
fun double b

* AAN\G OTIG HOVTEPVEG YAWOOEG NPOYPAUUATIONOU, CUXVA
XPNOWonoloupe To idlo dévopa gava kat Eava

fun square x = x * X;
fun double x = X + X;

« TuLakpBwg cupPaivel,
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Meprexopeva

Opiopoi

* Oplopoi kat epBEAELT

* EpBéAela pEow pnAok

* EpBEAela pe npoodloplopEVouG TONOUG OVOUATWY
(labeled namespaces)

* EpBEAEIO HE NPWTOYEVEIG TONOUG OVOUATWY
(primitive namespaces)

* Auvapuikn epyBEAELT

* ZEXWPLOTA HETAYAWTTION

Ovépuata kat Eppéreia

* 'OTtav undpxouv dLAPOPETIKEG PETABANTEG E TO Ol0
ovopa, undpyxouv Kat dlaopeTIkG niBavda deoipata yla
KABE OUYKEKPLUEVO OVOUQ

* To napandvw dev avapEPETAL LOVO OE OVOUATA
HETABANTWY, OAAG O€ ovopaTa TUNWY, ovopaTa
oTaBepwyv, OVOUATA CUVAPTACEWY, K.AM.

* 'Evag oplopog ivatl oTidrnnote eykablota €va nibavo
o€oupo (binding) yua €va 6voua
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Mapadeiypara

EpBéAcIa

fun square n = n * n;
fun square square = square * square;

* Mnopei va undpyxouv NEPLOCOTEPOL ANO EVOG OPLOUOL YIO
KAanoto évopa

KdaBe epg@avion Tou ovOopaTog (EKTOG TWV OPLOHWY)
NPENEL va €ival dEPEVN E KAMOLOV anod TOUG OPLOHOUG

const .
Low = 1: TOU OVOUOTOG
. High = 10; « AépE BTL N EPPAVION EVOG OVOUATOG £ival 0TNV EPBEAEL
ype . . . . .
Ints = array [Low..High] of Integer: KAMOLOU OPLOOU TOU OVOUATOG ONOTE O OPLOHOG
var KUBEPVA TO OEOIUO TNG CUYKEKPLUEVNG ENPAVIONG
Xz Ints;
Ovoépata kat Epéreia 5 Ovopata Kat EpBércia 6
Mapadeiypara M1rAok (blocks)

- fun square square
val square = fn : 1

Kdabe epgpavion npénet va ivatl depevn e Kanolov anod
TOUG OPLOHOUG
AMN\G pe nowdv and 6Aoug;

Yndapxouv noAAoi Tponot va AUcoupe auTtd To NpOBAnua
eUBEAEIOG

Ovépuata kat Eppéreia

* 'Eva pnAok givat €éva olkodounua Twv YAWoOowV rnou
NEPLEXEL OPLOMOUG, KOl NEPLKAEIEL pIa NEPLOXT TOU
NPOYPAUHATOG OTNV ONoia £X0UV EQAPKOYK Ol OPLOUOL

let

val x = 1

val y = 2
in

X +y
end

Ovépata kat Eppéreia




Eidn pmrAok otnv ML

M1rAok oTn Java

‘Evag fun oplopdg nepAapBAavel Eva pNAOK:

fun cube [x = X * X * X

ouvapTRoEWVY opifouv dLAPOPETIKA UNAOK:

a+ b

fun £ |(@:i:b:: ) =
| fl[a]l = a
| TI00 = 0;

OL JLlOQOPETIKEG EVOAAKTIKEG MPOTACELG TWV

'Eva let anAwg opilel €va unAok: Ogv €xel GANO OoKonod

« Kd6e kavévag oe €va Taiplaopa anoTEAEL Eva HNAOK:

case x of |[(a,0) => a

C,a) => a

Ovépuata kat Eppéreia

« 2Tn Java kat og GAAeG yYAwooeg oav tn C, pnopoupe va
OUVOUAOOUUE EVTOAEG O€ I oUVOETN EVTOAN
(compound statement ) nepwkAeiovtdg teg o€ { kal }

* Mia oUvBeTn eVTOAA XPNOLUEUEL ENONG OAV £€va UNAOK:

while (i < 0) {

iIntc=1%1;
p += c;
q += C;
1 -= step;
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OwAiaopéva prrAok (nested blocks)

KAao1kdg Kavovag euBEAEIOG o€ NTTAOK

* TioupPaivel 6tav Eva pnNAok
nepAapBavet Eva aAlo
MMAOK, KaL T dUO MNAOK
EUNEPLEXOUV OPLOUOUG YIa
TO (010 Ovouq;

* [apdadelypa oe ML: nola
gival n T tng dnAavAg
EKQPAONG;

Ovépuata kat Eppéreia

le

in

t
val n

let
val
val
val

- =

=

> 3 S5

+ + +
S WN

* H epBelela evdg oplopou anoteAEiTal and To MNAOK Nou
NEPLEXEL TOV OPLOUO, and TO CNUEIO TOU OPLOUOU PEXPL TO
TENOG TOU MNAOK, EKTOG and TNV EYPEAEI TwV NIBAVWY
OPLOMWYV TOU BLOU OVOUATOG OE EOWTEPIKA UMNAOK

* AUTOG €ival 0 Kavovag EYPEAELOG NOU XpnoonoLeiTal
otnv ML

* OLneploodTeEPEG YAWOOEG HE DOUA HMNAOK KAl OTATIKN
EUBEAEI XpNOONOoIOUV auTOVv TOV Kavova ) Kanoa
HIKPH napaAAayr Tou
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Mapddeiypa

MpoodiopICHEVOI TOTTOI OVOUATWY

H epuBéAela autol tou oplopoU sivat A-B

Al H E€KQPaon anoTipdtal wg:
val m = n + 2 m=n+2=1+2=3
Cval no=n + 3 n=n+3=1+3=4
val Jj =n+m B J=n+m=4+3=7
in
(2 n) *j @+n)*j=
end @2+ 4) *7=
end 6 * 7 = 42
H epuBéAela autol tou oplopol eival B
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* 'Evag NpoadloploEVOC TONOG OVOUATWY €ival oTIONNOTE

OLKOOOUNMA TNG YAWOOOG NEPLEXEL OPLOUOUG KAl JLa
nePLOXN TOU NPOYPAUUATOG OTNV Onoia LoXUouv oL
oplopol

* O npoodloplopEvog TOMNOG €XEL EVA OVOW MOU HNOPEL Va

XpnowonotnBei yia npoonéAacn Twv OpPLORWY Tou anod
€EW anod TO OUYKEKPIUEVO OLKOBOUNUA

* H ML €xel éva T€Tolo olkodounua — tn dopun (structure)

Ovépata kat Eppéreia
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Aopég otnv ML (ML structures)

AAAoI TTPOOOI0PICHEVOI TOTTOI OVOUATWV

structure Fred = struct
val a = 1;
fun F X = X + a;

end;

O dopEG eival nepinou oa PNAOK: n TWA a Hnopei va
Xpnowonotnbei navtou anod Tov oplopd TNG HEXPL TO
TENOG TNG dOUAG

AAAG oL oplopoi peéoa otn dopn €ival npooneAAGCIUOL Kal
€KTOG TNG OOUAG, KE XPHoN TOU OVOUATOG TNG

- oto napddelyud pag ot oplopoi Tng douAG eival npooneAdoipol
wg Fred.akatFred.f
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« Tonot ovoudTwy nou givatl anAwg TONOoL OVOUATWV:
- C++ namespace
- Modula-3 module
- Ada package
- Java package

« Tonot ovopdTtwy nou €xouv Kat GAAOUG OKOMouG:

- Oplopoi KA\AOEWV O€ QVTIKEUEVOOTPEPEIG YAWOOEG
NPEOYPAUUATIONOU Nou gival BaclopEveg o€
NPOCOLOPLOPEVOUG TONOUG OVOUATWY

Ovépata kat Eppéreia
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Mapddeiypa o€ Java

MAgoveKTAPATA TOTTWYV OVOHATWYV

public class Month {
public static Int min = 1;
public static Int max = 12;

;
* OLpeTaBANTEG min KAl max gival opaTteG o€ OAN TNV
unoAotnn KAdon

* AAAG gival npooneANACIUES KAl EKTOG TNG KAAONG, wg
Month.min kat Month .max

* Duolkd, 6nwg Ba doupe, ol KAAoeIG oTn Java €Xouv Kal
GAAouG okonoug...
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» AUO AAANAOCUYKPOUOLEVOL OTOXOL:
- Xpnowonoinon evog anAou PVNHOVIKOU ovOpaTog 6nwg n.x. max
- TNa 6t B€Aoupe va eival anpoonéAacto and Tov unoéAotno KOGLO,
XpPnoltonoloUpe acuvion ovopata 6nwg maxSupplierBid,
onAadr) ovopata nou € Ba cuykpoUovTal LE OVOUaTa O GAAQ

HEPN TOu NPOoYPAUHATOG
* Me xprion TONWv OVOUATWY, UNOPOUKE va EMNTUXOUUE Kal

TOUG dU0 OTOXOUG:

- Evtég Tou Ténou ovopatog, Hnopoupe va XpnoLUOMNoL)COUE TO
ovopa max

- Ano €&w, 1o 6évopa SupplierBid.max
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EKAéTTTUVON TOTTWV OVOUATWYV

Mapdadeiypa a@npnuévou TUTTOU OEOONEVWYV

* OLNeEPLOOOTEPOL TOMOL OVOUATWY £XOUV KAMOLO TPOMO va
ENTPENOUV HEPOG TOU TOMOU OVOUATWY VO NAPAUEVEL
WBWTIKAG (dNA. pN KOWAG) XpRong

* Me Ttov TpOno autd KpuBoupe NAnpoopia and Kanola
HEPN TOU NPOYPAUUATOG

* Ta npoypaupaTta €ivat Nio EUKOAQ CUVTNPOUUEVA OTAV
XPNOWONoloUV OVOUOTA HE OXETIKA UIKPA EUREAELT

* [a napadetypa, oL apnpnuevol Tunot dedopevwy (abstract
data types) anokaAUnTouv pia auotnen dlanpoowneia Kat
TauToxpova KpUBouv TIG AENTOUEPELEG TNG UAoNoINoNG...
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a type definition for hashTable
a function definition for hash

Ou AentopEpeleg
NG uAonoinong
nNpENEL va pEivouv
KPUPEG

n
a functlon definition for msert
a function definition for search
a_function definition for dele
end namespace

Ol oplopoi TnG dlanpoowneiag
OUWG NpENEL va eival opatol
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Avo TTpooeyyioeig

O 161T0G OVOUATWY KaBOopilel TNV opaTOTNTA

* 2€ KAnoleg yYAwooeg, 6nwg n C++, o TdGnNog ovopdtwy
KaBopilel AenTopePWG TNV OPATOTNTA TWV CUCTATIKWY
OTOLXEIWV TOU

* 2€ GAM\eg YAwooeg, onwg n ML, k&nolo Eexwploto
olKOOOUNKa opilel TN dlanpoowneia Tou TONOU OVOUATWY
(n.x. €&va signature otnv ML)

+ Katkanoleg yhAwooeg, 6nwg n Ada kat n Java,
ouvoudadlouv Katl TIG U0 NapaAnAvw NPOCEYYIOELG

Ovouata kat Eppédela 21

namespace dictionary contains
private:
a constant definition for initialSize
a type definition for hashTable
a function definition for hash
a function definition for real locate
public:
a function definition for create
a function definition for insert
a function definition for search
a function definition for delete
end namespace
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ZEXWPIOTA SIATTPOCWTTEIN

Mn 1o dokKIpdaoeTeE OTO OTTITI!

interface dictionary contains
a function type definition for create
a function type definition for insert
a function type definition for search
a function type definition for delete
end interface

namespace myDictionary implements dictionary contains
a constant definition for initialSize
a type definition for hashTable
a function definition for hash
a function definition for real locate
a function definition for create
a function definition for insert
a function definition for search
a function definition for delete
end namespace

Ovoépata kat Epéreia 23

- val Int = 42;
val Iint = 42 : iInt

* Eival emttpento va opicoupe pa petaBAnti pe évoua int
* H ML d¢€ pnepdeueTal

» Akoua Kat To endpevo enttpenetal (N ML kataAaBaivel 0Tt
n €ékppaon Int * 1Nt dgv ava@EPETAL 0€ KANOLO TUMO):

- fun ¥ Int = Int * Int;
val £ = fn : Int -> Int
-7 -7;

val 1t = 42 : Int
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NMpwToyeveig TOTTOI OVOUATWY

* H ouvtagn ™ng ML kpatdel EEXwpLoToUG TOUG TUMNOUG
KAl TIG EKQYPATELG

* H ML navta &€pel katd nd6oo KATL €ival €vag TUNOG A KATL
GAAO, OLOTL UNAPXEL EEXWPLOTOC TONOG OVOUATWY YO
TOUG TUNOUG

Tonog ovopaTwy Tonog ovopdtwy

MpwToyeveig TOTTOI OVOUATWY

» Eival ténot ovopdtwy nou d€ pnopouv va dnuioupynbouv
HE XpAon tTnG YAwooag (6nwg ot NpwTOYEVEIG TUMOL)

» Eival p€pog Tou oplopou TNG YAWoodG

» Kdnoleg YAWoOEG €X0UV OPKETOUG BLOPOPETIKOUG
HMETAEU TOUG NPWTOYEVEIC TONOUG OVOUATWYV

« [Tl.x. n Java: Ta nok€ta (packages), oL TUnot, ot pEBodol,
Ta Nedia, KAl Ol ETIKETEG TwV EVTOAWV BpiokovTtal o€
OLOPOPETIKOUG TONOUG OVOUATWY

TWV HETABANTWY TwV TUNWV
Ovoépuata kat Eppérela 25 Ovopata Kat EpBércia 26
Moéte emAUeTal N EPPEAEIC;
» 'OAecg oL pEBodOL ePPBEAELOC NMOU EIDAPE HEXPL OTIYHAG
eival OTaTIKEG
* Anavtouv KaTtd To XpOVO PETAYAWTTIONG OTNV EPWTNON
Auvapikn guBeAeia TOU KATA NOCO HIa EPPAvVIoN KANOLOU OVOUOTOG €ival
oTnv eYPEAELO KAMOLOU OPLOLIOU
» Kdnoleg yAwooeg KaBuoTePOUV TNV NAPANAVW and@aon
HEXPL TO XPOVO EKTEAEONG: AELE OTL Ol YAWOOEG AUTEG
unootnpifouv duvaulki ePBEAEL
Ovopara kal EyBéleia 27
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Auvapiki epBéAcia

KAao1kég Kavovag SUVaMIKAG eMPBEAEIOG

KdaBe ouvaptnon €xel €va nepBArAov and oplopouq
Edv 0 oplopdg evog ovopaTog nou BpiokeTal O€ WA
ouvaptnon T &€ Bpioketal 0To NEPIBAANOV TNG
ouvapTtnong, TOTe YAaXVoupe O0TO NEPIBAAAOV TNG
ouvapTtnong nou Kaheoe tnv T

Edav o oplopdg d¢ Bpebei oute ekel, TOTE N avalATnon
ouveyietal akoAouBwvTag TNV aAucida Twv KARoEWY
TWV CUVOPTHOEWV

2.Tn SUVOKA EPBEAELA O KAVOVAG €ival KANWG NEPIEPYOG
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* H egppEAela evOg oplopoU €ival f ouvAPTNON NOU NEPLEXEL
TOV OPLOMO, and TO CNUEIO TOU OPLOUOU HEXPL TO TEANOG
NG ouvapTNoNngG, Hadi pe OAEG TIG CUVAPTACELG NOU
KaAouvTal (Gpeoa ) EPUETA) anod TNV EUPEAEIO—EKTOG

NG EUPEAEIAC ONOLWVONNOTE VEWV OPLOHWY TWV dlwv
OVOUATWY OTIG KAAOULEVEG OUVAPTAOELG

Ovépata kat Eppéreia
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2TATIKN EUPEAEIO EvavTI OUVAUIKAG

MNapadeiypa

O kavoveg epPEAELOG ival NapOpoLoL

Kat ot 600 JAGvE yla TpUneG epBEAEIOC—UEPN OTA onoia
N EUPEAELA DIOKONTETAL EEALTIOC VEWV OPLOUWY

AMN\G 0 Kavovag TNG OTATIKAG EPBEAELAG avaPEPETal
HOVO O€ KOMUATIO TOU KEEVOU TOU NPoypAHaTOG, Kal
KATA ouveENELa PNopEei va NpoadloploTel katd To Xpovo
HETAYAWTTIONG TOU NPOYPAUUATOG

O kavévag NG OUVAWIKAG EPPBEAEIOG avaPEPETAL OE
YEYOVOTA XPOVOU EKTEAEONG, CUYKEKPIUEVA OE
“‘akoAouBieg KAAoewv ouvapThoewy”
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fun g x =
let
val iInc
fun Ty
fun h z
let
val iInc = 2
in
Tz
end

I I
< P
+
>
(@]

in
h x
end;

Ovépata kat Eppéreia

Mowa Ba ATav n T TNG
KAonG g 5 av n yAwooa
Xpnoonoouoe

Q) OTATIKN EUPEAELQ;

B) duvauikn epBENELQ;
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2TaTIKN EUBEAEI (EMPBEAEIO PTTAOK)

Auvapiki epBéAsIa

fun g x = 2 TN OTATIKI EUPEAELQ,
let N HETABANTA INC dEveTal
val Gnc = 1> LIE TOV NPONYoUNEVO
fun fy = OPLOMS OTO B0 UNAOK.
fun h z O oplopodg TNG INC OTOo
let neptBarov kKAnong tng ¥
val inc = 2 glval pn npooneAaCIOG.

;

in
T z gb5==6
end O€ QUTHAV TNV NEPINTWON
in (6nwg kat otnv ML)
h x
end;
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fun g x = 2Tn duvaulkn ePBEANELQ,
let N HETABANTA INC

val iInc = OEVETAL UE TOV XPOVIKA
fun fy M0 TTPOCPATO OPIOUO
fun h z = 01O NePLBAANAOV KANONG
let ™™g T.
valcine = 2>
in gb=7
Ttz O€ AUTAV TNV NEPINTWON
end
in
h x
end;
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Mou xpnoipyoTtroigital n dSuvapiki epREAEIT

MOavn xprion Tng duvapikng eMPEAEIOG

* 2& AyeG pOVO YAWOOEG
- Ze Kkanoleg dlaAékToug TNG Lisp kat tng APL
- Ynapxel dlaB€oiun wg enthoyr) otnv Common Lisp

* MelovekThpuata:
- AuokoAia anodoTIKAG uAonoinong

- Anpoupyei peydAeg Kat NEPINAOKEG EUPENELEG
(oL epBEAEIEG eneKTEIVOVTAL OTIG KOAOUUEVEG CUVAPTHOELG)

- H enwoyA Tou ovopaTtog Kanowag HETABANTAG 0TH OUVAPTNON
KAAONG pnopei va ennpedoel TN CUPNEPLPOPE TG KAAOUUEVNG
ouvapTnong

* [lAeovéKTnua:
- Auvatotnta aAhayng/entdoyrg Tou NEPIBANAOVTOG EKTEAEONG
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program messages;
var message : string;

procedure complain;
begin

writeln(message);
end;

procedure out_of _mem;
var message : string;
begin
message := "Out of memory'; complain;
end;

procedure timeout;
var message : string;
begin
message := "Timeout'; complain;
end;
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ApoiBaia avadpoun péow dnAwoewyv forward

ApoiBaia avadpopikég ouvapTioelg otnv ML

* [Awooeg 6nwg n C, C++ kat n Pascal
xpewaZovtal dnAwaoelg forward yua
apolBaia avadpoulkoug OpLoHOoUG

int foo();

int barQ) { ... foo(Q); ... }
int foo() { ... bar(Q; ... }

* Ev p€pel, To napandvw gival napevepyela TnG dladlkaciog
nou akoAouBeitatl and To HETAYAWTTIOTH: ENTPENEL TN
HETAPPACN TOU NPOYPAUHUATOG HE EVa HOVO NEPACHA
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Ov apolBaia avadpoukeG ouvapTRoelg otnv ML np€net va
ypa@ouv padi, ue xpHon evog ouvdETIKOU and:

- fun even x =

= iIT (x <= 0) then true else odd (x-1)

= and odd x =

= iIT (x <= 0) then false else even (x-1);

val even = fn : Int -> bool
val odd = fn : Int -> bool
- even 42;

val 1t = true : bool

- odd 42;

val 1t = false : bool
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ZEXWPIOTA METAYAWTTION

H mrpooéyyion Tng C: n HEPIA TOU NETAYAWTTIOTH

* Mé€pn Tou NPoypPAPMATOC HETAYAWTTIOVTAL EEXWPLOTA,
Kal ot ouvéExela ouvdeovtal (linked) padi

* Ta B€uata epBEAEIOG eneKTEIVOVTAL ANO TO
HeTayAwTTIOTH (compiler) oto ouvdEtn (linker) o onoiog
XPEWACETAL VO OUVOEDEL AVOPOPEG OE OPLOUOUG NOU
€X0OUV NPOKUYEL anod EEXWPLOTA HETAYAWTTION

* OLneploodTEPEG YAWOOEG £XOUV KAMOLA EIOLKN
UNOOoTHNPLEN VIO TO NWG YiveTal N oUVOECN TWV KOUUATIWV
TOU NPOYPAUUATOG NOU £XOUV LETAYAWTTIOTEL EEXWPLOTA
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* AUO JLAQOPETIKA €(ON OPIOUWY OVOUATWV:
- MAAPNG oplopéc (definition)
- 'Ovopa kat TUnog povo: pa diAwon (declaration) katd ™ C
* EA&v NOANEC BIOQOPETIKEG PeTayAwTTIOEIG/apxeia BENoUV
Va XPNOLonojooupE TnV idla akEpala HeTaBANTA X:

- Movo €va apxeio Ba €xel Tov oplopod:
int X = 42;

- 'OAa ta GA\a apxeia Ba €xouv Tn dAAWON:
extern Int X;
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H mrpooéyyion tng C: n HEPIA TOU OUVOETH

Tdoeig EeEXWPIOTAG METAYAWTTIONG

* 'OTtav TpEXEL 0 OUVOETNG, Bewpel KABE dAAWON WG HLa
ava@opd o€ €va OVOua nou opileTal o€ KAMoLlo AAAo
apxeio

» [epével va Bpel akplBwg Evav NAfpn oplopod Tou KAbe
OoVOUOTOG (0€ KANOLO apXEiD)

* [poo€tTe OTL oL HNAWOELG dEV AvaPEPOUV OE MOLO CNLEIO
BpiokeTal 0 NAAPNG OPLOUOG KAl NWG auTOg Ba Ppedei —
avTiBeTa, anAWG aglwvouv anod To CUVOETHN va YAEEL va
ToV Bpel Kanou
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* 2TIG OUYXPOVEG YAWOOEG, N EEXWPLOTA HETAYAWTTION
gival Alyotepo EexwploTh and OTL ATav nptv anod Kanowa
Xpovia

- OLKAGOoEIG TNG Java pnopel va eEapTWVTAL KUKALKA PETAEU
TOUG, KOl 0 HETAYAWTTIOTAG TNG Java npénel va gival og
B€0n va PETa@PAOcEL NOANEG EEXWPLOTEG KAAOELG
Tautoxpova

- H ML dev npoo@épeTtal KaBOAOU yla EEXWPLOTH
HeTayAwTTIoN, aAAd undpxel o CM (Compilation Manager,
€va EexwpLloTo epyaleio Tou cuotApatog SML/NJ) pnopei
Va TO KAVEL YIa Ta NEPLOCOTEPA Npoypappata o ML
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2UMTTEPOACHATIKA

+ T€ooegpelg OLAPOPETIKEG NPOOEYYIOELG YIa EPBEAELN
* Yndpxouv NoAAEG dLAQOPONOLNOELG OTIG NPOOEYYIOELG

* OLneploodTeEPEG YAWOOEG XPNOLONOLoUV TOUAAXIOTOV
KAMOLEG aNO AUTEG

Ovépuata kat Eppércia




