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ABSTRACT

The purpose of this project is the development of an application for the reverse engineering

of an object-oriented software system. Any software of big scale, apart from its complexity

and size, is characterized by its simultaneous development by a lot of programmers and the

existence of multiple generations at the duration of the maintainance (multi-person, multi-

version systems). As a result, the software design is being rendered �foggy� and obscure. In

consequence, the existence of tools that export information from existing code regarding the

structure of a system is judged particularly important.

Parsing of a �le (or directory of �les) and the imprinting of information in the form of

UML class diagrams of object-oriented code will be implemented in the project context. At

this stage, the existing bibliography as well as existing tools of reverse engineering will be

examined in order to determine the functional requirements and investigate the problems of

other approaches.
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PER�ILHYH

AntikeÐmeno thc ergasÐac eÐnai h an�ptuxh efarmog c gia thn antÐstrofh mhqanik  (reverse

engineering) enìc antikeimenostrafoÔc sust matoc logismikoÔ. Opoiod pote èrgo logismi-

koÔ meg�lhc klÐmakac, ektìc apì thn poluplokìthta kai to mègejìc tou, qarakthrÐzetai apì

thn tautìqronh an�ptux  tou apì polloÔc programmatistèc kai thn Ôparxh pollapl¸n ge-

ne¸n kat� th di�rkeia thc sunt rhshc (multi-person, multi-version systems). To gegonìc

autì èqei wc apotèlesma h sqedÐash tou logismikoÔ na kajÐstatai me thn p�rodo tou qrìnou

{jol } kai dusnìhth. Kat� sunèpeia, h Ôparxh ergaleÐwn pou ex�goun apì up�rqonta k¸dika

plhroforÐec pou aforoÔn th dom  tou sust matoc krÐnetai idiaitèrwc shmantik .

Sta plaÐsia thc ergasÐac ja ulopoihjeÐ an�gnwsh (parsing) enìc arqeÐou (  enìc katalì-

gou arqeÐwn) antikeimenostrafoÔc k¸dika kai h apotÔpwsh thc plhroforÐac pou perilamb�nei,

upì morf  diagramm�twn kl�sewn thc UML (Uni�ed Modeling Language). Sto st�dio autì

ja exetasteÐ h up�rqousa bibliografÐa kaj¸c kai up�rqonta ergaleÐa antÐstrofhc mhqanik c

me skopì na kajoristoÔn oi leitourgikèc apait seic kai na diereunhjoÔn ta probl mata �llwn

proseggÐsewn.
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KEF�ALAIO 1

Eisagwg 

To parìn keÐmeno ekpon jhke sta plaÐsia thc diplwmatik c ergasÐac gia to Prìgramma Meta-

ptuqiak¸n Spoud¸n tou tm matoc Efarmosmènhc Plhroforik c sthn eidÐkeush {Sust mata

Upologist¸n} tou PanepisthmÐou MakedonÐac.

O stìqoc thc ergasÐac eÐnai h an�ptuxh efarmog c gia thn antÐstrofh mhqanik  k¸dika

bytecode thc Java kai h exagwg  tou antÐstoiqou diagr�mmatoc kl�sewn thc UML.

AntÐstrofh mhqanik  (reverse engineering) qarakthrÐzetai wc h diadikasÐa anak�luyhc

twn teqnologik¸n arq¸n pou dièpoun èna sÔsthma, diadikasÐa pou perilamb�nei an�lush thc

dom c kai thc leitourgÐac tou. Suqn� h diadikasÐa emplèkei to diaqwrismì twn tmhm�twn tou

sust matoc kai th leptomer  melèth touc, gia na kataskeuasteÐ èna parìmoio sÔsthma pou

k�nei akrib¸c ì,ti kai to arqikì, qwrÐc ìmwc na èqei mesolab sei antigraf  twn tmhm�twn

tou pr¸tou (Wikipedia 2006c).

Sto èrgo twn mhqanik¸n logismikoÔ èrqetai na bohj sei h dhmiourgÐa kai exèlixh ergaleÐ-

wn montelopoÐhshc qrhsimopoi¸ntac koin� prìtupa, ìpwc eÐnai h Uni�ed Modeling Language

(UML). Up�rqoun forèc pou o mhqanikìc logismikoÔ èrqetai antimètwpoc me sust mata lo-

gismikoÔ pou ègraye trÐtoc kai den up�rqei (  up�rqei all� eÐnai elleip c) tekmhrÐwsh gÔrw

apì thn arqitektonik  aut¸n twn susthm�twn. Se tètoiec peript¸seic, h Ôparxh ergaleÐwn

pou efarmìzoun antÐstrofh mhqanik  kai ex�goun plhroforÐec kai diagr�mmata pou ja bohj -

soun ton mhqanikì logismikoÔ sthn katanìhsh aut¸n twn susthm�twn, jewreÐtai exairetik�

qr simh kai epibeblhmènh.

H efarmog  thc paroÔsac ergasÐac èrqetai na kalÔyei èna apì ta ken� aut�. Apì èna

sÔsthma kl�sewn bytecode thc Java, h efarmog  mporeÐ na ex�gei to di�gramma kl�sewn

thc UML pou antistoiqeÐ sto sÔsthma autì, gia thn katanìhsh twn sqèsewn metaxÔ twn
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kl�sewn, kaj¸c kai thc dom c touc.

Sto deÔtero kef�laio gÐnetai mia istorik  anadrom  gÔrw apì th gl¸ssa montelopoÐhshc

UML. DÐnetai ènac orismìc gia to eÐnai gl¸ssa montelopoÐhshc kai pwc mporeÐ h UML na

qrhsimopoihjeÐ. Sth sunèqeia, gÐnetai mia sÔntomh anafor� sthn arqitektonik  thc gl¸s-

sac (glwssikèc mon�dec kai epÐpeda summìrfwshc) kai sta eÐdh diagramm�twn thc UML. H

kathgoriopoÐhsh twn diagramm�twn gÐnetai sÔmfwna me to montèlo 4+1 pou eÐqe proteÐnei o

Kruchten (1995) kai par�llhla gÐnetai mia sÔntomh perigraf  gia k�je di�gramma pou upo-

sthrÐzei h UML 2.0. Sto tèloc tou kefalaÐou gÐnetai mia ekten c perigraf  twn diagramm�twn

kl�sewn.

Sto trÐto kef�laio perigr�fetai h efarmog  pou anaptÔqjhke sta plaÐsia thc paroÔsac

ergasÐac. Perigr�fontai oi biblioj kec BCEL kai JGraph pou qrhsimopoi jhkan kat� thn

an�ptux  thc, me paradeÐgmata k¸dika gia to pwc o programmatist c mporeÐ na tic qrhsi-

mopoi sei. Sth sunèqeia, gÐnetai perigraf  twn teqnik¸n eÔreshc twn sqèsewn metaxÔ twn

kl�sewn, pwc dhlad  h efarmog  anakalÔptei ta eÐdh twn diafìrwn sqèsewn metaxÔ twn

kl�sewn enìc sust matoc. AkoloujeÐ perigraf  thc arqitektonik c thc efarmog c, ìpou pe-

rigr�fontai sunoptik� oi kl�seic k�je pakètou thc efarmog c kai, sth sunèqeia, ènac odhgìc

qr shc thc efarmog c me eikìnec. EpÐshc, dÐnetai èna par�deigma diagr�mmatoc kl�sewn enìc

sust matoc, ìpwc to dhmiourgeÐ h efarmog . Tèloc, perigr�fontai duskolÐec kai probl mata

kat� thn an�ptuxh thc efarmog c kai gÐnetai lìgoc gia pijanèc belti¸seic.
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KEF�ALAIO 2

Eisagwg  sth Uni�ed Modeling Language (UML)

2.1 Eisagwg 

Sto kef�laio autì gÐnetai mia sÔntomh eisagwg  sth gl¸ssa montelopoÐhshc antikeimeno-

straf¸n susthm�twn UML. Stìqoc tou kefalaÐou eÐnai na metad¸sei ston anagn¸sth tic

basikèc ènnoiec gÔrw apì th UML kai na embajÔnei sta diagr�mmata kl�sewn (class dia-

grams).

Arqik�, ja gÐnei mia istorik  anadrom  gÔrw apì th UML kai tic sunj kec pou od ghsan

sth dhmiourgÐa thc gl¸ssac. Sth sunèqeia, ja dojeÐ o orismìc thc UML, ja gÐnei mia

sÔntomh anafor� sthn arqitektonik  thc gl¸ssac, kaj¸c kai mia sÔntomh perigraf  sta

eÐdh diagramm�twn pou uposthrÐzei. Tèloc, b�roc ja dojeÐ sta diagr�mmata kl�sewn.

2.2 Istorik  anadrom 

Sth dekaetÐa tou `80, up rxan allagèc sto topÐo twn antikeimenostraf¸n glwss¸n pro-

grammatismoÔ (object�oriented languages). H Smalltalk eÐnai plèon mia gl¸ssa pou mporeÐ

na qrhsimopoi sei o kajènac kai h gènnhsh thc C++ shmatodoteÐ th dekaetÐa.

Tautìqrona, genniètai h an�gkh gia thn Ôparxh trìpwn montelopoÐhshc twn antikeimènwn

me {grafikì trìpo}. H pr¸th bibliografÐa pou pragmateÔetai autì to jèma emfanÐsthke

k�pou metaxÔ 1988 kai 1992. Sto di�sthma ekeÐno up rxan di�forec prot�seic sqetik� me th

montelopoÐhsh twn antikeimènwn kai to sqediasmì sto logismikì. O Grady Booch anèptuxe

th mèjodo Booch (Wikipedia 2006a) pou apoteloÔntan apì mia antikeimenostraf  gl¸ssa

montelopoÐhshc kai mia mèjodo pou qrhsimopoioÔntan sthn antikeimenostraf  an�lush kai

sqediasmì. O Booch anèptuxe th mejodologÐa kat� th di�rkeia thc ergasÐac tou sthn etairÐa
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Rational Software (pou up�rqei kai s mera kai an kei sthn IBM) (M. Fowler 2004a). O

James Rumbaugh, se sunergasÐa me touc Blaha, Premerlani, Eddy kai Lorensen, anèptuxe

thn Teqnik  MontelopoÐhshc Antikeimènwn (Object Modeling Technique � OMT) pou  tan

epÐshc mia morf  antikeimenostrafoÔc gl¸ssac montelopoÐhshc. Apì tic dÔo proanaferìme-

nec prot�seic, h OMT jewroÔntan ìti  tan katallhlìterh gia antikeimenostraf  an�lush

(object�oriented analysis), en¸ h mèjodoc tou Booch jewroÔntan katallhlìterh gia antikei-

menostraf  sqediasmì (object-oriented design). O Rumbaugh, kai en¸ doÔleue sthn etairÐa

General Electric, to 1994 prosl fjhke apì th Rational Software. EkeÐ douleÔontac me ton

Booch, xekÐnhsan èqontac wc b�sh tic mejìdouc touc gia na dhmiourg soun thn Enopoih-

mènh Mèjodo (Uni�ed Method). Bo jeia sthn prosp�jei� touc aut   rje na d¸sei o Ivar

Jacobson. O Ivar, ergazìmenoc sthn etairÐa Objectory AB, anèptuxe to 1992 th gl¸ssa

montelopoÐhshc antikeimènwn Object-Oriented Software Engineering (OOSE). Ektìc apì th

gl¸ssa montelopoÐhshc, h OOSE ìrize kai mejodologÐa. To 1995, h Objectory AB exago-

r�sthke apì th Rational Software. Oi Booch, Rumbaugh kai Jacobson  tan gnwstoÐ me to

paratsoÔkli Three Amigos, lìgw twn suqn¸n diafor¸n pou eÐqan sqetik� me tic protim seic

mejodologÐac tou kajèna (M. Fowler 2004b).

Oi parap�nw eÐqan kat� b�sh koinèc idèec me mikrèc diaforèc metaxÔ touc. Oi Ðdiec èn-

noiec emfanÐzontan me diaforetik  shmeiografÐa (notation), mperdeÔontac ètsi ton pel�th.

'Etsi prokÔptei h an�gkh gia protupopoÐhsh. Se autì èpaixe rìlo to Object Management

Group (OMG), mia koinopraxÐa ènteka etairi¸n (metaxÔ twn opoÐwn  tan oi Hewlett Packard,

IBM, Sun Microsystems, Apple Computer, American Airlines) pou idrÔjhke to 1989 me ar-

qikì skopì ton orismì protÔpwn gia katanemhmèna antikeimenostraf  sust mata (Wikipedia

2006b). Ta teleutaÐa qrìnia, to OMG epikentr¸netai sth montelopoÐhsh programm�twn,

susthm�twn kai epiqeirhsiak¸n diergasi¸n kai ston orismì protÔpwn basismèna se montèla

se perÐpou eÐkosi k�jetec agorèc. 'Ena apì ta gnwstìtera prìtupa tou OMG up rxe to

CORBA (Common Object Request Broker Architecture).

'Etsi, metèpeita apì pièseic twn promhjeut¸n ergaleÐwn CASE foboÔmenoi ìti h Rational

Software ja dhmiourgoÔse èna prìtupo pou ja èlegqe h Ðdia, to OMG ekdÐdei ton IoÔnio tou

1996 èna Request for Proposal gia th dhmiourgÐa enìc protÔpou gl¸ssac montelopoÐhshc,

pou ja epètrepe touc promhjeutèc ergaleÐwn CASE na dhmiourgoÔn ergaleÐa pou na suner-

g�zontai metaxÔ touc. To Ðdio ètoc, sust netai mia �llh koinopraxÐa me ìnoma UML Partners,

k�tw apì thn hgesÐa twn Three Amigos me skopì th dhmiourgÐa tou protÔpou Uni�ed Model-
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ing Language wc ap�nthsh sthn prìtash tou Request for Proposal tou OMG. H èkdosh 1.0

katatèjhke sto OMG ton Ianou�rio tou 1997. Par�llhla, ta mèlh thc koinopraxÐac UML

Partners, èkanan orismènec telikèc allagèc sth shmasiologÐa (semantics) thc prìtashc kai

enswm�twsan prot�seic apì trÐtouc me apotèlesma thn èkdosh thc prìtashc 1.1 pou katatè-

jhke sto OMG ton AÔgousto tou Ðdiou ètouc kai apotèlese thn pr¸th epÐshmh èkdosh tou

protÔpou thc UML.

H exèlixh ìmwc tou protÔpou den stam�thse ekeÐ. AkoloÔjhsan oi ekdìseic 1.2, 1.3, 1.4

kai 1.5. H èkdosh 1.4.2 kajier¸jhke wc to diejnèc prìtupo ISO/IEC 19501:2005 Information

technology � Open Distributed Processing � Uni�ed Modeling Language (UML) Version 1.4.2

tou organismoÔ ISO. Aut  th stigm , h UML brÐsketai sthn èkdosh 2.0, me thn èkdosh 2.1

na prìkeitai na anakoinwjeÐ sÔntoma (Wikipedia 2006d).

2.3 Orismìc

H UML apoteleÐ mia anoikt  gl¸ssa prodiagraf¸n gia th montelopoÐhsh antikeimènwn. EÐnai

gl¸ssa genikoÔ skopoÔ kai perilamb�nei mia protupopoihmènh grafik  shmeiografÐa gia na

apeikonÐsei to afhrhmèno montèlo enìc sust matoc, pou onom�zetai montèlo UML. Bohj�

sthn perigraf  kai sqediasmì susthm�twn logismikoÔ (kai ìqi mìno), idiaÐtera susthm�twn

pou eÐnai ktismèna gÔrw apì thn ènnoia thc antikeimenostrèfeiac. EÐnai epekt�simh kaj¸c

parèqei mhqanismì profÐl gia thn prosarmog  stic ek�stote an�gkec. An mia ènnoia den

up�rqei, mporeÐ na dhmiourghjeÐ me th qr sh stereotÔpwn (M. Fowler 2004c).

H UML èqei efarmosteÐ kai suneqÐzei na efarmìzetai se polu�rijmouc tomeÐc thc zw c,

ìpwc ton trapezikì kai asfalistikì tomèa, ston tomèa ugeÐac, sthn �muna, sthn katanemhmènh

upologistik , ston tomèa thc agor�c kai thc prom jeiac, ktl. Lìgw tou gegonìtoc ìti

xekÐnhse apì ton q¸ro tou sqediasmoÔ logismikoÔ, den apoteleÐ èkplhxh to gegonìc ìti

ekeÐ gÐnetai h megalÔterh qr sh thc. 'Otan efarmìzetai sto logismikì, h UML prospajeÐ na

gefur¸sei to q�sma metaxÔ thc arqik c prwtìtuphc idèac gia èna logismikì kai thc ulopoÐhs c

thc (D. Pilone and Pitman 2005).

O Martin Fowler (2004d) perigr�fei touc treic trìpouc me touc opoÐouc mporeÐ na qrhsi-

mopoihjeÐ h UML:

• Wc skÐtso. O endiaferìmenoc jèlei na exwterikeÔsei kÔria shmeÐa twn skèye¸n tou. Ta

skÐtsa aut� eÐnai prìqeira kai ja mporoÔsan gia par�deigma na skiagrafhjoÔn se èna
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aspropÐnaka.

• Wc prosqèdio. O endiaferìmenoc parèqei mia leptomer  prodiagraf  enìc sust matoc

me ta diagr�mmata pou tou parèqei h UML. Gia to skopì autì up�rqoun ergaleÐa pou

dhmiourgoÔn ta diagr�mmata aut�, en¸ parèqoun th dunatìthta thc emprìc (forward)

kai antÐstrofhc (reverse) mhqanik c (engineering) ¸ste phgaÐoc k¸dikac kai montèlo

UML na eÐnai pl rwc sugqronismèna.

• Wc gl¸ssa programmatismoÔ. Se aut  thn perÐptwsh, gÐnetai h met�bash apì to montè-

lo UML ston ektelèsimo k¸dika (kai ìqi apl� tm mata tou k¸dika ìpwc sthn emprìc

mhqanik ), pou shmaÐnei ìti montelopoieÐtai k�je �poyh tou sust matoc. Jewrhtik�,

mporeÐ kaneÐc na diathreÐ to montèlo ep' aìriston kai na dhmiourgeÐ ton k¸dika gia thn

{an�ptuxh} (deployment) se diaforetik� sust mata.

Apì ta parap�nw, gÐnetai katanohtì ìti h UML qrhsimopoieÐtai akìma ki ìtan apaiteÐtai

meg�loc bajmìc leptomèreiac se èna perÐploko sÔsthma. O bajmìc leptomèreiac thc UML se

èna sÔsthma logismikoÔ exart�tai wc èna bajmì apì th mèjodo an�ptuxhc pou akoloujoÔn

oi programmatistèc.

2.4 Arqitektonik  gl¸ssac

To prìtupo thc UML orÐzetai se dÔo èggrafa tou Object Management Group, to Uni�ed

Modeling Language: Infrastructure version 2.0 (formal/05-07-05) (O.M.G. 2006) kai Uni�ed

Modeling Language: Superstructure version 2.0 (formal/05-07-04) (O.M.G. 2005). To dÔo

èggrafa eÐnai sumplhrwmatik� metaxÔ touc ka kajorÐzoun to pl rec prìtupo thc gl¸ssac.

To pr¸to kajorÐzei tic basikèc glwssikèc domèc pou apaitoÔntai sth UML 2.0 kai to deÔtero

tic domèc sto epÐpedo qr sth.

H UML eÐnai mia gl¸ssa me idiaÐtera eurÔ f�sma efarmog c se polloÔc tomeÐc efarmo-

g¸n. Kat� sunèpeia, den eÐnai kat' an�gkh aparaÐthtec oi pl reic dunatìthtec montelopoÐhshc

pou parèqei. 'Etsi, krÐnetai aparaÐthth h dunatìthta dìmhshc thc gl¸ssac se arjr¸mata

(modules) prokeimènou na qrhsimopoioÔntai k�je for� ta tm mata ekeÐna pou krÐnontai wc

aparaÐthta gia th montelopoÐhsh thc efarmog c. Apì thn �llh, mÐa tètoia dìmhsh èqei to

meionèkthma ìti mporeÐ na up�rxoun probl mata kat� thn antallag  montèlwn metaxÔ twn

ergaleÐwn UML. Gia to skopì autì krÐjhke kat�llhlh gia thn epÐlush tètoiwn problhm�-
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twn h protupopoÐhsh epipèdwn summìrfwshc (compliance levels), ¸ste na dieukolÔnetai h

antallag  montèlwn apì diaforetik� ergaleÐa pou summorf¸nontai sto Ðdio epÐpedo.

2.4.1 Glwssikèc mon�dec (Language units)

Oi ènnoiec montelopoÐhshc thc gl¸ssac omadopoioÔntai stic glwssikèc mon�dec (language

units). Mia glwssik  mon�da apoteleÐtai apì mia sullog  apì ènnoiec montelopoÐhshc me

sten  metaxÔ touc sÔzeuxh (coupling) pou parèqoun sto qr sth th dunatìthta na apeiko-

nÐzei ptuqèc tou sust matoc sÔmfwna me sugkekrimèno prìtupo par�deigma. Autì shmaÐnei

ìti me aut  th {diamèrish} thc UML o qr sthc mporeÐ na asqolhjeÐ me ta tm mata ekeÐna

thc gl¸ssac pou jewreÐ aparaÐthta gia ta montèla thc efarmog c tou kai ìtan sto mèllon

oi an�gkec tou all�xoun, lìgw tou arjrwtoÔ qarakt ra thc gl¸ssac, mporeÐ na prosjèsei

ì,ti qrei�zetai. Apì th skopi� aut , ènac qr sthc den apaiteÐtai na gnwrÐzei ìla ta skèlh

thc gl¸ssac gia na th qrhsimopoi sei apotelesmatik�. Gia par�deigma, h glwssik  mon�-

da drasthriot twn (activities language unit) parèqei ta aparaÐthta gia thn montelopoÐhsh

sumperifor�c pou basÐzetai se prìtupo par�deigma tÔpou diagr�mmatoc ro c.

2.4.2 EpÐpeda summìrfwshc (Compliance levels)

H diastrwm�twsh thc gl¸ssac qrhsimopoieÐtai wc h b�sh gia ton orismì twn epipèdwn sum-

mìrfwshc thc UML. Oi ènnoiec thc montelopoÐhshc thc gl¸ssac diamerÐzontai se orizìntia

str¸mata auxanomènwn dunatot twn pou onom�zontai epÐpeda summìrfwshc. Orismèna stoi-

qeÐa thc gl¸ssac up�rqoun sta an¸tera epÐpeda summìrfwshc. To prìtupo Infrastructure

orÐzei dÔo epÐpeda, en¸ to Superstructure orÐzei tèssera, ta opoÐa kai perigr�fontai parak�-

tw:

EpÐpedo 0 (Level 0 � L0) To epÐpedo autì orÐzetai kai sto Infrastructure kai perièqei

mÐa mìno glwssik  mon�da gia th montelopoÐhsh dom¸n basismènwn se kl�seic pou

sunant¸ntai se pollèc antikeimenostrafeÐc gl¸ssec programmatismoÔ, parèqontac ètsi

mÐa basikoÔ epipèdou dunatìthta montelopoÐhshc.

EpÐpedo 1 (Level 1 � L1) To epÐpedo autì parèqei nèec glwssikèc mon�dec kai epekteÐnei

tic dunatìthtec tou epipèdou 0. Sugkekrimèna, prosjètei mon�dec gia tic peript¸seic

qr shc, tic allhlepidr�seic, tic domèc, tic enèrgeiec kai tic drasthriìthtec.
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EpÐpedo 2 (Level 2 � L2) EpekteÐnei tic dunatìthtec tou epipèdou 1 kai prosjètei nè-

ec glwssikèc mon�dec gia thn an�ptuxh (deployment), tic mhqanèc kat�stashc kai ta

profÐl.

EpÐpedo 3 (Level 3 � L3) EpekteÐnei tic dunatìthtec tou epipèdou 2 kai prosjètei nèec

glwssikèc mon�dec gia th montelopoÐhsh thc ro c thc plhroforÐac, gia ta prìtupa kai

ta pakèta. To montèlo antiproswpeÔei to sÔnolo thc gl¸ssac thc UML.

Sto èggrafo Infrastructure met� to epÐpedo summìrfwshc 0 up�rqei to epÐpedo Dom¸n

Metamontèlou (Metamodel Constructs) pou prosjètei mÐa epiplèon glwssik  mon�da gia uyh-

loÔ epipèdou kl�seic kai domèc pou qrhsimopoioÔntai gia thn kataskeu  meta-montèlwn ìpwc

h Ðdia h UML.

H diastrwm�twsh me ta epÐpeda summìrfwshc epitugq�netai me èna mhqanismì pou ono-

m�zetai enswm�twsh pakètou (package merging). Me autì ton trìpo eÐnai dunat  h epèktash

twn ennoi¸n montelopoÐhshc me nèa qarakthristik�. 'Etsi, ìla ta epÐpeda summìrfwshc o-

rÐzontai wc epèktash sto monadikì pakèto UML pou up�rqei se ìla ta epÐpeda kai kajèna

{qtÐzei} p�nw tou. Sto sq ma 2.4.1 faÐnetai to di�gramma pakètwn tou epipèdou 0. Sto di�-

gramma apeikonÐzetai to �deio pakèto UML pou enswmat¸nei ta perieqìmena tou pakètou Basic

apì to UML Infrastructure to opoÐo me th seir� tou qrhsimopoieÐ (h d lwsh <<import>>) to

pakèto PrimitiveTypes. To pakèto Basic perièqei tic basikèc ènnoiec ìpwc kl�sh, pakèto,

tÔpoc dedomènwn, ktl. pou orÐzontai sto UML Infrastructure.

Sq ma 2.4.1 To di�gramma pakètwn tou epipèdou summìrfwshc 0 thc UML

Ta diagr�mmata twn upìloipwn epipèdwn den anafèrontai gia lìgouc suntomÐac. O ana-

gn¸sthc mporeÐ na anatrèxei sto èggrafo tou UML Infrastructure gia perissìterec lepto-
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mèreiec.

2.5 EÐdh diagramm�twn thc UML

O Kruchten (1995), se �rjro tou, eÐqe proteÐnei to montèlo 4+1 gia na perigr�yei thn arqite-

ktonik  twn susthm�twn logismikoÔ. To montèlo 4+1 basÐzetai se pollaplèc, tautìqronec

ìyeic pou kajemÐa aiqmalwtÐzei mia sugkekrimènh pleur� enìc sust matoc. B�sei tou montè-

lou autoÔ, ta diagr�mmata thc UML mporoÔn na taxinomhjoÔn stic ìyeic tou montèlou 4+1

tou Kruchten. H upodiaÐresh faÐnetai sto sq ma 2.5.2.

Sq ma 2.5.2 Montèlo ìyewn 4+1 kat� Kruchten

K�je ìyh sto montèlo 4+1 ermhneÔetai wc ex c (K. Hamilton and Miles 2006):

Logik  ìyh Perigr�fei tic afhrhmènec ènnoiec twn tmhm�twn enìc sust matoc. Qrhsimo-

poieÐtai gia na montelopoi sei ta mèrh apì ta opoÐa apartÐzetai èna sÔsthma kai pwc

aut� allhlepidroÔn metaxÔ touc. Ta eÐdh twn diagramm�twn pou an koun sth logik 

ìyh eÐnai ta diagr�mmata kl�sewn, antikeimènwn, kat�stashc mhqan c, allhlepÐdrashc

kai sÔnjetwn dom¸n.

'Oyh diergasÐac Perigr�fei tic diadikasÐec mèsa sto sÔsthma. IdiaÐtera qr simh ìtan

prèpei na parousi�sei kaneÐc me optikì trìpo to ti sumbaÐnei sto sÔsthma. Se aut  thn

ìyh an koun ta diagr�mmata drasthriot twn.

'Oyh an�ptuxhc Perigr�fei pwc ta tm mata enìc sust matoc organ¸nontai se arjr¸mata

kai sustatik� (components). Qr simo ìtan jèlei kaneÐc na diaqeirÐzetai ta epÐpeda thc

arqitektonik c enìc sust matoc. Sthn ìyh aut  an koun ta diagr�mmata pakètwn kai

sustatik¸n.
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Fusik  ìyh Perigr�fei pwc h sqedÐash tou sust matoc, ìpwc aut  perigr�fetai stic treic

prohgoÔmenec ìyeic, dhmiourgeÐtai wc èna sÔnolo ontot twn tou pragmatikoÔ kìsmou.

Ta diagr�mmata an�ptuxhc pou an koun sthn ìyh aut  deÐqnoun p¸c ta afhrhmèna

tm mata ja up�rxoun se èna {aneptugmèno} sÔsthma.

'Oyh perÐptwshc qr shc Perigr�fei th leitourgikìthta tou sust matoc ìpwc aut  faÐ-

netai apì èxw. H ìyh aut  eÐnai aparaÐthth prokeimènou na deÐxei ston endiaferìmeno

ti upotÐjetai ìti prèpei na k�nei to sÔsthma. Apì thn ìyh aut  exart¸ntai ìlec oi

upìloipec kai autìc eÐnai o lìgoc pou to montèlo onom�zetai 4+1. Sthn ìyh an koun

ta diagr�mmata peript¸sewn qr shc, perigraf¸n kai episkìphshc.

Sq ma 2.5.3 H ierarqÐa twn diagramm�twn thc UML

To sq ma 2.5.3 (O.M.G. 2005, sel. 660) deÐqnei thn ierarqÐa twn diagramm�twn thc UML.

Ta diagr�mmata pou eÐnai me gkri upìbajro kai èqoun to ìnom� touc me pl�gia gr�mmata den

eÐnai pragmatik�, all� prìkeitai gia kathgorÐec diagramm�twn.

2.5.1 Logik  ìyh

Sto upokef�laio autì perigr�fontai ta diagr�mmata pou an koun sth logik  ìyh sÔmfwna me

to montèlo 4+1 ìpwc perigr�fetai sto §2.5. MetaxÔ aut¸n eÐnai kai ta diagr�mmata kl�sewn,
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ta opoÐa ìmwc analÔontai ektenèstera sto §2.6.

Diagr�mmata antikeimènwn (Object diagrams)

Ta antikeÐmena (objects) apoteloÔn thn kardi� enìc antikeimenostrafoÔc sust matoc. Se èna

sÔsthma pou sqedi�sthke kai sth sunèqeia qrhsimopoieÐtai apì touc telikoÔc qr stec, ta

antikeÐmena eÐnai ta stigmiìtupa twn kl�sewn pou sqedi�sthkan prosektik� kai diamorf¸noun

ta mèrh tou sust matoc. Lìgw tou gegonìtoc ìti ta diagr�mmata antikeimènwn deÐqnoun

stigmiìtupa (instances), pollèc forèc onom�zontai diagr�mmata stigmiotÔpwn.

Sta diagr�mmata ta onìmata twn stoiqeÐwn pou up�rqoun eÐnai upogrammismèna kai k�je

ìnoma èqei th morf  `ìnoma stigmiotÔpou : ìnoma kl�shc', gia par�deigma `Jack : Dog'

(bl. sq ma 2.5.4). 'Otan paraleÐpetai to ìnoma tou stigmiotÔpou, gia par�deigma : Dog, tìte

prìkeitai gia perÐptwsh an¸numou antikeimènou. Autì den prèpei na faÐnetai perÐergo, efìson

up�rqoun peript¸seic pou dhmiourgoÔntai an¸numa antikeÐmena, ìpwc sumbaÐnei gia par�deigma

sth Java kat� th dhmiourgÐa enìc an¸numou antikeimènou tou tÔpou ActionListener pou

apoteleÐ sÔnhjec fainìmeno.

Ta diagr�mmata antikeimènwn eÐnai qr sima sto na deÐqnoun pwc ta antikeÐmena sundèontai

metaxÔ touc. Ta diagr�mmata kl�sewn orÐzoun me akrÐbeia mia dom , all� se peript¸seic pou

eÐnai dÔskolo h dom  aut  na gÐnei katanoht , tìte ta diagr�mmata antikeimènwn mporoÔn na

xekajarÐsoun thn kat�stash.

Sq ma 2.5.4 Par�deigma diagr�mmatoc antikeimènwn

Diagr�mmata kat�stashc mhqan c (State machines diagrams)

Ta diagr�mmata kat�stashc mhqan c (state machines diagrams) qrhsimeÔoun gia na deÐqnoun

pwc èna antikeÐmeno sumperifèretai an�loga me thn kat�stash pou brÐsketai. Up�rqoun peri-

pt¸seic, pou allagèc sthn kat�stash twn antikeimènwn prokaloÔn allag  sthn sumperifor�

touc. 'Ena antikeÐmeno mporeÐ na brÐsketai se di�forec katast�seic (states). Oi katast�seic

sumbolÐzontai me orjog¸nia me stroggulopoihmènec �krec. 'Ena antikeÐmeno mporeÐ na meta-

baÐnei apì mia kat�stash se �llh mèsw thc met�bashc (transition). H teleutaÐa sumbolÐzetai

me èna bèloc. Mia kat�stash jewreÐtai energ  (active) ìtan gÐnetai eisagwg  se aut  mèsw
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miac met�bashc kai anenerg  (inactive) ìtan gÐnetai exagwg  apì aut  mèsw miac met�bashc.

To gegonìc   skand�lh (trigger) pou prokaleÐ thn allag  thc kat�stashc anagr�fetai kat�

m koc tou bèlouc met�bashc. Sta diagr�mmata autoÔ tou eÐdouc, sun jwc up�rqei autì pou

onom�zetai arqik  yeudokat�stash (initial pseudostate) kai telik  kat�stash (�nal state)

pou sumbolÐzoun antÐstoiqa thn arq  kai to tèloc thc kat�stashc mhqan c.

Sto sq ma 2.5.5 faÐnetai to di�gramma kat�stashc mhqan c gia èna logariasmì pou

arqik� eÐnai sthn kat�stash anamon c (pending) kai an�loga me thn enèrgeia, metabaÐnei

eÐte sthn kat�stash ègkrishc (approved), eÐte sthn kat�stash apìrriyhc (rejected) gia na

katal xei sto tèloc sthn kat�stash termatismoÔ (�nalizing).

Sq ma 2.5.5 Par�deigma diagr�mmatoc kat�stashc mhqan c

Diagr�mmata allhlepÐdrashc (interaction diagrams)

Ta diagr�mmata allhlepÐdrashc perigr�foun pwc om�dec antikeimènwn sunerg�zontai se k�-

poia sumperifor�. Sthn meg�lh aut  kathgorÐa an koun ta diagr�mmata akoloujÐac, epikoi-

nwnÐac, qronismoÔ kai episkìphshc.

Diagr�mmata akoloujÐac (Sequence diagrams) Apì tic di�forec morfèc diagram-

m�twn allhlepÐdrashc pou orÐzei h UML oi pio suqn� qrhsimopoioÔmenec eÐnai ta diagr�mmata

akoloujÐac. Tupik�, ta diagr�mmata akoloujÐac aiqmalwtÐzoun th sumperifor� enìc senarÐou

kai deÐqnoun pwc ta di�fora tm mata tou sust matoc allhlepidroÔn metaxÔ touc.

Sta diagr�mmata akoloujÐac lamb�noun mèroc ta di�fora tm mata tou sust matoc pou

onom�zontai summetèqontec (participants). Oi summetèqontec sto di�gramma akoloujÐac to-
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pojetoÔntai sthn Ðdia eujeÐa ston orizìntio �xona, qwrÐc dÔo   perissìteroi na allhlo-

epikalÔptontai, en¸ h seir� topojèths c touc paÐzei to dikì thc rìlo. Ta onìmata twn

summeteqìntwn eÐnai thc morf c

`ìnoma' `[epilogèac]' : `ìnoma kl�shc' [ref `aposÔnjesh']

ìpou ìnoma eÐnai to ìnoma tou stigmiotÔpou pou lamb�nei mèroc, epilogèac eÐnai èna proai-

retikì tm ma tou onìmatoc pou deÐqnei gia poio sugkekrimèno stigmiìtupo prìkeitai an èna

stoiqeÐo èqei pollèc timèc (gia par�deigma ènac pÐnakac), ìnoma kl�shc eÐnai to ìnoma tou

tÔpou kai ref aposÔnjesh eÐnai èna proairetikì tm ma pou deÐqnei se èna �llo di�gramma a-

koloujÐac, to opoÐo deÐqnei leptomèreiec gia to pwc o summetèqwn epexerg�zetai ta mhnÔmata.

O qrìnoc se èna di�gramma akoloujÐac xekin� apì thn koruf  kai aux�nei kaj¸c metaki-

neÐtai to m�ti proc ta k�tw. Prèpei na shmeiwjeÐ ìti ta diagr�mmata aut� èqoun sqèsh me thn

akoloujÐa twn energei¸n kai ìqi me th di�rkeia.

Ta gegonìta (events) eÐnai to mikrìtero tm ma miac allhlepÐdrashc kai eÐnai èna shmeÐ-

o ìpou k�ti sumbaÐnei. Se èna di�gramma akoloujÐac, sumbaÐnei allhlepÐdrash ìtan ènac

summetèqwn stèlnei èna m numa (message) se ènan �llo. 'Ena m numa sunodeÔetai apì thn

perigraf    thn upograf  tou. H morf  thc upograf c eÐnai

[`idiìthta' = ]`ìnoma mhnÔmatoc' (`par�metroi') : `tÔpoc epistrefìmenhc tim c'

ìpou idiìthta eÐnai èna proairetikì ìnoma miac metablht c pou ja p�rei thn tim  pou epi-

strèfei to m numa kai afor� ton kal¸n, ìnoma mhnÔmatoc eÐnai to ìnoma thc leitourgÐac pou

kaleÐtai, par�metroi eÐnai oi par�metroi thc leitourgÐac sth morf  ìnoma : tÔpoc kai qw-

rÐzontai me to kìmma sthn perÐptwsh poll¸n paramètrwn kai tÔpoc epistrefìmenhc tim c

eÐnai o tÔpoc thc tim c epistrof c thc leitourgÐac. 'Otan èna m numa pern�ei apì ènan summe-

tèqwn se ènan �llon, tìte o teleutaÐoc energopoieÐtai prokeimènou na ektelèsei mia leitourgÐa.

Sthn perÐptwsh aut , o summetèqwn lègetai ìti eÐnai energìc (active) kai sto di�gramma autì

faÐnetai me mia k�jeth mp�ra k�tw apì to stigmiìtupì tou.

Ta eÐdh twn mhnum�twn faÐnontai sto sq ma 2.5.6. SÔgqrona onom�zontai ta mhnÔmata

gia ta opoÐa o kal¸n prèpei na perimènei to apotèlesma protoÔ suneqÐsei. To antÐjeto eÐnai

ta asÔgqrona mhnÔmata, ta opoÐa kaleÐ o summetèqwn kai suneqÐzei qwrÐc na perimènei. 'Enac

summetèqwn se èna di�gramma akoloujÐac den eÐnai aparaÐthta sth zw  kajìlh th di�rkeia,

all� mporeÐ na dhmiourgeÐtai kai na katastrèfetai met� apì thn kl sh mhnum�twn apì �llouc

summetèqontec. Gia to skopì autì up�rqoun ta mhnÔmata dhmiourgÐac kai katastrof c twn

summeteqìntwn.
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Sq ma 2.5.6 Oi tÔpoi mhnum�twn pou stèlnontai metaxÔ twn summeteqìntwn

'Ena pio oloklhrwmèno di�gramma akoloujÐac apeikonÐzetai sto sq ma 2.5.7, ìpou em-

fanÐzetai h diadikasÐa eggraf c enìc majht  se èna semin�rio. To antikeÐmeno majht c (stu-

dent) pern�ei mhnÔmata sto semin�rio (seminar) to opoÐo me th seir� tou pern�ei mhnÔmata

sto m�jhma (course) kai kat� th diadikasÐa aut  epistrèfontai antikeÐmena (ta bèlh me tic

diakekommènec grammèc) stouc kal¸ntec summetèqontec.

Sq ma 2.5.7: 'Ena aplì di�gramma akoloujÐac pou perigr�fei th diadikasÐa eggraf c enìc

majht  se èna semin�rio

Diagr�mmata epikoinwnÐac (communication diagrams) Sthn kathgorÐa twn dia-

gramm�twn allhlepÐdrashc an koun kai ta diagr�mmata epikoinwnÐac (communication dia-

grams), ta opoÐa sth UML 1.x  tan gnwst� wc diagr�mmata sunergasÐac (collaboration dia-
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grams). Aut� de diafèroun polÔ apì ta diagr�mmata akoloujÐac. AntÐ se k�je summetèqwn

na zwgrafÐzetai mia gramm  zw c, oi summetèqontec mporoÔn na topojetoÔntai qwrÐc periori-

smì sto di�gramma en¸ metaxÔ touc up�rqoun sÔndesmoi me arijmoÔc pou deÐqnoun th seir�

twn mhnum�twn pou antall�sontai metaxÔ touc.

Diagr�mmata qronismoÔ (timing diagrams) Ta diagr�mmata qronismoÔ (timing di-

agrams), ìpwc faner¸nei kai to ìnom� touc, èqoun sqèsh me to qrìno. En¸ ta diagr�mmata

akoloujÐac dÐnoun b�sh sth seir� twn mhnum�twn metaxÔ twn summeteqìntwn kai ta diagr�m-

mata epikoinwnÐac deÐqnoun touc sundèsmouc metaxÔ touc, to kenì ìson afor� ton par�gonta

qrìno kat� tic diadikasÐec autèc sumplhr¸noun ta diagr�mmata qronismoÔ. Ta diagr�mmata

aut� qrhsimopoioÔntai ìtan o par�gontac qrìnoc paÐzei shmantikì rìlo sth sqedÐash tou su-

st matoc kai tètoiou eÐdouc diagr�mmata sunanti¸ntai se sust mata pragmatikoÔ qrìnou (real

time)   enswmatwmèna (embedded). Sta diagr�mmata qronismoÔ, k�je gegonìc susqetÐzetai

me plhroforÐec ìpwc to pìte sumbaÐnei, pìso qrìno paÐrnei gia èna summetèqonta na p�rei to

m numa pou sqetÐzetai me to gegonìc autì kai gia pìso qrìno o lamb�nwn summetèqwn ja

eÐnai sth sugkekrimènh kat�stash.

Diagr�mmata episkìphshc allhlepÐdrashc (interaction overview diagrams)

Ta diagr�mmata episkìphshc allhlepÐdrashc (interaction overview diagrams) eÐnai ènac sun-

duasmìc twn diagramm�twn akoloujÐac kai drasthriot twn. Ta diagr�mmata aut� parèqoun

mia uyhlìterou epipèdou ìyh tou pwc ta tm mata tou sust matoc èrqontai se allhlepÐdrash

metaxÔ touc se sqèsh me ta diagr�mmata akoloujÐac, epikoinwnÐac kai qronismoÔ. K�je tm ma

tou diagr�mmatoc mporeÐ na eÐnai apì mìno tou mia pl rhc allhlepÐdrash, pou an�loga me tic

ek�stote an�gkec mporeÐ na apeikonisteÐ wc di�gramma akoloujÐac   qronismoÔ. Parìmoia

me èna di�gramma drasthriot twn h allhlepÐdrash xekin� me ton arqikì kìmbo kai telei¸nei

me ton telikì, kaj¸c epÐshc mporeÐ na èqei apof�seic, par�llhlec enèrgeiec   kai brìqouc

(loops).

Me ta diagr�mmata episkìphshc allhlepÐdrashc, kleÐnei to kef�laio twn diagramm�twn

allhlepÐdrashc sth UML 2.0.
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SÔnjetec domèc (composite structures)

Ta diagr�mmata sÔnjetwn dom¸n (composite structures) eÐnai nèo qarakthristikì sthn èkdosh

2.0 thc UML. Ta diagr�mmata aut� epitrèpoun th di�spash enìc sÔnjetou antikeimènou se

tm mata gia thn kalÔterh katanìhs  tou. QrhsimopoioÔntai ekeÐ pou ta diagr�mmata kl�sewn

den mporoÔn na apotup¸soun orismènec leptomèreiec tou sust matoc, se peript¸seic ìpwc

oi eswterikèc domèc miac kl�shc kai o trìpoc sunergasÐac metaxÔ touc   o trìpoc qrhsimo-

poÐhshc miac kl�shc apì to sÔsthma kai h apeikìnish protÔpwn sqedÐashc (design patterns),

dhlad  antikeimènwn pou sunerg�zontai gia thn epÐteuxh enìc stìqou. Ta diagr�mmata aut�

eÐnai parìmoia me ta diagr�mmata kl�sewn, me th diafor� ìti montelopoioÔn mia sugkekrimènh

qr sh miac dom c. En¸ ta diagr�mmata kl�sewn montelopoioÔn th statik  ìyh twn dom¸n

twn kl�sewn, ta diagr�mmata sÔnjetwn dom¸n qrhsimopoioÔntai gia na deÐxoun domèc kat�

thn ektèlesh (run-time), ta qrhsimopoioÔmena prìtupa kai tic sqèseic metaxÔ stoiqeÐwn pou

mporeÐ na mh deÐqnoun ta statik� diagr�mmata.

Sta diagr�mmata sÔnjetwn dom¸n up�rqei h ènnoia thc jÔrac (port) pou eÐnai to shmeÐo

allhlepÐdrashc thc kl�shc me ton exwterikì kìsmo kai antiproswpeÔei monadikoÔc trìpouc

qrhsimopoÐhshc thc kl�shc, pou sun jwc eÐnai apì diaforetikoÔc pel�tec. Parìmoia me ta

diagr�mmata sustatik¸n (bl. §2.5.3 sth selÐda 27), oi kl�seic èqoun tic aparaÐthtec (required)

kai pareqìmenec (provided) diasundèseic. Oi sunergasÐec (collaborations) eÐnai ènac trìpoc gia

na deÐxei kaneÐc thn Ôparxh enìc protÔpou sqedÐashc   genikìtera th sunergasÐa metaxÔ twn

kl�sewn prokeimènou na epitÔqoun èna skopì. Sto sq ma 2.5.8 apeikonÐzetai h sunergasÐa

metaxÔ twn tri¸n kl�sewn pou ulopoioÔn to prìtupo sqedÐashc Chain of Responsibility.

Sto sq ma, metaxÔ twn kl�sewn up�rqoun grammèc pou sundèoun tic kl�seic metaxÔ touc

apeikonÐzontac ètsi th susqètish metaxÔ touc. Oi grammèc autèc onom�zontai sÔndesmoi

(connectors).

Sto sq ma 2.5.9 emfanÐzetai èna stigmiìtupo kl�sewn me eswterik  dom . Oi idiìthtec

kai ta mèrh tou, ta opoÐa emfanÐzontai kai ekeÐna wc idiìthtec, èqoun thn shmeiografÐa

{ìnoma} / rìloc : tÔpoc

ìpou ìnoma to ìnoma tou stigmiotÔpou, rìloc to ìnoma tou rìlou pou qrhsimopoieÐtai mèsa

sto stigmiìtupo thc kl�shc kai tÔpoc to ìnoma tou tÔpou tou stigmiotÔpou. Ta onìmata

twn tmhm�twn upogrammÐzontai gia na deÐxoun ìti eÐnai stigmiìtupa. Sto Ðdio sq ma apeiko-

nÐzontai oi ènnoiec thc idiìthtac (property) kai tou tm matoc (part). Ta pr¸ta emfanÐzontai
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Sq ma 2.5.8: Par�deigma diagr�mmatoc sÔnjethc dom c sunergasÐac (collaboration) pou

apeikonÐzei thn Ôparxh tou protÔpou sqedÐashc Chain of Responsibility kat� th di�rkeia

ègkrishc tou perieqomènou se èna istotìpo

me diakekommènec grammèc kai ta deÔtera me suneqeÐc. Oi idiìthtec eÐnai antikeÐmena pou è-

qoun susqètish (association) me thn kl�sh pou tic perièqei kai mporeÐ na moir�zontai �lla

stigmiìtupa kl�sewn.

Sq ma 2.5.9: Par�deigma diagr�mmatoc sÔnjethc dom c pou apeikonÐzei stigmiìtupo kl�shc

me ta mèrh kai tm mata pou perièqei

Sto sq ma 2.5.10 apeikonÐzetai mÐa kl�sh me ìnoma Wiki pou apeikonÐzei èna tm ma thc

leitourgikìthtac enìc wiki1. H kl�sh ulopoieÐ tic pareqìmenec diasundèseic Updateable

1Ta wiki eÐnai ènac tÔpoc istoq¸rou pou epitrèpei stouc episkèptec na prosjètoun, diagr�foun  
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kai Viewable pou susqetÐzontai me th jÔra UserServices epitrèpontac se �llec kl�seic

na enhmer¸noun kai na blèpoun to wiki mèsw aut¸n twn diasundèsewn. EpÐshc, sth jÔra

Maintenance up�rqei h pareqìmenh diasÔndesh Rollback gia na epitrèpei stouc diaqeiristèc

tou wiki na aporrÐptoun (roll back) tic allagèc se autì, en¸ gia thn ulopoÐhsh tou qarakthri-

stikoÔ autoÔ, qrei�zetai h apaitoÔmenh diasÔndesh VersionControl. Oi jÔrec apeikonÐzontai

me ta mikr� tetr�gwna stic k�jetec akmèc tou orjogwnÐou thc kl�shc.

Sq ma 2.5.10: Par�deigma diagr�mmatoc sÔnjethc dom c pou apeikonÐzei tm ma thc leitour-

gikìthtac enìc wiki

2.5.2 'Oyh diergasÐac

Sto upokef�laio autì perigr�fontai ta diagr�mmata drasthriot twn pou an koun sthn ìyh

diergasÐac.

Diagr�mmata drasthriot twn (Activity diagrams)

En¸ ta diagr�mmata peript¸sewn qr shc (bl. §2.5.5) deÐqnoun to ti ja k�nei to sÔsthma,

ta diagr�mmata drasthriot twn (activity diagrams) deÐqnoun to p¸c to sÔsthma ja epitÔqei

touc stìqouc tou. Ta diagr�mmata aut� deÐqnoun uyhloÔ epipèdou leitourgÐec pou dènoun

metaxÔ touc gia na anaparast soun mia diergasÐa tou sust matoc.

Ta diagr�mmata drasthriot twn montelopoioÔn idiaÐtera eÔstoqa epiqeirhsiakèc dierga-

sÐec (business processes). H epiqeirhsiak  diergasÐa eÐnai èna sÔnolo apì sunergazìmenec

ergasÐec gia thn epÐteuxh enìc epiqeirhsiakoÔ stìqou, ìpwc gia par�deigma h apostol  miac

paraggelÐac ston pel�th. Sta eÐdh aut¸n twn diagramm�twn up rxan shmantikèc allagèc

apì thn èkdosh 1.0 thc UML sthn èkdosh 2.0. Sthn pr¸th ta diagr�mmata drasthriot twn

tropopoioÔn k�poio apì to perieqìmenì tou, qwrÐc na qrei�zetai aparaÐthta eÐsodoc se autì me ìnoma

qr sth kai sunjhmatikì.
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up rqan wc eidik  perÐptwsh twn diagramm�twn kat�stashc, en¸ sth deÔterh autì to {dè-

simo} exafanÐsthke, me apotèlesma na qrhsimopoioÔntai arket� lìgw kai tou gegonìtoc ìti

èqoun omoiìthtec me ta diagr�mmata ro c (�owchart diagrams).

Sto sq ma 2.5.11 apeikonÐzetai èna aplì di�gramma drasthriot twn pou deÐqnei th diadi-

kasÐa sunarmolìghshc enìc proswpikoÔ upologist . Sto sq ma faÐnontai ta st�dia ènarxhc

kai termatismoÔ (parìmoia me ta diagr�mmata kat�stashc mhqan c), oi enèrgeiec (actions),

pou sumbolÐzontai me ta stroggulemèna orjog¸nia, en¸ me tic k�jetec mp�rec sumbolÐzetai

h diq�lwsh (fork) kai h sunènwsh (join), diadikasÐec pou sumbolÐzoun antÐstoiqa thn ènarxh

par�llhlwn energei¸n kai thn ènws  touc kai p�li se mÐa enèrgeia.

Sq ma 2.5.11: Par�deigma diagr�mmatoc drasthriot twn me diq�lwsh (fork) kai sunènwsh

(join)

Sq ma 2.5.12 Par�deigma diagr�mmatoc drasthriot twn me thn ènnoia thc apìfashc

Sto sq ma 2.5.12 apeikonÐzetai èna apìspasma diagr�mmatoc drasthriot twn sto opoÐo

up�rqei h ènnoia thc apìfashc (decision), pou apeikonÐzetai me to rìmbo. H apìfash basÐzetai

stic sunj kec (conditions) pou anagr�fontai mèsa se [ ] se k�je akm .

2.5.3 'Oyh an�ptuxhc

Sto upokef�laio autì perigr�fontai ta diagr�mmata pakètwn kai sustatik¸n pou an koun

sthn ìyh an�ptuxhc.
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Diagr�mmata pakètwn (Package diagrams)

Kat� th di�rkeia an�ptuxhc miac meg�lhc efarmog c me pollèc kl�seic, prèpei na up�rqei ènac

trìpoc org�nwshc twn kl�sewn prokeimènou o programmatist c na mporeÐ na bg�zei nìhma

apì ton kuke¸na twn kl�sewn. 'Enac trìpoc org�nwshc eÐnai na dhmiourghjoÔn logikèc

om�dec kl�sewn. Gia par�deigma kl�seic pou susqetÐzontai me th grafik  diasÔndesh thc

efarmog c ja mporoÔsan na sugkentrwjoÔn se mia om�da.

Gia to skopì autì, sth UML up�rqoun ta diagr�mmata pakètwn (package diagrams). To

pakèto eÐnai mia dom  pou omadopoieÐ memonwmèna stoiqeÐa se om�dec uyhlìterou epipèdou.

Gia par�deigma, sth gl¸ssa programmatismoÔ Java up�rqei h ènnoia tou pakètou, sth C#

kai C++ h ènnoia tou onìmatoc q¸rou (namespace), parìlo pou aut� den eÐnai 100% to

Ðdio, exuphretoÔn parìmoiouc skopoÔc. Ta diagr�mmata pakètwn qrhsimopoioÔntai gia na dei

kaneÐc tic exart seic metaxÔ twn pakètwn. 'Ena pakèto mporeÐ na perièqei mèsa tou eÐte �lla

pakèta, eÐte kl�seic. O sunduasmìc tou onìmatoc pakètou kai tou onìmatoc thc kl�shc eÐnai

monadikìc se mia efarmog . To pl rec ìnoma miac kl�shc eÐnai o sunduasmìc tou onìmatoc

tou pakètou kai tou ìnomatìc thc, gia par�deigma sth Java up�rqei h kl�sh Date pou up�rqei

se dÔo pakèta, sta java.util kai java.sql. 'Etsi, to pl rec ìnoma thc kl�shc (sth UML)

eÐnai java::util::Date   java::sql::Date antÐstoiqa. Sto sq ma 2.5.13 apeikonÐzetai

to pakèto me ìnoma java me dÔo diaforetikoÔc trìpouc apeikìnishc. Sto sq ma 2.5.14

emfanÐzontai treic diaforetikoÐ trìpoi apeikìnishc fwliasmènwn pakètwn, en¸ sto deÔtero

kai trÐto pakèto emfanÐzetai kai h kl�sh Date.

Sq ma 2.5.13 'Ena pakèto me dÔo diaforetikoÔc trìpouc apeikìnishc

Sto sq ma 2.5.15 apeikonÐzontai oi exart seic metaxÔ twn pakètwn users, security kai

database. To pakèto users exart�tai apì to security to opoÐo me th seir� tou exart�tai apì

to database. Par�llhla, up�rqei h ènnoia thc eisagwg c (import) me thn opoÐa èna pakèto

mporeÐ na eis�gei èna �llo pakèto, ¸ste na mporeÐ na anafèretai sta stoiqeÐa tou deÔterou

qwrÐc na qrei�zetai na qrhsimopoieÐ to pl rec ìnom� tou. 'Ena tètoio par�deigma apeikonÐzei
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Sq ma 2.5.14 Fwliasmèna pakèta kai sumperÐlhyh kl�shc se aut�

to sq ma 2.5.16, sto opoÐo to pakèto security eis�gei to pakèto authentication.

Sq ma 2.5.15 Exart seic metaxÔ pakètwn

Sq ma 2.5.16 Eisagwg  tou pakètou authentication apì to security

Diagr�mmata sustatik¸n (Component diagrams)

To sustatikì (component) apoteleÐ èna enjulakwmèno, epanaqrhsimopoi simo tm ma logi-

smikoÔ pou mporeÐ eÔkola na antikatastajeÐ. MporeÐ na skefteÐ kaneÐc ta sustatik� wc

{toÔbla} pou sunduazìmena dÐnoun morf  sto logismikì. Ta sustatik� ekteloÔn sugkekri-

mènh leitourgikìthta, gia par�deigma, ènac grammatikìc analut c (parser) gia XML   ènac

katagrafèac sumb�ntwn hmerologÐou (logger) apoteloÔn peript¸seic sustatik¸n. Gia to lì-
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go autì, ta sustatik� (ìpwc kai genikìtera oi kl�seic se èna antikeimenostrafèc logismikì)

prèpei na èqoun qalar  sÔzeuxh (coupling) ¸ste allagèc se aut� na mhn ephre�zoun �llec

kl�seic. 'Etsi, epib�lletai ta sustatik� na qrhsimopoioÔntai mèsw diasundèsewn (interfaces)

gia na parèqoun thn kat�llhlh afaÐresh (abstraction).

Sth UML èna sustatikì mporeÐ na efarmìzei ì,ti efarmìzoun kai oi kl�seic. H kÔria

diafor� metaxÔ enìc sustatikoÔ kai miac kl�shc eÐnai ìti to pr¸to genik� èqei megalÔterec

eujÔnec apì th deÔterh.

Sto sq ma 2.5.17 faÐnetai h shmeiografÐa enìc sustatikoÔ sth UML 2.0. Sthn èkdosh

1.x h par�stash eÐnai lÐgo diaforetik .

Sq ma 2.5.17 ShmeiografÐa enìc sustatikoÔ sth UML

Oi pareqìmenec diasundèseic (provided interfaces) eÐnai oi diasundèseic pou ulopoieÐ èna

sustatikì kai perigr�foun tic uphresÐec pou autì parèqei. Oi aparaÐthtec diasundèseic (re-

quired interfaces) eÐnai oi diasundèseic pou qrei�zetai to sustatikì gia na leitourg sei kai

perigr�foun tic uphresÐec pou autì qrei�zetai gia th leitourgÐa tou.

Sto sq ma 2.5.18 apeikonÐzetai èna aplì di�gramma sustatik¸n. To sustatikì Order

qrhsimopoieÐ th diasÔndesh Cart tou sustatikoÔ Shopping Cart, to opoÐo me th seir� tou

qrhsimopoieÐ th diasÔndesh DataSource tou sustatikoÔ MySQLDB.

2.5.4 Fusik  ìyh

Sto upokef�laio autì perigr�fontai ta diagr�mmata an�ptuxhc pou an koun sth fusik  ìyh.

Diagr�mmata an�ptuxhc (Deployment diagrams)

'Opwc anafèrjhke sto §2.5 sth selÐda 15, ta diagr�mmata an�ptuxhc (deployment diagrams)

deÐqnoun th fusik  ìyh tou sust matoc kai dÐnoun morf  sto logismikì deÐqnontac pwc ta

di�fora tm mata epikoinwnoÔn metaxÔ touc kai pwc aut� anatÐjentai sto ulikì (hardware).

O kìmboc (node) eÐnai k�ti kai mporeÐ na ektelèsei èna komm�ti logismikoÔ pou mporeÐ na

up�rqei me th morf  ulikoÔ   enìc perib�llontoc ektèleshc (execution environment). To
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Sq ma 2.5.18 'Ena aplì di�gramma sustatik¸n

perib�llon ektèleshc eÐnai eidikì logismikì to opoÐo mporeÐ na filoxeneÐ kai na ekteleÐ �llo

logismikì. ParadeÐgmata kìmbwn ulikoÔ eÐnai ènac diakomist c, èna stajmìc ergasÐac   ènac

odhgìc dÐskou. ParadeÐgmata kìmbwn perib�llontoc ektèleshc eÐnai èna leitourgikì sÔsthma,

èna Java EE container, ènac diakomist c istoselÐdwn   efarmog¸n.

H shmeiografÐa enìc kìmbou ulikoÔ kai perib�llontoc ektèleshc emfanÐzetai sto sq ma

2.5.19. To sq ma apeikonÐzei èna tupikì hlektronikì upologist , kaj¸c kai èna diakomist 

efarmog¸n.

Sq ma 2.5.19: O kìmboc enìc tupikoÔ hlektronikoÔ upologist  kai enìc diakomist  efar-

mog¸n se èna di�gramma an�ptuxhc

H shmeiografÐa tou logismikoÔ apeikonÐzetai sto sq ma 2.5.20. To logismikì sumbolÐ-

zetai me to stereìtupo <<artifact>>.

Sq ma 2.5.20 O kìmboc enìc logismikoÔ se èna di�gramma an�ptuxhc
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H an�ptuxh tou logismikoÔ ston upologist  eÐnai to pio aplì di�gramma an�ptuxhc kai

apeikonÐzetai sto sq ma 2.5.21.

Sq ma 2.5.21 To aploÔstero di�gramma an�ptuxhc me dÔo diaforetikèc shmeiografÐec

Oi kìmboi epikoinwnoÔn metaxÔ touc gia na fèroun se pèrac thn ergasÐa. Gia thn epikoinw-

nÐa aut  qrhsimopoioÔntai ta monop�tia epikoinwnÐac (communication paths) pou emfanÐzontai

me suneqeÐc grammèc metaxÔ twn kìmbwn. To sq ma 2.5.22 apeikonÐzei thn epikoinwnÐa me-

taxÔ dÔo diaforetik¸n periballìntwn ektèleshc, enìc diakomist  istoselÐdwn kai enìc EJB

container. To monop�ti epikoinwnÐac èqei to stereìtupo <<RMI>> pou deÐqnei ìti oi kìmboi

epikoinwnoÔn mèsw tou prwtokìllou Remote Method Invocation (RMI).

Sq ma 2.5.22 DÔo kìmboi epikoinwnoÔn metaxÔ touc mèsw tou monopatioÔ epikoinwnÐac

2.5.5 'Oyh perÐptwshc qr shc

Sto upokef�laio autì perigr�fontai ta diagr�mmata peript¸sewn qr shc, perigraf¸n kai

episkìphshc pou an koun sthn ìyh perÐptwshc qr shc.

Diagr�mmata peript¸sewn qr shc (Use case diagrams)

H perÐptwsh qr shc (use case) eÐnai mia perÐptwsh ìpou to sÔsthma ekplhr¸nei mÐa   pe-

rissìterec apait seic tou qr sth. H perÐptwsh qr shc apotup¸nei èna tm ma thc leitour-

gikìthtac pou parèqei to sÔsthma. Oi peript¸seic qr shc eÐnai h kardi� tou sust matoc,

giatÐ ephre�zoun kai kajodhgoÔn ìla ta upìloipa stoiqeÐa tou sust matoc, ìpwc faÐnetai kai
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sto sq ma 2.5.2 tou montèlou tou Kruchten. Oi peript¸seic qr shc apoteloÔn èna �risto

shmeÐo ekkÐnhshc sqedÐashc, an�ptuxhc, dokim c kai tekmhrÐwshc gia k�je pleur� enìc anti-

keimenostrafoÔc sust matoc. 'Enac �lloc orismìc pou dÐnei o Fowler (M. Fowler 2004e) gia

thn perÐptwsh qr shc eÐnai ìti apoteleÐ èna sÔnolo senarÐwn (scenarios) pou dènontai mazÐ

gÔrw apì èna koinì skopì tou qr sth. To sen�rio eÐnai mia seir� apì b mata pou akoloujeÐ

o qr sthc kat� th di�dras  tou me to sÔsthma.

Se èna di�gramma perÐptwshc qr shc, k�ti pou èrqetai se di�drash me to sÔsthma onom�-

zetai actor. H shmeiografÐa tou actor apeikonÐzetai sto sq ma 2.5.23. H shmeiografÐa eÐnai

dÔo morf¸n, eÐte me to {anjrwp�ki}, eÐte me to orjog¸nio kai to stereìtupo <<actor>>. O

actor den eÐnai upoqrewtikì na eÐnai mìno �njrwpoc, all� mporeÐ gia par�deigma na eÐnai to

sÔsthma enìc trÐtou se mia efarmog  epiqeÐrhshc-se-epiqeÐrhsh (business-to-business).

Sq ma 2.5.23: O actor sto di�gramma perÐptwshc qr shc me dÔo diaforetikèc shmeiografÐec

Gia touc actor up�rqei klhronomikìthta ìpwc kai stic kl�seic. Sto sq ma 2.5.24 apei-

konÐzetai o actor Administrator pou eÐnai mia eidik  perÐptwsh tou actor User.

H perÐptwsh qr shc sto antÐstoiqo di�gramma sumbolÐzetai me èna ob�l sq ma mèsa sto

opoÐo up�rqei h perigraf  thc di�drashc pou antiproswpeÔei, ìpwc gia par�deigma faÐnetai

sto sq ma 2.5.25.

Oi dÔo autèc ènnoiec (actor kai perÐptwsh qr shc) sundu�zontai metaxÔ touc mèsw twn

gramm¸n epikoinwnÐac (communication lines). Mia gramm  epikoinwnÐac ja sundèsei ton actor

Administrator me thn perÐptwsh qr shc gia na deÐxei ìti to pr¸to summetèqei sto deÔtero.

To sq ma 2.5.26 deÐqnei to sunduasmì autì, en¸ sto sq ma 2.5.27 apeikonÐzetai èna lÐgo

pio sÔnjeto di�gramma me treic actor pou lamb�noun mèroc sth diadikasÐa thc eisìdou (login)

se èna sÔsthma.
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Sq ma 2.5.24: O actor sto di�gramma perÐptwshc qr shc me dÔo diaforetikèc shmeiografÐec

Sq ma 2.5.25 H perÐptwsh qr shc sumbolÐzetai me èna ob�l sq ma

2.6 Diagr�mmata kl�sewn (class diagrams)

Ta diagr�mmata kl�sewn eÐnai apì ta diagr�mmata thc UML pou qrhsimopoioÔntai eurèwc.

Sto §2.5.1 sth selÐda 17 perigr�fhkan ta diagr�mmata antikeimènwn. En¸ ta teleutaÐa pe-

rigr�foun stigmèc tou sust matoc mèsw twn stigmiotÔpwn, ta diagr�mmata kl�sewn peri-

gr�foun th dom  tou sust matoc kai touc diaforetikoÔc tÔpouc antikeimènwn pou up�rqoun.

Par�llhla, apeikonÐzoun tic statikèc susqetÐseic metaxÔ twn tÔpwn twn antikeimènwn. H

UML qrhsimopoieÐ to genikì ìro qarakthristikì (feature) gia na perigr�yei tic idiìthtec kai

leitourgÐec mia kl�shc.

Se èna di�gramma kl�shc mia kl�sh sumbolÐzetai me èna orjog¸nio, to opoÐo qwrÐzetai

se treic perioqèc mèsw orizìntiwn gramm¸n. Sthn pr¸th perioq  (p�nw), anagr�fetai to

ìnoma thc kl�shc, sth deÔterh perioq  (mèsh) anagr�fontai oi idiìthtec (attributes) kai sthn

trÐth perioq  (k�tw) anagr�fontai oi leitourgÐec (operations). Apì tic treic autèc perioqèc,

mìno h pr¸th eÐnai upoqrewtik . Mia kl�sh mporeÐ na anagr�fei to ìnoma kai tic idiìthtèc
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Sq ma 2.5.26 To pio aplì di�gramma perÐptwshc qr shc

Sq ma 2.5.27: 'Ena pio sÔnjeto di�gramma perÐptwshc qr shc me treic actor kai mia perÐ-

ptwsh qr shc

thc, to ìnoma kai tic leitourgÐec thc   kai ta trÐa qarakthristik� mazÐ. 'Ena par�deigma miac

kl�shc Human faÐnetai sto sq ma 2.6.28. Pollèc forèc gia lìgouc suntomÐac paraleÐpetai

h anagraf  twn idiot twn kai leitourgi¸n miac kl�shc.

Sq ma 2.6.28 H shmeiografÐa thc kl�shc sto di�gramma kl�sewn

2.6.1 Afhrhmènec kl�seic (Abstract classes)

Mia afhrhmènh (abstract) kl�sh eÐnai mia kl�sh pou parèqei thn upograf  (signature) miac

  perissìterwn leitourgi¸n, all� h kl�sh den parèqei thn ulopoÐhsh aut¸n twn leitourgi¸n.
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Ousiastik�, se mia afhrhmènh kl�sh mÐa   perissìterec leitourgÐec eÐnai afhrhmènec. Oi

afhrhmènec kl�seic qrhsimopoioÔntai gia na anagnwrÐzoun koin  leitourgikìthta metaxÔ kl�-

sewn. 'Otan mia kl�sh perièqei toul�qiston mÐa afhrhmènh leitourgÐa, tìte h kl�sh jewreÐtai

afhrhmènh anex�rthta an perièqei leitourgÐec tic opoÐec ulopoieÐ. Sthn perÐptwsh aut , sto

di�gramma kl�sewn to ìnoma thc kl�shc emfanÐzetai me pl�gia gr�mmata.

AntikeÐmeno afhrhmènhc kl�shc de mporeÐ na dhmiourghjeÐ. AntÐjeta, mporeÐ na dhmiour-

ghjeÐ èna antikeÐmeno miac upokl�shc thc afhrhmènhc kl�shc pou ulopoieÐ tic afhrhmènec

leitourgÐec thc teleutaÐac.

2.6.2 Diasundèseic (Interfaces)

Oi diasundèseic (interfaces) eÐnai mia eidik  perÐptwsh tÔpwn. Ja mporoÔsan na paromoia-

stoÔn me afhrhmènec kl�seic twn opoÐwn ìlec oi leitourgÐec eÐnai afhrhmènec. Mia dia-

sÔndesh mporeÐ na perièqei idiìthtec kai leitourgÐec ìpwc mia kl�sh. Mia diasÔndesh sto

di�gramma kl�sewn sumbolÐzetai me to stereìtupo <<interface>> p�nw apì to ìnom� thc,

en¸ oi leitourgÐec thc sumbolÐzontai me Ðsia gr�mmata, giatÐ se mia diasÔndesh oi leitourgÐec

eÐnai ex' orismoÔ afhrhmènec. Sto sq ma 2.6.29 faÐnetai h diasÔndesh ActionListener thc

gl¸ssac programmatismoÔ Java.

Sq ma 2.6.29 Par�deigma diasÔndeshc

AntikeÐmena miac diasÔndeshc mporoÔn na dhlwjoÔn, all� ja dhmiourghjoÔn mèsw kl�sewn

pou ulopoioÔn (implement) th diasÔndesh. H ulopoÐhsh gÐnetai mèsw miac susqètishc pou ja

suzhthjeÐ parak�tw (bl. §2.6.6 sth selÐda 40).

Mia kl�sh pollèc forèc apaiteÐ orismènec diasundèseic gia na douleÔei. Sthn perÐptwsh

aut  h kl�sh apaiteÐ (requires) tic diasundèseic autèc. Sthn perÐptwsh pou mia kl�sh mporeÐ na

qrhsimopoihjeÐ sth jèsh miac   perissotèrwn diasundèsewn, tìte h kl�sh parèqei (provides)

tic diasundèseic autèc.
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2.6.3 Oratìthta (Visibility)

H oratìthta (visibility) orÐzei to pwc mia kl�sh epitrèpei thn prìsbash stic idiìthtec kai

mejìdouc thc proc ton èxw kìsmo. Me th fr�sh {èxw kìsmo} ennooÔntai oi �llec kl�seic

pou an koun eÐte sto Ðdio pakèto eÐte se diaforetikì me thn en lìgw kl�sh.

Up�rqoun tèssera eÐdh oratìthtac sth UML. Sto sq ma 2.6.30 faÐnontai poia eÐnai

aut�.

Sq ma 2.6.30 Ta tèssera eÐdh oratìthtac sth UML

'Opwc faÐnetai kai sto sq ma, apì arister� proc ta dexi� o bajmìc oratìthtac mikraÐnei.

Public (dhmìsia) 'Otan mia idiìthta   leitourgÐa èqei th dhmìsia oratìthta, tìte eÐnai

orat  apì opoiond pote.

Protected (prostateumènh) 'Otan mia idiìthta   leitourgÐa miac kl�shc èqei thn pro-

stateumènh oratìthta, tìte eÐnai orat  mìno apì tic upokl�seic thc arqik c.

Package (pakètou) 'Otan mia idiìthta   leitourgÐa miac kl�shc èqei thn oratìthta pakè-

tou, tìte eÐnai orat  mìno apì tic kl�seic pou an koun sto Ðdio pakèto me autì thc

arqik c.

Private (idiwtik ) 'Otan mia idiìthta   leitourgÐa miac kl�shc èqei thn idiwtik  oratìthta,

tìte den eÐnai orat  apì opoiad pote �llh kl�sh.

Se k�je perÐptwsh oi idiìthtec kai leitourgÐec miac kl�shc ennoeÐtai ìti eÐnai oratèc apì thn

Ðdia thn kl�sh, gi' autì kai den anafèretai parap�nw.

2.6.4 Idiìthtec (Attributes)

Oi idiìthtec miac kl�shc eÐnai ta komm�tia plhroforÐac pou apartÐzoun thn kat�stash enìc

antikeimènou. Se mia kl�sh, oi idiìthtec anagr�fontai wc ex c:
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`oratìthta' / `ìnoma' : `tÔpoc' `pollaplìthta' = `ex' orismoÔ tim ' {`eidikèc

idiìthtec/periorismoÐ'}

To ìnoma eÐnai to ìnoma thc idiìthtac. To / mprost� apì to ìnoma upodhl¸nei ìti h

sugkekrimènh idiìthta klhronomeÐtai apì th gonik  kl�sh.

O tÔpoc eÐnai o tÔpoc thc idiìthtac, pou mporeÐ na eÐnai prwtogen c (pq. int, boolean,

String, ktl.)   kl�sh.

H pollaplìthta (multiplicity) eÐnai èndeixh tou arijmoÔ twn antikeimènwn miac idiìthtac.

Oi sun jeic endeÐxeic pollaplìthtac eÐnai:

1 Up�rqei akrib¸c èna stigmiìtupo thc idiìthtac.

0..1 Up�rqei to polÔ èna stigmiìtupo thc idiìthtac.

* Up�rqei aprosdiìristoc arijmìc stigmiotÔpwn thc idiìthtac. To 0..* gr�fetai apl� *.

x..y Up�rqoun apì x èwc kai y stigmiìtupa thc idiìthtac. 'Otan ta x kai y eÐnai o Ðdioc

arijmìc, tìte mporeÐ na anagr�fetai mìno o ènac, gia par�deigma to 2..2 mporeÐ na

grafeÐ wc 2.

H ex' orismoÔ tim  eÐnai autì pou faner¸nei h perigraf  thc, h arqik  tim  pou dÐnetai

sthn idiìthta kat� th dhmiourgÐa stigmiotÔpou thc kl�shc.

Oi eidikèc idiìthtec/periorismoÐ eÐnai mia lÐsta apì idiìthtec/periorismoÔc, ìpwc gia par�-

deigma {readonly} pou deÐqnei ìti h tim  thc sugkekrimènhc idiìthtac den all�zei, {ordered}

pou deÐqnei ìti h seir� twn antikeimènwn se mia dom  paÐzei rìlo (autì fusik� èqei nìhma gia

domèc pou apojhkeÔoun poll� antikeÐmena)   {unique} pou upodeiknÔei ìti se mia dom  den

epitrèpetai h Ôparxh twn Ðdiwn antikeimènwn parap�nw apì mÐa for�.

Sto sq ma 2.6.28 faÐnontai treic idiìthtec me ta onìmata kai touc tÔpouc touc.

Par�llhla mia idiìthta mporeÐ na eÐnai statik , dhlad  ìlec oi kl�seic na moir�zontai to

Ðdio stigmiìtupo thc idiìthtac (onom�zetai kai stigmiìtupo kl�shc). Se aut  thn perÐptwsh,

h perigraf  thc idiìthtac eÐnai upogrammismènh, ìpwc gia par�deigma

- count : int

2.6.5 LeitourgÐec (Operations)

H leitourgÐa miac kl�shc upodhl¸nei to ti mporeÐ na k�nei mia kl�sh, all� ìqi aparaÐthta to

pwc prèpei na to k�nei. Mia leitourgÐa eÐnai perissìtero mia upìsqesh   èna mikrì sumbìlaio
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pou dhl¸nei ìti mia kl�sh ja èqei k�poia sumperifor� an�logh me autì pou faner¸nei to

ìnom� thc. To sÔnolo twn leitourgi¸n miac kl�shc perilamb�nei to sÔnolo thc sumperifor�c

miac kl�shc.

H pl rhc sÔntaxh UML gia mia leitourgÐa eÐnai:

`oratìthta' `ìnoma' (`par�metroi') : `tÔpoc epistrof c' {`eidikèc idiìthtec'}

Gia thn oratìthta isqÔei ì,ti kai gia tic idiìthtec.

To ìnoma eÐnai to ìnoma thc leitourgÐac.

Oi par�metroi eÐnai h lÐsta paramètrwn pou dèqetai h leitourgÐa. K�je par�metroc

eÐnai thc morf c `kateÔjunsh' `ìnoma' : `tÔpoc' = `ex' orismoÔ tim ' me diaqwrist  to

, (kìmma). H kateÔjunsh orÐzei an h par�metroc ja per�sei tim  sth leitourgÐa (in), ja

p�rei tim  mèsw thc leitourgÐac kai thn epistrèyei ston kal¸n (out)   kai ta dÔo (inout).

H kateÔjunsh mporeÐ na paralhfjeÐ. Se aut  thn perÐptwsh aut  jewreÐtai ìti prìkeitai gia

in par�metro.

O tÔpoc epistrof c eÐnai o tÔpoc pou epistrèfei h leitourgÐa. MporeÐ na eÐnai to tÐpota

(void)   k�poioc apì touc tÔpouc pou mporeÐ na eÐnai mia idiìthta.

'Opwc kai stic idiìthtec, mia leitourgÐa mporeÐ na eÐnai statik . Sthn perÐptwsh aut 

anagr�fetai me upogrammismèna gr�mmata.

Afhrhmènec leitourgÐec (Abstract operations)

Sto §2.6.1 gÐnetai anafor� stic afhrhmènec kl�seic. H Ôparxh miac leitourgÐac wc afhrhmènh

èqei wc apotèlesma na jewreÐtai afhrhmènh kai h kl�sh sthn opoÐa an kei. 'Opwc to ìnoma

miac afhrhmènhc kl�shc anagr�fetai me pl�gia gr�mmata, ètsi kai ta onìmata twn afhrhmènwn

mejìdwn anagr�fontai epÐshc me pl�gia gr�mmata.

2.6.6 Sqèseic (Relationships)

Se èna di�gramma kl�sewn thc UML oi kl�seic apì mìnec touc den lène poll� gia to sÔsthma.

Autì pou ja d¸sei zw  sto di�gramma kl�sewn eÐnai oi sqèseic (relationships) metaxÔ twn

kl�sewn, apì tic opoÐec o endiaferìmenoc mporeÐ na katano sei pwc oi kl�seic susqetÐzontai

metaxÔ touc.

Up�rqoun pènte eÐdh sqèsewn, ta opoÐa apeikonÐzontai sto sq ma 2.6.31. H isqÔc miac

sqèshc metaxÔ dÔo kl�sewn orÐzetai an�loga me to pwc autèc sqetÐzontai metaxÔ touc. Se

k�poia eÐdh sqèsewn, mporeÐ na up�rxei kateÔjunsh (h for� tou bèlouc). Gia par�deigma,
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sto sq ma 2.6.32 faÐnetai ìti èna antikeÐmeno Human exart�tai apì èna antikeÐmeno Lunch

kai ìqi to antÐstrofo (apì èna stigmiìtupo dhlad  tou tÔpou Human mporeÐ na p�rei kaneÐc

thn anafor� proc to stigmiìtupo tou tÔpou Lunch).

Sq ma 2.6.31 Ta eÐdh sqèsewn metaxÔ kl�sewn

Ex�rthsh (Dependence)

H ex�rthsh metaxÔ dÔo kl�sewn upodhl¸nei ìti mia kl�sh qrei�zetai na xèrei pwc prèpei

na doulèyei me antikeÐmena miac �llhc kl�shc. Autì uponnoeÐ ìti allagèc thc miac kl�shc,

ephre�zoun thn �llh. Sto sq ma 2.6.32 h kl�sh Human exart�tai apì thn kl�sh Lunch. Gia

par�deigma, mèsa sth leitourgÐa goToWork() mporeÐ na dhmiourgeÐtai èna proswrinì antikeÐ-

meno tou tÔpou Lunch kai na kaleÐtai h leitourgÐa eat() thc teleutaÐac.

Sq ma 2.6.32 Ex�rthsh metaxÔ dÔo kl�sewn

H sqèsh ex�rthshc upodhl¸nei ìti dÔo kl�seic mporoÔn na doulèyoun mazÐ kai jewreÐtai

wc h asjenèsterh sqèsh metaxÔ touc.

Susqètish (Association)

H susqètish metaxÔ dÔo kl�sewn upodhl¸nei ìti h mÐa ja perièqei anafor� proc antikeÐmeno

thc �llhc me th morf  mèlouc. To mèloc mporeÐ na eÐnai eÐte mia idiìthta thc kl�shc, eÐte

mia par�metroc miac leitourgÐac. Autì shmaÐnei ìti mia idiìthta kl�shc pou eÐnai tÔpoc �llhc
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kl�shc mporeÐ na parastajeÐ kai wc susqètish metaxÔ thc pr¸thc kai thc deÔterhc. Sto

sq ma 2.6.33 h kl�sh Human mporeÐ na perièqei opoiond pote arijmì apì antikeÐmena tÔpou

Car. Sto sq ma anagr�fetai h pollaplìthta metaxÔ twn dÔo (0..*), to ìnoma thc sqèshc

owns kai h kateujuntikìthta (apì ton �njrwpo, mporeÐ na brei kaneÐc poia autokÐnhta èqei,

en¸ to antÐstrofo den isqÔei � q�rin paradeÐgmatoc, to autokÐnhto den èqei mualì gia na

gnwrÐzei se poion an kei).

Sq ma 2.6.33 Susqètish metaxÔ dÔo kl�sewn

Sun�jroish (Aggregation)

H sun�jroish eÐnai mia morf  isqurìterhc susqètishc metaxÔ dÔo kl�sewn. ShmaÐnei ìti mÐa

kl�sh perièqei èna antikeÐmeno miac �llhc kl�shc kai pijanìn na moir�zetai to antikeÐmeno.

ArketoÐ sugqèoun th sun�jroish me th susqètish. H diafor� twn dÔo eÐnai apl  kai

ègkeitai sto ìti sth sun�jroish, mia kl�sh pou perièqetai se mia �llh, eÐnai tm ma thc. Gia

par�deigma, sto sq ma 2.6.34 parathreÐ kaneÐc ìti h kl�sh Airplane perièqetai sthn kl�sh

Airport.

Sq ma 2.6.34 Sun�jroish kl�sewn

SÔnjesh (Composition)

H sÔnjesh de diafèrei polÔ apì th sun�jroish. H diafor� touc ègkeitai sto ìti sth sÔnjesh,

ta antikeÐmena thc perieqìmenhc kl�shc den moir�zontai apì �lla antikeÐmena. H diafor� sth

shmeiografÐa se sqèsh me th sun�jroish eÐnai ìti to diam�nti eÐnai {gem�to}. Gia par�deigma,

sto sq ma 2.6.35 parathreÐ kaneÐc ìti h kl�sh Engine perièqetai sthn kl�sh Car me th

diafor� ìti h mhqan  mporeÐ na up�rqei se èna autokÐnhto mìno.
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Sq ma 2.6.35 SÔnjesh kl�sewn

Klhronomikìthta (Inheritance)

H klhronomikìthta eÐnai sqèsh pou upodhl¸nei exeidÐkeush kl�sewn. Dhlad  mia kl�sh

pou klhronomeÐ mia �llh upodhl¸nei ìti eÐnai tou tÔpou thc pr¸thc all� tautìqrona pio

exeidikeumènh. Sto sq ma 2.6.36 h kl�sh Dog klhronomeÐ thn Animal.

Sq ma 2.6.36 Klhronomikìthta kl�sewn

Mia eidik  perÐptwsh thc sqèshc aut c eÐnai h ulopoÐhsh (implementation)   pragmato-

poÐhsh (realization) pou afor� kl�seic kai diasundèseic. 'Opwc anafèrjhke prohgoumènwc,

oi diasundèseic eÐnai afhrhmènoi tÔpoi pou perièqoun afhrhmènec leitourgÐec tic opoÐec prèpei

mia kl�sh na ulopoi sei me k¸dika prokeimènou h teleutaÐa na qrhsimopoihjeÐ wc antikeÐmeno

tou tÔpou thc diasÔndeshc. Autì isqÔei gia ìlec tic leitourgÐec thc diasÔndeshc. 'Otan mia

kl�sh ulopoieÐ   pragmatopoieÐ mia diasÔndesh, tìte prèpei ektìc apì �llec (pijanèc) dikèc

thc leitourgÐec na parèqei thn ulopoÐhsh twn leitourgi¸n thc diasÔndeshc. AutoÔ tou eÐ-

douc h sqèsh èqei parìmoia shmeiografÐa me aut n thc klhronomikìthtac, me th diafor� ìti h

gramm  metaxÔ kl�shc kai diasÔndeshc eÐnai diakekommènh. Sto sq ma 2.6.37) apeikonÐzetai

h kl�sh ActionButton pou ulopoieÐ th diasÔndesh ActionListener pou perièqei th monadik 

afhrhmènh leitourgÐa actionPerformed().
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Sq ma 2.6.37 UlopoÐhsh diasÔndeshc

2.6.7 Ex�rthsh kl�shc apì diasÔndesh

Se èna kal� sqediasmèno antikeimenostrafèc sÔsthma logismikoÔ, h sqedÐash gÐnetai p�nta

se diasundèseic, ¸ste allagèc stic ulopoi seic na mhn ephre�zoun touc pel�tec-kl�seic twn

diasundèsewn aut¸n. Gia par�deigma, èstw h kl�sh GuestList sth Java h opoÐa exart�tai

apì th diasÔndesh Collection prokeimènou na krat�ei se mia sullog  mia lÐsta onom�twn

(String). 'Omwc akrib¸c epeid  h Collection eÐnai diasÔndesh, ousiastik� h GuestList

exart�tai apì mia ulopoÐhsh thc pr¸thc, gia par�deigma thn kl�sh ArrayList. 'Ara se epÐpedo

ulopoÐhshc h GuestList exart�tai apì thn ArrayList. Autì faÐnetai me th shmeiografÐa

thc mp�lac (ball notation) sto sq ma 2.6.38. H shmeiografÐa tou sq matoc 2.6.38 eÐnai

kainoÔria kai an kei sthn èkdosh 2.0 thc UML. Sto sq ma 2.6.39 faÐnetai h antÐstoiqh

shmeiografÐa gia thn èkdosh UML 1.x.

Sq ma 2.6.38 Ex�rthsh kl�shc apì ulopoÐhsh diasÔndeshc (èkdosh UML 2.0)

Dhlad  se epÐpedo k¸dika, to parap�nw ja mporoÔse na eÐnai wc ex c:

Collection guests = new ArrayList();
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Sq ma 2.6.39 Ex�rthsh kl�shc apì ulopoÐhsh diasÔndeshc (èkdosh UML 1.x)

ìpou guests eÐnai mia idiìthta thc kl�shc GuestList.

Par�llhla, sta sq mata 2.6.38 kai 2.6.39 apeikonÐzetai h shmeiografÐa thc perÐptwshc

diasÔndeshc pou parèqei mia diasÔndesh (kÔkloc enwmènoc mèsw gramm c me thn kl�sh). H

kl�sh ArrayList, ektìc thc diasÔndeshc Collection, parèqei kai th diasÔndesh List.

2.6.8 Quali�ed associations

Se epÐpedo ulopoÐhshc, up�rqoun domèc pou epitrèpoun thn apoj keush antikeimènwn qrhsi-

mopoi¸ntac wc deÐkth �lla antikeÐmena. ParadeÐgmata tètoiwn dom¸n eÐnai oi susqetistikoÐ

pÐnakec, ta lexik�, ta map kai hash. Sth Java gia par�deigma, up�rqei h kl�sh Map pou

epitrèpei thn eisagwg  antikeimènwn qrhsimopoi¸ntac gia thn prospèlas  touc �llo anti-

keÐmeno. 'Estw o k¸dikac se Java:

String name;

Person person;

.

.

Map names = new HashMap();

names.put(name, person);

Me autì ton k¸dika orÐzetai èna antikeÐmeno tÔpou Map sto opoÐo apojhkeÔontai antikeÐmena

tÔpou Object2. Sth sunèqeia, eis�getai sth dom  aut  èna antikeÐmeno tÔpou Person me ìnoma

person kai deÐkth èna antikeÐmeno String me ìnoma name. Gia na p�rei kaneÐc to antikeÐmeno

tÔpou Person dedomènou enìc onìmatoc, prèpei na d¸sei gia par�deigma

Person p = (Person)names.get("Lourdas");

2H kl�sh Object sth Java eÐnai h kl�sh gonèac ìlwn twn upoloÐpwn thc gl¸ssac.
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kai to p ja deÐqnei se èna antikeÐmeno tÔpou Person. H shmeiografÐa gia tètoiec domèc

apeikonÐzetai sto sq ma 2.6.40.

Sq ma 2.6.40: Class quali�er (antistoÐqish antikeimènou tÔpou String se antikeÐmena tÔpou

Person)

2.6.9 Kl�sh susqètishc (Association class)

Mia kl�sh susqètishc (association class) den eÐnai k�ti to idiaÐtero. EÐnai mia kanonik  kl�sh

kai qrhsimopoieÐtai se peript¸seic pou h susqètish metaxÔ dÔo kl�sewn den eÐnai mia apl 

ènwsh. Gia par�deigma, èstw oi kl�seic Person, Meeting kai Attendance. To sq ma 2.6.41

parousi�zei to di�gramma me tic treic autèc kl�seic. H kl�sh Attendance eÐnai h kl�sh

susqètishc sthn perÐptwsh aut .

Sq ma 2.6.41 H kl�sh Attendance eÐnai h kl�sh susqètishc

To isodÔnamo tou diagr�mmatoc sto sq ma 2.6.41 qwrÐc thn kl�sh susqètishc faÐnetai

sto sq ma 2.6.42. Up�rqei wstìso mia mikr  diafor� pou eis�gei h ènnoia thc kl�shc

susqètishc. H diafor� eÐnai ìti metaxÔ dÔo antikeimènwn twn tÔpwn Person kai Meeting

up�rqei èna mìno stigmiìtupo thc kl�shc Attendance.

2.6.10 Kl�seic prìtupa (Template classes)

Orismènec gl¸ssec programmatismoÔ s mera (ìpwc h C++, C#, Java, k�.) parèqoun th

dunatìthta ston programmatist  na gr�fei {genikì} k¸dika. Autì shmaÐnei ìti mporeÐ o
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Sq ma 2.6.42: To isodÔnamo tou diagr�mmatoc tou sq matoc 2.6.41 qwrÐc thn kl�sh su-

sqètishc

programmatist c na gr�fei k¸dika pou qeirÐzetai antikeÐmena twn opoÐwn o tÔpoc den èqei

apofasisteÐ sth f�sh thc metagl¸ttishc. Gia par�deigma, mporeÐ na up�rqei mia kl�sh tÔpou

lÐstac pou na diaqeirÐzetai antikeÐmena opoioud pote tÔpou. Sthn perÐptwsh aut , prèpei ìla

ta antikeÐmena pou ja eis�gontai sth lÐsta na eÐnai tou Ðdiou tÔpou, anex�rthta apì to poioc

eÐnai autìc. MporeÐ kaneÐc na skefteÐ th suggraf  {genikoÔ} k¸dika wc th qrhsimopoÐhsh

afairèsewn (abstractions) se epÐpedo tÔpwn, wstìso den prèpei na sugqèetai me thn ènnoia

thc diasÔndeshc.

MÐa tètoia perÐptwsh kl�sewc onom�zetai kl�sh prìtupo (template class)3. Sto sq ma

2.6.43 apeikonÐzetai h shmeiografÐa thc UML gia tic kl�seic prìtupa. Up�rqei mia kl�sh

List pou diaqeirÐzetai antikeÐmena opoioud pote tÔpou ElementType4 se mia dom  lÐstac.

Sq ma 2.6.43 H shmeiografÐa thc kl�shc prìtupo sth UML

Gia na qrhsimopoihjeÐ mia kl�sh prìtupo, prèpei na gÐnei mia diadikasÐa gnwst  wc {dè-

simo} paramètrou (parameter bind). H shmeiografÐa thc diadikasÐac aut c apeikonÐzetai

sto sq ma 2.6.44. Me to stereìtupo {bind} kai to <ElementType -> Person> h kl�-

sh ListOfPersons {klhronomeÐ} thn List orÐzontac tautìqrona wc kl�sh leitourgÐac thc

thn Person. O trìpoc autìc thc shmeiografÐac onom�zetai derivation, all� o tÔpoc List-

OfPersons den klhronomeÐ ton tÔpo List.

Sto sq ma 2.6.45 apeikonÐzetai ènac enallaktikìc trìpoc gia to {dèsimo} paramètrou.

3Onom�zetai kai parametropoi simh (parameterized) kl�sh.
4To ElementType eÐnai èna endeiktikì ìnoma tou genikoÔ tÔpou, sun jwc to ìnoma autì eÐnai T.
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Sq ma 2.6.44: 'Enac trìpoc shmeiografÐac gia to {dèsimo} paramètrou se mia kl�sh prìtupo

Sq ma 2.6.45 Enallaktik  shmeiografÐa gia to {dèsimo} paramètrou se mia kl�sh prìtupo

2.6.11 Aparijm seic (Enumerations)

Oi aparijm seic (enumerations) eÐnai eidikoÐ tÔpoi pou perièqoun èna prokajorismèno sÔnolo

mìno idiot twn pou den èqoun tim  tÐpota �llo ektìc apì to ìnom� touc. Oi tÔpoi autoÐ

sumbolÐzontai me to stereìtupo <<enumeration>>. H shmeiografÐa apeikonÐzetai sto sq -

ma 2.6.46 kai deÐqnei tic aparijm seic gia thn kat�stash enìc parajÔrou se èna grafikì

perib�llon.

Sq ma 2.6.46 Oi aparijm seic sth UML
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2.6.12 Energèc kl�seic (Active classes)

Mia energìc kl�sh (active class) èqei stigmiìtupa, kajèna apì ta opoÐa ekteleÐ kai elègqei

ta dik� tou n mata (threads)5 elègqou. Oi kl seic twn mejìdwn gÐnontai se èna n ma pel�th

  sto n ma thc energoÔc kl�shc. Sto sq ma 2.6.47 apeikonÐzetai h energìc kl�sh MainApp.

Sq ma 2.6.47 MÐa energìc kl�sh

5Ta n mata mporoÔn na jewrhjoÔn wc upo-diergasÐec miac diergasÐac enìc leitourgikoÔ sust ma-

toc, all� diafèroun ston trìpo me ton opoÐo moir�zontai touc pìrouc se sqèsh me tic diergasÐec.
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KEF�ALAIO 3

Efarmog  UMLDiagDraw

3.1 Eisagwg 

Sto kef�laio autì perigr�fetai h efarmog  antÐstrofhc mhqanik c (reverse engineering)

UMLDiagDraw pou anaptÔqjhke sta plaÐsia thc ergasÐac. Skopìc thc efarmog c eÐnai h

an�gnwsh enìc katalìgou arqeÐwn bytecode thc Java kai h exagwg  twn susqetÐsewn metaxÔ

twn kl�sewn aut¸n se morf  diagr�mmatoc kl�sewn thc UML.

Arqik�, ja gÐnei mia perigraf  twn bibliojhk¸n BCEL kai JGraph pou qrhsimopoi jhkan

kat� thn an�ptuxh thc efarmog c. Sth sunèqeia, ja gÐnei mia perigraf  tou trìpou eÔreshc

twn susqetÐsewn metaxÔ twn kl�sewn kai mia sunoptik  perigraf  gia thn arqitektonik  thc

efarmog c. Ja akolouj sei ènac sÔntomoc odhgìc qr shc thc efarmog c me eikìnec kai tèloc

ja anaferjoÔn duskolÐec kai probl mata kat� thn poreÐa an�ptux c thc.

3.2 Stìqoc thc efarmog c UMLDiagDraw

O skopìc thc efarmog c UMLDiagDraw eÐnai h antÐstrofh mhqanik  k¸dika bytecode thc

Java kai h exagwg  tou diagr�mmatoc kl�sewn thc UML gia tic kl�seic pou perilamb�nontai

ston k¸dika bytecode. H efarmog  anaptÔqjhke se Java kai perilamb�nei grafik  diepaf  gia

thn allhlepÐdrash me to qr sth (epilog  katalìgou me ta arqeÐa tou bytecode kai emf�nish

tou diagr�mmatoc twn kl�sewn).

Sto §3.6 sth selÐda 63 up�rqei ènac odhgìc qr shc thc efarmog c, ìpou o anagn¸sthc

mporeÐ na diab�sei gia tic dunatìthtec thc efarmog c.
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3.3 Biblioj kec pou qrhsimopoi jhkan

H efarmog  basÐsthke kurÐwc se dÔo biblioj kec thc Java. H mÐa eÐnai to Byte Code Engi-

neering Library (BCEL) kai h �llh to JGraph. H pr¸th qrhsimopoieÐtai gia thn an�gnwsh

tou bytecode kai thn exagwg  plhrofori¸n gia tic kl�seic. H deÔterh qrhsimopoieÐtai gia to

sqhmatismì twn grafik¸n kai sugkekrimèna twn orjogwnÐwn pou parist�noun tic kl�seic kai

twn gramm¸n pou parist�noun tic susqetÐseic metaxÔ twn kl�sewn.

3.3.1 Biblioj kh Byte Code Engineering Library

H biblioj kh Byte Code Engineering Library (BCEL) eÐnai mia biblioj kh pou parèqei ston

programmatist  th dunatìthta na analÔei, na dhmiourgeÐ kai na qeirÐzetai to bytecode thc

Java. Wc gnwstìn, wc bytecode ennooÔntai ta metaglwttismèna arqeÐa thc Java twn opoÐwn

ta onìmata èqoun kat�lhxh .class. H biblioj kh parèqei th dunatìthta dhmiourgÐac apì thn

arq  enìc .class arqeÐou   allag c enìc up�rqontoc, qwrÐc na mesolabeÐ h diadikasÐa thc

metagl¸ttishc (BCEL 2006).

H biblioj kh eÐnai grammènh se Java kai eÐnai anoiktì logismikì (dianèmetai me thn �deia

Apache License 2.0). ApoteleÐ èna upoèrgo tou Apache Software Foundation kai h hlektro-

nik  tou dieÔjunsh eÐnai http://jakarta.apache.org/bcel/index.html.

H biblioj kh parèqei arketèc leitourgÐec ston programmatist . Apì autèc, sta plaÐsia

thc ergasÐac, to endiafèron ja epikentrwjeÐ stic dunatìthtec thc biblioj khc gia thn exagwg 

twn plhrofori¸n miac kl�shc.

EÔresh twn plhrofori¸n miac kl�shc

H kl�sh SyntheticRepository tou BCEL orÐzei mia apoj kh (repository) sthn opoÐa {for-

t¸nontai} kl�seic apì to sÔsthma arqeÐwn. H kl�sh, kat� th dhmiourgÐa thc, dèqetai thn

pl rh diadrom  enìc katalìgou pou perièqei arqeÐa .class. Ston parak�tw k¸dika faÐnetai

h dhmiourgÐa tou antikeimènou SyntheticRepository. H mèjodoc getInstance() leitourgeÐ

wc mèjodoc {ergost�sio} pou dhmiourgeÐ antikeÐmena tÔpou SyntheticRepository.

SyntheticRepository repository = SyntheticRepository.getInstance(

new ClassPath("/classfiles"));

H par�metroc pou dèqetai h getInstance() eÐnai èna antikeÐmeno tou tÔpou ClassPath.

To antikeÐmeno autì dèqetai wc par�metro ston domht  thn pl rh diadrom  enìc katalìgou
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pou perièqei arqeÐa .class (sto parap�nw par�deigma eÐnai o kat�logoc �/classfiles�).

To antikeÐmeno tÔpou ClassPath qrhsimopoieÐtai gia th fìrtwsh twn arqeÐwn .class pou

brÐskontai se èna dedomèno kat�logo arqeÐwn sto sÔsthma.

Sth sunèqeia kai mèsw tou antikeimènou tou tÔpou SyntheticRepository mporeÐ o pro-

grammatist c na dhmiourg sei èna antikeÐmeno tou tÔpou JavaClass. To antikeÐmeno autì

dhmiourgeÐtai kal¸ntac th mèjodo loadClass() thc kl�shc SyntheticRepository me par�me-

tro to ìnoma thc kl�shc apì ton kat�logo pou dìjhke arqik� kat� th dhmiourgÐa tou

SyntheticRepository. Autì faÐnetai ston parak�tw k¸dika.

JavaClass repClass = repository.loadClass("TypeInfo");

Sth sunèqeia, me to antikeÐmeno tou tÔpou JavaClass o programmatist c mporeÐ na l�bei

ìlec tic plhroforÐec gia thn kl�sh. Gia to skopì autì h kl�sh JavaClass parèqei mejìdouc

gia k�je idiìthta thc kl�shc. Wc idiìthta, ennoeÐtai k�je morf c qarakthristikì pou èqei

mia kl�sh, ìpwc oi metablhtèc pou up�rqoun dhlwmènec, oi mèjodoi, h oratìthta thc kl�shc,

ktl. AkoloujeÐ endeiktikìc k¸dikac.

// the package name of the class

String packageName = repClass.getPackageName();

// the name of the super class

String superClassName = repClass.getSuperclassName();

// true if the class is an interface

boolean isInterface = repClass.isInterface();

// true if the class is abstract

boolean isAbstract = repClass.isAbstract();

// the implemented interfaces of the class (names)

String[] implInterfaces = repClass.getInterfaceNames();

// the fields (attributes) of the class

Field[] fields = repClass.getFields();

// the methods of the class

Method[] methods = repClass.getMethods();

To parap�nw par�deigma k¸dika deÐqnei ton trìpo me ton opoÐo paÐrnei k�poioc tic plhro-

forÐec gia thn kl�sh. Oi tÔpoi Field kai Method eÐnai eidikoÐ tÔpoi tou BCEL pou qrhsimo-

poioÔntai apì ton programmatist  gia th l yh plhrofori¸n gia tic idiìthtec kai mejìdouc thc
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kl�shc. Oi tÔpoi autoÐ parèqoun mejìdouc ston programmatist  gia na brÐskei gia par�deigma

to ìnoma thc idiìthtac   mejìdou, thn oratìthta, ktl. AkoloujeÐ par�deigma k¸dika gia tic

idiìthtec.

// for each field

for(Field _f : fields)

{

// the name of the field

String fieldName = _f.getName();

// visibility

if (_f.isPrivate())

...

else if (_f.isPublic())

...

}

AkoloujeÐ par�deigma gia tic mejìdouc.

// for each method

for(Method _m : methods)

{

// the name of the field

String methodName = _m.getName();

// visibility

if (_m.isPrivate())

...

else if (_m.isPublic())

...

// the method's opcodes

Code _code = _m.getCode();

}
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Ektìc twn upoloÐpwn, h kl�sh Method parèqei th mèjodo getCode() (ìpwc faÐnetai sto

parap�nw par�deigma) pou epistrèfei ton k¸dika thc upì exètashc mejìdou se opcodes1 gia

th Java virtual machine.

3.3.2 Biblioj kh JGraph

H biblioj kh JGraph eÐnai mia biblioj kh pou parèqei th leitourgikìthta gia to zwgr�fisma

kai thn an�lush gr�fwn. Parèqei èna aplì application programming interface pou epitrèpei

thn optikopoÐhsh, autìmath di�taxh kai an�lush twn gr�fwn. ParadeÐgmata efarmog¸n eÐnai

diagr�mmata diergasi¸n, ro c, diktÔou kai b�sewn dedomènwn, kl�sewn UML, k�. (JGraph

Ltd. 2006)

'Enac gr�foc apoteleÐtai apì tic korufèc (vertices)   kìmbouc kai tic akmèc (edges) pou

sundèoun touc kìmbouc metaxÔ touc. Sthn orologÐa tou JGraph kai oi dÔo autoÐ ìroi peri-

gr�fontai me ton Ðdio ìro kelÐ (cell).

H biblioj kh dianèmetai se dÔo ekdìseic. H mÐa eÐnai anoiktoÔ k¸dika kai dianèmetai me

thn �deia GNU Lesser General Public License v.2.1. H deÔterh onom�zetai JGraphLayout,

pwleÐtai gia emporik  qr sh thc biblioj khc kai parèqei dunatìthtec autìmathc di�taxhc twn

keli¸n sto gr�fo kai an�lushc twn gr�fwn, dunatìthtec pou den parèqei h dwre�n èkdosh.

H sugkekrimènh èkdosh dianèmetai me �deia pou epitrèpei thn akadhmaðk  qr sh thc biblioj -

khc. H JGraphLayout {qtÐzei} p�nw sthn anoiktoÔ k¸dika JGraph kai parèqei kl�seic me

epiplèon leitourgikìthta apì aut n thc JGraph. Met� apì epikoinwnÐa tou gr�fontoc me thn

etairÐa JGraph Ltd., pou eÐnai o dhmiourgìc tou JGraph, dìjhke h �deia gia th qr sh thc

biblioj khc sta plaÐsia thc paroÔsac ergasÐac. H hlektronik  dieÔjunsh gia th biblioj kh

eÐnai http://www.jgraph.com.

H biblioj kh akoloujeÐ to prìtupo sqedÐashc Model-View-Controller. Up�rqoun dh-

lad  xeqwrist� antikeÐmena, me to kajèna na epiteleÐ to dikì tou skopì (ìyh, montèlo kai

elegkt c)2.

Ston pur na thc biblioj khc tou JGraph up�rqei h kl�sh org.jgraph.JGraph h opoÐa

1To opcode eÐnai suntomografÐa tou Operation Code pou eÐnai oi odhgÐec se gl¸ssa mhqan c enìc

progr�mmatoc se mia dedomènh arqitektonik  (sthn perÐptwsh aut  gia thn eikonik  mhqan  thc Java).
2Gia perissìterec plhroforÐec sqetik� me to prìtupo sqedÐashc Model-View-Controller o ana-

gn¸sthc mporeÐ na anatrèxei sthn hlektronik  dieÔjunsh http://en.wikipedia.org/wiki/Model-view-

controller.
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klhronomeÐ thn JComponent tou pakètou javax.swing thc Java. H efarmog  pou anaptÔ-

qjhke sta plaÐsia thc ergasÐac parèqei grafik  diepaf . 'Etsi kai h kl�sh JGraph {dènei}

me èna antikeÐmeno miac upokl�shc tou JComponent, ìpwc eÐnai h JFrame.

Gia k�je koruf  antistoiqoÔn treic kl�seic (lìgw tou protÔpou sqedÐashc Model-View-

Controller): h GraphCell, h CellView kai h CellViewRenderer. Gia thn akrÐbeia, ta para-

p�nw den eÐnai kl�seic, all� diasundèseic pou prèpei na ulopoi sei o programmatist c gia na

doulèyei me to JGraph. Oi ex' orismoÔ ulopoi seic twn diasundèsewn aut¸n sth biblioj kh

tou JGraph eÐnai h kl�sh DefaultGraphCell, VertexView kai VertexRenderer antÐstoiqa.

H VertexRenderer, pou eÐnai h upeÔjunh gia to sqediasmì twn keli¸n tou gr�fou, klhronomeÐ

thn kl�sh javax.swing.JLabel thc biblioj khc Swing thc Java.

Gia tic akmèc isqÔei antÐstoiqa ì,ti kai gia tic korufèc. Parèqontai oi kl�seic Default-

Edge, EdgeView kai EdgeRenderer.

Ektìc apì tic korufèc kai tic akmèc, up�rqei h ènnoia thc jÔrac (port). Oi jÔrec eÐnai

antikeÐmena pou susqetÐzontai me tic korufèc mèsw miac susqètishc antÐstoiqa paidioÔ � gonèa.

Oi jÔrec qrhsimopoioÔntai apì tic akmèc gia na sundèsoun dÔo korufèc mèsw thc susqètishc

phg  � stìqoc. Oi ex' orismoÔ kl�seic sto JGraph pou ulopoioÔn th leitourgikìthta twn

jur¸n eÐnai oi DefaultPort, PortView kai PortRenderer. Sto sq ma 3.3.1 faÐnetai pwc ta

antikeÐmena koruf , akm  kai jÔra {dènoun} metaxÔ touc. Oi korufèc kai akmèc brÐskontai

sto Ðdio epÐpedo, en¸ oi jÔrec eÐnai paidi� twn koruf¸n. Oi akmèc sundèoun dÔo korufèc mèsw

twn idiot twn phg  (source) kai stìqoc (target). P�nta up�rqei mia koruf  pou deÐqnei sthn

pr¸th koruf , pou deÐqnei sthn epìmenh akm    koruf . Oi korufèc kai akmèc pou brÐskontai

sto pr¸to epÐpedo onom�zontai kai rÐzec (roots). Autì pou ulopoieÐtai sthn perÐptwsh tou

sq matoc eÐnai ènac gr�foc pou deÐqnei apì to Vertex A sto Vertex B mèsw thc akm c Edge

A.

DhmiourgÐa gr�fou

Gia th dhmiourgÐa nèou gr�fou, qrei�zontai katarq n ta antikeÐmena tÔpou GraphModel,

GraphLayoutCache kai JGraph. O parak�tw k¸dikac deÐqnei th dhmiourgÐa twn antikeimènwn.

Oi domhtèc twn antikeimènwn tÔpou GraphModel kai JGraph qrei�zontai epiplèon paramètrouc.

Sugkekrimèna, gia to GraphLayoutCache eÐnai aparaÐthto to antikeÐmeno tÔpou GraphModel

kai èna epiplèon antikeÐmeno pou leitourgeÐ wc {ergost�sio} dhmiourgÐac antikeimènwn tÔpou

CellView.
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Sq ma 3.3.1 H susqètish metaxÔ koruf¸n, akm¸n kai jur¸n twn antikeimènwn tou JGraph

GraphModel model = new DefaultGraphModel();

GraphLayoutCache view = new GraphLayoutCache(model,

new DefaultCellViewFactory());

JGraph graph = new JGraph(model, view);

H dhmiourgÐa twn keli¸n gÐnetai dhmiourg¸ntac antikeÐmena tÔpou GraphCell, en¸ gia tic

akmèc antikeÐmena tÔpou Edge. Prokeimènou na mporeÐ èna kelÐ (  koruf ) na sundèetai me

k�poio �llo mèsw thc akm c (edge), ja prèpei se k�je kelÐ na prostejeÐ èna antikeÐmeno

tÔpou Port. H diadikasÐa aut  faÐnetai ston parak�tw k¸dika.

// create the first cell

GraphCell cell1 = new DefaultGraphCell();

Port port1 = new DefaultPort();

cell1.add(port1);

// create the second cell

GraphCell cell2 = new DefaultGraphCell();

Port port2 = new DefaultPort();

cell2.add(port2);

// create the edge that will connect the cells

Edge edge = new DefaultEdge();

edge.setSource(port1); // set the source to the first cell
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edge.setSource(port2); // set the source to the second cell

Prèpei na shmeiwjeÐ ìti o domht c thc kl�shc DefaultGraphCell mporeÐ na deqjeÐ wc pa-

r�metro èna antikeÐmeno tÔpou Object. Sthn perÐptwsh aut , to antikeÐmeno autì {dènetai}

me to sugkekrimèno kelÐ kai mporeÐ na eÐnai otid pote epijumeÐ o programmatist c. M�lista,

sthn orologÐa tou JGraph, to antikeÐmeno autì onom�zetai antikeÐmeno qr sth (user object).

Autì pou mènei t¸ra eÐnai ta antikeÐmena aut� na eisaqjoÔn sto gr�fhma. Prin gÐnei autì

ìmwc, mporeÐ o programmatist c na jèsei se autì to shmeÐo k�poiec paramètrouc pou aforoÔn

se di�forec rujmÐseic twn keli¸n, ìpwc to qr¸ma, to mègejoc tou kelioÔ, tic diast�seic tou,

k�. Autì mporeÐ na gÐnei mèsw thc kl�shc GraphConstants, pou diajètei èna pl joc statik¸n

mejìdwn gia ton orismì tètoiwn paramètrwn. Oi idiìthtec twn antikeimènwn tou JGraph

apojhkeÔontai se domèc tÔpou map. Gia par�deigma, gia na all�xei o programmatist c thn

idiìthta tou AUTOSIZE tou kelioÔ se true, prèpei na d¸sei

// set the AUTOSIZE property of a cell to true

GraphConstants.setAutoSize(cell.getAttributes(), true);

Me ton trìpo autì (qrhsimopoi¸ntac thn kl�sh GraphConstants) orÐzontai oi idiìthtec twn

antikeimènwn tou JGraph.

H eisagwg  twn keli¸n sto gr�fhma gÐnetai me kl sh thc mejìdou insert() tou anti-

keimènou thc ìyhc tou JGraph, sthn perÐptwsh tou paradeÐgmatoc, tou view. H mèjodoc

kaleÐtai me paramètrouc antikeÐmena tÔpou Object pou eÐnai eÐte ta keli�, eÐte oi akmèc. Oi

jÔrec den qrei�zetai na eisaqjoÔn rht�, giatÐ wc paidi� twn keli¸n, eis�gontai autìmata.

'Etsi, o k¸dikac gia thn eisagwg  twn keli¸n kai thc akm c tou paradeÐgmatoc eÐnai

// insert the JGraph objects to the view object

view.insert(new Object[cell1, cell2]);

view.insert(edge);

'Opwc anafèrjhke parap�nw, h kl�sh JGraph klhronomeÐ thn kl�sh JComponent tou Swing

API thc Java. Sun jwc stic efarmogèc pou qrhsimopoioÔn th biblioj kh JGraph, qrhsimo-

poieÐtai èna antikeÐmeno tÔpou JScrollPane me par�metro to antikeÐmeno tou JGraph. Autì

gÐnetai ¸ste se perÐptwsh pou ta keli� me tic akmèc den qwr�ne sto par�juro thc efarmog c,

o qr sthc na mporeÐ na metakinhjeÐ mèsw twn mpar¸n kÔlishc. Tèloc, to antikeÐmeno tÔpou

JComponent prostÐjetai sto kentrikì plaÐsio (frame) tou parajÔrou thc efarmog c.
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// attach the JGraph object to a JScrollPane object

JScrollPane scrollPane = new JScrollPane(graph);

.

.

.

// add to the main application frame

frame.getContentPane().add(scrollPane);

Se genikèc grammèc, aut� eÐnai ta (el�qista) b mata pou prèpei na akolouj sei o pro-

grammatist c gia na prosjèsei èna aplì gr�fo sthn efarmog  tou.

DhmiourgÐa exeidikeumènou gr�fou

Up�rqoun peript¸seic pou eÐnai epijumht  h dhmiourgÐa exeidikeumènwn keli¸n   akm¸n se

èna gr�fo. Mia tètoia perÐptwsh eÐnai h efarmog  thc paroÔsac ergasÐac. Sthn efarmog 

qrei�sthke h dhmiourgÐa keli¸n pou ta orjog¸ni� touc èprepe na perièqoun dÔo epiplèon

orizìntiec grammèc gia to diaqwrismì twn idiot twn kai leitourgi¸n.

Gia th dhmiourgÐa exeidikeumènwn keli¸n apaiteÐtai h dhmiourgÐa nèac kl�shc pou klhro-

nomeÐ thn DefaultGraphCell. Gia thn efarmog , dhmiourg jhke h kl�sh ClassGraphCell

kai apoteleÐ to antikeÐmeno qr sth. Sth sunèqeia, dhmiourg jhke mia nèa upokl�sh thc

VertexView me ìnoma ClassView. H kl�sh ClassView eÐnai h kl�sh thc ìyhc, �ra kai h

upeÔjunh gia th dhmiourgÐa twn grafik¸n antikeimènwn tou gr�fou. Par�llhla, h Ðdia kl�-

sh perièqei mia eswterik  (inner) kl�sh me ìnoma ClassRenderer. H kl�sh aut  eÐnai pou

k�nei to exeidikeumèno zwgr�fisma me upèrbash (override) thc mejìdou paint(Graphics g).

Tèloc, dhmiourg jhke mia kl�sh me ìnoma ClassViewFactory, upokl�sh thc DefaultCell-

ViewFactory pou epistrèfei stigmiìtupa thc exeidikeumènhc kl�shc ClassView.

Lìgw tou ìti dhmiourgeÐtai mia nèa kl�sh wc {ergost�sio}, ja prèpei na dhlwjeÐ me k�poio

trìpo h kl�sh aut , ¸ste na epistrèfei ta swst� antikeÐmena tou tÔpou ClassGraphCell.

Autì gÐnetai kat� th dhmiourgÐa tou antikeimènou thc ìyhc tou tÔpou GraphLayoutCache,

ìpou perniètai wc deÔterh par�metroc h nèa kl�sh gia th dhmiourgÐa twn antikeimènwn twn

keli¸n.

// register the new cell factory with the view object

GraphLayoutCache view = new GraphLayoutCache(model, new ClassViewFactory());
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MhqanismoÐ autìmathc di�taxhc tou JGraphLayout

'Opwc anafèrjhke prohgoumènwc (selÐda 51), gia thn an�ptuxh thc efarmog c qrhsimopoi -

jhke h biblioj kh JGraphLayout, h opoÐa dianèmetai k�tw apì emporik  �deia, all� mporeÐ na

qrhsimopoihjeÐ kai gia akadhmaðkoÔc skopoÔc. H epiplèon dunatìthta, pou qrhsimopoi jhke

sthn efarmog , se sqèsh me to dwre�n JGraph eÐnai h autìmath di�taxh twn kìmbwn sto

gr�fo.

Gia to mhqanismì thc autìmathc di�taxhc se èna gr�fo, up�rqei h diasÔndesh JGraph-

Layout kai h kl�sh JGraphFacade. Oi kl�seic pou ulopoioÔn th diasÔndesh ekteloÔn tic

majhmatikèc leitourgÐec gia th dhmiourgÐa thc di�taxhc, en¸ h kl�sh energeÐ p�nw sto gr�fo

kai parèqei di�forec mejìdouc gia thn exagwg  plhrofori¸n sqetik� me autìn. Me ton trìpo

autì, diaqwrÐzetai h leitourgikìthta thc emf�nishc apì ton Ðdio ton algìrijmo thc di�taxhc.

Gia na qrhsimopoihjeÐ ènac algìrijmoc autìmathc di�taxhc se èna gr�fo, prèpei na dh-

miourghjeÐ èna antikeÐmeno tou tÔpou JGraphFacade pou krat�ei tic plhroforÐec kai tic

rujmÐseic tou gr�fou. O domht c gia to antikeÐmeno autì, qrei�zetai èna antikeÐmeno tou tÔpou

JGraph ¸ste na gnwrÐzei se poio gr�fo anafèretai. Sth sunèqeia, apaiteÐtai h dhmiourgÐa

enìc antikeimènou tou tÔpou JGraphLayout kal¸ntac ènan apì touc domhtèc twn kl�sewn pou

ulopoioÔn aut  th diasÔndesh. Tètoiec kl�seic eÐnai ousiastik� kl�seic pou ulopoioÔn diafo-

retikoÔc algìrijmouc di�taxhc sto gr�fo. 'Etsi, up�rqoun kl�seic gia th di�taxh se sq ma

dèntrou (tree layout) diafìrwn morf¸n, kl�seic gia th di�taxh se sq ma pou jumÐzei orga-

nik  dom  (organic layout), en¸ h efarmog  qrhsimopoieÐ mia di�taxh pou onom�zetai ierarqik 

di�taxh (hierarchical layout). An o programmatist c epijumeÐ mia di�taxh se sq ma dèntrou

gia par�deigma, prèpei na kalèsei to domht  miac apì tic kl�seic JGraphCompactTreeLayout  

JGraphTreeLayout. Sth sunèqeia, kaleÐtai h mèjodoc run() thc JGraphLayout me par�metro

to antikeÐmeno tou tÔpou JGraphFacade pou dhmiourg jhke prohgoumènwc. H mèjodoc ekte-

leÐ ton algìrijmo thc di�taxhc, all� gia na efarmosteÐ kai sto gr�fhma, apaitoÔntai dÔo

epiplèon enèrgeiec. 'Ola ta parap�nw, sunoyÐzontai sto parak�tw par�deigma k¸dika.

// obtain the root user objects

Object[] roots = getRootObjects();

// create the JGraphFacade and JGraphLayout objects

JGraphFacade facade = new JGraphFacade(graph, roots);
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JGraphLayout layout = new JGraphTreeLayout(); // use a tree layout

// run the layout algorithm

layout.run(facade);

// obtain a map of the resulting attribute changes from the facade

Map nested = facade.createNestedMap(true, true);

// apply the results to the actual graph

graph.getGraphLayoutCache().edit(nested);

Sto par�deigma autì, o anagn¸sthc ja parathr sei ìti up�rqei ènac pÐnakac apì antikeÐmena

Object pou eÐnai oi rÐzec apì tic opoÐec xekin�ei to dèntro. Ta antikeÐmena aut� eÐnai aparaÐ-

thta ìtan qrhsimopoieÐtai o algìrijmoc thc di�taxhc dèntrwn kai se aut� apojhkeÔontai ta

antikeÐmena qr sth (user objects) kai ìqi antikeÐmena twn keli¸n (tou tÔpou GraphCell).

Me ta parap�nw b mata, gÐnetai h autìmath di�taxh twn keli¸n tou gr�fou, qwrÐc kìpo

apì thn pleur� tou programmatist .

3.4 Teqnikèc eÔreshc twn sqèsewn metaxÔ twn kl�sewn

'Estw n o arijmìc twn arqeÐwn .class gia ta opoÐa prèpei na dhmiourghjeÐ to di�gramma

kl�sewn. H efarmog  qrhsimopoieÐ èna didi�stato pÐnaka m kouc n ∗ n gia na apeikonÐsei

tic sqèseic metaxÔ twn kl�sewn. Se k�je kelÐ topojeteÐtai ènac qarakt rac pou upodhl¸nei

th sqèsh thc kl�shc apì thn antÐstoiqh gramm  proc thn kl�sh sthn antÐstoiqh st lh tou

kelioÔ. Gia par�deigma, èstw oi kl�seic A, B, C kai D. 'Enac upojetikìc pÐnakac sqèsewn

eÐnai o 3.1. To di�gramma kl�sewn pou antistoiqeÐ ston pÐnaka apeikonÐzetai sto sq ma

3.4.2.

Oi qarakt rec pou qrhsimopoioÔntai sthn apeikìnish twn susqetÐsewn metaxÔ twn kl�-

sewn eÐnai:

• S Gia thn klhronomikìthta.

• I Gia thn ulopoÐhsh/pragmatopoÐhsh diasÔndeshc

• D Gia thn ex�rthsh

57



PÐnakac 3.1 PÐnakac sqèsewn metaxÔ twn kl�sewn A, B, C kai D

A B C D

A

B S

C D U

D S

Sq ma 3.4.2 To di�gramma kl�sewn pou antistoiqeÐ ston pÐnaka susqetÐsewn 3.1

• U Gia thn susqètish

• H Gia th sun�jroish   sÔnjesh

Prèpei na shmeiwjeÐ ìti sth Java oi ènnoiec thc sun�jroishc   sÔnjeshc den ufÐstantai, lìgw

thc arqitektonik c thc gl¸ssac.

O parap�nw pÐnakac dhmiourgeÐtai kat� thn eÔresh twn susqetÐsewn metaxÔ twn kl�sewn

pou up�rqoun ston kat�logo pou epèlexe o qr sthc. Gia thn akrÐbeia, sta keli� tou pÐnaka

eis�gontai sumboloseirèc tou tÔpou

<susqètish>:<pollaplìthta>

ìpou susqètish eÐnai ènac apì touc qarakt rec pou perigr�fontai parap�nw kai pollaplì-

thta eÐnai h pollaplìthta gia thn antÐstoiqh sqèsh, sth morf  x:y, ìpou ta x kai y mporoÔn

na eÐnai èna apì ta 0, 1   ∗. Gia par�deigma, an mia mèjodoc miac kl�shc A qrhsimopoioÔse èna

pÐnaka apì mia kl�sh B se mia par�metrì thc, tìte h susqètish ston pÐnaka ja  tan D:1:*.

Apì ta parap�nw, gÐnetai antilhptì ìti èqei shmasÐa o trìpoc me ton opoÐo diab�zetai o

pÐnakac. Dhlad , gia ton pÐnaka 3.1 isqÔei:

B → A : S (H B klhronomeÐ thn A)

C → A : D (H C exart�tai apì thn A)
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C → B : U (H C susqetÐzetai me thn B)

D → C : S (H D klhronomeÐ thn C)

Mia kl�sh pou èqei wc idiìthta � mèloc   mia apì tic mejìdouc thc èqei wc par�metro èna

stigmiìtupo miac �llhc kl�shc jewreÐtai ìti susqetÐzetai (U) me th deÔterh. An sto s¸ma

miac mejìdou thc (ìqi stic paramètrouc) dhmiourgeÐ kai qrhsimopoieÐ antikeÐmeno miac �llhc

kl�shc, tìte (h pr¸th kl�sh) jewreÐtai ìti exart�tai (D) apì th deÔterh.

3.5 Arqitektonik  efarmog c

O phgaÐoc k¸dikac thc efarmog c organ¸netai se pakèta. AkoloujeÐ h sunoptik  perigraf 

twn pakètwn:

gr.uom.umldiagdraw To pr¸to pakèto perièqei thn kl�sh ekkÐnhshc MainApp thc efarmo-

g c.

gr.uom.umldiagdraw.exceptions Perièqei tic orismènec apì ton programmatist  exairè-

seic (exceptions) thc efarmog c. To pakèto perièqei tic kl�seic AbstractException,

ClassFilesNotFound kai PathNotFoundException, apì tic opoÐec oi dÔo teleutaÐec

klhronomoÔn thn pr¸th.

gr.uom.umldiagdraw.factory Perièqei thn kl�sh Factory pou parèqei statikèc mejìdouc

gia thn epistrof  stigmiotÔpwn antikeimènwn kl�sewn pou qrhsimopoieÐ h efarmog .

LeitourgeÐ wc kl�sh {ergost�sio}.

gr.uom.umldiagdraw.graph Perièqei tic kl�seic ClassGraphCell, ClassViewFactory kai

ClassView. EÐnai oi exeidikeumènec kl�seic tou JGraph pou qrhsimopoioÔntai gia th

sqedÐash twn grafik¸n tou gr�fou pou apeikonÐzoun tic kl�seic tou diagr�mmatoc kl�-

sewn.

gr.uom.umldiagdraw.graphics Perièqei tic kl�seic MainFrame kai AboutFrame. Apì au-

tèc, h pr¸th apoteleÐ thn kl�sh pou ulopoieÐ thn grafik  diepaf  thc efarmog c kai

apoteleÐ thn kl�sh elègqou twn upoloÐpwn, me apotèlesma na eÐnai h megalÔterh (se

grammèc k¸dika) kl�sh ìlhc thc efarmog c. H deÔterh ulopoieÐ èna aplì par�juro

dialìgou pou emfanÐzei sÔntomec plhroforÐec gia thn efarmog .
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gr.uom.umldiagdraw.logging Perièqei thn kl�sh MyLogger pou leitourgeÐ wc kl�sh {er-

gost�sio} gia thn epistrof  antikeimènou tou tÔpou org.apache.log4j.Logger. To

antikeÐmeno autì qrhsimopoieÐtai gia thn emf�nish qr simwn mhnum�twn enhmerwtikoÔ

tÔpou   mhnum�twn pou qrhsimeÔoun kat� thn aposfalm�twsh (debugging) thc efar-

mog c. H kl�sh qrhsimopoieÐ th biblioj kh Log4j, èna apì ta upoèrga tou Apache

Software Foundation3.

gr.uom.umldiagdraw.readers Perièqei tic kl�seic TypeInfoReader kai TypeInfoReader-

BCEL. H pr¸th eÐnai afhrhmènh kl�sh pou klhronomeÐ h deÔterh kai ulopoieÐ tic mejìdouc

gia thn an�gnwsh twn plhrofori¸n twn kl�sewn qrhsimopoi¸ntac th biblioj kh BCEL.

gr.uom.umldiagdraw.readers.utils Perièqei thn kl�sh DirectoryFinder pou parèqei

mejìdouc gia thn eÔresh twn upokatalìgwn enìc katalìgou kai qrhsimopoieÐtai wc

{bohjhtik } kl�sh apì thn TypeInfoReaderBCEL.

gr.uom.umldiagdraw.relations Perièqei tic kl�seic RelationMatch kai RelationMatch-

ForJava. H pr¸th eÐnai afhrhmènh kl�sh pou klhronomeÐ h deÔterh kai ulopoieÐ tic

mejìdouc gia thn eÔresh twn sqèsewn twn kl�sewn gia th Java. H kl�sh aut  sumplh-

r¸nei to didi�stato pÐnaka, ìpwc perigr�fetai sto §3.4 sth selÐda 57.

gr.uom.umldiagdraw.types Perièqei touc orismènouc apì ton programmatist  tÔpouc de-

domènwn pou qrhsimopoieÐ h efarmog . To pakèto autì parèqei tic parak�tw kl�seic:

AccessEnum EÐnai mia aparÐjmhsh gia ta eÐdh oratìthtac (idiwtik , prostateumènh, pa-

kètou kai dhmìsia).

Attribute EÐnai mia kl�sh pou perièqei tic meta-plhroforÐec gia mia idiìthta kl�shc.

MethodType EÐnai mia kl�sh pou perièqei tic meta-plhroforÐec gia mia leitourgÐa kl�-

shc.

ModifierEnum EÐnai mia aparÐjmhsh gia ton trìpo apoj keushc enìc tÔpou [telikìc

(�nal), statikìc (static)   afhrhmènoc (abstract)].

ParamType EÐnai mia kl�sh pou perièqei tic meta-plhroforÐec gia mia par�metro lei-

tourgÐac miac kl�shc.

3Gia perissìterec plhroforÐec sqetik� me th biblioj kh Log4j o anagn¸sthc mporeÐ na anatrèxei

sthn hlektronik  dieÔjunsh http://logging.apache.org/
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TypeClass EÐnai mia kl�sh pou perigr�fei ton tÔpo miac idiìthtac, paramètrou mejì-

dou   ton tÔpo epistrof c ètsi ìpwc qrhsimopoieÐtai eswterik� apì tic upìloipec

kl�seic tou pakètou. Gia par�deigma, ènac tÔpoc akeraÐou sumbolÐzetai wc int,

en¸ èna antikeÐmeno miac kl�shc java.util.Map wc `class:java.util.Map'.

TypeInfo EÐnai mia kl�sh pou perièqei tic meta-plhroforÐec gia mia kl�sh. EÐnai h kÔria

kl�sh pou qrhsimopoioÔn ta upìloipa pakèta gia thn apoj keush twn plhrofori¸n

gia èna tÔpo. H kl�sh TypeInfo susqetÐzetai me tic upìloipec kl�seic tou pakètou

autoÔ me susqetÐseic èna proc poll�.

H efarmog  apaiteÐ toul�qiston Java 5 gia thn ektèles  thc, diìti qrhsimopoieÐ arket�

apì ta nèa qarakthristik� thc èkdoshc 5 thc gl¸ssac, ìpwc generics, aparijm seic, nèoi

brìqoi for, ktl.

Sto sq ma 3.5.3 apeikonÐzetai to di�gramma kl�sewn thc efarmog c, ìpwc autì dhmiour-

geÐtai apì thn Ðdia thn efarmog . 'Opwc gÐnetai antilhptì, h kl�sh MainFrame eÐnai aut  pou

èqei tic perissìterec susqetÐseic me tic upìloipec kl�seic, lìgw tou gegonìtoc ìti eÐnai h

kl�sh pou diaqeirÐzetai th grafik  diepaf  thc efarmog c.
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Sq ma 3.5.3 To di�gramma kl�sewn thc efarmog c UMLDiagDraw ìpwc par�getai apì thn Ðdia
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3.6 SÔntomoc odhgìc qr shc

H kentrik  ojình thc efarmog c apeikonÐzetai sto sq ma 3.6.4. Up�rqei h mp�ra menoÔ me

trÐa menoÔ, h mp�la ergaleÐwn me dÔo koumpi�, to èna gia thn epilog  katalìgou proèleushc

kai to �llo gia thn èxodo apì thn efarmog , kai par�llhla up�rqei kai mia etikèta pou

emfanÐzei to pl rec ìnoma tou katalìgou pou epèlexe o qr sthc.

Sq ma 3.6.4 H kentrik  ojình thc efarmog c UMLDiagDraw

Pat¸ntac sto menoÔ File → Browse directory...   sto pr¸to eikonÐdio me to �noigma

fakèlou sthn mp�ra ergaleÐwn emfanÐzetai to par�juro epilog c katalìgou (sq ma 3.6.5).

AfoÔ o qr sthc epilèxei èna kat�logo pou perièqei to bytecode twn kl�sewn thc efarmog c

tou, h efarmog  diab�zei ta arqeÐa, ex�gei tic plhroforÐec pou qrei�zetai mèsw tou BCEL

kai tèloc dhmiourgeÐ to gr�fo, emfanÐzontac me ton trìpo autì to di�gramma kl�sewn gia tic

sugkekrimènec kl�seic. To sq ma 3.6.6 emfanÐzei to di�gramma kl�sewn gia èna upojetikì

sÔsthma.

Se meg�la diagr�mmata, ìpou oi kl�seic eÐnai arketèc kai eÐnai dÔskolo o qr sthc na èqei

thn {eikìna} tou sust matoc, h efarmog  dÐnei th dunatìthta thc smÐkrunshc (zoom out) tou

gr�fou se tèssera epÐpeda (25%, 50%, 75% kai 100%) tou arqikoÔ megèjouc (to sq ma 3.6.7
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Sq ma 3.6.5 To par�juro epilog c katalìgou

deÐqnei ton gr�fo tou sq matoc se 50% smÐkrunsh). H epilog  tou epipèdou thc smÐkrunshc

gÐnetai apì to menoÔ View me epilog  twn antÐstoiqwn epilog¸n (25% zoom . . . 100% zoom).

Par�llhla, up�rqei h dunatìthta apìkruyhc twn idiot twn kai leitourgi¸n twn kl�sewn,

leitourgikìthta pou up�rqei se arketèc parìmoiec efarmogèc antÐstrofhc mhqanik c. Oi lei-

tourgÐec autèc up�rqoun sto menoÔ View wc epilogèc pou eÐnai eÐte energopoihmènec, eÐte ìqi.

Ta onìmat� touc eÐnai antÐstoiqa �Show class attributes� kai �Show class operations� . Ex'

orismoÔ, oi epilogèc autèc eÐnai energopoihmènec. An o qr sthc èqei  dh epilèxei èna kat�-

logo arqeÐwn kai èqei  dh sqhmatisteÐ to di�gramma kl�sewn thc efarmog c, tìte up�rqei h

dunatìthta apenergopoÐhshc twn epilog¸n aut¸n ek twn ustèrwn. Apenergopoi¸ntac loipìn

th mÐa (  kai tic dÔo) epilogèc autèc, o gr�foc xanasqhmatÐzetai qwrÐc na deÐqnei tic idiìth-

tec ( /kai leitourgÐec) twn kl�sewn. To sq ma 3.6.8 deÐqnei to di�gramma tou upojetikoÔ

sust matoc qwrÐc tic idiìthtec kai leitourgÐec twn kl�sewn.

K�poiec epiplèon dunatìthtec thc efarmog c eÐnai h ektÔpwsh tou graf matoc mèsw thc

antÐstoiqhc epilog c touc menoÔ (File→ Print...) kai thc apoj keus c tou se arqeÐo eikìnac

tÔpou PNG (Portable Network Graphics) (mèsw thc epilog c File → Save as image...). Gia

th leitourgÐa aut , h efarmog  zht� apì to qr sth mèsw tou kat�llhlou parajÔrou dialìgou

to ìnoma tou arqeÐou. An h apoj keush tou arqeÐou .png gÐnei qwrÐc prìblhma, o qr sthc

enhmer¸netai me to kat�llhlo m numa (sq ma 3.6.9). Tèloc, mia prìsjeth dunatìthta thc

efarmog c eÐnai h allag  tou qr¸matoc twn kl�sewn sto di�gramma. Autì gÐnetai apì to

menoÔ View → Choose class color... pou emfanÐzei èna par�juro epilog c thc qrwmatik c

apìqrwshc.
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Sq ma 3.6.6 To di�gramma kl�sewn gia èna upojetikì sÔsthma

3.7 Probl mata � prot�seic gia beltÐwsh � sumper�-

smata

3.7.1 Probl mata

Sth Java 5 mia shmantik  prosj kh afor� ston qeirismì twn tÔpwn sullog¸n kai list¸n.

Sugkekrimèna, mèsw twn generics eÐnai dunatìn na xèrei o metaglwttist c kat� th f�sh thc

metagl¸ttishc ti eÐdouc antikeÐmena ja eisaqjoÔn se mia sullog    lÐsta. Ta generics èqoun

parìmoia qr sh me ta prìtupa (templates) thc C++. Gia par�deigma, antÐ tou klasikoÔ

Collection myCollection = new ArrayList();

myCollection.add("computer");
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Sq ma 3.6.7 To di�gramma kl�sewn tou sq matoc 3.6.6 se smÐkrunsh 50%

myCollection.add("keyboard");

.

.

.

Iterator i = myCollection.iterator();

String word = (String)i.next();

me ta generics h lÔsh eÐnai arket� komyìterh kai asfalèsterh, efìson den gÐnontai perittèc

(kai k�poiec forèc epikÐndunec) metatropèc tÔpwn (casts).

Collection<String> myCollection = new ArrayList()<String>;

myCollection.add("computer");
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Sq ma 3.6.8: To di�gramma kl�sewn tou sq matoc 3.6.6 qwrÐc thn apeikìnish twn idiot twn

kai leitourgi¸n twn kl�sewn

Sq ma 3.6.9: H efarmog  enhmer¸nei to qr sth gia thn epituq  apoj keush tou diagr�m-

matoc se eikìna tÔpou PNG

myCollection.add("keyboard");

.

.

.

Iterator i = myCollection.iterator();

String word = i.next();

Wstìso, autì eÐnai qarakthristikì tou metaglwttist  kai den up�rqei diafor� sto paragì-

meno bytecode. 'Etsi, en¸ se antikeÐmena tÔpou sullog¸n, list¸n, map, klp. ja mporoÔse

h efarmog  na anakalÔptei to eÐdoc twn sqèsewn tètoiwn antikeimènwn me ton perieqìmeno

tÔpo, autì telik� den epiteÔqjhke. Sqèseic dhlad  metaxÔ kl�sewn mèsw antikeimènwn tÔpou
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Collection, Map, ktl. me tic kl�seic twn antikeimènwn pou apojhkeÔoun den katèsth duna-

tì na brejoÔn. Ston k¸dika thc efarmog c, se poll� shmeÐa qrhsimopoieÐtai mia dom  tÔpou

Map<String, TypeInfo> pou eÐnai antistoÐqish onìmatoc tÔpou me ton tÔpo pou krat�ei tic

meta-plhroforÐec gia ton tÔpo autì. Gia par�deigma, h kl�sh MainFrame èqei idiìthta tou

tÔpou autoÔ, wstìso h efarmog  adunateÐ na brei th susqètish metaxÔ twn dÔo, akrib¸c gia

to lìgo ìti den mporeÐ na anakalÔyei to eÐdoc twn antikeimènwn pou apojhkeÔei h dom  Map.

'Ena prìblhma pou proèkuye kat� thn an�ptuxh  tan to pwc ja exaqjoÔn plhroforÐec

gia to s¸ma miac mejìdou. To BCEL parèqei th mèjodo getCode() thc kl�shc Method pou

epistrèfei ta opcodes tou s¸matoc miac mejìdou. Wstìso, èprepe na brejoÔn ta sugkekrimèna

opcodes pou qrhsimopoioÔntai ìtan dhmiourgoÔntai nèa antikeÐmena me ton telest  new. Autì

isqÔei eÐte gia apl� antikeÐmena, eÐte gia poludi�statouc pÐnakec. Gia par�deigma, èstw o

k¸dikac

int[] numbers;

String[] strings;

String[][] multistrings;

String string;

numbers = new int[10];

strings = new String[5];

string = new String("test");

multistrings = new String[10][];

O k¸dikac autìc metafr�zetai se opcodes wc ex c:

0: bipush 10

2: newarray <int>

4: pop

5: iconst_5

6: anewarray <java.lang.String> (15)

9: pop

10: new <java.lang.String> (15)

13: dup

14: ldc "test" (17)
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16: invokespecial java.lang.String.<init> (Ljava/lang/String;)V (19)

19: pop

20: bipush 10

22: multianewarray <[[Ljava.lang.String;> 1 (22)

26: pop

27: return

Dhlad , to numbers = new int[10]; metafr�zetai4 wc

bipush 10

newarray <int>

To strings = new String[5]; wc

iconst_5 anewarray <java.lang.String>

To string = new String("test"); metafr�zetai wc

pop

new <java.lang.String>

dup

ldc "test"

invokespecial java.lang.String.<init> (Ljava/lang/String;)V

Kai to multistrings = new String[10][]; wc

bipush 10

multianewarray <[[Ljava.lang.String;>

Apì ta parap�nw, gÐnetai antilhptì ìti èprepe na brejoÔn oi grammèc pou perieÐqan ta op-

codes: new, newarray, anewarray kai multianewarray. EpÐshc to prìblhma up rxe kai sthn

an�lush tou tÔpou dedomènwn kat� th diadikasÐa dhmiourgÐac tou nèou antikeimènou. Se a-

ploÔc tÔpouc kai monodi�statouc pÐnakec dhl¸netai mèsa se <> (gia kl�seic dhl¸netai to

pl rec ìnoma thc kl�shc ìpwc java.lang.String sto par�deigma parap�nw), en¸ se polu-

di�statouc pÐnakec dhl¸netai kai p�li mèsa se <>, all� met� to pr¸to < up�rqoun tìsec

agkÔlec `[' ìsec oi diast�seic tou pÐnaka kai akoloujeÐ to ìnoma tou tÔpou5.

4H antistoiqÐa twn entol¸n se Java sta antÐstoiqa opcodes sto par�deigma autì endèqetai na mhn

eÐnai 100% akrib c.
5Gia perissìterec plhroforÐec o anagn¸sthc mporeÐ na apeujunjeÐ sto Java Virtual Machine

Speci�cation.
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Mia parat rhsh eÐnai ìti sto bytecode den krat¸ntai ta onìmata twn metablht¸n twn pa-

ramètrwn miac mejìdou. Gia par�deigma, gia mia mèjodo me thn upograf  void add(String

string1, String string2);, to BCEL ja epistrèyei wc onìmata twn paramètrwn ta arg1

kai arg2. To fainìmeno autì den sumbaÐnei ìtan o k¸dikac èqei metaglwttisteÐ me thn par�-

metro -g ston metaglwttist  (javac), diadikasÐa wstìso pou den eÐnai sunhjismènh.

H tekmhrÐwsh pou parèqoun oi biblioj kec BCEL kai JGraph, krÐnetai gia thn pr¸th

apì mètria wc ikanopoihtik  kai gia th deÔterh wc arket� kal . Kai ta dÔo parèqoun to

Javadoc gia ta API touc, all� se k�poia shmeÐa autì eÐnai eÐte elleipèc eÐte anÔparkto gia

orismènec idiìthtec kl�sewn   mejìdouc. EpÐshc ta paradeÐgmata pou perièqoun ta Javadoc

eÐnai el�qista. Wstìso, gia to JGraph up�rqei leptomerèc egqeirÐdio pou parèqetai dwre�n

apì thn istoselÐda tou6 kai par�llhla parèqetai upost rixh mèsw fìroum suzht sewn7, h

opoÐa kumaÐnetai se arket� kal� epÐpeda. EkeÐ mporoÔn na brejoÔn arket� paradeÐgmata k¸-

dika   lÔseic se probl mata. To BCEL periorÐzetai mìno se mia istoselÐda tÔpou sÔntomou

egqeiridÐou8, wstìso, k�poia paradeÐgmata k¸dika mporoÔn na brejoÔn kai se �llec istose-

lÐdec. Genik�, ja mporoÔse na up�rxei kalÔterh tekmhrÐwsh kai stic dÔo biblioj kec ìson

afor� sto Javadoc kai idiaÐtera sto BCEL, giatÐ ìson afor� sto JGraph to egqeirÐdio kai

to fìroum upost rix c tou kalÔptei ta ken� tou Javadoc tou API tou.

3.7.2 Prot�seic gia beltÐwsh

H efarmog  ja mporoÔse na epektajeÐ peraitèrw proc thn anaz thsh gia tÔpouc sullog¸n,

list¸n, map, ktl. prokeimènou na brejoÔn epiplèon susqetÐseic metaxÔ twn kl�sewn enìc

sust matoc. M�lista, autì de ja mporoÔse na gÐnei mìno proc thn kateÔjunsh gia anaz thsh

tou telest  new, all� kai proc thn kateÔjunsh eÔreshc twn kl sewn twn mejìdwn tÔpou add

(kai parìmoiwn) me ta opoÐa prosjètei o programmatist c antikeÐmena stouc eidikoÔc autoÔc

tÔpouc.

MÐa epiplèon dunatìthta pou ja mporoÔse na up�rxei sthn efarmog  ja  tan h apeu-

jeÐac epèmbash ston phgaÐo k¸dika miac kl�shc kai h tautìqronh apeikìnish twn allag¸n

pou epifèroun autèc sto di�gramma twn kl�sewn. Up�rqoun ergaleÐa pou parèqoun tètoia

dunatìthta, ìpwc to Borland Together, dÐnontac ètsi th dunatìthta sto qr sth na blèpei

6http://www.jgraph.com/pub/jgraphmanual.pdf
7http://www.jgraph.com/forum
8http://jakarta.apache.org/bcel/manual.html
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to pwc mia allag  ston k¸dika, all�zei tic susqetÐseic twn kl�sewn sto di�gramma. Mia

tètoiou eÐdouc dunatìthta wstìso apaiteÐ arket  prosp�jeia kai den  tan sta plaÐsia thc

paroÔsac ergasÐac.

3.7.3 Sumper�smata

Tic teleutaÐec dekaetÐec sumbaÐnoun �lmata sth mhqanik  logismikoÔ, tìso ìson afor� stic

teqnologÐec pou up�rqoun, ìso kai sta diajèsima ergaleÐa logismikoÔ. ArkeÐ na dei kaneÐc

ti ergaleÐa gia to sqediasmì kai thn an�ptuxh tou logismikoÔ up�rqoun t¸ra kai ti up rqan

prin apì dèka kai parap�nw qrìnia. 'Oso oi an�gkec kai h poluplokìthta twn susthm�twn

aux�nei, tìso ja belti¸nontai ta ergaleÐa. Par�llhla, se ìlec autèc tic diadikasÐec rìlo

paÐzei o par�gontac protupopoÐhsh. H Ôparxh koin¸n (kai anoikt¸n) protÔpwn bohj� sth

sunergasÐa metaxÔ sqediast¸n � analut¸n kai programmatist¸n pou an koun se diaforetikèc

om�dec, en¸ h dhmiourgÐa tètoiwn protÔpwn gÐnetai mèsa apì diadikasÐec pou lamb�noun mèroc

ìloi.

Stìqoc thc ergasÐac  tan h an�ptuxh enìc ergaleÐou gia thn katanìhsh enìc sust matoc

logismikoÔ, mèsw miac gl¸ssac montelopoÐhshc, pou sth sugkekrimènh perÐptwsh eÐnai h

UML. 'Ontac aplì sth qr sh tou, o gr�fwn elpÐzei to ergaleÐo autì na bohj sei sthn

katanìhsh thc dom c enìc sust matoc logismikoÔ pou brÐsketai me th morf  arqeÐwn ston

upologist .
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