EJNIKO METSOBIO POLUTEQNEIO

TΜΗΜΑ H�ΕΚΤΡΟ�ΟΓΩΝ MΗΧΑΝΙΚΩΝ KΑΙ MΗΧΑΝΙΚΩΝ UΠΟ�ΟΓΙΣΤΩΝ ΤΟΜΕΑΣ ΕΠΙΚΟΙΝΩΝΙΩΝ, Η�ΕΚΤΡΟΝΙΚΗΣ & ΣΥΣΤΗΜΑΤΩΝ Π�ΗΡΟΦΟΡΙΚΗΣ

MejodologÐec gia thn kataskeuă eleÔjerou, domhmènou, antikeimenostrefoÔc kÿdika gia thn ulopoÐhsh prwtokìllwn epikoinwniÿn

DIDAKTORIKH DIATRIBH tou StulianÐdh B. Nikìlaou

26 SeptembrÐou 2006

EJNIKO METSOBIO POLUTEQNEIO

TΜΗΜΑ H�ΕΚΤΡΟ�ΟΓΩΝ MΗΧΑΝΙΚΩΝ KΑΙ MΗΧΑΝΙΚΩΝ UΠΟ�ΟΓΙΣΤΩΝ

ΤΟΜΕΑΣ ΕΠΙΚΟΙΝΩΝΙΩΝ, Η�ΕΚΤΡΟΝΙΚΗΣ & ΣΥΣΤΗΜΑΤΩΝ Π�ΗΡΟΦΟΡΙΚΗΣ

MejodologÐec gia thn kataskeuă eleÔjerou, domhmènou, antikeimenostrefoÔc kÿdika gia thn ulopoÐhsh prwtokìllwn epikoinwniÿn

DIDAKTORIKH DIATRIBH tou StulianÐdh B. Nikìlaou

Sumbouleutikă Epitropă: HlÐac KoukoÔtshc MiqĹlhc Jeolìgou Eleujèrioc KagiĹfac

EgkrÐjhke apì thn eptamelă exetastikă epitropă thn / / .

HlÐac KoukoÔtshc Eleujèrioc KagiĹfac MiqĹlhc Jeolìgou An. Kajhghtăc Kajhghtăc Kajhghtăc

Geÿrgioc Stasinìpouloc EustĹjioc SukĹc Andrèac StafulopĹthc Kajhghtăc Kajhghtăc: Kajhghtăc

Panagiÿthc Demèstiqac Ep. Kajhghtăc

................................... (Nikìlac B. StulianÐdhc) DidĹktwr Hlektrolìgoc Mhqanikìc kai Mhqanikìc Upologistÿn E.M.P.

© (2006) Εθνικό Μετσόβιο Πο�υτεχνείο. All rights reserved.

Απαγορεύεται η αντιγραϕή, αποθήκευση και διανομή τη� παρούσα� εργασία�, εξ΄ ο�οκ�ήρου ή τμήματο� αυτή�, για εμπορικό σκοπό. Επιτρέπεται η ανατύπωση, αποθήκευση και διανομή για σκοπό μή κερδοσκοπικό, εκπαιδευτική� ή ερευνητική� ϕύση�, υπό την προ�πόθεση να αναϕέρεται η πηγή προέ�ευση� και να διατηρείται το παρόν μήνυμα. Ερωτήματα που αϕορούν στη χρήση τη� εργασία� για κερδοσκοπικό σκοπό πρέπει να απευθύνονται στο συγγραϕέα.

Οι απόψει� και τα συμπεράσματα που περιέχονται σε αυτό το έγγραϕο εκϕράζουν το συγγραϕέα και δεν πρέπει να ερμηνευθεί ότι αντιπροσωπεύουν τι� επίσημε� θέσει� του Εθνικού Μετσόβιου Πο�υτεχνείου.

PERILHYH

Sthn paroÔsa diatribă proteÐnetai mÐa mejodologÐa kai perigrĹfetai h arqitektonikă mÐac prìtuphc bibliojăkhc eleÔjerou kai plărwc antikeimenostrefoÔc kÿdika gia thn ulopoÐhsh twn prwtokìllwn protÔpou Open Systems Interconnection -(DiasÔndesh anoiqtÿn susthmĹtwn)- (OSI) [5] kai thc stoÐbac Internet Protocol -(Prwtìkollo diadiktÔou)- (IP) [61], sto pedÐo tou logismikoÔ. Sugkekrimèna proteÐnetai mia mejodologÐa ulopoÐhshc prwtokìllwn (se logismikì epÐpedo) kai parousiĹzetai èna sÔnolo programmatistikÿn teqnikÿn gia thn uperkèrash twn problhmĹtwn pou emfanÐzontai katĹ th sÔntaxh, se glÿssa programmatismoÔ, twn epijumhtÿn mejìdwn kai leitourgiÿn.

H ragdaÐa exèlixh twn diktÔwn upologistÿn kai thlepikoinwniÿn kai h ousiastikă enopoÐhsă touc sthn trÐth geniĹ kinhtăc thlefwnÐac, dhmiourgeÐ thn anĹgkh gia paroqă, kainoÔriwn uphresiÿn kai emploutismì twn ădh uparqìntwn. H fĹsh sqedÐashc twn prosferìmenwn uphresiÿn kĹje prwtokìllou akoloujeÐtai apì th fĹsh axiolìghshc. KatĹ th fĹsh aută, diereunoÔntai oi eswterikèc diadikasÐec tou strÿmatoc ìpwc: (a) to suntaktikì kai grammatikă, (b) th mhqană katastĹsewn, (g) o èlegqoc egkurìthtac dedomènwn, algìrijmoi anĹkthshc, k.l.p. AnexĹrthta tou pedÐou efarmogăc tou prwtokìllou (ulikì ă logismikì), h fĹsh axiolìghshc lambĹnei qÿra sta plaÐsia logismikÿn efarmogÿn. To logismikì qarakthrÐzetai apì èna sÔnolo pleonekthmĹtwn se sqèsh me to ulikì, ta opoÐa, to kajistoÔn arketĹ elkustikì, ètsi ÿste na qrhsimopoieÐtai katĹ th fĹsh axiolìghshc. Ta pio shmantikĹ qarakthristikĹ tou eÐnai: (a) h taqÔterh anĹptuxh, (b) h aploÔsterh anÐqneush lajÿn, (g) h parakoloÔjhsh thc katĹstashc tou epipèdou kai (d) to qamhlìtero kìstoc. H axiolìghsh twn diadikasiÿn tou prwtokìllou, kajÿc kai twn pareqìmenwn uphresiÿn, ofeÐlei na diarkeÐ sÔntomo qronikì diĹsthma kai na eÐnai axiìpisth wc proc tic statistikèc metrăseic. H dhmiourgÐa twn eikonikÿn senarÐwn kai diasundèsewn prèpei na prosfèretai apì ta katĹllhla ergaleÐa. Ta ergaleÐa anĹptuxhc suneisfèroun ta aparaÐthta mèsa stouc mhqanikoÔc thlepikoinwniÿn, gia ousiastikă kai plărh axiolìghsh thc uphresÐac.

5

Abstract

The current thesis is deploying a collection of modules for software implementation of protocol layers based on OSI [5] specification and the IP [61] stack. 3G mobile networks integrate new and advanced features, interconnecting mobile users with computer networks. These features apply on the enhancement of current protocol stacks and applications, or on the creation of completely new services. Each feature must be thoroughly tested before the final release. The current thesis suggests a curtain methodology for protocol implementation (software domain). The programming techniques, which help to overcome common programming problems, are illustrated.

The design phase of new features is followed by the evaluation and testing phase. During this phase, a variety of evaluation tests are applied, in order to verify the accurate outcome of the procedures and methods offered by these new features. Such procedures and methods are: (a) data parsing, (b) state machines, (c) data integrity verification algorithms, etc. The evaluation procedures are implemented in software because of their main advantages, which are: (a) fast implementation, (b) simple error condition observation, (c) effortless implementation of layer monitoring mechanisms, and (d) low cost. The evaluation of protocol procedures must take short time and must output reliable results. In order to succeed that, telecommunication engineers must be supplied with proper software tools. These tools are, a collection of classes, specifically designed for telecommunication applications, composing a basic library of protocol components such as: (a) schedulers, (b) queues, (c) loggers, (d) parsers, etc.

Perieqìmena

1 Prìlogoc 17

2 PrwtotupÐa thc didaktorikăc ergasÐac - Sunoptikă perigrafă didaktorikăc diatribăc 19 2.1 PrwtotupÐa thc didaktorikăc ergasÐac . . . . . . . . . . . . . . . . . . . . . . . . 19 2.2 Sunoptikă perigrafă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3 Antikeimenikìc skopìc thc ereunhtikăc ergasÐac - Eisagwgă sthn ergasÐa 25 3.1 KÐnhtra ereunhtikăc ergasÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 3.2 Genikă eisagwgă sthn ulopoÐhsh kai efarmogă uphresiÿn diktÔwn (kìmboi epikoinwnÐac, prosomoiwtèc) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 3.2.1 PedÐa ulopoÐhshc uphresÐac . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.2.2 PedÐo ulikoÔ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.2.3 PedÐo logismikoÔ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 3.2.3.1 Enswmatwmèna sustămata . . . . . . . . . . . . . . . . . . . . . . 28 3.2.3.2 Sustămata hlektronikÿn upologistÿn . . . . . . . . . . . . . . . 29 3.3 Prwtìtupoi kìmboi epikoinwniÿn . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4 GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc 33 4.1 Kajorismìc, axiolìghsh kai pistopoÐhsh uphresÐac . . . . . . . . . . . . . . . . . 33 4.1.1 Kajorismìc uphresÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 4.1.2 Axiolìghsh uphresÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 4.2 Mèjodoi prodiagrafăc kai anĹlushc thc uphresÐac . . . . . . . . . . . . . . . . . 34 4.2.1 P etriNets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 4.2.2 EST ELLE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 4.2.3 LOT OS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 4.2.4 SP IN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 4.2.5 SDL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 4.3 Mèjodoi ulopoÐhshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.3.1 UlopoÐhsh me th qrăsh twn uparqousÿn mejìdwn . . . . . . . . . . . . . . 43 4.3.2 UlopoÐhsh qwrÐc mejodologÐa katĹ thn anĹptuxh . . . . . . . . . . . . . . 44 4.3.3 UlopoÐhsh me thn proteinìmenh mejodologÐa . . . . . . . . . . . . . . . . . 44

5 Domă twn prwtokollikÿn epipèdwn 45 5.1 Eisagwgă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 5.1.1 QronikoÐ periorismoÐ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 5.1.2 Eisagwgă enìc genikoÔ prwtokìllou A . . . . . . . . . . . . . . . . . . . 46 5.2 Genikèc arqèc sqedÐashc prwtokìllwn . . . . . . . . . . . . . . . . . . . . . . . . 46 5.2.1 TÔpoc uphresÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 5.2.2 PeribĹllon efarmogăc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 5.2.3 Lexilìgio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 5.2.4 Suntaktikì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 5.2.5 Arqèc leitourgÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 5.3 ’Elegqoc sfalmĹtwn metĹdoshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 5.3.1 AnÐqneush sfĹlmatoc kai anĹkthsh plhroforÐac . . . . . . . . . . . . . . 49 5.3.2 TÔpoi diadikasiÿn anÐqneushc kai diìrjwshc sfalmĹtwn . . . . . . . . . . 49 5.3.3 ’Elegqoc isotimÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 5.3.4 Grammikă kwdikopoÐhsh tmămatoc . . . . . . . . . . . . . . . . . . . . . . . 50 5.3.5 KuklikoÐ èlegqoi pleonasmoÔ . . . . . . . . . . . . . . . . . . . . . . . . . 50 5.4 ’Elegqoc roăc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 5.4.1 ParajurikĹ prwtìkolla . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 5.4.2 ArijmoÐ taxinìmhshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 5.4.3 Arnhtikă apĹnthsh aÐthshc . . . . . . . . . . . . . . . . . . . . . . . . . . 54 5.4.4 Sumfìrhsh metĹdoshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 5.5 SÔnoyh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

6 Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ 59 6.1 Genikèc arqèc tou montèlou sqedÐashc . . . . . . . . . . . . . . . . . . . . . . . . 59 6.2 ErgaleÐa kai monĹdec thc bibliojăkhc . . . . . . . . . . . . . . . . . . . . . . . . . 61 6.2.1 BasikĹ domikĹ ulikĹ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 6.2.1.1 UlikĹ & ergaleÐa sqedÐashc . . . . . . . . . . . . . . . . . . . . 61 6.2.1.2 YhfÐdec eikìnac . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 6.3 Efarmogă twn ergaleÐwn kai monĹdwn thc bibliojăkhc . . . . . . . . . . . . . . . 63 6.3.1 DiasÔndesh monĹdwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 6.3.2 DiasÔndesh epipèdwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

6.4 OrgĹnwsh thc bibliojăkhc logismikoÔ . . . . . . . . . . . . . . . . . . . . . . . . 65 6.4.1 IerĹrqhsh thc bibliojăkhc . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 6.4.1.1 IerĹrqhsh arqeÐwn . . . . . . . . . . . . . . . . . . . . . . . . . . 66 6.4.1.2 ArqeÐa klĹsewn . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 6.4.1.3 IerĹrqhsh klĹsewn . . . . . . . . . . . . . . . . . . . . . . . . . 68 6.4.2 Tmămata bibliojăkhc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 6.4.3 Epektasimìthta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

7 KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ 73 7.1 DiaqeÐrish sfalmĹtwn ektèleshc . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 7.2 DiaqeÐrish twn polunhmatikÿn diergasiÿn . . . . . . . . . . . . . . . . . . . . . . 77 7.2.1 KlĹseic sugqronismoÔ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 7.2.2 KlĹseic dhmiourgÐac nhmatikÿn diergasiÿn . . . . . . . . . . . . . . . . . . 78 7.3 KlĹseic domÿn dedomènwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 7.3.1 PÐnakec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 7.3.2 LÐstec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 7.3.2.1 ParadeÐgmata efarmogÿn . . . . . . . . . . . . . . . . . . . . . . 82 7.3.3 TaqeÐa taxinìmhsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 7.3.3.1 Taxinìmhsh tou antikeimènou . . . . . . . . . . . . . . . . . . . . 84 7.3.3.2 Taxinìmhsh deÐkth antikeimènou . . . . . . . . . . . . . . . . . . . 84 7.4 MikroergaleÐa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 7.4.1 UpodoqeÐc antikeimènwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 7.4.1.1 Upodoqèac antikeimènou mÐac diĹstashc . . . . . . . . . . . . . . 86 7.4.1.2 Upodoqèac antikeimènou dÔo diastĹsewn . . . . . . . . . . . . . . 86 7.4.1.3 Upodoqèac antikeimènwn pollaplÿn diastĹsewn . . . . . . . . . . 86 7.4.2 MonĹda qronomètrou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

8 KlĹseic prwtokìllwn bibliojăkhc 91 8.1 Arqitektonikă tou epipèdou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 8.1.1 Qÿroi kai stoiqeÐa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 8.1.2 BĹseic logismikÿn orismÿn . . . . . . . . . . . . . . . . . . . . . . . . . . 93 8.1.2.1 ElĹqisth posìthta . . . . . . . . . . . . . . . . . . . . . . . . . 93 8.1.2.2 Kìmboc (DeÔterh diĹstash) . . . . . . . . . . . . . . . . . . . . . 94 8.1.2.3 MonĹda (Tomă twn sunìlwn) . . . . . . . . . . . . . . . . . . . . 95 8.2 ErgaleÐa epipèdou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 8.2.1 BasikĹ stoiqeÐa tou prwtokìllou . . . . . . . . . . . . . . . . . . . . . . . 99 8.2.2 ShmeÐa sÔndeshc ă shmeÐa prìsbashc uphresÐac . . . . . . . . . . . . . . . 100

8.2.2.1 FĹkeloc allhlografÐac . . . . . . . . . . . . . . . . . . . . . . . 102 8.2.2.2 Mh ierarqhmèno montèlo epikoinwnÐac . . . . . . . . . . . . . . . 103 8.2.2.3 Ierarqhmèno montèlo epikoinwnÐac . . . . . . . . . . . . . . . . . 104 8.2.3 ’Elegqoc twn sfalmĹtwn metĹdoshc . . . . . . . . . . . . . . . . . . . . . 104 8.2.4 Suntaktikìc analutăc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 8.2.4.1 Ontìthta logikoÔ mhnÔmatoc . . . . . . . . . . . . . . . . . . . . 107 8.2.4.2 EpikefalÐda, sÿma, ourĹ . . . . . . . . . . . . . . . . . . . . . . 108 8.2.4.3 StoiqeÐo plhroforÐac . . . . . . . . . . . . . . . . . . . . . . . . 109 8.2.4.4 Suntaktikìc analutăc . . . . . . . . . . . . . . . . . . . . . . . . 110 8.2.5 Mhqanèc elègqou tou epipèdou . . . . . . . . . . . . . . . . . . . . . . . . 110 8.2.5.1 Mhqanèc peperasmènwn katastĹsewn . . . . . . . . . . . . . . . 110 8.2.5.2 Basikă klĹsh sqedÐashc . . . . . . . . . . . . . . . . . . . . . . . 112 8.2.5.3 OrismoÐ kai dhlÿseic . . . . . . . . . . . . . . . . . . . . . . . . . 112 8.2.6 SumplhrwmatikĹ ergaleÐa tou epipèdou . . . . . . . . . . . . . . . . . . . . 114 8.2.6.1 Statistikèc metrăseic . . . . . . . . . . . . . . . . . . . . . . . . 115 8.2.6.2 Katagrafă mhnumĹtwn . . . . . . . . . . . . . . . . . . . . . . . . 117 8.3 MonĹdec prwtokollikoÔ epipèdou . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 8.3.1 Ourèc exuphrèthshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 8.3.1.1 QarakthristikĹ ourÿn . . . . . . . . . . . . . . . . . . . . . . . . 120 8.3.1.2 Exuphrèthsh twn epipèdwn . . . . . . . . . . . . . . . . . . . . . 121 8.3.2 Qrono-programmatistèc . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 8.3.2.1 StoiqeÐa qrono-programmatistă . . . . . . . . . . . . . . . . . . . 124 8.3.2.2 Sunartăseic qrono-programmatistă . . . . . . . . . . . . . . . . . 126 8.3.3 DiaqeÐrish perieqìmenwn stoiqeÐwn . . . . . . . . . . . . . . . . . . . . . . 128 8.3.3.1 Perieqìmeno stoiqeÐo . . . . . . . . . . . . . . . . . . . . . . . . 129 8.3.3.2 MonĹda diaqeÐrishc perieqìmenwn stoiqeÐwn . . . . . . . . . . . . 132

9 Pilotikă ulopoÐhsh 135 9.1 TopologÐa twn kìmbwn upì axiolìghsh . . . . . . . . . . . . . . . . . . . . . . . . 135 9.2 Prwtìkolla diasundèsewn Gn, Gi . . . . . . . . . . . . . . . . . . . . . . . . . . 136 9.3 DiaqeÐrish sundèsewn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 9.4 Apotelèsmata peiramatikÿn senarÐwn . . . . . . . . . . . . . . . . . . . . . . . . . 139 9.4.1 DiadikasÐa sÔndeshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 9.4.2 DiadikasÐa aposÔndeshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 9.5 Perigrafă tou sustămatoc prosomoÐwshc kai to sqetikì dÐktuo upì dokimă . . . . 143 9.5.1 UposÔsthma qrhstÿn uphresÐac GP RS . . . . . . . . . . . . . . . . . . . 144 9.5.2 UposÔsthma tou kìmbou SGSN . . . . . . . . . . . . . . . . . . . . . . . 145

9.5.3 Uposustămata prosomoÐwshc uphresiÿn diadiktÔou kai prosomoÐwshc sunergazìmenwn diktÔwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 9.5.4 UposÔsthma kìmbou LNS . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

10 SumperĹsmata 149 10.1 MejodologÐa sqedÐashc kai bibliojăkh anĹptuxhc prwtokìllwn . . . . . . . . . . 149 10.2 ProsomoÐwsh kai sqedÐash proswrinÿn ă prwtìtupwn thlepikoinwniakÿn kìmbwn 151 10.3 H proteinìmenh mejodologÐa kai h sqetikă bibliojăkh logismikoÔ . . . . . . . . . 153 10.4 Mellontikă anĹptuxh thc proteinìmenhc bibliojăkhc . . . . . . . . . . . . . . . . . 157

Aþ H uphresÐa GPRS 159 Aþ.1 TopologÐa diktÔou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 Aþ.2 SÔntomh perigrafă twn GSN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 Aþ.2.1 LeitourgÐa tou kìmbou SGSN . . . . . . . . . . . . . . . . . . . . . . . . . 160 Aþ.2.2 LeitourgÐa tou kìmbou GGSN . . . . . . . . . . . . . . . . . . . . . . . . . 160 Aþ.3 UphresÐec tou diktÔou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161 Aþ.3.1 DiaqeÐrish Dedomènwn (Payload Handling) . . . . . . . . . . . . . . . . . . 161 Aþ.3.2 AsÔrmath prìsbash (RA) . . . . . . . . . . . . . . . . . . . . . . . . . . . 161 Aþ.3.3 Kinhtikìthta (Mobility) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 Aþ.3.4 DiaqeÐrish StoiqeÐou SÔndeshc (SeM) . . . . . . . . . . . . . . . . . . . . 163 Aþ.3.5 DiaqeÐrish Sundromăc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 Aþ.3.6 DiaqeÐrish ProblhmĹtwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 Aþ.3.7 DiaqeÐrish MorfopoÐhshc . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 Aþ.3.8 ParakoloÔjhsh Apìdoshc . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 Aþ.3.9 DiaqeÐrish AsfĹleiac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 Aþ.3.10 Upostărixh uphresÐac mhnumĹtwn . . . . . . . . . . . . . . . . . . . . . . . 166 Aþ.4 Diasundèseic thc uphresÐac GPRS . . . . . . . . . . . . . . . . . . . . . . . . . . 167 Aþ.4.1 DiasÔndesh Gb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167 Aþ.4.2 Diasundèseic Gc, Gd, Gf, Gr . . . . . . . . . . . . . . . . . . . . . . . . . 169 Aþ.4.3 DiasÔndesh Gs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

BibliografÐa 173

KatĹlogoc SqhmĹtwn

3.1 ShmatodosÐa kai monopĹtia dedomènwn . . . . . . . . . . . . . . . . . . . . . . . . 31 3.2 EpÐpeda ulopoÐhshc shmatodosÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.1 Tupikìc grĹfoc katastĹsewn kai qronikÿn metabĹsewn . . . . . . . . . . . . . . . 36 4.2 Tupikă prodiagrafă uphresÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.1 TuqaÐa prwtokollikă stoÐba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 5.2 SÔndesh dÔo kìmbwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

6.1 Metablhtèc klĹshc pxProtocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 6.2 Sunartăseic klĹshc pxProtocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 6.3 BĹsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 6.4 Klhronìmoc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 6.5 Qrăsthc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 6.6 UbrÐdia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 6.7 UpodoqeÐc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 6.8 SumbolismoÐ thc domăc ierarqÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 6.9 Domă kìmbwn bibliojăkhc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

7.1 Orismìc thc klĹshc pxModuleSymbols . . . . . . . . . . . . . . . . . . . . . . . . 76 7.2 Kìmboc twn klĹsewn domÿn dedomènwn . . . . . . . . . . . . . . . . . . . . . . . . 80 7.3 PÐnakac mÐac diĹstashc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 7.4 Upodoqèac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 7.5 Kìmboc se diĹtaxh stoÐbac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 7.6 DiplĹ sundedemènh lÐsta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 7.7 Kìmboc se diĹtaxh duadikoÔ dèntrou . . . . . . . . . . . . . . . . . . . . . . . . . 87 7.8 Orismìc klĹshc pxCPUTime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

8.1 BĹsh B_{1D} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 8.2 Prÿth diĹstash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 8.3 BĹsh B_{2D} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 8.4 DeÔterh diĹstash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

8.5 BĹsh B_{3D} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 8.6 TrÐth diĹstash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 8.7 DiĹtaxh monĹdwn kai ergaleÐwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 8.8 BasikĹ stoiqeÐa prwtokìllou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 8.9 ShmeÐa prìsbashc uphresÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 8.10 FĹkeloc allhlografÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 8.11 Sqèsh prwtokìllou kai SAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 8.12 Ierarqhmènh stoÐba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 8.13 Qÿroc klĹsewn elègqou sfalmĹtwn metĹdoshc . . . . . . . . . . . . . . . . . . . 105 8.14 ’Elegqoc ajroÐsmatoc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 8.15 KlĹsh kuklikoÔ elègqou pleonasmoÔ . . . . . . . . . . . . . . . . . . . . . . . . . 106 8.16 Ontìthta mhnÔmatoc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 8.17 StoiqeÐo plhroforÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 8.18 Dhlÿseic kai orismoÐ thc klĹshc pxFSM . . . . . . . . . . . . . . . . . . . . . . . 112 8.19 Dhlÿseic onomĹtwn kai orismoÐ anagnwristikÿn, ìson aforĹ sta sămata eisìdou kai stic pijanèc katastĹseic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 8.20 Dhlÿseic sunartăsewn metĹptwshc katĹstashc . . . . . . . . . . . . . . . . . . . 113 8.21 Susqètish shmĹtwn eisìdou kai katastĹsewn . . . . . . . . . . . . . . . . . . . . 114 8.22 MonĹda statistikÿn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 8.23 MonĹda katagrafăc mhnumĹtwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 8.24 Basikă domă arqeÐou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 8.25 Domă sÿmatoc arqeÐou kataqÿrhshc . . . . . . . . . . . . . . . . . . . . . . . . . 118 8.26 MonĹda diaqeÐrishc aităsewn (OurĹ mhnumĹtwn) . . . . . . . . . . . . . . . . . . . 122 8.27 StoiqeÐa monĹdac dromologhtă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 8.28 Sunartăseic monĹdac dromologhtă . . . . . . . . . . . . . . . . . . . . . . . . . . 126 8.29 Perieqìmeno stoiqeÐo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130 8.30 Sunartăseic perieqìmenou stoiqeÐou . . . . . . . . . . . . . . . . . . . . . . . . . . 131 8.31 Metablhtèc thc klĹshc monĹdac diaqeÐrishc stoiqeÐwn . . . . . . . . . . . . . . . 132 8.32 Sunartăseic thc klĹshc monĹdac diaqeÐrishc perieqìmenwn stoiqeÐwn . . . . . . . 133

9.1 TopologÐa diktÔou axiolìghshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 9.2 Prwtokollikă stoÐba thc diasÔndeshc Gn . . . . . . . . . . . . . . . . . . . . . . 137 9.3 DiepifĹneia Gi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 9.4 SenĹrio 1: SÔndesh sthn uphresÐa . . . . . . . . . . . . . . . . . . . . . . . . . . 140 9.5 SenĹrio 2: SÔndesh sthn uphresÐa . . . . . . . . . . . . . . . . . . . . . . . . . . 140 9.6 SenĹrio 3: SÔndesh sthn uphresÐa . . . . . . . . . . . . . . . . . . . . . . . . . . 141 9.7 SenĹrio 4: SÔndesh sthn uphresÐa . . . . . . . . . . . . . . . . . . . . . . . . . . 141

KAT§ALOGOS SQHM§ATWN

9.8 SenĹrio 1: AposÔndesh apì thn uphresÐa . . . . . . . . . . . . . . . . . . . . . . . 143 9.9 TopologÐa diktÔou upì dokimă . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 9.10 StoÐba prwtokìllwn qrhstÿn GP RS . . . . . . . . . . . . . . . . . . . . . . . . . 144 9.11 UposÔsthma prosomoÐwshc kìmbou SGSN . . . . . . . . . . . . . . . . . . . . . . 145 9.12 UposÔsthma prosomoÐwshc sunergazìmenou diktÔou . . . . . . . . . . . . . . . . . 146 9.13 UposÔsthma uphresiÿn diadiktÔou . . . . . . . . . . . . . . . . . . . . . . . . . . 146 9.14 UposÔsthma kìmbou LNS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

10.1 Anadromikă diadikasÐa perigrafăc susthmĹtwn . . . . . . . . . . . . . . . . . . . . 150 10.2 Arqitektonikă shmatodosÐac kai monopatiÿn dedomènwn . . . . . . . . . . . . . . . 152 10.3 Kìmboi prosomoÐwshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

Aþ.1 H topologÐa GPRS sto GSM dÐktuo . . . . . . . . . . . . . . . . . . . . . . . . . 159 Aþ.2 DiasÔndesh Gb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167 Aþ.3 Diasundèseic Gc, Gd, Gf, Gr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 Aþ.4 DiasÔndesh Gs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

KAT§ALOGOS SQHM§ATWN

KefĹlaio 1

Prìlogoc

H domă twn diktÔwn diafèrei anĹloga me tic leitourgÐec pou epiteloÔn. H de poluplokìthta touc auxĹnetai anĹloga me tic uphresÐec pou prosfèroun. Me skopì th meÐwsh thc poluplokìthtac, allĹ kai thn ìso to dunatì anÿdunh kai eukolìterh sÔndesh eterogenÿn susthmĹtwn, xekÐnhse stic arqèc thc dekaetÐac tou ’80 mÐa prospĹjeia gia thn tupopoÐhsh thc dìmhshc twn diaforetikÿn morfÿn diktÔwn . Ta eterogenă autĹ sustămata kajorÐzontai wc AnoiktĹ Sustămata, kai oi diadikasÐec pou qrhsimopoioÔntai gia th diasÔndesă touc perigrĹfontai sto prìtupo OSI.

To prìtupo OSI apoteleÐtai apì prokajorismèna strÿmata, ta opoÐa onomĹzontai epÐpeda, kai anăkei sthn kathgorÐa twn protÔpwn me to nìmo^1. KĹje diaforetikì epÐpedo, sto prìtupo OSI, qarakthrÐzetai apì sugkekrimènouc kanìnec kai arqèc kai èqei stìqo thn paroqă uphresiÿn sto pio pĹnw epÐpedo. To prìtupo autì kuriarqeÐ sta dÐktua upologistÿn kai thlepikoinwniÿn kai èqei qarÐsei tic teqnikèc ulopoÐhsăc tou se pollèc arqitektonikèc susthmĹtwn. Diajètei eptĹ epÐpeda, ta opoÐa ulopoioÔntai me th qrăsh logismikoÔ ă me th qrăsh ulikoÔ. H diaqwristikă grammă pou qwrÐzei to pedÐo ulopoÐhshc sto epÐpedo tou logismikoÔ ă tou ulikoÔ den eÐnai prokajorismènh kai exartĹtai apì teqno-oikonomikoÔc parĹgontec, parĹgontec diajèsimhc upodomăc kai pareqìmenwn uphresiÿn.

O prokajorismìc thc fÔshc twn epipèdwn pou dÔnatai na apoteloÔn èna sÔsthma èqei periorÐsei ton Ĺnarqo sqediasmì twn diktuakÿn susthmĹtwn kai monĹdwn. H tupopoÐhsh jètei tic bĹseic kai perigrĹfei tic arqèc pou prèpei na dièpoun th fĹsh sqedÐashc. H perigrafă tou qaraktăra tou sustămatoc kai twn uposusthmĹtwn eisĹgei mÐa koină glÿssa epikoinwnÐac metaxÔ twn episthmìnwn, me apotèlesma thn epitĹqunsh thc fĹshc sqedÐashc kai prodiagrafăc tou sustămatoc.

O prosdiorismìc twn uphresiÿn pou ofeÐlei na parèqei kĹje epÐpedo tou montèlou OSI dieukolÔnei se megĹlo bajmì th sqedÐash kai th qrhsimopoÐhsh prwtokìllwn sto plaÐsio twn anoiktÿn susthmĹtwn. Oi uphresÐec pou kajorÐzontai sto prìtupo den eÐnai perioristikèc wc proc to su-

1de jure

Prìlogoc

nolikì plăjoc twn uphresiÿn pou ja parèqei h telikă morfă tou upì sqedÐash prwtokìllou. ProsdiorÐzoun, ìmwc, ìti h tomă twn dÔo sunìlwn uphresiÿn ja isoÔtai me to sÔnolo twn uphresiÿn pou prosdiorÐzetai apì to prìtupo OSI. Oi tupopoiăseic pou sthrÐzontai ston kanìna autì kai eÐnai stic arqikèc touc fĹseic sqedÐashc, apoteloÔn ubridikèc periptÿseic twn kathgoriÿn ek twn pragmĹtwn^2 kai de jure. H tupopoÐhsh, akoloÔjwc, me èna diejnă organismì aplousteÔetai kai dieukolÔnetai kajÿc aforĹ mìno sthn kainoÔria prodiagrafă.

H pio pĹnw perigrafă apoteleÐ koină teqnikă ìlwn twn organismÿn, megĹlwn ă mikrÿn, katĹ th fĹsh anĹptuxhc susthmĹtwn kai uphresiÿn. O isqurìc antagwnismìc metaxÔ twn etaireiÿn pĹroqwn uphresiÿn epibĹllei th grăgorh anĹptuxh susthmĹtwn. H taqÔthta anĹptuxhc kai diĹjeshc twn uphresiÿn sthn katanalwtikă agorĹ diadramatÐzei shmantikì rìlo sthn epibÐwsh kai diatărhsh thc eÔrujmhc leitourgÐac twn en lìgw etaireiÿn. Apotèlesma tou gegonìtoc autoÔ eÐnai h Ôparxh enìc megĹlou arijmoÔ de facto protÔpwn se antÐjesh me ta nìmima kai diejnÿc apodeqtĹ prìtupa de jure.

H paroÔsa diatribă aforĹ sth diereÔnhsh kai ston kajorismì kanìnwn kai arqÿn wc proc ton sqediasmì kai ulopoÐhsh, se epÐpedo logismikoÔ, prwtokìllwn epikoinwniÿn sta plaÐsia twn epipèdwn tou montèlou anaforĹc OSI. H proteinìmenh mejodologÐa, h arqitektonikă thc bibliojăkhc pou anaptÔqjhke sta plaÐsia thc diatribăc, kajÿc kai h pilotikă efarmogă (SÔsthma prosomoÐwshc qrhstÿn kai elègqou kìmbwn purăna diktÔou 3^{ης} geniĹc thlepikoinwniÿn) oloklhrÿnontai se èna plărwc antikeimenostrefèc peribĹllon. H filosofÐa thc sqedÐashc èqei wc stìqo thn plărh egkatĹleiyh tou domhmènou programmatismoÔ^3. Antfl autoÔ, parèqontai oi teqnikèc kai ta ergaleÐa gia to metasqhmatismì protÔpwn pou sthrÐzontai sto domhmèno programmatismì se sustămata plărwc antikeimenostrefă.

2de facto 3Structured programming

KefĹlaio 2

PrwtotupÐa thc didaktorikăc ergasÐac - Sunoptikă perigrafă didaktorikăc diatribăc

2.1 PrwtotupÐa thc didaktorikăc ergasÐac

H didaktorikă ergasÐa tou upoyhfÐou didĹktora StulianÐdh Nikìla aforĹ ston kajorismì mÐac prwtìtuphc mejodologÐac gia thn ulopoÐhsh prwtokìllwn epikoinwniÿn kai sthn anĹptuxh mÐac prwtìtuphc bibliojăkhc logismikoÔ gia th dhmiourgÐa susthmĹtwn prosomoÐwshc diktÔwn kai prwtìtupwn kìmbwn epikoinwniÿn. H proteinìmenh mejodologÐa kai h bibliojăkh logismikoÔ parèqoun ta katĹllhla ergaleÐa gia thn ulopoÐhsh susthmĹtwn epikoinwniÿn, ta opoÐa qarakthrÐzontai apì: (a) th grăgorh fĹsh anĹptuxhc kai aposfalmĹtwshc tou phgaÐou kÿdika programmatismoÔ, (b) thn taqÔthta ektèleshc twn logismikÿn bibliojhkÿn ètsi ÿste na ikanopoioÔntai ta krităria twn susthmĹtwn pragmatikoÔ qrìnou, kai (g) thn epektasimìthta kai thn epanaqrhstikìthta twn paragomènwn logismikÿn bibliojhkÿn.

Oi tupikèc mèjodoi, oi opoÐec anafèrontai se epìmeno kefĹlaio, epitugqĹnoun thn prodiagrafă kai thn perigrafă prwtokìllwn kai susthmĹtwn se èna epÐpedo afaÐreshc anexĹrthto thc glÿssac programmatismoÔ kai tou sustămatoc egkatĹstashc thc efarmogăc. H ulopoÐhsh thc prodiagrafăc kai thc perigrafăc twn domostoiqeÐwn kai twn susthmĹtwn se efarmogèc logismikoÔ, apaiteÐ thn anĹptuxh phgaÐou kÿdika me th qrăsh glwssÿn programmatismoÔ. H autìmath metĹfrash mÐac prodiagrafăc se glÿssa programmatismoÔ, ìpwc upìsqontai kĹpoia emporikĹ kai mh ergaleÐa tupikÿn mejìdwn, èqei wc apotèlesma thn paragwgă mh bèltistou phgaÐou kÿdika, o opoÐoc ìtan metaglwttisteÐ den apofèrei ta epijumhtĹ apotelèsmata. Epiplèon, h exèlixh kai beltistopoÐhsh twn eswterikÿn diadikasiÿn twn domostoiqeÐwn kai twn susthmĹtwn periorÐzetai apì

PrwtotupÐa thc didaktorikăc ergasÐac - Sunoptikă perigrafă didaktorikăc diatribăc

to rujmì exèlixhc twn prosferìmenwn ergaleÐwn metĹfrashc twn prodiagrafÿn. Epiplèon, gia thn plărh perigrafă enìc sustămatoc ă domostoiqeÐou eÐnai aparaÐthth h qrhsimopoÐhsh pollÿn diaforetikÿn tupikÿn mejìdwn. Wc parĹdeigma anafèretai h paroÔsa tĹsh sÔzeuxhc thc Unified Modeling Language -(Enopoihmènh glÿssa montelopoÐhshc)- (UML) kai thc Specification and Description Language -(Glÿssa perigrafăc prodiagrafăc)- (SDL) gia thn prodiagrafă klĹsewn kai twn mejìdwn twn klĹsewn antÐstoiqa.

H apofugă thc qrăshc ergaleÐwn metĹfrashc twn prodiagrafÿn se glÿssec programmatismoÔ den mporeÐ fusikĹ na apoteleÐ kanìna sthn ulopoÐhsh kai anĹptuxh phgaÐou kÿdika me Ĺnarqo trìpo. H anarqÐa kai h apousÐa mejìdwn anĹptuxhc eÐnai bèbaio ìti odhgeÐ se qaotikèc ulopoiăseic, oi opoÐec qarakthrÐzontai apì uyhlì kìstoc ìson aforĹ sto qrìno thc anĹptuxhc, tou elègqou kai thc aposfalmĹtwshc. Epiprìsjeta, prosarmìzontac me Ĺnarqo trìpo ton phgaÐo kÿdika stic epÐ mèrouc ulopoiăseic twn domostoiqeÐwn kai twn susthmĹtwn èqei wc apotèlesma (a) th meÐwsh tou bajmoÔ epanaqrhstikìthtac tou phgaÐou kÿdika, (b) thn aÔxhsh tou qrìnou ulopoÐhshc, (g) thn adunamÐa diatărhshc ekdìsewn twn ulopoiăsewn, (d) thn epanĹlhyh kai th metaforĹ sfalmĹtwn k.l.p.

H prwtìtuph mejodologÐa kai h prwtìtuph bibliojăkh logismikoÔ prodiagrĹfoun kai ulopoioÔn ta qarakthristikĹ touc akoloujÿntac to antikeimenostrefèc montèlo programmatismoÔ, to opoÐo qarakthrÐzetai apì austhrèc mejìdouc prodiagrafăc twn dedomènwn kai twn sunartăsewn pou ta epexergĹzontai. H optikă gwnÐa thc sqedÐashc prosanatolÐsthke (a) proc to genikì montèlo tou problămatoc gia th dhmiourgÐa mÐac plărwc orismènhc, sumpagoÔc, eÔkampthc, eÔqrhsthc kai eukìlwc epekteinìmenhc bibliojăkhc logismikoÔ, kai (b) proc ston kajorismì enìc prwtìtupou montèlou sqedÐashc kai ulopoÐhshc efarmogÿn, to opoÐo sthrÐzetai sthn en lìgw bibliojăkh. H prwtìtuph bibliojăkh logismikoÔ apoteleÐtai apokleistikĹ apì klĹseic antikeimènwn, oi opoÐec prosjètoun qarakthristikĹ, ìpwc: (a) thn apìkruyh poluplokìthtac, (b) thn euqrhstÐa, (g) thn epektasimìthta, kai (d) thn epanaqrhstikìthta. ’Eqei dojeÐ de idiaÐterh prosoqă kai prospĹjeia sth sqedÐash thc prwtìtuphc bibliojăkhc logismikoÔ, ètsi ÿste na metatrèpontai orjĹ kai eÔkola oi prodiagrafèc pou sthrÐzontai se domhmèna montèla sqedÐashc (oi opoÐec efarmìzontai se leitourgikĹ sustămata pou akoloujoÔn to montèlo thc domhmènhc arqitektonikăc), se montèla antikeimenostrefoÔc arqitektonikăc.

2.2 Sunoptikă perigrafă

H sunoptikă perigrafă thc didaktorikăc diatribăc èqei skopì thn parousÐash sÔntomwn perilăyewn twn kefalaÐwn pou apartÐzoun to keÐmeno. H sugkèntrwsh twn kuriìterwn shmeÐwn pou perigrĹfontai sta kefĹlaia ja dieukolÔnei thn anĹgnwsh kai th grăgorh ploăghsh stic epimèrouc

2.2 Sunoptikă perigrafă

paragrĹfouc ìtan o anagnÿsthc krÐnei anagkaÐo.

• Antikeimenikìc skopìc thc ereunhtikăc ergasÐac. DiĹkrish tomèwn kai pedÐwn efarmogăc thc mejodologÐac gia thn ulopoÐhsh polÔ-strwmatikÿn diasundèsewn sta sustămata anoiqtăc arqitektonikăc. PerigrĹfontai en suntomÐa oi diaforèc metaxÔ twn thlepikoinwniakÿn kìmbwn kai twn susthmĹtwn prosomoÐwshc diktÔwn. Shmeiÿnontai ta pleonektămata kai meionektămata thc anĹptuxhc sta pedÐa tou ulikoÔ kai tou logismikoÔ, se enswmatwmèna kai mă sustămata. Tèloc, anafèrontai ta pedÐa kai oi tomeÐc efarmogăc thc bibliojăkhc.

• Tupopoihmènec mèjodoi prodiagrafăc prwtokìllwn. To kefĹlaio autì apoteleÐ èna sunoptikì shmeÐwma gia tic tupopoihmènec teqnikèc perigrafăc prwtokìllwn ìpwc èqoun anaptuqjeÐ apì th dekaetÐa tou ’60 mèqri sămera. ParousiĹzontai oi shmantikìterec kai oi dhmofilèsterec teqnikèc. EpideiknÔontai de, ta meionektămata kai pleonektămata èkasthc ex’ autÿn. Anafèrontai, epÐshc, ta ergaleÐa pou èqoun anaptuqjeÐ gia thn upostărixh twn teqnikÿn pou proteÐnontai.

• Domă twn prwtokollikÿn epipèdwn. DiereunoÔntai oi eswterikèc diadikasÐec kai oi prosferìmenec uphresÐec tou domikoÔ stoiqeÐou thc stoÐbac, to prwtìkollo. H perigrafă aforĹ sta genikĹ stoiqeÐa pou sunjètoun èna tuqaÐo epÐpedo prwtokìllou. To kefĹlaio autì qrhsimopoieÐtai wc plohgìc katĹ th fĹsh sqedÐashc thc bibliojăkhc, kajÿc ta stoiqeÐa pou perigrĹfontai ulopoioÔntai wc anexĹrthtec klĹseic sta plaÐsia thc domikăc monĹdac.

• Eisagwgă sth bibliojăkh. Oi efarmogèc logismikoÔ exartÿntai Ĺmesa apì thn arqitektonikă tou leitourgikoÔ sustămatoc pou tic filoxeneÐ. H eÔstoqh epilogă thc mejodologÐac sqedÐashc logismikoÔ èqei wc apotèlesma th beltÐwsh thc apìdoshc twn eswterikÿn diergasiÿn tìso thc efarmogăc, ìso kai tou sustămatoc. Sto kefĹlaio autì perigrĹfontai perilhptikĹ oi genikèc arqèc thc bibliojăkhc ìson aforĹ stic teqnikèc programmatismoÔ. ParousiĹzontai sunoptikĹ ta basikĹ ulikĹ me ta opoÐa oikodomoÔntai koinèc programmatistikèc domèc (lÐstec, dèntra, pÐnakec, majhmatikèc bajmÐdec, k.l.p.) kai oi monĹdec pou dhmiourgoÔntai gia na oloklhrÿsoun to perieqìmeno thc arqitektonikăc thc bibliojăkhc. Tèloc, dÐnontai merikĹ paradeÐgmata thc qrăshc twn monĹdwn katĹ th fĹsh thc ulopoÐhshc.

• OrgĹnwsh thc bibliojăkhc logismikoÔ. KĹje bibliojăkh akoloujeÐ mÐa tupikă orgĹnwsh. H orgĹnwsh perigrĹfetai apì touc kanìnec, tic arqèc, tic exairèseic kai tic protĹseic. Sto kefĹlaio autì kajorÐzontai oi proanaferjeÐsec ènnoiec kai parousiĹzetai sqhmatikĹ kai perifrastikĹ h dìmhsh twn arqeÐwn kai twn klĹsewn. H orgĹnwsh aposkopeÐ sthn kataskeuă miac eÔqrhsthc bibliojăkhc, h opoÐa ja anaptÔssetai kai ja exelÐssetai eÔkola kai grăgora. H axÐa pou prosfèrei o oloklhrwmènoc kÿdikac qrăshc kai anĹptuxhc thc bibliojăkhc auxĹnetai sthn perÐptwsh pou oi uphresÐec pou parèqei apeujÔnontai se peris-

PrwtotupÐa thc didaktorikăc ergasÐac - Sunoptikă perigrafă didaktorikăc diatribăc

sìterouc tou enìc programmatistă. H de arqitektonikă eleÔjerou kÿdika programmatismoÔ eÐnai dunatì na ektinĹxei to rujmì anĹptuxhc kai exèlixhc twn uphresiÿn pou prosfèrontai.

• KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ. H bibliojăkh diakrÐnetai, ìson aforĹ stic ulopoihmènec klĹseic, se dÔo megĹlec enìthtec. H prÿth perigrĹfetai sto kefĹlaio autì kai aforĹ stic klĹseic basikÿn stoiqeÐwn. Ta basikĹ stoiqeÐa den eÐnai prosanatolismèna sthn ulopoÐhsh prwtokìllwn kai brÐskoun efarmogă se mÐa megĹlh poikilÐa logismikÿn jemĹtwn. Prosfèroun kurÐwc lÔseic se koinĹ problămata anĹptuxhc, ìpwc gia parĹdeigma: (a) qeirismìc sfalmĹtwn ektèleshc, (b) upodoqeÐc antikeimènwn, (g) domèc dedomènwn, (d) majhmatikèc sqèseic, k.l.p. Oi klĹseic autèc qrhsimopoioÔntai wc autoteleÐc ontìthtec ă mporoÔn na apotelèsoun bĹseic anÿterwn klĹsewn pou anăkoun sth deÔterh enìthta.

• KlĹseic prwtokìllou bibliojăkhc. H deÔterh enìthta perièqei klĹseic pou aforoÔn apokleistikĹ se arqitektonikèc gia thn ulopoÐhsh prwtokollikÿn stoibÿn. Oi klĹseic pou perigrĹfontai edÿ sthrÐzontai sth domă twn prwtokìllwn, ìpwc aută parousiĹzetai se prohgoÔmeno kefĹlaio. H bibliojăkh prosfèrei mÐa omĹda basikÿn klĹsewn, oi opoÐec prosfèrontai wc bĹseic gia thn ulopoÐhsh twn leitourgiÿn twn prwtokìllwn. KĹje basikă klĹsh ulopoieÐ tic koinèc mejìdouc pou ofeÐlei na prosfèrei, anĹloga me ton tÔpo tou stoiqeÐou pou apoteleÐ. Sthn eisagwgă tou kefalaÐou autoÔ perigrĹfetai h mejodologÐa pou èqei efarmosteÐ gia th dhmiourgÐa thc klĹshc purăna. O purănac apoteleÐ thn tomă twn leitourgiÿn twn stoiqeÐwn kai aforĹ sth diasÔndesh twn stoiqeÐwn pou anăkoun sto prwtìkollo, kajÿc kai sth diasÔndesh twn prwtokollikÿn strwmĹtwn thc stoÐbac.

• Pilotikă ulopoÐhsh kai efarmogă. Sto kefĹlaio autì perigrĹfetai, h efarmogă twn mejìdwn kai thc arqitektonikăc pou proteÐnetai sthn paroÔsa didaktorikă diatribă. ParousiĹzetai h topologÐa tou proc axiolìghsh diktÔou, h arqitektonikă tou sustămatoc ìson aforĹ sto ulikì, ston odhgì ulikoÔ kai sto logismikì. ApeikonÐzontai, epÐshc, se katĹllhla sqediagrĹmmata, h sundesmologÐa twn prwtokìllwn kai twn stoibÿn pou èqoun ulopoihjeÐ. PerigrĹfontai merikĹ apì ta shmantikìtera senĹria prosomoÐwshc pou pragmatopoiăjhkan sta ergastăria thc SIEMENS sto Mìnaqo (tomèac thlepikoinwniÿn, tmăma metagwgăc pakètou) kai èqoun dhmosieuteÐ se periodikĹ [1] kai se sunèdria [2] [3] [4].

• SumperĹsmata. To kefĹlaio autì perièqei ton epÐlogo thc diatribăc. ParousiĹzontai ta kÔria kai epimèrouc pleonektămata kai meionektămata thc bibliojăkhc. GÐnetai, epÐshc, mÐa sÔntomh anaforĹ stic mellontikèc epektĹseic (p.q. metĹfrash oktĹdwn se stoiqeÐa plhroforÐac kai antÐstrofa) kai oloklhrÿseic (anexarthsÐa apì leitourgikĹ sustămata kai arqitektonikèc upologistikÿn monĹdwn, grafikì peribĹllon sqedÐashc, k.l.p.).

2.2 Sunoptikă perigrafă

• ParĹrthma A: Arqitektonikă anoiqtÿn susthmĹtwn OSI. Sto kefĹlaio autì gÐnetai anaforĹ sta sustămata pou akoloujoÔn thn arqitektonikă tou protÔpou OSI. PerigrĹfontai, epÐshc, oi genikèc arqèc epikoinwnÐac prosfèrontac èna genikì montèlo se mÐa prospĹjeia genÐkeushc tou problămatoc kai anÐqneushc twn koinÿn stoiqeÐwn thc arqitektonikăc. Tèloc, dÐnetai h perigrafă twn eptĹ epipèdwn thc arqitektonikăc kai oi prosferìmenec uphresÐec.

PrwtotupÐa thc didaktorikăc ergasÐac - Sunoptikă perigrafă didaktorikăc diatribăc

KefĹlaio 3

Antikeimenikìc skopìc thc ereunhtikăc ergasÐac - Eisagwgă sthn ergasÐa

3.1 KÐnhtra ereunhtikăc ergasÐac

H dhmiourgÐa mÐac mejodologÐac ulopoÐhshc thlepikoinwniakÿn prwtokìllwn kai kat’ epèktash thlepikoinwniakÿn susthmĹtwn, skopeÔei sthn aplopoÐhsh thc diadikasÐac ulopoÐhshc twn susthmĹtwn kai twn monĹdwn pou ta apoteloÔn. H mejodologÐa pou anaptÔqjhke apeujÔnetai tìso se mă exeidikeumènouc, ìso kai stouc plèon èmpeirouc programmatistèc logismikoÔ kai se thlepikoinwniakoÔc mhqanikoÔc. H arqitektonikă thc sqedÐashc akoloujeÐ tic arqèc thc antikeimenostrefoÔc sqedÐashc logismikÿn efarmogÿn, diìti (a) epitugqĹnetai h apìkruyh apì ton programmatistă èna mèrouc apì tic polÔplokec leitourgÐec twn susthmĹtwn kai uposusthmĹtwn, kai (b) dieukolÔnetai h prodiagrafă thc arqitektonikăc, tìso sto epÐpedo twn eswterikÿn paramètrwn kai twn upologistikÿn mejìdwn twn susthmĹtwn, ìso kai sto epÐpedo thc diasÔndeshc autÿn.

H epilogă thc glÿssac programmatismoÔ C++ praktikĹ apoteleÐ monìdromo, ìson aforĹ sthn ulopoÐhsh susthmĹtwn pragmatikoÔ qrìnou, ta opoÐa mporoÔn na leitourgoÔn se perissìtera tou enìc leitourgikĹ sustămata. FusikĹ, ìpwc sumbaÐnei me ta perissìtera isqurĹ ergaleÐa, o megĹloc bajmìc eleujerÐac pou parèqei h C++ ston programmatistă apoteleÐ tautìqrona thn aqÐlleio ptèrna twn ulopoiăsewn. H paramikră aprosexÐa, parĹlhyh ă aprosdioristÐa katĹ thn prodiagrafă kai ulopoÐhsh mporeÐ na apobeÐ moiraÐa katĹ thn ektèlesh thc efarmogăc. ’Opwc orjĹ èqei diatupÿsei kai o dhmiourgìc thc C++, H glÿssa C++ apoteleÐ èna isqurì ìplo me to opoÐo mporeÐc na purobolăseic to pìdi sou.

Epomènwc, èna polÔ isqurì ergaleÐo gia th sÔnjesh twn thlepikoinwniakÿn susthmĹtwn kai

Antikeimenikìc skopìc thc ereunhtikăc ergasÐac - Eisagwgă sthn ergasÐa

domostoiqeÐwn^1 eÐnai euèliktec bibliojăkec logismikoÔ, oi opoÐec apoteloÔn stoiqeiÿdh tmămata twn anwtèrw domostoiqeÐwn kai susthmĹtwn kai aplopoioÔn diadikasÐec ìpwc: (a) thn epalăjeush thc orjăc leitourgÐac twn susthmĹtwn, (b) thn apotÐmhsh kai beltistopoÐhsh thc poiìthtac kai thc taqÔthtac thc ektelèsimhc morfăc touc, kai (g) thn aposfalmĹtwsh twn diergasiÿn touc. Oi bibliojăkec autèc perièqoun èna sÔnolo ergaleÐwn, ta opoÐa exuphretoÔn genikèc anĹgkec twn ulopoiăsewn kai mporoÔn eÔkola na prosarmostoÔn stic epÐ mèrouc apaităseic thc sqedÐashc. H anazăthsh mÐac mejodologÐac isqurìterhc tìso apì thn Ĺnarqh ulopoÐhsh, ìso kai th qrhsimopoÐhsh twn ergaleÐwn, pou sunăjwc apantÿntai sthn prĹxh (metĹfrashc prodiagrafÿn se phgaÐo kÿdika), apotèlese èna isqurì kÐnhtro gia ton kajorismì tìso thc proteinìmenhc mejodologÐac, ìso kai thc dhmiourgÐac thc prìtuphc bibliojăkhc logismikoÔ.

3.2 Genikă eisagwgă sthn ulopoÐhsh kai efarmogă uphresiÿn diktÔwn (kìmboi epikoinwnÐac, prosomoiwtèc)

Oi uphresÐec pou prosfèrontai apì ta prwtìkolla epikoinwniÿn den èqoun afhrhmènh efarmogă kai leitourgÐa. KĹje epÐpedo suneisfèrei sthn polÔ-strwmatikă stoÐba tic leitourgÐec tou gia thn oloklărwsh thc uphresÐac ă twn uphresiÿn pou prosfèrontai apì thn stoÐba. Oi stoÐbec kai oi leitourgÐec autÿn efarmìzontai se suskeuèc tou diktÔou kai onomĹzontai kìmboi epikoinwnÐac. To eÐdoc thc stoÐbac kajorÐzei th leitourgÐa tou kìmbou kai antÐstrofa. Oi uphresÐec pou prosfèrontai apì ta prwtìkolla epikoinwniÿn kai tic antÐstoiqec stoÐbec ulopoioÔn: (a) tic leitourgÐec twn pragmatikÿn diktÔwn, ă (b) tic aparaÐthtec ontìthtec gia thn prosomoÐwsh diktÔwn epikoinwniÿn.

• Kìmboi epikoinwniÿn. Oi kìmboi epikoinwniÿn sundèontai sta dÐktua epikoinwniÿn kai sunteloÔn sugkekrimèno èrgo. Merikèc tupikèc efarmogèc eÐnai: (a) h dromolìghsh pakètwn, (b) oi pÔlec eisìdou kai exìdou se upodÐktua, (g) h parakoloÔjhsh kai suntărhsh diktÔou, (d) h diasÔndesh eterogenÿn diktÔwn, k.l.p. H leitourgikìthta kai h apodotikìthta touc exartĹtai apì polloÔc parĹgontec analìgwc thc fĹshc anĹptuxhc. H sÔndesh touc sta pragmatikĹ dÐktua epikoinwnÐac pragmatopoieÐtai metĹ ton exonuqistikì èlegqo pou efarmìzetai katĹ th fĹsh axiolìghshc.

• ProsomoÐwsh diktÔwn. H proswmoÐwsh diktÔou se pragmatikèc sunjăkec elègqou epitugqĹnetai me th qrăsh eidikĹ prosarmosmènwn suskeuÿn, oi opoÐec diajètoun diaforetikă leitourgikìthta se sqèsh me touc kìmbouc epikoinwnÐac, allĹ eÐnai se jèsh na prokalèsoun kÐnhsh shmatodosÐac kai metĹdosh dedomènwn ìmoia me aută tou diktÔou pou prosomoiĹzoun. Skopì èqoun thn epÐteuxh uyhlÿn rujmÿn metĹdoshc shmatodosÐac kai dedomènwn, ètsi ÿste na prosomoiĹsoun ìso to dunatì kalÔtera èna dÐktuo ston pragmatikì kìsmo.

1Modules

3.2 Genikă eisagwgă sthn ulopoÐhsh kai efarmogă uphresiÿn diktÔwn (kìmboi epikoinwnÐac, prosomoiwtèc)

H leitourgÐa touc brÐskei efarmogă katĹ th fĹsh anĹptuxhc twn kìmbwn, th fĹsh axiolìghshc thc anĹptuxhc kai katĹ th diĹrkeia leitourgÐac touc sto dÐktuo.

3.2.1 PedÐa ulopoÐhshc uphresÐac KĹje uphresÐa apoteleÐtai apì koinĹ qarakthristikĹ, ìpwc mhqanèc katĹstashc, stoiqeÐa sÔndeshc, metafrastèc, shmeÐa exuphrèthshc, qronoprogrammatistèc, k.l.p. To pedÐo ulopoÐhshc kajorÐzetai apo paramètrouc ìpwc: (a) to mègejoc mnămhc gia thn apojăkeush proswrinÿn kai pĹgiwn stoiqeÐwn plhroforÐac, (b) thn poluplokìthta twn algorÐjmwn pou efarmìzontai apì tic sunartăseic thc uphresÐac, (g) thn krisimìthta leitourgÐac thc uphresÐac se pragmatikì qrìno, (d) to pedÐo ulopoÐhshc thc uphresÐac tou katÿterou strÿmatoc, (e) to kìstoc sqedÐashc kai ulopoÐhshc. Ta pijanĹ pedÐa ulopoÐhshc periorÐzontai se: (a) logismikì, kai (b) ulikì. H qrăsh tou enìc den upagoreÔei thn katĹrghsh tou Ĺllou. Se èna sÔsthma eÐnai dunatìn kai merikèc forèc anapìfeukto, na ulopoioÔntai tmămata thc uphresÐac pou aforoÔn shmatodotikèc diadikasÐec sto pedÐo tou logismikoÔ, kai parĹllhla, leitourgÐec pou kajorÐzoun thn poiìthta thc uphresÐac metafèrontai sto ulikì.

3.2.2 PedÐo ulikoÔ To ulikì apoteleÐ mÐa arqitektonikă kuklwmatikÿn diatĹxewn, h opoÐa leitourgeÐ wc autìnomh suskeuă ă wc mèroc kĹpoiou ulikoÔ elègqou (proswpikìc upologistăc). Oi leitourgÐec pou oloklhrÿnei enswmatÿnontai sta oloklhrwmèna kuklÿmata pou to apoteloÔn. Oi dÔo shmantikìteroi tÔpoi oloklhrwmènwn kuklwmĹtwn eÐnai: (a) Field Programmable Gate Arrays (FPGA), kai (b) Application Specific Integrated Circuit -(Oloklhrwmèno kÔklwma eÐdio wc proc thn efarmogă) (ASIC). H ulopoÐhsh tmhmĹtwn ă olìklhrhc thc uphresÐac sto pedÐo tou ulikoÔ parousiĹzei pleonektămata kai meionektămata axiìloga anaforĹc. Ta meionektămata kai pleonektămata pou parousiĹzontai eidikìtera gia kĹje oloklhrwmèno kÔklwma shmeiÿnontai sthn arqă thc paragrĹfou se parènjesh.

• Pleonektămata:

↬ H epexergasÐa twn mhqanÿn pou ulopoioÔntai sto ulikì eÐnai plărwc parĹllhlec.

KĹje anexĹrthth monĹda diajètei eÐsodo sÔgqronou mhqanismoÔ (sthn perÐptwsh twn sÔgqronwn kuklwmĹtwn).

↬ H epexergasÐa twn mikroentolÿn pragmatopoieÐtai taqÔtata.

↬ H prìsbash sth mnămh (eswterikă, exwterikă) katanalÿnei mikră upologistikă isqÔ. ↬ Oi uphresÐec ă sunartăseic pou ulopoioÔntai exuphretoÔntai se pragmatikì qrìno. ↬ H poiìthta thc uphresÐac parousiĹzei polÔ uyhlì deÐkth apìdoshc.

Antikeimenikìc skopìc thc ereunhtikăc ergasÐac - Eisagwgă sthn ergasÐa

↬ (FPGA) H enswmĹtwsh twn mejìdwn sto oloklhrwmèno eÐnai aplă diadikasÐa kai efămerh, kajÿc ta perieqìmena diagrĹfontai me thn aposÔndesh apì thn trofodosÐa hlektrikoÔ reÔmatoc.

• Meionektămata.

↬ H sqedÐash kai anĹptuxh uphresiÿn proôpojètei thn Ôparxh exeidikeumènwn mhqanikÿn, oi opoÐoi eÐnai duseÔretoi, me apotèlesma na auxĹnoun to kìstoc anĹptuxhc.

↬ Ta ergaleÐa anĹptuxhc eÐnai periorismèna kai upoleÐpontai se leitourgikìthta kai paroqă uphresiÿn twn antÐstoiqwn tou logismikoÔ.

↬ H koinìthta twn exeidikeumènwn mhqanikÿn eÐnai periorismènh, me apotèlesma h diakÐnhsh thc plhrofìrhshc na eÐnai aneparkăc.

↬ (ASIC) H sqedÐash kai oloklărwsh twn mhqanismÿn eÐnai poludĹpanh kai mă anastrèyimh.

↬ H fĹsh anĹptuxhc eÐnai qronobìra lìgw tou uyhloÔ deÐkth duskolÐac sqedÐashc sto pedÐo tou ulikoÔ.

↬ H fĹsh axiolìghshc, apotÐmhshc kai anÐqneushc lajÿn pragmatopoieÐtai apokleistikĹ sto oloklhrwmèno me th boăjeia eswterikÿn mnhmÿn kai dianusmĹtwn katĹstashc.

3.2.3 PedÐo logismikoÔ Oi lÔseic pou prosfèrontai sto pedÐo tou logismikoÔ eÐnai poikilìmorfec kai epilègontai analìgwc thc fĹshc anĹptuxhc, thc poiìthtac uphresÐac, to kìstoc anĹptuxhc, thc teqnognwsÐac tou anjrÿpinou dunamikoÔ, twn diajèsimwn ergaleÐwn anĹptuxhc, k.l.p. Oi efarmogèc logismikoÔ diakrÐnontai se mÐa ă kai perissìterec diergasÐec, oi opoÐec, sta plaÐsia kĹpoiou leitourgikoÔ sustămatoc (Windows, UNIX, LINUX), analambĹnoun thn oloklărwsh diadikasiÿn me bĹsh to programmatistikì montèlo. Ta leitourgikĹ sustămata diajètoun aparaÐthtec kai anagkaÐec diadikasÐec gia thn ekkÐnhsh, diaqeÐrish kai termatismì twn logismikÿn efarmogÿn (diaqeÐrish arqeÐwn, mnămhc, ulikoÔ, diergasiÿn, k.l.p.). Oi mèjodoi ulopoÐhshc programmĹtwn perigrĹfontai me th boăjeia glwssÿn programmatismoÔ (C, C++, Pascal). Ta leitourgikĹ sustămata èqoun efarmogă se dÔo tÔpouc susthmĹtwn epexergasÐac: (a) sta sustămata hlektronikÿn upologistÿn, kai (b) sta enswmatwmèna sustămata.

3.2.3.1 Enswmatwmèna sustămata

ApoteloÔntai kurÐwc apì mikroepexergastèc teqnologÐac Reduced Instruction Set Computer (RISC) ă Complex Instruction Set Computer -(Upologistăc sunìlou sÔnjetwn entolÿn)- (CISC) kai mÐa sullogă perifereiakÿn pou elègqontai apì touc mikroepexergastèc. Oi

3.2 Genikă eisagwgă sthn ulopoÐhsh kai efarmogă uphresiÿn diktÔwn (kìmboi epikoinwnÐac, prosomoiwtèc)

efarmogèc touc eÐnai poikÐlec kai perilambĹnoun metaxÔ Ĺllwn: (a) hlektrikèc kai hlektronikèc suskeuèc, (b) epipalĹmiouc upologistèc, (g) sustămata elègqou ploăghshc, (d) thlepikoinwniakoÔc kìmbouc, k.l.p. O programmatismìc touc apaiteÐ exeidikeumènh gnÿsh, h opoÐa exartĹtai apì to eÐdoc tou epexergastă. O bajmìc duskolÐac sth sqedÐash kai ulopoÐhsh efarmogÿn se enswmatwmèna sustămata exartĹtai kurÐwc apì to epÐpedo afaÐreshc (purănac) pou qrhsimopoieÐtai ston epexergastă gia thn anĹptuxh programmatistikoÔ kÿdika. H auxhmènh zăthsh gia thn anĹptuxh efarmogÿn enswmatwmènwn susthmĹtwn, èqei wc apotèlesma thn aÔxhsh twn epilogÿn ìson aforĹ sta leitourgikĹ sustămata. H trèqousa agorĹ èqei na epideÐxei mÐa megĹlh sullogă apì mikropurănec kai enswmatwmèna leitourgikĹ sustămata, sta opoÐa anaptÔssontai Real Time Operating System -(Leitourgikì sÔsthma pragmatikoÔ qrìnou)- (RTOS). FusikĹ h ènnoia tou pragmatikoÔ qrìnou eÐnai upokeimenikă kai exartĹtai apì tic qronikèc apaităseic twn epijumhtÿn leitourgiÿn, se sqèsh me thn katanĹlwsh epexergastikăc isqÔoc apì ton purăna gia thn oloklărwsh twn diergasiÿn. H telikă apìfash gia to eÐdoc tou epexergastă kai to leitourgikì apaiteÐ arketì qrìno diereÔnhshc twn emplekìmenwn paramètrwn. To apotèlesma, ìmwc, eÐnai jeamatikì kai oi qrìnoi apìkrishc arketĹ ikanopoihtikoÐ.

• Meionektămata:

↬ Periorismènh se arijmì koinìthta mhqanikÿn me empeirÐa sth sqedÐash enswmatwmènwn susthmĹtwn.

↬ Ta axiìloga ergaleÐa anĹptuxhc èqoun uyhlì kìstoc agorĹc kai suntărhshc. ↬ ApaiteÐ megĹlh epèndush se qrìno gia thn ekpaÐdeush mhqanikÿn. ↬ H aposfalmĹtwsh thc efarmogăc krÐnetai arketĹ dÔskolh.

• Pleonektămata:

↬ UlopoÐhsh efarmogÿn me qamhlì kìstoc anĹptuxhc. ↬ DhmiourgÐa susthmĹtwn pragmatikoÔ qrìnou. ↬ Oloklărwsh autìnomwn ă eterogenÿn susthmĹtwn.

↬ Ta ergaleÐa anĹptuxhc parèqoun metaglwttistèc gia tic programmatistikèc glÿssec

C kai C++.

3.2.3.2 Sustămata hlektronikÿn upologistÿn

Ta sustămata hlektronikÿn upologistÿn eÐnai h plèon koină kai aploÔsterh lÔsh gia thn ulopoÐhsh susthmĹtwn. O purănac apoteleÐtai apì èna ă perissìtera oloklhrwmèna pou ulopoioÔn thn Central Processing Unit -(Kentrikă monĹda epexergasÐac)- (CPU) kai èna sÔnolo perifereiakÿn (mèsa apojăkeushc, mnămh tuqaÐac prospèlashc, suskeuèc eisìdou, suskeuèc exìdou,

Antikeimenikìc skopìc thc ereunhtikăc ergasÐac - Eisagwgă sthn ergasÐa

k.l.p.). H epexergasÐa twn entolÿn apoteleÐ apokleistikă eujÔnh tou egkatesthmènou leitourgikoÔ sustămatoc. H epilogă tou leitourgikoÔ exartĹtai apì parĹgontec, ìpwc: (a) axiopistÐa, stajerìthta, apodotikìthta, (b) kìstoc agorĹc kai suntărhshc, (g) diĹdosh thc dianomăc, (d) anaptuxiakĹ ergaleÐa, (e) tekmhrÐwsh arqitektonikăc kai eswterikÿn diergasiÿn, k.l.p.

• Meionektămata:

↬ H apìdosh thc efarmogăc exartĹtai se megĹlo bajmì apì thn arqitektonikă tou leitourgikoÔ.

↬ H anĹptuxh polÔplokwn efarmogÿn apaiteÐ exeidÐkeush sugkrÐsimh me tic anaptÔxeic sta enswmatwmèna sustămata.

↬ Lìgw tou fìrtou ergasÐac pou analambĹnoun, dÔskola mporoÔn na qarakthristoÔn sustămata pragmatikoÔ qrìnou.

• Pleonektămata:

↬ H koinìthta twn mhqanikÿn pou anaptÔssoun efarmogèc sta leitourgikĹ sustămata eÐnai terĹstia.

↬ Ikanopoihtikă tekmhrÐwsh ìson aforĹ sthn arqitektonikă kai tic mejìdouc anĹptuxhc efarmogÿn.

↬ TaqÔterh kai aploÔsterh sqedÐash kai anĹptuxh efarmogÿn.

↬ Aplă kai eÔkolh, se sqèsh me tic prohgoÔmenec arqitektonikèc, aposfalmĹtwsh twn efarmogÿn.

↬ H exeidÐkeush eÐnai aparaÐthth mìno se polÔplokec efarmogèc.

↬ Plhjÿra anaptuxiakÿn ergaleÐwn kai programmatistikÿn glwssÿn se arketĹ qamhlì kìstoc.

3.3 Prwtìtupoi kìmboi epikoinwniÿn

O tÔpoc thc platfìrmac, h opoÐa ja upodeqteÐ thn efarmogă kĹpoiou thlepikoinwniakoÔ kìmbou, diaforopoieÐtai anĹloga tou eÐdouc twn uphresiÿn pou kaleÐtai na parèqei o ekĹstote kìmboc. H platfìrma ulikoÔ mporeÐ na apoteleÐtai apì ta akìlouja oloklhrwmèna kuklÿmata elègqou: (a) enswmatwmènouc mikroelegktèc, (b) enswmatwmènouc mikroepexergastèc, (g) oloklhrwmèna kuklÿmata programmatizìmenhc logikăc FPGA, (d) oloklhrwmèna kuklÿmata exeidikeumèna gia efarmogèc ASIC, ă (e) èna ă perissìterouc emporikoÔc epexergastèc. H efarmosmènh platfìrma logismikoÔ diaforopoieÐtai anĹloga me thn platfìrma ulikoÔ kai mporeÐ na apoteleÐtai apì: (a) mikropurănec leitourgikoÔ, (b) leitourgikĹ sustămata pragmatikoÔ qrìnou, (g) enswmatwmèna leitourgikĹ sustămata, kai (d) emporikĹ leitourgikĹ sustămata. Oi leitourgÐec pou

3.3 Prwtìtupoi kìmboi epikoinwniÿn

kalÔptei ènac thlepikoinwniakìc kìmboc mporoÔn na perigrafoÔn me dÔo genikèc diadikasÐec: (a) shmatodosÐa, kai (b) metĹdosh dedomènwn (sqăma 3.1). Oi shmatodotikèc diadikasÐec, oi opoÐec

Sqăma 3.1: ShmatodosÐa kai monopĹtia dedomènwn

efarmìzontai se kĹje epÐpedo thc stoÐbac diastrwmĹtwshc thc uphresÐac pou prosfèretai apì ton kìmbo, analambĹnoun thn ekkÐnhsh kai thn oloklărwsh ìlwn twn aparaÐthtwn diergasiÿn gia thn proetoimasÐa twn katĹllhlwn monopatiÿn metĹdoshc dedomènwn. H shmatodosÐa apoteleÐtai apì polÔplokec diadikasÐec, twn opoÐwn h ulopoÐhsh touc mporeÐ na pragmatopoieÐtai (sqăma 3.2) tìso sto epÐpedo tou ulikoÔ (aploÔsterec diadikasÐec), ìso sto epÐpedo tou logismikoÔ (sÔnjetec kai polÔplokec diadikasÐec). H telikă apìfash gia to epÐpedo efarmogăc

Sqăma 3.2: EpÐpeda ulopoÐhshc shmatodosÐac

twn shmatodotikÿn diadikasiÿn mÐac uphresÐac ephreĹzetai apì parĹgontec ìpwc: (a) o bajmìc poluplokìthtac, (b) to stĹdio anĹptuxhc, (g) o bajmìc epektasimìthtac twn uphresiÿn, (d) to kìstoc anĹptuxhc, (e) o qrìnoc anĹptuxhc, (st) h krisimìthta tou qrìnou apìkrishc twn diadikasiÿn, k.l.p. H telikă morfă thc ulopoÐhshc mÐac uphresÐac ă thlepikoinwniakoÔ kìmbou ephreĹzetai apì ta apotelèsmata sÔnjetwn diadikasiÿn ìpwc: (a) thc sqedÐashc kai thc prodiagrafăc, (b) thc prosomoÐwshc, (g) thc pilotikăc efarmogăc, (d) thc aposfalmĹtwshc, kai (e) tou elègqou orjăc kai apotelesmatikăc leitourgÐac.

Antikeimenikìc skopìc thc ereunhtikăc ergasÐac - Eisagwgă sthn ergasÐa

KefĹlaio 4

GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc

4.1 Kajorismìc, axiolìghsh kai pistopoÐhsh uphresÐac

4.1.1 Kajorismìc uphresÐac H polÔplokh aută diadikasÐa prosforĹc kainoÔriwn uphresiÿn perilambĹnei mÐa seirĹ jemĹtwn, ta opoÐa prèpei na diereunhjoÔn sth fĹsh tou sqediasmoÔ:

• O plărhc kajorismìc thc uphresÐac tou strÿmatoc wc proc ta pio pĹnw epÐpeda. H fĹsh aută exartĹtai Ĺmesa apì to epÐpedo sto opoÐo ja efarmosjeÐ to strÿma. H morfă thc plhroforÐac, to eÐdoc thc sÔndeshc kai oi mhqanèc apofĹsewn eÐnai merikĹ mìno apì ta zhtămata pou ja apofasisjoÔn sth fĹsh aută.

• Thn Ôparxh ă ìqi thc katĹllhlhc upodomăc uphresÐac gia thn exuphrèthsh tou kainoÔriou strÿmatoc pou ja dhmiourghjeÐ. An den upĹrqei upodomă katĹllhlh gia na upodeqjeÐ thn uphresÐa, eÐnai anagkaÐa h dhmiourgÐa miac tètoiac upodomăc.

• O kajorismìc tou lexikoÔ thc uphresÐac. To lexikì apoteleÐtai apì mÐa sullogă kwdikopoihmènwn lèxewn me tic opoÐec oi omìtimec ontìthtec epikoinwnoÔn kai ekteloÔn entolèc.

• O kajorismìc thc morfăc kwdikopoÐhshc kĹje xeqwristăc lèxhc tou lexikoÔ thc uphresÐac.

• Th diatÔpwsh twn leitourgiÿn pou kaleÐtai na oloklhrÿsei h uphresÐa. Oi leitourgÐec epilègontai anĹloga twn lèxewn pou antallĹzoun oi omìtimec ontìthtec.

GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc

Oi uphresÐec, kai kat’ epèktash ta prwtìkolla pou tic prosfèroun, kajorÐzontai kai tupopoioÔntai me sugkekrimènouc organismoÔc ston kìsmo, ìpwc: (a) Request For Comments (RFC), (b) ITU Telecommunication Standardization Sector -(Diejnăc thlepikoinwniakă ènwsh - Tomèac tupopoÐhshc)- (ITU-T), (g) Institute of Electrical and Electronics Engineers (IEEE), kai (d) International Standards Organazation -(Diejnăc organismìc tupopoÐhshc)- (ISO). H telikă diatÔpwsh kai tupopoÐhsh thc uphresÐac kai thc leitourgÐac twn mhqanismÿn pou thn apoteloÔn, lambĹnetai sta plaÐsia tou organismoÔ kai me bĹsh ta apotelèsmata thc axiolìghshc thc apodotikìthtac thc uphresÐac.

4.1.2 Axiolìghsh uphresÐac H diadikasÐa axiolìghshc uphresÐac perilambĹnei elègqouc plhrìthtac kai orjìthtac tou lexikoÔ, tou suntaktikoÔ kai twn mejìdwn tou epipèdou.

• Lexikì. To lexikì tou prwtokìllou ofeÐlei na eÐnai plărec kai litì. Oi lèxeic pou to apoteloÔn prèpei na brÐskoun efarmogă stic diadikasÐec tou prwtokìllou kai na èqoun monadikă ènnoia. Se antÐjeth perÐptwsh, to sÔsthma odhgeÐtai se abèbaiec kai mă epijumhtèc katastĹseic.

• Suntaktikì. H sqedÐash ofeÐlei na odhgeÐtai pĹnta sth diatÔpwsh sumpagÿn suntaktikÿn me aplopoÐhsh, ìpou eÐnai dunatì, twn kanìnwn sÔntaxhc. H poiìthta kai eukrÐneia sth sÔntaxh meiÿnei thn pijanìthta lĹjouc metĹfrashc kai meiÿnei ton ìgko twn metadidìmenwn shmĹtwn.

• Arqèc leitourgÐac. ApaiteÐtai h epibebaÐwsh thc egkurìthtac twn perieqomènwn tou prwtokìllou se ìlec tic pijanèc katastĹseic kai akoloujÐec ektèleshc enìc antÐstoiqou dunamikoÔ montèlou. To mègejoc tou qÿrou twn katastĹsewn tou montèlou exartĹtai apì to plăjoc twn parĹllhlwn diergasiÿn, to plăjoc kai thn èktash twn eswterikÿn metablhtÿn, ton tÔpo twn mhnumĹtwn, kai to eÐdoc thc epikoinwnÐac. Tèloc, h axiolìghsh aforĹ eidikìtera sth logikă akoloujÐa twn arqÿn epikoinwnÐac kai sthn epexergasÐa twn dedomènwn.

4.2 Mèjodoi prodiagrafăc kai anĹlushc thc uphresÐac

H anĹptuxh polÔplokwn susthmĹtwn apoteleÐ mÐa mhqanikă arqă kajorismoÔ akoloujÐac entolÿn, h opoÐa odhgeÐ apì thn tupopoÐhsh sthn anĹptuxh. SunduĹzei thn antÐlhyh twn apaităsewn tou sustămatoc, thn perigrafă thc uphresÐac, thn katĹtmhsh twn leitourgiÿn se logismikì kai ulikì, thn prìbleyh apodotikìthtac, kai tèloc, th sqedÐash kai anĹptuxh twn stoiqeÐwn. Oi mejodologÐec qwrÐc tupopoÐhsh odhgoÔn se aprosdiìristec prodiagrafèc twn epijumhtÿn qarakthristikÿn kai adunatoÔn na parèqoun eparkă apodeiktikĹ stoiqeÐa gia thn plhrìthta kai

4.2 Mèjodoi prodiagrafăc kai anĹlushc thc uphresÐac

sunèqeia thc sqedÐashc kai thc anĹptuxhc. O èlegqoc sfalmĹtwn pragmatopoieÐtai me th qrăsh klassikÿn dokimÿn, oi opoÐec sthrÐzontai se eurhstikèc platfìrmec twn opoÐwn h plhrìthta meiÿnetai kajÿc h poluplokìthta tou sustămatoc auxĹnetai.

Se antÐjesh me tic mejìdouc qwrÐc tupopoÐhsh, o sqediasmìc kai h anĹptuxh enìc sustămatoc mporeÐ na pragmatopoihjeÐ me majhmatikèc teqnikèc gia thn proÿjhsh austhrÿn kai axiìpistwn mejìdwn. H teqnikă aută onomĹzontai Formal Method -(Tupopoihmènh mèjodoc)- (FM).

H anĹgkh gia thn Ôparxh ergaleÐwn anĹptuxhc tupopoihmènwn mejìdwn, èqei odhgăsei thn èreuna, ìson aforĹ sthn epistămh twn upologistÿn, sthn perigrafă kai tupopoÐhsh twn Formal Description Techniques -(Tupopoihmènec teqnikèc perigrafăc)- (FDT). H èreuna eÐqe wc apotèlesma th dhmiourgÐa arketÿn tupopoiăsewn kai ergaleÐwn apì ta opoÐa, stic epìmenec paragrĹfouc, ja anaferjoÔn en suntomÐa ta shmantikìtera, ta opoÐa antiproswpeÔoun thn aiqmă thc teqnologÐac ston tomèa twn susthmĹtwn kai prwtokìllwn epikoinwniÿn.

4.2.1 P etriNets H mèjodoc Petri Net [6] apoteleÐ mÐa teqnikă tupopoihmènwn protÔpwn me skopì thn perigrafă thc sumperiforĹc parĹllhlwn kai katanemhmènwn susthmĹtwn. H parousÐash thc teqnikăc sthn episthmonikă koinìthta pragmatopoiăjhke to ètoc 1962. Sthn paroÔsa qronikă perÐodo upĹrqoun arketèc parallagèc thc teqnikăc autăc, oi opoÐec efarmìzontai ston kajorismì, thn exakrÐbwsh kai thn apotÐmhsh thc apìdoshc se katanemhmèna parĹllhla sustămata kai prwtìkolla epikoinwnÐac.

• Suntaktikì. ’Ena tupikì Petri Net apoteleÐ mÐa sullogă qÿrwn (anaparÐstantai me elleÐyeic kai kÔklouc), metabĹsewn (eujeÐec), akmÿn (dianÔsmata) kai deigmĹtwn, ta opoÐa shmeiÿnoun tic tautìthtec twn qÿrwn. KĹje akmă sundèei èna qÿro me èna kanìna metĹbashc kai antÐstrofa. ’Enac qÿroc kai mÐa metĹbash, ìson aforĹ sto sÔsthma, antistoiqoÔn se mÐa katĹstash kai mÐa enèrgeia. H epalăjeush mÐac katĹstashc epitrèpei thn energopoÐhsh mÐac metĹbashc kai th metaforĹ twn deigmĹtwn se prokajorismènouc qÿrouc. Sth fĹsh epikÔrwshc thc leitourgÐac, h energopoÐhsh parĹllhlwn metabĹsewn arqikopoieÐ tic mejìdouc anazăthshc ìlwn twn pijanÿn akoloujiÿn ektèleshc. Se antÐjesh, katĹ th fĹsh prosomoÐwshc, to băma ektèleshc apofasÐzetai tuqaÐa ă diadrastikĹ. MÐa apì tic shmantikìterec kai plèon efarmìsimec parallagèc twn Petri Net, h Colored Petri Nets (CPN) [20], qarakthrÐzetai apì isqură diĹlekto kai apoteleÐ mÐa uyhloÔ epipèdou glÿssa prodiagrafăc. H prodiagrafă eisĹgei epiplèon qarakthristikĹ gia th sqedÐash protÔpwn pou aforoÔn, sthn parĹllhlh sumperiforĹ, stouc tÔpouc metablhtÿn, stic sunartăseic kai sthn epexergasÐa dedomènwn programmatistikÿn glwssÿn uyhloÔ epipèdou. Epiplèon, kĹje deÐgma metafèrei to prokajorismèno ă tuqaÐa katanemhmèno qronikì măkoc mÐac metĹbashc.

GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc

• EpikoinwnÐa. H epikoinwnÐa anaparistĹnetai me thn antallagă deigmĹtwn metaxÔ twn qÿrwn pou apoteloÔn to dÐktuo, kai antiproswpeÔoun diaforetikèc ontìthtec epikoinwnÐac. H upodoqă twn deigmĹtwn eÐnai dunatì na tautisteÐ me sugkekrimènec katastĹseic. Oi katastĹseic autèc shmeiÿnontai stic akmèc twn metabĹsewn kai stic metabĹseic pou sundèoun. H katĹstash mÐac metĹbashc (fragmènh, energopoihmènh) exartĹtai apokleistikĹ apì thn timă tou deÐgmatoc upodoqăc. H eikìna anaparistĹ ta basikĹ stoiqeÐa sÔntaxhc

Sqăma 4.1: Tupikìc grĹfoc katastĹsewn kai qronikÿn metabĹsewn

kai shmasiologÐac tou CPN. H metĹbash T ransition_1 energopoieÐtai tìte kai mìno ìtan oi metablhtèc i, j ikanopoioÔn th sunjăkh i < j. Oi pijanèc metabĹseic pou uposthrÐzontai sto grĹfo eÐnai: (a) h sămansh tou qÿrou_3 (Place_3) me èna deÐgma timăc 5 ă dÔo deÐgmata 3 kai 7 antÐstoiqa, kai (b) h energopoÐhsh twn qronikÿn deigmĹtwn tou qÿrou_1 (Place_1) me thn pĹrodo dÔo qronikÿn monĹdwn.

• Meionektămata:

↬ H katanìhsh thc filosofÐac thc tupopoÐhshc qarakthrÐzetai arketĹ dÔskolh. ↬ ApaiteÐ arketă prospĹjeia gia thn katanìhsh thc glÿssac perigrafăc. ↬ Oi mèjodoi pou ulopoioÔntai apì to qrăsth dÔskola mporoÔn na qrhsimopoihjoÔn xanĹ sthn paragwgă kÿdika.

• Pleonektămata:

↬ H qrăsh grafikÿn sumbìlwn, parìmoiwn me tic gnwstèc mhqanèc peperasmènwn katastĹsewn, sunjètei mÐa isqură glÿssa protÔpwn gia thn perigrafă kai th diereÔnhsh diadikasiÿn epikoinwnÐac.

↬ DhmiourgeÐ sumpagă kai akribă sustămata.

↬ O deÐkthc sunĹfeiac, ìson aforĹ sthn epikÔrwsh kai axiolìghsh apìdoshc susthmĹtwn, eÐnai arketĹ yhlìc.

↬ Parèqei th dunatìthta enswmĹtwshc kainoÔriwn mejìdwn.

4.2 Mèjodoi prodiagrafăc kai anĹlushc thc uphresÐac

• ErgaleÐa anĹptuxhc. Ston tomèa twn thlepikoinwniÿn, to pio dhmofilèc ergaleÐo anĹptuxhc eÐnai to sÔsthma Design/CPN . UposthrÐzei ierarqikă perigrafă kai enswmatÿnei teqnikèc beltistopoÐhshc metabĹsewn, elègqou protÔpwn gia statikĹ kai dunamikĹ qarakthristikĹ, kai tupopoihmènh anĹlush kai prosomoÐwsh. H apousÐa mejìdwn epikÔrwshc qronikÿn grĹfwn dusqeraÐnei thn efarmogă diadikasiÿn elègqou protÔpwn. H epèktash tou ergaleÐou gia thn upostărixh Message Sequence Chart -(PÐnakac akoloujÐac mhnumĹtwn)- (MSC.) auxĹnei th sunĹfeia tou ergaleÐou wc proc thn prodiagrafă prwtokìllwn epikoinwnÐac. To ergaleÐo diatÐjetai dwreĹn se aploÔc qrăstec kai se etaireÐec.

4.2.2 EST ELLE H mèjodoc Extented State Transition Machine Language (ESTELLE) [7] apoteleÐ mÐa teqnikă tupopoihmènwn protÔpwn me skopì thn prodiagrafă parĹllhlwn kai katanemhmènwn susthmĹtwn. H teqnikă pistopoiăjhke apì ton organismì ISO to ètoc 1989 kai èqei afosiwjeÐ apokleistikĹ sthn prodiagrafă prwtokìllwn epikoinwnÐac. H teqnikă aută sthrÐzetai sth jewrÐa twn mhqanÿn peperasmènwn katastĹsewn gia thn epèktash thc epikoinwnÐac, Extending Communicating Finite State Machine (ECFSM). EÐqe wc apotèlesma de, th dhmiourgÐa enìc protÔpou plărwc periektikoÔ kai sunepoÔc. H tupopoihmènh prodiagrafă diajètei automatopoihmènec diadikasÐec gia th metaglÿttish tou protÔpou se autìnomo ektelèsimo prìgramma ă se ektelèsimh bibliojăkh, me skopì thn prosomoÐwsh ă thn efarmogă tou protÔpou.

• Suntaktikì. MÐa tupikă prodiagrafă ESTELLE apoteleÐ èna monadikì arqeÐo sullogăc pedÐwn. O prÿtoc tomèac apoteleÐtai apì tic dhlÿseic tÔpwn metablhtÿn, tÔpwn kanaliÿn, diadikasÐec, kai sunartăseic. Ta kanĹlia antistoiqoÔn se dromolìgia dÔo kateujÔnsewn, metaxÔ dÔo ontotătwn, me skopì th metabÐbash dedomènwn. To prìtupo perigrĹfei thn ierarqÐa stigmiìtupwn enotătwn. KĹje enìthta qarakthrÐzetai apì mÐa diasÔndesh gia th metĹdosh mhnumĹtwn se morfă arqègonhc epikoinwnÐac. H enìthta apoteleÐ to basikì stoiqeÐo thc prodiagrafăc. H sÔnjesh thc enìthtac perièqei: (a) th epikefalÐda, me thn opoÐa perigrĹfetai h diasÔndesh thc enìthtac kai arqikopoieÐ to katĹllhlo kanĹli, kai (b) to sÿma, me to opoÐo perigrĹfetai h eswterikă domă kai o leitourgikìc qaraktărac thc enìthtac. To sÿma perièqei thn tupopoihmènh prodiagrafă thc enìthtac, me skopì th beltÐwsh: (a) thc perigrafăc leitourgikìthtac, (b) twn dhlÿsewn, kai (g) twn peperasmènwn mhqanÿn katĹstashc. EpÐshc, perigrĹfei, ston exwterikì kìsmo, th sumperiforĹ tou sustămatoc. O kanìnac efarmìzetai epanalhptikĹ se kĹje uposÔsthma pou apoteleÐ thn prodiagrafă.

• Meionektămata:

↬ QrhsimopoieÐ polÔplokouc kai dusnìhtouc sumbolismoÔc keimènwn.

• Pleonektămata:

GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc

↬ Ta prìtupa sustămata perigrĹfontai me th boăjeia twn ECFSM. ↬ UposthrÐzei tÔpouc dedomènwn kai upologismoÔc thc glÿssac Pascal.

4.2.3 LOT OS

H prodiagrafă Language Of Temporal Ordering Specifications (LOTOS) [21] pistopoiăjhke apì ton organismì ISO to ètoc 1989. ApoteleÐ mÐa katoqurwmènh tupopoihmènh teqnikă perigrafăc. Se antÐjesh me Ĺllec teqnikèc, h prodiagrafă aută uiojeteÐ thn algebrikă diadikasÐa wc upokatĹstato twn mhqanÿn peperasmènwn katastĹsewn. Sthrizìmenh sthn isqură jewrhtikă thc bĹsh, eÐnai se jèsh na enswmatwjeÐ se qronologikĹ ă stoqastikĹ qarakthristikĹ, me apotèlesma thn epèktash twn dunatotătwn thc sthn axiolìghsh thc apìdoshc dunamikÿn susthmĹtwn. H emploutismènh epèktash bibliojăkhc, E-LOTOS, uposthrÐzei qronologikĹ qarakthristikĹ, morfopoÐhsh, èlegqo kai megĹlo bajmì afaÐreshc.

• Suntaktikì. H prodiagrafă apoteleÐtai apì th glÿssa perigrafăc qaraktăra diadikasiÿn kai th glÿssa prodiagrafăc twn algebrikÿn tÔpwn dedomènwn. Oi isquroÐ logikoÐ telestèc pou qrhsimopoieÐ parèqoun th dunatìthta prosomoÐwshc katanemhmènwn susthmĹtwn kai parĹllhlwn diergasiÿn epikoinwnÐac. H prodiagrafă enìc tuqaÐou sustămatoc apoteleÐtai apì ta akìlouja tmămata: (a) to tmăma dhlÿsewn, ìpou qarakthrÐzetai h sumperiforĹ twn asuneqÿn ă sÔgqronwn diasundèsewn twn uposusthmĹtwn, kai (b) to tmăma orismÿn, ìpou perigrĹfetai h sumperiforĹ kĹje stoiqeÐou tou sustămatoc (metabĹseic, akoloujÐec energeiÿn). H diergasÐa qarakthrÐzetai apì thn tupopoihmènh diepifĹneia kai mÐa sullogă paramètrwn. H sumperiforĹ thc diergasÐac eÐnai mÐa kajorismènh akoloujÐa energeiÿn ă mÐa tuqaÐa epilogă metaxÔ antagwnistikÿn sumperiforÿn, oi opoÐec dhlÿnontai katĹ thn energopoÐhsh thc diergasÐac. H enèrgeia apoteleÐ mÐa epikoinwniakă drasthriìthta.

Sqăma 4.2: Tupikă prodiagrafă uphresÐac

• EpikoinwnÐa. H epikoinwnÐa sthrÐzetai sto sÔgqrono montèlo. DÔo ă kai perissìterec sundedemènec diergasÐec ofeÐloun na ekteloÔn zeÔgh energeiÿn proc apofugă adiexìdwn. H

4.2 Mèjodoi prodiagrafăc kai anĹlushc thc uphresÐac

sÔgqronh epikoinwnÐa akoloujeÐ touc kanìnec twn diadikasiÿn me th lăyh Ĺmeshc epafăc^1. Gia thn epÐteuxh asÔgqronhc epikoinwnÐac, apaiteÐtai h enswmĹtwsh ourÿn. H enswmĹtwsh krÐnetai praktikĹ anèfikth lìgw thc poluplokìthtac tou protÔpou.

• Meionektămata:

↬ H epikoinwnÐa metaxÔ twn ontotătwn pragmatopoieÐtai sÔgqrona. ↬ H ennoiologikă apìstash metaxÔ twn teqnikÿn keimènwn prodiagrafăc kai thc prosèggishc tou protÔpou eÐnai arketĹ shmantikă.

↬ H dălwsh twn tÔpwn dedomènwn sto sÔsthma prodiagrafăc eÐnai arketĹ dÔskampth.

• Pleonektămata:

↬ Sunjetikă prosèggish sthn prodiagrafă susthmĹtwn. ↬ Uyhlìc deÐkthc afaÐreshc.

↬ Teqnikèc meÐwshc protÔpwn me bĹsh algìrijmouc paratărhshc isodunamÐac. ↬ Oi stoqastikèc algebrikèc diergasÐec uposthrÐzoun th jewrhtikă diereÔnhsh sthn axiolìghsh apìdoshc susthmĹtwn.

• ErgaleÐa anĹptuxhc. H tupopoÐhsh se morfă keimènou kai o yhlìc deÐkthc afaÐreshc kajistoÔn thn teqnikă arketĹ dÔskolh gia thn uiojèthsă thc apì anaptuxiakĹ peribĹllonta. To prìgramma Caesar/Aldebaran Development Tool apoteleÐ thn plhrèsterh efarmogă upostărixhc thc teqnikăc autăc. Ta pio entupwsiakĹ tou pleonektămata apoteloÔn: (a) h metĹfrash kai prosomoÐwsh prodiagrafÿn LOTOS, (b) h paragwgă grafikÿn mhqanÿn peperasmènwn katastĹsewn apì prodiagrafèc se morfă keimènou, (h) h elaqistopoÐhsh protÔpwn, (d) h sÔgkrish protÔpwn me bĹsh th sumperiforĹ, (e) o èlegqoc protÔpwn, (st) h epibebaÐwsh logikÿn qronikÿn exisÿsewn, (z) h paragwgă senarÐwn elègqou, kai (h) h metaglÿttish bibliojhkÿn tÔpwn dedomènwn. ’Oson aforĹ se prosomoiÿseic kai axiolìghsh apìdoshc, ta ergaleÐa PEPE, TIPtool jewroÔntai ta shmantikìtera kai ta pio diadedomèna. UiojetoÔn mÐa stoqastikă epèktash twn sumbolismÿn LOTOS, qronologikă enèrgeia (a, λ), h opoÐa emfanÐzetai me thn pĹrodo kĹpoiou ekjetikĹ katanemhmènou qronologikoÔ diastămatoc me mèsh timă 1/λ.

4.2.4 SP IN To ergaleÐo Simple Promela INterpreter (SPIN) eÐnai eurèwc diadedomèno kai qrhsimopoieÐtai kurÐwc sthn prodiagrafă, prosomoÐwsh kai apotÐmhsh prwtokìllwn epikoinwnÐac. QrhsimopoieÐ

1Handshake

GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc

sumbolismoÔc prodiagrafăc, mÐa glÿssa ìmoia me thn C, Process Meta Language (PROME- LA), h opoÐa auxĹnei to bajmì efarmogăc tou ergaleÐou katĹ tic arqikèc fĹseic anĹptuxhc kai dieukolÔnei thn anĹptuxh kÿdika.

• Suntaktikì. H PROMELA apoteleÐ mÐa sullogă sumbolismÿn keimènou ECFSM, h opoÐa sundèei tic domèc epexergasÐac dedomènwn kai thn epikoinwnÐa metaxÔ diergasiÿn. Oi diergasÐec apoteloÔn ta basikĹ stoiqeÐa tou sustămatoc. H eswterikă sumperiforĹ twn diergasiÿn perigrĹfetai wc sullogèc apì pijanèc metabĹseic (tomeÐc if...fi), oi opoÐec energopoioÔntai monadikĹ ă tautìqrona. H energopoÐhsh mÐac metĹbashc odhgeÐ: (a) ston termatismì (katastĹseic pou shmeiÿnontai end :), kai (b) se atèrmonec akoloujÐec energeiÿn (h metĹbash anăkei se kĹpoio brìgqo do...od ă o telestăc goto dhlÿnei th metĹbash se kainoÔria katĹstash). Oi sunjăkec energopoÐhshc mporeÐ na eÐnai: (a) mhnÔmata afÐxewn ă apostolèc entolÿn, (b) logikèc ekfrĹseic pou aforoÔn se topikèc, sfairikèc metablhtèc ă sthn katĹstash twn kanaliÿn, kai (g) qronologikĹ gegonìta. Oi diergasÐec diaqeirÐzontai metablhtèc prokajorismènwn tÔpwn, pÐnakec kai domèc. Ta mhnÔmata dhlÿnontai wc stajerèc sumbìlwn. H prodiagrafă tou tÔpou tou kanalioÔ apoteleÐtai apì to qaraktăra tou măkouc thc antÐstoiqhc ourĹc exuphrèthshc kai th lÐsta twn stoiqeÐwn plhroforÐac pou sunjètoun th monĹda dedomènwn.

• EpikoinwnÐa. Oi diergasÐec epikoinwnoÔn mèsw kanaliÿn, ta opoÐa apoteloÔn prìtupa ourÿn peperasmènou măkouc. H tupikă epikoinwnÐa eÐnai asÔgqronh kai gÐnetai sÔgqronh sthn perÐptwsh ìpou to măkoc twn kanaliÿn eÐnai mhdèn. Ta kanĹlia metadÐdoun domhmèna mhnÔmata, ta opoÐa apoteloÔntai apì epikefalÐda kai sÿma. H metĹdosh plhroforÐac mporeÐ, epÐshc, na epiteuqjeÐ me th qrăsh statikÿn metablhtÿn.

• Meionektămata:

↬ H prodiagrafă mÐac plărouc stoÐbac prwtokìllwn eÐnai adÔnath. ↬ Den upĹrqei safăc diaqwrismìc metaxÔ twn paragìntwn arqitektonikăc kai leitourgikìthtac.

↬ Oi uphresÐec den èqoun ierarqikă domă.

• Pleonektămata:

↬ H dhmiourgÐa protÔpwn prwtokìllwn eÐnai eÔkolh diadikasÐa kai odhgeÐ se sumpageÐc prodiagrafèc.

↬ MegĹlh omoiìthta me th glÿssa programmatismoÔ C. ↬ H prodiagrafă metafrĹzetai grăgora sth glÿssa C.

4.2 Mèjodoi prodiagrafăc kai anĹlushc thc uphresÐac

4.2.5 SDL H mèjodoc SDL [8] apoteleÐ tupopoihmènh sumbolikă mèjodo, h opoÐa anaptÔqjhke kai kajorÐsthke katĹ th qronikă perÐodo 1976 kai 1992 apì ton organismì ITU-T. H teleutaÐa èkdosh, SDL-2000, uposthrÐzei antikeimenostrefă montèla, aparaÐthta gia th sqedÐash logismikÿn efarmogÿn. QarakthrÐzetai wc uyhloÔ epipèdou genikăc qrăsewc glÿssa perigrafăc susthmĹtwn epikoinwnÐac pragmatikoÔ qrìnou kai exartÿmena apì gegonìta. O apotelesmatikìc kai prwtoporiakìc grafikìc tÔpoc thc prodiagrafăc, thc prosdÐdei megĹlh dhmotikìthta sta panepisthmiakĹ idrÔmata kai ston etairikì kìsmo.

• Suntaktikì. H SDL basÐzetai stic mhqanèc peperasmènwn katastĹsewn^2. To sÔsthma pou perigrĹfetai se mÐa prodiagrafă apoteleÐ ousiastikĹ mÐa ECFSM, kajÿc apoteleÐtai apì èna sÔnolo parĹllhlwn diergasiÿn, oi opoÐec epekteÐnontai apì metablhtèc kai dedomèna kai epikoinwnoÔn antallĹzontac sămata elègqou, domhmèna mhnÔmata ă peperasmènou măkouc asÔgqrona kanĹlia. O kajorismìc tou sustămatoc diaqwrÐzei touc parĹgontec leitourgikìthtac kai dìmhshc. H prodiagrafă tou sustămatoc pragmatopoieÐtai me: (a) th dhmiourgÐa domikÿn monĹdwn, (b) th dhmiourgÐa kanaliÿn gia th diasÔndesh twn monĹdwn, kai (g) th dălwsh twn shmĹtwn metĹdoshc sta monopĹtia epikoinwnÐac. Oi diergasÐec qarakthrÐzontai apì èna peperasmèno arijmì makroskopikÿn katastĹsewn elègqou, oi opoÐec sundèontai me peperasmèno arijmì metabĹsewn. Oi metabĹseic energopoioÔntai me thn èleush kĹpoiou sămatoc, thn Ĺfixh qronikoÔ gegonìtoc ă me thn epikÔrwsh kĹpoiac sunjăkhc katĹstashc metablhtăc. H mèjodoc, epÐshc, uposthrÐzei arqèc aprosdioristÐac gia thn perigrafă thc anakrÐbeiac tou peribĹllontoc kai epikÔrwsh tou sustămatoc sÔmfwna me ìlec tic pijanèc ekdoqèc.

• TÔpoi dedomènwn. Oi diergasÐec qeirÐzontai topikèc metablhtèc kai paramètrouc pollaplÿn tÔpwn dedomènwn. H antÐlhyh gia touc tÔpouc dedomènwn basÐsthke se axiomatikèc dhlÿseic afairetikÿn tÔpwn dedomènwn^3, kai kajorÐsthke apì èna sÔnolo pijanÿn timÿn kai energeiÿn pou dÔnatai na pragmatopoihjoÔn se autèc. Lìgw thc poluplokìthtac thc ADT, h SDL parèqei èna sÔnolo prokajorismènwn tÔpwn dedomènwn kai gennhtìrwn tÔpwn. EpÐshc, ta ergaleÐa upostărixhc thc teqnikăc eÐnai sumbatĹ me thn Abstract Syntax Notation 1 -(Sumbolismìc afhrhmènhc sÔntaxhc ar.1)- (ASN.1) (tupikìc sumbolismìc tÔpwn dedomènwn gia th domă twn monĹdwn dedomènwn).

• EpikoinwnÐa. H epikoinwnÐa se monopĹtia dÔo kateujÔnsewn, pou sundèoun diergasÐec, eÐnai pĹnta asÔgqronh. KĹje diergasÐa diajètei mÐa ourĹ eisìdou sthn opoÐa eisĹgontai ta sămata tou peribĹllontoc ă Ĺllwn diergasiÿn, kai akoloÔjwc epexergĹzontai seiriakĹ.

2Finite State Machine -(Mhqană peperasmènwn katastĹsewn)- (FSM) 3Abstract Data Type (ADT)

GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc

UposthrÐzetai, epÐshc, kai h sÔgqronh epikoinwnÐa mèsw klăsewn apomakrusmènwn sunartăsewn. H qrăsh tou telestă apojăkeushc (SAVE) èqei wc apotèlesma th lăyh shmĹtwn me tuqaÐa taxinìmhsh.

• Meionektămata:

↬ PolÔplokec sqediĹseic se diagrĹmmata SDL, eÐnai aparaÐthtoc o èlegqoc thc sÔntaxhc kai h qrăsh epiplèon tupopoihmènwn mejìdwn (LOTOS, CPN, SPIN).

↬ H èlleiyh ikanÿn eleÔjerwn ergaleÐwn gia thn apotÐmhsh thc sqedÐashc odhgeÐ thn èreuna sthn exeÔresh enallaktikÿn lÔsewn (metafrastèc SDL se Ĺllouc tÔpouc sumbolismÿn).

↬ H fĹsh prosomoÐwshc parèqei ikanopoihtikĹ apotelèsmata mìno stic periptÿseic ìpou trofodoteÐtai me eparkă posotikĹ stoiqeÐa.

↬ H prosomoÐwsh eurÔterwn susthmĹtwn apaiteÐ th qrăsh sunartăsewn kai metablhtÿn thc glÿssac C.

• Pleonektămata:

↬ H antÐlhyh sqedÐashc pou eÐnai prosanatolismènh sta prìtupa, kajÿc kai o diaqwrismìc thc domăc apì th sumperiforĹ, bohjoÔn arketĹ sthn perigrafă arqitektonikÿn prwtokìllwn pou akoloujoÔn to prìtupo OSI.

↬ H sumbatìthta me thn ASN.1 kai me pakèta tÔpou thc glÿssac C bohjĹei sthn plhrèsterh perigrafă twn mhnumĹtwn.

↬ FilikoÐ, proc ton Ĺnjrwpo, grafikoÐ sumbolismoÐ kai sqedÐash.

• ErgaleÐa anĹptuxhc. H teqnikă prodiagrafăc uposthrÐzetai se arketĹ emporikĹ kai mă ergaleÐa. DÔo apì ta pio dhmofilă mă emporikĹ ergaleÐa eÐnai: (a) to JADE, h ulopoÐhsh tou opoÐou eÐnai ex’ oloklărou sth glÿssa programmatismoÔ JAVA, kai (b) to SITE, to opoÐo èqei th dunatìthta metaglÿttishc twn diagrammĹtwn se glÿssec ìpwc h JAVA kai h C++. Dustuqÿc, ta ergaleÐa eÐnai se polÔ prÿimo stĹdio kai adunatoÔn na uposthrÐzoun ulopoiăseic susthmĹtwn me ta diagrĹmmata thc SDL. Apì ta emporikĹ proðìnta, to piì shmantikì eÐnai to ergaleÐo thc Telelogic Tau, SDT . To ergaleÐo autì uposthrÐzei plărwc thn SDL-2000, th qrăsh kai autìmath dhmiourgÐa kÿdika C kai C++ kai th sÔndesh me ergaleÐa dhmiourgÐac elègqwn kai ektèleshc. ’Ena apì ta megalÔtera meionektămatĹ tou, eÐnai autì pou jewrhtikĹ ja èprepe na eÐnai to megalÔtero tou pleonèkthma, h metĹfrash twn diagrammĹtwn se kÿdika C++. O paragìmenoc kÿdikac eÐnai dusnìhtoc, polÔplokoc, dÔskola xanaqrhsimopoieÐtai, kai kĹje prospĹjeia gia epèmbash sthn ulopoÐhsh odhgeÐ eÐte se atuqă apotelèsmata, eÐte se spatĹlh qrìnou. Epiplèon, h ekmĹjhsh tou ergaleÐou autoÔ kai h katanìhsh twn leitourgiÿn, se èna arketĹ ikanopoihtikì bajmì, apaiteÐ

4.3 Mèjodoi ulopoÐhshc

arketă prospĹjeia ă/kai parakoloÔjhsh eidikÿn seminarÐwn pou pragmatopoioÔntai apì thn etaireÐa proÿjhshc tou proðìntoc. Tèloc, to kìstoc agorĹc tou kai twn bibliojhkÿn tou kajistĹ ousiastikĹ apagoreutikă th qrăsh tou apì mikroÔc organismoÔc ă ereunhtikèc omĹdec.

4.3 Mèjodoi ulopoÐhshc

H qrăsh twn tupopoihmènwn teqnikÿn perigrafăc epitaqÔnei thn sqedÐash susthmĹtwn kai efarmogÿn. H sugkekrimènh prosèggish, ìmwc, ìson aforĹ sta prwtìkolla epikoinwnÐac, den eÐnai arketĹ diadedomènh. ’Enac shmantikìc parĹgontac tou fainomènou eÐnai to isozÔgio metaxÔ twn pleonekthmĹtwn pou prosfèrontai apì tic sugkekrimènec teqnikèc kai to kìstoc, se qrămata kai qrìno, pou prèpei na diajèsoun oi qrăstec gia thn uiojèthsh twn mejìdwn.

Oi tupopoihmènec teqnikèc mporoÔn na qrhsimopoihjoÔn se sugkekrimèna shmeÐa anĹptuxhc susthmĹtwn. EÐnai se jèsh na prodiagrĹfoun, susthmatikĹ, sustămata yhlăc axiopistÐac me meiwmèno kìstoc kai qrìno katĹ th fĹsh sqedÐashc. H istorÐa arketÿn epituqhmènwn susthmĹtwn èqei apodeÐxei ìti oi tupopoihmènec teqnikèc prodiagrafăc den katalÔoun th qrăsh twn tupikÿn mejìdwn anĹptuxhc. AntÐjeta, oi tupikèc mèjodoi anĹptuxhc prèpei na qrhsimopoioÔntai wc epèktash twn tupopoihmènwn teqnikÿn prodiagrafăc, me skopì thn perigrafă thc sumperiforĹc, thn anÐqneush twn lajÿn kai th safă tekmhrÐwsh twn susthmĹtwn.

4.3.1 UlopoÐhsh me th qrăsh twn uparqousÿn mejìdwn Ta arnhtikĹ shmeÐa twn uparqousÿn mejìdwn prodiagrafăc kai sqedÐashc, oi opoÐec qrhsimopoioÔntai katĹ th fĹsh ulopoÐhshc susthmĹtwn, eÐnai ta akìlouja:

• H qrăsh twn FDT, kajÿc kai twn ergaleÐwn pou tic uposthrÐzoun krÐnetai arketĹ polÔplokh. H glÿssa prodiagrafăc kai h glÿssa ulopoÐhshc den upoloÐpontai se poluplokìthta twn klassikÿn glwssÿn programmatismoÔ.

• O paragìmenoc kÿdikac (C, C++, Pascal, k.l.p.), lìgw thc sqedÐashc twn ergaleÐwn gia thn sqedÐash genikÿn susthmĹtwn, den eÐnai o bèltistoc dunatìc gia tic platfìrmec efarmogăc.

• O paragìmenoc kÿdikac eÐnai dusnìhtoc me apotèlesma kĹje prospĹjeia parèmbashc gia th beltistopoÐhsh twn eswterikÿn diergasiÿn na apaiteÐ shmantikì qrìno. Arketèc forèc o qrìnoc autìc exanemÐzei to qronikì kèrdoc pou prosfèretai apì thn grăgorh paragwgă kÿdika.

• Ta FDT den eÐnai sqediasmèna na parĹgoun progrĹmmata, ta opoÐa ja qrhsimopoihjoÔn se emporikèc plarfìrmec gia efarmogèc, twn opoÐwn o qrìnoc apìkrishc eÐnai krÐsimoc

GenikĹ gia tic tupopoihmènec mejìdouc gia thn prodiagrafă prwtokìllwn kai ta sqetikĹ ergaleÐa anĹptuxhc

parĹgontac gia thn epituqÐa thc ulopoÐhshc.

4.3.2 UlopoÐhsh qwrÐc mejodologÐa katĹ thn anĹptuxh H apofugă kĹje qrăshc ergaleÐwn metĹfrashc twn prodiagrafÿn se glÿssec programmatismoÔ den mporeÐ fusikĹ na apoteleÐ kanìna sthn ulopoÐhsh kai anĹptuxh phgaÐou kÿdika me Ĺnarqo trìpo. H anarqÐa kai h apousÐa mejìdwn anĹptuxhc eÐnai bèbaio ìti odhgeÐ se qaotikèc ulopoiăseic, oi opoÐec qarakthrÐzontai apì uyhlì kìstoc ìson aforĹ sto qrìno thc anĹptuxhc, tou elègqou kai thc aposfalmĹtwshc. Epiprìsjeta, prosarmìzontac me Ĺnarqo trìpo ton phgaÐo kÿdika stic epÐ mèrouc ulopoiăseic twn domostoiqeÐwn kai twn susthmĹtwn èqei wc apotèlesma:

• Th meÐwsh tou bajmoÔ epanaqrhstikìthtac tou phgaÐou kÿdika,

• Thn aÔxhsh tou qrìnou ulopoÐhshc.

• Thn adunamÐa diatărhshc ekdìsewn twn ulopoiăsewn.

• Thn epanĹlhyh kai th metaforĹ sfalmĹtwn k.l.p.

4.3.3 UlopoÐhsh me thn proteinìmenh mejodologÐa H proteinìmenh mèjodoc ulopoÐhshc den apokleÐei th qrăsh twn FDT. Oi klĹseic tic bibliojăkhc, kajÿc kai h arqitektonikă thc epikoinwnÐac twn ergaleÐwn kai twn monĹdwn, èqoun prodiagrafeÐ me th qrăsh thc UML kai thc SDL. To proteinìmeno sÔsthma diajètei ta akìlouja qarakthristikĹ:

• H mejodologÐa, kajÿc kai h bibliojăkh, èqoun sqediasteÐ me tètoion trìpo, ÿste o qrăsthc na qrhsimopoieÐ wc kÔrio ergaleÐo thn idiaÐtera isqură kai eurèwc diadedomènh glÿssa programmatismoÔ C++.

• Tìso o kÿdikac pou perièqei h bibliojăkh, ìso kai o kÿdikac pou parĹgetai apì to proteinìmeno sÔsthma, eÐnai katĹllhloi gia efarmogèc pou qrhsimopoioÔn eurèwc diadedomènec emporikèc platfìrmec (Windows ă Linux se proswpikoÔc upologistèc). O kÿdikac pou prosfèretai, epÐshc, eÐnai plărwc episkèyimoc kai tropopoiăsimoc apì ton programmatistă.

• Lìgw thc eidikăc sqedÐashc thc mejodologÐac kai thc bibliojăkhc logismikoÔ gia tic sugkekrimènec platfìrmec leitourgikÿn susthmĹtwn eÐnai dunată h ektèlesh twn prokuptìntwn programmĹtwn se pragmatikì qrìno, dedomènhc mÐac elĹqisthc, eÔkola epiteÔximhc apìdoshc thc platfìrmac ulikoÔ.

KefĹlaio 5

Domă twn prwtokollikÿn epipèdwn

5.1 Eisagwgă

Sto parĹrthma A’, Arqitektonikă anoiktÿn susthmĹtwn, dÐnetai mÐa sÔntomh perigrafă thc diastrwmĹtwshc twn diktÔwn, ìpwc autĹ exelÐqjhkan tic teleutaÐec dekaetÐec. ParousiĹzetai h domă tou kĹje epipèdou ìpwc, epÐshc, kai oi basikèc touc diaforèc se jèmata arqitektonikăc kai paroqăc uphresiÿn. H ènnoia thc diasÔndeshc diatupÿnetai plărwc me skopì thn katanìhsh twn mejìdwn epikoinwnÐac dÔo ontotătwn. Sto kefĹlaio autì perigrĹfontai ta problămata kai oi duskolÐec pou parousiĹzontai katĹ thn tupopoÐhsh, ton kajorismì twn paramètrwn kai thn ulopoÐhsh enìc tuqaÐou prwtokìllou, to opoÐo ja qrhsimopoihjeÐ gia thn epikoinwnÐa dÔo ontotătwn. Diatupÿnetai to prìblhma twn qronikÿn perijwrÐwn kai h anĹgkh eÔreshc taqÔtatwn diadikasiÿn ulopoÐhshc. Tèloc, perigrĹfontai oi genikèc arqèc pou prèpei na dièpoun to proteinìmeno montèlo.

5.1.1 QronikoÐ periorismoÐ

Ta dÐktua epikoinwniÿn, eÐte autĹ anafèrontai stic thlepikoinwnÐec, eÐte se dÐktua upologistÿn, qarakthrÐzontai apì th ragdaÐa exèlixh pou parousiĹzoun. H anĹgkh gia thn paroqă kalÔterwn uphresiÿn sto qrăsth tou diktÔou leitourgeÐ wc katalÔthc sthn ÿjhsh thc exèlixhc twn diktÔwn. To eÐdoc thc uphresÐac kajorÐzei kai to bajmì thc exèlixhc. H exèlixh aută eÐnai dunatì na aforĹ se èna tmăma tou diktÔou ă akìmh kai sthn upodomă autoÔ. H upodomă kĹpoiou diktÔou, lìgw tou uyhloÔ kìstouc kai thc qronobìrac diadikasÐac egkatĹstashc, apofeÔgetai ìpou autì eÐnai dunatì. Akìmh kai h tropopoÐhsh merikÿn mìno paramètrwn se èna dÐktuo, akoloujeÐtai apì thn epÐponh diadikasÐa thc antikatĹstashc thc diasÔndeshc epikoinwnÐac ă tou emploutismoÔ twn diergasiÿn pou aută epiteleÐ. Jewrÿntac ìti opoiodăpote montèlo anaforĹc prèpei na perigrĹfei plărwc mÐa eureÐa omĹda katastĹsewn, sto upìloipo mèroc tou kefalaÐou autoÔ perigrĹfetai èna upojetikì senĹrio sto opoÐo, lìgw thc apaÐthshc twn qrhstÿn kĹpoiou diktÔou,

Domă twn prwtokollikÿn epipèdwn

dhmiourgeÐtai h anĹgkh tupopoÐhshc sugkekrimènwn diadikasiÿn, oi opoÐec ja exuphretăsoun touc qrăstec autoÔc.

5.1.2 Eisagwgă enìc genikoÔ prwtokìllou A Lìgw thc fÔshc thc uphresÐac pou ja protajeÐ, den krÐnetai anagkaÐa h epèmbash sthn upodomă tou diktÔou, diathrÿntac ètsi to ulikì mèroc tou diktÔou anèpafo. Jewrÿntac, epÐshc, ìti oi basikèc diadikasÐec apokatĹstashc thc epikoinwnÐac paramènoun analloÐwtec kai qrhsimopoioÔntai gia th dhmiourgÐa, suntărhsh kai katastrofă tou basikoÔ diaÔlou sÔndeshc twn ontotătwn pou epikoinwnoÔn sto dÐktuo, meiÿnetai sto mikrìtero dunatì bajmì h poluplokìthta thc prospĹjeiac kajorismoÔ twn genikÿn kanìnwn touc opoÐouc ja akoloujeÐ h uphresÐa A. H eikìna tou diktÔou, kajÿc kai thc uphresÐac, parousiĹzontai sto sqăma 5.1. H fĹsh thc montelopoÐhshc

Sqăma 5.1: TuqaÐa prwtokollikă stoÐba

kai thc sqedÐashc tou tuqaÐou prwtokìllou brÐsketai deÔterh sthn ierarqÐa thc sqedÐashc tou sustămatoc. H katanìhsh ìlwn twn diadikasiÿn, thc uphresÐac pou parèqetai kai twn arqÿn pou dièpoun to epÐpedo, prohgeÐtai thc perigrafăc tou se glÿssa mhqanăc. Stic epìmenec enìthtec tou kefalaÐou autoÔ, ja parousiastoÔn ta basikĹ stoiqeÐa kai oi prwtogeneÐc diadikasÐec pou apoteloÔn to tuqaÐo epÐpedo.

5.2 Genikèc arqèc sqedÐashc prwtokìllwn

Oi arqèc, h morfă kai oi diadikasÐec pou èqoun prosumfwnhjeÐ metaxÔ twn isìtimwn ontotătwn tou sqămatoc 5.1 onomĹzontai prwtìkollo. H prodiagrafă tou prwtokìllou [9] apoteleÐtai apì pènte diakritĹ mèrh: (a) ton tÔpoc uphresÐac, (b) to peribĹllon efarmogăc, (g) to lexilìgio, (d) to suntaktikì, kai (e) tic arqèc leitourgÐac.

5.2 Genikèc arqèc sqedÐashc prwtokìllwn

5.2.1 TÔpoc uphresÐac O skopìc kai h morfă thc uphresÐac tou prwtokìllou prèpei na kajoristoÔn plărwc. Prèpei, epÐshc, na epileqjoÔn, an krÐnetai aparaÐthto, oi katĹllhloi amuntikoÐ mhqanismoÐ apènanti sthn emfĹnish sfalmĹtwn metĹdoshc ìpwc, epÐshc, kai h morfă thc metĹdoshc (Half-Duplex, Full-Duplex, k.l.p). Tèloc, ta mhnÔmata plhroforÐac prèpei na diaqwrÐzontai apì ta mhnÔmata elègqou, kajorÐzontac, sugqrìnwc, kai touc kanìnec pistopoÐhshc thc orjăc apostolăc ă thc lăyhc pakètwn (Acknowledgement).

5.2.2 PeribĹllon efarmogăc

Lìgw thc jèshc tou prwtokìllou sth stoÐba OSI, h epÐgnwsh thc uphresÐac pou parèqetai apì to katÿtero strÿma eÐnai aparaÐthth. IdiaÐterh èmfash dÐnetai sth mèjodo parĹdoshc twn pakètwn (prostasÐa apì sfĹlmata metĹdoshc, apÿleia, diplìtupec emfanÐseic ă akìmh kai anadiĹtaxh thc seirĹc Ĺfixhc twn mhnumĹtwn) kai stic mejìdouc apokatĹstashc, suntărhshc kai diagrafăc tou kanalioÔ sÔndeshc.

5.2.3 Lexilìgio

To eÐdoc twn mhnumĹtwn pou uposthrÐzei to prwtìkollo mporeÐ na diaqwristeÐ se dÔo megĹla pedÐa:

• PedÐo plhroforÐac^1. Sto pedÐo autì anăkoun pakèta dedomènwn pou aforoÔn sto anÿtero strÿma kai prèpei na paradojoÔn me prosumfwnhmènec mejìdouc.

• PedÐo elègqou^2. Sto pedÐo autì anafèrontai ta mhnÔmata shmatodosÐac pou analambĹnoun thn apokatĹstash, suntărhsh kai diagrafă thc sÔndeshc, to suntonismì thc metĹdoshc, k.l.p. KĹje mănuma elègqou dÔnatai na diajètei èna ă kai perissìtera stoiqeÐa plhroforÐac^3 emploutÐzontac th leitourgikìthtĹ tou. Ac upojèsoume ìti mporeÐ na apodojeÐ to lexilìgio me to sÔnolo M thc sqèshc 5.1, ìpou to sÔmbolo n upodhlÿnei to plăjoc twn mhnumĹtwn.

M = {x_1, · · · , x_n} (5.1)

JewroÔme, epÐshc, kai to uposÔnolo I_E twn diaforetikÿn stoiqeÐwn plhroforÐac thc exÐswshc 5.2, ìpou to sÔmbolo m upodhlÿnei to plăjoc twn stoiqeÐwn plhroforÐac.

I_E = {y_1, · · · , y_m} (5.2)

1User Plane 2Control Plane 3Information elements

Domă twn prwtokollikÿn epipèdwn

Diatupÿnontac ta dÔo autĹ sÔnola, kai kajorÐzontac touc aparaÐthtouc sunduasmoÔc metaxÔ twn dÔo sunìlwn, dÐnoume plărh perigrafă tou lexilogÐou kai tou suntaktikoÔ tou prwtokìllou.

5.2.4 Suntaktikì

KĹje mănuma apoteleÐtai apì dÔo tmămata, thn epikefalÐda kai to sÿma. H epikefalÐda apoteleÐtai apì stoiqeÐa ìpwc ton kwdikì anagnÿrishc tou mhnÔmatoc, to mègejoc tou pakètou, ton aÔxonta arijmì tou pakètou, k.l.p. To sÿma perilambĹnei polÔtimh plhroforÐa, h opoÐa prosanatolÐzetai kurÐwc ston tÔpo tou mhnÔmatoc kai mporeÐ na aforĹ se arijmoÔc anagnÿrishc qrăsth, dieujÔnseic isìtimwn ontotătwn ă akìmh kai aplì keÐmeno.

5.2.5 Arqèc leitourgÐac

’Eqontac kajorÐsei ousiastikĹ mÐa glÿssa epikoinwnÐac metaxÔ twn ontotătwn, apomènei na kajoristoÔn oi enèrgeiec pou lambĹnoun qÿra katĹ thn Ĺfixh enìc tuqaÐou mhnÔmatoc. Oi enèrgeiec tou prwtokìllou eÐnai Ĺmesa exarthmènec apì thn katĹstash sthn opoÐa brÐsketai to epÐpedo th stigmă thc Ĺfixhc tou mhnÔmatoc. H perigrafă twn arqÿn leitourgÐac mporoÔn na apodojoÔn me th qrăsh diagrammĹtwn roăc ă metĹbashc katastĹsewn, algebrikèc ekfrĹseic ă yeudo-kÿdika.

5.3 ’Elegqoc sfalmĹtwn metĹdoshc

O arijmìc twn sfalmĹtwn pou dhmiourgoÔntai katĹ th metĹdosh twn dedomènwn eÐnai arketèc tĹxeic megèjouc megalÔteroc twn sfalmĹtwn twn opoÐwn prokaloÔntai apì tic elattwmatikèc katastĹseic pou emfanÐzontai sto ulikì kĹpoiou upologistikoÔ sustămatoc. H pijanìthta emfĹnishc sfĹlmatoc duadikoÔ yhfÐou^4 sta eswterikĹ kuklÿmata eÐnai sunăjwc mikrìterh thc timăc 10^{−15}. Se antÐjesh, h antÐstoiqh pijanìthta sfĹlmatoc se mÐa sÔndesh optikăc Ðnac eÐnai sthn tĹxh twn 10^{−9}, tou omoaxonikoÔ kalwdÐou sthn tĹxh twn 10^{−6} kai tou thlefwnikoÔ kalwdÐou metaxÔ twn timÿn 10^{−4} kai 10^{−5}. Analìgwc thc grammăc kai twn qarakthristikÿn tou diktÔou, h metadidìmenh plhroforÐa mporeÐ na uposteÐ anadiĹtaxh, na paramorfwjeÐ ă na diagrafeÐ kai, stic periptÿseic jorubwdÿn grammÿn, na thc prostejoÔn kainoÔria kai anepijÔmhta dedomèna. Ta sfĹlmata autĹ prokaloÔntai kurÐwc lìgw: (a) thc grammikăc paramìrfwshc (periorismoÐ eÔrouc metĹdoshc), kai (b) thc mh - grammikăc paramìrfwshc (antÐlaloc, leukìc jìruboc, kai k.l.p.).

4bit error

5.3 ’Elegqoc sfalmĹtwn metĹdoshc

5.3.1 AnÐqneush sfĹlmatoc kai anĹkthsh plhroforÐac

MÐa grammă metaforĹc mproreÐ na emfanÐzei pollÿn eidÿn sfĹlmata metĹdoshc. Ta pio shmantikĹ apì autĹ (emfanÐzontai wc dedomèna) eÐnai: (a) h eisagwgă, (b) h diagrafă, (g) h antigrafă, (d) h paramìrfwsh, kai (e) h anadiĹtaxh duadikÿn yhfÐwn. H pijanìthta emfĹnisăc touc eÐnai sqedìn amelhtèa stic periptÿseic qamhloÔ rujmoÔ metĹdoshc. ’Oso o rujmìc auxĹnetai, h emfĹnisă touc gÐnetai pio suqnă parapèmpontac sto rhtì mhdèn kalì amigèc kakoÔ. ’Eqontac epÐgnwsh thc katĹstashc, eÐnai anagkaÐa h efarmogă mejìdwn anÐqneushc sfalmĹtwn kai anĹkthshc plhroforÐac. Gia thn epÐteuxh tou stìqou autoÔ, kĹje mănuma emploutÐzetai me epiplèon ikană kai anagkaÐa plhroforÐa anÐqneushc kai anĹkthshc. KatĹ th diadikasÐa thc lăyhc, o apodèkthc elègqei th sunoqă tou mhnÔmatoc kai diapistÿnei thn axiopistÐa twn dedomènwn thc perieqìmenhc plhroforÐac. H diapÐstwsh twn elattwmatikÿn dedomènwn prokaleÐ tic aparaÐthtec enèrgeiec gia thn anĹkthsh thc orjăc plhroforÐac. UpĹrqoun dÔo trìpoi diìrjwshc twn sfalmĹtwn: (a) èlegqoc qwrÐc anĹdrash, ston opoÐo jewroÔme ìti h plhroforÐa pou qrhsimopoieÐtai gia thn anĹkthsh twn dedomènwn perièqei touc apaitoÔmenouc pìrouc gia thn oloklărwsh thc diadikasÐac, kai (b) èlegqoc me anĹdrash, o opoÐoc prokaleÐ thn anametĹdosh twn elattwmatikÿn mhnumĹtwn. Skopìc tou elègqou sfalmĹtwn eÐnai h meÐwsh tou rujmoÔ emfĹnishc elattwmatikÿn mhnumĹtwn se èna kanĹli metĹdoshc. An jewrăsoume ìti h pijanìthta emfĹnishc enìc sfĹlmatoc metĹdoshc eÐnai Ðsh me p kai h diadikasÐa anÐqneushc èqei epituqÐa Ðsh me f, tìte o rujmìc paramenìntwn sfalmĹtwn^5 eÐnai Ðsoc me p ∗ (1 − f).

5.3.2 TÔpoi diadikasiÿn anÐqneushc kai diìrjwshc sfalmĹtwn

Oi kwdikopoiăseic diaqwrÐzontai se dÔo megĹlec kathgorÐec: (a) sthn kwdikopoÐhsh tmămatoc, kai (b) sthn kwdikopoÐhsh sunèlixhc. Sthn prÿth perÐptwsh, oi lèxeic kwdikopoÐhshc eÐnai Ðsou măkouc kai h kwdikopoÐhsh kĹje pijanoÔ mhnÔmatoc dedomènwn mporeÐ na kajoristeÐ statikĹ. Sth deÔterh twn periptÿsewn, oi lèxeic kwdikopoÐhshc exartÿntai apì to parìn mănuma kai apì èna sugkekrimèno arijmì prohgoÔmenwn mhnumĹtwn. Peraitèrw diaqwrismìc metaxÔ twn kwdikopoiăsewn èqei wc apotèlesma: (a) tic grammikèc kwdikopoiăseic, (b) tic kuklikèc kwdikopoiăseic, kai (g) tic susthmatikèc kwdikopoiăseic. Pio suqnèc efarmogèc sta prwtìkolla epikoinwnÐac emfanÐzoun oi dÔo prÿtec. Se ìlec tic periptÿseic, oi kwdikopoihmènec lèxeic èqoun megalÔtero măkoc apì tic lèxeic twn dedomènwn. An upojèsoume ìti o arijmìc twn arqikÿn duadikÿn yhfÐwn èqei timă d kai o arijmìc twn epiplèon duadikÿn yhfÐwn èqei timă e, tìte to klĹsma^d_{d+e} apokaleÐtai rujmìc kwdikopoÐhshc^6.

Stic epìmenec paragrĹfouc dÐnetai mÐa sÔntomh perigrafă twn pio suqnĹ efarmozìmenwn mejìdwn anÐqneushc kai diìrjwshc sfalmĹtwn.

5residual error rate 6code rate

Domă twn prwtokollikÿn epipèdwn

5.3.3 ’Elegqoc isotimÐac

Stic periptÿseic pou h emfĹnish pollaplÿn sfalmĹtwn duadikÿn yhfÐwn anĹ mănuma eÐnai jewrhtikĹ mikră, o èlegqoc isotimÐac kalÔptei plărwc tic anĹgkec thc diadikasÐac. Se kĹje mănuma prostÐjetai èna kai mìno duadikì yhfÐo, to opoÐo èqei wc apotèlesma th metatropă tou sumplhrÿmatoc wc proc 2 tou ajroÐsmatoc twn anexĹrthtwn duadikÿn yhfÐwn tou mhnÔmatoc, sthn timă 1. An jèsoume to q = 1 − p, h pijanìthta metĹdoshc, qwrÐc sfĹlma, mhnÔmatoc măkouc n duadikÿn yhfÐwn, to opoÐo diajètei kai èna bit isotimÐac, eÐnai Ðsh me q^{n+1}. H pijanìthta emfĹnishc enìc kai monadikoÔ elattwmatikoÔ yhfÐou se n + 1 yhfÐa eÐnai Ðsh me th diwnumikă pijanìthta (n + 1) ∗ p ∗ q^n. Oi upojèseic autèc eÐnai ikanèc gia na upologÐsoume to rujmì paramenìntwn sfalmĹtwn thc mejìdou isotimÐac enìc yhfÐou h opoÐa eÐnai Ðsh me 1 − q^{n+1} − (n + 1) ∗ p ∗ q^n.

5.3.4 Grammikă kwdikopoÐhsh tmămatoc

’Eqei anaferjeÐ ìti h pleionìthta se duadikĹ yhfÐa mÐac tuqaÐac mejìdou kwdikopoÐhshc kajorÐzei thn ikanìthta thc mejìdou katĹ thn anÐqneush kai th diìrjwsh sfalmĹtwn metĹdoshc. H pleionìthta mporeÐ na prosdioristeÐ wc o arijmìc twn yhfÐwn pou qrhsimopoioÔntai epiplèon twn anagkaÐwn gia thn kwdikopoÐhsh enìc eukrinoÔc mhnÔmatoc. H kwdikopoÐhsh enìc apì twn (n) omoÐwn mhnumĹtwn apaiteÐ (log_2n) yhfÐa ta opoÐa upìkeintai se stroggulopoÐhsh proc ta Ĺnw, dÐnontac mac th monĹda (m = ⌈log_2n⌉). Ta yhfÐa autĹ prostateÔontai prosjètontac (c) yhfÐa kai epilègontac (n) kwdikoÔc apì to plăjoc twn (2^{(m+c)}), me tètoio trìpo ÿste kĹje sundiasmìc dÔo ègkurwn kwdikÿn na diafèrei se ìso to dunatì perissìtera yhfÐa. Gia na eÐmaste se jèsh na diorjÿsoume ìla ta sfĹlmata yhfÐwn qreiazìmaste kwdiko-lèxeic pou na èqoun apìstash Hamming [10] Ðsh me trÐa. Sugkekrimèna, kwdiko-lèxeic măkouc (m) bits qreiĹzontai kat’ elĹqisto (m + c + 1) lèxeic gia na prostateutoÔn apì ta sfĹlmata twn bits. H elĹqisth timă tou (c) dÐnetai apì thn exÐswsh 5.3.

m + c + 1 = 2^c (5.3)

5.3.5 KuklikoÐ èlegqoi pleonasmoÔ

H mèjodoc Cyclic Redundancy Check -(Kuklikìc èlegqoc pleonasmoÔ)- (CRC) aută sthrÐzetai sthn prìsjesh seirÿn apì bits elègqou stic kwdiko-lèxeic metĹdoshc exasfalÐzontac ìti, sthn apousÐa sfalmĹtwn katĹ th metĹdosh, h kwdiko-lèxh se sunduasmì me ta bits elègqou eÐnai diairetĹ me èna prokajorismèno parĹgonta. O kajorismìc thc mejìdou diaÐreshc, kajÿc kai o prokajorismènoc parĹgontac kajorÐzoun thn èktash twn anagnwrÐsimwn sfalmĹtwn metĹdoshc. Gia thn aplopoÐhsh twn algebrikÿn prĹxewn pou efarmìzontai stic kwdiko-lèxeic, kajorÐzetai h apeikìnish twn kwdikÿn se poluÿnuma. MÐa akoloujÐa (N) bits mporeÐ na apeikonisteÐ wc èna

5.4 ’Elegqoc roăc

poluÿnumo bajmoÔ (N − 1) ìpwc parousiĹzetai sth sqèsh 5.4.

N−1∑ i=0 b_i ∗ x^i (5.4)

H metablhtă (b) isodunameÐ me thn timă tou bit sth jèsh (i) thc akoloujÐac twn bits sthn kwdikolèxh. P.q. h kwdiko-lèxh 10011 apeikonÐzetai me to poluÿnumo (x^4 + x + 1).

Dedomènou thc grammikăc morfăc thc mejìdou, opoiodăpote prìtupo sfalmĹtwn E, ofeÐlei thn isotimÐa tou me mÐa ègkurh kwdiko-lèxh T. An to poluÿnumo tou mhnÔmatoc sumbolisteÐ me P, kai me G mÐa gennătria poluwnÔmwn bajmoÔ r, tìte o rujmìc paramenìntwn sfalmĹtwn R eÐnai bajmoÔ r − 1 kai kajorÐzetai wc to upìloipo thc sqèshc 5.5. P ∗ x^r G (5.5)

H de kwdiko-lèxh proc metĹdosh parousiĹzetai sthn exÐswsh 5.6.

T = P ∗ x^r − R (5.6)

Me bĹsh tic pio pĹnw arqèc, arketèc ergasÐec pou estiĹzontai sth jewrÐa thc anÐqneushc kai diìrjwshc sfĹlmatoc èqoun dhmosieujeÐ, kajÿc kai èxupnec teqnikèc taqÔtatwn upologismÿn èqoun anaptuqjeÐ. EndeiktikĹ anafèrontai oi ergasÐec twn Berlekamp [11], Kuo [12], Peterson & Weldon [13] kai MacWilliams & Sloane [14]. H ergasÐa tou Perez [17] parousiĹzei mÐa prìtuph mèjodo gia thn kataskeuă pÐnaka timÿn CRC. Mèjodoi gia th dhmiourgÐa timÿn pou aforoÔn se CRC-16 kai CRC-32 parousiĹzontai sthn ergasÐa twn Griffiths & Stones [15]. H dhmiourgÐa timÿn CRC me th mèjodo kataqwrhtÿn olÐsjhshc parousiĹzetai stic ergasÐec twn MacWilliams & Sloane [14], Adi [16] kai Stallings [18].

5.4 ’Elegqoc roăc

Sthn aploÔsterh morfă tou, to sÔsthma elègqou roăc analambĹnei thn prosarmogă tou rujmoÔ metĹdoshc sto rujmì aporrìfhshc twn dedomènwn apì ton paralăpth. Sustămata, megalÔterhc poluplokìthtac, eÐnai se jèsh na prostateÔsoun to monopĹti metĹdoshc apì diagrafèc, eisagwgèc, antigrafèc kai anadiatĹxeic twn dedomènwn. Oi basikèc arqèc tou sustămatoc sthrÐzontai stic anagkaÐec leitourgÐec pou kaleÐtai na oloklhrÿsei. Oi leitourgÐec autèc diakrÐnontai stic: (a) èlegqo rujmoÔ metĹdoshc wc sunĹrthsh tou mègistou rujmoÔ lăyhc tou apodèkth, (b) bèltisth ekmetĹlleush tou monopatioÔ metĹdoshc, kai (g) apofugă sundèsewn pou parakwlÔoun th metĹdosh.

H diadikasÐa thc lăyhc apodeiknÔetai perissìtero qronobìra apì th diadikasÐa thc apostolăc. O paralăpthc kaleÐtai na metafrĹsei ta dedomèna, na pĹrei apofĹseic gia tic anagkaÐec

Domă twn prwtokollikÿn epipèdwn

enèrgeiec, na desmeÔsei thn aparaÐthth mnămh gia thn apojăkeush dedomènwn, kai pijanìn na dromologăsei thn plhroforÐa se epìmeno paralăpth. Se antÐjesh me tic proanaferjeÐsec diadikasÐec, o apostolèac drasthriopoieÐtai mìno katĹ th diadikasÐa metĹdoshc efarmìzontac teqnikèc mikroÔ qronikoÔ kìstouc. H arqaiìterh kai ligìtero axiìpisth mèjodoc roăc eÐnai se jèsh na epilÔsei ta problămata sugqronismoÔ anaforikĹ me to rujmì metĹdoshc twn mhnumĹtwn. H mèjodoc aută de, qrhsimopoieÐ diadikasÐec sunallagăc prin thn arqikopoÐhsh thc diadikasÐac apostolăc dedomènwn. DÔo mhnÔmata elègqou, paÔsh^7 kai epanaforĹ^8, qrhsimopoioÔntai metaxÔ tou apostolèa kai tou paralăpth gia thn oloklărwsh twn arqÿn tou sugqronismoÔ. O paralăpthc qrhsimopoieÐ èna mhqanismì katamètrhshc eiserqìmenwn mhnumĹtwn me ton opoÐo apofasÐzei th metĹdosh proc ton apostolèa twn mhnumĹtwn elègqou roăc.

H proanaferjeÐsa mèjodoc eisĹgei sugkekrimèna problămata lìgw tou qrìnou metĹdoshc twn mhnumĹtwn metaxÔ twn ontotătwn kai lìgw thc pijanăc apÿleiac twn mhnumĹtwn elègqou. DÔo apì ta shmantikìtera problămata pou prèpei na epilujoÔn eÐnai: (a) h prostasÐa apì sfĹlmata uperqeÐlishc, kai (b) h prostasÐa apì thn apÿleia mhnumĹtwn.

5.4.1 ParajurikĹ prwtìkolla

H apokatĹstash thc klăshc proôpojètei thn apì koinoÔ enhmèrwsh (twn isìtimwn ontotătwn) tou diajèsimou apojhkeutikoÔ qÿrou pou èqei desmeuteÐ apì to mhqanismì lăyhc, ìson aforĹ sta eiserqìmena mhnÔmata. Me thn teqnikă aută, o paralăpthc pistÿnei ton apostolèa me èna prokajorismèno arijmì ekkremÿn mhnumĹtwn.

An jewrăsoume to mègejoc thc pÐstwshc Ðso me W , tìte to mègejoc W − n antiproswpeÔei to upìloipo thc pÐstwshc. ’Estw ìti sumbolÐzoume me a(t) to plăjoc twn pistwmènwn mhnumĹtwn pou èqei lĹbei o paralăpthc katĹ to qrìno t metĹ thn arqikopoÐhsh, m(t) to plăjoc twn mhnumĹtwn pou èqoun apostaleÐ ston paralăpth, kai n(t) thn timă tou n katĹ to qrìno t. To mègisto epitreptì plăjoc mhnumĹtwn twn opoÐwn ekkremeÐ h apĹnthsh pou mporeÐ na metadÿsei o apostolèac, dÐnetai apì th sqèsh 5.7.

W − n(t) + m(t) − a(t) (5.7)

An jèsoume th sqèsh aută mikrìterh ă Ðsh me to arqikì mègejoc thc pÐstwshc (W ) katalăgoume sthn anisìthta 5.8.

m(t) − a(t) ≤ n(t) (5.8)

Sth mèjodo metĹdoshc me th qrăsh parajurikÿn prwtokìllwn eÐnai aparaÐthth h prosoqă se dÔo paramètrouc:

7pause 8resume

5.4 ’Elegqoc roăc

• Apÿleia mhnumĹtwn. H mègisth timă thc pÐstwshc (W ) onomĹzetai Mègejoc ParajÔrou. KatĹ th metĹdosh, h trèqousa pÐstwsh metabĹlletai metaxÔ tou mhdenìc kai thc timăc (W ), exartÿmenh apì tic sqetikèc taqÔthtec metaxÔ apostolèa kai paralăpth. Ta problămata pou prokÔptoun apì thn apÿleia, eisagwgă, antigrafă ă anadiĹtaxh twn mhnumĹtwn paramènoun adiaqeÐrista.

• Qronikă perÐodoc anamonăc^9. H prostasÐa tou apostolèa apì pijanèc apÿleiec shmantikÿn mhnumĹtwn parèqetai me thn eisagwgă thc qronikăc periìdou anamonăc. O apostolèac sunthreÐ thn aparaÐthth plhroforÐa gia to qrìno pou parèrqetai metaxÔ apostolăc kai lăyhc tou mhnÔmatoc apodoqăc. Jètontac qronikĹ perijÿria pou exartÿntai apì thn poiìthta thc sÔndeshc, eÐnai se jèsh na apofasÐsei pìte ja lăxei th diadikasÐa anamonăc tou mhnÔmatoc apodoqăc, jewrÿntac ìti to sugkekrimèno mănuma èqei apolesjeÐ. O upologismìc tou megalÔterou pijanoÔ qrìnou metĹdoshc kai epistrofăc enìc tuqaÐou mhnÔmatoc, dÐnetai apì thn exÐswsh 5.9.

T_{worst} = T + N ∗ √ var(T ) (5.9)

Oi metablhtèc T kai var(T ) antiproswpeÔoun, antÐstoiqa, th mèsh timă kai thn tupikă apìklish tou qrìnou T . H timă thc metablhtăc N eÐnai sunăjwc Ðsh me th monĹda kai spanÐwc uperbaÐnei thn timă dÔo. Stic perissìterec periptÿseic, h sumperiforĹ tou paralăpth sto èna Ĺkro thc sÔndeshc mporeÐ na prosomoiwjeÐ me èna sÔsthma ourĹc M/M/1. Se èna tètoio sÔsthma mporoÔme na jewrăsoume ìti var(T ) = T^2 kai na antikatastăsoume to N Ðso me th monĹda, katalăgontac sthn proseggistikă sqèsh 5.10.

T_{worst} ≈ 2 ∗ T (5.10)

H diagrafă mhnÔmatoc lìgw sfĹlmatoc pragmatopoieÐtai apokleistikĹ kai mìno apì ton apostolèa. H diadikasÐa thc anametĹdoshc energopoieÐtai mìno se mÐa apì tic dÔo ontìthtec. Sunăjwc, analambĹnei thn ekkÐnhsh thc anametĹdoshc o apostolèac, lìgw thc plhrofìrhshc pou èqei gia thn anĹgkh apostolăc kainoÔriwn dedomènwn. Shmantikă, epÐshc, parĹmetroc gia thn apodoqă ă ìqi miac apĹnthshc, h opoÐa den uperbaÐnei to qrìno anamonăc, eÐnai h tautopoÐhsh tou eiserqìmenou mhnÔmatoc me thn aÐthsh pou èqei apostaleÐ. Sthn perÐptwsh aută qrhsimopoioÔntai arijmoÐ taxinìmhshc, oi opoÐoi perigrĹfontai sthn epìmenh parĹgrafo.

5.4.2 ArijmoÐ taxinìmhshc Sthn perÐptwsh twn prwtokìllwn sta opoÐa kĹje aÐthsh tou apostolèa akoloujeÐtai (gia na gÐnei apodeqtă) apì mÐa jetikă apĹnthsh tou paralăpth, parousiĹzetai h anĹgkh tautopoÐhshc

9Timeouts

Domă twn prwtokollikÿn epipèdwn

thc apĹnthshc me thn antÐstoiqh erÿthsh. H anĹgkh aută prokÔptei apì th morfă thc mejìdou apostolăc. O apostolèac den perimènei jetikă apĹnthsh se mÐa prohgoÔmenh aÐthsă tou gia na ekkinăsei thn epìmenh apostolă mhnÔmatoc. H taÔtish, loipìn, mÐac jetikăc apĹnthshc me mÐa aÐthsh pragmatopoieÐtai me th boăjeia arijmÿn taxinìmhshc. Xekinÿntac apì to mhdèn kai èqontac wc Ĺnw ìrio mÐa peperasmènh timă, o apostolèac se kĹje apostolă topojeteÐ sto mănuma èna arijmì taxinìmhshc ton opoÐo kai auxĹnei me to pèrac autăc katĹ èna. KatĹ th lăyh thc aÐthshc, o paralăpthc sumperilambĹnei sto mănuma apodoqăc ton arijmì tou mhnÔmatoc pou èqei paralĹbei. Me th mèjodo aută, o apostolèac tautÐzei tic apantăseic me tic aităseic.

• AnadiĹtaxh mhnumĹtwn. Se dÐktua metaforĹc dedomènwn, sta opoÐa ta mhnÔmata dÔnatai na taxidèyoun diamèsou diaforetikÿn dromologÐwn mèqri na fjĹsoun ston proorismì touc, parousiĹzontai ta fainìmena thc antigrafăc kai thc anadiĹtaxhc mhnumĹtwn. H profanăc lÔsh, na auxăsoume to eÔroc twn arijmÿn taxinìmhshc, den eÐnai dìkimh an analogistoÔme thn perÐptwsh thc 16-bits kwdikopoÐhshc arijmÿn taxinìmhshc gia mănuma măkouc 128 bits pou metadÐdetai se mÐa grammă taqÔthtac 9600bps. Oi diajèsimoi arijmoÐ taxinìmhshc ja ekleÐyoun mèsa se perÐpou 15 leptĹ. H lÔsh sto prìblhma tou eÔrouc twn arijmÿn taxinìmhshc brÐsketai ston periorismì tou mègistou arijmoÔ mhnumĹtwn twn opoÐwn ekkremeÐ h apĹnthsh.

• Mègisth timă parajÔrou metĹdoshc. Gia thn exasfĹlish thc orjăc leitourgÐac tou prwtokìllou, me eÔroc arijmÿn taxinìmhshc M, eÐnai anagkaÐa proôpìjesh h eÔresh katĹllhlhc timăc parajÔrou metĹdoshc W . An ìla ta mhnÔmata me lĹjoc arijmì taxinìmhshc aporrÐptontan apì ton paralăpth, tìte h mègisth timă tou parajÔrou metĹdoshc ja ătan Ðsh me M − 1. An to prwtìkollo uposthrÐzei apostolă mhnumĹtwn ektìc seirĹc, tìte to mègejoc tou parajÔrou metĹdoshc de mporeÐ na uperbaÐnei thn timă^M_2 .

5.4.3 Arnhtikă apĹnthsh aÐthshc H qrăsh thc jetikăc apĹnthshc efarmìsthke mèqri stigmăc gia ton èlegqo thc roăc metĹdoshc kai ìqi gia ton èlegqo sfalmĹtwn. Sthn perÐptwsh apÿleiac ă olikăc katastrofăc kĹpoiou mhnÔmatoc, o apostolèac ja perimènei mĹtaia, mèqri to pèrac thc qronikăc periìdou anamonăc, gia th lăyh thc jetikăc apìkrishc sthn aÐthsă tou. An h pijanìthta sfĹlmatoc metĹdoshc eÐnai arketĹ megĹlh, prokaleÐtai meÐwsh thc apodotikìthtac tou prwtokìllou, exanagkĹzontac ton apostolèa na paramènei adranăc mèqri na diapistwjeÐ h apÿleia kai ìqi h kajustèrhsh tou mhnÔmatoc. H qrăsh arnhtikÿn apantăsewn^{10} eÐnai se jèsh na dÿsei lÔsh, ìqi ìmwc plărhc, sto parìn prìblhma.

H arnhtikă apĹnthsh qrhsimopoieÐtai apì ton paralăpth se periptÿseic pou lambĹnei kĹpoio katestrammèno mănuma sto kanĹli metĹdoshc. Me th lăyh arnhtikăc apĹnthshc, o apostolèac

10Negative acknowledgements

5.4 ’Elegqoc roăc

thc aÐthshc enhmerÿnetai Ĺmesa gia thn apÿleia kai anametadÐdei thn aÐthsh. H mèjodoc thc qronikăc periìdou apĹnthshc qrhsimopoieÐtai gia thn antimetÿpish thc pijanăc exafĹnishc tou mhnÔmatoc (aÐthsh ă apĹnthsh) katĹ th metĹdosh.

5.4.4 Sumfìrhsh metĹdoshc Sta pragmatikĹ dÐktua epikoinwniÿn, h metĹdosh kĹpoiou mhnÔmatoc, apì ton apostolèa ston paralăpth, eÐnai pijanì na emplèkei endiĹmesouc kìmbouc anametĹdoshc. JewroÔme th metĹdosh metaxÔ dÔo kìmbwn ìpwc parousiĹzetai sto sqăma 5.2

Sqăma 5.2: SÔndesh dÔo kìmbwn

• Statikìc èlegqoc roăc. UpĹrqoun dÔo trìpoi kajorismoÔ enìc prwtokìllou elègqou metĹdoshc metaxÔ twn dÔo kìmbwn:

↬ Kìmboc se Kìmbo^{11}. To mègejoc tou parajÔrou metĹdoshc upologÐzetai xeqwristĹ gia kĹje sÔndesh, me skopì th bèltisth ekmetĹlleush twn pìrwn metĹdoshc. Sto sqăma 5.2, h sÔndesh metaxÔ tou apostolèa kai tou endiĹmesou kìmbou eÐnai 1000 forèc taqÔterh se sqèsh me th sÔndesh metaxÔ tou endiĹmesou kìmbou kai tou paralăpth. An o apostolèac epiqeirăsei na ekmetalleuteÐ plărwc to kanĹli twn 1Mbps, ja pnÐxei me dedomèna ton endiĹmeso kìmbo, lìgw adunamÐac tou deutèrou na ta dromologăsei sto kanĹli twn 1Kbps. To aplì autì montèlo diaqeÐrishc twn epÐ mèrouc sundèsewn apotugqĹnei profanÿc stic periptÿseic pou oi endiĹmesoi kìmboi de diajètoun Ðso qÿro apojăkeushc, kai oi endiĹmesec sundèseic de qarakthrÐzontai apì ton Ðdio rujmì metĹdoshc.

↬ Termatikì se Termatikì^{12}. To mègejoc tou parajÔrou, kajÿc kai h taqÔthta metĹdoshc, exartÿntai apokleistikĹ apì ton asjenèstero kìmbo pou brÐsketai sto dromolìgio apostolăc. H mèjodoc aută ikanopoieÐ plărwc to montèlo tou sqămatoc 5.2, kajÿc kai Ĺllec aplèc sundèseic. Se polÔploka dÐktua parousiĹzetai antikeimenikă duskolÐa prìbleyhc twn idanikÿn paramètrwn. H qwrhtikìthta se dedomèna mÐac sÔndeshc exartĹtai tìso apì ta qarakthristikĹ tou ulikoÔ, ìso kai apì to plăjoc twn qrhstÿn pou sunagwnÐzontai gia thn katĹlhyh pìrwn metĹdoshc.

11Hop-by-Hop 12End-to-End

Domă twn prwtokollikÿn epipèdwn

• Dunamikìc èlegqoc roăc. O parajurikìc dunamikìc èlegqoc roăc prosfèrei sto prwtìkollo th dunatìthta thc autìmathc prosarmogăc katĹ th metĹdosh. MÐa aplă kai koină mèjodoc eÐnai h exanagkastikă meÐwsh tou megèjouc tou parajÔrou pou epibĹlletai ston apostolèa ìtan lăxei o qrìnoc anamonăc apĹnthshc katĹ thn anametĹdosh mÐac aÐthshc. O apostolèac epanafèrei thn arqikă timă tou parajÔrou mìno ìtan stamatăsei to fainìmeno. H teqnikă aută diakrÐnetai se treÐc diaforetikèc parallagèc:

↬ Se meÐwsh katĹ èna thc timăc tou parajÔrou gia kĹje mÐa lăxh qrìnou anamonăc kai aÔxhsh katĹ èna gia kĹje jetikă apĹnthsh.

↬ Se meÐwsh katĹ to ămisu thc trèqousac timăc tou parajÔrou gia kĹje mÐa lăxh qrìnou anamonăc kai aÔxhsh katĹ èna gia kĹje N jetikèc apantăseic.

↬ Se meÐwsh sthn elĹqisth timă tou enìc gia kĹje mÐa lăxh qrìnou anamonăc kai aÔxhsh katĹ èna gia kĹje N jetikèc apantăseic.

• ’Elegqoc rujmoÔ metĹdoshc^{13}. AllĹzontac thn optikă gwnÐa me thn opoÐa antimetwpÐzoume to prìblhma thc sumfìrhshc se aută tou diaqeiristă tou diktÔou, mporeÐ na efarmosteÐ diaforetikă teqnikă apofugăc sumfìrhshc. H mèjodoc tou elègqou tou rujmoÔ metĹdoshc estiĹzei thn prosoqă sthn posìthta thc kÐnhshc pou eisèrqetai sto dÐktuo upì sunjăkec uyhloÔ fìrtou metĹdoshc. MÐa tupikă teqnikă elègqou tou rujmoÔ eÐnai ìti epitrèph ston apostolèa na eisĹgei dedomèna sto dÐktuo me èna kajorismèno rujmì metĹdoshc oktĹdwn(bytes) anĹ deuterìlepto.

5.5 SÔnoyh

Sto prohgoÔmeno kai sto parìn kefĹlaio parousiĹsthke suntìmwc h filosofÐa twn susthmĹtwn anoiqtăc arqitektonikăc diktÔou kai oi basikèc parĹmetroi pou aforoÔn sth sqedÐash twn epipèdwn (prwtokìllwn) twn susthmĹtwn OSI. Ta perissìtera paradeÐgmata den aforoÔsan sugkekrimèna epÐpeda thc arqitektonikăc, diathrÿntac th genikă morfă twn arqÿn pou dièpoun to sÔsthma. Diatupÿjhke h ènnoia thc uphresÐac pou prosfèrei to kĹje epÐpedo stic yhlìterec diastrwmatÿseic, prosfèrontac mÐa apală apìqrwsh twn idiaiterotătwn ekĹstou epipèdou. Ta dÔo autĹ kefĹlaia anafèrontai sthn prÿth fĹsh thc diadikasÐac, pou onomĹzetai sqedÐash kai kajorismìc twn arqÿn tou prwtokìllou.

Oloklhrÿnontac th diatÔpwsh tou lexilogÐou, suntaktikoÔ, tÔpou uphresÐac, ton kajorismì tou peribĹllontoc efarmogăc, kajÿc kai twn arqÿn leitourgÐac, eiserqìmaste sth fĹsh thc ulopoÐhshc tou prwtokìllou. H ulopoÐhsh mporeÐ na gÐnei se ulikì ă se logismikì, kai èqei arqikì stìqo th diapÐstwsh thc orjăc leitourgÐac twn arqÿn pou èqoun kajoristeÐ, kajÿc kai

13Rate Control

5.5 SÔnoyh

thn axiolìghsh twn epilegmènwn teqnikÿn metĹdoshc dedomènwn, thc dromolìghshc pakètwn, thc antimetÿpishc sfalmĹtwn, k.l.p. Sthn paroÔsa diatribă, h ulopoÐhsh ja pragmatopoihjeÐ se logismikì. Oi teqnikèc pou ja anaptuqjoÔn sta epìmena kefĹlaia, aforoÔn sth dhmiourgÐa mÐac bibliojăkhc logismikoÔ gia thn ulopoÐhsh prwtokìllwn katĹ to montèlo OSI. KĹje xeqwristă parĹmetroc sqediĹzetai me trìpo pou sumfwneÐ stic arqèc pou anaptÔqjhkan sto eisagwgikì shmeÐwma. Stìqoc eÐnai h taqÔthta thc ulopoÐhshc kai thc axiolìghshc, h bèltisth epilogă algorÐjmwn, h epanaqrhstikìthta twn epimèrouc ontotătwn, kai h taqÔthta thc ektelèsimhc monĹdac.

Domă twn prwtokollikÿn epipèdwn

KefĹlaio 6

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

To kefĹlaio autì ja qrhsimopoihjeÐ wc eisagwgikì shmeÐwma gia to montèlo logismikoÔ pou pro-

teÐnetai sthn paroÔsa didaktorikă diatribă. EÐnai aparaÐthto na tonisteÐ ìti den eisĹgetai ston kìsmo thc plhroforikăc mÐa kainoÔria glÿssa programmatismoÔ. H prospĹjeia kai h melèth pou èqei suntelesteÐ aforĹ sth bèltisth ekmetĹlleush mÐac ădh upĹrqousac glÿssac logismikoÔ, thc C++, kai sthn prosarmogă thc optikăc gwnÐac tou programmatistă sto pedÐo tou antikeimenostrefoÔc programmatismoÔ. Prèpei, epÐshc, na tonisteÐ h shmasÐa pou dÐnetai sthn prospĹjeiaskai to apotèlesma thc ulopoÐhshc wc ulikì dìmhshc mellontikÿn sqediasmÿn kai ulopoiăsewn diktuakÿn efarmogÿn pou akoloujoÔn to montèlo OSI.

6.1 Genikèc arqèc tou montèlou sqedÐashc

H optikă gwnÐa thc sqedÐashc prosanatolÐsthke proc to genikì montèlo tou problămatoc gia th dhmiourgÐa mÐac plărwc orismènhc, sumpagoÔc, eÔkampthc, eÔqrhsthc kai eukìlwc epekteinìmenhc bibliojăkhc logismikoÔ ìpwc, epÐshc, kai ston kajorismì enìc prwtìtupou montèlou sqedÐashc kai ulopoÐhshc efarmogÿn, to opoÐo sthrÐzetai sthn en lìgw bibliojăkh. H bibliojăkh apoteleÐtai apokleistikĹ apì klĹseic antikeimènwn, oi opoÐec prosjètoun qarakthristikĹ, ìpwc:

• Apìkruyh poluplokìthtac. Oi klĹseic perigrĹfontai me epexhghmatikĹ shmeiÿmata. Me

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

th qrăsh thc glÿssac perigrafăc UML, prosfèretai h eikìna tou montèlou parousiĹzontac tic dhlÿseic kai th qrhsimìthta tìso twn metablhtÿn, ìso kai twn sunartăsewn pou mporeÐ na qrhsimopoihjoÔn sth fĹsh thc ulopoÐhshc.

• AnexĹrthth qrhsimopoÐhsh. Oi klĹseic pou apoteloÔn th bibliojăkh eÐnai autoteleÐc kai anexĹrthtec me skopì thn epimèrouc qrăsh touc, ìpwc kai ìtan krÐnetai aparaÐthto.

• EÔkolh qrăsh. H oloklhrwmènh tekmhrÐwsh twn klĹsewn, kajÿc kai h aplopoÐhsh twn mejìdwn pou prosfèrontai, kajistĹ thn eisagwgă touc se efarmogèc aplă kai grăgorh beltiÿnontac to sunolikì qrìno ulopoÐhshc.

• ApexĹrthsh apì problămata logikăc ă diarroăc mnămhc. ’Olec oi klĹseic èqoun sqediasteÐ kai ulopoihjeÐ me stìqo thn prìbleyh pijanÿn sfalmĹtwn logikăc lìgw kakodiaqeÐrishc, akoloujÿntac èna amuntikì montèlo programmatismoÔ, to opoÐo eÐnai se jèsh na akurwjeÐ kat’ epilogă tou qrăsth. To koinìtupo prìblhma thc diarroăc mnămhc lìgw thc parĹleiyhc diagrafăc twn perieqomènwn twn deiktÿn ă thc esfalmènhc qrăshc autÿn, apousiĹzei apì ìlec anexairètwc tic klĹseic thc bibliojăkhc, kĹnontac qrăsh programmatistikÿn teqnikÿn pou den eisĹgoun shmantikì qronikì kìstoc katĹ thn ektèlesh tou kÿdika.

• Epektasimìthta. H bibliojăkh akoloujeÐ thn arqă programmatismoÔ eleÔjerou kÿdika^1. O phgaÐoc kÿdikac twn klĹsewn prosfèretai proc melèth, emploutismì kai beltistopoÐhsh se ìlouc touc endiaferomènouc, oi opoÐoi den arkoÔntai mìno sth qrhsimopoÐhsh twn upĹrqontwn teqnikÿn kai ergaleÐwn.

H epilogă thc glÿssac programmatismoÔ C++ ègine me gnÿmona ta pleonektămata pou prosfèrei, kai ta opoÐa èqoun perigrafeÐ sthn eisagwgă. H bibliojăkh ekmetalleÔetai sto bèltisto bajmì ta pleonektămata thc glÿssac, kajÿc kai ìlwn twn neoeisaqjèntwn qarakthristikÿn pou oloklhrÿnoun oi kainoÔrioi metaglwttistèc (Standard Template Library -(Bibliojăkh tupopoihmènwn protÔpwn)- (STL)). H exĹrthsh me to leitourgikì sÔsthma efarmogăc èqei perioristeÐ sto elĹqisto me thn teqnikă thc enjulĹkwshc ìlwn twn qrhsimopoioÔmenwn sunartăsewn tou sustămatoc Application Program Interface (API) se klĹseic oi opoÐec suntĹssontai pro metaglÿttishc^2. Me th mèjodo aută, dhmiourgeÐtai èna peribĹllon to opoÐo brÐsketai èna epÐpedo pio yhlĹ apì to leitourgikì. H apodèsmeush thc bibliojăkhc apì to leitourgikì sÔsthma prosfèrei èna arketĹ isqurì pleonèkthma, dieurÔnontac to koinì twn qrhstÿn pou mporoÔn na ekmetalleutoÔn ta ergaleÐa thc.

1Open Source 2Precompiled directives

6.2 ErgaleÐa kai monĹdec thc bibliojăkhc

6.2 ErgaleÐa kai monĹdec thc bibliojăkhc

H arqitektonikă thc bibliojăkhc basÐzetai sthn ènnoia thc monĹdac (pxUnit) gia thn ulopoÐhsh tuqaÐwn prwtokollikÿn epipèdwn. KĹje prwtìkollo, qrhsimopoiÿntac orologÐec apì to qÿro thc tèqnhc, apoteleÐ mÐa yhfidwtă zwgrafiĹ. H sÔnjesh twn yhfÐdwn oloklhrÿnei to èrgo pou epijumeÐ o dhmiourgìc tou.

6.2.1 BasikĹ domikĹ ulikĹ 6.2.1.1 UlikĹ & ergaleÐa sqedÐashc

O dhmiourgìc qreiĹzetai mÐa sullogă ergaleÐwn gia thn apoperĹtwsh tou èrgou tou. H poiìthta twn ergaleÐwn eÐnai mÐa shmantikă parĹmetroc, kajÿc h eikìna thc sqedÐashc exartĹtai Ĺmesa apì to suntelestă autăc. Ta ergaleÐa den perigrĹfontai apì sugkekrimèno qaraktăra kai ofeÐloun na prosfèroun pĹnta to Ðdio axiìpisto apotèlesma. Ta ergaleÐa eÐnai anexĹrthta apì th morfă thc sqedÐashc.

H bibliojăkh perigrĹfei mÐa sullogă ergaleÐwn, apì ta opoÐa merikĹ prosfèroun lÔseic se problămata ulopoiăsewn, ìpwc: (a) domèc dedomènwn, (b) prostasÐa prosbolăc mnămhc, (g) katamètrhsh qrìnou, (d) apeikonÐseic grafikÿn, (e) majhmatikèc sqèseic, (st) epikÔrwsh dedomènwn metĹdoshc, k.l.p. ErgaleÐa qarakthrÐzontai, epÐshc, kai oi dÔo sumplhrwmatikèc klĹseic gia thn katagrafă statistikÿn kai mhnumĹtwn metĹdoshc.

6.2.1.2 YhfÐdec eikìnac

Oi yhfÐdec kajorÐzoun th morfă thc sqedÐashc. ApoteloÔn mikrèc eikìnec sqedÐashc, sugkekrimènou sqămatoc, diaforetikÿn, ìmwc, perieqomènwn. Oi yhfÐdec pou perigrĹfontai sth bibliojăkh onomĹzontai monĹdec. To sqăma touc eÐnai kajorismèno, kajÿc ulopoioÔn sugkekrimènec leitourgÐec tou epipèdou. To perieqìmeno touc prosarmìzetai analìgwc twn anagkÿn thc efarmogăc, diaforopoiÿntac to sqăma thc yhfÐdac. H prosarmogă tou sqămatoc epitugqĹnetai me th qrăsh protÔpwn klĹsewn kai afairetikÿn sunartăsewn. KĹje eikìna (epÐpedo) apoteleÐtai apì sugkekrimènec yhfÐdec: (a) th monĹda upodoqăc kai exuphrèthshc mhnumĹtwn (ourĹ), (b) th monĹda diaqeÐrishc sundèsewn, kai (g) th monĹda dromolìghshc qronikÿn aităsewn. O dhmiourgìc sqediĹzei kĹje mÐa monĹda prosarmìzontac th morfă anĹloga me tic anĹgkec. Oi yhfÐdec tìte sundèontai apì to epÐpedo. H basikă sqedÐash twn monĹdwn thc bibliojăkhc morfopoieÐtai tropopoiÿntac ta pio kĹtw shmeÐa:

• MetĹfrash oktĹdwn. ApoteleÐ th leitourgÐa metĹfrashc (se logikĹ stoiqeÐa plhroforÐac) twn qordÿn dedomènwn pou dèqetai to prwtìkollo apì ta katÿtera strÿmata. H taxinìmhsh twn dedomènwn se mÐa qordă oktĹdwn diajètei diaforetikì qaraktăra anĹloga me to prwtìkollo efarmogăc. DiaforopoioÔntai, akìmh, oi èlegqoi thc akeraiìthtac

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

twn dedomènwn, h leitourgÐa thc anĹkthshc plhroforÐac, kajÿc kai h logikă ènnoia twn metadidìmenwn stoiqeÐwn plhroforÐac.

• SÔnjesh oktĹdwn. H sÔnjesh twn qordÿn oktĹdwn èqei akribÿc thn antÐjeth ènnoia ìswn èqoun perigrafeÐ pio pĹnw. H leitourgÐa exartĹtai, epÐshc, apì th logikă ènnoia pou prosdÐdetai sta stoiqeÐa plhroforÐac, kajÿc kai apì th mèjodo taxinìmhshc thc plhroforÐac epÐ thc qordăc.

• Interface Data Unit -(MonĹda dedomènwn diasÔndeshc)- (IDU) epipèdou kai uphresÐac. Ta epÐpeda ofeÐloun na diajètoun proswpikoÔ qaraktăra morfopoihmènec IDU. O qaraktărac tou stoiqeÐou kajorÐzetai apì th morfă thc uphresÐac pou parèqei sta anÿtera strÿmata. Ta epÐpeda ofeÐloun, epÐshc, na gnwrÐzoun th morfă thc IDU pou prosfèretai apì ta katÿtera strÿmata (uphresÐec).

• ShmeÐa exuphrèthshc. KĹje prwtìkollo diajètei èna kai mìno shmeÐo exuphrèthshc, to opoÐo prosfèretai sta anÿtera kai katÿtera strÿmata wc pÔlh eisìdou gia thn proÿjhsh mhnumĹtwn, entolÿn, erejismĹtwn, k.l.p. Ta mhnÔmata kai ta erejÐsmata eisĹgontai se mÐa ourĹ exuphrèthshc (monĹda sullogăc mhnumĹtwn) mhnumĹtwn kai epexergĹzontai asÔgqrona apì N plăjoc mhqanÿn exuphrèthshc. To plăjoc autì metabĹlletai anĹloga me tic anĹgkec thc efarmogăc kai thc platfìrmac ulopoÐhshc. O kĹje qrăsthc ofeÐlei na energeÐ katĹllhlec diadikasÐec apotÐmhshc thc taqÔthtac exuphrèthshc gegonìtwn gia kĹje epiplèon mhqană exuphrèthshc pou protÐjetai na eisĹgei sth monĹda.

• Ourèc exuphrèthshc. To montèlo sqedÐashc ekmetalleÔetai plărwc thn arqitektonikă asÔgqronhc ektèleshc diergasiÿn. KĹje prwtokollikă stoÐba diajètei perissìterec apì mÐa Ðnec ektèleshc diergasiÿn. H metĹdosh twn IDU metaxÔ twn epipèdwn pragmatopoieÐtai eisĹgontac to stoiqeÐo plhroforÐac sthn antÐstoiqh ourĹ exuphrèthshc. H epexergasÐa, kajÿc kai h proÿjhsh thc IDU, pragmatopoieÐtai apì thn perieqìmenh monĹda ourĹc pou diajètei to epÐpedo.

• Qrono-programmatistèc^3. H dromolìghsh qronikĹ exartÿmenwn gegonìtwn, kajÿc kai h epexergasÐa anametĹdoshc shmĹtwn, diekperaiÿnontai apì thn antÐstoiqh monĹda qronistă pou anăkei sto prwtìkollo. O qrono-programmatistăc apoteleÐtai apì fÔlla qronikÿn aităsewn pou kajorÐzoun thn elĹqisth qronikă posìthta tou qronomètrou.

• StoiqeÐo perieqomènou. Ta stoiqeÐa sÔndeshc ìpwc èqoun perigrafeÐ se prohgoÔmenh parĹgrafo, apoteloÔn, epÐshc, yhfÐdec thc monĹdac diaqeÐrishc sundèsewn. H morfă twn stoiqeÐwn diaforopoieÐtai anĹloga me to prwtìkollo efarmogăc. Ta morfopoihmèna stoiqeÐa dhlÿnontai sth monĹda pou ta diaqeirÐzetai.

3Schedulers

6.3 Efarmogă twn ergaleÐwn kai monĹdwn thc bibliojăkhc

• Mhqană katĹstashc. ApoteleÐ to neurÿna kĹje epipèdou. Dhlÿnetai sta stoiqeÐa sÔndeshc upì th morfă plărouc eikonikăc sunĹrthshc. H ulopoÐhsă thc aforĹ apokleistikĹ sthn upìstash tou epipèdou. H genikă dălwsh prosdiorÐzei wc parĹmetro eisìdou mÐa kai mìno metablhtă, tÔpou IDU epipèdou. H ulopoÐhsă thc mporeÐ na èqei th morfă mÐac ă kai perissìterwn sunartăsewn, th morfă pinĹkwn sunartăsewn, k.l.p.

6.3 Efarmogă twn ergaleÐwn kai monĹdwn thc bibliojăkhc

6.3.1 DiasÔndesh monĹdwn Oi monĹdec pou èqoun perigrafeÐ stic prohgoÔmenec paragrĹfouc, ulopoioÔn ìlec tic logikèc leitourgÐec tou epipèdou. Oi metafrĹseic, oi diaqeirÐseic sundèsewn, k.l.p., èqoun afairejeÐ apì ta perieqìmena tou prwtokìllou. To prwtìkollo, ìpwc perigrĹfetai sthn paroÔsa diatribă, apoteleÐ apokleistikĹ mÐa sullogă monĹdwn. O diaforetikìc qaraktărac twn monĹdwn pou to apoteloÔn qrwmatÐzei tic uphresÐec pou prosfèrei to epÐpedo. H bibliojăkh perigrĹfei to prwtìkollo, qrhsimopoiÿntac thn klĹsh pxProtocol. H klĹsh perièqei ìla ta apolÔtwc aparaÐthta kai anagkaÐa stoiqeÐa gia thn enjulĹkwsh twn monĹdwn. UlopoieÐ, epÐshc, tic aparaÐthtec sunartăseic gia th diasÔndesh, epikoinwnÐa, diaqeÐrish, kai termatismì twn diadikasiÿn pou prosfèrontai apì tic monĹdec.

• Metablhtèc. H klĹsh apoteleÐtai apì tic monĹdec pxQueue, pxScheduler kai pxContextUnit.

Sqăma 6.1: Metablhtèc

Ta antikeÐmena twn monĹdwn sugkekrimenopoioÔntai katĹ th dhmiourgÐa tou antikeimènou thc klĹshc. Oi metablhtèc eÐnai tupopoihmènec kai h morfă touc kajorÐzetai katĹ th fĹsh twn dhlÿsewn. Oi metablhtèc, lìgw thc idiìthtĹc touc na energoÔn wc paidiĹ kĹpoiou patèra, eisĹgontai sto dèntro paidiÿn tou prwtokìllou katĹ th dhmiourgÐa tou antikeimènou autoÔ. AntÐstoiqa, h aposÔndesh twn monĹdwn apì ton patèra pragmatopoieÐtai katĹ thn katastrofă tou antikeimènou tou epipèdou. H de metablhtă tautìthtac aforĹ sto anagnwristikì tou prwtokìllou pou dÔnatai na dhlÿnetai me bĹsh tic prodiagrafèc.

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

• Mèjodoi

Sqăma 6.2: Sunartăseic

↬ CallMe. H sunĹrthsh ulopoieÐ th mèjodo epikoinwnÐac tou epipèdou me ton patèra (stoÐba), me tic omìtimec ontìthtec (prwtìkolla) kai ta paidiĹ tou (monĹdec). ApoteleÐ ousiastikĹ to shmeÐo prìsbashc stic uphresÐec tou prwtokìllou. O tÔpoc thc monĹdac klăshc thc sunĹrthshc kajorÐzei thn enèrgeia pou pragmatopoieÐtai. Oi klăseic apì tic omìtimec ontìthtec prowjoÔntai sthn ourĹ exuphrèthshc. Oi klăseic pou proèrqontai apì ton patèra (stoÐba), epexergĹzontai apì th sunĹrthsh {StackCall}. H ulopoÐhsh tou sÿmatoc thc sunĹrthshc prosarmìzetai apì touc qrăstec, anĹloga me tic anĹgkec thc efarmogăc. Oi klăseic thc monĹdac diaqeÐrishc qrhstÿn, prowjoÔntai sth stoÐba, h opoÐa kaleÐtai na dianèmei ta mhnÔmata anĹloga me th diĹtaxh twn prwtokìllwn.

↬ Start, Stop. ProkaloÔn ekkÐnhsh ă paÔsh, antÐstoiqa, twn asÔgqronwn diadikasiÿn kĹpoiac monĹdac tou prwtokìllou. H parĹmetroc klăshc twn sunartăsewn kajorÐzei thn epijumhtă monĹda epexergasÐac.

↬ Init, Terminate. KaloÔntai, antÐstoiqa, gia thn arqikopoÐhsh ă ton termatismì thc leitourgÐac tou epipèdou. O kalÿn, dhladă h stoÐba, diathreÐ ton plărh èlegqo twn paidiÿn thc kai eÐnai se jèsh na ekkinăsei ă na paÔsei ìlec tic eswterikèc diadikasÐec touc. Oi sunartăseic èqoun qaraktăra eikonikì. O qrăsthc eÐnai se jèsh na epanaprosdiorÐsei tic enèrgeiec twn sunartăsewn ìtan krÐnetai anagkaÐa h ektèlesh epiplèon energeiÿn katĹ thn arqikopoÐhsh h ton termatismì tou epipèdou.

↬ {SetParam}. Amigÿc eikonikă sunĹrthsh, thc opoÐac to sÿma ulopoieÐtai apì touc klhronìmouc thc klĹshc. H leitourgÐa thc aforĹ ston kajorismì epiplèon paramètrwn tou epipèdou apì th stoÐba. Gia parĹdeigma, se mÐa efarmogă sthn opoÐa ta epÐpeda diajètoun ikanìthtec apeikìnishc, h stoÐba kajorÐzei th jèsh thc apeikìnishc tou kĹje prwtokìllou.

↬ StackCall. QeirÐzetai tic klăseic tou patèra, dhladă thc stoÐbac, ìson aforĹ sthn

6.4 OrgĹnwsh thc bibliojăkhc logismikoÔ

ekkÐnhsh, termatismì kai kajorismì twn paramètrwn tou prwtokìllou.

6.3.2 DiasÔndesh epipèdwn H bibliojăkh prosfèrei thn klĹsh pxStack wc bĹsh gia thn ulopoÐhsh prwtokollikÿn stoibÿn. H klĹsh prosfèrei mìno tic anagkaÐec sunartăseic gia thn arqikopoÐhsh kai termatismì twn epipèdwn. KĹje prwtokollikă stoÐba mporeÐ na jewrhjeÐ wc mÐa anexĹrthth efarmogă. Ta perieqìmena kai oi leitourgÐec thc exeidikeÔontai katĹ th dălwsh twn efarmogÿn. O arijmìc twn epipèdwn, oi kwdikoÐ anÐqneushc, oi parĹmetroi arqikopoÐhshc, h mèjodoc apeikìnishc twn statistikÿn metrăsewn, kajÿc kai h diĹtaxh twn epipèdwn mèsa sth stoÐba, eÐnai Ĺmesa exartÿmena apì th fÔsh autăc. H klĹsh pou prosfèretai apì th bibliojăkh eÐnai lită kajÿc ulopoieÐ mìno dÔo mejìdouc, kai dhlÿnei mÐa amigÿc eikonikă sunĹrthsh gia thn proÿjhsh mhnumĹtwn sta epÐpeda. Oi mèjodoi autoÐ eÐnai oi akìloujoi:

• Activate, DeActivate. KaloÔntai, antÐstoiqa, gia thn ekkÐnhsh kai ton termatismì twn eswterikÿn diadikasiÿn twn epipèdwn pou anăkoun sth stoÐba. H ekkÐnhsh kai o termatismìc pragmatopoioÔntai me th seirĹ taxinìmhshc twn epipèdwn sth dentrikă domă twn paidiÿn thc stoÐbac. Oi sunartăseic dhlÿnontai wc eikonikèc kai, ìtan krÐnetai anagkaÐo, oi klhronìmoi thc klĹshc eÐnai se jèsh na sumplhrÿsoun epiplèon enèrgeiec stic dÔo autèc diadikasÐec.

• {ForwardMsg}. Amigÿc eikonikă sunĹrthsh gia th diaqeÐrish twn mhnumĹtwn kai twn erejismĹtwn pou dèqetai h stoÐba apì ta prwtìkolla pou perièqei. H dălwsă thc shmeiÿnei aplÿc ta anagkaÐa kai elĹqista kenĹ pou ofeÐlei na sumplhrÿsei o qrăsthc, ètsi ÿste na epiteuqjeÐ h ègkurh epikoinwnÐa metaxÔ twn epipèdwn.

6.4 OrgĹnwsh thc bibliojăkhc logismikoÔ

6.4.1 IerĹrqhsh thc bibliojăkhc To kefĹlaio autì ja qrhsimopoihjeÐ wc odhgìc ploăghshc thc paroÔshc didaktorikăc diatribăc. Edÿ parousiĹzetai, se suntomÐa, h arqitektonikă thc bibliojăkhc kai dÐnetai mÐa lită perigrafă twn epimèrouc tomèwn pou thn apoteloÔn. ApoteleÐ, Ðswc, to shmantikìtero kefĹlaio thc diatribăc. Anafèretai stic arqèc sqedÐashc thc bibliojăkec, sthn arqitektonikă, sth qrăsh kai sto skopì Ôparxăc thc. ProteÐnetai, akìmh, mÐa morfă ierĹrqhshc twn klĹsewn se arqeÐa kai fakèlouc^4, me skopì th dhmiourgÐa kai thn parakoloÔjhsh twn ekdìsewn twn klĹsewn pou sqediĹzontai kai ulopoioÔntai. H bibliojăkh ofeÐlei na akoloujeÐ sugkekrimènec arqèc arqeiojèthshc, tic opoÐec de ja parabiĹsei potè kai qwrÐc kamÐa apolÔtwc exaÐresh. O sqediasmìc kai h anĹptuxh thc paroÔshc bibliojăkhc basÐzetai sta akìlouja:

4Directories

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

• Arqă. ApoteleÐ mÐa rhtă entolă thc arqitektonikăc thc bibliojăkhc, h opoÐa den parabiĹzetai potè. H bibliojăkh paramènei pĹnta pistă stic arqèc thc.

• Kanìnac. ApoteleÐ mÐa rhtă entolă thc arqitektonikăc thc bibliojăkhc, h opoÐa dÔnatai na parabiasteÐ mìno se exairetikèc periptÿseic.

• ExaÐresh. PerigrĹfei thn pijană perÐptwsh na parabiasteÐ ènac kanìnac.

• Eisăghsh. ApoteleÐ mÐa sumbouleutikă prìtash, h opoÐa mporeÐ na parabiasteÐ. To perieqìmeno thc aposkopeÐ pĹnta sth bèltisth qrăsh thc bibliojăkhc.

• Periorismìc. Anafèretai pĹnta se katastĹseic adunamÐac thc leitourgÐac thc bibliojăkhc ă twn klĹsewn autăc.

6.4.1.1 IerĹrqhsh arqeÐwn

[Arqă] 6.4.1 Ta arqeÐa ulopoÐhshc tìso twn qarakthristikÿn, ìso kai twn mejìdwn twn klĹsewn, apojhkeÔontai sto fĹkelo \imp.

[Arqă] 6.4.2 Oi dhlÿseic twn klĹsewn, kajÿc kai oi orismoÐ twn qarakthristikÿn kai mejìdwn autÿn, apojhkeÔontai sto fĹkelo \inc. To monopĹti tou fakèlou autoÔ prèpei na dhlwjeÐ sto metaglwttistă, ÿste na èqei epÐgnwsh thc dieÔjunshc twn arqeÐwn twn orismÿn katĹ th metaglÿttish.

[Arqă] 6.4.3 Oi pijanèc diaforopoiăseic stic ulopoiăseic, stic dhlÿseic kai stouc orismoÔc, lìgw twn apaităsewn tou leitourgikoÔ sustămatoc, apojhkeÔontai se upofakèlouc me onomasÐec antÐstoiqec twn leitourgikÿn susthmĹtwn sta opoÐa èqoun efarmogă (p.q. MSW gia ta leitourgikĹ sustămata thc Microsoft).

[Arqă] 6.4.4 H bibliojăkh ofeÐlei na diathreÐ thn anexarthsÐa thc tìso apì touc tÔpouc twn metaglwttistÿn, ìso kai apì ta leitourgikĹ sustămata.

H qrăsh thc bibliojăkhc gia thn anĹptuxh efarmogÿn mporeÐ na pragmatopoihjeÐ me treic mejìdouc. KĹje mÐa apì tic mejìdouc parousiĹzei pleonektămata kai meionektămata.

• Qrăsh thc ierarqikăc domăc arqeÐwn. An sumperilhfjeÐ se mÐa efarmogă to monopĹti fakèlwn thc bibliojăkhc kai akoloÔjwc eisĹgoume th dieÔjunsh twn arqeÐwn kĹje aparaÐththc klĹshc. Me ton trìpo autì, diathreÐtai h monadikìthta twn arqeÐwn thc bibliojăkhc kai de metafèrontai arqeÐa kĹje forĹ me kÐnduno thn Ĺstoqh parakoloÔjhsh diaforetikÿn ekdìsewn. Shmantikì meionèkthma thc mejìdou autăc eÐnai ta pijanÿc megĹla se măkoc onìmata twn monopatiÿn twn arqeÐwn.

6.4 OrgĹnwsh thc bibliojăkhc logismikoÔ

• Antigrafă twn arqeÐwn twn klĹsewn. H mèjodoc aută qrhsimopoieÐtai suqnìtera apì touc programmatistèc, lìgw tou aploÔ montèlou ierĹrqishc twn arqeÐwn (sunăjwc ta arqeÐa brÐskontai se èna kai mìno fĹkelo). Arnhtikì qarakthristikì autăc thc mejìdou eÐnai h dÔskolh kai merikèc forèc adÔnath parakoloÔjhsh thc poreÐac exèlixhc thc èkdoshc mÐac klĹshc (sunăjwc ìtan polloÐ qrăstec qrhsimopoioÔn th bibliojăkh ă mÐa klĹsh qrhsimopoieÐtai apì perissìterec thc mÐac efarmogăc).

• Qrăsh twn metaglwttismènwn bibliojhkÿn. MÐa metaglwttismènh bibliojăkh den parousiĹzei problămata parakoloÔjhshc thc exèlixhc thc èkdosăc thc kai mporeÐ kĹllista na metafèretai metaxÔ fakèlwn, me skopì thn kalÔterh exuphrèthsh tou qrăsth.

6.4.1.2 ArqeÐa klĹsewn

[Kanìnac] 6.4.1 KĹje klĹsh apoteleÐtai apì ta exăc arqeÐa: (a) to arqeÐo dhlÿsewn (sÿma sunartăsewn), kai (b) to arqeÐo orismÿn (h morfă twn sunartăsewn kai twn klĹsewn).

[ExaÐresh] 6.4.1 To arqeÐo metaglwttismènhc bibliojăkhc mporeÐ na mh sumperilambĹnetai sto fĹkelo thc klĹshc.

[Eisăghsh] 6.4.1 KĹje klĹsh oloklhrÿnetai kĹnontac qrăsh twn exăc arqeÐwn: (a) tou arqeÐou dhlÿsewn, (b) tou arqeÐou orismÿn, (g) tou arqeÐou perigrafăc thc leitourgÐac^5, kai (d) tou arqeÐou istorikăc anaforĹc kai ekdìsewn (sthn perÐptwsh ìpou de gÐnetai qrăsh kĹpoiac mejìdou elègqou ekdìsewn).

’Oson aforĹ ston kanìna 6.4.1, to perieqìmeno twn arqeÐwn de qrÐzei peraitèrw anĹlushc, lìgw thc koinìtuphc morfăc kai tou trìpou sÔntaxhc thc glÿssac programmatismoÔ. Prèpei na gÐnei, ìmwc, mÐa sÔntomh perigrafă gia ta perieqìmena twn arqeÐwn pou dhlÿnontai sthn eisăghsh 6.4.1. H Ôparxh twn arqeÐwn stoqeÔei sthn omală kai katanohtă diĹrjrwsh tou orismoÔ thc klĹshc, sthn tekmhrÐwsh twn leitourgiÿn autăc, kai sthn ègkurh enhmèrwsh twn ekdìseÿn thc.

Koinì qarakthristikì metaxÔ twn klĹsewn pou ulopoioÔntai apì touc programmatistèc eÐnai h sqedìn anÔparkth tekmhrÐwsh twn leitourgiÿn autÿn. To meionèkthma pou dhmiourgeÐtai eÐnai profanèc. Akìmh kai sthn aplă perÐptwsh ìpou o sqediastăc thc klĹshc eÐnai kai o qrăsthc, h Ôparxh èstw kai thc isqnìterhc epexhghmatikăc prìtashc prosanatolÐzei to qrăsth. Wc epèktash autoÔ, èna arqeÐo tekmhrÐwshc mporeÐ na apoteleÐtai apì tic akìloujec paragrĹfouc:

• SÔntomh perÐlhyh tou skopoÔ sqedÐashc thc klĹshc, perigrafă tou trìpou klăshc twn sunartăsewn.

• Stic periptÿseic ìpou h orjă leitourgÐa thc klĹshc apaiteÐ sugkekrimènh seirĹ ektèleshc twn sunartăseÿn thc, na dÐnetai mÐa perigrafă thc akoloujÐac.

5Documentation

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

• Perigrafă twn algorÐjmwn pou efarmìzontai. MporeÐ, akìmh, na katagrĹfetai h ektÐmhsh gia ta meionektămata kai pleonektămata twn algorÐjmwn.

H plhrìthta tou arqeÐou exartĹtai apokleistikĹ apì thn epaggelmatikă sumperiforĹ tou sqediastă.

6.4.1.3 IerĹrqhsh klĹsewn

[Arqă] 6.4.5 To dèntro thc ierarqÐac twn klĹsewn eÐnai eikonikì kai den prosdiorÐzei th diĹrjrwsh tou dèntrou twn arqeÐwn.

H bibliojăkh basÐzetai apokleistikĹ sto montèlo tou antikeimenostrefoÔc programmatismoÔ. ’Olec oi aparaÐthtec leitourgÐec thc ulopoioÔntai me th boăjeia klĹsewn. Oi klĹseic autèc qwrÐzontai stic upokathgorÐec: ( a) bĹseic, ( b) klhronìmoi, ( g) qrăstec, kai ( d) ubrÐdia. Sthn prÿth upokathgorÐa anăkoun klĹseic oi opoÐec brÐskontai sta fÔlla tou dèntrou ierarqÐac. EĹn gia parĹdeigma upărqe mÐa klĹsh ulopoÐhshc pÐnaka tÔpou dedomènwn thc glÿssac, ja katatagìtan sthn omĹda aută (sqăma 6.3).

Sqăma 6.3: BĹsh

• Klhronìmoi. KlĹseic oi opoÐec klhronomoÔn apì toulĹqiston mÐa klĹsh thc bibliojăkhc (sqăma 6.4).

• Qrăstec. KlĹseic oi opoÐec qrhsimopoioÔn toulĹqiston mÐa klĹsh thc bibliojăkhc (sqăma 6.5).

• UbrÐdia. KlĹseic oi opoÐec klhronomoÔn apì toulĹqiston mÐa klĹsh thc bibliojăkhc kai qrhsimopoioÔn toulĹqisto mÐa klĹsh thc (sqăma 6.6).

Oi pio pĹnw klĹseic mporoÔn na emfanistoÔn kai sth morfă prìtupwn klĹsewn. Sthn perÐptwsh aută, èna epiplèon pedÐo sthn optikă dălwsh twn klĹsewn (UML) ja prosdiorÐzei to eÐdoc kai to plăjoc twn paramètrwn pou qrhsimopoioÔntai apì autèc (sqăma 6.7). Lìgw thc fÔshc thc bibliojăkhc, to dèntro ierarqÐac diathreÐ mÐa stajeră morfă mìno sta epÐpeda pou anafèrontai

6.4 OrgĹnwsh thc bibliojăkhc logismikoÔ

Sqăma 6.4: Klhronìmoc

Sqăma 6.5: Qrăsthc

Sqăma 6.6: UbrÐdia

stic klĹseic thc bĹshc kai twn upodoqèwn. Sta loipĹ epÐpeda h domă ephreĹzetai Ĺmesa apì thn efarmogă pou qrhsimopoieÐ h bibliojăkh.

[Kanìnac] 6.4.2 ’Olec oi klĹseic mporoÔn na qrhsimopoihjoÔn kai mèsw metaglwttismènwn bibliojhkÿn (statikèc kai dunamikèc bibliojăkec).

H apousÐa exwterikÿn metablhtÿn pou sundèontai katĹ th fĹsh thc metaglÿttishc dieukolÔnoun th qrăsh metaglwttismènwn bibliojhkÿn. Oi bibliojăkec autèc meiÿnoun thn poluplokìthta thc arqitektonikăc kai sumpièzoun thn poluepÐpedh domă twn arqeÐwn thc klĹshc se èna epÐpedo.

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

Sqăma 6.7: UpodoqeÐc

[ExaÐresh] 6.4.2 Oi klĹseic upodoqeÐc de mporoÔn na metaglwttistoÔn autoÔsiec, lìgw thc apousÐac thc aparaÐththc plhroforÐac gia th domă thc upodoqăc pou ja epilèxei o qrăsthc.

6.4.2 Tmămata bibliojăkhc H bibliojăkh diakrÐnetai se tmămata jematikÿn perioqÿn. H diĹkrish aută kajorÐzei kai thn ierarqÐa twn arqeÐwn pou thn apoteloÔn. Lìgw tou plăjouc twn klĹsewn kai twn arqeÐwn thc paroÔshc bibliojăkhc, allĹ kai thc prooptikăc gia peraitèrw anĹptuxh anĹloga me th qrăsh pou prìkeitai na uposteÐ, h diĹkrish krÐnetai aparaÐthth gia th dieukìlunsh thc ploăghshc kai thc epanaqrhsimopoÐhshc twn klĹsewn thc bibliojăkhc. H bibliojăkh anaptÔssetai kai ofeÐlei na diathreÐ tic arqèc kai touc kanìnec arqeiojèthshc, qarakthrÐzontac kĹje kainoÔria klĹsh orjĹ kai eÔstoqa taxinomÿntac ta arqeÐa sto swstì kladÐ thc domăc twn fakèlwn.

Sqăma 6.8: SumbolismoÐ thc domăc ierarqÐac

[Arqă] 6.4.6 O kìmboc, anexartătwc tou epipèdou pou brÐsketai, prèpei aparaÐthta na diajètei paidiĹ-kìmbouc ă paidiĹ-fÔlla, ètsi ÿste na dikaiologeÐ thn Ôparxă tou.

Sto sqăma 6.8, diakrÐnontai oi treic diaforetikèc morfèc stoiqeÐwn pou anăkoun sth domă tou dèntrou ierarqÐac.

6.4 OrgĹnwsh thc bibliojăkhc logismikoÔ

• ArqeÐo. ’Eqei thn omìtimh ènnoia me ta arqeÐa tou leitourgikoÔ sustămatoc kai eÐnai thc morfăc .cpp, .c, .h, .dll, .lib, .txt, .ini, k.l.p.

• FÔllo. QarakthrÐzetai h monĹda h opoÐa diajètei arqeÐa kai kajìlou kìmbouc ă fÔlla.

• Kìmboc. QarakthrÐzetai h monĹda h opoÐa diajètei toulĹqisto èna paidÐ kìmbo ă fÔllo.

Sta perieqìmena tou den eÐnai aparaÐthth h Ôparxh arqeÐwn.

Sto sqăma 6.9, gia parĹdeigma, o kìmboc Bibliojăkh, o opoÐoc eÐnai kai o yhlìteroc se ierarqÐa kìmboc thc domăc, diajètei touc kìmbouc: (a) orismoÐ, (b) ulopoiăseic, (g) statikèc, dunamikèc bibliojăkec, kai (d) diaqeÐrish ekdìsewn.

• OrismoÐ. O kìmboc perièqei arqeÐa orismÿn kai dhlÿsewn, sta opoÐa perigrĹfontai ta qarakthristikĹ kai oi mèjodoi twn klĹsewn. To epÐpedo afaÐreshc twn orismÿn kai twn dhlÿsewn epitrèpoun thn plărh apexĹrthsh apì to eÐdoc tou metaglwttistă kai tou leitourgikoÔ sustămatoc. Perièqei, epÐshc, fÔlla sta opoÐa apojhkeÔontai dhlÿseic kai orismoÐ oi opoÐoi èqoun exĹrthsh apì to leitourgikì sÔsthma.

• Ulopoiăseic. O kìmboc perièqei ìlec tic ulopoiăseic twn klĹsewn pou apoteloÔn th bibliojăkh. Akoloujÿntac thn Ðdia arqă pou akoloujeÐ o kìmboc twn orismÿn, perièqei, akìmh, fÔlla sta opoÐa apojhkeÔontai arqeÐa ulopoiăsewn pou exartÿntai apì to leitourgikì sÔsthma.

• Statikèc, dunamikèc bibliojăkec. Ston kìmbo autì apojhkeÔontai, gia metagenèsterh qrăsh, oi metaglwttismènec bibliojăkec (statikèc kai dunamikèc).

• DiaqeÐrish ekdìsewn. H diĹrjrwsh tou kìmbou autoÔ akoloujeÐ pistĹ th diĹrjrwsh twn kìmbwn twn orismÿn kai twn ulopoiăsewn. Ta arqeÐa pou perièqontai stouc upokìmbouc kai sta fÔlla tou kìmbou autoÔ, perièqoun ìlh thn plhroforÐa gia tic ekdìseic twn arqeÐwn thc bibliojăkhc.

6.4.3 Epektasimìthta [Arqă] 6.4.7 H bibliojăkh den krÔbei potè ta perieqìmena twn biblÐwn.

H bibliojăkh sthrÐzetai stic arqèc tou anoiktoÔ kÿdika. ’Olec oi klĹseic pou prosfèrontai, allĹ kai autèc pou ja prostejoÔn mellontikĹ, den krÔboun kanèna shmeÐo tou phgaÐou kÿdikĹ touc. H arqă 6.4.7 akoloujeÐtai pistĹ apì thn akadhmaðkă koinìthta kai èqei apodeiqteÐ èna isqurì ìplo ragdaÐac anĹptuxhc kai almatÿdouc beltÐwshc thc epistămhc thc plhroforikăc. Wc parĹdeigma mÐac petuqhmènhc efarmogăc thc arqăc eÐnai h jeamatikă diĹdosh tou leitourgikoÔ sustămatoc LINUX. H bibliojăkh jètei aploÔc kanìnec kai arqèc pou prèpei na akoloujoÔntai

Eisagwgă sthn proteinìmenh mejodologÐa sqedÐashc prwtokìllwn kai susthmĹtwn kai sthn antÐstoiqh bibliojăkh logismikoÔ

Sqăma 6.9: Domă kìmbwn bibliojăkhc

katĹ th qrăsh ă thn prosjăkh ulikÿn. Oi arqèc kai oi kanìnec thc bibliojăkhc apeujÔnontai kurÐwc ston trìpo anĹptuxhc wc mÐa prospĹjeia apìdoshc mÐac prÿthc suntetagmènhc poreÐac.

[Arqă] 6.4.8 H prìsbash se èna antikeÐmeno apì perissìterouc tou enìc qrăsth, epibĹllei ton kajorismì arqÿn kai kanìnwn qrăshc.

Sthn prokeimènh perÐptwsh kai sto parìn stĹdio, h bibliojăkh anaptÔssetai apì èna kai mìno programmatistă. To Ðdio Ĺtomo, ìmwc, qrhsimopoieÐ tic mejìdouc kai tic leitourgÐec pou prosfèrontai katĹ th fĹsh thc apotÐmhshc, sunepÿc epibĹlletai h efarmogă thc arqăc 6.4.8.

[Periorismìc] 6.4.1 H domă twn kìmbwn OrismoÐ kai Ulopoiăseic paramènei analloÐwth.

O periorismìc 6.4.1 eÐnai kai o monadikìc pou anafèretai sth domă tou dèntrou ierarqÐac arqeÐwn. Ta perieqìmena twn paidiÿn tou kìmbou ulopoiăseic eÐnai se jèsh na emploutÐzontai me kainoÔriec klĹseic ă akìmh kai na diagrĹfontai apì th domă.

KefĹlaio 7

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

To kefĹlaio autì perigrĹfei to sÔnolo twn klĹsewn pou qrhsimopoioÔntai gia th dălwsh twn ergaleÐwn anĹptuxhc. Autì to tmăma thc bibliojăkhc prosfèrei basikèc leitourgÐec kai epilÔei, me trìpo komyì kai apotelesmatikì, jemeliakĹ problămata pou parousiĹzontai katĹ thn anĹptuxh twn susthmĹtwn logismikoÔ. H arqitektonikă twn apogìnwn ă twn qrhstÿn twn klĹsewn autÿn skiagrafeÐtai me arqèc kai kanìnec pou apeujÔnontai se genikăc fÔsewc problămata pou sunăjwc antimetwpÐzontai apì touc programmatistèc katĹ th sqedÐash kai anĹptuxh twn programmĹtwn. Den apeujÔnetai sugkekrimèna stic ulopoiăseic prwtokìllwn. KĹje prospĹjeia prosanatolismoÔ thc sullogăc autăc proc mÐa sugkekrimènh kateÔjunsh prèpei na jewreÐtai Ĺstoqh kai Ĺtoph. Oi klĹseic, pou sumperilambĹnontai sth sullogă, èqoun sqediasteÐ prosektikĹ, me skopì thn eÔresh ikanopoihtikÿn lÔsewn gia mÐa megĹlh omĹda jemĹtwn. Merikèc basikèc parĹmetroi pou lambĹnontai sobarĹ upìyin katĹ th sqedÐash kai ulopoÐhsh eÐnai: (a) h prostasÐa apì Ĺkurec perioqèc thc mnămhc tou sustămatoc, (b) h taqÔthta sthn anĹptuxh, kai (g) h taqÔthta sthn ektèlesh.

Ta ergaleÐa thc anĹptuxhc logismikoÔ pou prosfèrontai apì th bibliojăkh, diakrÐnontai se treic megĹlec kathgorÐec:

• Qeirismìc twn sfalmĹtwn ektèleshc. KatĹ thn ektèlesh twn programmĹtwn apoteloÔn sunhjismèno fainìmeno oi parabiĹseic sunjhkÿn me apotelèsma thn aprìblepth sumperiforĹ tou sustămatoc. Oi parabiĹseic autèc prokaloÔntai apì thn astoqÐa logikÿn sunjhkÿn, thn uperqeÐlish kataqwrhtÿn, thn parabÐash orÐwn mnămhc, k.l.p. H bibliojăkh prosfèrei mÐa sullogă klĹsewn, oi opoÐec, me th qrăsh isqurismÿn^1 kai exairèsewn^2, jwrakÐzoun thn ektèlesh thc efarmogăc kai anadeiknÔoun pijanèc astoqÐec sth sqedÐash.

1assertion 2exception

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

• DiaqeÐrish twn polunhmatikÿn^3 efarmogÿn. H bibliojăkh, pistă stic arqèc gia anexarthsÐa apì leitourgikĹ sustămata, akoloujeÐ to prìtupo Portable Operating System Interface (POSIX) [22] gia th diaqeÐrish polunhmatikÿn diergasiÿn kai to sugqronismì thc ektèleshc autÿn. H bibliojăkh epanaprosdiorÐzei tic dhlÿseic tou protÔpou, me skopì to metasqhmatismì thc domhmènhc arqitektonikăc se èna antikeimenostrefèc sÔnolo ergaleÐwn.

• Domèc dedomènwn. H jewrÐa, kajÿc kai oi teqnikèc pou èqoun anaptuqjeÐ ìson aforĹ stic domèc twn dedomènwn, eÐnai axioshmeÐwth lìgw thc krisimìthtac pou qarakthrÐzei to en lìgw jèma. H enìthta prosfèrei mÐa sullogă apì klĹseic, oi opoÐec oloklhrÿnoun tic pio shmantikèc teqnikèc.

• MikroergaleÐa. Sthn kathgorÐa twn mikroergaleÐwn perilambĹnontai klĹseic, oi opoÐec leitourgoÔn autìnomec ă qrhsimopoioÔn èna peperasmèno sÔnolo filikÿn klĹsewn gia na epitelèsoun to èrgo to opoÐo kaloÔntai na oloklhrÿsoun. O qarakthrismìc thc sullogăc (mikroergaleÐa) den apeujÔnetai sthn poiìthta tou èrgou pou prosfèroun, allĹ sthn èktash twn sqèsewn pou anaptÔssoun me tic upìloipec klĹseic.

[Kanìnac] 7.0.3 Oi klĹseic pou perilambĹnontai sth sullogă aută ofeÐloun na uposthrÐzoun genikoÔ qaraktăra dedomèna kai tic mejìdouc epexergasÐac autÿn.

[Eisăghsh] 7.0.2 Oi perissìterec klĹseic èqoun sqediasteÐ kai ulopoihjeÐ qrhsimopoiÿntac tic teqnikèc template pou parèqei o metaglwttistăc thc C++ gia th dhmiourgÐa polumorfikÿn klĹsewn. KĹje pijană epèktash twn perieqomènwn tou tomèa prèpei na èqei wc apotèlesma thn paroqă klĹsewn polumorfikoÔ qaraktăra.

7.1 DiaqeÐrish sfalmĹtwn ektèleshc

O ìroc exaÐresh prosdÐdetai stic periptÿseic emfĹnishc anÿmalwn katastĹsewn katĹ th diĹrkeia thc leitourgÐac enìc progrĹmmatoc. MÐa anÿmalh katĹstash ă exaÐresh, gia parĹdeigma, ja mporoÔse na eÐnai h diaÐresh enìc tuqaÐou arijmoÔ me to mhdèn ă h prospĹjeia anĹgnwshc/eggrafăc mÐac Ĺkurhc mnămhc. H emfĹnish mÐac exaÐreshc mporeÐ na èqei anepijÔmhta apotelèsmata gia thn omală leitourgÐa thc efarmogăc kai na odhgăsei se apostajeropoÐhsh ă akìmh kai se apÿleia/katastrofă dedomènwn. O orjìc qeirismìc twn exairèsewn pou prosbĹlloun thn efarmogă èqei wc stìqo thn anĹkthsh thc omalăc leitourgÐac, ìtan eÐnai efiktì, ă ton omalì termatismì thc efarmogăc èqontac tic mikrìterec dunatèc apÿleiec. H C++ diajètei sto oplostĹsiì thc sugkekrimènouc mhqanismoÔc gia thn antimetÿpish twn exairèsewn.

Oi treic desmeumènec lèxeic try, catch, throw apoteloÔn thn omĹda qeirismoÔ pijanÿn exairèsewn. H dălwsh try enjulakÿnei tic pijanèc gia prìklhsh exairèsewn grammèc kÿdika kai

3multithreading

7.1 DiaqeÐrish sfalmĹtwn ektèleshc

proetoimĹzei to sÔsthma me sugkekrimènec exìdouc kindÔnou. H dălwsh catch qrhsimopoieÐtai gia thn kathgoriopoÐhsh twn exairèsewn kai enjulakÿnei tic epijumhtèc enèrgeiec pou prèpei na ektelèsei to prìgramma se kĹje perÐptwsh. Tèloc, h dălwsh throw qrhsimopoieÐtai gia th bÐaih prìklhsh exaÐreshc sthn efarmogă. H antimetÿpish twn exairèsewn apì th glÿssa den kalÔptetai apì genikoÔc kanìnec. Antijètwc, paramènei prosanatolismènh sto leitourgikì sÔsthma sto opoÐo ekteleÐtai h efarmogă.

void foo(){
    char * p = NULL;
    try{
        p[0] = ’a’;
    }
    catch(char *str){
        printf("Char exception occurred\n");
    }
}

Oi mèjodoi pou qrhsimopoieÐ h bibliojăkh gia thn antimetÿpish exairèsewn apeujÔnetai se ìlouc touc metaglwttistèc C++. Eidikìtera, ìmwc, gia ta sustămata thc Microsoft, sta opoÐa uposthrÐzetai h teqnikă Structured Exception Handling -(DiaqeÐrish exairèsewn domhmènhc arqitektonikăc)- (SEH), oi klĹseic thc bibliojăkhc eÐnai se jèsh na dÿsoun sto qrăsth, katĹ thn emfĹnish kĹpoiac exaÐreshc, leptomerăc plhroforÐa gia to shmeÐo tou kÿdika to opoÐo prokĹlese thn exaÐresh aută.

• Skopìc

H bibliojăkh prosfèrei treic klĹseic oi opoÐec qrhsimopoioÔntai gia thn antimetÿpish exairèsewn. H efarmogă thc mejìdou pou proteÐnetai stic klĹseic autèc èqei skopì thn taqeÐa anÐqneush kai epÐlush pijanÿn sqediastikÿn sfalmĹtwn, katĹ th diĹrkeia thc fĹshc anĹptuxhc, thn prostasÐa apì thn emfĹnish anepijÔmhtwn katastĹsewn, kai th beltistopoÐhsh thc leitourgÐac thc efarmogăc.

↬ pxSeTranslator. To leitourgikì sÔsthma qrhsimopoieÐ mÐa sugkekrimènh sunĹrthsh, h opoÐa kaleÐtai katĹ thn emfĹnish kĹpoiac exaÐreshc. H klĹsh aută dhlÿnei sto sÔsthma mÐa kainoÔria sunĹrthsh qeirismoÔ exairèsewn sta plaÐsia thc diergasÐac pou thn kaleÐ.

↬ pxException. H klĹsh aută qrhsimopoieÐtai apì thn klĹsh pxSeTranslator me skopì thn enhmèrwsh tou qrăsth gia ton tÔpo thc exaÐreshc. KatĹ thn emfĹnish kĹpoiac, exaÐreshc pragmatopoioÔntai ta akìlouja bămata: (a) ekteleÐtai h sunĹrthsh pou èqei prokajoristeÐ apì th diergasÐa, (b) anaktĹtai o kwdikìc emfĹnishc thc exaÐreshc, (g) trofodoteÐtai o kwdikìc sthn klĹsh pxException, kai (d) tupÿnetai o tÔpoc thc exaÐreshc.

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

↬ pxModuleSymbols. Stic periptÿseic pou h metaglÿttish pragmatopoieÐtai me upostărixh aposfalmĹtwshc^4, h klĹsh anakteÐ plhroforÐa gia ìlec tic sumbolikèc anaforèc pou perigrĹfontai apì to prìgramma. H plhroforÐa apoteleÐ mÐa bĹsh dedomènwn gia thn taÔtish, katĹ th diĹrkeia thc ektèleshc, twn sunartăsewn kai twn metablhtÿn me ta arqeÐa emfĹnisăc touc. Stic periptÿseic pou h metaglÿttish pragmatopoieÐtai me th morfă Release, h klĹsh de mporeÐ na prosfèrei tic uphresÐec thc.

Sqăma 7.1: Orismìc thc klĹshc pxModuleSymbols

• Perigrafă twn mejìdwn Me skopì th grăgorh qrăsh twn mejìdwn, thn apìkruyh thc poluplokìthtac kai thn tupopoÐhsh twn mejìdwn autÿn, h bibliojăkh epanaprosdiorÐzei tic mejìdouc tou metaglwttistă. Sugkekrimèna:

↬ Qrăsh. H bibliojăkh epanaprosdiorÐzei tic dhlÿseic try,catch stic antÐstoiqec

PROTECTED CODE BEGIN, PROTECTED CODE CATCH ALL, PROTECTED CODE END, oi opoÐ-

ec dieukolÔnoun th qrăsh thc mejìdou.

↬ Qeirismìc thc exaÐreshc. H jwrĹkish tou kÿdika pragmatopoieÐtai me thn enjulĹkwsh autoÔ se tomeÐc pou prostateÔontai apì tic prohgoÔmenec dhlÿseic. H dălwsh thc PROTECTED CODE CATCH ALL èqei wc apotèlesma thn anaforĹ thc exaÐreshc kai, sthn perÐptwsh pou to leitourgikì sÔsthma to epitrèpei, thn apodìmhsh thc stoÐbac ektèleshc kai th leptomeră anaforĹ tou monopatioÔ thc. KatĹ thn apodìmhsh thc stoÐbac ektèleshc, etoimĹzetai o pÐnakac me tic dieujÔnseic thc poreÐac pou akoloÔjhse to ektelèsimo apì th dălwsh PROTECTED CODE BEGIN mèqri to shmeÐo pou proklăjhke h exaÐresh. O pÐnakac taxinomeÐtai me th mèjodo LIFO^5. Tèloc, oi dieujÔnseic metafrĹzontai se arqeÐa kai jèseic kai anafèrontai oi parabĹseic.

4debug 5Last In First Out

7.2 DiaqeÐrish twn polunhmatikÿn diergasiÿn

7.2 DiaqeÐrish twn polunhmatikÿn diergasiÿn

H polunhmatikèc diergasÐec pou èqoun eisaqjeÐ sta leitourgikĹ sustămata, emploutÐzoun touc purănec twn susthmĹtwn me diadikasÐec dromolìghshc gegonìtwn, kai èqoun wc apotèlesma th bèltisth ekmetĹlleush thc isqÔoc tou epexergastă. H bibliojăkh prosfèrei stouc qrăstec th dunatìthta ulopoÐhshc susthmĹtwn, ta opoÐa leitourgoÔn se èna polunhmatikì peribĹllon. H sqedÐash twn ergaleÐwn pou prosfèrontai akoloujeÐ to prìtupo POSIX threads, epitugqĹnontac me ton trìpo autì thn anexarthsÐa apì to leitourgikì sÔsthma. H bibliojăkh ulopoieÐ, epÐshc, mÐa omĹda klĹsewn gia to metasqhmatismì tou domhmènou montèlou tou protÔpou se èna plărwc antikeimenostrefèc montèlo. H bibliojăkh, paramènontac pistă stic arqèc kai touc kanìnec tou antikeimenostrefoÔc montèlou, ulopoieÐ to metasqhmatismì: oi sunartăseic tou protÔpou POSIX pou epexergĹzontai dedomèna metasqhmatÐzontai se antikeÐmena pou enjulakÿnoun asÔgqronec diergasÐec. H omĹda twn klĹsewn pou prosfèroun tic uphresÐec gia th dhmiourgÐa polunhmatikÿn efarmogÿn qwrÐzetai se dÔo megĹlec kathgorÐec: (a) stic klĹseic sugqronismoÔ, kai (b) stic klĹseic dhmiourgÐac nhmatikÿn diergasiÿn.

• KlĹseic sugqronismoÔ. H ektèlesh parĹllhlwn diergasiÿn, oi opoÐec epexergĹzontai koinĹ dedomèna, dhmiourgeÐ mÐa epiplèon anĹgkh sugqronismoÔ thc epexergasÐac. To prìtupo POSIX prodiagrĹfei ta qarakthristikĹ kai tic mejìdouc twn stoiqeÐwn sugqronismoÔ. H bibliojăkh metasqhmatÐzei ta stoiqeÐa se klĹseic pou prosfèrontai gia Ĺmesh ă èmmesh qrăsh mèsw thc teqnikăc thc klhronomikìthtac twn klĹsewn. DÔo apì tic spoudaiìterec klĹseic apoteloÔn: (a) h klĹsh prostasÐac parĹllhlhc prìsbashc se dedomèna^6, kai (b) h klĹsh shmatodìthshc gegonìtwn^7.

• KlĹseic dhmiourgÐac nhmatikÿn diergasiÿn. Sto antikeimenostrefèc montèlo, to opoÐo èqei epileqjeÐ gia thn arqitektonikă thc bibliojăkhc, ta stigmiìtupa twn klĹsewn, ta antikeÐmena, mporoÔn na qarakthristoÔn kai me bĹsh tic mejìdouc pou ulopoioÔn. Ta antikeÐmena ta opoÐa den dhlÿnoun kai den ulopoioÔn kĹpoia nhmatikă diergasÐa onomĹzontai pajhtikĹ^8, enÿ ta antikeÐmena ta opoÐa dhlÿnoun kai ulopoioÔn mÐa ă kai perissìterec nhmatikèc diergasÐec onomĹzontai energhtikĹ^9. Gia th dălwsh klĹsewn twn opoÐwn ta stigmiìtupa èqoun energhtikì qaraktăra, h bibliojăkh prosfèrei dÔo klĹseic me ton katĹllhlo bajmì afaÐreshc.

6mutex 7event 8passive 9active

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

7.2.1 KlĹseic sugqronismoÔ Ta qarakthristikĹ kai oi mèjodoi pou prodiagrĹfontai sto prìtupo POSIX threads enjulakÿnontai apì tic klĹseic tic bibliojăkhc, epitugqĹnontac me ton trìpo autì thn apìkruyh thc poluplokìthtac, kajÿc kai thn aploÔsteush thc qrăshc twn uphresiÿn tou protÔpou. Ta akìlouja antikeÐmena prosfèrontai gia to sugqronismì twn polunhmatikÿn diergasiÿn:

• pxSpinlock. H sugkekrimènh klĹsh sugqronismoÔ qarakthrÐzetai apì taqÔtatec diadikasÐec. O phgaÐoc kÿdikac pou perièqetai metaxÔ twn sunartăsewn Lock kai Unlock prostateÔetai apì tic parĹllhlec prosbĹseic pou pragmatopoioÔntai apì tic nhmatikèc diergasÐec. H pijanìthta, ìmwc, na prokalèsei fainìmena kleidÿmatoc twn nhmatikÿn diergasiÿn lìgw qrhsimopoÐhsăc tou se anadromikèc sunartăseic apoteleÐ megĹlo meionèkthma gia touc mă èmpeirouc qrăstec thc bibliojăkhc.

• pxMutex. H klĹsh aută apoteleÐ mÐa ligìtero bÐaih morfă thc klĹshc pxSpinlock. ProstateÔei ton phgaÐo kÿdika pou perièqetai metaxÔ twn sunartăsewn Lock kai Unlock, kai parèqei th dunatìthta qrhsimopoÐhshc twn teqnikÿn tou se anadromikèc sunartăseic. To mikrì, se epexergastikă isqÔ, kìstoc pou eisĹgei to kajistoÔn pio eÔqrhsto se sqèsh me to antikeÐmeno pxSpinlock.

• pxCondition. H teleutaÐa mèjodoc sugqronismoÔ ulopoieÐtai apì thn klĹsh pxCondition.

QrhsimopoieÐtai gia thn adranopoÐhsh kai thn epanenergopoÐhsh mÐac nhmatikăc diergasÐac me bĹsh th shmatodìthsh gegonìtwn. H qrăsh tou antikeimènou beltiÿnei shmantikĹ thn apìdosh twn polunhmatikÿn diergasiÿn, kajÿc o purănac tou leitourgikoÔ apeleujerÿnei epexergastikă isqÔ apì tic nhmatikèc diergasÐec, oi opoÐec eÐnai adraneÐc kai perimènoun th shmatodìthsh kĹpoiou gegonìtoc.

7.2.2 KlĹseic dhmiourgÐac nhmatikÿn diergasiÿn Ta stigmiìtupa twn klĹsewn, ta antikeÐmena, pou klhronomoÔn apì tic klĹseic autèc, eÐnai se jèsh na ulopoiăsoun mÐa ă kai perissìterec nhmatikèc diergasÐec. H bibliojăkh diaqwrÐzei ta antikeÐmena autĹ se dÔo kathgorÐec: (a) sta antikeÐmena ta opoÐa diajètoun mÐa kai mìno nhmatikă diergasÐa (klhronomoÔn apì thn klĹsh pxThread), kai (b) sta antikeÐmena ta opoÐa mporoÔn na ekkinăsoun perissìterec thc mÐac nhmatikèc diergasÐec (klhronomoÔn apì thn klĹsh pxMNThread).

• pxThread. ApoteleÐ mÐa afhrhmènh klĹsh kajÿc perièqei mÐa plărwc eikonikă sunĹrthsh.

O klhronìmoc thc klĹshc autăc ofeÐlei na ulopoiăsei to sÿma thc plărouc eikonikăc sunĹrthshc {LightWeightProcess}. O phgaÐoc kÿdikac pou ja sumperilhfjeÐ sto sÿma thc sunĹrthshc, ekteleÐtai asÔgqrona kai epexergĹzetai ta dedomèna tou stigmiotÔpou thc klhronìmou klĹshc. H sunĹrthsh Run ekkineÐ th nhmatikă diergasÐa. AntÐjeta, h sunĹrthsh

7.2 DiaqeÐrish twn polunhmatikÿn diergasiÿn

Stop shmatodoteÐ thn aÐthsh gia allagă thc katĹstashc tou antikeimènou apì energì se

adranèc. H ulopoÐhsh tou sÿmatoc thc sunĹrthshc {LightWeightProcess} ofeÐlei na parakoloujeÐ thn allagă thc katĹstashc tou antikeimènou me th qrăsh brìgqou epanĹlhyhc. H klĹsh aută brÐskei arketèc efarmogèc sta plaÐsia twn uphresiÿn pou parèqontai apì th bibliojăkh. MerikĹ paradeÐgmata efarmogăc thc apoteloÔn: (a) h ourĹ Ĺfixhc gegonìtwn me èna exuphrethtă, (b) h asÔgqronh katagrafă statistikÿn metrăsewn, (g) h ulopoÐhsh qrono-programmatistÿn, k.l.p.

• pxMNThread. H susqètish enìc ă kai perissìterwn antikeimènwn me perissìterec thc mÐac nhmatikăc diergasÐac apoteleÐ pĹnta èna megĹlo ponokèfalo kai mÐa phgă sfalmĹtwn orismoÔ. H ulopoÐhsh thc arqitektonikăc mÐac tìso sÔnjethc kai polÔplokhc susqètishc, apaiteÐ Ĺristec gnÿseic thc glÿssac programmatismoÔ kai tou leitourgikoÔ sustămatoc. H klĹsh pxMNThread, pou ulopoieÐ h bibliojăkh, aplousteÔei th dhmiourgÐa polÔplokwn susqetÐsewn. Oi klhronìmoi thc klĹshc eÐnai se jèsh na ekkinăsoun èna megĹlo plăjoc nhmatikÿn diergasiÿn, me ìmoia ă anìmoia qarakthristikĹ, oi opoÐec eÐnai se jèsh na epexergĹzontai ta stoiqeÐa enìc ă kai perissìterwn antikeimènwn thc klhronìmou klĹshc. H aploÔsteush thc susqètishc pragmatopoieÐtai me th qrăsh logikÿn dhlÿsewn katĹ th fĹsh sÔntaxhc tou phgaÐou kÿdika thc klhronìmou klĹshc. ’Ena aplì parĹdeigma parousiĹzetai pio kĹtw:

BEGIN_SIGNAL_ASSOCIATION(CLASS)
    ASSIGN_SIGNAL(FUNCTION_0,ID_0)
    ASSIGN_SIGNAL(FUNCTION_1,ID_1)
END_SIGNAL_ASSOCIATION

DECLARE_SIGNAL_ASSOCIATION

INITIALIZE_SIGNALS

H pio pĹnw dălwsh èqei wc apotèlesma th sÔndesh twn sunartăsewn FUNCTION 0 kai

FUNCTION 1 me ta anagnwristikĹ ID 0 kai ID 1 antÐstoiqa. H ulopoÐhsh tou sÿmatoc twn

sunartăsewn pragmatopoieÐtai apì thn klhronìmo klĹsh. MerikĹ paradeÐgmata efarmogăc thc klĹshc apoteloÔn: (a) h sqedÐash ourĹc Ĺfixhc gegonìtwn me polloÔc exuphrethtèc, (b) h monĹda asÔgqronhc dèsmeushc kai apodèsmeushc mnămhc, k.l.p.

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

7.3 KlĹseic domÿn dedomènwn

H bibliojăkh perilambĹnei mÐa sullogă apì klĹseic me skopì thn apojăkeush, kai se merikèc periptÿseic, thn taxinìmhsh sunìlwn dedomènwn. Ta perieqìmena twn klĹsewn kalÔptoun plărwc tic teqnikèc twn domÿn pou qrhsimopoioÔntai apì tic klĹseic tou prwtokìllou thc bibliojăkhc.

Sqăma 7.2: Kìmboc twn klĹsewn domÿn dedomènwn

• PÐnakec. H bibliojăkh prosfèrei dÔo morfèc pinĹkwn. O monodiĹstatoc pÐnakac apoteleÐ mÐa prospĹjeia kajolikăc ulopoÐhshc pÐnaka perieqomènwn tuqaÐou tÔpou dedomènwn. O disdiĹstatoc pÐnakac oloklhrÿnei tic basikèc sunartăseic gia to qeirismì dianusmatikÿn posotătwn sto pedÐo twn dÔo diastĹsewn.

• LÐstec. UlopoioÔntai ìloi oi basikoÐ algìrijmoi sqedÐashc listÿn, kai kat’ epèktash oi basikoÐ algìrijmoi sqedÐashc ourÿn. Oi ourèc qrhsimopoioÔntai apì th bibliojăkh se klĹseic ìpwc Ourèc mhnumĹtwn, Katagrafă plhroforÐac, k.l.p.

• Dèntra. QrhsimopoioÔntai kurÐwc gia taqÔtath anazăthsh stoiqeÐwn. Lìgw tou ìgkou thc plhroforÐac pou dhmiourgeÐtai kajÿc ekteleÐtai to prìgramma, parousiĹzetai h anĹgkh efarmogăc algorÐjmwn taxinìmhshc kai anazăthshc. IdiaÐterh èmfash dÐnetai sta isozugismèna duadikĹ dèntra.

7.3.1 PÐnakec

Sqăma 7.3: PÐnakac mÐac diĹstashc

7.3 KlĹseic domÿn dedomènwn

• Skopìc

H arqitektonikă tou pÐnaka epitrèpei thn apojăkeush tuqaÐou tÔpou kai plăjouc dedomènwn. ApoteleÐ mÐa prospĹjeia jwrĹkishc twn prosbĹsewn eggrafăc kai anĹgnwshc se Ĺkurec perioqèc mnămhc. Oloklhrÿnei èna megĹlo plăjoc sunartăsewn epexergasÐac twn perieqomènwn tou pÐnaka, oi opoÐec qrhsimopoioÔntai anĹloga me ton tÔpo twn dedomènwn pou epexergĹzetai.

• Perigrafă twn mejìdwn

O klĹsh perièqei èna deÐkth se antikeÐmena thc tuqaÐou tÔpou dălwshc T. H dèsmeush thc epijumhtăc mnămhc lambĹnei qÿra katĹ th dhmiourgÐa enìc stigmiotÔpou thc klĹshc ă kalÿntac th sunĹrthsh Initiate. H klăsh thc sunĹrthshc Terminate apodesmeÔei th mnămh kai termatÐzei th leitourgÐa tou pÐnaka. OrÐzetai, epÐshc, mÐa seirĹ apì telestèc gia thn aplopoÐhsh koinÿn leitourgiÿn katĹ thn ektèlesh. Merikèc apì tic mejìdouc pou ulopoioÔntai mporoÔn na klhjoÔn anexĹrthta tou tÔpou twn dedomènwn pou apojhkeÔontai apì ton pÐnaka (telestăc jèshc [index]). Oi telestèc +, -, -=, +=, *, apoktoÔn nìhma mìno sthn perÐptwsh pou ta perieqìmena eÐnai pragmatikoÐ arijmoÐ.

• Epèktash. H klĹsh pxArray2D eÐnai mÐa epèktash thc klĹshc pxArray. QrhsimopoieÐtai gia th diaqeÐrish dedomènwn pou brÐskontai sto qÿro twn dÔo diastĹsewn. ApoteleÐ mÐa eidikă morfă monodiĹstatou pÐnaka me dălwsh pxArray<pxArray<T>>. Diajètei, epÐshc, to pleonèkthma thc arqikopoÐhshc diaforetikoÔ măkouc grammÿn. ApoteleÐ th bĹsh gia thn ulopoÐhsh tou majhmatikoÔ pÐnaka.

7.3.2 LÐstec Oi lÐstec apoteloÔn eidikèc periptÿseic sÔndeshc dedomènwn. QrhsimopoioÔntai gia th dhmiourgÐa sunìlwn, ta opoÐa diajètoun to qarakthristikì thc dunamikăc allagăc tou plăjouc twn perieqomènwn touc. To eÐdoc twn dedomènwn, kajÿc kai h fÔsh thc susqètisăc touc, kajorÐzoun th morfă thc lÐstac. H lÐsta qarakthrÐzetai apì to plăjoc twn sundèsewn twn kìmbwn pou thn apoteloÔn, kai apì touc algìrijmouc exuphrèthshc kai anadiĹtaxhc twn stoiqeÐwn. Oi lÐstec tic bibliojăkhc eÐnai se jèsh na enjulakÿsoun tuqaÐou tÔpou dedomèna apokrÔptontac thn poluplokìthta thc sqedÐashc kai thc ulopoÐhshc. Autì ofeÐletai apokleistikĹ sth qrăsh klĹsewn upodoqăc stoiqeÐwn, oi opoÐec apoteloÔn touc kìmbouc thc lÐstac. H bibliojăkh diajètei triÿn eidÿn lÐstec: (a) thn aplĹ sundedemènh lÐsta, (b) th diplĹ sundedemènh lÐsta, kai (g) th lÐsta pollaplÿn sundèsewn. ’Olec oi diajèsimec lÐstec ulopoioÔn mejìdouc gia thn omală leitourgÐa touc se polunhmatikèc efarmogèc.

• AplĹ sundedemènh lÐsta. H klĹsh pxSingleLinkedList prosfèretai gia thn ulopoÐhsh aplĹ sundedemènwn listÿn. QrhsimopoieÐ thn klĹsh upodoqèa pxSingleLinkCarrier gia

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

th sÔndesh twn stoiqeÐwn pou perièqei. H pio koină qrăsh thc klĹshc autăc apoteleÐ h sqedÐash ourÿn (Last In First Out (LIFO), First In First Out (FIFO)) kai stoibÿn.

• DiplĹ sundedemènh lÐsta. H klĹsh pxSingleLinkedList prosfèretai gia thn ulopoÐhsh diplĹ sundedemènwn listÿn. H klĹsh qrhsimopoieÐ thn klĹsh upodoqèa pxDoubleLinkCarrier gia th sÔndesh twn stoiqeÐwn pou perièqei. H diatărhsh thc plhroforÐac pou diajètei kĹje stoiqeÐo ìson aforĹ sta geitonikĹ tou stoiqeÐa, epitrèpei thn eÔkolh ploăghsh sth lÐsta aută.

• LÐsta pollaplÿn sundèsewn. H klĹsh pxMultiLinkedList epitrèpei th sqedÐash kai ulopoÐhsh listÿn me grăgorh anazăthsh stoiqeÐwn. H klĹsh aută qrhsimopoieÐ thn klĹsh upodoqèa pxMultiLinkCarrier, h opoÐa prosfèrei aperiìristo arijmì diasundèsewn.

7.3.2.1 ParadeÐgmata efarmogÿn

• Kuklikă lÐsta.

↬ Skopìc

H klĹsh pxCircList ulopoieÐ mÐa kuklikĹ sundedemènh lÐsta kìmbwn upodoqăc stoiqeÐwn. QrhsimopoieÐtai stic periptÿseic ekeÐnec ìpou ta stoiqeÐa proc exuphrèthsh den exartÿntai apì sugkekrimènec sunjăkec proteraiìthtac parĹ mìno apì to qrìno emfĹnisăc touc.

↬ Perigrafă twn mejìdwn H lÐsta arqikopoieÐtai se èna prokajorismèno arijmì kìmbwn, o opoÐoc kajorÐzetai apì th suqnìthta twn afÐxewn kai thn taqÔthta exuphrèthshc (ă dunamikìc arijmìc kìmbwn bl. Eisăghsh 7.3.1). KajorÐzetai, epÐshc, o kìmboc sthn wrologiakă jèsh 12 wc h tupikă arqă. H diadikasÐa thc eggrafăc perilambĹnei ton èlegqo diajesimìthtac tou epìmenou kìmbou kai akoloÔjwc thn eisagwgă tou stoiqeÐou se autìn. AntÐstoiqa, epitugqĹnetai kai h diadikasÐa thc anĹgnwshc. IdiaÐterh prosoqă prèpei na dojeÐ sth metakÐnhsh twn deiktÿn anĹgnwshc kai eggrafăc. O deÔteroc prohgeÐtai tou prÿtou.

[Eisăghsh] 7.3.1 MÐa klhronìmoc klĹsh ja mporoÔse na ulopoieÐ kĹpoio algìrijmo auxomeÐwshc tou megèjouc me skopì th beltÐwsh thc apìdoshc thc mejìdou eisagwgăc.

• BÐaih dèsmeush kai apodèsmeush stoiqeÐwn.

↬ Skopìc

H klĹsh pxDoubleLinkedListEx apoteleÐ mÐa apojăkh stoiqeÐwn prokajorismènou

7.3 KlĹseic domÿn dedomènwn

megèjouc. QrhsimopoieÐtai stic periptÿseic ekeÐnec ìpou, se polÔ mikrĹ qronikĹ, diastămata anamènetai h dèsmeush kai h apodèsmeush mnămhc gia thn apoperĹtwsh mÐac leitourgÐac. O qrìnoc pou katanalÿnetai apì to leitourgikì sÔsthma gia th diadikasÐa aută èqei, se arketèc periptÿseic, sobarì antÐktupo sth qronikă apìkrish thc efarmogăc. H apojăkeush kĹpoiou plăjouc stoiqeÐwn beltiÿnei th sunolikă apìdosh thc efarmogăc.

↬ Perigrafă mejìdwn H klĹsh apoteleÐtai apì dÔo stigmiìtupa thc klĹshc pxDoubleLinkedList (lÐsta A kai lÐsta B). H lÐsta A apoteleÐtai apì kìmbouc oi opoÐoi mporoÔn na diajèsoun sto qrăsth ta stoiqeÐa pou perièqoun. H lÐsta B apoteleÐtai apì kìmbouc oi opoÐoi mporoÔn na paralĹboun stoiqeÐa. Se kĹje diĹjesh, o kìmboc X , afaireÐtai apì th lÐsta A kai topojeteÐtai sth B. H diadikasÐa thc paralabăc, antÐjeta, perilambĹnei thn afaÐresh tou kìmbou apì th B, thn eisagwgă tou stoiqeÐou ston kìmbo, kai akoloÔjwc thn topojèthsă tou sth lÐsta A. Oi diadikasÐec thc exagwgăc kai thc eisagwgăc stoiqeÐwn (GetObject, ReleaseObject) eÐnai taqÔtatec, kajÿc apaiteÐtai mìno h anĹjesh twn deiktÿn tou kìmbou kai tou stoiqeÐou. To meionèkthma thc teqnikăc autăc eÐnai h diatărhsh thc mnămhc gia ta stoiqeÐa, h opoÐa apodesmeÔetai mìno katĹ thn klăsh thc sunĹrthshc Terminate. H klĹsh diajètei, epÐshc, teqnikèc gia thn prosĹrthsh exwterikÿn listÿn kai thn Ĺmesh dhmiourgÐa epiplèon stoiqeÐwn.

7.3.3 TaqeÐa taxinìmhsh MÐa exairetikă perÐptwsh domăc dedomènwn qarakthrÐzontai ta dèntra anazăthshc. H genikă filosofÐa touc sthrÐzetai sthn anĹgkh gia eÔstoqh taxinìmhsh stoiqeÐwn plhroforÐac, me skopì thn taqÔtath anĹkthsh. O qrìnoc perĹtwshc mÐac diadikasÐac anazăthshc ephreĹzei se èna megĹlo bajmì th leitourgÐa thc efarmogăc. Kajÿc to mègejoc mÐac sullogăc dedomènwn auxĹnetai, to kìstoc thc anazăthshc megalÿnei. To prìblhma autì epilÔoun me polÔ apotelesmatikì trìpo oi dentrikèc domèc. H arqitektonikă touc basÐzetai stouc kìmbouc-paidiĹ kai stouc kìmbouc-patèrec.

[Arqă] 7.3.1 O tuqaÐoc kìmboc paidÐ mporeÐ na èqei mìno èna patèra.

AntÐjeta me th dălwsh thc arqăc 7.3.1, o patèrac mporeÐ na èqei 0-N paidiĹ, twn opoÐwn to mègisto plăjoc kajorÐzetai apì th domă tou dèntrou. H epistămh thc plhroforikăc èqei na epideÐxei arketèc diaforetikèc domèc dèntrwn, ìpwc: (a) duadikĹ, (b) triadikĹ, (g) yhfiakĹ, (d) B ă B+ dèntra, k.l.p. H apìfash gia to montèlo pou prèpei na qrhsimopoieÐtai eÐnai mÐa sunĹrthsh tou mègistou plăjouc eggrafÿn se sqèsh me ton periorismì tou mèsou qrìnou apìkrishc. H kalÔterh apìkrish (gÐnetai emfanăc ìtan oi eggrafèc uperbaÐnoun tic merikèc ekatontĹdec qiliĹdec kìmbouc) prosfèretai apì ta B+ dèntra. H domă aută efarmìzetai se upèrogkec bĹseic dedomènwn. Oi bibliojăkh qrhsimopoieÐ mÐa parallagă twn duadikÿn dèntrwn (Red-Black trees).

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

Oi en lìgw domèc ulopoioÔn ta isozugismèna kaj’ Ôyoc duadikĹ dèntra me elĹqisth taqÔthta anazăthshc, Ðsh me O(log_2 n) , ìpou n o arijmìc twn kìmbwn.

7.3.3.1 Taxinìmhsh tou antikeimènou

• Skopìc

H klĹsh pxBinaryTree qrhsimopoieÐtai apì tic monĹdec thc bibliojăkhc me skopì thn taxinìmhsh stoiqeÐwn tuqaÐou tÔpou dedomènwn, me bĹsh kĹpoio kleidÐ eisagwgăc. To kleidÐ thc eggrafăc eÐnai monadikì kai qrhsimopoieÐtai sth grăgorh anazăthsh tou stoiqeÐou mèsa sto dèntro kataqÿrhshc.

• Perigrafă twn mejìdwn H klĹsh ulopoieÐ tic tèsseric basikèc sunartăseic pou aforoÔn sthn eisagwgă, diagrafă, anazăthsh kai apokopă kìmbwn. Dhlÿnontai, epÐshc, ìloi oi aparaÐthtoi tÔpoi domÿn pou qrhsimopoieÐ h klĹsh stic mejìdouc thc. Me ton trìpo autì, apokrÔptetai kĹje morfăc poluplokìthta apì to qrăsth. BasikĹ stoiqeÐa thc dălwshc eÐnai o tÔpoc tou kleidioÔ ( Key) kai o tÔpoc twn dedomènwn pou apojhkeÔontai ( Element). H dălwsh thc sunĹrthshc taxinìmhshc ( IndexFunction) eÐnai proairetikă. QrhsimopoieÐtai se eidikèc periptÿseic, ìpwc: (a) megĹlou măkouc kleidÐ, (b) exĹrthsh thc taxinìmhshc apì perissìtera tou enìc kleidiĹ, (g) ulopoÐhsh telestÿn sÔgkrishc klĹsewn, k.l.p.

7.3.3.2 Taxinìmhsh deÐkth antikeimènou

• Skopìc

H klĹsh pxBinaryTreePtr apoteleÐ mÐa parallagă thc klĹshc pxBinaryTree. QrhsimopoieÐtai gia thn taxinìmhsh deÐkth tuqaÐou stoiqeÐou. Oi kìmboi tou dèntrou perièqoun èna deÐkth se antikeÐmeno, kai ìqi to Ðdio antikeÐmeno. Ta antikeÐmena autĹ dhmiourgoÔntai ektìc tou dèntrou kai prosfèrontai se autì gia taxinìmhsh. To dèntro desmeÔei kai jwrakÐzei th dieÔjunsh mnămhc tou stoiqeÐou. H teqnikă aută prostateÔei to qrăsth apì anepijÔmhtec diarroèc ă parabÐash mnămhc.

• Perigrafă twn mejìdwn H eisagwgă sto dèntro èqei wc apotèlesma th dèsmeush thc dieÔjunshc tou stoiqeÐou, afairÿntac thn plhroforÐa aută apì th stoÐba h opoÐa kaleÐ th sunĹrthsh Insert. MÐa epituqăc anazăthsh èqei wc apotèlesma th gnwstopoÐhsh thc dieÔjunshc mnămhc tou stoiqeÐou. H diagrafă tou tuqaÐou kìmbou N odhgeÐ sthn katastrofă twn perieqomènwn thc mnămhc tou deÐkth anaforĹc. H mèjodoc thc apokopăc, antÐjeta, afaireÐ ton kìmbo kai epistrèfei th dieÔjunsh tou deÐkth anaforĹc. O apodèkthc tou deÐkth ofeÐlei na qeiristeÐ

7.4 MikroergaleÐa

katĹllhla ta perieqìmena thc mnămhc. KatĹ th diadikasÐa thc diagrafăc tou dèntrou, katastrèfontai, epÐshc, ìla ta perieqìmena twn apojhkeumènwn deiktÿn.

7.4 MikroergaleÐa

7.4.1 UpodoqeÐc antikeimènwn [Orismìc] 7.4.1 KĹje klĹsh pou èqei monadikì skopì thn enjulĹkwsh antikeimènwn onomĹzetai upodoqèac.

H teqnikă aută apeujÔnetai apokleistikĹ sta perieqìmena antikeimènwn, twn opoÐwn h jèsh mnămhc brÐsketai sto dunamikì swrì mnămhc^{10} tou sustămatoc. ’Ena parĹdeigma upodoqèa klĹsewn apoteleÐ h klĹsh auto ptr<> thc bibliojăkhc STL, h opoÐa jwrakÐzei thn prìsbash sto antikeÐmeno pou enjulakÿnei. Epiplèon, h katastrofă tou upodoqèa èqei wc apotèlesma thn apodìmhsh twn perieqomènwn autoÔ. H bibliojăkh prosfèrei treic diaforetikoÔc tÔpouc upodoqèwn pou qrhsimopoioÔntai kurÐwc wc prÿtec Ôlec gia thn ulopoÐhsh mhqanismÿn twn domÿn dedomènwn. Gia to lìgo autì, oi upodoqeÐc mporoÔn na qarakthristoÔn pio eÔstoqa wc kìmboi upodoqăc.

• Skopìc

Oi domèc dedomènwn pou prosfèrontai apì th bibliojăkh apoteloÔntai apì kìmbouc upodoqăc kai ìqi apì ta pragmatikĹ dedomèna. Ta dedomèna apojhkeÔontai stouc kìmbouc prosdÐdontac, me ton trìpo autì, ton polumorfikì qaraktăra thc domăc.

• Perigrafă twn mejìdwn H genikă morfă thc klĹshc parousiĹzetai sto sqăma 7.4. H klĹsh perilambĹnei, epÐ-

Sqăma 7.4: Upodoqèac

shc, poikilìmorfouc mejìdouc dhmiourgÐac stigmiotÔpwn (copy constructor, k.l.p.). Oi sunartăseic GetObject kai SetObject qrhsimopoioÔntai gia th dèsmeush kai apodèsmeush anaforÿn se perioqèc mnămhc pou antiproswpeÔoun stigmiìtupa tuqaÐwn klĹsewn. H

10heap

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

katastrofă kĹpoiou antikeimènou upodoqèa perilambĹnei kai thn katastrofă (eĹn h timă

isEmpty eÐnai yeudăc) tou antikeimènou pou perièqei autì.

7.4.1.1 Upodoqèac antikeimènou mÐac diĹstashc

H klĹsh pxSingleLinkCarrier diajètei èna monadikì deÐkth, o opoÐoc eÐnai tÔpou pxSingleLinkCarrier*. QrhsimopoieÐtai se lÐstec ìpou den efarmìzontai teqnikèc taxinìmhshc (p.q. stoÐba, LIFO, FIFO, k.l.p.).

Sqăma 7.5: Kìmboc se diĹtaxh stoÐbac

7.4.1.2 Upodoqèac antikeimènou dÔo diastĹsewn

H klĹsh pxDoubleLinkCarrier epekteÐnei tic idiìthtec tou upodoqèa. PerilambĹnei stoiqeÐa deiktÿn me ta opoÐa mporeÐ na sundejeÐ se diplĹ sundedemènec lÐstec.

Sqăma 7.6: DiplĹ sundedemènh lÐsta

7.4.1.3 Upodoqèac antikeimènwn pollaplÿn diastĹsewn

H klĹsh pxMultiLinkCarrier diajètei, N sto plăjoc, deÐktec tÔpou pxSingleLinkCarrier*. QrhsimopoieÐtai se domèc twn opoÐwn oi kìmboi diajètoun perissìterec thc mÐac sÔndeshc. ’Ena parĹdeigma qrhsimopoÐhshc thc klĹshc autăc eÐnai h dhmiourgÐa dentrikÿn domÿn stic opoÐec ta paidiĹ diathroÔn plhroforÐa gia thn jèsh tou patèra.

7.4 MikroergaleÐa

Sqăma 7.7: Kìmboc se diĹtaxh duadikoÔ dèntrou

7.4.2 MonĹda qronomètrou H teqnologÐa twn hlektronikÿn upologistÿn sthrÐzetai sth mèjodo thc sÔgqronhc ektèleshc mikroentolÿn tou purăna tou sustămatoc. Stic sÔgqronec diadikasÐec, ìpwc eÐnai logikì, ìlec oi diadikasÐec leitourgoÔn me bĹsh kĹpoia palmogennătria. H gennătria fèrei suqnĹ ton orismì rolìi kai h monĹda mètrhsăc thc, pou onomĹzetai kÔkloc^{11}, kajorÐzetai apì th suqnìthta leitourgÐac thc idÐac. Se kĹje kÔklo tou rologioÔ, o upologistăc kaleÐtai na ektelèsei mÐa entolă. MÐa apì tic paramètrouc pou kajorÐzoun thn taqÔthta thc epexergasÐac eÐnai to plăjoc twn kÔklwn anĹ deuterìlepto pou parèqei to rolìi. O epexergastăc tou sustămatoc katagrĹfei suneqÿc to plăjoc twn kÔklwn pou dhmiourgăjhkan apì th stigmă thc ekkÐnhsăc tou. H anagwgă tou plăjouc autoÔ se qrìno, me bĹsh th suqnìthta leitourgÐac tou rologioÔ, metafrĹzetai se pragmatikă diĹrkeia qrìnou me upodiaÐresh èna kÔklo.

• Skopìc H klĹsh prosomoiÿnei èna qronìmetro kÔklwn twn opoÐwn to plăjoc anĹ deuterìlepto kajorÐzetai apì th suqnìthta thc kentrikăc monĹdac epexergasÐac tou sustămatoc. H klĹsh aută qrhsimopoieÐtai se sustămata ă leitourgÐec ìpou h epÐgnwsh kai h akribăc katamètrhsh tou qrìnou kajorÐzoun thn epituqÐa thc ektèleshc. H euaisjhsÐa tou qronomètrou

11cycle

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

Sqăma 7.8: Orismìc klĹshc pxCPUTime

kajorÐzetai apì th suqnìthta emfĹnishc twn kÔklwn.

• Perigrafă twn mejìdwn Sto sqăma 7.8 apeikonÐzontai oi metablhtèc kai oi mèjodoi thc klĹshc pxCPUTime. H upìstash tou qronomètrou periorÐzetai sta ìria enìc ektelèsimou progrĹmmatoc^{12}. H katamètrhsh tou qrìnou sta plaÐsia tou progrĹmmatoc prèpei na anafèretai apì èna kai mìno rolìi, ètsi ÿste opoiadăpote diadikasÐa ă antikeÐmeno, pou anăkei se mÐa tuqaÐa Ðna ektèleshc, na èqei prìsbash se kĹpoia koină plhroforÐa gia thn poreÐa exèlixhc tou qrìnou. H epÐteuxh tou stìqou pragmatopoieÐtai me th qrăsh statikÿn orismÿn, oi opoÐoi dhmiourgoÔn sqèseic N..1, metaxÔ twn stigmiotÔpwn twn antikeimènwn kai mÐac tuqaÐac metablhtăc.

↬ ArqikopoÐhsh. H klĹsh perilambĹnei th sunĹrthsh Setup, h klăsh thc opoÐac èqei wc apotèlesma ton kajorismì twn statikÿn metablhtÿn tou qronomètrou. Me th qrăsh thc glÿssac assembly, katagrĹfontai se taktĹ qronikĹ diastămata to plăjoc twn qtÔpwn tou epexergastă. Me th boăjeia katĹllhlwn anagwgÿn se monĹdec pragmatikoÔ qrìnou, apojhkeÔetai to plăjoc twn qtÔpwn pou katametrăjhke katĹ th qronikă diĹrkeia enìc qiliostoÔ kai enìc ekatommuriostoÔ tou deuterolèptou. Oi timèc autèc ja qrhsimopoihjoÔn argìtera gia thn anagwgă twn ktÔpwn se pio euanĹgnwstec monĹdec qrìnou. ApojhkeÔetai, epÐshc, h timă tou plăjouc twn qtÔpwn pou katametrăjhke th qronikă stigmă O kai orÐzetai wc h arqă thc mètrhshc. H diadikasÐa aută ekteleÐtai apì to prÿto stigmiìtupo thc klĹshc.

↬ Katagrafă qronikÿn diasthmĹtwn. Ta stigmiìtupa thc klĹshc katĹ thn arqikopoÐhsă touc apojhkeÔoun thn timă O sthn topikă metablhtă localInitialTick. H timă tou trèqontoc qrìnou dÐnetai apì thn exÐswsh 7.1.

CurrentXtime =

CurrentT ick − localInitialT ick T icksInXtime

(7.1)

12process

7.4 MikroergaleÐa

To qronìmetro uposthrÐzei mejìdouc gia topikoÔc kai sfairikoÔc mhdenismoÔc tou qrìnou. ’Enac topikìc mhdenismìc, se antÐjesh me to sfairikì mhdenismì, eÐnai anatrèyimoc kĹnontac qrăsh tic sunartăseic LocalReset kai LocalSet.

KlĹseic twn ergaleÐwn anĹptuxhc logismikoÔ

KefĹlaio 8

KlĹseic prwtokìllwn bibliojăkhc

8.1 Arqitektonikă tou epipèdou

Sto kefĹlaio Domă twn prwtokollikÿn epipèdwn ègine mÐa sÔntomh perigrafă twn stoiqeÐwn (basikÿn kai mă) pou apoteloÔn èna prwtokollikì strÿma. KĹje stoiqeÐo perigrĹfetai wc anexĹrthth ontìthta. H sqedÐash, kajÿc kai h ulopoÐhsh twn ontotătwn, basÐzontai stic arqèc thc anexarthsÐac kai thc autotèleiac. H arqă aută odhgeÐ sthn plărwc antikeimenostrefă arqitektonikă twn stoiqeÐwn. Ja anaferjeÐ piì kĹtw to meionèkthma thc mejìdou thc plărouc antikeimenostrefoÔc sqedÐashc kai h lÔsh pou efarmìzetai apì th bibliojăkh gia thn antimetÿpish tou problămatoc kai th metamìrfwsă tou se èna isqurì ergaleÐo sqedÐashc.

• Meionèkthma. KĹje klĹsh sqediĹzetai me skopì thn epexergasÐa ìmoiwn stoiqeÐwn mnămhc kai thn exagwgă apotelesmĹtwn koinăc morfăc. Oi mèjodoi thc klĹshc enhmerÿnontai gia tic morfèc twn stoiqeÐwn ă Ĺllwn klĹsewn katĹ th fĹsh thc metaglÿttishc. O periorismìc autìc èqei wc apotèlesma: (a) thn aÔxhsh, me yhloÔc rujmoÔc, thc poluplokìthtac thc sqedÐashc gia kĹje kainoÔrio stoiqeÐo ă klĹsh pou dhlÿnetai sthn klĹsh sqedÐashc, (b) thn adunamÐa dunamikăc enhmèrwshc tou pÐnaka stoiqeÐwn epexergasÐac, (g) thn adunamÐa dhmiourgÐac sqèshc patèra-paidioÔ, (d) thn adunamÐa aplopoÐhshc twn mejìdwn epikoinwnÐac metaxÔ twn ontotătwn, kai (e) thn adunamÐa dhmiourgÐac ontotătwn pou qrhsimopoioÔntai wc bĹsh gia thn anĹptuxh mÐac bibliojăkhc prwtokìllwn.

• Stìqoi. H sqedÐash thc proteinìmenhc arqitektonikăc aposkopeÐ sth sqedÐash kai ulopoÐhsh klĹsewn me ta akìlouja qarakthristikĹ: (a) na mporoÔn na uposthrÐzoun tic basikèc leitourgÐec kĹje epÐ mèrouc ontìthtac pou eÐnai dunatì na upĹrqei se èna prwtokollikì strÿma, (b) grăgorh prosarmogă kai epèktash, (g) na diajètoun koinèc mejìdouc diasÔndeshc, (d) h epikoinwnÐa metaxÔ paidiÿn kai patèra na pragmatopoieÐtai grăgora kai na akoloujeÐ koinoÔc kanìnec, kai (e) kĹje ontìthta na eÐnai se jèsh na kalèsei kĹpoia Ĺllh gnwrÐzontac mìno th morfă tou fakèlou epikoinwnÐac.

KlĹseic prwtokìllwn bibliojăkhc

• Qÿroc.

[Orismìc] 8.1.1 KĹje antikeÐmeno pou diajètei paidiĹ eÐnai se jèsh na orÐsei kĹpoio qÿro.

[Orismìc] 8.1.2 PaidiĹ enìc qÿrou mporoÔn na oristoÔn Ĺlloi qÿroi ă stoiqeÐa.

MÐa prwtokollikă stoÐba mporeÐ na jewrhjeÐ wc qÿroc tou opoÐou ta paidiĹ eÐnai ta prwtokollikĹ strÿmata. Epiprìsjeta, kĹje strÿma apoteleÐ me th seirĹ tou kĹpoio qÿro me paidiĹ tic monĹdec epexergasÐac kai tic uphresÐec. KĹje qÿroc èqei to dikaÐwma na diathreÐ th diaforetikìthtĹ tou wc proc ta omìtima pedÐa, kai epibarÔnetai me th frontÐda thc diĹtaxhc kai thc epikoinwnÐac me kai metaxÔ twn paidiÿn tou. O kajorismìc twn arqÿn pou dièpoun touc qÿrouc kai ta stoiqeÐa perigrĹfetai sthn epìmenh parĹgrafo.

8.1.1 Qÿroi kai stoiqeÐa ’Estw to tuqaÐo stoiqeÐo Element_i, to opoÐo antiproswpeÔei thn tuqaÐa uphresÐa Service_i. O qÿroc Space_j kajorÐzetai wc to tuqaÐo prwtìkollo P rotocol_j pou anăkei sto qÿro thc stoÐbac Stack_k. OrÐzoume to sÔnolo twn stoiqeÐwn pou anăkoun sto qÿro Space_j me thn exÐswsh 8.1:

{Element_i : 0 <= i <= N} ⊂ Space_j (8.1)

H exÐswsh 8.2 perigrĹfei ton orismì tou qÿrou Space_j :

{Space_j : 0 <= j <= M} ⊂ Stack_k (8.2)

Gia na gÐnei efiktă h epikoinwnÐa tìso tou qÿrou me ta paidiĹ tou, ìso kai metaxÔ twn paidiÿn tou, eÐnai aparaÐthth h eÔresh thc mègisthc dunatăc tomăc (Common) tou sunìlou twn paidiÿn me to qÿro autì. H posìthta Common orÐzetai wc:

Common = ((Element_0) ∩ . . . ∩ (Element_N )) ∩ (Space_j ) (8.3)

An prospajăsoume na lÔsoume to prìblhma xekinÿntac prÿta apì ton orismì tou qÿrou kai akoloÔjwc twn upoqÿrwn kai twn stoiqeÐwn, tìte o upologismìc thc posìthtac Common qarakthrÐzetai apì polÔ yhlì bajmì duskolÐac kai eÐnai Ðswc adÔnatoc. AntÐjeta, o orismìc stoiqeÐwn kai kat’ epèktash qÿrwn, ta opoÐa qarakthrÐzontai apì basikèc idiìthtec, eÐnai efiktìc. To sumpèrasma eÐnai, loipìn, ìti an kĹje stoiqeÐo Element_i ă kĹje qÿroc Space_j pou anăkei se kĹpoio qÿro A perièqei thn katĹllhlh posìthta Common, tìte ikanopoieÐtai h sqèsh 8.3. Ta pio pĹnw qarakthristikĹ kajorÐzoun tic arqèc thc arqitektonikăc thc bibliojăkhc ìson aforĹ stic klĹseic thc uphresÐac tou strÿmatoc. H akìloujh prìtash kajorÐzei th lÔsh tou problămatoc wc proc thn optikă gwnÐa tou logismikoÔ.

8.1 Arqitektonikă tou epipèdou

[Arqă] 8.1.1 ’Ola ta paidiĹ pou anăkoun sto qÿro A eÐnai grammikĹ exarthmèna apì kĹpoio purăna (Purănac_K).

O purănac_K qrhsimopoieÐtai wc bĹsh gia th dhmiourgÐa qÿrwn kai stoiqeÐwn sto pedÐo thc prwtìtuphc bibliojăkhc. Me thn teqnikă aută, diasfalÐzetai ìti ìlec oi uphresÐec twn prwtokìllwn ă ìla ta strÿmata pou ja dhmiourghjoÔn ă èqoun ădh dhmiourghjeÐ, diajètoun thn anagkaÐa posìthta Common me thn opoÐa susqetÐzontai me ta upìloipa stoiqeÐa ă upoqÿrouc.

8.1.2 BĹseic logismikÿn orismÿn Sthn prohgoÔmenh enìthta kajorÐsthkan, mèsw orismÿn kai arqÿn, oi aparaÐthtec proôpojèseic gia th sqedÐash kai ulopoÐhsh mejìdwn endoepikoinwnÐac stic polustrwmatikèc prwtokollikèc stoÐbec. Oi ènnoiec pou èqoun diatupwjeÐ prèpei na metaferjoÔn wc arqitektonikă sqedÐash sto pedÐo tou logismikoÔ, kai akoloÔjwc na ulopoihjoÔn oi qÿroi kai ta stoiqeÐa me ta opoÐa oloklhrÿnetai kĹpoio strÿma. Gia to skopì autì, èqoun sqediasteÐ treic klĹseic pou ja apotelèsoun th bĹsh twn qÿrwn.

8.1.2.1 ElĹqisth posìthta

Sqăma 8.1: BĹsh B_{1D}

H klĹsh pxObject apoteleÐ thn prÿth klĹsh tou purăna kajÿc den klhronomeÐ qarakthristikĹ, oÔte qrhsimopoieÐ mejìdouc Ĺllwn klĹsewn. Sto sqăma 8.1 parousÐazetai h morfă twn dedomènwn pou diajètei h klĹsh. KĹje antikeÐmeno thc klĹshc pxObject diathreÐ dÔo anaforèc se antikeÐmena tou idÐou tÔpou, ton aristerì kai to dexiì geÐtona. To tuqaÐo antikeÐmeno Object_i filoxeneÐ èna kainoÔrio antikeÐmeno upì thn proôpìjesh ìti de diajètei dexiì geÐtona. Sthn antÐjeth perÐptwsh, metafèrnei th filoxenÐa sto dexiì geÐtonĹ tou. Sto sqăma 8.2 parousiĹzetai h diĹtaxh pènte antikeimènwn thc klĹshc pxObject. H sqèsh aută bohjĹei sto qarakthrismì thc monodiĹstathc bĹshc, me monadikì skopì th diĹtaxh antikeimènwn, ètsi ÿste kĹje shmeÐo na diajètei to polÔ dÔo geÐtonec. Oi sunartăseic pou perièqei h klĹsh exuphretoÔn se:

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.2: Prÿth diĹstash

• AddObject. Prìsjesh tou antikeimènou se kĹpoio geÐtona.

• RemoveObject. AfaÐresh tou antikeÐmenou apì th diĹtaxh kai thn enhmèrwsh ìlwn twn geitìnwn.

• GetRMO, GetLMO. Prìsbash sto dexiì kai aristerì antikeÐmeno antÐstoiqa.

O qÿroc pou dhmiourgeÐtai me thn parousÐa twn antikeimènwn eÐnai peperasmènoc kai den epitrèpontai kenèc jèseic. To prÿto kai to teleutaÐo antikeÐmeno diajètoun èna kai mìno ègkuro geitonikì stoiqeÐo.

8.1.2.2 Kìmboc (DeÔterh diĹstash)

klhronomÿntac apì thn klĹsh pxObject, dhmiourgeÐtai h klĹsh pxNode(deÔterh diĹstash) kai emploutÐzetai h diĹstash tou qÿrou apì mÐa diĹstash se dÔo. H deÔterh aută diĹstash kajorÐzetai apì tic metablhtèc kai tic mejìdouc thc klĹshc pxNode, ìpwc parousiĹzontai sto sqăma 8.3. H kainoÔria diĹstash pou eisĹgei h klĹsh pxNode epekteÐnei tic sqèseic tou antikeimènou me ton

Sqăma 8.3: BĹsh B_{2D}

kajorismì thc ènnoiac thc idiokthsÐac. KĹje antikeÐmeno, pou sthn prokeimènh perÐptwsh onomĹzetai kìmboc, eÐnai se jèsh na diajètei paidiĹ kai patèra. Oi sqèseic idiokthsÐac kajorÐzontai apì tic arqèc 8.1.2 kai 8.1.3.

[Arqă] 8.1.2 To paidÐ anăkei se èna kai mìno patèra.

[Arqă] 8.1.3 O patèrac mporeÐ na èqei èna ă kai perissìtera paidiĹ.

8.1 Arqitektonikă tou epipèdou

Sqăma 8.4: DeÔterh diĹstash

Sto sqăma 8.4 parousiĹzetai mÐa tuqaÐa diĹtaxh paidiÿn kai patèrwn dieukrinÐzontac me ton trìpo autì thn ènnoia thc deÔterhc diĹstashc. KĹje antikeÐmeno tou tÔpou pxNode diajètei dÔo anaforèc se antikeÐmena idÐou tÔpou, me tic opoÐec apoktĹei prìsbash ston patèra kai sthn arqă thc lÐstac twn paidiÿn tou. H klĹsh eisĹgei tic akìloujec mejìdouc:

• AddChild. Upodèqetai kĹpoio paidÐ. Sundèei to eisagìmeno paidÐ sthn antÐstoiqh lÐsta.

Enhmerÿnei to eisagìmeno paidÐ me th dieÔjunsh tou patèra.

• RemoveChild. Aposundèei kĹpoio sugkekrimèno paidÐ apì th lÐsta.

• DeleteChild. Aposundèei kĹpoio sugkekrimèno paidÐ apì th lÐsta kai akoloÔjwc to katastrèfei.

8.1.2.3 MonĹda (Tomă twn sunìlwn)

H trÐth diĹstash pou eisĹgetai sto sqediasmì aforĹ sthn ènnoia thc tomăc twn sunìlwn twn uphresiÿn kai twn upostrwmĹtwn. Sto sqăma 8.5 emfanÐzontai oi metablhtèc thc klĹshc me tic opoÐec diathreÐ tic sqèseic patèra-paidiÿn. H klĹsh diajètei, epÐshc, mejìdouc taxinìmhshc twn tautotătwn twn paidiÿn thc, me stìqo thn taqÔtath anĹkthsh. IdiaÐterh shmasÐa dÐnetai stic sunartăseic me tic opoÐec dhmiourgeÐtai h kainoÔria diĹstash kai odhgeÐ sthn oloklărwsh thc bĹshc B_{3D}:

• CallUnit. KĹje klĹsh diajètei mejìdouc taxinìmhshc twn paidiÿn thc. KĹje antikeÐmeno tÔpou MUnit qarakthrÐzetai apì èna monadikì kleidÐ tautìthtac mèsa sto qÿro ston opoÐo orÐzetai. DiathreÐ, epÐshc, se dentrikă domă tic dieujÔnseic ekĹstou paidioÔ taxinomhmènec me bĹsh to kleidÐ thc tautìthtac. H prìsbash sta paidiĹ tou antikeimènou pragmatopoieÐtai kalÿntac th sunĹrthsh CallUnit me parĹmetro thn tautìthta tou kĹje paidioÔ.

• CallMe. H sunĹrthsh aută eÐnai apìluta eikonikă. To sÿma thc ulopoieÐtai apì touc klhronìmouc thc klĹshc. ApoteleÐ th monadikă diasÔndesh tou antikeimènou me ton èxw

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.5: BĹsh B_{3D}

kìsmo gia prìsbash stic metablhtèc tou. ’Olec oi klĹseic tou strÿmatoc klhronomoÔn apì thn pxUnit kai ulopoioÔn to sÿma thc CallMe. H sunĹrthsh diajètei tèsseric metablhtèc eisìdou: (a) ton tÔpo thc monĹdac pou kaleÐ thn sunĹrthsh, (b) thn tautìthta thc monĹdac pou kaleÐ thn sunĹrthsh h opoÐa mporeÐ na eÐnai kĹpoio Ĺllo paidÐ ă akìmh kai o Ðdioc o patèrac, (g) thn aitÐa klăshc, dhladă ton kwdikì klăshc twn uphresiÿn tou antikeimènou, kai (d) epiplèon paramètrouc, oi opoÐec kajorÐzontai apì touc klhronìmouc thc klĹshc kai aforoÔn apokleistikĹ sth morfă endoepikoinwnÐac.

• Start,Stop. Prìkeitai gia apìluta eikonikèc sunartăseic, oi opoÐec qrhsimopoioÔntai apì tic monĹdec gia thn ekkÐnhsh kai ton termatismì, antÐstoiqa, twn asÔgqronwn diadikasiÿn touc. Sto sqăma 8.6 parousiĹzetai h ennoiologikă sqèsh twn paidiÿn me ton patèra. H epilogă tou orjogÿniou sqămatoc diaqwrÐzei thn klhronìmo klĹsh apì th basikă klĹsh

pxUnit, h opoÐa emfanÐzetai me leukì ă maÔro kÔklo. KĹje orjogÿnio orÐzei mÐa diaforetikă

klĹsh, thc opoÐac oi metablhtèc kai oi mèjodoi eÐnai anexĹrthtec apì th domă twn qÿrwn. O prosanatolismìc twn orjogÿniwn sqhmĹtwn kajorÐzei thn upìstash tou klhronìmou sto upersÔnolo.

• Call. H sunĹrthsh aută prosfèrei mÐa mèjodo klăshc twn uphresiÿn twn monĹdwn pou anăkoun ston eniaÐo qÿro sÔndeshc. QrhsimopoieÐtai gia th diasÔndesh thc monĹdac me ton

8.1 Arqitektonikă tou epipèdou

Sqăma 8.6: TrÐth diĹstash

patèra, ta paidiĹ kai tic omìtimec ontìthtec pou anăkoun ston patèra autăc. O qrăsthc ofeÐlei na kajorÐsei ton tÔpo tou paralăpth, ton kwdikì tautìthtac, thn aitÐa klăshc, kajÿc kai tic paramètrouc eisìdou. H sunĹrthsh, akoloÔjwc, metafrĹzei thn plhroforÐa kai thn prowjeÐ sthn antÐstoiqh monĹda (kaleÐ thn CallMe thc antÐstoiqhc monĹdac).

• EndoepikoinwnÐa. Oi grammèc sÔndeshc èqoun prosektikĹ topojethjeÐ sta sÔnora twn kuklikÿn sqhmĹtwn, tonÐzontac th sqèsh patèra-paidioÔ. KajorÐzetai, epÐshc, to optikì pedÐo thc sqèshc kai gÐnetai katanohtă h ènnoia thc tomăc twn sunìlwn. Oi suneqizìmenec grammèc orÐzoun th sqèsh patèra-paidioÔ metaxÔ twn antÐstoiqwn monĹdwn, kajÿc kai thn apeujeÐac klăsh twn sunartăsewn CallMe twn sundedemènwn monĹdwn. Oi diakekommènec grammèc kajorÐzoun th sqèsh metaxÔ twn omìtimwn monĹdwn thc arqitektonikăc. H epikoinwnÐa metaxÔ twn monĹdwn autÿn pragmatopoieÐtai èmmesa kai proôpojètei th mesolĹbhsh tou patèra. An, gia parĹdeigma, èna paidÐ tou epipèdou 0 tou sqămatoc 8.6 prospajăsei na epikoinwnăsei me èna Ĺllo paidÐ tou Ðdiou epipèdou, ja kalèsei th sunĹrthsh CallUnit tou patèra me parĹmetro ton arijmì tautìthtac tou omìtimou antikeimènou.

[Arqă] 8.1.4 Oi klĹseic pou perigrĹfontai sth bibliojăkh ofeÐloun na diakrÐnontai se kathgorÐec. Oi epitreptèc kathgorÐec eÐnai oi monĹdec kai ta ergaleÐa.

[Orismìc] 8.1.3 Oi klĹseic pou prosfèroun tic uphresÐec touc wc diepifĹneiec gia Ĺmesh sÔndesh onomĹzontai ergaleÐa. Ta ergaleÐa den eÐnai se jèsh na ekkinăsoun mÐa antÐstrofh klăsh proc ta antikeÐmena apì ta opoÐa èqoun klhjeÐ.

[Orismìc] 8.1.4 KĹje klĹsh, h opoÐa sundèetai me mÐa ă kai perissìterec ontìthtec, qarakthrÐzetai wc monĹda tou epipèdou.

KlĹseic prwtokìllwn bibliojăkhc

[Orismìc] 8.1.5 KĹje klĹsh, h opoÐa qarakthrÐzetai wc monĹda, ofeÐlei na klhronomeÐ apì thn klĹsh pxUnit.

[Orismìc] 8.1.6 Oi klhronìmoi thc klĹshc pxUnit summetèqoun se ierarqikèc domèc epikoinwnÐac.

Sqăma 8.7: DiĹtaxh monĹdwn kai ergaleÐwn

MÐa tupikă sÔndesh twn monĹdwn me ton patèra (epÐpedo) kai mÐa mèjodoc qrhsimopoÐhshc twn ergaleÐwn apì ta antikeÐmena, parousiĹzetai sto sqăma 8.7. Oi elleÐyeic qarakthrÐzoun tic klĹseic monĹdec kai ta orjogÿnia tic klĹseic ergaleÐa. H sÔndesh twn monĹdwn apeikonÐzetai me dÔo diaforetikăc morfăc bèlh. Oi dÔo autèc morfèc belÿn kajorÐzoun th monìdromh ă thn amfÐdromh epikoinwnÐa metaxÔ twn monĹdwn. H diĹtaxh tou sqămatoc apoteleÐ èna aplì parĹdeigma kai den periorÐzei th sqedÐash. H Ôparxh twn ergaleÐwn parèqei th dunatìthta thc eleÔjerhc epilogăc ìson aforĹ sth qrăsh touc.

O qarakthrismìc kai h kathgoriopoÐhsh twn klĹsewn pou perigrĹfoun tic ontìthtec me tic opoÐec pragmatopoieÐtai h sÔnjesh mÐac prwtokollikăc stoÐbac, prèpei na gÐnontai me austhrĹ krităria kai na eÐnai sÔmfwna me touc pio pĹnw orismoÔc. MÐa pijană astoqÐa kathgoriopoÐhshc kĹpoiac tuqaÐac ontìthtac, ja mporoÔse na odhgăsei se kakodiaqeÐrish tou montèlou thc bibliojăkhc kai na apotelèsei qionostoibĹda parabiĹsewn twn proteinìmenwn arqÿn kai kanìnwn.

8.2 ErgaleÐa epipèdou

Oi mèjodoi pou apoteloÔn to tuqaÐo prwtìkollo N, kai eÐnai anagkaÐec gia thn ègkurh kai orjă leitourgÐa tou epipèdou, perigrĹfontai se klĹseic stoiqeÐwn sto kefĹlaio autì. Ta epÐpeda

8.2 ErgaleÐa epipèdou

moirĹzontai koinĹ, wc ènnoiec, domikĹ stoiqeÐa, ta opoÐa qrhsimopoioÔn poikilotrìpwc anĹloga me thn ergasÐa pou epiteleÐ kĹje epÐpedo. Gia parĹdeigma, ìla ta prwtìkolla qrhsimopoioÔn suntaktikoÔc analutèc gia th metatropă twn dedomènwn se logikèc akoloujÐec entolÿn. H ènnoia fusikĹ twn dedomènwn autÿn diafèrei anĹloga me to epÐpedo sto opoÐo brÐskontai. To parĹdeigma twn suntaktikÿn analutÿn isqÔei kai stic Ĺllec domikèc monĹdec. Oi diaforèc pou parousiĹzontai sta omìtima stoiqeÐa diaforetikÿn prwtokìllwn de ja apasqolăsei thn paroÔsa diatribă kai opoiadăpote prospĹjeia omadopoÐhshc kai genÐkeushc ja ătan Ĺstoqh.

Sto kefalaÐo autì, perigrĹfetai h sqedÐash, ulopoÐhsh kai exèlixh twn basikÿn sustatikÿn twn prwtokìllwn, aplopoiÿntac kai epitaqÔnontac th qrăsh twn stoiqeÐwn, kajÿc kai thn anĹptuxh thc bibliojăkhc. Ta stoiqeÐa pou apoteloÔn ton kìmbo eÐnai sqediasmèna se morfă floiÿn. EÐnai sqediasmèna ètsi ÿste na ikanopoioÔn tic genikèc arqèc kai kanìnec pou dièpoun ta stoiqeÐa. KĹje floiìc perikleÐei èna sÔnolo floiÿn k.o.k., mèqri h anadromikă aută sqèsh ftĹsei sta ìria tou purăna. Oi metallĹxeic pou epidèqetai kĹje stoiqeÐo aforoÔn tìso sthn epifĹneia twn floiÿn, ìso kai sth morfă tou purăna. KĹje epijumhtă metĹllaxh efarmìzetai katĹ th stigmă thc dălwshc thc klĹshc prosfèrontac èna apolÔtwc polumorfikì montèlo ulopoÐhshc domikÿn stoiqeÐwn.

[Kanìnac] 8.2.1 O basikìc kormìc twn stoiqeÐwn paramènei analloÐwtoc kai ikanìc na ikanopoiăsei ìlec tic morfèc sqediasmÿn.

H polumorfikă idiìthta twn stoiqeÐwn, touc dÐnei th dunatìthta na diathroÔn analloÐwth th basikă touc morfă anexartătwc qrăsewc. Stic periptÿseic ìpou problèpetai adunamÐa efarmogăc tou kanìna, to stoiqeÐo diathreÐ èna sÔnolo plărwc eikonikÿn mejìdwn, oi opoÐec prosfèrontai sto sqediastă gia anĹptuxh. To endeqìmeno autì kajistĹ adÔnath kĹje epijumhtă metaglÿttish stoiqeÐou pou de diajètei plărwc ulopoihmènec tic mejìdouc tou. H plhrìthta thc ulopoÐhshc enìc tuqaÐou stoiqeÐou eÐnai antistrìfwc anĹlogh tou plăjouc twn kenÿn sunartăsewn pou diajètei.

8.2.1 BasikĹ stoiqeÐa tou prwtokìllou Sto sqăma8.8 parousiĹzontai oi basikèc leitourgÐec kai ta basikĹ stoiqeÐa enìc tuqaÐou prwtokìllou. ’Ola ta stoiqeÐa oloklhrÿnontai se klĹseic kai h prìsbash se autĹ gÐnetai Ĺmesa ă èmmesa, anĹloga me thn kathgorÐa sthn opoÐa anăkei kĹje stoiqeÐo. H sqèsh pou parousiĹzetai sto sqăma8.8 den perigrĹfei kĹpoia sugkekrimènh sqedÐash prwtokìllou. Oi diadikasÐec pou dhlÿnontai sto sqăma eÐnai pijanì na apoteloÔn autoteleÐc ontìthtec ă mèrh ontotătwn. Oi klĹseic pou ulopoioÔn tic pio pĹnw diadikasÐec apoteloÔntai apì polumorfikoÔc floioÔc, oi opoÐoi pollaplasiĹzontai me th mèjodo thc klhronìmhshc. H polumorfikìthta twn dedomènwn, kajÿc kai twn mejìdwn epexergasÐac twn floiÿn, epitugqĹnetai me th qrăsh klĹsewn protÔpwn. H de leitourgÐa twn mejìdwn tou purăna prosanatolÐzetai poikilotrìpwc:

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.8: BasikĹ stoiqeÐa prwtokìllou

• Kenèc sunartăseic. O qrăsthc kaleÐtai na klhronomăsei apì thn en lìgw klĹsh kai na ulopoiăsei to sÿma twn kenÿn sunartăsewn, ikanopoiÿntac tic ekĹstote anĹgkec thc efarmogăc.

• KlĹseic telestÿn. QrhsimopoioÔntai prokajorismènec morfèc klĹsewn pou ulopoioÔn sugkekrimènec leitourgÐec mèsw katĹllhlwn telestÿn. Wc parĹdeigma anafèretai o qÿroc twn telestÿn sÔgkrishc.

• Koinăc onomasÐac sunartăseic klĹsewn. H qrăsh tou stoiqeÐou proôpojètei thn enjulĹkwsh klĹsewn oi opoÐec oloklhrÿnoun sunartăseic tuqaÐou perieqomènou, allĹ koinăc epwnomasÐac.

Stic epìmenec enìthtec perigrĹfetai analutikĹ h arqitektonikă twn stoiqeÐwn, o bèltistoc trìpoc efarmogăc twn klĹsewn, oi pijanèc morfèc metĹllaxhc, kai h sqèsh pou diathroÔn me to sÔnolo sta plaÐsia tou qÿrou tou prwtokìllou.

8.2.2 ShmeÐa sÔndeshc ă shmeÐa prìsbashc uphresÐac To montèlo diastrwmĹtwshc OSI kajorÐzei th morfă thc prosferìmenhc uphresÐac tou epipèdou proc ta anÿtera strÿmata, kai diathreÐ thn arqă twn diakritÿn rìlwn pou kaleÐtai na diadramatÐsei kĹje èna apì autĹ. H epikoinwnÐa metaxÔ twn prwtokìllwn eÐnai aparaÐthth kai periorÐzetai sta sÔnora pou diakrÐnoun kĹje epÐpedo. To epÐpedo N epikoinwneÐ mìno me ta epÐpeda N+1 kai

N-1. O dÐauloc epikoinwnÐac kai h morfă thc metadidìmenhc plhroforÐac kajorÐzetai apì ta

shmeÐa prìsbashc sthn uphresÐa. H plhroforÐa diakrÐnetai se:

• ErejÐsmata. Entolèc ă anakoinÿseic katĹ thn èleush twn opoÐwn to prwtìkollo kaleÐtai na ekkinăsei mÐa sugkekrimènh diadikasÐa, ìpwc gia parĹdeigma dhmiourgÐa tou katĹllhlou monopatioÔ gia thn proÿjhsh dedomènwn.

8.2 ErgaleÐa epipèdou

• Akatèrgasth plhroforÐa. Oi qordèc oktĹdwn pou sumperilambĹnoun shmatodotikĹ mhnÔmata pou aforoÔn sto epÐpedo tou shmeÐou Ĺfixhc ă mhnÔmata pou apoteloÔn logikĹ sÔnola gia ta anÿtera strÿmata kai to epÐpedo ofeÐlei na ta prowjăsei mèsw tou katĹllhlou monopatioÔ ston proorismì touc.

• Morfopoihmènh plhroforÐa. To eÐdoc thc plhroforÐac pou perièqetai apì thn ontìthta eÐnai domhmèno anĹloga me tic anĹgkec tou prwtokìllou kai aforĹ mìno tic diadikasÐec autoÔ.

Sqăma 8.9: ShmeÐa prìsbashc uphresÐac

To sqăma 8.9 parousiĹzei èna aplì parĹdeigma thc morfăc thc endoepikoinwnÐac pou efarmìzetai se mÐa prwtokollikă stoÐba. Oi ontìthtec pou apeikonÐzontai wc elleiptikèc, ulopoioÔn tic aparaÐthtec mejìdouc gia thn paroqă uphresiÿn sto anÿtero strÿma kai thn prìsbash stic uphresÐec tou katÿterou strÿmatoc. Stic paragrĹfouc pou akoloujoÔn, perigrĹfontai en suntomÐa merikèc apì tic dunatèc sqediĹseic kai ulopoiăseic sto pedÐo tou logismikoÔ.

• DeÐktec se sunartăseic (sÔgqronh lăyh). Upojètoume ìti kĹje prwtìkollo thc stoÐbac diajètei dÔo sunartăseic me tic opoÐec epexergĹzetai ta mhnÔmata kai ta erejÐsmata pou katafjĹnoun apì to anÿtero kai katÿtero strÿma. H perÐptwsh aută proôpojètei ìti, katĹ thn arqikopoÐhsh thc stoÐbac, ìla ta prwtìkolla ja enhmerwjoÔn me tic katĹllhlec sunartăseic gia thn proÿjhsh twn stoiqeÐwn plhroforÐac sta anÿtera ă katÿtera strÿmata. H enhmèrwsh pragmatopoieÐtai me thn antallagă deiktÿn stic sunartăseic autèc.

↬ Pleonektămata: (a) aplă sÔntaxh twn sunartăsewn kai twn deiktÿn touc, kai (b) grăgorh metĹbash tou deÐkth entolÿn tou epexergastă sto shmeÐo klăshc thc sunĹrthshc.

↬ Meionektămata: (a) adunamÐa apìkruyhc poluplokìthtac, (b) adunamÐa epanaqrhsimopoÐhshc, kai (g) katĹrghsh thc antikeimenostrefoÔc sqedÐashc.

KlĹseic prwtokìllwn bibliojăkhc

• AsÔgqronh lăyh. KĹje prwtìkollo oloklhrÿnei tic aparaÐthtec asÔgqronec sunartăseic gia th lăyh erejismĹtwn ă mhnumĹtwn apì to katÿtero kai to anÿtero strÿma. H anĹkthsh twn dedomènwn pragmatopoieÐtai mèsw koinÿn qÿrwn mnămhc, mèsw ourÿn prokajorismènwn domÿn ă mèsw sunartăsewn prìsbashc sta strÿmata.

↬ Pleonektămata: (a) anexarthsÐa diadikasiÿn, (b) aplă sÔntaxh, kai (g) asÔgqronh epexergasÐa dedomènwn.

↬ Meionektămata: (a) auxhmènh qrăsh twn antikeimènwn sugqronismoÔ, (b) diatărhsh perieqomènou mnămhc mèqri th stigmă epexergasÐac, kai (g) qrăsh pollaplÿn ourÿn exuphrèthshc.

H bibliojăkh prosfèrei mÐa omĹda klĹsewn, oi opoÐec, sthrizìmenec stouc pio kĹtw kanìnec kai arqèc, oloklhrÿnoun mÐa plărh uphresÐa endoepikoinwnÐac prwtokìllwn thc stoÐbac.

[Arqă] 8.2.1 KĹje epÐpedo diajètei èna shmeÐo eisìdou to opoÐo qrhsimopoieÐtai apì to anÿtero kai to katÿtero strÿma.

[Arqă] 8.2.2 KĹje epÐpedo diajètei toulĹqiston èna shmeÐo exìdou sto opoÐo prowjeÐ mhnÔmata kai erejÐsmata ston idioktăth tou shmeÐou autoÔ.

8.2.2.1 FĹkeloc allhlografÐac

Sqăma 8.10: FĹkeloc allhlografÐac

H endoepikoinwnÐa metaxÔ twn epipèdwn epitugqĹnetai me thn apostolă fakèlwn allhlografÐac. H morfă tou fakèlou parousÐazetai sto sqăma 8.10. H metablhtă tÔpou akeraÐou iOrDst kajorÐzei ton apostolèa tou mhnÔmatoc (anÿtero epÐpedo, katÿtero epÐpedo, eswterikă diergasÐa). KĹje fĹkeloc diajètei, epÐshc, ton tÔpo thc IDU (epipèdou ă uphresÐac) kai mÐa anaforĹ sthn tautìthta tou stoiqeÐou sÔndeshc (pxRequest). H parĹmetroc aută qrhsimopoieÐtai kurÐwc apì th monĹda tou dromologhtă. H genikă morfă thc IDU pou qrhsimopoieÐtai apì th bibliojăkh eÐnai klhronìmoc thc en lìgw klĹshc kai perigrĹfetai apì tic akìloujec paramètrouc.

8.2 ErgaleÐa epipèdou

• Interface Control Information -(PlhroforÐa elègqou diepafăc)- (ICI). ApoteleÐ thn parĹmetro elègqou tou stoiqeÐou IDU. KĹje epÐpedo kajorÐzei ton tÔpo thc ICI. Ta epÐpeda pou qrhsimopoioÔn tic uphresÐec tou prwtokìllou ofeÐloun na gnwrÐzoun ton tÔpo thc ICI.

• Service Data Unit -(MonĹda dedomènwn uphresÐac)- (SDU). ApoteleÐ to perieqìmeno thc plhroforÐac. H plhroforÐa eÐnai metablhtă se prìtuph morfă. Prin th metĹfrash, h plhroforÐa diathreÐtai se èna pÐnaka dedomènwn tÔpou pxArray. KatĹ thn diadikasÐa metĹfrashc pou efarmìzetai apì ton suntaktikì analută, h plhroforÐa metasqhmatÐzetai se logikèc ènnoiec sthn katĹllhlh prìtuph morfă.

8.2.2.2 Mh ierarqhmèno montèlo epikoinwnÐac

Sqăma 8.11: Sqèsh prwtokìllou kai SAP

Sto sqăma 8.11 parousiĹzetai h sqèsh metaxÔ tou epipèdou kai twn shmeÐwn uphresÐac. H antallagă twn ontotătwn pou apoteloÔn ta Service Access Point -(ShmeÐo prospèlashc uphresÐac)- (SAP), pragmatopoieÐtai katĹ th diadikasÐa thc arqikopoÐhshc. H epituqÐa thc diasÔndeshc basÐzetai sth morfă twn ontotătwn SAP, ta opoÐa diajètoun ta akìlouja qarakthristikĹ: (a) polumorfÐa, (b) apìkruyh poluplokìthtac, kai (g) genikĹ qarakthristikĹ sÔntaxhc.

• ShmeÐa eisìdou-exìdou. Me stìqo th dianomă tou shmeÐou eisìdou stic uphresÐec tou epipèdou, sta anÿtera kai katÿtera strÿmata, èqei sqediasteÐ h klĹsh pxSapBase, h opoÐa perièqei thn tomă ìlwn twn sunìlwn uphresÐac pou apoteloÔn th stoÐba. H klĹsh aută diajètei mìno mÐa metablhtă me thn opoÐa dhlÿnetai o proorismìc tou fakèlou allhlografÐac. H morfă tou proorismoÔ den eÐnai diĹfanh sta upìloipa strÿmata thc stoÐbac. H prìsbash se aută, epitugqĹnetai me thn klăsh thc sunĹrthshc ForwardEnvelope. AntÐstoiqa, ìpwc h morfă tou proorismoÔ, ètsi kai h mèjodoc apojăkeushc eÐnai adiĹfanh gia thn phgă apostolăc. Ta epÐpeda pou ulopoioÔntai ofeÐloun na klhronomoÔn apì thn en lìgw klĹsh kai na emploutÐzoun to shmeÐo uphresÐac me tic aparaÐthtec entolèc pou prèpei na ekteloÔntai katĹ thn klăsh thc sunĹrthshc proÿjhshc. Ta shmeÐa eisìdou twn anÿterwn kai katÿterwn epipèdwn dhlÿnontai wc deÐktec se antikeÐmena thc basikăc klĹshc kai enhmerÿnontai katĹ th fĹsh thc dhmiourgÐac thc stoÐbac.

KlĹseic prwtokìllwn bibliojăkhc

8.2.2.3 Ierarqhmèno montèlo epikoinwnÐac

To montèlo pou proteÐnetai gia thn taxinìmhsh twn monĹdwn tou epipèdou mporeÐ na efarmosteÐ sth sqedÐash kai sÔndesh thc prwtokollikăc stoÐbac. KĹje epÐpedo, to opoÐo summetèqei sthn arqitektonikă, anăkei ierarqikĹ ston patèra stoÐba. Sto sqăma 8.12 ta paidiĹ (prwtìkolla)

Sqăma 8.12: Ierarqhmènh stoÐba

sundèontai me ton patèra (stoÐba) akoloujÿntac tic Ðdiec arqèc kai kanìnec pou èqoun perigrafeÐ gia thn ierĹrqhsh twn monĹdwn twn epipèdwn. H stoÐba, wc gnăsioc klhronìmoc thc klĹshc

pxUnit, sundèei ta paidiĹ mèsw twn sunartăsewn CallMe. Oi kanìnec epikoinwnÐac metaxÔ twn

prwtokollikÿn epipèdwn kajorÐzontai sta dÔo teleutaÐa pedÐa thc sunĹrthshc. H bibliojăkh den prokajorÐzei tic entolèc kai den upoqreÿnei sth qrăsh kĹpoiac tupopoihmènhc domăc. H klĹsh

pxSapEnv apoteleÐ mÐa oloklhrwmènh lÔsh antallagăc mhnumĹtwn metaxÔ twn prwtokìllwn,

allĹ h qrăsh thc eÐnai entelÿc proairetikă.

H arqitektonikă thc stoÐbac katalÔei thn ènnoia twn shmeÐwn sÔndeshc (SAP), ìpwc autĹ perigrĹfontai prohgoumènwc. KĹje prwtìkollo pou summetèqei sth diasÔndesh ofeÐlei na gnwrÐzei th jèsh tou sto strÿma pou efarmìzetai, kajÿc kai to bĹjoc tou strÿmatoc thc stoÐbac. Oi dÔo autèc metablhtèc kajorÐzoun plărwc to skopì efarmogăc tou prwtokìllou sto montèlo OSI. H metĹdosh twn mhnumĹtwn ă erejismĹtwn pragmatopoieÐtai mèsw thc stoÐbac kai proôpojètei thn Ôparxh twn dieujÔnsewn tou apostolèa kai tou paralăpth. KĹje prwtìkollo analambĹnei thn proÿjhsh twn mhnumĹtwn pou dèqetai apì tic monĹdec−paidiĹ, stouc katĹllhlouc paralăptec.

8.2.3 ’Elegqoc twn sfalmĹtwn metĹdoshc H jewreÐa tou elègqou sfalmĹtwn katĹ th diadikasÐa thc metĹdoshc twn dedomènwn èqei parousiasteÐ se prohgoÔmeno kefĹlaio. H bibliojăkh parousiĹzei dÔo tÔpouc elègqou sfalmĹtwn metĹdoshc: (a) ton èlegqo ajroÐsmatoc, kai (b) ton kuklikì èlegqo pleonasmoÔ. Oi mèjodoi ulopoioÔntai sta plaÐsia tou qÿrou pxValidatorClasses (sqăma 8.13).

• ’Elegqoc ajroÐsmatoc

8.2 ErgaleÐa epipèdou

Sqăma 8.13: Qÿroc klĹsewn elègqou sfalmĹtwn metĹdoshc

H klĹsh pxCheckSum16 pragmatopoieÐ ton èlegqo ajroÐsmatoc qrhsimopoiÿntac ton akì-

Sqăma 8.14: ’Elegqoc ajroÐsmatoc

loujo algìrijmo: (a) ajroÐzontai ìla ta zeÔgh oktĹdwn (16-bits) prosjètontac to kratoÔmeno thc prìsjeshc sthn 16-bit lèxh, kai (b) to apotèlesma eisĹgetai se mÐa logikă pÔlh NOT, h èxodoc thc opoÐac dÐnei th lèxh pou antiproswpeÔei ton èlegqo tou ajroÐsmatoc. H klĹsh eÐnai se jèsh na deqjeÐ dÔo tÔpouc akoloujiÿn dedomènwn. Sthn prÿth kai pio klassikă perÐptwsh, h akoloujÐa dedomènwn apoteleÐ th dieÔjunsh mÐac qordăc 8-bits lèxewn. Sth deÔterh perÐptwsh, h akoloujÐa dedomènwn apoteleÐ th dieÔjunsh antikeimènou tÔpou pÐnaka, o opoÐoc parèqei asfalèsterh prìsbash sta dedomèna.

• CRC H klĹsh pxCRC8 ulopoieÐ ton algìrijmo gia ton kuklikì èlegqo pleonasmoÔ. Tìso o algìrijmoc pou epexergĹzetai ta dedomèna, ìso kai h qrăsh thc klĹshc diajètoun poluplokìtero qaraktăra apì thn klĹsh pxCheckSum16. H genikă arqă sthrÐzetai sth diaÐresh poluwnÔmwn. Wc diairetèo poluÿnumo kajorÐzetai to mănuma proc apostolă (byte

stream). O diairèthc eÐnai èna poluÿnumo 32^{oυ} bajmoÔ kai lègetai lèxh kleidÐ. To upì-

loipo thc diaÐreshc eÐnai o arijmìc CRC, o opoÐoc metadÐdetai mazÐ me to mănuma. H klĹsh qrhsimopoieÐ thn teqnikă twn prìtupwn mejìdwn gia ton kajorismì tou tÔpou tou mhnÔmatoc (byte stream ă pÐnakac oktĹdwn) kai thn epilogă tou diairèth poluwnÔmou. Oi prĹxeic upologismoÔ twn diairèsewn gÐnontai sta ìria 8-bit akeraÐwn. Lìgw tou mikroÔ

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.15: KlĹsh kuklikoÔ elègqou pleonasmoÔ

eÔrouc twn pijanÿn akeraÐwn pou eÐnai dunatì na perilambĹnontai se èna mănuma, h klĹsh diathreÐ èna pÐnaka prokajorismènwn timÿn gia ìlouc touc akeraÐouc pou brÐskontai sto diĹsthma 0 ∼ 255. H teqnikă aută epitagqÔnei th diadikasÐa upologismoÔ tou CRC. Gia ìla ta antikeÐmena pou dhmiourgoÔntai me th qrăsh koinoÔ tÔpou dedomènwn kai poluwnÔmou, qrhsimopoieÐtai ènac mìno pÐnakac prokajorismènwn timÿn.

8.2.4 Suntaktikìc analutăc H metĹdosh dedomènwn metaxÔ twn epipèdwn twn prwtokollikÿn stoibÿn apoteleÐ mÐa genikă arqă leitourgÐac twn strwmĹtwn. To kefĹlaio Domă Epipèdou perigrĹfei analutikĹ tic dÔo paramètrouc pou diadramatÐzoun shmantikì rìlo sthn epexergasÐa twn eiserqìmenwn qordÿn oktĹdwn. Sto kefĹlaio autì, ja apodojeÐ h shmasÐa kai h poluplokìthta tou sqediasmoÔ kai thc ulopoÐhshc suntaktikÿn analutÿn^1 sth diĹstash twn logismikÿn efarmogÿn. ’Enac koinìc suntaktikìc analutăc apoteleÐtai, se genikèc grammèc, apì: (a) to lexilìgio, kai (b) to suntaktikì. O qaraktărac enìc koinoÔ suntaktikoÔ analută mporeÐ na paromoiasteÐ me touc metaglwttistèc twn glwssÿn programmatismoÔ. To pio eÔstoqo parĹdeigma paromoÐwshc eÐnai oi glÿssec pou qrhsimopoioÔn diermhneÐc gia thn ektèlesh tou kÿdika (p.q. Perl, HTML, PHP,

Python, k.l.p.). Stic epìmenec paragrĹfouc ja perigrafeÐ h genikă leitourgÐa tou suntaktikoÔ

analută tou tuqaÐou prwtokìllou X kai h arqitektonikă twn klĹsewn pou ulopoieÐ h bibliojăkh gia to skopì autì. KatĹ thn èleush thc tuqaÐac akoloujÐac oktĹdwn Oct(n), ìpou n to măkoc thc qordăc, to epÐpedo pragmatopoieÐ tic akìloujec enèrgeiec:

1. PistopoieÐ thn akeraiìthta twn dedomènwn efarmìzontac teqnikèc ìpwc CRC ă Checksum.

2. PistopoieÐ to ègkuro măkoc tou mhnÔmatoc gia thn apofugă prosbĹsewn se Ĺkurec jèshc mnămhc.

1parsers

8.2 ErgaleÐa epipèdou

3. Efarmìzei suntaktikì èlegqo sta perieqìmena tou Oct(n).

4. AnakteÐ krÐsimec plhroforÐec apì thn epikefalÐda tou mhnÔmatoc, ìpwc: (a) ton tÔpo tou prwtokìllou, (b) ton arijmì taxinìmhshc tou mhnÔmatoc, (g) to măkoc tou mhnÔmatoc, (d) thn tautìthta sÔndeshc, k.l.p.

5. EpexergĹzetai to sÿma tou mhnÔmatoc me skìpo thn anĹkthsh ègkurwn kai exeidikeumènwn stoiqeÐwn plhroforÐac.

KĹje epÐpedo diajètei èna suntaktikì analută, o opoÐoc qarakthrÐzetai apì to plăjoc twn mhnumĹtwn, to plăjoc twn stoiqeÐwn plhroforÐac kai to mègejoc thc poluplokìthtac pou parousiĹzei h emfĹnish kai diĹtaxh thc plhroforÐac pou metafèrei h qordă. KĹje ègkuroc suntaktikìc analutăc analambĹnei na ektelèsei tic pio pĹnw aparijmhmènec leitourgÐec. H bibliojăkh ulopoieÐ mÐa seirĹ klĹsewn pou epexergĹzontai ta dedomèna thc qordăc kai ta metafrĹzoun se logikèc ènnoiec.

H bibliojăkh ekmetalleÔetai ta koinĹ qarakthristikĹ pou diajètoun oi suntaktikoÐ analutèc twn epipèdwn kai prosfèrei mÐa sullogă klĹsewn gia thn prodiagrafă twn susqetÐsewn twn stoiqeÐwn pou apoteloÔn ta mhnÔmata twn epipèdwn. H ulopoÐhsh tou purăna tou suntaktikoÔ pragmatopoieÐtai apì to qrăsth. Ta koinĹ qarakthristikĹ eÐnai:

• PistopoÐhsh egkurìthtac dedomènwn. KajorÐzetai h mèjodoc gia ton èlegqo twn dedomènwn (Checksum, CRC, k.l.p.).

• Metatropă oktĹdwn se logikèc ènnoiec. H plhroforÐa prèpei na metafrasteÐ se logikèc ènnoiec, ìpwc: (a) oi dieujÔnseic, (b) oi arijmoÐ taxinìmhshc, (g) h tautìthta sÔndeshc, k.l.p.

• Koină sÔntaxh twn oktĹdwn se epikefalÐda kai sÿma.

8.2.4.1 Ontìthta logikoÔ mhnÔmatoc

H klĹsh pxMsgStack apoteleÐ th logikă ontìthta tou mhnÔmatoc. LeitourgeÐ wc doqeÐo sullogăc twn klĹsewn: (a) thc epikefalÐdac, (b) tou sÿmatoc, kai (g) thc ourĹc. Diajètei sunartăseic gia thn arqikopoÐhsh kai ton termatismì twn antikeimènwn, kajÿc kai telestèc anĹjeshc kai parènjeshc. H metĹfrash thc qordăc oktĹdwn se logikèc domèc plhroforÐac pragmatopoieÐtai kalÿntac ton telestă parènjeshc me paramètrouc: (a) th qordă, (b) th jèsh, (g) to măkoc, kai (d) to eÐdoc thc enèrgeiac. H sunĹrthsh kaleÐ, me th seirĹ, touc telestèc parènjeshc twn ontotătwn epikefalÐda, sÿma, ourĹ. H qrăsh thc teqnikăc prìtupwn klĹsewn prosdÐdei sthn klĹsh pxMsgStack polumorfikì qaraktăra wc proc ton tÔpo thc domăc twn stoiqeÐwn plhroforÐac pou thn apoteloÔn.

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.16: Ontìthta mhnÔmatoc

8.2.4.2 EpikefalÐda, sÿma, ourĹ

H pragmatikă metĹfrash oloklhrÿnetai stic treic ontìthtec pxMsgHeader, pxMsgBody, kai

pxMsgTrail. Oi treic autèc klĹseic oloklhrÿnoun tic basikèc leitourgÐec pou jewroÔntai koinèc

metaxÔ omoÐwn ontotătwn. Qarakthristikì twn triÿn basikÿn klĹsewn eÐnai h adunamÐa thc stigmiotÔphshc, kajÿc diajètoun amigÿc eikonikèc sunartăseic. Oi orismoÐ tou protÔpou OSI, ìson aforĹ sth domă thc epikefalÐdac kai tou sÿmatoc twn mhnumĹtwn, epitrèpoun th qrăsh prokajorismènwn omĹdwn plhroforÐac pou apojhkeÔoun ta dedomèna se tupikèc domèc metablhtÿn. Ta perieqìmena èkasthc mhtèrac klĹshc eÐnai:

• EpikefalÐda

↬ QarakthristikĹ. H epikefalÐda twn mhnumĹtwn apoteleÐtai sunăjwc apì mikroÔ măkouc stoiqeÐa plhroforÐac. To măkoc periorÐzetai sto anÿtero mègejoc twn tessĹrwn oktĹdwn. Gia to lìgo autì, krÐnetai apolÔtwc eparkèc h qrăsh enìc pÐnaka akèraiwn timÿn gia thn apojăkeush twn perieqomènwn twn stoiqeÐwn.

↬ Anazăthsh stoiqeÐwn. H plhroforÐa pou perièqei h epikefalÐda èqei sugkekrimènh diĹtaxh kai domă gia kĹje prwtìkollo. H klĹsh qrhsimopoieÐ èna statikì (static) pÐnaka entolÿn, o opoÐoc perièqei ta bămata (măkoc stoiqeÐwn) pou ofeÐlei na akoloujăsei h metĹfrash mèqri to tèloc thc epikefalÐdac.

• Sÿma

↬ QarakthristikĹ. To sÿma parousiĹzei sugkekrimènec idiaiterìthtec ìson aforĹ sth domă twn stoiqeÐwn plhroforÐac. DiakrÐnontac ta stoiqeÐa se dÔo megĹlec omĹdec kai lambĹnontac upìyin th suqnìthta emfĹnishc, kajorÐzontai dÔo pÐnakec megèjouc

8.2 ErgaleÐa epipèdou

oktÿ kai diakosÐwn penănta èxi jèsewn, antÐstoiqa, gia thn apojăkeush deiktÿn se kommĹtia mnămhc sta opoÐa apojhkeÔontai ta perieqìmena twn stoiqeÐwn.

↬ Anazăthsh stoiqeÐwn. H anazăthsh stoiqeÐwn pou diajètoun prokajorismènh jèsh sth qordă, pragmatopoieÐtai me thn teqnikă pou qrhsimopoieÐ h epikefalÐda. H anazăthsh gia stoiqeÐa pou diajètoun tautìthta kai dÔnatai na brÐskontai se tuqaÐa jèsh, pragmatopoieÐtai me dÔo trìpouc: (a) thn plărh anĹptuxh se kÿdika twn pijanÿn katastĹsewn pou emfanÐzontai anĹ mănuma, kai (b) th diatărhsh pÐnaka bhmĹtwn gia ta stoiqeÐa pou den diajètoun tautìthta, kai enìc polumorfikoÔ pÐnaka stoiqeÐwn plhroforÐac, ìpou to kĹje èna stoiqeÐo frontÐzei gia thn ègkurh metĹfrash.

Gia thn swstă qrăsh thc bibliojăkhc apaiteÐtai ìpwc prÿta o suntaktikìc analutăc klhronomăsei qarakthristikĹ apì th mhtèra klĹsh, kai deÔtero ìpwc ulopoÐhsei thn akoloujÐa anĹkthshc twn dedomènwn apì th qordă. H bibliojăkh prosfèrei tic epikefalÐdec kai ta sÿmata pou èqoun ulopoihjeÐ sthn pilotikă efarmogă. KĹje kainoÔria monĹda metĹfrashc prèpei na akoloujeÐ touc kanìnec thc bibliojăkhc kai na eisĹgetai stouc katĹllhlouc qÿrouc. Prosfèretai, epÐshc, ìpwc ja parousiasteÐ sthn epìmenh enìthta, mÐa sullogă klĹsewn stoiqeÐwn plhroforÐac, oi opoÐec mporoÔn na qrhsimopoihjoÔn Ĺmesa ă na klhronomhjoÔn se kainoÔriec ulopoiăseic.

8.2.4.3 StoiqeÐo plhroforÐac

To mègejoc thc poluplokìthtac kai thc diaforetikìthtac pou emfanÐzei h oikogèneia twn stoiqeÐwn plhroforÐac, apojarrÔnei kĹje prospĹjeia sqedÐashc mÐac morfăc klĹshc tìso genikăc ÿste na kalÔptei kĹje epijumhtă efarmogă. H bibliojăkh prosfèrei mÐa sullogă apì klĹseic oi opoÐec apeujÔnontai se eidikèc kathgorÐec stoiqeÐwn kai diajètoun koinèc sunartăseic mèsw diasundèsewn. An topojetăsoume ìla ta uparktĹ stoiqeÐa plhroforÐac pou èqoun tupopoihjeÐ katĹ OSI se sÔnola, tìte eÐnai aparaÐthth h Ôparxh mÐac mă mhdenikăc tomăc twn sunìlwn, h opoÐa ja qrhsimeÔsei wc shmeÐo anaforĹc gia th sqedÐash. H klĹsh pxMsgIE kajorÐzetai wc h tomă tou sunìlou, kai qrhsimopoieÐtai wc diepafă gia thn prìsbash stic mejìdouc twn klhronìmwn klĹsewn. Oi dÔo prÿtec sunartăseic tou sqămatoc 8.17 qrhsimeÔoun, antÐstoiqa, sth sÔnjesh tou stoiqeÐou apì th qordă kai sthn antigrafă tou stoiqeÐou se qordă oktĹdwn. H sunĹrthsh GetValue parèqei prìsbash sta dedomèna tou stoiqeÐou kai h sunĹrthsh CopyThis dhmiourgeÐ èna antÐgrafo tou tuqaÐou stoiqeÐou epistrèfontac to deÐkth sto antikeÐmeno autì. KĹje kainoÔrio stoiqeÐo ofeÐlei na klhronomeÐ apì aută thn afairetikă klĹsh, kai na ulopoieÐ tic aparaÐthtec sunartăseic. H bibliojăkh prosfèrei, epÐshc, mÐa sullogă apì klĹseic pou mporoÔn na qrhsimopoihjoÔn Ĺmesa gia thn ulopoÐhsh swmĹtwn mhnumĹtwn ìpwc, gia parĹdeigma, h klĹsh

pxTlvIe, h opoÐa diathreÐ plhroforÐa stajerăc stoÐqhshc (8 bit, 16 bit, 32 bit) kai eÐnai ikană

na metafrĹsei ìlec tic morfèc stoiqeÐwn (Type-Value-Length (TLV), Type-Value, Value).

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.17: StoiqeÐo plhroforÐac

8.2.4.4 Suntaktikìc analutăc

H domă pou efarmìzetai ìson aforĹ sta mhnÔmata kai ta stoiqeÐa plhroforÐac, aplopoieÐ kai meiÿnei drastikĹ tic leitourgÐec tou metafrastă. H enisqumènh poluplokìthta pou qarakthrÐzei thn ontìthta èqei metaferjeÐ stic klĹseic pou perièqei. H qrăsh tou suntaktikoÔ analută de, apaiteÐ th dălwsh kai ton kajorismì twn akìloujwn paramètrwn: (a) tou tÔpou klĹshc elègqou egkurìthtac dedomènwn, kai (b) tou tÔpou mhnÔmatoc, to opoÐo perilambĹnei tic monĹdec epikefalÐda, sÿma, ourĹ. H taqÔthta thc ektèleshc thc metĹfrashc eÐnai anexĹrthth thc klĹshc. H anabĹjmish kai h exèlixh thc diadikasÐac metĹfrashc entopÐzetai apokleistikĹ stic ontìthtec pou apoteloÔn thn klĹsh, kai sthn poluplokìthta tou suntaktikoÔ kai thc grammatikăc tou kĹje prwtokìllou.

8.2.5 Mhqanèc elègqou tou epipèdou 8.2.5.1 Mhqanèc peperasmènwn katastĹsewn

Ta prwtokollikĹ epÐpeda, ìpwc ta perissìtera sustămata, katĹ th diĹrkeia ektèlesăc touc sta plaÐsia twn prwtokollikÿn stoibÿn dèqontai arketĹ erejÐsmata kai mhnÔmata (sămata) apì ta peribĹllonta epÐpeda, th stoÐba ă tic omìtimec ontìthtec twn diepifaneiÿn me tic opoÐec sundèontai. Ta sămata autĹ, ìtan lambĹnontai apì ta epÐpeda, epexergĹzontai kai, anĹloga thc katĹstashc tou epipèdou, prokaloÔn thn ekkÐnhsh kĹpoiac enèrgeiac ă kai thn allagă thc katĹstashc tou epipèdou.

Oi mhqanèc pou diaqeirÐzontai tìso ta sămata, ìso kai thn katĹstash twn paralhptÿn twn shmĹtwn autÿn, onomĹzontai FSM. H jewreÐa twn FSMc sthrÐzetai stic dÔo basikèc analÔseic perÐ mhqanÿn metĹbashc: (a) th mhqană tou Moore [23], kai (b) th mhqană tou Mealy [24]. Oi dÔo autèc teqnikèc anăkoun sthn klĹsh twn morfotropèwn^2 kai, se antÐjesh me thn klĹsh twn paralhptÿn^3, epitrèpoun thn ekkÐnhsh kĹpoiac enèrgeiac, h opoÐa epilègetai me bĹsh to săma

2transducers 3acceptors

8.2 ErgaleÐa epipèdou

eisìdou kai thn katĹstash thc mhqanăc. H diaforĹ twn dÔo mhqanÿn brÐsketai sth mèjodo epilogăc thc enèrgeiac. Sth mhqană tou Moore h enèrgeia epilègetai bĹsh thc katĹstashc thc mhqanăc, enÿ sth mhqană tou Mealy h enèrgeia epilègetai bĹsh (a) thc katĹstashc, kai (b) tou eiserqìmenou sămatoc.

To majhmatikì montèlo pou kajorÐzetai gia thn klĹsh twn morfotropèwn dÐnetai apì to sÔnolo <S,G,S,s0,d,w>. Ta perieqìmena tou sunìlou perigrĹfontai wc:

• S. PerigrĹfei to sÔnolo twn pijanÿn shmĹtwn eisìdou.

• G. PerigrĹfei to sÔnolo twn pijanÿn energeiÿn.

• S. ApoteleÐ to sÔnolo twn pijanÿn katastĹsewn.

• s0. ProsdiorÐzei thn arqikă katĹstash thc mhqanăc.

• d. KajorÐzei th sunĹrthsh metĹbashc katastĹsewn.

• w. ProsdiorÐzei th sunĹrthsh exìdou.

Sthn perÐptwsh ìpou h sunĹrthsh exìdou prosdiorÐzetai mìno apì thn katĹstash thc mhqanăc, tìte to pio pĹnw montèlo perigrĹfei th mhqană Moore. Sthn perÐptwsh ìpou h sunĹrthsh exìdou prosdiorÐzetai apì thn katĹstash thc mhqanăc kai to săma eisìdou, tìte to pio pĹnw montèlo perigrĹfei th mhqană Mealy.

Sta sustămata logismikoÔ qrhsimopoioÔntai kurÐwc oi akìloujec treic antilăyeic twn FSMc:

• Mhqanèc odhgoÔmenec apì gegonìta^4. ApoteloÔn mhqanèc peperasmènwn katastĹsewn twn opoÐwn ta sămata eisìdou, an den epexergastoÔn Ĺmesa, odhgoÔntai se apÿleiec twn shmĹtwn autÿn. H efarmogă touc se polÔploka sustămata dhmiourgeÐ èna arketĹ sobarì prìblhma lìgw thc epanĹlhyhc twn monopatiÿn twn katastĹsewn gia kĹje pijanì săma eisìdou. QrhsimopoioÔn pÐnakec metĹbashc katastĹsewn gia ton kajorismì thc mhqanăc peperasmènwn katastĹsewn. H teqnikă aută efarmìzetai kurÐwc sthn ulopoÐhsh suntaktikÿn analutÿn.

• Eikonikèc mhqanèc^5. OrÐzontai se èna plărwc eikonikì peribĹllon. ApoteleÐ mÐa mejodologÐa prodiagrafăc logismikoÔ, h opoÐa qrhsimopoieÐtai gia thn perigrafă susthmĹtwn elègqou. Gia thn perigrafă twn susthmĹtwn, qrhsimopoioÔntai logikĹ onìmata, ta opoÐa anatÐjontai sta qarakthristikĹ elègqou eisìdou kai stic enèrgeiec exìdou.

• Glÿssa prodiagrafăc kai tupopoÐhshc SDL. H sugkekrimènh mèjodoc tupopoÐhshc eÐnai eurèwc diadedomènh sthn prodiagrafă prwtokìllwn kai susthmĹtwn epikoinwniÿn. ArketĹ apì ta prwtìkolla pou akoloujoÔn to prìtupo OSI èqoun prodiagrafeÐ me th mèjodo

4event-driven state machines 5virtual finite state machines

KlĹseic prwtokìllwn bibliojăkhc

SDL. H mèjodoc aută eÐnai arketĹ perigrafikă kai qrhsimopoieÐ grafikèc anaparastĹseic sth sqedÐash protÔpwn.

H bibliojăkh ulopoieÐ ta anagkaÐa ergaleÐa gia th sqedÐash mhqanÿn katastĹsewn, ta opoÐa mporoÔn na efarmostoÔn sta epÐpeda, stic monĹdec twn epipèdwn ă sta jematikĹ stoiqeÐa. H sqedÐash twn ergaleÐwn ikanopoieÐ tic arqèc thc bibliojăkhc ìson aforĹ ston antikeimenostrefă programmatismì, sthn epanaqrhstikìthta twn ergaleÐwn, thn apìkruyh thc poluplokìthtac kai, tèloc, thn afairetikìthta thc sqedÐashc.

8.2.5.2 Basikă klĹsh sqedÐashc

H bibliojăkh orÐzei ta qarakthristikĹ kai tic mejìdouc mÐac prìtuphc kai afairetikăc klĹshc, h opoÐa qrhsimopoieÐtai wc bĹsh gia th sqedÐash ergaleÐwn ă monĹdwn pou ulopoioÔn elègqouc me bĹsh thn katĹstash twn monĹdwn, kajÿc kai ta sămata eisìdou. H ulopoÐhsh twn ergaleÐwn pragmatopoieÐtai me th boăjeia thc klĹshc pxFSM kai enìc sunìlou tupopoihmènwn orismÿn kai dhlÿsewn gia th dhmiourgÐa tìso thc klhronìmou klĹshc, ìso kai twn susqetÐsewn metaxÔ twn katastĹsewn, twn shmĹtwn eisìdou-exìdou, kai twn energeiÿn thc klĹshc autăc. H klĹsh

pxFSM, thc opoÐac ta qarakthristikĹ kai oi mèjodoi parousiĹzontai sto sqăma 8.18, qrhsimo-

poieÐtai wc bĹsh apì ìlec tic klĹseic oi opoÐec ulopoioÔn mhqanèc peperasmènwn katastĹsewn. Diajètei èna pÐnaka dÔo diastĹsewn, o opoÐoc qrhsimeÔei wc pÐnakac anazăthshc metaptÿsewn^6.

Sqăma 8.18: Dhlÿseic kai orismoÐ thc klĹshc pxFSM

Oi metaptÿseic kajorÐzontai wc susqetÐseic metaxÔ twn shmĹtwn eisìdou kai twn pijanÿn katastĹsewn tou antikeimènou (Mealy machine). KĹje stoiqeÐo tou pÐnaka apoteleÐtai apì mÐa duĹda paramètrwn, oi opoÐec orÐzoun: (a) th sunĹrthsh metĹptwshc, kai (b) thn epìmenh katĹstash tou antikeimènou. H diadikasÐa pragmatopoieÐtai me thn klăsh thc sunĹrthshc FSMCall.

8.2.5.3 OrismoÐ kai dhlÿseic

H klhronìmoc klĹsh dhlÿnetai qrhsimopoiÿntac mÐa sqetikĹ aplă sÔntaxh thc morfăc:

6Look-Up-Table

Nik’olas Stulian’idhs 112

8.2 ErgaleÐa epipèdou

/*
*/
class DerivedClass: public pxFSM<DerivedClass>;
/*
*/

Oi dhlÿseic twn onomĹtwn pou aforoÔn stic eisìdouc, stic katastĹseic kai stic exìdouc epitugqĹnontai me th sÔntaxh orismÿn. Oi orismoÐ autoÐ parèqoun pleonektămata, ìpwc: (a) thn eÔkolh sÔntaxh, (b) to metasqhmatismì twn logikÿn dhlÿsewn se glÿssa programmatismoÔ, kai (g) ton èlegqo thc pistìthtac kai thc akeraiìthtac twn susqetÐsewn. Oi orismoÐ diakrÐnontai stic akìloujec kathgorÐec:

• Dhlÿseic shmĹtwn eisìdou kai katastĹsewn. Dhlÿnetai to mègisto anagnwristikì tou sunìlou twn shmĹtwn eisìdou kai twn katastĹsewn (sqăma 8.19). AkoloÔjwc, dhlÿnontai ta onìmata kai ta anagnwristikĹ twn shmĹtwn kai twn katastĹsewn.

Sqăma 8.19: Dhlÿseic onomĹtwn kai orismoÐ anagnwristikÿn ìson aforĹ sta sămata eisìdou kai stic pijanèc katastĹseic

• Dhlÿseic sunartăsewn exìdou. H dălwsh twn sunartăsewn pragmatopoieÐtai eisĹgontac ton orismì DECLARE TRANSITION FUNCTION(NAME) sto arqeÐo dhlÿsewn thc antÐstoiqhc klĹshc. H ulopoÐhsh tou sÿmatoc thc sunĹrthshc epitugqĹnetai me thn eisagwgă sto arqeÐo ulopoÐhshc twn orismÿn (sqăma 8.20). Oi sunartăseic pou dhlÿnontai kai ulo-

Sqăma 8.20: Dhlÿseic sunartăsewn metĹptwshc katĹstashc

KlĹseic prwtokìllwn bibliojăkhc

poioÔntai me thn teqnikă aută enjulakÿnoun tic uphresÐec pou parèqontai apì thn klĹsh

pxFSM, ìson aforĹ stouc elègqouc egkurìthtac kai pistìthtac twn dhlÿsewn.

• Dhlÿseic tou pÐnaka metaptÿsewn. H susqètish twn katastĹsewn kai twn shmĹtwn eisìdou me tic sunartăseic metĹptwshc pragmatopoieÐtai me touc orismoÔc pou apeikonÐzontai sto sqăma 8.21.

Sqăma 8.21: Susqètish shmĹtwn eisìdou kai katastĹsewn

H qrăsh twn dhlÿsewn thc klĹshc, kajÿc kai twn orismÿn pou parèqontai apì autăn, prostateÔoun th sqedÐash twn logismikÿn monĹdwn kai ergaleÐwn apì aprosdiìristec katastĹseic kai esfalmènec susqetÐseic. O qrìnoc apìkrishc thc diadikasÐac taÔtishc shmĹtwn se sqèsh me thn katĹstash diarkeÐ elĹqista, ikanopoiÿntac me ton trìpo autì thn anĹgkh gia th bèltisth sqedÐash susthmĹtwn.

8.2.6 SumplhrwmatikĹ ergaleÐa tou epipèdou Stic prohgoÔmenec paragrĹfouc ègine anaforĹ sta basikĹ ergaleÐa pou apoteloÔn èna epÐpedo. H bibliojăkh ja ătan aneparkăc eĹn periorizìtan sth sqedÐash afairetikÿn klĹsewn pou aforoÔn mìno ta basikĹ stoiqeÐa tou prwtokìllou. H efarmogă enìc prwtokollikoÔ epipèdou se pragmatikĹ dÐktua epikoinwniÿn, proôpojètei thn exonuqistikă diereÔnhsh thc egkurìthtac twn diadikasiÿn pou ulopoieÐ gia thn paroqă uphresÐac sta anÿtera strÿmata. Th fĹsh thc sqedÐashc kai ulopoÐhshc akoloujeÐ h fĹsh elègqou kai thc apotÐmhshc thc uphresÐac. H exakrÐbwsh twn leitourgiÿn tou prwtokìllou pragmatopoieÐtai me dÔo trìpouc: (a) thn parakoloÔjhsh eswterikăc katĹstashc tou epipèdou katĹ thn ektèlesh kĹpoiou senarÐou, kai (b) thn epexergasÐa thc katagrafìmenhc plhroforÐac me to pèrac thc ektèleshc tou senarÐou.

• KatĹ th fĹsh ektèleshc tou senarÐou, h poreÐa thc eswterikăc leitourgÐac tou epipèdou paramènei Ĺgnwsth, me apotèlesma na dusqeraÐnetai h parakoloÔjhsh pijanÿn lajÿn twn mhqanÿn katĹstashc, suntaktikÿn analutÿn ă kai opoiasdăpote Ĺllhc monĹdac ă ergaleÐou pou qrhsimopoieÐ to epÐpedo. O skìpeloc autìc apofeÔgetai me th qrăsh enìc sumplhrwmatikoÔ ergaleÐou katagrafăc statistikÿn megejÿn. To ergaleÐo prèpei na prosfèrei tic uphresÐec tou se ìlec tic basikèc ontìthtec pou apoteloÔn to prwtìkollo. OfeÐlei, epÐshc, na diajètei tic katĹllhlec diasundèseic gia thn exagwgă twn katagrafìmenwn timÿn kai thn proÿjhsh touc se kĹpoio apeikonistikì mèso. Oi leitourgÐec tou ergaleÐou ulopoioÔntai apì thn klĹsh pxStatInfo.

8.2 ErgaleÐa epipèdou

• KĹje prwtìkollo katagrĹfei, ektìc apì ta statistikĹ megèjh, qrăsimec plhroforÐec gia thn kÐnhsh twn mhnumĹtwn kai erejismĹtwn pou dèqetai ă apostèllei se proepilegmèna arqeÐa. Ta arqeÐa autĹ qrhsimopoioÔntai apì touc mhqanikoÔc thlepikoinwniÿn gia thn exagwgă qrăsimwn sumperasmĹtwn ìson aforĹ sthn orjă leitourgÐa twn epÐ mèrouc monĹdwn kai ergaleÐwn tou epipèdou. Oi leitourgÐec tou ergaleÐou ulopoioÔntai apì thn klĹsh

pxLogger.

8.2.6.1 Statistikèc metrăseic

H monĹda katagrafăc statistikÿn metrăsewn katatĹssetai sta sumplhrwmatikĹ ergaleÐa lìgw thc mikrăc krisimìthtac thc Ôparxăc thc se èna prwtokollikì epÐpedo. QrhsimopoieÐtai gia thn parakoloÔjhsh basikÿn posotătwn tou epipèdou. H leitourgÐa thc den ephreĹzei tic eswterikèc diadikasÐec tou epipèdou, parĹ mìno prosfèrei mÐa eikìna thc eswterikăc katĹstashc tou prwtokìllou. Gia parĹdeigma, mporeÐ na katagrĹfei th stigmă energopoÐhshc ă katĹrghshc mÐac sÔndeshc, thn Ĺfixh mhnumĹtwn sugqronismoÔ ă th diĹjesh kĹpoiac uphresÐac se anÿtero ă katÿtero strÿma. H klĹsh aută oloklhrÿnetai me th qrăsh kĹpoiou ergaleÐou apeikìnishc prosfèrontac sto qrăsth mÐa optikă mèjodo parakoloÔjhshc twn paramètrwn tou epipèdou. Sto

Sqăma 8.22: MonĹda statistikÿn

sqăma 8.22 parousiĹzontai oi sunartăseic kai oi metablhtèc thc en lìgou klĹshc.

• Metablhtèc

↬ H klĹsh apoteleÐtai apo èna pÐnaka dÔo diastĹsewn tÔpou pxArray2D. To plăjoc twn sthlÿn kai grammÿn tou pÐnaka den eÐnai prokajorismèno kai mporeÐ na oristeÐ eÐte katĹ th dhmiourgÐa tou antikeimènou, eÐte dunamikĹ se kĹpoio Ĺllo shmeÐo tou progrĹmmatoc. Oi metablhtèc pou kajorÐzoun to mègejoc tou pÐnaka eÐnai oi prostateuìmenec posìthtec thc klĹshc. Oi grammèc tou pÐnaka aforoÔn stic posìthtec pou èqoun

KlĹseic prwtokìllwn bibliojăkhc

kajoristeÐ apì to qrăsth sto kanĹli eisìdou, exìdou ă se kĹpoio Ĺllo tuqaÐo kanĹli pou apasqoleÐtai apì tic logikèc leitourgÐec tou epipèdou. AntÐstoiqa, to plăjoc twn sthlÿn upodhlÿnei to mègejoc thc diĹstashc twn posotătwn katagrafăc. Ta megèjh autĹ diaforopoioÔntai anĹloga me to prwtìkollo kai to eÐdoc thc efarmogăc.

• Sunartăseic

↬ Initialize. Sthn perÐptwsh pou to antikeÐmeno den èqei arqikopoihjeÐ se kĹpoio sugkekrimèno mègejoc pÐnaka, h klăsh thc sunĹrthshc, me paramètrouc to plăjoc twn sthlÿn kai grammÿn, dhmiourgeÐ ton aparaÐthto qÿro, ètsi ÿste na eÐnai se jèsh na filoxenăsei to plăjoc twn kanaliÿn kai twn posotătwn pou kajorÐzontai apì to qrăsth.

↬ StatValInc, StatValDec. ’Opwc èqei anaferjeÐ prohgoumènwc, oi leitourgÐec tou ergaleÐou qrhsimopoioÔntai apo perissìtera tou enìc paidiĹ tou epipèdou. H prìsbash stic metablhtèc tou antikeimènou pragmatopoieÐtai mèsw sunartăsewn. Me ton trìpo autì, prostateÔontai ta perieqìmena apo tautìqronec metabolèc pou ufÐstantai apì diaforetikèc nhmatikèc diergasÐec. H aÔxhsh ă meÐwsh kĹpoiac posìthtac enìc tuqaÐou kanalioÔ pragmatopoieÐtai me thn antÐstoiqh klăsh twn pio pĹnw sunartăsewn.

↬ ExportInfo. Gia th leitourgÐa tou progrĹmmatoc krÐnetai aparaÐthth h qrăsh apeikonistikÿn mejìdwn gia thn parakoloÔjhsh se pragmatikì qrìno twn posotătwn pou katagrĹfontai apì to ergaleÐo. H klăsh thc sunĹrthshc èqei wc apotèlesma thn exagwgă twn perieqomènwn tou pÐnaka katagrafăc.

↬ GetValue. KatĹ th leitourgÐa tou epipèdou, eÐnai suqnă h anĹgkh parakoloÔjhshc mÐac sugkekrimènhc posìthtac h opoÐa ephreĹzei th lăyh apofĹsewn. H sunĹrthsh aută epitrèpei thn prìsbash sto tuqaÐo kanĹli kai thn anĹkthsh thc timăc mÐac tuqaÐac posìthtac.

Lìgw thc suqnăc qrăshc twn leitourgiÿn thc klĹshc, oi sunartăseic thc ofeÐloun na ekteloÔntai taqÔtata. To mègejoc èkasthc sunĹrthshc se entolèc eÐnai arketĹ mikrì, ètsi ÿste na eÐnai dunată h eisagwgă twn perieqomènwn thc sto shmeÐo klăshc thc. H prìsbash stic leitourgÐec thc gÐnetai mèsw twn sunartăsewn diasÔndeshc tou ergaleÐou. O tÔpoc thc metablhtăc eisìdou/exìdou diaforopoieÐtai anĹloga me ton kwdikì klăshc. Oi kwdikoÐ prìsbashc kajorÐzontai sto arqeÐo orismoÔ thc klĹshc. KĹje pijană monĹda, h opoÐa epijumeÐ thn prìsbash stic leitourgÐec thc klĹshc, ofeÐlei na èqei plărh gnÿsh twn kwdikÿn klăshc, kajÿc kai tou trìpou diaforopoÐhshc twn metablhtÿn eisìdou/exìdou. Oi leitourgÐec tou ergaleÐou mporoÔn eÔkola na epektajoÔn, me skopì thn apojăkeush twn perieqomènwn tou pÐnaka se arqeÐa katagrafăc, anĹ taktĹ qronikĹ diastămata. Ta arqeÐa autĹ ja mporoÔsan na qrhsimopoihjoÔn metĹ to pèrac thc prosomoÐwshc se katĹllhlec mejìdouc epexergasÐac dedomènwn, me skopì thn exagwgă

8.2 ErgaleÐa epipèdou

qrăsimwn sumperasmĹtwn pou aforoÔn stic eswterikèc leitourgÐec tou epipèdou.

8.2.6.2 Katagrafă mhnumĹtwn

Ta arqeÐa katagrafăc twn metadidìmenwn oktĹdwn epexergĹzontai diexodikĹ gia thn apotÐmhsh tou apotelèsmatoc thc ektèleshc twn diergasiÿn. Sunepÿc, sth fĹsh pistopoÐhshc, krÐnetai aparaÐthth h Ôparxh thc monĹdac katagrafăc mhnumĹtwn. Sto sqăma 8.23 parousiĹzetai èna

Sqăma 8.23: MonĹda katagrafăc mhnumĹtwn

genikì montèlo sqedÐashc thc monĹdac katagrafăc mhnumĹtwn. H prìsbash stic uphresÐec ergaleÐou pragmatopoieÐtai apo pollaplĹ shmeÐa. H prìsbash aută èqei wc skopì thn eisagwgă stoiqeÐwn plhroforÐac stic ourèc exuphrèthshc tou antikeimènou. To ergaleÐo mèsw asÔgqronwn diadikasiÿn epexergĹzetai tic ourèc kai apojhkeÔei ta stoiqeÐa se arqeÐa. H plhroforÐa pou apojhkeÔetai aforĹ se mhnÔmata eisìdou/exìdou, logikèc enèrgeiec, qrìnouc apìkrishc, k.l.p. Lìgw tou peperasmènou qÿrou apojăkeushc, ta perieqìmena kĹje stoiqeÐou ofeÐloun na eÐnai sunektikĹ diathrÿntac, parĹllhla, ìlec tic polÔtimec paramètrouc proc katagrafă. H diadikasÐa thc sugkomidăc twn stoiqeÐwn kai h apojăkeusă touc den prèpei na epibarÔnoun to sÔsthma kai tic eswterikèc diadikasÐec tou epipèdou me qronikèc kajusterăseic pou ja eÐqan wc apotèlesma thn esfalmènh ektÐmhsh twn shmatodotikÿn apokrÐsewn. Ta basikĹ sustatikĹ gia th sqedÐash tou ergaleÐou ja analujoÔn stic epìmenec paragrĹfouc. KĹje mikrì kommĹti dìmhshc sthrÐzetai stic arqèc pou èqei orÐsei h bibliojăkh kai aforoÔn sthn polumorfikìthta, taqeÐa ektèlesh, prostasÐa metablhtÿn kai oikonomÐa qÿrou.

• EpikefalÐda. Ta arqeÐa apojăkeushc èqoun duadikă morfă me skopì thn exoikonìmhsh qÿrou. H qrăsh tètoiac morfăc arqeÐwn upoqreÿnei thn Ôparxh epikefalÐdwn, oi opoÐec diathroÔn polÔtimec plhroforÐec gia th metèpeita ploăghsh se autĹ. H epikefalÐda pou proteÐnetai apì th bibliojăkh suntÐjetai apì metablhtèc, ìpwc: (a) o tÐtloc arqeÐou, (b) o tÔpoc prwtokìllou, (g) o qrìnoc dhmiourgÐac, (d) to plăjoc twn kìmbwn, (e) h jèsh prÿthc eggrafăc, (st) h tautìthta senarÐou, kai (z) h hmeromhnÐa dhmiourgÐac. Sto sqăma 8.24 parousiĹzetai h diĹtaxh twn stoiqeÐwn thc epikefalÐdac, kajÿc kai o skeletìc

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.24: Basikă domă arqeÐou

tou sÿmatoc H epikefalÐda dhmiourgeÐtai katĹ thn arqikopoÐhsh tou arqeÐou kai ta pedÐa thc enhmerÿnontai katĹ th stigmă thc apojăkeushc.

Sqăma 8.25: Domă sÿmatoc arqeÐou kataqÿrhshc

• Sÿma. To sÿma tou arqeÐou diathreÐ thn aplă grammikă domă sÔndeshc stoiqeÐwn plhroforÐac (sqăma 8.25). To termatikì shmeÐo tou kìmbou perièqei plhroforÐa gia thn arqă. Me thn teqnikă aută, epitrèpetai h seiriakă olÐsjhsh proc ta pÐsw katĹ th fĹsh metĹfrashc twn duadikÿn stoiqeÐwn se logikèc ènnoiec. H morfă tou kìmbou den eÐnai prokajorismènh. O tÔpoc tou kìmbou kajorÐzetai katĹ th fĹsh thc metaglÿttishc. H monĹda gnwrÐzei mìno to mègejoc tou kìmbou, kajÿc kai th duadikă morfă twn perieqomènwn autoÔ. KatĹ th fĹsh thc apojăkeushc, apotupÿnei sto arqeÐo to aparaÐthto plăjoc duadikÿn stoiqeÐwn kai prosjètei sto tèloc tou kìmbou th dieÔjunsh thc arqăc.

• StoiqeÐo plhroforÐac. O polumorfismìc thc monĹdac ekfrĹzetai mèsw tou stoiqeÐou plhroforÐac. H klĹsh tou stoiqeÐou periorÐzetai mìno apì dÔo paramètrouc: (a) kĹje klĹsh stoiqeÐou ofeÐlei na ulopoieÐ mÐa sunĹrthsh me ìnoma GetNodeInfo, me parĹmetro eisìdou kai epistrofă se akèraia metablhtă, kai (b) na diajètei mÐa domă onìmatoc info, thc opoÐac to prÿto stoiqeÐo na dhlÿnei to măkoc thc ofèlimhc plhroforÐac. H upìloiph morfă thc klĹshc kai thc perieqìmenhc domăc eÐnai adiĹforh gia to ergaleÐo. H teqnikă aută prosfèrei èna plărwc orismèno ergaleÐo katagrafăc mhnumĹtwn, to opoÐo mporeÐ na qrhsimopoihjeÐ se mÐa eureÐa klÐmaka efarmogÿn qwrÐc thn anĹgkh prosarmogăc epiplèon paramètrwn.

Oi eswterikèc diadikasÐec tou ergaleÐou èqoun sqediasteÐ me skopì th meÐwsh tou qrìnou dèsmeushc kai apodèsmeushc mnămhc tou sustămatoc, kai eÐnai prosanatolismènec sthn asÔgqronh mèjodo apojăkeushc twn kìmbwn. H qronikă kajustèrhsh pou eisĹgetai apì th diadikasÐa apojăkeushc prèpei na periorÐzetai, ètsi ÿste na mhn ephreĹzei thn apodotikìthta tou epipèdou. Ta

8.2 ErgaleÐa epipèdou

pleonektămata pou prosfèrontai apì th qrăsh thc monĹdac gÐnontai perissìtero diakritĹ kajÿc o rujmìc Ĺfixhc kai apostolăc mhnumĹtwn auxĹnetai. H klĹsh den klhronomeÐ apì thn pxUnit. O lìgoc ègkeitai sto gegonìc ìti qrhsimopoieÐtai mìno katĹ thn Ĺfixh ă anaqÿrhsh kĹpoiou mhnÔmatoc ă erejÐsmatoc. Epomènwc, to prwtìkollo pou ulopoieÐtai ofeÐlei na oloklhrÿnei tic aparaÐthtec diadikasÐec gia th qrăsh twn uphresiÿn thc klĹshc. UpĹrqei, epÐshc, h dunatìthta na dhlwjeÐ mÐa kainoÔria klĹsh gia thn katagrafă twn mhnumĹtwn, h opoÐa ja klhronomeÐ tìso apì thn pxUnit, ìso kai apì thn pxLogger me skopì na mporeÐ na summetĹsqei sth dentrikă diasÔndesh pou qarakthrÐzei to epÐpedo kai tic monĹdec tou. Ta shmantikìtera stoiqeÐa kai leitourgÐec thc klĹshc sunoyÐzontai se:

• Metablhtèc. H monĹda diajètei èna pÐnaka apì lÐstec tÔpou pxDoubleLinkedListEx. O monodiĹstatoc pÐnakac măkouc triÿn stoiqeÐwn, qrhsimopoieÐtai gia th diĹtaxh twn kìmbwn. KĹje lÐsta lambĹnei mèroc se sugkekrimènec leitourgÐec thc monĹdac. Analutikìtera, h omĹda twn listÿn apoteleÐtai apì: (a) th lÐsta Ĺkurwn stoiqeÐwn, (b) th lÐsta ègkurwn stoiqeÐwn, kai (g) lÐsta apojăkeushc. DiathreÐ, epÐshc, thn aparaÐthth plhroforÐa gia to bajmì euaisjhsÐac thc apojăkeushc, to plăjoc twn apojhkeumènwn kìmbwn, to plăjoc twn proc apojăkeush kìmbwn, kai to mègisto epitreptì mègejoc thc lÐstac Ĺkurwn eggrafÿn.

• LeitourgÐec

↬ ArqikopoÐhsh/Termatismìc. H klĹsh arqikopoieÐtai kalÿntac th sunĹrthsh Initialize.

Oi parĹmetroi eisìdou aforoÔn sto mègejoc thc lÐstac Ĺkurwn eggrafÿn, sto bajmì euaisjhsÐac thc apojăkeushc twn kìmbwn kai sth sumplhrwmènh me ègkurec eggrafèc epikefalÐda tou arqeÐou. AntÐstoiqa, katĹ ton termatismì, enhmerÿnetai h epikefalÐda kai kleÐnei to arqeÐo apojăkeushc.

↬ Eisagwgă. H diadikasÐa eisagwgăc eÐnai sÔgqronh. Sth fĹsh aută, h monĹda aiteÐtai mÐa Ĺkurh eggrafă apì thn antÐstoiqh lÐsta (klăsh thc sunĹrthshc GetNode ), sumplhrÿnetai me ta aparaÐthta stoiqeÐa plhroforÐac kai akoloÔjwc eisĹgetai sth lÐsta twn ègkurwn eggrafÿn (klăsh thc sunĹrthshc SaveNode).

↬ EpexergasÐa. H monĹda epexergĹzetai tic ègkurec eggrafèc asÔgqrona. Qrhsimopoiÿntac bajmoÔc euaisjhsÐac, apofasÐzei thn ènarxh thc apojăkeushc twn kìmbwn. ’Olec oi ègkurec eggrafèc afairoÔntai me aplă anĹjesh twn deiktÿn thc kefalăc thc lÐstac ègkurwn kìmbwn se aută thc lÐstac apojăkeushc. AkoloÔjwc, oi kìmboi thc trÐthc lÐstac apojhkeÔontai ènac proc èna sto antÐstoiqo arqeÐo, shmeiÿnontai wc Ĺkurec eggrafèc kai eisĹgontai sthn katĹllhlh lÐsta.

KlĹseic prwtokìllwn bibliojăkhc

8.3 MonĹdec prwtokollikoÔ epipèdou

8.3.1 Ourèc exuphrèthshc

KatĹ th diĹrkeia zwăc tou to tuqaÐo epÐpedo kaleÐtai na prosfèrei uphresÐec tìso sta epÐpeda me ta opoÐa sundèetai, ìso kai sta upostrÿmata pou to apoteloÔn. H exuphrèthsh prosfèretai sth morfă antÐdrashc/erejÐsmatoc (sÔgqronh ektèlesh twn diergasiÿn) ă sth morfă drĹshc (asÔgqronh leitourgÐa). H bibliojăkh ulopoieÐ ìlec tic leitourgÐec twn epipèdwn me bĹsh to asÔgqrono montèlo programmatismoÔ. H mèjodoc perilambĹnei thn apodoqă aităsewn apì ta epÐpeda thc stoÐbac ă ta upostrÿmata tou epipèdou, th diatărhsh twn aităsewn se katĹllhlouc apojhkeutikoÔc qÿrouc mèqri th stigmă thc exuphrèthshc, kai th diadikasÐa anĹkthshc kai exuphrèthshc aităsewn. H perigrafă thc mejìdou thc asÔgqronhc exuphrèthshc gegonìtwn ă aităsewn, fwtografÐzei touc algìrijmouc exuphrèthshc afiknoÔmenwn gegonìtwn, gnwstoÔc wc ourèc.

8.3.1.1 QarakthristikĹ ourÿn

Oi ourèc qarakthrÐzontai apì tic paramètrouc pou perigrĹfontai sto qÿro emfĹnisăc touc kai touc kanìnec exuphrèthshc twn gegonìtwn. Sto sÔnolo touc, diakrÐnontai se dÔo megĹlec kathgorÐec, oi opoÐec qarakthrÐzontai apì ta krităria exuphrèthshc twn gegonìtwn.

• Exuphrèthsh qwrÐc proteraiìthta. Ta gegonìta pou afÐknontai diatĹssontai se seirĹ anĹloga thc stigmăc Ĺfixhc, kai den taxinomoÔntai. H exuphrèthsh pragmatopoieÐtai me bĹsh thn arqaiìthta (FIFO) ă thn neìthta (LIFO) tou gegonìtoc. H ulopoÐhsh tètoiac morfăc ourÿn pragmatopoieÐtai me aplĹ sundedemènec lÐstec. O algìrijmoc eisagwgăc kai diagrafăc èqei kìstoc O(1) kai eÐnai anexĹrthtoc tou plăjouc twn gegonìtwn pou brÐskontai se anamonă proc exuphrèthsh. Ta perijÿria beltÐwshc enìc algìrijmou O(1) eÐnai elĹqista. H beltÐwsh tou qrìnou ektèleshc periorÐzetai sunăjwc se anabajmÐseic twn metaglwttistÿn, twn leitourgikÿn susthmĹtwn ă akìmh kai olìklhrou tou sustămatoc.

• Exuphrèthsh me proteraiìthta. EÐnai suqnì fainìmeno h anĹgkh gia qrăsh ourÿn me proteraiìthta. H proteraiìthta kajorÐzei to kritărio taxinìmhshc twn gegonìtwn, me skopì thn exuphrèthsh autÿn me to megalÔtero deÐkth. ’Ena parĹdeigma tètoiac morfăc ourĹc efarmìzetai sta kèntra diaqeÐrishc kai suntărhshc twn thlepikoinwniakÿn diktÔwn. Gegonìta ìpwc h sÔndesh ă aposÔndesh kĹpoiou qrăsth stic uphresÐec tou diktÔou, qarakthrÐzontai me mikrì bajmì proteraiìthtac. AntÐjeta, tuqaÐec prosbolèc pou dèqetai to dÐktuo ă pijanèc anaforèc gia elattwmatikă leitourgÐa kìmbwn qarakthrÐzontai apì yhlì bajmì proteraiìthtac. H eisagwgă kai h exuphrèthsh twn gegonìtwn akoloujeÐ sugkekrimènouc kanìnec, oi opoÐoi kajorÐzontai apì ta krităria proteraiìthtac. To plăjoc twn

8.3 MonĹdec prwtokollikoÔ epipèdou

gegonìtwn (n) se anamonă proc exuphrèthsh, ephreĹzei thn apìdosh twn mejìdwn eisagwgăc kai diagrafăc. H qrăsh katĹllhlwn algorÐjmwn taxinìmhshc twn gegonìtwn, me bĹsh kĹpoio kritărio proteraiìthtac, beltiÿnei jeamatikĹ touc qrìnouc epexergasÐac twn kìmbwn thc ourĹc.

O qaraktărac thc ourĹc oloklhrÿnetai me ton pio kĹtw orismì:

ρ_α/ρ_ϵ/π_ϵ/μ_α ρ_α : Rujmìc Ĺfixhc ρ_ϵ : Rujmìc exuphrèthshc π_ϵ : Plăjoc exuphrethtÿn μ_α : Mègejoc lÐstac anamonăc

• Rujmìc Ĺfixhc. QarakthrÐzei ta qronikĹ diastămata metaxÔ twn afÐxewn. Oi pio koinèc katanomèc eÐnai: (a) h kanonikă, (b) h ekjetikă, (g) h Poisson, kai (d) h tuqaÐa.

• Rujmìc exuphrèthshc. JewreÐtai ìti o qrìnoc exuphrèthshc eÐnai anexĹrthtoc tou rujmoÔ Ĺfixhc kai akoloujeÐ stajerĹ mÐa sugkekrimènh katanomă. Se arketèc periptÿseic, o qrìnoc apìkrishc thc diadikasÐac exartĹtai apì to plăjoc twn gegonìtwn se anamonă.

• Plăjoc exuphrethtÿn. AntiproswpeÔei to plăjoc twn shmeÐwn exuphrèthshc thc ourĹc.

Oi pio sunăjeic efarmogèc diajètoun èna kai mìno shmeÐo exuphrèthshc.

• Mègejoc lÐstac anamonăc. KajorÐzei to mègisto epitreptì măkoc thc ourĹc twn gegonìtwn se anamonă.

Me bĹsh touc pio pĹnw orismoÔc kajorÐzetai to mègejoc tou rujmoÔ apasqìlhshc ρ_{απ} se kĹje shmeÐo exuphrèthshc: ρ_{απ} = ρ_α ρ_ϵπ_ϵ

(8.4)

H timă ρ_{απ} ofeÐlei na eÐnai fragmènh sth monĹda (ρ_{απ} < 1) proc apofugă diìgkwshc tou măkouc thc ourĹc twn gegonìtwn se anamonă. Se antÐjeth perÐptwsh, to sÔsthma argĹ ă grăgora ja pĹyei na leitourgeÐ, epifèrontac tic antÐstoiqec epiptÿseic sto shmeÐo efarmogăc.

8.3.1.2 Exuphrèthsh twn epipèdwn

Sto polustrwmatikì montèlo OSI, h epikoinwnÐa metaxÔ twn strwmĹtwn gÐnetai me ekatèrwjen aităseic. MerikĹ mhnÔmata eÐnai enhmerwtikĹ kai termatÐzontai mèsa sth stoÐba pou ta dhmioÔrghse, Ĺlla aforoÔn tic omìtimec ontìthtec Ĺllwn stoibÿn kai metafèrontai enjulakwmèna se katĹllhlec jèseic twn katÿterwn strwmĹtwn. ’Eqei anaferjeÐ kai perigrafeÐ h klĹsh pxSapEnv, h opoÐa oloklhrÿnei tic idiìthtec tou fakèlou allhlografÐac metaxÔ twn strwmĹtwn. ’Ola ta mhnÔmata, enhmerwtikĹ kai mă, topojetoÔntai se fakèlouc. Oi fĹkeloi metafèrontai apì strÿma se strÿma mèqri th dieÔjunsh apostolăc.

KlĹseic prwtokìllwn bibliojăkhc

[Eisăghsh] 8.3.1 KĹje strÿma diajètei mÐa ourĹ exuphrèthshc fakèlwn aităsewn apì ìla ta strÿmata me ta opoÐa epikoinwneÐ.

H pio pĹnw eisăghsh den apagoreÔei th qrăsh perissìterwn ourÿn exuphrèthshc. Gia parĹdeigma, mÐa efarmogă ja mporoÔse na ulopoieÐ n ston arijmì ourèc se kĹje strÿma L gia kĹje xeqwristì strÿma to opoÐo epikoinwneÐ me to L. Sthn paroÔsa anaforĹ, jewroÔme ìti ìla ta mhnÔmata èqoun thn Ðdia proteraiìthta. Gia to lìgo autì, h qrăsh mÐac ourĹc anĹ strÿma ikanopoieÐ plărwc tic anĹgkec thc sqedÐashc. H arqitektonikă twn mejìdwn thc ourĹc ofeÐlei na eÐnai sÔmfwnh me tic arqèc kai touc kanìnec thc bibliojăkhc.

[Orismìc] 8.3.1 H ourĹ exuphrèthshc mhnumĹtwn tou strÿmatoc L apoteleÐ xeqwristă monĹda tou upoqÿrou kai ulopoieÐ tic mejìdouc kai tic idiìthtec mÐac diplĹ sundedemènhc lÐstac.

Sto sqăma 8.26 h klĹsh pxQueue klhronomeÐ apì tic klĹseic pxUnit kai pxMNThread, ikanopoiÿntac tic dhlÿseic tou orismoÔ 8.3.1.

Sqăma 8.26: MonĹda diaqeÐrishc aităsewn (OurĹ mhnumĹtwn)

• Sunartăseic

↬ CallMe. H klĹsh ofeÐlei na parèqei thn ulopoÐhsh thc en lìgw sunĹrthshc. H sunĹrthsh oloklhrÿnei to shmeÐo eisìdou sth monĹda kai akoloÔjwc qrhsimopoieÐtai apì to strÿma gia thn eisagwgă aităsewn proc exuphrèthsh.

– ForwardEnvelop. Ta gegonìta exuphretoÔntai èna proc èna. H sunĹrthsh èqei eikonikì qaraktăra. H basikă thc leitourgÐa periorÐzetai sthn proÿjhsh tou fakèlou sth monĹda dianomăc. Sthn perÐptwsh pou krÐnetai anagkaÐa kĹpoia morfă epexergasÐac tou fakèlou prin thn proÿjhsh, tìte o qrăsthc ofeÐlei na klhronomăsei apì thn paroÔsa klĹsh, na ulopoiăsei th mèjodo epexergasÐac, kai akoloÔjwc na kalèsei thn eikonikă sunĹrthsh gia na prowjăsei to fĹkelo. H morfă thc perieqìmenhc plhroforÐac prèpei na eÐnai sumbată me kĹpoia prokajorismènh IDU. Gia to lìgo autì, ta

8.3 MonĹdec prwtokollikoÔ epipèdou

mhnÔmata pou lambĹnontai apì ta katÿtera strÿmata analÔontai prin prowjhjoÔn sth monĹda diaqeÐrishc qrhstÿn.

– PrintStats. KatĹ th fĹsh axiolìghshc thc apìdoshc thc sqedÐashc, o qrăsthc eÐnai se jèsh na katagrĹfei touc rujmoÔc Ĺfixhc kai exuphrèthshc twn gegonìtwn, to sunolikì plăjoc twn exuphretăsewn kai to mèso qrìno anamonăc sthn ourĹ.

– Process. H sunĹrthsh aforĹ sthn trÐth parĹmetro tou orismoÔ thc ourĹc, ìpwc èqei diatupwjeÐ apì ton Kendall. H sunĹrthsh apoteleÐ mÐa nhmatikă diadikasÐa pou anăkei sth monĹda kai analambĹnei thn exuphrèthsh twn aităsewn pou brÐskontai se anamonă. To plăjoc twn stigmiotÔpwn thc sunĹrthshc kajorÐzei to plăjoc twn shmeÐwn exuphrèthshc, kai dhlÿnetai katĹ th dhmiourgÐa thc monĹdac apì to ektelèsimo prìgramma.

– IsActive. KaleÐtai gia thn anÐqneush thc trèqousac katĹstashc twn shmeÐwn exuphrèthshc. H klĹsh aută parèqei tic katĹllhlec sunartăseic gia thn ènarxh kai paÔsh twn diadikasiÿn exuphrèthshc ă upodoqăc gegonìtwn. Oi mèjodoi parèqoun thn aparaÐthth asfĹleia apì anepijÔmhtec diogkÿseic tou măkouc thc ourĹc.

• Efarmogă. H klĹsh orÐzei kai ulopoieÐ plărwc th monĹda upodoqăc aităsewn tou strÿmatoc. DiathreÐ touc genikoÔc kanìnec kai mejìdouc mÐac monĹdac upodoqăc, prosfèrontac ètsi stouc qrăstec thc bibliojăkhc èna isqurì purăna gia thn oikodìmhsh thc monĹdac pou ja ikanopoieÐ plărwc tic apaităseic èkasthc epijumhtăc efarmogăc. H diadikasÐa thc eisagwgăc kai exagwgăc aităsewn paramènei analloÐwth kai anexĹrthth apì to eÐdoc thc efarmogăc. H epexergasÐa, kai akoloÔjwc h proÿjhsh katĹllhlwn energeiÿn pou exartÿntai apì to eÐdoc thc aÐthshc, emfanÐzoun megĹlh poikilÐa parallagÿn anĹloga twn genikÿn kai eidikÿn qarakthristikÿn tou strÿmatoc efarmogăc. Sto kefĹlaio Pilotikă Efarmogă, h klĹsh qrhsimopoieÐtai wc bĹsh thc klhronìmou klĹshc me thn perigrafikă epwnomasÐa MonĹdec sullogăc kai proÿjhshc aităsewn.

8.3.2 Qrono-programmatistèc H klĹsh pxScheduler apoteleÐ th basikă monĹda qrono-programmĹtishc gegonìtwn. LeitourgeÐ wc ourĹ exuphrèthshc me proteraiìthta. Proteraiìthta thc ourĹc apoteleÐ to kritărio tou qrìnou exuphrèthshc thc aÐthshc. H enìthta perigrĹfei ta stoiqeÐa pou apoteloÔn th monĹda, kajÿc kai tic diadikasÐec eisagwgăc, diagrafăc, qronikăc olÐsjhshc, kai exuphrèthshc twn aităsewn. H sÔntomh perigrafă twn diadikasiÿn thc monĹdac ja qrhsimeÔsei wc eisagwgikì shmeÐwma gia th qrhsimìthta twn stoiqeÐwn pou apoteloÔn th monĹda.

• Eisagwgă. To epÐpedo etoimĹzei èna fĹkelo aÐthshc, o opoÐoc perièqei ton epijumhtì qrìno kai thn tautìthta tou aithtă, ton opoÐo akoloÔjwc eisĹgei sth monĹda. O qrono-

KlĹseic prwtokìllwn bibliojăkhc

programmatistăc enhmerÿnei to qrìno tou fakèlou, prosjètontac thn timă thc trèqousac qronikăc stigmăc (klĹsh pxCPUTime). Enhmerÿnetai apì to dèntro qronikÿn fÔllwn gia th jèsh taxinìmhshc thc aÐthshc sthn ourĹ anamonăc kai eisĹgei to fĹkelo sthn ourĹ. H jèsh taxinìmhshc eisĹgetai sto fĹkelo aÐthshc wc kleidÐ anazăthshc. O fĹkeloc epistrèfetai pÐsw ston kaloÔnta èqontac ta pedÐa tou qrìnou kai thc tautìthtac enhmerwmèna me ta katĹllhla kleidiĹ anazăthshc.

• Diagrafă. H diagrafă kĹpoiou kataqwrhmènou gegonìtoc pragmatopoieÐtai kalÿntac th monĹda me ta dÔo kleidiĹ anazăthshc (to qrìno aÐthshc kai thn tautìthta aÐthshc). H anazăthsh pragmatopoieÐtai sta qronikĹ fÔlla, me parĹmetro ton antÐstoiqo qrìno, kai akoloÔjwc afaireÐtai apì to dèntro. H tautìthta thc aÐthshc qrhsimopoieÐtai gia th diapÐstwsh thc egkurìthtac tou fakèlou katĹ măkoc thc ourĹc. Se perÐptwsh ègkurhc katagrafăc, h aÐthsh afaireÐtai apì thn ourĹ.

• Exuphrèthsh aităsewn. ArqikĹ katagrĹfetai h trèqousa qronikă stigmă me thn klăsh tou ergaleÐou katamètrhshc tou qrìnou. ’Olec oi aităseic, me qronikă stigmă exuphrèthshc mikrìterh thc trèqousac, metafèrontai apì thn ourĹ anamonăc sthn ourĹ exuphrèthshc. Ta antÐstoiqa qronikĹ fÔlla afairoÔntai apì to dèntro. Sth sunèqeia, h ourĹ exuphrèthshc afaireÐ tic aităseic mÐa proc mÐa me th mèjodo FIFO kai tic prowjeÐ stic katĹllhlec monĹdec tou prwtokìllou gia epexergasÐa.

• Qronikă olÐsjhsh. Oi diergasÐec thc monĹdac exartÿntai apì thn trèqousa timă tou qrìnou. H taktikă enhmèrwsh twn stoiqeÐwn, me bĹsh mÐa prokajorismènh diakrită posìthta qrìnou (Quantum), prokaleÐ tic aparaÐthtec anadiatĹxeic twn aităsewn, me skopì th sÔgqronh kai akribă proÿjhsh stouc katĹllhlouc paralăptec. H monĹda diajètei mÐa palmogennătria gia thn paragwgă palmÿn me prokajorismènh perÐodo. Se kĹje palmì, h monĹda enhmerÿnetai gia thn ekkÐnhsh twn diergasiÿn epexergasÐac twn qronikÿn aităsewn.

8.3.2.1 StoiqeÐa qrono-programmatistă

• OurĹ exuphrèthshc. Oi kìmboi twn aităsewn pou anăkoun sthn ourĹ exuphrèthshc diatrèqontai ènac prìc èna apì thn kefală thc lÐstac mèqri to tèloc, kai prowjoÔntai stic katĹllhlec monĹdec tou epipèdou gia peraitèrw epexergasÐa. H ourĹ exuphrèthshc kai h ourĹ anamonăc apoteloÔn antikeÐmena thc klĹshc pxDoubleLinkedList. H klĹsh diaqeirÐzetai mÐa diplĹ sundedemènh lÐsta me dunatìthta exagwgăc kai eisagwgăc megĹlwn tmhmĹtwn kìmbwn se mÐa kai mìno epexergasÐa. H idiìthta thc klĹshc prosfèrei taqÔtath epexergasÐa twn kìmbwn, kajÿc h afaÐresh kai prìsjesh enìc tmămatoc măkouc N kìmbwn apaiteÐ thn anĹjesh tessĹrwn deiktÿn. To meionèkthma thc mejìdou entopÐzetai sthn adunamÐa parakoloÔjhshc tou măkouc thc ourĹc.

8.3 MonĹdec prwtokollikoÔ epipèdou

Sqăma 8.27: StoiqeÐa monĹdac dromologhtă

• OurĹ anamonăc. Oi aităseic pou eisĹgontai sth monĹda katalăgoun sthn ourĹ anamonăc.

Oi kìmboi thc ourĹc eÐnai taxinomhmènoi me bĹsh ton aitoÔmeno qrìno exuphrèthshc katĹ aÔxousa seirĹ. H diatĹxh twn kìmbwn egguĹtai ìti o kìmboc N èqei megalÔtero qrìno apì touc kìmbouc (N − 1), . . . , 0. H epexergasÐa thc ourĹc proôpojètei thn anÐqneush tou kìmbou me thn plhsièsterh qronikă timă wc proc thn trèqousa. AkoloÔjwc, afaireÐtai ìlo to tmăma aristerĹ tou kìmbou kai prostÐjetai sthn ourĹ exuphrèthshc.

• ’Egkurec eggrafèc. ApoteleÐ mÐa dentrikă domă sthn opoÐa qartografoÔntai oi dieujÔnseic twn kìmbwn twn dÔo ourÿn. KatĹ thn eisagwgă sthn ourĹ anamonăc, to dèntro enhmerÿnetai me thn kainoÔria eggrafă. H afaÐresh tou kìmbou apì to dèntro pragmatopoieÐtai katĹ th diadikasÐa afaÐreshc tou kìmbou apì thn ourĹ exuphrèthshc. H teqnikă aută prostateÔei th monĹda apì anepijÔmhtec parabiĹseic mnămhc, kajÿc metafèrei tmămata apì th mÐa ourĹ sthn Ĺllh ă kajÿc diagrĹfei kĹpoia aÐthsh.

• QronikĹ fÔlla. ApoteleÐ mÐa dentrikă domă qronikÿn stigmÿn. Oi timèc twn kìmbwn tou dèntrou eÐnai antikeÐmena thc klĹshc SchLeafUnit. Ta kleidiĹ anazăthshc twn kìmbwn antiproswpeÔoun pragmatikèc qronikèc stigmèc. Oi qronikèc stigmèc eÐnai diakritèc kai èqoun elĹqisth dunată apìstash Ðsh me mÐa prokajorismènh metablhtă thc monĹdac pou onomĹzetai Quantum. To antikeÐmeno thc timăc perièqei dÔo ègkurec topografikèc eggrafèc, oi opoÐec jètoun ta ìria twn gegonìtwn sthn ourĹ anamonăc. To plăjoc twn epijumhtÿn gegonìtwn anĹ Quantum kajorÐzetai apì to măkoc twn orÐwn.

• Palmogennătria. H palmogennătria leitourgeÐ wc anexĹrthth monĹda me skopì thn paragwgă palmÿn sugkekrimènou măkouc kÔmmatoc. H monĹda aută oloklhrÿnetai apì thn klĹsh pxHeardBeat. ’Ola ta antikeÐmena thc klĹshc pxScheduler moirĹzontai èna kai mìno antikeÐmeno palmogennătriac. KĹje kainoÔrio stigmiìtupo thc klĹshc pxScheduler enhmerÿnei thn palmogennătria, qrhsimopoiÿntac to stoiqeÐo sugqronismoÔ me thn elĹqisth monĹda qrìnou kai me to mèso sÔndeshc twn dÔo ontotătwn. H palmogennătria diathreÐ

KlĹseic prwtokìllwn bibliojăkhc

se lÐsta ìlec tic eggrafèc pou pragmatopoiăjhkan apì touc qrono-programmatistèc. H suqnìthta tou basikoÔ palmoÔ eÐnai Ðsh me th megalÔterh apojhkeumènh timă. Oi upìloipoi palmoÐ parĹgontai wc upodiairèseic tou basikoÔ.

• StoiqeÐo sÔndeshc. KĹje antikeÐmeno dromolìghshc diajètei èna stoiqeÐo sÔndeshc sto opoÐo sumplhrÿnontai ìlec oi aparaÐthtec parĹmetroi, kai prosfèretai gia peraitèrw qrăsh sthn palmogennătria. KĹje tètoio stoiqeÐo perièqei thn epijumhtă suqnìthta palmoÔ, kajÿc kai èna antikeÐmeno sugqronismoÔ tou sustămatoc gia thn afÔpnish twn asÔgqronwn diadikasiÿn.

8.3.2.2 Sunartăseic qrono-programmatistă

Sqăma 8.28: Sunartăseic monĹdac dromologhtă

Oi sunartăseic tou qrono-programmatistă diakrÐnontai se koinèc, autèc pou aforoÔn stic klăseic sunartăsewn apì exwterikèc monĹdec, kai se proswpikèc, autèc pou aforoÔn stic eswterikèc diergasÐec thc monĹdac.

• Eisagwgă (koină). KaleÐtai h sunĹrthsh InsertRequest me parĹmetro to antikeÐmeno thc aÐthshc. O qrono-programmatistăc akoloujeÐ mÐa sugkekrimènh mejodologÐa gia thn eisagwgă thc aÐthshc: (a) kanonikopoÐhsh tou qrìnou, (b) eisagwgă eggrafăc sto dèntro qronikÿn fÔllwn , (g) eisagwgă aÐthshc sthn ourĹ anamonăc kai sto dèntro ègkurwn eggrafÿn, kai (d) enhmèrwsh tou antikeimènou enhmèrwshc gia thn kanonikopoihmènh timă tou qrìnou kai to kleidÐ anazăthshc thc eggrafăc. To sunolikì kìstoc thc mejìdou dÐnetai sthn exÐswsh 8.5.

INS_{cost} = O(log(MfÔlla · Naităseic)) (8.5)

• Diagrafă (koină). KaleÐtai h sunĹrthsh DeleteRequest me parĹmetro to antikeÐmeno thc aÐthshc. O qrono-programmatistăc akoloujeÐ mÐa sugkekrimènh mejodologÐa gia th

8.3 MonĹdec prwtokollikoÔ epipèdou

diagrafă thc aÐthshc: (a) anazăthsh ègkurhc eggrafăc, (b) anazăthsh eggrafăc sto dèntro qronikÿn fÔllwn, kai (g) diagrafă aÐthshc apì thn antÐstoiqh ourĹ. To sunolikì kìstoc thc mejìdou dÐnetai sthn exÐswsh 8.6.

DEL_{cost} = O(log(MfÔlla · Naităseic)) (8.6)

• EpexergasÐa qronologikoÔ dèntrou (proswpikă). H mèjodoc ProcessLeafs ulopoieÐtai wc asÔgqronh ă nhmatikă diadikasÐa. H diadikasÐa paramènei se adrĹneia perimènontac thn èleush enìc palmoÔ apì thn palmogennătria. AkoloÔjwc, kaleÐ thn ProcessTimeLeafs kai epexergĹzetai to qronologikì dèntro anazhtÿntac to megalÔtero qronologikĹ kìmbo pou èqei timă mikrìterh thc trèqousac. H diadikasÐa thc anazăthshc efarmìzetai sthn perÐptwsh pou o aristerìteroc kìmboc tou dèntrou èqei qronikă timă mikrìterh thc trèqousac. H kefală tou mikrìterou kìmbou kai h ourĹ tou megalÔterou kajorÐzoun ta ìria tou tmămatoc thc ourĹc anamonăc pou prèpei na antigrafeÐ sthn ourĹ exuphrèthshc.

T imeP rocess_{cost} = O(log(MfÔlla)) (8.7)

• Proÿjhsh gegonìtwn (proswpikă). ApoteleÐ mÐa nhmatikă diadikasÐa thc monĹdac (ProcessQueue).

H leitourgÐa thc èqei wc apotèlesma thn afaÐresh aităsewn apì thn ourĹ exuphrèthshc kai th diagrafă twn kleidiÿn twn ègkurwn kìmbwn apì to antÐstoiqo dèntro. Gia kĹje kìmbo pou afaireÐtai, h diadikasÐa epexergĹzetai thn aÐthsh kai thn prowjeÐ sth monĹda pou thn eÐqe eisĹgei.

EventP op_{cost} = O(log(Naităseic)) (8.8)

Oi idiìthtec pou apoktĹ h klĹsh tou qrono-programmatistă wc klhronìmoc thc klĹshc pxUnit, thn kajistĹ ikană na summetèqei sto ierarqhmèno montèlo monĹdwn pou perigrĹfetai sth diatribă. H jèsh thc prosdiorÐzetai apì tic leitourgÐec pou kaleÐtai na epitelèsei kai tic monĹdec me tic opoÐec sunergĹzetai. Se efarmogèc pou den akoloujoÔn to montèlo ierarqÐac pou proteÐnei h diatribă, o qrono-programmatistăc mporeÐ na qrhsimopoieÐtai wc anexĹrthto antikeÐmeno dromolìghshc gegonìtwn.

H sqedÐash twn mejìdwn thc monĹdac basÐzetai stic arqèc kai touc kanìnec thc bibliojăkhc. H beltÐwsh thc taqÔthtac ektèleshc estiĹzetai stic dentrikèc domèc. Oi domèc autèc èqoun duadikă logarijmikă bĹsh kai krÐnontai eparkeÐc mèqri kĹpoio sugkekrimèno arijmì kìmbwn. Kajÿc to plăjoc twn eggrafÿn auxĹnetai, Ðswc parousiasteÐ h anĹgkh beltÐwshc twn algorÐjmwn anÐqneushc kai antikatĹstash twn duadikÿn dentrikÿn domÿn me taqÔterec domèc.

KlĹseic prwtokìllwn bibliojăkhc

8.3.3 DiaqeÐrish perieqìmenwn stoiqeÐwn Ta perieqìmena^7 stoiqeÐa tou strÿmatoc apoteloÔn mhqanismoÔc poluplexÐac thc prosferìmenhc uphresÐac sta anÿtera strÿmata. KĹje prwtìkollo, ìpwc èqei ădh anaferjeÐ se prohgoÔmena kefĹlaia, parèqei uphresÐec sta anÿtera strÿmata. KĹje uphresÐa apoteleÐtai apì sugkekrimèna qarakthristikĹ me ta opoÐa suntÐjetai mÐa qarakthristikă kai monadikă eikìna. H eikìna apoteleÐ èna dÐaulo metĹdoshc plhroforÐac metaxÔ twn anÿterwn strwmĹtwn kai twn omìtimwn ontotătwn. H eikìna tou strÿmatoc den eÐnai suneqăc kai adiaÐreth. ApoteleÐtai apì mikrìterec figoÔrec pou sumperifèrontai wc mikroskopikèc eikìnec kai diajètoun me th seirĹ touc monadikĹ qarakthristikĹ. H diakrită morfă thc eikìnac thc uphresÐac tou strÿmatoc ikanopoieÐ touc kanìnec poluplexÐac kai emploutÐzetai ètsi h prosferìmenh uphresÐa sta anÿtera strÿmata. Oi figoÔrec pou apoteloÔn thn eikìna perigrĹfontai sthn paroÔsa enìthta.

To montèlo OSI, sto opoÐo anafèretai h paroÔsa diatribă, sugkentrÿnei poikilìmorfec eikìnec perieqìmenwn stoiqeÐwn. H poikilÐa aută aforĹ sth diĹkrish thc morfăc thc pareqìmenhc uphresÐac twn strwmĹtwn pou prodiagrĹfei to montèlo, kajÿc kai stic xeqwristèc morfèc thc uphresÐac pou parèqetai apì kĹje strÿma xeqwristĹ. To montèlo prodiagrĹfei plărwc touc genikoÔc kai anagkaÐouc kanìnec thc uphresÐac pou ofeÐlei na parèqei to kĹje strÿma. H prodiagrafă kĹje strÿmatoc diathreÐ thn afairetikă tou morfă kai den perigrĹfei qarakthristikĹ eidikÿn periptÿsewn kai efarmogÿn. Ta prwtìkolla pou dhmiourgoÔntai kai anaptÔssontai topojetoÔmena se sugkekrimèna strÿmata ofeÐloun na akoloujoÔn touc kanìnec kai tic arqèc pou prodiagrĹfei to kĹje strÿma. Oi kanìnec kai oi arqèc pou akoloujeÐ kĹje xeqwristă efarmogă emploutÐzontai kai exeidikeÔontai, prosdÐdontac èna xeqwristì tìno sth sÔnjesh thc eikìnac twn perieqìmenwn stoiqeÐwn. H diatărhsh thc afairetikăc morfăc thc diatÔpwshc twn uphresiÿn pou parèqontai apì ta strÿmata apoteleÐ to basikì stoiqeÐo tou montèlou OSI.

H poikilÐa twn strwmatikÿn efarmogÿn pou èqoun anaptuqjeÐ sto montèlo OSI kajistoÔn polÔplokh kai dÔsqrhsth th sqedÐash mÐac monĹdac pou ja ikanopoioÔse ìlec tic uparktèc efarmogèc thc uphresÐac pou èqoun anaptuqjeÐ gia ta strÿmata tou montèlou. Antijètwc, h monĹda prèpei na sqediasteÐ me skopì thn oloklărwsh twn koinÿn qarakthristikÿn twn prwtokìllwn.

[Arqă] 8.3.1 H monĹda ofeÐlei na diathreÐ thn afairetikă thc morfă kai sunĹma na parèqei ìlec tic basikèc leitourgÐec taxinìmhshc kai diaqeÐrishc twn perieqìmenwn stoiqeÐwn.

O skopìc thc monĹdac eÐnai h diatărhsh twn perieqìmenwn stoiqeÐwn se omadopoihmènec sullogèc. H monĹda ofeÐlei na parèqei basikèc leitourgÐec sto sÔnolo, ìpwc: (a) th dhmiourgÐa jèmatoc, (b) th suntărhsh kai diaqeÐrish tou jèmatoc, kai (g) thn apodèsmeush tou jèmatoc.

• DhmiourgÐa. ApoteleÐ thn kataskeuă enìc stigmiotÔpou enìc perieqìmenou stoiqeÐou, thn arqikopoÐhsh twn paramètrwn, thn eisagwgă tou perieqomènou autoÔ stic katĹllhlec

7context

8.3 MonĹdec prwtokollikoÔ epipèdou

domèc taxinìmhshc me bĹsh ta kleidiĹ anazăthshc, kai thn arqikopoÐhsh, an krijeÐ anagkaÐo, twn qronikÿn gegonìtwn sta opoÐa kaleÐtai na summetĹsqei. H klĹsh pxContextUnit diajètei mìno mÐa domă gia thn kataqÿrhsh tou prwteÔontoc kleidioÔ anazăthshc. O tÔpoc tou kleidioÔ dhlÿnetai apì thn klhronìmo klĹsh. H domă taxinomeÐ tic dieujÔnseic twn perieqìmenwn stoiqeÐwn pou èqoun dhmiourghjeÐ kai sqetÐzontai me to prwteÔon kleidÐ. Stic periptÿseic ìpou qrhsimopoioÔntai perissìtera tou enìc kleidiĹ, h dieÔjunsh thc sÔndeshc diathreÐtai se lÐsta kai stic domèc taxinìmhshc apojhkeÔetai o kìmboc thc lÐstac.

• Suntărhsh - DiaqeÐrish. H monĹda prosfèrei th dunatìthta anazăthshc perieqìmenwn stoiqeÐwn me bĹsh to prwteÔon kleidÐ. H monĹda upoqreoÔtai na prostateÔei ta perieqìmena twn perieqìmenwn stoiqeÐwn apì tautìqronec prosbĹseic, oi opoÐec ofeÐlontai se asÔgqronec diadikasÐec, proc apofugă emfĹnishc problhmĹtwn thc diaqeÐrishc mnămhc tou sustămatoc. H diaqeÐrish twn perieqìmenwn stoiqeÐwn me bĹsh ta erejÐsmata ă ta mhnÔmata pou dèqetai h monĹda pragmatopoieÐtai apì thn klhronìmo klĹsh. H paroÔsa klĹsh prosfèrei mìno th dălwsh thc sunĹrthshc upì morfă apìluthc eikonikăc sunĹrthshc.

• Apodèsmeush. H apodèsmeush twn perieqìmenwn stoiqeÐwn apoteleÐ pragmatikì ponokèfalo stic periptÿseic ìpou èqoun qrhsimopoihjeÐ perissìtera tou enìc kleidiĹ kataqÿrhshc, me apotèlesma h bĹsh taxinìmhshc na apoteleÐtai apì perissìterec thc mÐac domèc. H klĹsh afaireÐ th sÔndesh apì th domă tou basikoÔ kleidioÔ. H enhmèrwsh twn upìloipwn domÿn aforĹ apokleistikĹ stic klhronìmouc klĹseic.

[Arqă] 8.3.2 H monĹda ofeÐlei na ulopoieÐ ìlec tic aparaÐthtec mejìdouc gia th diasÔndesh thc me tic omìtimec monĹdec tou epipèdou, kajÿc apoteleÐ mèroc thc ierarqikăc domăc tou ekĹstote prwtokìllou efarmogăc.

8.3.3.1 Perieqìmeno stoiqeÐo

H klĹsh pxContext apoteleÐ mÐa genikeumènh morfă perieqìmenou stoiqeÐou. MporeÐ na qrhsimopoihjeÐ mìno wc bĹsh gia klhronìmouc, kajÿc den ulopoieÐ kamÐa mhqană katĹstashc kai diajètei mìno tic basikèc metablhtèc. KlhronomeÐ apì thn klĹsh pxUnit, sunepÿc mporeÐ na summetĹsqei se mÐa ierarqikă domă ìpwc kai oi upìloipec monĹdec tou epipèdou.

• Metablhtèc

↬ Perieqìmena. Oi parĹmetroi pou anafèrontai sto eÐdoc thc uphresÐac pou prosfèrei to perieqìmeno stoiqeÐo apoteloÔn mÐa sullogă metablhtÿn se morfă domăc ă klĹshc. O tÔpoc kai sunĹma h plhroforÐa gia tic paramètrouc prosdiorÐzetai katĹ th fĹsh twn dhlÿsewn twn sunartăsewn kai twn metablhtÿn thc epijumhtăc klĹshc tou perieqìmenou stoiqeÐou.

KlĹseic prwtokìllwn bibliojăkhc

Sqăma 8.29: Perieqìmeno stoiqeÐo

↬ ProstasÐa perieqomènwn. H prìsbash sta stoiqeÐa pragmatopoieÐtai mìno apì th monĹda - patèra. Oi mèjodoi prostasÐac apènanti se parĹllhlec prosbĹseic apì asÔgqronec diadikasÐec sqediĹzontai kai ulopoioÔntai ston patèra. O basikìc lìgoc gia ton opoÐo apofeÔgetai h qrhsimopoÐhsh antikeimènwn sugqronismoÔ sta antikeÐmena twn perieqìmenwn stoiqeÐwn, eÐnai to Ĺgnwsto kai sunăjwc to megĹlo plăjoc twn stigmiotÔpwn autÿn^8. H sÔndesh perièqei mÐa metablhtă akèraiou arijmoÔ me thn opoÐa katametrĹ to trèqon plăjoc twn prosbĹsewn sto antikeÐmeno.

↬ Tautìthta stoiqeÐou. H tautìthta kĹje perieqìmenou stoiqeÐou antistoiqeÐ sthn tautìthta paidioÔ pou upoqreoÔtai na diajètei kĹje klhronìmoc thc klĹshc pxUnit. H tautìthta aută jewreÐtai to prwteÔon kleidÐ anazăthshc.

↬ Tautìthta uphresÐac. KĹje perieqìmeno stoiqeÐo tautÐzetai me mÐa uphresÐa pou parèqetai apì to katÿtero strÿma. H apostolă kai h lăyh mhnumĹtwn proc kai apì to katÿtero strÿma, qrhsimopoiÿntac ta stoiqeÐa uphresÐac, epitugqĹnetai me thn eÔstoqh kai ègkurh taÔtish tou me kĹpoio katÿtero stoiqeÐo uphresÐac.

↬ KatĹstash perieqìmenou stoiqeÐou. UlopoieÐ thn parĹmetro gia thn anÐqneush thc katĹstashc sthn opoÐa brÐsketai to tuqaÐo perieqìmeno stoiqeÐo.

↬ Gegonìc dromolìghshc. PerigrĹfei to qrìno ektèleshc kai thn tautìthta anazăthshc tou teleutaÐou gegonìtoc pou èqei eisaqjeÐ sth monĹda tou qrono-programmatistă apì to sugkekrimèno perieqìmeno stoiqeÐo. H domă qrhsimeÔei katĹ th diadikasÐa akÔrwshc tou teleutaÐou eisaqjèntoc gegonìtoc.

• Sunartăseic

↬ DiaqeÐrish katĹstashc. Oi sunartăseic SetState kai GetState qrhsimopoioÔntai gia th metatropă kai thn anĹgnwsh thc katĹstashc tou perieqìmenou stoiqeÐou.

8KĹje antikeÐmeno sugqronismoÔ isodunameÐ se èna antikeÐmeno ston purăna tou leitourgikoÔ sustămatoc.

8.3 MonĹdec prwtokollikoÔ epipèdou

Sqăma 8.30: Sunartăseic perieqìmenou stoiqeÐou

↬ Dromolìghsh gegonìtwn. H dromolìghsh gegonìtwn proc thn antÐstoiqh monĹda tou epipèdou jewreÐtai mÐa koină anĹgkh gia ìlouc touc tÔpouc twn perieqìmenwn stoiqeÐwn. H monĹda qrono-programmatismoÔ gegonìtwn diathreÐ èna genikì montèlo gia thn eisagwgă kai anĹklhsh gegonìtwn. To montèlo autì sthrÐzetai sthn proÿjhsh aităsewn genikoÔ perieqomènou, ìpwc èqei ădh perigrafeÐ se prohgoÔmenh enìthta. H klĹsh tou stoiqeÐou sÔndeshc emploutÐzei th morfă thc aÐthshc prosjètwntac mÐa lÐsta anagnwristikÿn kleidiÿn gia thn anÐqneush tou perieqìmenou stoiqeÐou se diatĹxeic pollaplăc enjulĹkwshc. H sunĹrthsh ScheduleEvent qrhsimopoieÐtai gia thn eisagwgă ă th diagrafă gegonìtwn apì th monĹda qrono-programmatismoÔ.

↬ Proÿjhsh mhnumĹtwn. H sunĹrthsh PostMessage qrhsimopoieÐtai gia thn proÿjhsh mhnumĹtwn proc ta anÿtera ă katÿtera strÿmata. H klăsh thc proôpojètei th sÔntaxh twn paramètrwn sthn katĹllhlh domă dedomènwn, ìpwc aută kajorÐzetai katĹ th dălwsh thc klĹshc me ton tÔpo IDU epipèdou.

↬ Mhqană peperasmènwn katastĹsewn. KĹje perieqìmeno stoiqeÐo diajètei mÐa mhqană peperasmènwn katastĹsewn gia th diaqeÐrish tou stigmiotÔpou tou stoiqeÐou. H sunĹrthsh StateMachine apoteleÐ mÐa amigÿc eikonikă sunĹrthsh. To perieqìmeno thc sunĹrthshc autăc, sumplhrÿnetai katĹ monadikì trìpo, anĹloga me ton tÔpo tou stoiqeÐou kai tic leitourgÐec pou kaleÐtai na oloklhrÿsei.

↬ DiaqeÐrish upostoiqeÐwn. ApoteleÐ mÐa morfă diaqeÐrishc twn mhnumĹtwn kai twn erejismĹtwn pijanÿn uposunìlwn tou stoiqeÐou proc to kÔrio stoiqeÐo. H diergasÐa dhlÿnetai apì thn epÐshc amigÿc eikonikă sunĹrthsh HandleSubContext.

KlĹseic prwtokìllwn bibliojăkhc

8.3.3.2 MonĹda diaqeÐrishc perieqìmenwn stoiqeÐwn

H monĹda aută perikleÐei to sÔnolo twn stoiqeÐwn, kai qrhsimopoieÐtai wc mèso diasÔndeshc twn antikeimènwn twn perieqìmenwn stoiqeÐwn me tic upìloipec leitourgikèc ontìthtec tou epipèdou.

• Metablhtèc Oi metablhtèc pou prosfèrontai apì thn klĹsh pxContextUnit gia thn ka-

Sqăma 8.31: Metablhtèc thc klĹshc monĹdac diaqeÐrishc stoiqeÐwn

tagrafă prwtogenÿn plhroforiÿn, ìpwc o sugqronismìc, h katĹstash antikeimènou, k.l.p., parousiĹzontai sto sqăma 8.31. O qrăsthc thc bibliojăkhc ofeÐlei na sumperilĹbei sth dălwsh thc monĹdac ta katĹllhla ergaleÐa gia thn katagrafă mhnumĹtwn, thn katagrafă statistikÿn kai th qartogrĹfhsh twn perieqìmenwn stoiqeÐwn me tic uphresÐec pou qrhsimopoioÔn. Ta ergaleÐa brÐskontai sta arqeÐa thc bibliojăkhc, allĹ gia lìgouc komyìthtac (ta ergaleÐa dhlÿnontai wc prìtupec klĹseic) de dhlÿnontai sth basikă morfă thc monĹdac diaqeÐrishc perieqìmenwn stoiqeÐwn. O qrăsthc mporeÐ na epilèxei eleÔjera ton trìpo kai to shmeÐo efarmogăc touc.

• Mèjodoi

↬ Klăseic epipèdou. Sthn perigrafă thc monĹdac proteÐnetai stouc klhronìmouc o emploutismìc thc klĹshc me sugkekrimèna ergaleÐa, ta opoÐa prosfèrontai apì th bibliojăkh. PollĹ apì ta ergaleÐa autĹ qreiĹzontai arqikopoiăseic sugkekrimènhc morfăc kai se sugkekrimèno qrìno. O patèrac, dhladă to epÐpedo, epikoinwneÐ me th monĹda kai aitătai mÐa seirĹ energeiÿn. Oi enèrgeiec diakrÐnontai apì thn trÐth parĹmetro thc sunĹrthshc CallMe. O tÔpoc thc tètarthc paramètrou diaforopoieÐtai anĹloga me thn enèrgeia. H exuphrèthsh twn aităsewn tou patèra pragmatopoieÐtai kalÿntac thn plărwc eikonikă sunĹrthsh ParentCall. Oi klhronìmoi ofeÐloun na ulopoiăsoun to sÿma thc sunĹrthshc prosdÐdontac thn epijumhtă qrhsimìthta. ’Ena parĹdeigma enèrgeiac apoteleÐ h arqikopoÐhsh tou ergaleÐou katagrafăc mhnumĹtwn.

8.3 MonĹdec prwtokollikoÔ epipèdou

Sqăma 8.32: Sunartăseic thc klĹshc monĹdac diaqeÐrishc perieqìmenwn stoiqeÐwn

↬ EpexergasÐa aităsewn omìtimwn ontotătwn. Oi genikèc perigrafèc twn mejìdwn pou ofeÐlei na ulopoieÐ mÐa monĹda diaqeÐrishc èqoun parousiasteÐ se prohgoÔmenh parĹgrafo. H monĹda èqei sqediasteÐ me sugkekrimènh arqitektonikă. UlopoieÐ basikèc sunartăseic pou aforoÔn se koinèc mejìdouc monĹdwn parìmoiac morfăc, orÐzei mÐa seirĹ apì plărwc eikonikèc sunartăseic pou aforoÔn se diaforopoihmènec eikìnec thc monĹdac, kai proteÐnei mejìdouc stic klhronìmouc klĹseic.

[Arqă] 8.3.3 H monĹda epexergĹzetai ta eiserqìmena dedomèna, asÔgqrona ă sÔgqrona, anĹloga me ton arijmì twn exuphrethtÿn pou diajètei.

H monĹda sullègei aităseic apì dÔo paralăptec, oi opoÐoi jewroÔntai omìtimec ontìthtec (pxQueue, pxScheduler) kai apojhkeÔei tic aităseic autèc proswrinĹ se mÐa lÐsta FIFO. H lÐsta aută epexergĹzetai tic aităseic (Process), kai akoloÔjwc tic exuphreteÐ asÔgqrona. H mejodologÐa aută èqei wc apotèlesma thn ousiastikă apomìnwsh twn monĹdwn pou apoteloÔn to prwtìkollo, kajÿc kai ton periorismì thc upologistikăc spatĹlhc entìc twn sunìrwn èkasthc monĹdac. H epituqÐa thc mejìdou sthrÐzetai sth qrhsimopoÐhsh tou koinoÔ fakèlou epikoinwnÐac (pxBaseIDU). H mèjodoc thc antistoÐqishc kĹpoiac aÐthshc se èna perieqìmeno stoiqeÐo (MapServiceToContext), h opoÐa prohgeÐtai thc proÿjhshc, dhlÿnetai wc plărwc eikonikă sunĹrthsh. Oi klhronìmoi ofeÐloun na ulopoiăsoun to sÿma thc sunĹrthshc prosarmìzontac ta qarakthristikĹ thc mejìdou anĹloga me tic apaităseic thc efarmogăc.

KlĹseic prwtokìllwn bibliojăkhc

↬ DiaqeÐrish kai exuphrèthsh perieqìmenwn stoiqeÐwn. H dhmiourgÐa enìc perieqìmenou stoiqeÐou èqei polumorfikì qaraktăra anĹloga thc efarmogăc thc monĹdac. H monĹda prosfèrei mejìdouc gia th dălwsh (qarakthrismìc perieqìmenou stoiqeÐou wc paidÐ thc monĹdac) kai diagrafă twn sundromÿn twn perieqìmenwn stoiqeÐwn mèsw twn sunartăsewn (RegisterConnection kai UnRegisterConnection). H klĹsh dhlÿnei th sunĹrthsh ManageContext, h opoÐa kaleÐtai katĹ thn asÔgqronh diadikasÐa kai èqei skopì thn proÿjhsh twn aităsewn sta antÐstoiqa perieqìmena stoiqeÐa.

↬ Exuphrèthsh aităsewn perieqìmenwn stoiqeÐwn. H monĹda prosfèrei tic aparaÐthtec mejìdouc gia thn exuphrèthsh twn aităsewn pou lambĹnei. KĹje perieqìmeno stoiqeÐo eÐnai se jèsh na zhtăsei dÔo eidÿn uphresÐec: (a) thn apostolă pakètou proc to katÿtero ă to anÿtero strÿma (ForwardTo), kai (b) thn eisagwgă aÐthshc qronikăc afÔpnishc sth monĹda tou qrono-programmatistă (ScheduleEvent). H apostolă kĹpoiou pakètou proc to katÿtero epÐpedo proôpojètei th metĹfrash thc IDU tou epipèdou se IDU uphresÐac. H mèjodoc thc metĹfrashc dhlÿnetai wc mÐa plărwc eikonikă sunĹrthsh (Translate). To sÿma thc sunĹrthshc ulopoieÐtai apì touc klhronìmouc.

KefĹlaio 9

Pilotikă ulopoÐhsh

9.1 TopologÐa twn kìmbwn upì axiolìghsh

H pilotikă efarmogă sqediĹsthke kai anaptÔqjhke sta plaÐsia tou koinoÔ progrĹmmatoc twn etaireiÿn 4Plus Technologies AEBE kai SIEMENS ICN MonĹqou, gia tic anĹgkec pistopoÐhshc kai elègqou twn pareqìmenwn uphresiÿn tou thlepikoinwniakoÔ kìmbou Gateway GPRS Support Node -(Kìmboc upostărixhc pÔlhc GPRS)- (GGSN). Oi leitourgÐec tou kìmbou sto dÐktuo egkatĹstashc, kajÿc kai oi diasundèseic kai oi uphresÐec pou eisĹgontai sto General Packet Radio Service -(Genikă paketikă radioôphresÐa)- (GPRS), anafèrontai analutikĹ sto parĹrthma H uphresÐa GPRS. H sundesmologÐa tou kìmbou GGSN, kajÿc kai tou

Sqăma 9.1: TopologÐa diktÔou axiolìghshc

sustămatoc elègqou kai prosomoÐwshc sto dÐktuo axiolìghshc, parousiĹzetai sto sqăma 9.1. H suskeuă axiolìghshc apoteleÐtai dÔo autìnomec kĹrtec teqnologÐac Peripheral Component Interconnect (PCI). Oi kĹrtec PCI sundèontai antÐstoiqa stic diasundèseic Gn Interface (Gn) kai Gi Interface (Gi) tou thlepikoinwniakoÔ kìmbou GGSN kai ulopoioÔn mejìdouc gia thn proÿjhsh/apodoqă kÐnhshc IP proc/apì ton GGSN. KĹje kĹrta ulopoieÐ ìlec tic anagkaÐec leitourgÐec pou prosfèrontai apì touc antÐstoiqouc kìmbouc diasÔndeshc sto pragmatikì dÐktuo GPRS. H sÔndesh thc suskeuăc elègqou dhmiourgeÐ èna eikonikì dÐktuo, sto opoÐo prosomoiÿ-

Pilotikă ulopoÐhsh

nontai, se èna shmeÐo (logismikì efarmogăc), o kìmboc Serving GPRS Support Node -(Kìmboc upostărixhc GPRS exuphrèthshc)- (SGSN), to nèfoc twn qrhstÿn thc uphresÐac GPRS, kai to exwterikì dÐktuo Packet Data Network -(Dhmìsio dÐktuo dedomènwn)- (PDN) . Ta dÔo termatikĹ shmeÐa thc sÔndeshc diaqeirÐzontai apì mÐa efarmogă logismikoÔ.

9.2 Prwtìkolla diasundèsewn Gn, Gi

H uphresÐa GPRS perilambĹnetai sthn kathgorÐa twn mejìdwn epikoinwnÐac me sÔndesh. H metĹdosh twn dedomènwn metaxÔ twn thlepikoinwniakÿn ontotătwn proôpojètei thn egkatĹstash ègkurou monopatioÔ. Ta shmatodotikĹ mhnÔmata metadÐdontai mèsw twn diasundèsewn Gn kai Gi. Oi stoÐbec twn diasundèsewn diafèroun, kat’ ousÐan, sto prwtìkollo diaqeÐrishc monapatiÿn sÔndeshc. Sta upìloipa epÐpeda thc tupopoÐhshc OSI qrhsimopoioÔntai ta Ðdia prwtìkolla.

• Media Access Control -(Elegqoc prospèlashc mèsou)- (MAC) [54], IP [61], User Datagram Protocol -(Prwtìkollo autodÔnamou pakètou)- (UDP) [59]. O mikrìc rujmìc emfĹnishc lajÿn katĹ th metĹdosh den parabiĹzei tic kajorismènec paramètrouc thc poiìthtac thc uphresÐac, me apotèlesma na eÐnai efiktă h qrăsh tou prwtokìllou UDP. To UDP epilègetai epÐshc lìgw thc anĹgkhc gia metĹdosh se polÔ uyhlì rujmì, kajÿc to prwtìkollo den dienergeÐ qronobìrec diadikasÐec elègqou metĹdoshc, anadiĹtaxhc ă epanametĹdoshc dedomènwn.

• Point to Point Protocol -(Dishmeiakì prwtìkollo)- (PPP) [60]. H efarmogă tou prwtokìllou PPP aforĹ sth metaforĹ stoiqeÐwn dedomènwn metaxÔ twn termatikÿn shmeÐwn twn monopatiÿn pou èqoun egkatastajeÐ apì tic uphresÐec twn katÿterwn epipèdwn. DiakrÐnetai akìloujec fĹseic:

↬ Link Control Protocol -(Prwtìkollo elègqou sÔndeshc)- (LCP). EgkatĹstash, kajorismìc kai èlegqoc thc sÔndeshc. PistopoÐhsh twn qrhstÿn me th qrăsh aplÿn^1, ă sÔnjetwn^2 algorÐjmwn kruptogrĹfhshc.

↬ Network Control Protocol -(Prwtìkollo elègqou diktÔou)- (NCP). Diamìrfwsh, energopoÐhsh kai apenergopoÐhsh twn paramètrwn kai sta dÔo shmeÐa thc sÔndeshc (Internet Protocol Control Protocol -(Prwtìkollo diadiktÔou - Prwtìkollo elègqou)- (IPCP) [62]).

• GPRS Tunneling Protocol -(Prwtìkollo surrĹggwshc GPRS)- (GTP) [53](DiasÔndesh Gn). H epikoinwnÐa metaxÔ twn kìmbwn GPRS Support Node -(Kìmboc upostărixhc

1Password Authentication Protocol -(Prwtìkollo epalăjeushc dieleuthrÐou)- (PAP) [55] 2CHallenge Authentication Protocol -(Prwtìkollo epalăjeushc prìklhshc qeirayÐac)- (CHAP) [56]

9.2 Prwtìkolla diasundèsewn Gn, Gi

Sqăma 9.2: DiasÔndesh Gn

GPRS)- (GSN) apokajÐstatai mèsw twn diasundèsewn Gn^3 kai Gp Interface (Gp)^4. H diasÔndesh metadÐdei th shmatodosÐa pou aforĹ sthn energopoÐhsh, diaqeÐrish kai apenergopoÐhsh twn sundèsewn me th boăjeia pakètwn G-Packet Data Unit -(MonĹda dedomènwn pakètou)- (PDU). H metĹdosh thc plhroforÐac pou aforĹ sta dedomèna tou qrăsth gÐnetai mèsw T-PDU.

• Layer 2 Tunneling Protocol -(Prwtìkollo surrĹggwshc epipèdou 2)- (L2TP) [64](DiasÔndesh Gi). H diasÔndesh Gi sundèei ton kìmbo GGSN me ta exwterikĹ dÐktua IP. Oi uphresÐec thc kinhtăc thlefwnÐac emploutÐzontai, kai kĹje kinhtă monĹda metatrèpetai se termatikì shmeÐo tou diadiktÔou. To prwtìkollo L2TP emploutÐzei tic uphresÐec tou montèlou PPP,

Sqăma 9.3: Prwtokollikă stoÐba thc diasÔndeshc Gi

epitrèpwntac sta termatikĹ shmeÐa Layer 2 (L2) kai PPP na egkajÐstantai se diaforetikèc suskeuèc, oi opoÐec diasundèontai mèsw diktÔwn metagwgăc pakètwn. H sqèsh metaxÔ twn monapatiÿn GTP sth diasÔndesh Gn kai twn sunìdwn L2TP sth diasÔndesh Gi eÐnai èna proc èna. MetĹ thn egkatĹstash mÐac sunìdou L2TP o kìmboc GGSN enjulakÿnei ta pakèta PPP, ta opoÐa lambĹnontai apì th diasÔndesh Gn, se stoiqeÐa plhroforÐac L2TP kai ta prowjeÐ sto PDN.

3metaxÔ kìmbwn GSN oi opoÐoi brÐskontai sto Ðdio Public Land Mobile Network -(Dhmìsio kinhtì dÐktuo xhrĹc)- (PLMN).

4metaxÔ kìmbwn GSN oi opoÐoi brÐskontai se diaforetikì PLMN.

Pilotikă ulopoÐhsh

9.3 DiaqeÐrish sundèsewn

• EgkatĹstash sÔndeshc. H allhlouqÐa twn mhnumĹtwn gia thn egkatĹstash mÐac sÔndeshc GPRS, parousiĹzei arketèc diaforèc anĹloga thc klĹshc tou qrăsth allĹ kai twn paramètrwn tou diktÔou. MÐa parĹmetroc pou ephreĹzei dramatikĹ to plăjoc kai ton tÔpo twn shmatodotikÿn mhnumĹtwn eÐnai h anĹkthsh thc dieÔjunshc IP. Stic paragrĹfouc pou akoloujoÔn perigrĹfetai h sÔndesh twn qrhstÿn sthn uphresÐa GPRS, me dunamikă anĹkthsh dieÔjunshc IP apì to exwterikì dÐktuo PDN. O tÔpoc autìc apoteleÐ thn piì qronobìra morfă sÔndeshc. Oi fĹseic pou emfanÐzontai eÐnai:

↬ EgkatĹstash GTP kanalioÔ. H egkatĹstash tou kanalioÔ GTP, metaxÔ twn dÔo kìmbwn (SGSN, GGSN), epitugqĹnetai me thn apostolă twn mhnumĹtwn Create PDP

Context Request kai Create PDP Context Response.

↬ LCP fĹsh (SGSN-GGSN). KajorÐzontai oi parĹmetroi thc poiìthta thc uphresÐac tou epipèdou IP.

↬ PistopoÐhsh tautìthtac (SGSN-GGSN). PistopoieÐtai, me th boăjeia thc monĹdac Remote Authentication Dial In User Service -(apomakrusmènh uphresÐa epalăjeush qrăsth diepilogăc eisìdou)- (RADIUS) [63], h tautìthta tou qrăsth.

↬ L2TP egkatĹstash sunìdou. EpiqeireÐtai h apokatĹstash mÐac sunìdou L2TP kai h antistoÐqisă thc me èna kanĹli GTP.

↬ LCP fĹsh (GGSN-PDN). DiapragmateÔontai oi parĹmetroi tou epipèdou IP. ↬ PistopoÐhsh tautìthtac (GGSN-PDN). PistopoieÐtai, sto exwterikì dÐktuo, h tautìthta tou qrăsth.

↬ NCP fĹsh (GGSN-PDN). To PDN desmeÔei mÐa IP dieÔjunsh kai enhmerÿnei to qrăsth thc uphresÐac.

O qrăsthc, afoÔ apoktăsei th dieÔjunsh IP, eÐnai se jèsh na metadìsei kai na lĹbei pakèta.

• Termatismìc sÔndeshc. O termatismìc thc sÔndeshc perilambĹnei thn aposÔndesh twn epipèdwn katĹ thn antÐstrofh forĹ:

↬ AposÔndesh PPP. O qrăsthc termatÐzei tic leitourgÐec tou epipèdou PPP me thn apostolă tou mhnÔmatoc PPP Terminate Request.

↬ Diagrafă GTP kanalioÔ. O kìmboc SGSN prokaleÐ th diagrafă tou kanalioÔ GTP.

↬ Diagrafă L2TP sunìdou. H ektèlesh thc pio pĹnw enèrgeiac prokaleÐ th diagrafă thc sunìdou L2TP kai thn apodèsmeush, ìson aforĹ sthn sÔnodo aută, apì to dÐktuo PDN.

9.4 Apotelèsmata peiramatikÿn senarÐwn

Oi diadikasÐec pou kajorÐzontai sto pragmatikì dÐktuo GPRS, kai aforoÔn sto rìlo tou kìmbou SGSN kai tou exwterikoÔ diktÔou PDN, oloklhrÿnontai plărwc sth suskeuă elègqou tou sqămatoc 9.1. H diasÔndesh thc suskeuăc me ton kìmbo GGSN pragmatopoieÐtai sqetikĹ aplĹ lìgw thc ulopoÐhshc shmatodotikÿn sunartăsewn sto epÐpedo MAC (Address Resolution Protocol - (Prwtìkollo anĹlushc dieÔjunshc)- (ARP)) kai sto epÐpedo IP (Internet Control Message Protocol -(Prwtìkollo mhnÔmatoc elègqou diadiktÔou)- (ICMP)). Ð

9.4 Apotelèsmata peiramatikÿn senarÐwn

Ta senĹria pou perigrĹfontai stic epìmenec paragrĹfouc, èqoun pragatopoihjeÐ sta ergastăria thc SIEMENS sto tmăma ICM N PG U ST C Information and Communication Mobile

Networks & Mobile Core department tou MonĹqou. To dÐktuo proc axiìloghsh aforĹ stouc

qrìnouc apìkrishc tou thlepikoinwniakoÔ kìmbou 3^{ης} geniĹc GGSN katĹ th diadikasÐa sÔndeshc kai aposÔndeshc qrhstÿn sthn uphresÐa GPRS.

9.4.1 DiadikasÐa sÔndeshc O qrìnoc o opoÐoc apaiteÐtai gia thn apokatĹstash mÐac sÔndeshc GPRS mèsw twn diasundèsewn Gn kai Gi, apoteleÐ mÐa apì tic shmantikìterec metrăseic katĹ thn axiolìghsh twn shmatodotikÿn mhqanismÿn thc uphresÐac GPRS. H mètrhsh aută prokaleÐ epiplèon endiafèron eidikĹ stic periptÿseic ìpou oi sundèseic èqoun mikră diĹrkeia. H qronikă kajustèrhsh gia thn apokatĹstash thc sÔndeshc kajorÐzetai wc h diaforĹ tou qrìnou apì thn apostolă tou mhnÔmatoc Attach

Request mèqri th lăyh tou mhnÔmatoc Attach Response. O rujmìc Ĺfixhc twn aităsewn sÔn-

deshc sthn uphresÐa eÐnai stajerìc, kai perigrĹfetai apì thn posìthta X^{users}sec . Oi diadikasÐec shmatodosÐac, me tic opoÐec dhmiourgoÔntai ta katĹllhla apojèmata kai telikĹ energopoieÐtai to monopĹti apostolăc dedomènwn, leitourgoÔn parĹllhla. H stoÐba Gi apokrÐnetai jetikĹ stic eiserqìmenec aităseic gia th dhmiourgÐa kanaliÿn L2TP, sunìdwn L2TP kai sundèsewn PPP, afairÿntac me ton trìpo autì epiplèon qronobìrec kai anexèlegktec diadikasÐec kĹpoiou pragmatikoÔ diktÔou upologistÿn. Sto senĹrio 1 ekteleÐtai mÐa akoloujÐa aităsewn sÔndeshc. O endiĹmesoc qrìnoc metaxÔ epituqÿn aităsewn eÐnai megalÔteroc apì ton apaitoÔmeno qrìno gia thn apokatĹstash thc sÔndeshc. Sta upìloipa senĹria, antÐjeta, meletĹtai h sumperiforĹ tou diktÔou katĹ thn anamonă aităsewn sÔndeshc. Se ìla ta senĹria h qronikă diĹrkeia thc sÔndeshc eÐnai megalÔterh thc qronikăc diĹrkeiac tou senarÐou, me skopì th melèth thc epÐdrashc sthn apìkrish pou prokaleÐtai apì tic parĹllhlec sundèseic.

• SenĹrio 1. O rujmìc Ĺfixhc twn aităsewn qarakthrÐzetai sqetikĹ qamhlìc. O mèsoc qrìnoc apokatĹstashc sÔndeshc eÐnai 0.280986 deuterìlepta kai h mèsh apìklish plhsiĹzei to 231.3%. Oi korufèc sth grafikă parĹstash apeikonÐzoun tic anapĹnthtec ă tic aporri-

Pilotikă ulopoÐhsh

Sqăma 9.4: SenĹrio 1: SÔndesh sthn uphresÐa

fjeÐsec aităseic. O mikrìc rujmìc Ĺfixhc twn aităsewn, den dikaiologeÐ thn emfĹnish autăc thc sumperiforĹc. H sumperiforĹ aută ofeÐletai se lĹjoc kajorismì twn paramètrwn sth bĹsh dedomènwn tou kìmbou.

• SenĹrio 2. O mèsoc qrìnoc apokatĹstashc sÔndeshc eÐnai 0.470489 deuterìlepta kai mèsh apìklish plhsiĹzei to 106.3%. KatĹ th diĹrkeia tou senarÐou den parathrăjhke

Sqăma 9.5: SenĹrio 2: SÔndesh sthn uphresÐa

kamÐa apìrriyh klăshc.

• SenĹrio 3. To senĹrio prosomoiÿnei aităseic klăsewn me sqetikĹ uyhlì rujmì afÐxewn.

O mèsoc qrìnoc apokatĹstashc sÔndeshc eÐnai 0.57213 deuterìlepta kai mèsh apìklish plhsiĹzei to 160.8%. ’Ena polÔ mikrì posostì apotuqÐac apokatĹstashc sÔndeshc parousiĹzetai katĹ thn ektèlesh tou senarÐou.

• SenĹrio 4. To senĹrio qarakthrÐzetai apì uyhlì rujmì afÐxewn. O mèsoc qrìnoc apo-

9.4 Apotelèsmata peiramatikÿn senarÐwn

Sqăma 9.6: SenĹrio 3: SÔndesh sthn uphresÐa

Sqăma 9.7: SenĹrio 4: SÔndesh sthn uphresÐa

katĹstashc sÔndeshc eÐnai 2.129456 deuterìlepta kai mèsh apìklish plhsiĹzei to 460.2%. SugkritikĹ me ta prohgoÔmena senĹria, parathreÐtai mÐa shmantikă aÔxhsh tou mèsou qrìnou apokatĹstashc sÔndeshc.

Oi grafikèc parastĹseic kai oi pÐnakec, eÐnai apotelèsmata metrăsewn pou èqoun katagrafeÐ apì ta antÐstoiqa ergaleÐa pou diajètei kĹje epÐpedo (pxLogger). H katagrafă twn endiĹmeswn diadikasiÿn pou ekteloÔntai katĹ thn aÐthsh apokatĹstashc mÐac sÔndeshc prosfèrei th dunatìthta exagwgăc analutikìterwn sumperismĹtwn kai sumbĹlei ston entopismì twn diadikasiÿn pou prokaloÔn tic qronikèc kajusterăseic. Oi endiĹmesec diadikasÐec analÔontai pio kĹtw.

1. LCP + RADIUS. H kajustèrhsh pou eisĹgei h fĹsh aută ephreĹzetai èmesa apì to rujmì Ĺfixhc twn aităsewn sÔndeshc kai qarakthrÐzetai arketĹ qronobìra. To merÐdio thc sto sunolikì qrìno katalambĹnei perÐpou to 40%. O exuphrethtăc RADIUS, ulopoieÐtai apì mÐa upologistikă monĹda me leitourgikì Windows NT. H parĹlhyh thc fĹshc autăc prèpei na diereunhjeÐ exonuqistikĹ lìgw twn uphresÐwn asfaleÐac kai prostasÐac pou pro-

Pilotikă ulopoÐhsh

sfèrei sto dÐktuo. H kajustèrhsh mporeÐ na apofeuqjeÐ stic periptÿseic ìpou h uphresÐa ulopoieÐtai wc esswterikă diergasÐa tou kìmbou.

2. GTP + L2TP. Oi diadikasÐec apodeiknÔontai arketĹ sÔntomec kai to merÐdio touc sto sunolikì qrìno apokatĹstashc sÔndeshc eÐnai pĹra polÔ mikrì. Ta shmatodotikĹ mhnÔmata termatÐzontai ston kìmbo GGSN. To sÔnolo twn mhnumĹtwn gia thn egkatĹstash mÐac sunìdou GTP ă L2TP eÐnai mikrì (2 kai 4 antÐstoiqa). H emfĹnish kĹpoiac kajustèrhshc sthn paroÔsa fĹsh ofeÐletai stic diadikasÐec dèsmeushc apojemĹtwn mnămhc.

3. LCP + NCP. H kajustèrhsh pou eisĹgetai katĹ th fĹsh PPP, kai apoteleÐtai apì tic epimèrouc diadikasÐec LCP, Authentication, NCP, ephreĹzetai apì to rujmì Ĺfixhc ton aităsewn. H aÔxhsh tou rujmoÔ prokaleÐ dramatikă aÔxhsh tou qrìnou oloklărwshc thc diadikasÐac, me apotèlesma na katalambĹnei to merÐdio tou lèonta sto sunolikì qrìno apokatĹstashc. H metĹdosh twn mhnumĹtwn mèsw tou kìmbou GGSN energopoieÐ diadikasÐec anĹkthshc, taÔtishc kai proÿjhshc, gia tic opoÐec katanalÿnetai shmantikă upologistikă isqÔc ston kìmbo.

9.4.2 DiadikasÐa aposÔndeshc H aposÔndesh twn sundedemèwn qrhstÿn thc uphresÐac prokaleÐtai me tuqaÐa seirĹ. O qrìnoc pou apaiteÐtai gia thn aposÔndesh upologÐzetai wc h qronikă diĹrkeia metaxÔ thc apostolăc thc aÐthshc Dettach Request kai th lăyhc thc apodoqăc Dettach Response. Sto sqăma 9.8 a-

Rujmìc aposÔndeshc Arijmìc sundèsewn Qrìnoc aposÔndeshc 10 1000 0.042 20 1000 0.043 50 1000 0.042 100 1000 0.040

PÐnakac 9.1: Apotelèsmata senarÐwn aposÔndeshc

peikonÐzontai oi qrìnoi aposÔndeshc qrhstÿn gia rujmoÔc Ĺfixhc aităsewn thc tĹxhc twn 10^{users}sec . H grafikă parĹstash eÐnai endeiktikă kai gia uyhlìterouc rujmoÔc. Apì ton pÐnaka 9.1 sumperĹnoume ìti o mèsoc qrìnoc aposÔndeshc eÐnai sqetikĹ anexĹrthtoc apì to rujmì aităsewn. To apotèlesma eÐnai anamenìmeno Ĺn lĹboume up’ ìyin mac th mèjodo apodèsmeushc twn qrhstÿn pou qrhsimopoieÐ o kìmboc. O kìmboc apantĹ jetikĹ stic aităseic gia apodèsmeush kai sthn perÐptwsh ìpou parathreÐtai yhlìc fìrtoc ergasiÿn, shmeiÿnei ta apojèmata proc diagrafă. H apodeÔsmeush twn apojemĹtwn pragmatopoieÐtai se katastĹseic hremÐac tou kìmbou ă se periptÿseic pou apaiteÐtai epÐmona h dèsmeush apojemĹtwn.

9.5 Perigrafă tou sustămatoc prosomoÐwshc kai to sqetikì dÐktuo upì dokimă

Sqăma 9.8: SenĹrio 1: AposÔndesh apì thn uphresÐa

9.5 Perigrafă tou sustămatoc prosomoÐwshc kai to sqetikì dÐktuo upì dokimă

Stic epìmenec paragrĹfouc parousiĹzetai en suntomÐa h arqitektonikă tou ulikoÔ kai tou logismikoÔ tou sustămatoc prosomoÐwshc qrhstÿn thc uphresÐac GPRS. To sÔsthma eÐnai se jèsh na prokalèsei thlepikoinwniakă kÐnhsh uyhloÔ fìrtou sto pedÐo thc shmatodosÐac kai dedomènwn qrhstÿn. To sÔsthma sundèetai ston purăna thc diktÔou GPRS kai eÐnai se jèsh na pragmatopoiăsei elègqouc sto upì dokimă dÐktuo kai apoteleÐtai apì: (a) ton kìmbo GGSN, (b) touc diakomistèc Dynamic Host Configuration Protocol -(Prwtìkollo dunamikăc diĹrjrwshc xenistă)- (DHCP) - Domain Name Server -(UphresÐa onomasÐac perioqÿn)- (DNS) , kai (g) to sÔsthma qrèwshc. Sto (sqăma 9.9 parousiĹzetai h topologÐa tou diktÔou upì dokimă kai h antÐstoiqh sundesmologÐa me to dÐktuo elègqou. To dÐktuo upì dokimă apoteleÐtai apì autìnoma sustămata, me diakritoÔc kai prokajorismènouc rìlouc ston purăna tou diktÔou GPRS. To sÔsthma elègqou apoteleÐtai apì dÔo diakritèc ulopoiăseic ulikoÔ ( DÐktuo elègqou (A), kai DÐktuo elègqou (B) ), oi opoÐec eÐnai egkatesthmènec se mÐa koină platfìrma kai elègqontai apì mÐa efarmogă logismikoÔ. To sÔsthma elègqou diakrÐnetai, ìson aforĹ sto pedÐo tou logismikoÔ, sta exăc epimèrouc uposustămata: (1) to uposÔsthma qrhstÿn GPRS, (2) to uposÔsthma tou kìmbou SGSN, (3) to uposÔsthma prosomoÐwshc uphresiÿn diadiktÔou, (4) to uposÔsthma prosomoÐwshc sunergazìmenou diktÔou, kai to uposÔsthma L2TP Network Server -(Exuphrethtăc diktÔou L2TP)- (LNS). To uposÔsthma (5) mporeÐ na jewrhjeÐ wc anexĹrthth uphresÐa ă mèroc twn uphresiÿn tou diadiktÔou. Oi stoÐbec prwtokìllwn pou apoteloÔn to kĹje uposÔsthma kajÿc kai to epÐpedo elègqou perigrĹfontai stic epìmenec paragrĹfouc.

Pilotikă ulopoÐhsh

Sqăma 9.9: TopologÐa diktÔou upì dokimă

Sqăma 9.10: StoÐba prwtokìllwn qrhstÿn GP RS

9.5.1 UposÔsthma qrhstÿn uphresÐac GP RS

To uposÔsthma qrhstÿn GPRS prosomoiĹzei th leitourgÐa kai tic uphresÐec pou qrhsimopoieÐ o qrăsthc GPRS me th boăjeia tou kinhtoÔ termatikoÔ kai thc termatikăc suskeuăc. To uposÔsthma uposthrÐzei ìlouc touc dunatoÔc trìpouc energopoÐhshc thc prìsbashc twn qrhstÿn sthn uphresÐa. Se autoÔc perilambĹnontai:

9.5 Perigrafă tou sustămatoc prosomoÐwshc kai to sqetikì dÐktuo upì dokimă

1. H epalăjeush tautìthtac qrăsth ston Home Location Register -(OikeÐoc kataqwrhtăc jèshc anazăthshc)- (HLR), taÔtish thc statikăc dieÔjunshc IP ă ekqÿrhsh dunamikăc dieÔjunshc IP.

2. H epalăjeush tautìthtac qrăsth kai ekqÿrhsh dunamikăc dieÔjunshc me th qrăsh diakomistÿn ìpwc: (a) RADIUS, kai (b) to prwtìkollo DHCP.

3. H epalăjeush tautìthtac qrăsth kai ekqÿrhsh dunamikăc dieÔjunshc me th boăjeia exwterikoÔ sunergazìmenou diktÔou IP.

’Oson aforĹ stic mejìdouc sÔndeshc (2) kai (3), qrhsimopoieÐtai to PPP, ta prwtìkolla epalăjeushc tautìthtac qrăsth: (a) CHAP ă (b) PAP, kai IPCP me skopì thn ekqÿrhsh dieÔjunshc IP.

To sÔsthma eÐnai se jèsh na axiopoiăsei to mègisto eÔroc zÿnhc tou fusikoÔ mèsou metĹdoshc prokalÿntac kÐnhsh genikÿn pakètwn IP me polÔ uyhloÔc rujmoÔc metĹdoshc, kai tautìqrona na axiologăsei paramètrouc thc poiìthtac tou diktÔou ìpwc: (a) thn apÿleia dedomènwn, (b) emfĹnish sfalmĹtwn metĹdoshc, kai (g) qrìnoi kajustèrhshc apostolăc kai lăyhc pakètwn. H diadikasÐa thc apostolăc twn genikÿn pakètwn ulopoieÐtai sthn efarmogă ulikoÔ.

To sÔsthma, epÐshc, eÐnai se jèsh na diexĹgei senĹria apostolăc kai metĹdoshc pakètwn qrhsimopoiÿntac prwtìkolla tou epipèdou efarmogăc thc stoÐbac IP, ìpwc thn aplă metĹdosh arqeÐwn (Trivial File Transfer Protocol -(Tetrimmèno prwtìkollo metaforĹc arqeÐwn)- (TFTP)) kai thn uphresÐa DNS.

9.5.2 UposÔsthma tou kìmbou SGSN

Sqăma 9.11: UposÔsthma prosomoÐwshc kìmbou SGSN

To uposÔsthma autì ulopoieÐ thn prosomoÐwsh tou SGSN. To uposÔsthma ulopoieÐ thn epikoinwnÐa me ton kìmbo GGSN. H epikoinwnÐa aută epitugqĹnetai mèsw thc diasÔndeshc Gn, h opoÐa ulopoieÐtai sth stoÐba sto (sqăma 9.11. H qrăsh tou UDPeÐnai efiktă lìgw thc mikrăc emfĹnishc sfalmĹtwn metĹdoshc sta dÐktua Ethernet. To uposÔsthma uposthrÐzei tic dÔo ekdìseic (v.0, kai v.1) tou GTP.

Pilotikă ulopoÐhsh

To pedÐo tou logismikoÔ analambĹnei ìlec tic diadikasÐec shmatodosÐac gia thn energopoÐhsh, diaqeÐrish, enhmèrwsh kai apodèsmeush prwteuìntwn kai deutereuìntwn plaisÐwn prwtokìllou dedomènwn pakètwn (PDP contexts). O rujmìc energopoÐhshs-apodèsmeushc twn plaisÐwn PDP kajorÐzetai apì to epÐpedo elègqou tou uposustămatoc prosomoÐwshc qrhstÿn GPRS. To pedÐo tou logismikoÔ analambĹnei, epÐshc, thn proÿjhsh pakètwn apì touc qrăstec proc ta antÐstoiqa dÐktua kai antistrìfwc.

9.5.3 Uposustămata prosomoÐwshc uphresiÿn diadiktÔou kai prosomoÐwshc sunergazìmenwn diktÔwn

Sqăma 9.12: UposÔsthma prosomoÐwshc sunergazìmenou diktÔou

Sqăma 9.13: UposÔsthma uphresiÿn diadiktÔou

Ta uposustămata prosomoÐwshc uphresiÿn diadiktÔou kai sunergazomènwn diktÔwn apoteloÔntai apì dÔo parìmoiec stoÐbec me exaÐresh thn efarmogă tou prwtokìllou PPP sto deÔtero uposÔsthma gia lìgouc epalăjeushc thc tautìthtac tou qrăsth kai thn ekqÿrhsh dunamikăc dieÔjunshc IP. To uposÔsthma prosomoÐwshc uphresiÿn diadiktÔou sundèetai me ton kìmbo GGSN qwrÐc th mesolĹbhsh kĹpoiou endiĹmesou forèa ă kìmbou. To sÔsthma prosomoÐwshc sunergazìmenou diktÔou sundèetai me ton kìmbo GGSN mèsw tou kìmbou LNS. Ta uposustămata eÐnai se jèsh na uposthrÐxoun pragmatikèc uphresÐec (diakomistèc TFTP, DNS), ìpwc epÐshc kai thn metĹdosh ă thn anĹklash genikÿn pakètwn IP proc to dÐktuo GPRS. H ulopoÐhsh twn uphre-

9.5 Perigrafă tou sustămatoc prosomoÐwshc kai to sqetikì dÐktuo upì dokimă

siÿn diadiktÔou pragmatopoieÐtai sto pedÐo tou logismikoÔ. ’Olec oi uphresÐec pou ulopoioÔntai sta uposustămata autĹ prosomoiÿnoun th sumperiforĹ twn diakomistÿn, se antÐjesh me to uposÔsthma prosomoÐwshc qrhstÿn, sto opoÐo ta prwtìkolla prosomoiÿnoun th sumperiforĹ twn telikÿn qrhstÿn.

9.5.4 UposÔsthma kìmbou LNS

Sqăma 9.14: UposÔsthma kìmbou LNS

To uposÔsthma apoteleÐ mÐa fusikă pÔlh metaxÔ twn qrhstÿn GPRS kai twn sunergazomènwn diktÔwn. EÐnai se jèsh na pragmatopoiăsei dishmeiakèc sundèseic kai se sunergasÐa me to prwtìkollo PPP na epalhjeÔsei thn tautìthta tou qrăsth kai na ekqwrăsei dieujÔnseic IP. H proÿjhsh twn enjulakwmènwn PPP pakètwn pragmatopoieÐtai me thn boăjeia kanaliÿn kai sunìdwn ta opoÐa diaqeirÐzetai L2TP, to opoÐo klhronìmhse ta qarakthristikĹ kai tic leitourgÐec tou apì to Point-to-Point Tunneling Protocol -(dishmeiakì prwtìkollo shrĹggwshc)- (PPTP) thc Microsoft kai to CISCO L2 Forwarding -(prwtìkollo proÿjhshc epipèdou 2 thc CISCO)- (C2F). Ta kanĹlia tou L2TP energopoioÔntai apì ton kìmbo GGSN kai tautÐzontai me ta onìmata tomèa (domain names), ta opoÐa apojhkeÔontai ston kìmbo ă sto diakomistă RADIUS. H exasfĹlish thc dishmeiakăc sÔndeshc epitugqĹnetai me thn energopoÐhsh mÐac sunìdou L2TP, h opoÐa enjulakÿnei ta pakèta PPP.

H efarmogă logismikoÔ ulopoieÐ tic aparaÐthtec diadikasÐec shmatodosÐac gia thn diaqeÐrish pollaplÿn sundèsewn shrĹggwshc kai sunìdwn. MetĹ thn apokatĹstash mÐac sunìdou to uposÔsthma prowjeÐ ta pakèta dedomènwn pragmatikÿn uphresiÿn proc to uposÔsthma prosomoÐwshc sunergazìmenou diktÔou.

H efarmogă ulikoÔ analambĹnei thn proÿjhsh apì kai proc to uposÔsthma genikÿn pakètwn IP.

Pilotikă ulopoÐhsh

KefĹlaio 10

SumperĹsmata

10.1 MejodologÐa sqedÐashc kai bibliojăkh anĹptuxhc prwtokìllwn

H proteinìmenh mejodologÐa anĹptuxhc prwtokìllwn, kai kat’ epèktash susthmĹtwn, skopeÔei sthn aplopoÐhsh thc diadikasÐac ulopoÐhshc twn susthmĹtwn kai twn monĹdwn pou ta apoteloÔn. H mejodologÐa apeujÔnetai tìso se mă exeidikeumènouc programmatistèc logismikoÔ, ìso kai stouc piì èmpeirouc apì autoÔc. H arqitektonikă pou proteÐnetai eÐnai prosanatolismènh stic teqnikèc thc antikeimenostrefoÔc sqedÐashc logismikÿn susthmĹtwn. H antikeimenostrefăc sqedÐash krÔbei apì ton programmatistă èna mèroc apì tic polÔplokec leitourgÐec twn susthmĹtwn kai uposusthmĹtwn kai dieukolÔnei thn perigrafă thc arqitektonikăc, tìso sto epÐpedo eswterikÿn qarakthristikÿn kai upologistikÿn mejìdwn twn susthmĹtwn, ìso kai sto epÐpedo thc diasÔndeshc autÿn. H proteinìmenh mejodologÐa, ìson aforĹ sth glÿssa programmatismoÔ, èqei afairetikì qaraktăra kai mporeÐ na efarmosteÐ kĹnontac qrăsh opoiasdăpote glÿssac programmatismoÔ diajètei qarakthristikĹ ìpwc: (a) thn polumorfÐa, (b) thn klhronomikìthta, (g) thn epanaqrhstikìthta, (d) thn apìkruyh idiwtikÿn dedomènwn kai mejìdwn, kai (e) th metafersimìthta metaxÔ leitourgikÿn susthmĹtwn. Apì thn proswpikă empeirÐa tou proteÐnontoc kai me bĹsh th diatupwmènh gnÿsh kai empeirÐa thc pagkìsmiac koinìthtac programmatistÿn logismikoÔ, epilèqjhke h glÿssa programmatismoÔ C++. H glÿssa C++ ikanopoieÐ tic apaităseic pou èqoun kajoristeÐ kai, epiplèon, parĹgei ektelèsimec kai statikèc bibliojăkec, oi opoÐec, se armonÐa me to leitourgikì sÔsthma, parĹgoun taqÔtatec efarmogèc kai sustămata.

H anĹptuxh polÔplokwn susthmĹtwn apaiteÐ thn austhră tărhsh arqÿn kai kanìnwn pou aforoÔn: (a) sthn prodiagrafă kai sth sqedÐash, kai (b) sthn ulopoÐhsh. H poiìthta, kajÿc kai h shmasÐa pou dÐnetai sth diarkă enhmèrwsh kai beltÐwsh thc prodiagrafăc kai thc ulopoÐhshc ephreĹzei jeamatikĹ to telikì apotèlesma. O diaqwrismìc twn susthmĹtwn se enìthtec, kai o kajorismìc twn stìqwn twn enotătwn kai twn orÐwn efarmogăc touc, prosdiorÐzei ta ergaleÐa me

SumperĹsmata

ta opoÐa kĹje enìthta mporeÐ na sqediasteÐ kai na anaptuqjeÐ, ètsi ÿste na paraqjeÐ to kalÔtero dunatì apotèlesma.

H perigrafă tou sustămatoc prohgeÐtai thc prodiagrafăc kai thc ulopoÐhshc. Ta ergaleÐa gia thn perigrafă enìc sustămatoc eÐnai praktikĹ aperiìrista, kajÿc, mÐa perigrafă mporeÐ na gÐnei me aplèc logikèc protĹseic, eikìnec kai grafămata, ă kai sundiasmì autÿn se èna pio polÔploko kai oloklhrwmèno keÐmeno. H perigrafă mporeÐ akìmh na kajorÐzei genikoÔc, kai se merikèc periptÿseic eidikoÔc stìqouc, touc opoÐouc ofeÐlei na petÔqei to sÔsthma. H perigrafă enìc sustămatoc èqei barÔnousa shmasÐa kai ofeÐlei na eÐnai lită kai periektikă. H perigrafă aută qrhsimopoieÐtai wc eÐsodoc sth diadikasÐa thc akriboÔc prodiagrafăc kai thc sqedÐashc tou proc ulopoÐhsh sustămatoc. Arketèc forèc, h telikă morfă thc perigrafăc, metĹ apì mÐa anadromikă

Sqăma 10.1: Anadromikă diadikasÐa perigrafăc susthmĹtwn

efarmogă diadikasiÿn tou sqămatoc 10.1, ephrèazetai apì tic dokimastikèc diadikasÐec thc prodiagrafăc kai ulopoÐhshc.

H sqedÐash kai h prodiagrafă thc proteinìmenhc bibliojăkhc èqei pragmatopoihjeÐ qrhsimopoiÿntac thc glÿssec prodiagrafăc UML kai SDL. Mèsa apì thn perigrafă thc proteinìmenhc arqitektonikăc kai bibliojăkhc prostÐjetai mÐa sullogă apì orismoÔc, kanìnec, exairèseic kai protĹseic, tìso gia th beltistopoÐhsh kai thn anĹptuxh twn prosferomènwn uphresiÿn, ìso kai gia th qrăsh twn uphresiÿn gia th dhmiourgÐa uposusthmĹtwn kai susthmĹtwn.

H apokleistikă qrăsh twn FDT den mporeÐ na dÿsei lÔseic sta problămata kai na epitÔqei touc stìqouc pou kajorÐzontai apì to sÔsthma. Oi teqnikèc prodiagrafăc apeujÔnontai se mhqanikoÔc me isqurì upìbajro ston episthmonikì touc tomèa, oi opoÐoi anazhtoÔn mÐa tupopoihmènh mèjodo gia th sqedÐash twn susthmĹtwn pou stoqeÔoun na ulopoiăsoun. O mhqanikìc, o opoÐoc qrhsimopoieÐ mÐa teqnikă prodiagrafăc, prèpei na gnwrÐzei tic paramètrouc pou aforoÔn sto sÔsthma efarmogăc, sta ergaleÐa ulopoÐhshc kai tic dunatìthtec touc, kai sta ergaleÐa aposfalmĹtwshc kai elègqou orjăc leitourgÐac. H gnÿsh autÿn twn paramètrwn epitagqÔnei th diadikasÐa thc sqedÐashc kai thc prodiagrafăc, kai apofeÔgetai h eisagwgă Ĺstoqwn orismÿn, qarakthristikÿn kai mejìdwn sth sqedÐash tou sustămatoc. O sqediasmìc enìc sustămatoc, ektìc apì th qrăsh twn katĹllhlwn ergaleÐwn, prèpei na pragmatopoieÐtai me gnÿmona merikoÔc aploÔc kai genikoÔc kanìnec sqedÐashc. Oi kanìnec autoÐ aforoÔn: (a) sthn epanaqrhstikìthta twn bibliojhkÿn, (b) sthn plărh tekmhrÐwsh twn qarakthristikÿn kai twn upologistikÿn mejìdwn tou sustămatoc, (g) sthn epektasimìthta tou sustămatoc, (d) sthn anoiqtă arqitektonikă kai sthn poiìthta twn diasundèsewn pou prosfèrei to sÔsthma, (e) sthn euelixÐa thc qrăshc, thc

10.2 ProsomoÐwsh kai sqedÐash proswrinÿn ă prwtìtupwn thlepikoinwniakÿn kìmbwn

efarmogăc kai thc diasÔndeshc me Ĺlla sustămata, kai (st) sthn katĹtmhsh twn leitourgiÿn tou sustămatoc se anexĹrthtec kai autìnomec bibliojăkec.

H proteinìmenh mejodologÐa kai bibliojăkh den apoteloÔn mÐa akìmh antagwnistikă mèjodo prodiagrafăc susthmĹtwn kai prwtokìllwn. Oi upĹrqousec teqnikèc jewroÔntai arketĹ plăreic, sthrizìntai se austhrĹ majhmatikĹ montèla kai mporoÔn na qrhsimopoihjoÔn parĹllhla me th qrăsh thc proteinìmenhc bibliojăkhc. H empeirÐa èqei apodeÐxei ìti kamiĹ praktikă mèjodoc den eÐnai tìso genikă gia na kalÔyei ìlec tic anĹgkec, kai sthn perÐptwsh pou gÐnetai polÔ genikă den parĹgei ikanopoihtikĹ apotelèsmata. Arketèc efarmogèc, emporikèc kai mă, èqoun sqediasteÐ qrhsimopoiÿntac perissìterec apì mÐa teqnikèc prodiagrafăc. H proteinìmenh bibliojăkh apoteleÐ mia sullogă programmatistikÿn klĹsewn pou prosfèrontai upo th morfă eleÔjerou kÿdika. ApeujÔnetai sthn akadhmaðkă koinìthta twn mhqanikÿn epikoinwniÿn, wc èna basikì ergaleÐo anĹptuxhc kai axiolìghshc prwtokìllwn epikoinwnÐac. H qrăsh thc aposkopeÐ sthn tĹqisth anĹptuxh orjoÔ kai apotelesmatikoÔ programmatistikoÔ kÿdika. O kerdismènoc qrìnoc mporeÐ na qrhsimopoihjeÐ gia thn axiolìghsh kai ton elègqo egkurìthtac twn diergasiÿn pou epiteloÔntai stic stoÐbec twn emplekomènwn prwtokìllwn. Oi teqnikèc ulopoÐhshc twn qarakthristikÿn kai twn upologistikÿn mejìdwn twn klĹsewn, kajÿc kai h diasÔndesh autÿn, aposkopoÔn sthn paragwgă taqÔtatwn ektelèsimwn programmĹtwn. Oi dÔo autoÐ parĹmetroi kajorÐzoun thn poiìthta thc arqitektonikăc. H timă tou suntelestă poiìthtac meiÿnetai ìso o qrìnoc anĹptuxhc thc efarmogăc kai twn kÔklwn epexergasÐac pou katanalÿnontai apo tic eswterikèc diergasÐec tou ektelèsimou progrĹmmatoc auxĹnetai. H omadopoÐhsh twn koinÿn diadikasiÿn pou ekteloÔntai apo ta prwtìkolla se klĹseic ontotătwn beltiÿnei tic diadikasÐec anÐqneushc sfalmĹtwn ston kÿdika anĹptuxhc kai aplousteÔei thn prospĹjeia epÐlushc problhmĹtwn ă thn anabĹjmish kai thn prosjăkh nèwn ontotătwn. Sto kefĹlaio pou perigrĹfei thn pilotikă efarmogă epideiknÔetai h mejodologÐa anĹptuxhc thc efarmogăc prosomoÐwshc dÔo thlepikoinwniakÿn diasundèsewn. H perigrafă aută apodeiknÔei thn euqrhstÐa twn klĹsewn thc proteinìmenhc bibliojăkhc. Ta peiramatikĹ apotelèsmata pou aforoÔn stouc qrìnouc apìkrishc tou sustămatoc èqoun Ĺmesh sqèsh me thn poiìthta tou ektelèsimou kÿdika kai thn epexergastikă isqÔ pou katanalÿnoun oi algorijmikèc diadikasÐec twn klĹsewn.

10.2 ProsomoÐwsh kai sqedÐash proswrinÿn ă prwtìtupwn thlepikoinwniakÿn kìmbwn

Sthn eidikă perÐptwsh prosomoÐwshc enìc thlepikoinwniakoÔ kìmbou ă kataskeuăc enìc proswrinoÔ ă prwtìtupou kìmbou, h paroÔsa ergasÐa apodeiknÔei thn apotelesmatikìthta thc teqnikăc thc enswmĹtwshc twn shmatodotikÿn diadikasiÿn sto epÐpedo tou logismikoÔ kai thn ulopoÐhsh twn monopatiÿn dedomènwn sto epÐpedo tou ulikoÔ (sqăma 10.2). H exeidikeumènh ă eidikă platfìrma ulikoÔ ulopoieÐtai se èna tupopoihmèno kÔklwma teqnologÐac diasÔndeshc PCI ă Compact

SumperĹsmata

Sqăma 10.2: Arqitektonikă shmatodosÐac kai monopatiÿn dedomènwn

Peripheral Component Interconnect (CPCI). Ta basikĹ stoiqeÐa pou apoteloÔn to tupopoihmèno kÔklwma eÐnai ta exăc: (a) èna oloklhrwmèno kÔklwma elègqou thc diasÔndeshc PCI ă CPCI, (b) mnămec tuqaÐac prospèlashc, (g) èna mikroelegktă gia to suntonismì twn aităsewn twn perifereiakÿn stoiqeÐwn gia dèsmeush twn pìrwn tou ulikoÔ, kai (g) èna ă kai perissìtera oloklhrwmèna kuklÿmata programmatizìmenhc logikăc pou analambĹnoun th metĹdosh twn dedomènwn. Ta oloklhrwmèna kuklÿmata FPGA, lìgw thc aujentikăc parallhlÐac twn eswterikÿn diadikasiÿn touc kai thc ousiastikăc ulopoÐhshc susthmĹtwn pragmatikoÔ qrìnou, apoteloÔn mÐa idanikă mèjodo ulopoÐhshc twn monopatiÿn metĹdoshc dedomènwn. IdiaÐtera qarakthristikĹ autăc thc ulopoÐhshc eÐnai: (a) h plărhc axiopoÐhsh tou fusikoÔ mèsou metĹdoshc, kai (b) o stajerìc rujmìc metĹdoshc twn dedomènwn (Constant BitRate -(Stajerìc rujmìc metĹdoshc)- (CBR)). H proetoimasÐa, h suntărhsh kai h apodesmeÔsh tou monopatioÔ metĹdoshc, lìgw thc idiaÐtera uyhlăc poluplokìthtac twn diadikasiÿn shmatodosÐac, afaireÐtai apì to epÐpedo tou ulikoÔ kai eisĹgetai sto epÐpedo tou logismikoÔ.

H exeidikeumènh efarmogă logismikoÔ epiteleÐ ìlec tic polÔplokec kai sÔnjetec shmatodotikèc diadikasÐec pou apaitoÔntai gia th diaqeÐrish twn monopatiÿn metĹdoshc dedomènwn. H swstă sunergasÐa de thc efarmogăc logismikoÔ kai thc efarmogăc ulikoÔ ulopoieÐ èna plărec sÔsthma me to opoÐo oloklhrÿnontai oi diasundèseic kai oi eswterikèc diadikasÐec twn kìmbwn prosomoÐwshc kai twn proswrinÿn ă prwtìtupwn kìmbwn. H ulopoÐhsh logismikÿn efarmogÿn gia thn orjă leitourgÐa twn prwtokollikÿn stoibÿn kai thn apotelesmatikă ektèlesh tou paragìmenou kÿdika, epitugqĹnetai me thn emplokă tìso sth fĹsh sqedÐashc, ìso kai sth fĹsh anĹptuxhc, exeidikeumènwn mhqanikÿn thlepikoinwniÿn kai mhqanikÿn logismikoÔ.

H exeidÐkeush se èna gnwstikì antikeÐmeno, kajÿc kai h Ĺristh sunergasÐa metaxÔ twn èmpeirwn episthmìnwn, èqei wc apotèlesma th dhmiourgÐa bèltistwn dunatÿn lÔsewn. H sunergasÐa

10.3 H proteinìmenh mejodologÐa kai h sqetikă bibliojăkh logismikoÔ

metaxÔ twn mhqanikÿn mporeÐ na epiteuqjeÐ me th dhmiourgÐa koinÿn qÿrwn sqedÐashc kai ulopoÐhshc, o opoÐoc anĹloga thc exeidÐkeushc tou mhqanikoÔ qrhsimopoieÐ diaforetikoÔc bajmoÔc afaÐreshc, apokrÔptei arketì mèroc thc poluplokìthtac twn upologistikÿn tou mejìdwn, kai prosfèrei ta katĹllhla ergaleÐa gia thn ulopoÐhsh orjÿn kai apotelesmatikÿn efarmogÿn. H proteinìmenh mejodologÐa kai bibliojăkh prosfèretai stouc mhqanikoÔc thlepikoinwniÿn gia thn grăgorh dhmiourgÐa orjÿn kai apotelesmatikÿn logismikÿn efarmogÿn prwtokìllwn epikoinwniÿn kai thlepikoinwniÿn me skopì thn ulopoÐhsh susthmĹtwn proswmoÐwshc kai proswrinÿn ă prwtìtupwn susthmĹtwn. H proteinìmenh mejodologÐa kai bibliojăkh prosfèroun to aparaÐthto epÐpedo afaÐreshc ìson aforĹ sto leitourgikì sÔsthma efarmogăc kai apokrÔptei apì ton programmatistă tìso tic polÔplokèc upologistikèc mejìdouc tou sustămatoc, ìso kai touc exeidikeumènouc orismoÔc kai dhlÿseic thc glÿssac programmatismoÔ.

10.3 H proteinìmenh mejodologÐa kai h sqetikă bibliojăkh logismikoÔ

H proteinìmenh mejodologÐa kai h sqetikă bibliojăkh èqoun sqediasteÐ kai anaptuqjeÐ me stìqo thn paroqă ergaleÐwn (pajhtikÿn klĹsewn) kai monĹdwn (diadrastikÿn klĹsewn) gia thn ulopoÐhsh prwtokìllwn epikoinwniÿn kai diasundèsewn gia ta prìtupa IP kai OSI. H anoiqtă epikoinwnÐa metaxÔ twn monĹdwn kai h taxinìmhsh touc se dentrikèc domèc epitrèpei tìso thn Ĺmesh epikoinwnÐa (IP stoÐba), ìso kai th diastrwmatwmènh epikoinwnÐa (OSI stoÐba). Oi orismoÐ twn jemeliwdÿn tÔpwn thc glÿssac anĹptuxhc, kajÿc kai twn bibliojhkÿn pou qrhsimopoioÔntai katĹ th metaglÿttish èqoun pragmatopoihjeÐ me stìqo thn apodèsmeush twn uphresiÿn apì sugkekrimèno tÔpo leitourgikoÔ sustămatoc. H proteinìmenh bibliojăkh paramènei epÐshc anexĹrthth apì to mèso, tic teqnikèc kai to prìtupo pou qrhsimopoieÐtai gia thn apeikìnish kai ton èlegqo twn eswterikÿn paramètrwn twn monĹdwn kai twn ergaleÐwn. H sqedÐash twn mejìdwn allhlepÐdrashc metaxÔ thc proteinìmenhc bibliojăkhc kai tou sustămatoc pou filoxeneÐ ton ektelèsimo kÿdika akoloujeÐ, ìpou autì eÐnai efiktì, pagkosmÐwc diadedomèna prìtupa.

Sto kefĹlaio "Pilotikă ulopoÐhshfl epideiknÔetai to paragìmeno sÔsthma prosomoÐwshc kìmbwn gia ton èlegqo kai thn pistopoÐhsh twn orjÿn kai apotelesmatikÿn leitourgiÿn thc uphresÐac GPRS kai tou diktÔou 3^{ης} geniĹc kinhtÿn epikoinwniÿn Universal Mobile Telecommunications System -(Pagkìsmio sÔsthma kinhtÿn thlepikoinwniÿn)- (UMTS). To sÔsthma prosomoiÿnei tic shmatodotikèc diadikasÐec kai th metĹdosh dedomènwn gia tic akìloujec ontotătec tou diktÔou: (a) touc qrăstec thc uphresÐac GPRS, (b) ton kìmbo SGSN, (g) to dÐktuo Virtual Private Network -(Ideatì idiwtikì dÐktuo)- (VPN), kai (d) to dÐktuo PDN. Sto sqăma 10.3 oi kìmboi prosomoÐwshc parousiĹzontai mèsa sta gkrÐza plaÐsia. H ulopoÐhsh thc logismikăc efarmogăc oloklhrÿnei ìlec tic polÔplokec diadikasÐec pou dienergoÔntai mèsa sto dÐktuo prosomoÐwshc. Oi diadikasÐec autèc aforoÔn: (a) stic shmatodotikèc diadikasÐec metaxÔ twn kìmbwn,

SumperĹsmata

Sqăma 10.3: Kìmboi prosomoÐwshc

(b) stic logikèc susqetÐseic metaxÔ twn kìmbwn, twn qrhstÿn, kai twn exwterikÿn diktÔwn, (g) sth sqedÐash kai ektèlesh polÔplokwn senarÐwn, (d) sth diaqeÐrish thc efarmogăc ulikoÔ gia th diaqeÐrish twn monopatiÿn dedomènwn, (e) thn axiolìghsh thc poiìthtac twn uphresiÿn, k.l.p. O qrìnoc anĹptuxhc katanalÿjhke gia th sqedÐash kai thn ulopoÐhsh thc logismikăc efarmogăc ìson aforĹ sto mèroc twn thlepikoinwniakÿn dhlÿsewn kai orismÿn. H proteinìmenh bibliojăkh prìsfere ta qarakthristikĹ, tic upologistikèc mejìdouc kai thn arqitektonikă thc Ĺmeshc kai èmmeshc diasÔndeshc twn ontotătwn tou diktÔou, me apotèlesma na dioqeteuteÐ o qrìnoc sqedÐashc kai ulopoÐhshc sto thlepikoinwniakì kommĹti. PareÐqe, epÐshc, ètoimec lÔseic stouc mhqanikoÔc thlepikoinwniÿn kai mÐa platfìrma ulopoÐhshc me èna arketĹ ikanopoihtikì bajmì afaÐreshc, kai apodèsmeuse touc programmatistèc apì thn anĹgkh exeidÐkeushc twn gnÿsewn touc tìso sth glÿssa programmatismoÔ, ìso kai sto leitourgikì sÔsthma.

KatĹ th sqedÐash kai thn ulopoÐhsh susthmĹtwn prosomoÐwshc kìmbwn pragmatopoieÐtai parĹllhla kai h apotÐmhsh twn pareqomènwn uphresiÿn thc proteinìmenhc mejodologÐac kai thc sqetikăc bibliojăkhc. H apotÐmhsh aută qrhsimopoieÐtai gia thn exagwgă qrăsimwn sumperasmĹtwn ìson aforĹ sthn poiìthta twn uphresiÿn thc proteinìmenhc bibliojăkhc. Ta sumperĹsmata anadeiknÔoun ta pleonektămata kai ta meionektămata thc proteinìmenhc mejìdou kai thc bibliojăkhc, kai kajorÐzoun tìso tic beltiÿseic pou prèpei na efarmostoÔn, ìso kai tic epektĹseic pou prèpei na sqediastoÔn kai na ulopoihjoÔn.

• Pleonektămata

↬ H proteinìmenh bibliojăkh proetoimĹzei kai kajorÐzei ekeÐnec tic paramètrouc thc metaglÿttishc tou paragomènou kÿdika pou aforoÔn ston tÔpo tou leitourgikoÔ sustămatoc (MS Windows, Linux) kai sthn arqitektonikă tou epexergastă (Intel/AMD 32/64-bit).

↬ H arqitektonikă thc proteinìmenhc bibliojăkhc sumbĹllei sth sqedÐash kai sthn ulopoÐhsh diakritÿn prwtokollikÿn epipèdwn me th morfă statikÿn ă dunamikÿn logismikÿn bibliojhkÿn.

10.3 H proteinìmenh mejodologÐa kai h sqetikă bibliojăkh logismikoÔ

↬ KĹje prwtìkollo pou ulopoieÐtai apoktĹ èna arketĹ ikanopoihtikì bajmì anexarthsÐac tìso apì thn efarmogă logismikoÔ, ìso kai apì ta upìloipa prwtìkolla pou summetèqoun sthn upì ulopoÐhsh stoÐba.

↬ H proteinìmenh bibliojăkh prosfèrei, me th morfă ergaleÐwn, ètoimec lÔseic gia arketĹ amigÿc logismikĹ jèmata ìpwc: (a) gennătorec tuqaÐwn arijmÿn, (b) mhqanèc anĹjeshc kai diaqeÐrishc axiÿn metablhtÿn, (g) dunamikèc, poludiĹstatec kai polumorfikèc domèc dedomènwn (pÐnakec, lÐstec, dèntra), (d) mhqanèc mètrhshc qrìnou sta ìria tou rologioÔ tou epexergastă, k.l.p.

↬ H proteinìmenh bibliojăkh prosfèrei lÔseic gia thn omală leitourgÐa twn paragomènwn bibliojhkÿn sta plaÐsia tou leitourgikoÔ sustămatoc. Merikèc apì tic lÔseic autèc aforoÔn: (a) sthn prostasÐa tou ektelèsimou kÿdika apì thn prìklhsh exairèsewn katĹ thn ektèlesh, (b) sthn orjă qrăsh kai diaqeÐrish twn pìrwn mnămhc tou sustămatoc, (g) sthn ekkÐnhsh, diaqeÐrish kai termatismì asÔgqronwn diadikasiÿn, kai (d) ston sugqronismì twn asÔgqronwn diadikasiÿn ìson aforĹ sthn prìsbash se koinoÔc pìrouc.

↬ ArketĹ ergaleÐa thc proteinìmenhc bibliojăkhc èqoun sqediasteÐ gia thn ikanopoÐhsh twn anagkÿn twn eswterikÿn diadikasiÿn twn prwtokollikÿn strwmĹtwn kai diasundèsewn pou aforoÔn: (a) sthn anÐqneush sfalmĹtwn metĹdoshc, (b) stic diadikasÐec dromolìghshc kai diaqeÐrishc qronologikÿn gegonìtwn, (g) sthn ulopoÐhsh mhqanÿn peperasmènwn katastĹsewn, (d) sth diasÔndesh twn prwtokollikÿn epipèdwn sta plaÐsia thc stoÐbac pou ta filoxeneÐ, kai (e) sthn ulopoÐhsh mhqanÿn exuphrèthshc mhnumĹtwn (asÔgqronh ă sÔgqronh exuphrèthsh, mè ă qwrÐc proteraiìthta).

↬ Oi orismoÐ twn monĹdwn kai twn epi mèrouc upomonĹdwn pou to apoteloÔn, prosdiorÐzoun to skeletì kĹje xeqwristăc logismikăc bibliojăkhc pou ulopoieÐ èna prwtokollikì epÐpedo. To qarakthristikì autì twn monĹdwn dieukolÔnei thn anĹptuxh tou phgaÐou kÿdika tìso touc èmpeirouc mhqanikoÔc thlepikoinwniÿn, ìso kai touc sqetikĹ arqĹriouc.

↬ H arqitektonikă thc proteinìmenhc bibliojăkhc exuphreteÐ epÐshc sth diĹkrish twn rìlwn twn mhqanikÿn katĹ th fĹsh sqedÐashc kai anĹptuxhc. Oi mhqanikoÐ thlepikoinwniÿn apolambĹnoun tic uphresÐec pou prosfèrontai apì thn proteinìmenh bibliojăkh, qwrÐc touc problhmatismoÔc gia thn epèktash ă beltÐwsh twn uphresiÿn autÿn. Oi mhqanikoÐ logismikoÔ de, anaptÔssoun kainoÔriec uphresÐec kai emploutÐzoun tic ădh uparqoÔsec me skopì thn aÔxhsh tou suntelestă apìdoshc tou purăna thc bibliojăkhc.

• Meionektămata

SumperĹsmata

↬ H proteinìmenh bibliojăkh prodiagrĹfei antikeimenostrefeÐc arqitektonikèc anĹptuxhc prwtokollikÿn stoibÿn. Gia to lìgo autì den eÐnai plărwc prosanatolismènh sto prìtupo OSI ă sth stoÐba IP. Lìgw thc antikeimenostrefoÔc sqedÐashc kai twn susqetÐsewn twn prwtokollikÿn monĹdwn, h endoepikoinwnÐa apokajÐstatai se ìla ta epÐpeda thc stoÐbac. O skeletìc thc upì anĹptuxh stoÐbac orÐzetai apì to qrăsth thc bibliojăkhc kai kataskeuĹzetai apì th logismikă efarmogă katĹ thn ekkÐnhsh tou ektelèsimou.

↬ H qrăsh twn ergaleÐwn thc bibliojăkhc, kajÿc kai h summìrfwsh thc sqedÐashc kai anĹptuxhc phgaÐou kÿdika me tic arqèc kai touc kanìnec thc proteinìmenhc arqitektonikăc apoteleÐ mÐa oloklhrwmènh lÔsh. H sumbatìthta, ìmwc, thc proteinìmenhc arqitektonikăc me enallaktikèc mejìdouc anĹptuxhc (domhmènoc programmatismìc), eÐnai sqedìn anÔparkth kajÿc, kĹje prospĹjeia sÔzeuxhc twn arqitektonikÿn autÿn apaiteÐ shmantikì qrìno kai kìpo.

↬ H proteinìmenh bibliojăkh upoleÐpetai se ergaleÐa anĹptuxhc grafikoÔ peribĹllontoc pou ja dieukìlunan shmantikĹ ton orismì kai thn prodiagrafă kainoÔriwn prwtokìllwn kai stoibÿn aplopoiÿntac akìmh perissìtero thn arqikopoÐhsh kai thn proetoimasÐa twn anexĹrthtwn bibliojhkÿn logismikoÔ.

↬ Oi qrăstec thc proteinìmenhc bibliojăkhc ofeÐloun na diajètoun ikanopoihtikèc gnÿseic programmatismoÔ ìson aforĹ sth glÿssa programmatismoÔ C++, me thn opoÐa ulopoiăjhkan oi uphresÐec pou prosfèrei h bibliojăkh. Oi uphresÐec thc proteinìmenhc bibliojăkhc den eÐnai ìlec ikanèc na metaglwttistoÔn se dunamikèc bibliojăkec ètsi ÿste na klhjoÔn apì ektelèsima progrĹmmata ta opoÐa anaptuqjăkan me th qrăsh kĹpoiac enallaktikăc glÿssac programmatismoÔ. Autì mporeÐ na apotelèsei shmantikì meionèkthma ìso aforĹ stouc qrăstec me elĹqisth ă mhdenikă empeirÐa sthn anĹptuxh phgaÐou kÿdika C++.

↬ Oi prÿtec ekdìseic thc proteinìmenhc bibliojăkhc prosfèroun tic uphresÐec touc apokleistikĹ wc enswmatwmènec enìthtec logismikoÔ sta plaÐsia mÐac ektelèsimhc logismikăc efarmogăc. H qrăsh autăc thc arqitektonikăc epitaqÔnei men shmantikĹ touc qrìnouc klăshc kai ektèleshc twn epÐ mèrouc sunartăsewn, periorÐzei de tic mejìdouc qrhsimopoÐhshc twn pareqomènwn uphresiÿn.

↬ Oi orismoÐ polumorfikÿn domÿn dedomènwn kai klĹsewn, h opoÐa apoteleÐ èna shmantikì pleonèkthma thc glÿssac C++ kai qrhsimopoieÐtai sthn anĹptuxh arketÿn ergaleÐwn thc proteinìmenhc bibliojăkhc, èqei wc apotèlesma thn adunamÐa metaglÿttishc tou sunìlou thc proteinìmenhc bibliojăkhc se statikèc ă dunamikèc bibliojăkec logismikoÔ.

10.4 Mellontikă anĹptuxh thc proteinìmenhc bibliojăkhc

10.4 Mellontikă anĹptuxh thc proteinìmenhc bibliojăkhc

H proteinìmenh bibliojăkh prosfèretai gia thn grăgorh anĹptuxh phgaÐou kÿdika me skopì thn ulopoÐhsh prwtìtupwn ă oloklhrwmènwn kìmbwn epikoinwniÿn se dÐktua upologistÿn kai se dÐktua kinhtÿn thlepikoinwniÿn trÐthc geniĹc. H bibliojăkh prèpei na jewreÐtai wc ènac zwntanìc organismìc, o opoÐoc se sunergasÐa me touc mhqanikoÔc logismikoÔ kai touc mhqanikoÔc thlepikoinwniÿn, beltiÿnei tic pareqìmenec uphresÐec thc, eisĹgei kainoÔriec uphresÐec, kai sumplhrÿnei tic elleÐyeic thc. H suneisforĹ twn mhqanikÿn thlepikoinwniÿn, oi opoÐoi eÐnai kai oi ousiastikoÐ qrăstec thc bibliojăkhc, ìson aforĹ sthn apotÐmhsh thc poiìthtac kai thc plhrìthtac tìso thc arqitektonikăc ìso kai twn logismikÿn lÔsewn pou prosfèrontai, krÐnetai idiaÐtera krÐsimh gia thn exèlixh thc bibliojăkhc. H anĹptuxh tou sustămatoc prosomoÐwshc qrhstÿn thc uphresÐac GPRS, to opoÐo perigrĹfetai sto kefĹlaio "Pilotikă ulopoÐhsh", apotèlese mÐa idanikă eukairÐa apotÐmhshc kai axiolìghshc thc proteinìmenhc bibliojăkhc. H anĹptuxh tou sustămatoc anèdeixe arketĹ apì ta meionektămata pou perigrĹfontai se prohgoÔmenh parĹgrafo kai dhmioÔrghse thn anĹgkh gia peraitèrw anĹptuxh thc bibliojăkhc kai thn eisagwgă kainoÔriwn ergaleÐwn. MerikĹ apì ta shmantikìtera shmeÐa pou aforoÔn sth mellontikă anĹptuxh, braquprìjesmh kai makroprìjesmh, apoteloÔn ta akìlouja:

↬ H ekmetĹlleush twn glwssÿn prodiagrafăc, ìpwc h ASN.1 kai h EXtensible Markup Language -(Glÿssa epektĹsimhc sămanshc)- (XML)), ja apoteloÔse èna shmantikì ergaleÐo ìson aforĹ sthn anĹptuxh suntaktikÿn kai grammatikÿn analutÿn. H efarmogă twn en lìgw glwssÿn prodiagrafăc apaiteÐ th dhmiourgÐa katĹllhlwn klĹsewn antikeimènwn, ta opoÐa, ja eÐnai se jèsh na metafrĹzoun thn prodiagrafă kai na prosarmìzontai dunamikĹ stic anĹgkec tou suntaktikoÔ analută kĹje prwtokìllou. H mèjodoc aută ja aplopoiăsei shmantikĹ thn ulopoÐhsh kai ja epitaqÔnei to qrìno anĹptuxhc kainoÔriwn epipèdwn. H anĹptuxh twn klĹsewn autÿn apaiteÐ idiaÐterh prosoqă kai epimèleia ètsi ÿste h qrăsh thc mejìdou na èqei th mikrìterh dunată epÐptwsh sto qrìno apìkrishc thc ektelèsimhc efarmogăc.

↬ Oi monĹdec, kai kat’ epèktash ta antikeÐmena twn prwtokìllwn kai twn stoibÿn, prosfèroun mÐa tupikă kai aplousteumènh mèjodo anaforĹc twn eswterikÿn touc paramètrwn anexĹrthth apì th bibliojăkh apeikìnishc. H enswmĹtwsh mhqanismÿn apeikìnishc twn eswterikÿn paramètrwn twn prwtokollikÿn epipèdwn prèpei na pragmatopoihjeÐ me trìpo ÿste na diathreÐtai h anexarthsÐa thc bibliojăkhc apì to leitourgikì sÔsthma. KatĹllhlec logismikèc bibliojăkec grafikÿn apoteloÔn, metaxÔ Ĺllwn, h GUI ToolKit (GTK) kai ta Widgets.

↬ H parousÐa grafikoÔ peribĹllontoc anĹptuxhc ja dieukolÔnei shmantikĹ thn anĹptuxh phgaÐou kÿdika prosanatolismènou sthn ulopoÐhsh thlepikoinwniakÿn lÔsewn. Me th qrăsh

SumperĹsmata

tou grafikoÔ peribĹllontoc ja gÐnei taqÔteroc o orismìc kainoÔriwn prwtokìllwn kai stoibÿn aplopoiÿntac akìmh perissìtero thn arqikopoÐhsh kai thn proetoimasÐa twn anexĹrthtwn logismikÿn bibliojhkÿn.

↬ H anĹptuxh thc bibliojăkhc se mÐa enallaktikă glÿssa programmatismoÔ apoteleÐ mÐa shmantikă parĹmetro ìson aforĹ sthn antagwnistikă leitourgÐa thc bibliojăkhc se leitourgikĹ sustămata pou parousiĹzoun apoklÐseic stic ulopoiăseic tou purăna touc apì thn C++. ParĹdeigma tètoiwn apoklÐsewn apoteleÐ th strathgikă apìfash thc Microsoft na prowjăsei ta proðìnta thc teqnologÐac .NET. Gia to skopì autì, h etaireÐa èqei eisagĹgei mÐa kainoÔria prodiagrafă thc glÿssac C++, h opoÐa diatÐjetai me thn onomasÐaC++/CLI. H prodiagrafă parousiĹzei arketèc diaforèc me thn C++ kai h tautìqronh qrăsh touc prèpei na gÐnetai me idiaÐterh prosoqă. Epiplèon, o metaglwttistăc thc C++ sta leitourgikĹ sustămata thc Microsoft qrhsimopoieÐ thn bibliojăkh Win32, h opoÐa sta mellontikĹ leitourgikĹ sustămata thc etaireÐac ja eÐnai prosbĹsimh mìno mèsw thc teqnologÐac .NET. To gegonìc autì ja prokalèsei mÐa shmantikă aÔxhsh tou qrìnou apìkrishc twn efarmogÿn pou sthrÐzontai sth bibliojăkh Win32.

H mellontikă anĹptuxh thc proteinìmenhc bibliojăkhc den periorÐzetai sta piì pĹnw shmeÐa. H dhmiourgÐa kainoÔriwn anagkÿn, kajÿc suneqÐzetai h qrhsimopoÐhsh thc bibliojăkhc, trofodoteÐ mÐa asteÐreuth phgă ideÿn, oi opoÐec emploutÐzoun, ă epanaprosdiorÐzoun touc mellontikoÔc stìqouc thc exèlixhc.

ParĹrthma Aþ

H uphresÐac GPRS

Sto kefĹlaio autì ja parousiasteÐ h topologÐa tou diktÔou se sqèsh me to Global System for Mobile communicationm -(Pagkìsmio sÔsthma kinhtÿn epikoinwniÿn)- (GSM). Ja perigrafteÐ, epÐshc, h leitourgÐa twn kìmbwn SGSN kai GGSN, kajÿc kai oi diasundèseic me tic opoÐec sundèontai oi kìmboi metaxÔ touc. H poikilÐa, kajÿc kai o arijmìc twn uphresiÿn pou prosfèrontai sto GPRS eÐnai arketĹ auxhmènoc lìgw thc qrăshc mejìdwn Packet Switched -(Metagwgă pakètou)- (PS).

Aþ.1 TopologÐa diktÔou

H uphresÐa GPRS eisĹgei sthn ădh upĹrqousa topologÐa diktÔou GSM dÔo kainoÔrgiouc kìmbouc. Oi kìmboi autoÐ analambĹnoun th dromolìghsh twn pakètwn dedomènwn apì kai proc thn kinhtă termatikă suskeuă. Sto sqăma Aþ.1 parousiĹzetai h plărhc topologÐa tou diktÔou.

Sqăma Aþ.1: H topologÐa GPRS sto GSM dÐktuo

H uphresÐa GPRS

O kìmboc SGSN, o opoÐoc brÐsketai sthn Ðdia ierarqikă bajmÐda me to Mobile-Serving Switching Center -(Kèntro metagwgăc kinhtÿn stajmÿn)- (MSC), sullègei ta pakèta dedomènwn apì to Base Station Controller -(Elegktăc stajmÿn bĹshc)- (BSC) kai ta dromologeÐ, mèsw thc pÔlhc exìdou, proc Ĺlla yhfiakĹ dÐktua dedomènwn. H pÔlh tou diktÔou GPRS oloklhrÿnetai me tic leitourgÐec pou uposthrÐzontai ston kìmbo GGSN. Oi dÔo autoÐ kìmboi uposthrÐzoun tic diadikasÐec diasÔndeshc tou qrăsth me ta exwterikĹ dÐktua diakÐnhshc yhfiakăc plhroforÐac (p.q. to Internet. O BSC diathreÐ ton apìluto èlegqo sth dromolìghsh thc kÐnhshc mèsw tou MSC ă tou SGSN. H metagwgă twn pakètwn gÐnetai me kritărio thn uphresÐa pou qrhsimopoieÐ o qrăsthc. Gia uphresÐec pou uposthrÐzoun metagwgă kuklÿmatoc, h kÐnhsh dromologeÐtai proc to kinhtì kèntro metagwgăc. AntÐjeta, gia uphresÐec pou uposthrÐzoun metagwgă pakètwn, h kÐnhsh dromologeÐtai ston kìmbo SGSN.

H leitourgÐa tou GPRS den parousiĹzei afairetikèc tĹseic ìson aforĹ sthn omală diasÔndesh tou me to dÐktuo GSM. Oi domikèc monĹdec pou gnwrÐsame sto GSM den egkataleÐpontai. H diasÔndesh, ìmwc, me touc kìmbouc SGSN kai GGSN apaiteÐ ton emploutismì twn diadikasiÿn kai twn diasundèsewn pou uposthrÐzei to GSM.

Aþ.2 SÔntomh perigrafă twn GSN

Oi dÔo kainoÔrgioi kìmboi, me to genikì ìnoma GSN, oloklhrÿnoun tic aparaÐthtec uphresÐec diasÔndeshc diktÔou-qrăsth. KĹje kìmboc epiteleÐ diaforetikì èrgo.

Aþ.2.1 LeitourgÐa tou kìmbou SGSN O kìmboc SGSN parèqei th dunatìthta dromolìghshc pakètwn apì kai proc mia perioqă SGSN. ExuphreteÐ ìlec touc sundromhtèc thc uphresÐac GPRS, twn opoÐwn h fusikă touc jèsh brÐsketai sta ìria thc perioqăc SGSN. KĹje sundromhtăc èqei th dunatìthta na exuphrethjeÐ, se sqèsh me th fusikă tou jèsh, apì opoiodăpote SGSN anăkei sto dÐktuo. Oi basikèc leitourgÐec tou kìmbou eÐnai oi exăc: (a) h dromolìghsh (Routing), (b) h diaqeÐrish thc kinhtikìthtac twn qrhstÿn (Mobility Management -(DiaqeÐrish kinhtikìthtac sundromhtă)- (MM)), (g) h pistopoÐhsh (Authentication), (d) h diaqeÐrish sÔndeshc (Session Management -(DiaqeÐrish sunìdou)- (SeM)), (e) h asfĹleia (Security), (st) h diadikasÐa qrèwshc (Charginig Functions -(DiadikasÐec qrèwshc)- (ChF)), kai (z) h upostărixh uphresÐa mikrÿn mhnumĹtwn (Short Message Service -(Upostărixh uphresÐac braqèwn mhnumĹtwn)- (SMS)).

Aþ.2.2 LeitourgÐa tou kìmbou GGSN O kìmboc GGSN parèqei sto SGSN tic aparaÐthtec leitourgÐec gia th diasÔndesh tou tìso me Ĺlla dÐktua GPRS, ìso kai me exwterikĹ dÐktua IP. Oi leitourgÐec pou parèqei sunoyÐzontai stic:

Aþ.3 UphresÐec tou diktÔou

(a) dromolìghsh (Routing), (b) toÐqoc prostasÐac apì anepijÔmhtec prosbĹseic (Firewall), (g) asfĹleia sthn epikoinwnÐa (Security), (d) diaqeÐrish kinhtikìthtac (MM), (e) diaqeÐrish sÔndeshc (SeM), kai (st) diadikasÐa qrèwshc (ChF).

Aþ.3 UphresÐec tou diktÔou

To GPRS eisĹgei sthn upodomă tou GSM kainoÔriec uphresÐec diktÔou, oi opoÐec eÐnai adiafaneÐc sto qrăsth tou sustămatoc kai aforoÔn: (a) sthn omală diasÔndesh twn uposusthmĹtwn pou apoteloÔn to dÐktuo, kai (b) sth diatărhsh thc armonikăc leitourgÐac twn pareqomènwn uphresiÿn qrăsth.

Aþ.3.1 DiaqeÐrish Dedomènwn (Payload Handling)

O kìmboc GSN qrhsimopoieÐ th stoÐba IP gia thn ègkurh metĹdosh twn dedomènwn. KatĹ th diadikasÐa thc sÔndeshc enìc qrăsth sthn uphresÐa GPRS, energopoieÐtai èna stoiqeÐo Packet Data Protocol -(Prwtìkollo dedomènwn pakètou)- (PDP). H Terminal Equipment -(Termatikìc exoplismìc)- (TE) mporeÐ na metadÿsei pakèta dedomènwn sto kanĹli metĹdoshc^1 kai lambĹnei pakèta dedomènwn sto kanĹli lăyhc^2.

To sÔsthma èqei thn epilogă na kruptografeÐ ìla ta pakèta pou termatÐzontai sthn TE, ìtan autĹ metadÐdontai mèsw thc asÔrmathc diasÔndeshc, profulĹssontac me ton trìpo autì to qrăsth apì upoklopèc. Ta pakèta IP temaqÐzontai katĹ th metĹdosh touc mèsw thc asÔrmathc diasÔndeshc se prokajorismèno măkoc, to opoÐo exartĹtai apì thn teqnikă kwdikopoÐhshc. Ta domikĹ stoiqeÐa thc uphresÐac GPRS prostateÔontai apì tic exwterikèc prosbĹseic twn Mobile Subscriber -(Kinhtìc sundromhtăc)- (MS) kai twn qÿrwn filoxenÐac tou diadiktÔou.

Aþ.3.2 AsÔrmath prìsbash (RA)

H uphresÐa GPRS parèqei prìsbash se radiosuqnìthtec metadÐdontac dedomèna sta rĹdio-kanĹlia mèsw thc asÔrmathc diasÔndeshc. To Packet Data Channel -(KanĹli pakètwn dedomènwn)- (PDCH) qrhsimopoieÐtai gia th metĹdosh twn dedomènwn. Se perÐptwsh pou kĹpoioc qrăsthc den èqei prokajorismènec apojematikèc suqnìthtec gia th qrăsh GPRS, h shmatodosÐa kai h metĹdosh dedomènwn pragmatopoieÐtai mèsw koinÿn kanaliÿn elègqou. H uphresÐa GPRS epitrèpei th metĹdosh twn pakètwn tou qrăsth se diaforetikèc taqÔthtec. O qrăsthc thc uphresÐac èqei th dunatìthta energopoÐhshc mèqri kai 8 qronikÿn sqismÿn metafèrontac ta pakèta dedomènwn, kai twn fwnhtikÿn dedomènwn mèsa apì stic Ðdiec radiosuqnìthtec.

1Uplink 2Downlink

H uphresÐa GPRS

Aþ.3.3 Kinhtikìthta (Mobility) H dunatìthta metakÐnhshc tou qrăsth, kai kat’ epèktash tou TE, parèqetai apì th uphresÐa GPRS me th boăjeia twn diadikasiÿn: (a) attach/detach, (b) Routing Area Update - (Enhmèrwsh perioqăc dromolìghshc)- (RAU), (g) Combined Routing Area (CRA), (d) Location Area Update -(Enhmèrwsh perioqăc entopismoÔ)- (LAU), kai (e) paging.

• MS Attach [39]: H diadikasÐa apostolăc kai lăyhc dedomènwn energopoieÐtai me thn epituqă oloklărwsh twn diadikasiÿn GPRS Attach kai PDP Context Activation. H diadikasÐa GPRS attach enhmerÿnei to dÐktuo gia thn parousÐa tou MS kai sundèei ton MS me ton kìmbo SGSN. O MS gnwstopoieÐ ston kìmbo thn tautìthta tou qrăsth (International Mobile Subscriber Identity -(Diejnăc tautìthta kinhtoÔ sundromhtă)- (IMSI) ă Packet Temporary Mobile Station Identity -(Proswrină tautìthta kinhtoÔ sundromhtă)- (TMSI)) kai ton tÔpo thc sÔndeshc (PS, ă PS kai Circuit Switched -(Metagwgă kuklÿmatoc)- (CS)/IMSI). O MS eisèrqetai se katĹstash anamonăc (READY), kai pragmatopoieÐtai h antallagă stoiqeÐwn MM metaxÔ tou MS kai tou SGSN. O qrăsthc, mèsw twn kìmbwn GSN, èqei th dunatìthta lăyhc GPRS-SMS, kajÿc kai thn ekkÐnhsh diadikasiÿn entopismoÔ. H energopoÐhsh twn stoiqeÐwn PDP exuphreteÐ sthn apostolă kai th lăyh dedomènwn GPRS.

• MS Detach: H diadikasÐa aposÔndeshc energopoieÐtai apokleistikĹ kai mìno apì ton MS, ă to dÐktuo (SGSN ă HLR) to opoÐo exuphreteÐ to qrăsth. To dÐktuo, epÐshc, eÐnai se jèsh na aposundèsei èna MS stic periptÿseic ìpou parousÐazetai kajustèrhsh sthn apìkrish ă lanjasmènh apìkrish se aităseic exartÿmenec apì to qrìno. UpĹrqoun treic diaforetikoÐ trìpoi aposÔndeshc apì to dÐktuo: a) IMSI detach ( pragmatopoieÐtai apì ton MS me tÔpo sÔndeshc GPRS-attach, b) GPRS detach ( perilambĹnei apenergopoÐhsh twn stoiqeÐwn PDP), kai g) GPRS/IMSI detach ( h diadikasÐa aută energopoieÐtai mìno apì to MS).

• Roaming: H uphresÐa GPRS èqei th dunatìthta apìkruyhc apì to qrăsth twn epÐ mèrouc stoiqeÐwn kai diadikasiÿn pou to apoteloÔn. O qrăsthc sundèetai kai epikoinwneÐ me èna diktuakì nèfoc. H diadikasÐec diaqeÐrishc thc kinhtikìthtac tou qrăsth tou epitrèpoun th metakÐnhsh metaxÔ twn kuyelÿn (BSC), twn perioqÿn dromolìghshc SGSN (SGSN pou anăkoun sto Ðdio PLMN), kai tèloc, metaxÔ pollÿn PLMN. H dunatìthta tou qrăsth na stèlnei kai na lambĹnei dedomèna katĹ th diĹrkeia thc metakÐnhsăc tou, periorÐzetai se mÐa perioqă PLMN. O kìmboc SGSN diathreÐ thn plhroforÐa gia ton kwdikì thc kuyèlhc (Cell ID) kai thn perioqă dromolìghshc katĹ th diĹrkeia thc epÐskeyhc kĹpoiou sundromhtă sthn perioqă pou kalÔptetai apì to sugkekrimèno SGSN.

• PistopoÐhsh kai KwdikopoÐhsh [41]: H suqnìthta thc energopoÐhshc thc diadikasÐac pistopoÐhshc qrăsth kajorÐzetai epilektikĹ anĹ kìmbo SGSN. H timă thc upagoreÔei

Aþ.3 UphresÐec tou diktÔou

ton epitreptì arijmì sundèsewn kai ananeÿsewn thc plhroforÐac dromolìghshc metaxÔ dÔo pistopoiăsewn tautìthtac. H diadikasÐa efarmìzetai epÐshc gia tic sundèseic se kainoÔrgiec perioqèc dromolìghshc tou idÐou SGSN, pou anăkei sto Home PLMN -(OikeÐo PLMN HPU Forhtă monĹda (qeirìc))- (HPLMN). H pistopoÐhsh qrăsth prohgeÐtai pĹnta twn diadikasiÿn: a) thc sÔndeshc se mÐa perioqă dromolìghshc (Routing Area -(Perioqă dromolìghshc)- (RoA)) kĹpoiou kainoÔrgiou SGSN pou anăkei sto HPLMN, kai b) se intra-SGSN diadikasÐec enhmèrwshc twn RoA. Sthn prÿth perÐptwsh h triĹda twn paramètrwn pistopoÐhshc (Authentication Triplets (AT)) anaktĹtai apì to HLR. Sth deÔterh perÐptwsh qrhsimopoieÐtai h plhroforÐa pou lambĹnetai apì to prohgoÔmeno SGSN. KatĹ th diadikasÐa pistopoÐhshc eÐnai dunatì na qrhsimopoihjoÔn epilektikĹ kai mèjodoi kruptogrĹfhshc twn stoiqeÐwn pou antallĹssontai metaxÔ tou MS kai tou SGSN. H diaforopoÐhsh thc diadikasÐac pistopoÐhshc metaxÔ twn qrhstÿn GPRS kai twn qrhstÿn GSM, aforĹ mìno sthn kruptogrĹfhsh thc metadidìmenhc plhroforÐac. H mèjodoc kruptogrĹfhshc kajorÐzetai apì ton algìrijmo GPRS Encryption Algorithm (GEA).

• Axiolìgish Sundromhtă: KatĹ th diadikasÐa thc pistopoÐhshc tou qrăsth pragmatopoieÐtai kai h epikÔrwsh twn uphresiÿn pou èqei dikaÐwma na qrhsimopoiăsei.

• DiadikasÐec Suspend/Resume: H diadikasÐec autèc efarmìzontai mìno gia MS, oi opoÐoi eÐnai se katĹstash leitourgÐac thc klĹshc B, kai energopoioÔntai ìtan katĹ th sÔndesh tou qrăsth sto dÐktuo CS epijumeÐtai h parĹllhlh sÔndesh sthn uphresÐa GPRS.

• AnÐqneush (Paging Co-ordination): H uphresÐa GPRS diajètei mejìdouc anÐqneushc kai entopismoÔ, oi opoÐec eÐnai koinèc, tìso stic uphresÐec CS, ìso kai stic uphresÐec PS. Ta mhnÔmata pou qrhsimopoioÔntai gia thn anÐqneush stic uphresÐec CS kai PS metadÐdontai mèsw tou Ðdiou kanalioÔ.

Aþ.3.4 DiaqeÐrish StoiqeÐou SÔndeshc (SeM) Oi diadikasÐec SeM perilambĹnoun: a) thn energopoÐhsh, b) thn tropopoÐhsh, kai g) th diagrafă twn PDP Contexts. H energopoÐhsh pragmatopoieÐtai kat’ entolă tou MS. Oi diadikasÐec antallĹzoun stoiqeÐa gia ton katamerismì twn dieujÔnsewn IP kai twn paramètrwn gia thn poiìthta thc uphresÐac. ’Olec oi sundromèc diajètoun mÐa ă kai perissìterec dieujÔnseic PDP. KĹje mÐa tètoia dieÔjunsh perigrĹfetai apì èna kai monadikì PDP Context, to opoÐo brÐsketai ston MS, ston SGSN, kai ston GGSN. Oi dunatèc katastĹseic, stic opoÐec brÐsketai kĹpoio PDP Context, upodeiknÔoun th dunatìthta ă thn adunamÐa apostolăc dedomènwn. ’Ola ta PDP Contexts tou sundromhtă susqetÐzontai me èna kai mìno MM Context.

• EnergopoÐhsh PDP Context: H diadikasÐa thc energopoÐhshc èqei skopì th gnwstopoÐhsh tou MS ston emplekìmeno GGSN, to opoÐo me th seirĹ tou ja sundèsei to qrăsth

H uphresÐa GPRS

me ta exwterikĹ dÐktua. O GGSN efarmìzei mejìdouc gia ton èlegqo thc anagnÿrishc tou qrăsth gia kĹje mÐa apì tic diadikasÐec energopoÐhshc PDP Context. H mèjodoc katalăgei sthn peraitèrw epexergasÐa thc aÐthshc, th diapragmĹteush gia to Quality of Service - (Poiìthta uphresÐac)- (QoS), kai thn apodoqă ă thn apìrriyh thc aÐthshc. To sÔsthma elègqei epÐshc thn Ĺdeia prìsbashc tou qrăsth se kĹpoio sugkekrimèno dÐktuo Internet Service Provider -(PĹroqoc uphresiÿn diadiktÔou)- (ISP). O GGSN, epÐshc, frontÐzei thn exakrÐbwsh twn stoiqeÐwn tou ISP kai th dromolìghsh thc kÐnhshc tou MS mèsw tou ISP me ton opoÐo èqei sundejeÐ. Oi SGSN / GGSN uposthrÐzoun diadikasÐec gia thn anĹjesh dunamikÿn kai statikÿn dieujÔnsewn IP.

Aþ.3.5 DiaqeÐrish Sundromăc

O SGSN diajètei diadikasÐec epikoinwnÐac me to HLR me skopì th diaqeÐrish twn sundromÿn twn qrhstÿn. O SGSN, katĹ thn pragmatopoÐhsh apì to HLR twn diadikasiÿn Update GPRS Location procedure kai Stand-Alone Subscriber Data Management procedure, apojhkeÔei ta tropopoihmèna dedomèna thc sundromăc, kai ta qrhsimopoieÐ gia peraitèrw qrăsh ìson aforĹ sth sÔndesh tou me ton MS.

Oi plhroforÐec thc sundromăc perilambĹnoun: (a) to IMSI, (b) to Mobile Station International ISDN number -(Diejnăc arijmìc ISDN kinhtoÔ stajmoÔ)- (MSISDN), (g) to Tele-Service List (SMS Supported), (d) tic dieujÔnseic HLR, kai (e) mhdèn èwc N sÔnola plhroforÐac. KĹje sÔnolo plhroforÐac eÐnai dunatì na perilambĹnei: (a) ton tÔpo thc PDP (IPv4, PPP), (b) th dieÔjunsh PDP, (g) thn QoS, (d) to Access Point Name -(’Onoma shmeÐou prospèlashc)- (APN), kai (e) th dieÔjunsh tou Visited PLMN. Oi diadikasÐec diaqeÐrishc epitrèpoun sto qeiristă tou diktÔou thn pistopoÐhsh tou qrăsth, kai dÐnoun th dunatìthta prosforĹc diaforopoihmènwn uphresiÿn anĹ qrăsth.

Aþ.3.6 DiaqeÐrish ProblhmĹtwn

H mèjodoc diaqeÐrishc twn problhmĹtwn pou parousiĹzontai stouc kìmbouc diafèrei metaxÔ twn kataskeuastÿn thlepikoinwniakÿn kìmbwn, kai aforĹ sth grăgorh, kai me to mikrìtero kìstoc, antimetÿpish twn katastĹsewn pou prokaloÔn astĹjeia sto sÔsthma. Oi koinèc arqèc pou dièpoun tic diadikasÐec katagrafăc kai antimetÿpishc problhmĹtwn ja perigrafoÔn sthn epìmenh parĹgrafo.

KĹje kìmboc diathreÐ plhroforÐa gia ta problămata pou antimetwpÐzei prosfèrontac dunatìthta polÔ-diaqeÐrishc. Me ton trìpo autì parèqei asfĹleia sto dÐktuo apì proswrinĹ problămata diaqeÐrishc sÔndeshc kai apì apotuqhmènec diaqeirÐseic twn termatikÿn sundèsewn. H diadikasÐa

Aþ.3 UphresÐec tou diktÔou

epitrèpei sto qeiristă diktÔou thn antimetÿpish Gegonìtwn^3 kai Sunagermÿn^4.

O kìmboc GSN (SGSN ă GGSN) energopoieÐ thn apostolă gegonìtwn kai sunagermÿn stic exăc periptÿseic: a) apÿleia epikoinwnÐac me kĹpoia apì tic ontìthtec tou diktÔou, b) parousÐash problămatoc sto ulikì tou kìmbou, g) parousÐash problămatoc sto logismikì tou kìmbou, kai d) paroÔsiash kĹpoiou gegonìtoc parakoloÔjhshc.

Aþ.3.7 DiaqeÐrish MorfopoÐhshc H anĹptuxh tou PLMN diakrÐnetai se treic genikèc fĹseic [42], oi opoÐec qarakthrÐzontai apì diaforetikoÔc bajmoÔc eustĹjeiac. To sÔsthma, metĹ to pèrac thc prÿthc fĹshc, ja epanakuklÐzetai metaxÔ thc deÔterhc kai thc trÐthc fĹshc. H diadikasÐa aută eÐnai gnwstă wc o kÔkloc zwăc tou diktÔou kai perilambĹnei:

1. Thn egkatĹstash kai thn energopoÐhsh tou PLMN.

2. Thn anabĹjmish tou PLMN, to opoÐo ftĹnei se èna ikanopoihtikì bajmì stajerìthtac, gia na ikanopoiăsei braquprìjesmec apaităseic.

3. Thn prosarmogă tou PLMN, ètsi ÿste na ikanopoiăsei makroprìjesmec apaităseic tìso tou qeiristă, ìso kai twn sundromhtÿn.

Aþ.3.8 ParakoloÔjhsh Apìdoshc H diadikasÐa Performance Monitoring (PM) [43] parèqei th dunatìthta sto qeiristă tou diktÔou na prolabaÐnei dusqereÐc katastĹseic, ìson aforĹ sthn thlepikoinwniakă kÐnhsh, kai na beltiÿnei to sÔsthma. O qeiristăc tou diktÔou sullègei dedomèna apì touc GSN, ta opoÐa qrhsimopoieÐ gia prolhptikă epexergasÐa kai anĹlush, ètsi ÿste na apofasÐsei gia tic anagkaÐec anabajmÐseic tou sustămatoc. Epitrèpei sto qeiristă, qrhsimopoiÿntac katÿflia anoqăc gia thn epÐbleyh twn metrhtÿn, thn ègkairh antimetÿpish twn problhmatikÿn katastĹsewn.

Aþ.3.9 DiaqeÐrish AsfĹleiac H diadikasÐa diaqeÐrishc asfĹleiac [43] parèqei ta mèsa gia thn prostasÐa apì dìliec eisbolèc stouc kìmbouc, kai perilambĹnei ta akìlouja qarakthristikĹ: (a) thn epilektikă pistopoÐhsh tou qrăsth, (b) thn kwdikopoÐhsh twn dedomènwn, (g) thn pistopoÐhsh tou qrăsth me tic diadikasÐec Operations and Maintenance -(LeitourgÐec kai suntărhsh)- (OM), (d) thn exousiodìthsh tou qrăsth me tic diadikasÐec OM, (e) thn katagrafă twn aităsewn uphresiÿn me tic diadikasÐec OM, kai (st) to filtrĹrisma twn pakètwn thc uphresÐac GPRS O èlegqoc twn ISP pragmatopoieÐtai sto GSN wc mèroc thc diadikasÐac SeM.

3Events. 4Alarms.

H uphresÐa GPRS

• PistopoÐhsh qrăsth. KajorÐzetai o mègistoc arijmìc twn epitreptÿn diadikasiÿn Attach kai intra-/inter-SGSN routing area updates anĹmesa stic diadikasÐec pistopoÐhshc tou qrăsth. O kajorismìc autìc eÐnai proairetikìc gia touc ădh sundedemènouc qrăstec, kai upoqrewtikìc gia ìsouc den eÐnai sundedemènoi.

• KwdikopoÐhsh dedomènwn. UposthrÐzontai diadikasÐec kwdikopoÐhshc thc metadidìmenhc plhroforÐac, parèqontac asfĹleia apì upoklopèc. H kwdikopoÐhsh twn dedomènwn efarmìzetai katĹ th metĹdosh metaxÔ twn SGSN, th metĹdosh metaxÔ twn SGSN kai twn GGSN, kai metaxÔ twn GGSN kai tou exwterikoÔ diktÔou. Oi diadikasÐec mporoÔn na efarmostoÔn kai katĹ th metĹdosh twn dedomènwn metaxÔ twn kìmbwn GSN kai twn termatikÿn suskeuÿn pou parakoloujoÔn kai elègqoun to dÐktuo.

• PistopoÐhsh Qeiristă OM. KĹje prospĹjeia prìsbashc stouc kìmbouc GSN perilambĹnei tic diadikasÐec pistopoÐhshc touc qrăsth kai tou elègqou tou kwdikoÔ prìsbashc. Ta prwtìkolla pou qrhsimopoioÔntai: a) sthn parakoloÔjhsh tou diktÔou, b) sth metaforĹ arqeÐwn apì kai proc touc kìmbouc, kai g) ston thleqeirismì twn kìmbwn eÐnai: (a) to File Transfer Protocol -(Prwtìkollo metaforĹc arqeÐwn)- (FTP) [57], (b) to Hyper-Terminal Transfer Protocol -(Prwtìkollo metaforĹc uperkeÐmenhc shmasÐac)- (HTTP) [58], kai g) to Remote Login.

• EpÐpeda prìsbashc. Oi aităseic pou perilambĹnontai sthn uphresÐa OM pragmatopoioÔn diadikasÐec gia thn pistopoÐhsh kai ton kajorismì tou epipèdou prìsbashc tou qeiristă. O qeiristăc anagnwrÐzetai apì to ìnoma kai ton kwdikì pou eisĹgei. Ta dÔo epÐpeda prìsbashc eÐnai:

1. DiaqeÐrish sustămatoc. Oi armodiìthtec tou perilambĹnoun th dhmiourgÐa, thn tropopoÐhsh kai thn anĹjesh rìlwn stouc qeiristèc tou diktÔou.

2. ParakoloÔjhsh sustămatoc. Oi armodiìthtec tou periorÐzontai sthn parakoloÔjhsh qwrÐc to dikaÐwma epèmbashc se ìlec tic diadikasÐec pou exelÐssontai se èna sÔsthma.

• Katagrafă aităsewn thc uphresÐac OM. ’Olec oi prospĹjeiec gia prìsbash stouc kìmbouc, epituqeÐc ă anepituqeÐc, katagrĹfontai, me skopì thn anÐqneush lajÿn kai thn profÔlaxh tou sustămatoc apì anepijÔmhtouc eisboleÐc.

Aþ.3.10 Upostărixh uphresÐac mhnumĹtwn O kìmboc SGSN uposthrÐzei tic prokajorismènec diepafèc proc ta SMS-Gateway Mobile Services Switching Centre -(Kèntro-pÔlh metagwgăc kinhtÿn uphresiÿn)- (GMSC) kai SMS-Inter- Working MSC -(Kèntro diasunergasÐac kèntrwn metagwgăc kinhtÿn stajmÿn)- (IWMSC).

Aþ.4 Diasundèseic thc uphresÐac GPRS

H diepafă parèqei th dunatìthta paralabăc MS-terminating SMS kai apostolăc MS-originating SMS mèsw twn kanaliÿn thc uphresÐac GPRS. H dianomă twn MS-terminating mhnumĹtwn mèsw twn kanaliÿn tou GPRS èqei wc apotèlesma thn exoikonìmhsh twn kanaliÿn shmatodosÐac pou qrhsimopoieÐ to dÐktuo CS. Oi upĹrqousec efarmogèc SMS eÐnai se jèsh na metaferjoÔn sto dÐktuo kĹnontac mìno lÐgec tropopoiăseic. O sundromhtăc eÐnai se jèsh na qrhsimopoieÐ thn uphresÐa SMS kai stic dÔo periptÿseic sundèsewn (CS, PS).

Aþ.4 Diasundèseic thc uphresÐac GPRS

Oi kìmboi SGSN kai GGSN leitourgoÔn armonikĹ, sebìmenoi thn upodomă tou diktÔou, me tic upìloipec monĹdec pou apoteloÔn to dÐktuo mèsw prokajorismènwn diadikasiÿn. Sullègoun qrăsima dedomèna, apokajistoÔn sundèseic ă pistopoioÔn thn tautìthta qrhstÿn me th qrăsh twn prokajorismènwn diadikasiÿn pou onomĹzontai diasundèseic ă diepafèc. Ston pÐnaka Aþ.1 parousiĹzontai oi diepafèc pou qrhsimopoioÔntai sthn uphresÐa GPRS. Sth 2^η stălh dÐnontai ta dÔo termatikĹ shmeÐa thc antÐstoiqhc diepafăc.

Aþ.4.1 DiasÔndesh Gb H diasÔndesh Gb ulopoieÐ ìlec tic aparaÐthtec leitourgÐec me skopì th diasÔndesh tou stajmoÔ bĹshc kai tou kìmbou SGSN. Epitrèpei thn antallagă shmatodosÐac kai th metĹdosh dedomènwn pou aforoÔn stouc qrăstec thc uphresÐac. EkmetalleÔetai ston plhrèstero bajmì, me thn teqnikă thc poluplexÐac twn dedomènwn twn qrhstÿn sthn Ðdia fusikă sÔndesh, ta apojèmata thc sÔndeshc. KatĹ th metĹdosh twn dedomènwn desmeÔetai o aparaÐthtoc apojematikìc qÿroc gia to qrăsth. O qÿroc autìc apodesmeÔetai me to pèrac thc metĹdoshc. H shmatodosÐa kai ta dedomèna tou GSM metadÐdontai se koinì pedÐo dedomènwn^5. O rujmìc metĹdoshc gia kĹje qrăsth kumaÐnetai sto pedÐo 0 ∼ 1984kBits/sec. H prwtokollikă stoÐba thc diasÔndeshc

Sqăma Aþ.2: Prwtokollikă stoÐba thc diasÔndeshc Gb

(sqăma Aþ.2) diakrÐnetai se trÐa strÿmata:

• Fusikì epÐpedo. Sto strÿma thc fusikăc sÔndeshc eÐnai dunatì na qrhsimopoihjoÔn prwtìkolla kai morfopoiăseic tou epipèdou ìpwc kajorÐzontai sto [46].

5UserPlane (U-Plane).

H uphresÐa GPRS

DiasÔndesh Kìmboi epikoinwnÐac Ga Interface (Ga) SGSN ă GGSN ↭ CGF Gateway Functionality (CGF) [45] Gb Interface (Gb) SGSN ↭ Base Station System -(SÔsthma stajmÿn bĹshc)- (BSS) Gc Interface (Gc) GGSN ↭ HLR Gd Interface (Gd) SMS GMSC kaÐ SMS IWMSC ↭ SGSN Gf Interface (Gf) SGSN ↭ EIR Gi ShmeÐo anaforĹc metaxÔ GPRS kai exwterikÿn diktÔwn PDN Gn GSN ↭ GSN sto Ðdio PLMN Gp GSN ↭ GSN se diaforetikì PLMN Gr Interface (Gr) SGSN ↭ HLR Gs Interface (Gs) SGSN ↭ MSC/ VLR

PÐnakac Aþ.1: Diasundèseic thc uphresÐac GPRS

• EpÐpedo sÔndeshc dedomènwn. To strÿma sÔndeshc basÐzetai sto prwtìkollo Frame Relay (FR) [47]. ApokajÐstantai eikonikĹ kuklÿmata^6 metaxÔ twn kìmbwn BSS kai SGSN, sta opoÐa poluplèkontai ta Logical Link Control -(’Elegqoc logikăc sÔndeshc)- (LLC) PDU twn sundedemènwn qrhstÿn. To prwtìkollo qrhsimopoieÐtai kai sta dÔo pedÐa metĹdoshc (U-Plane kai pedÐo shmatodosÐac^7). KĹje sÔndesh FR diajètei ta akìlouja qarakthristikĹ:

↬ To măkoc tou pedÐou plhroforÐac tou FR den uperbaÐnei tic 1600 oktĹdec. ↬ To pedÐo thc dieÔjunshc eÐnai măkouc 2 oktĹdwn.

↬ H leitourgÐa FR Data Terminal Equipment -(Termatikìc exoplismìc dedomènwn)- (DTE) oloklhrÿnetai kai stouc dÔo kìmbouc. O kìmboc SGSN oloklhrÿnei

6Virtual circuits.

7Control Plane (C-Plane).

Aþ.4 Diasundèseic thc uphresÐac GPRS

proeraitikĹ th leitourgÐa FR Data Circuit terminating Equipment (DCE). ↬ KatĹ th metĹdosh twn pakètwn plhroforÐac qrhsimopoioÔntai FR Private Vitrual Circuit (PVC)s.

↬ To FR aniqneÔei allĹ de diorjÿnei lĹjh katĹ th metĹdosh twn pakètwn. ↬ H metĹdosh twn pakètwn BSS GPRS Protocol (BSSGP) [48] PDUs eÐnai dunatì na pragmatopoieÐtai me th qrăsh enìc ă kai perissìterwn FR PVC.

• BSSGP. H paroqă thc poiìthtac thc uphresÐac sth radioxeÔxh kai h dromolìghsh thc aparaÐththc plhroforÐac gia th metĹdosh twn dedomènwn qrăsth metaxÔ twn kìmbwn, apoteleÐ thn prwteÔousa leitourgÐa tou eÐnai. Epitrèpei, epÐshc, stouc kìmbouc BSS kai SGSN thn efarmogă katĹllhlwn diadikasiÿn gia thn ulopoÐhsh elègqwn diaqeÐrishc. O arijmìc twn mhqanÿn prwtokìllwn BSSGP pou diajètei kĹje kìmboc exartĹtai Ĺmesa apì to plăjoc twn kìmbwn me touc opoÐouc sundèetai. An, p.q., ènac SGSN sundèetai me N kìmbouc BSS tìte, prèpei na sunthreÐ N mhqanèc prwtokìllwn BSSGP. H antÐstoiqh prìtash isqÔei kai gia ton kìmbo BSS. Oi basikèc leitourgÐec tou prwtokìllou sunoyÐzontai stic:

↬ ApokatĹstash thc epikoinwnÐac, h opoÐa stereÐtai proôpĹrqousac sundèsewc^8, metaxÔ twn BSS kai twn SGSN.

↬ MetĹdosh twn dedomènwn metaxÔ twn kìmbwn.

↬ Paroqă katĹllhlwn ergaleÐwn elègqou thc roăc twn dedomènwn apì kai proc touc kìmbouc.

↬ Qeirismìc twn aităsewn pou aforoÔn stic diadikasÐec entopismoÔ. ↬ Paroqă twn aparaÐthtwn diadikasiÿn diagrafăc palaiÿn mhnumĹtwn ston kìmbo BSS. ↬ Upostărixh, sto strÿma 2, pollaploÔc desmoÔc epikoinwnÐac metaxÔ twn kìmbwn.

Aþ.4.2 Diasundèseic Gc, Gd, Gf, Gr Oi diasundèseic pou parousiĹzontai sthn parĹgrafo aută apoteloÔntai apì thn Ðdia prwtokollikă stoÐba. H stoÐba aută diajètei ta akìlouja epÐpeda: (a) fèron shmatodosÐac^9, (b) Signalling Connection Control Part -(Tmăma elègqou sÔndeshc shmatodosÐac)- (SCCP), (g) Transaction Capabilities Application Part -(Tmăma efarmogăc ikanotătwn sunallagăc)- (TCAP), kai (d) Mobile Application Part -(Tmăma efarmogăc kinhtăc uphresÐac)- (MAP). H diaforopoÐhsh twn diasundèsewn kai twn leitourgiÿn pou kaloÔntai na oloklhrÿsoun parousiĹzetai sto prwtìkollo MAP. H prwtokollikă stoÐba twn diasundèsewn (sqăma Aþ.3) diakrÐnetai se tèssera strÿmata:

8Connection-less link. 9Signaling Bearer.

H uphresÐa GPRS

Sqăma Aþ.3: Diasundèseic Gc, Gd, Gf, Gr

• Fèron shmatodosÐac. To fèron shmatodosÐac èqei diaforetikă arqitektonikă anĹloga me to eÐdoc twn prwtokìllwn shmatodosÐac Signaling System No. 7 -(SÔsthma shmatodosÐac 7)- (SS7) [50]. Ta trÐa diaforetikĹ eÐdh prwtokìllwn SS7 eÐnai: (a) Message Transfer Part -(Tmăma metaforĹc mhnÔmatoc)- (MTP) - based, (b) IP-based, kai (g) Asynchronous Transfer Mode -(AsÔgqronh mèjodoc metaforĹc)- (ATM)-based.

• SCCP. To strÿma SCCP qrhsimopoieÐtai gia th dromologăsh kai th swstă apostolă mhnumĹtwn metaxÔ twn ennoiologikÿn ontotătwn twn kìmbwn SGSN kai GGSN, kai twn kìmbwn Equipment Identify Register -(Kataqwrhtăc tautìthtac exoplismoÔ)- (EIR), HLR. UposthrÐzei dÔo diaforetikoÔc tÔpouc diktuakÿn uphresiÿn, (a) thn uphresÐa qwrÐc sÔndeshc, kai (b) thn uphresÐa me sÔndesh, me skopì th metĹdosh thc plhroforÐac thc shmatodosÐac tÔpou kuklwmatikăc sundèswc kai mă kuklwmatikăc sundèsewc, kajÿc kai Ĺllwn tÔpwn plhroforÐac akìma kai se exwterikĹ dÐktua diaforetkăc fÔsewc (kèntra operation and maintenance) me th boăjeia tou kajorismoÔ thc paramètrou mhnÔmatoc Global Address Title (GAT).

• TCAP. To strÿma TCAP sundèei ta prwtìkolla pou brÐskontai sto epÐpedo efarmogăc^{10} me to epÐpedo metaforĹc^{11} SS7 SCCP. LeitourgeÐ wc pĹroqoc uphresÐac proc ta piì pĹnw strÿmata kai diathreÐ thn aparaÐthth plhroforÐa gia thn katĹstash tou epipèdou metaforĹc. DromologeÐ tic aităseic twn pio pĹnw strwmĹtwn stic sundèseic SCCP pou touc antistoiqoÔn.

• Mobile Application Part -(Tmăma efarmogăc kinhtăc uphresÐac)-:

Aþ.4.3 DiasÔndesh Gs Sundèei ton kìmbo SGSN me to Visitors Location Register -(Kataqwrhtăc jèshc anazăthshc episkèpth)- (VLR) kai uposthrÐzei rujmoÔc metĹdoshc: (a) 64kBits/sec (sthn perÐptwsh pou h metĹdosh qrhsimopoieÐ th diasÔndesh E1), emph(b) 64kBits ă 56kBits/sec (se perÐptwsh qrăshc thc T1 diasÔndeshc, apì kai proc ton

10Application Layer. 11Trasport Layer

Aþ.4 Diasundèseic thc uphresÐac GPRS

kìmbo SGSN). H diamìrfwsh twn paramètrwn thc diasÔndeshc den kajorÐzei ton arijmì twn kìmbwn SGSN ă VLR pou eÐnai sundedemènoi mèsw autăc. Lìgw thc pijanìthtac sÔndeshc N - VLRs se èna SGSN, ă kai antÐstrofa N -SGSNs se èna VLR, h diasÔndesh qrhsimopoieÐ thn teqnikă Signalling Transfer Point -(ShmeÐo metaforĹc shmatodosÐac)- (STP). H prwtokol-

Sqăma Aþ.4: Prwtokollikă stoÐba thc diasÔndeshc Gs

likă stoÐba thc diasÔndeshc (sqăma Aþ.4) diakrÐnetai se trÐa strÿmata. To prwtìkollo BSS Application Part -(Tmăma efarmogăc stajmÿn bĹshc)- (BSSAP) analambĹnei th metĹdosh twn mhnumĹtwn apì kai proc touc kìmbouc.

• BSS Application Part -(Tmăma efarmogăc stajmÿn bĹshc)-: To prwtìkollo BSSAP qrhsimopoieÐtai, sthn emploutismènh morfă (BSSAP+), gia thn oloklărwsh thc diasÔndeshc Gs. H epilogă tou basÐzetai stic diadikasÐec pou qreiĹzontai gia thn epikoinwnÐa twn kìmbwn, oi opoÐec de diafèroun se megĹlo bajmì apì autèc pou qrhsimopoioÔntai sth 2^η geniĹ kinhtăc thlefwnÐac. O stìqoc twn diadikasiÿn eÐnai h susqètish tou SGSN me to VLR gia thn paroqă allhlepidrĹsewn metaxÔ touc. H susqètish aută parèqei th dunatìthta ektèleshc twn pio kĹtw leitourgiÿn:

↬ SÔndesh IMSI kai aposÔndesh mèsw tou SGSN.

↬ Suntonismì twn enhmerÿsewn Radio Access -(RadiozeÔxh)- (RA) kai Location Area -(Perioqă entopismoÔ)- (LA).

↬ Anazăthsh mÐac sÔndeshc CS mèsw tou SGSN.

↬ DiadikasÐec sunagermoÔ gia sundèseic pou den anăkoun sto pedÐo tou PS. ↬ DiadiasÐec pistopoÐhshc. ↬ DiadikasÐec plhrofìrhshc MM.

H uphresÐa GPRS

BibliografÐa

[1] N.Stylianides, G. Stephanopoulos, G. Tselikis, M. Dopher: ”Signaling Performance Trials and Evaluation Results on GPRS platforms”, Information Systems Frontiers, Kluwer Publications, Volume 7, Issue 2, pp 129-140, May 2005.

[2] G. Stephanopoulos, N. Stylianides, G. Tselikis, M. Theologou, M. Dopfer: ”Signaling Measurements in 3rd Generation UMTS Core Network”, IST ACATS FORUM Proc. Int’l Conf, 1st March 2002, Athens Greece pp 87-96.

[3] N. Stylianides, G. Stephanopoulos, G. Tselikis, E. Koukoutsis: ”Signaling Measurements on GPRS enhancement over GSM CN”, IST ACATS FORUM Proc. Int’l Conf, 1st March 2002, Athens Greece pp 112-121.

[4] G.Stephanopoulos, N.Stylianides, G.Tselikis, S.Tombros, M.Theologou, M.Dopfer: ”Signaling Procedures Measurements Realization on a 3rd Generation UMTS Platform”, Int’l Conf of International Society Technologies 2002, Thessaloniki Greece, pp 80-81.

[5] DAY, J.D., and ZIMMERMANN, H.:”The OSI Reference Model,” Proc. of the IEEE, vol.

71, pp. 1334-1340, Dec. 1983.

[6] Petri C. A. Kommunikation mit Automaten doctoral thesis, 1962.

[7] ISO-9074. Information processing systems — (Open) systems interconnection — Estelle — A formal description technique based on an extended state transition model International Organization for Standardization (ISO)., 1989.

[8] ITU. Specification and Description Language (SDL-96) Recommendation Z.100., 1996.

[9] Vissers, C. and Logrippo, L. [1985]; ”The Importance of th service concept in the design of data communications protocols,” Proc. 5th IFIP WG 6.1 Int. Workshop on Protocol Specification, Testing and Verification, North-Holland Publ., Amsterdam, pp. 3-17

[10] Hamming, R.W. [1950], ”Error detecting and error correcting codes,” Bell System Technical Journal, Vol. 29, pp. 147-160

BIBLIOGRAF§IA

[11] Berkekamp, E.R. [1978], Algebraic Coding Theory, McGraw-Hill, New York.

[12] Kuo, F.F. [1981], Protocols and Techniques for Data Communications Networks, F.F. Kuo (Ed.), Prentice Hall, Englewood Cliffs, N.J.

[13] Peterson, W.W., and Weldon, E.J., Jr. [1972], Error Correcting Codes, 2nd ed., MIT Press, Cambridge, Mass.

[14] MacWilliams, F.J., and Sloane, N.J.A. [1977], Theory of Error Correcting Codes, North- Holland Publ., Amsterdam.

[15] Griffiths, G. and Stones, G.C. [1987]. The tea-leaf reader algorithm: an efficient implementation of CRC-16 and CRC-32, Comm. of the ACM, Vol. 30, No. 7, pp. 617-620.

[16] Adi, W. [1984], Fast burst error-correction scheme with Fire code, IEEE Trans. on Computers, Vol. C-33, No. 7, July 1984,, pp. 613-618.

[17] Perez, A. [1983], Byte-wise CRC calculations, IEEE Micro, June 1983, pp. 40-50.

[18] Stallings, W. [1985], Data and Computer Communications, Macmillan, New York, ISBN 0-02-415440-7, 594 pgs. 2nd ed., 1988, 653 pgs.

[19] Rational Software, Microsoft, Hewlett-Packard, Oracle Sterling Software, MCI Systemhouse, Unisys, ICON Computing, IntelliCorp, i-Logix, IBM, ObjecTime, Platinum Technology, Ptech, Taskon, Reich Technologies, Softeam [1997], Unified Modeling Language, version 1.1.

[20] F. Babich and L. Deotto, ”Modeling and Performance Analysis of Resource Allocation Strategies for Real-Time Services in UMTS using TIPPtool,” accepted for publication, Performance Evaluation, Elsevier.

[21] T. Bolognesi and E. Brinskma, ”Introduction to the ISO Specification Language LOTOS,” Computer Networks and ISDN Systems, vol. 14, Apr. 1987, pp. 92-100.

[22] IEEE POSIX 1003.1c, 1995 part of ANSI/IEEE 1003.1, 1996

[23] Princeton University Press. ”Gedanken-experiments on Sequential Machines”, Automata Studies, Annals of Mathematical Studies, Princeton, N. J., pp 129 • 153, no. 34, 1956.

[24] Bell System Tech. J. ”A Method for Synthesizing Sequential Circuits”, vol 34, pp.

1045•1079, September 1955

[25] GSM 01.02: Digital cellular telecommunications system (Phase 2+); General description of a GSM Public Land Mobile Nerwork (PLMN).

BIBLIOGRAF§IA [26] GSM 03.02: Digital cellular telecommunications system (Phase 2+); Network architecture. [27] GSM 08.52: Digital cellular telecommunications system (Phase 2+); Base Station Controller Base Tranceiver Station (BSC - BTS) interface; Interface principles.

[28] GSM 12.00: Digital cellular telecommunications system (Phase 2+); Network Management (NM); Part 1: Objectives and structure of Network Management.

[29] GSM 04.03: Digital cellular telecommunications system (Phase 2+); Mobile Station Base Station System (MS - BSS) interface; Channel structures and access capabilities.

[30] 3GPP TS 05.02: Digital cellular telecommunications system (Phase 2+); Channel coding. [31] GSM 03.54: Digital cellular telecommunications system (Phase 2+); Description for the use of a Share Inter Working Function (SIWF) in a GSM PLMN.

[32] GSM 03.08: Digital cellular telecommunications system (Phase 2+); Organization of subscriber data.

[33] GSM 03.40: Digital cellular telecommunications system (Phase 2+); Technical realization of the Short Message Service (SMS).

[34] GSM 03.41: Digital cellular telecommunications system (Phase 2+); Technical realization of the Cell Broadcast Service (CBS).

[35] GSM 02.82: Digital cellular telecommunications system (Phase 2+); Call Forwarding (CF) supplementary services.

[36] GSM 02.82: Digital cellular telecommunications system (Phase 2+); Call Waiting (CW) and Call Holding (HOLD) sumplementary services.

[37] GSM 02.86: Digital cellular telecommunications system (Phase 2+); Advice of Charge (AoC) Supplementary Services.

[38] 3GPP TS 27.060: 3rd Generation Partnership Project; Technical Specification Group Core Network; Packet Domain; Mobile Station (MS) supporting Packet Switched Services.

[39] 3GPP TS 22.060: General Packet Radio Service (GPRS); Service description. [40] 3GPP TS 03.64: Overall description of the GPRS radio interface. [41] GSM 03.20: 3rd Generation Partnership Project; Digital cellular telecommunications system (Phase 2+); Security related network functions.

BIBLIOGRAF§IA

[42] GSM 12.00: Digital cellular telecommunications system (Phase 2) (GSM); GSM network configuration management.

[43] GSM 12.04: Digital cellular telecommunications system (Phase 2) (GSM); Performance data measurements.

[44] GSM 12.03: Digital cellular telecommunications system (Phase 2) (GSM); Security management.

[45] 3GPP TS 32.215: Universal Mobile Telecommunications System (UMTS); 3G Telecom Management; Charging management; Charging data description for the Packet Switched (PS) domain.

[46] GSM 08.14: Digital cellular telecommunications system (Phase 2+) (GSM); General Packet Radio Service (GPRS); Base Station System (BSS) - Serving GPRS Support Node (SGSN) interface; Gb interface layer 1.

[47] GSM 08.16: Digital cellular telecommunications system (Phase 2+) (GSM); General Packet Radio Service (GPRS); Base Station System (BSS) - Serving GPRS Support Node (SGSN) interface; Network service.

[48] GSM 08.18: Digital cellular telecommunications system (Phase 2+) (GSM); General Packet Radio Service (GPRS); Base Station System (BSS) - Serving GPRS Support Node (SGSN) interface; BSS GPRS Protocol (BSSGP).

[49] ITU-T Recommendation Q.711: Specifications of Signalling System No.7; Functional description of the Signalling Connection Control Part.

[50] 3GPP TS 29.202: Universal Mobile Telecommunications System (UMTS); SS7 signalling transport in Core Network; Stage 3.

[51] 3GPP TS 29.002: Digital cellular telecommunications system (Phase 2+) (GSM); Universal Mobile Telecommunications System (UMTS); Mobile Application Part (MAP) specification.

[52] 3GPP TS 09.08: Digital cellular telecommunications system (Phase 2+); Application of Base Station System Application Part (BSSAP) on the E-interface.

[53] 3GPP TS 29.060: General Packet Radio Service (GPRS); GPRS Tunnelling Protocol (GTP) across the Gn and Gp Interface.

[54] Institute of Electrical and Electronics Engineers, ”Media Access Control (MAC)”, IEEE 802.3, October 2000.

BIBLIOGRAF§IA [55] Lloyd B., Simpson W., ”PPP Authentication Protocols (PAP)”, RFC 1334, October 1992. [56] Simpson W., ”PPP Challenge Handshake Authentication Protocol (CHAP)”, RFC 1994, August 1996.

[57] Bhushan A., ”File Tranfer Protocol (FTP)”, RFC 414, November 1972. [58] Fielding R., Gettys J., Mogul J., Frystyk H., Berners-Lee T., ”Hypertext Transfer Protocol (HTTP/1.1)”, RFC 2616, January 1997.

[59] Postel, J., ”User Datagram Protocol (UDP)”, RFC 768, August 1980. [60] Simpson, W., ”The Point-to-Point Protocol (PPP)”, RFC 1661, July 1994. [61] Information Sciences Institute University of Southern California, ”Internet Protocol (IP)”, RFC 791, September 1981.

[62] McGregor, G., ”The PPP Internet Protocol Control Protocol”, RFC 1332, May 1992. [63] C. Rigney, A. Rubens, W. Simpson, et al, ”Remote Authentication Dial In User Service (RADIUS)”, April 1997.

[64] Townsley W., Valencia A., Rubens A., et al, ”Layer Two Tunneling Protocol - L2TP”, RFC 2661, August 1999.

Euretărio

KlĹseic ProtÔpwn

Array2D, 81 Array, 81 pxArray2D, 80 pxArray, 80 pxBinaryTreePtr, 84`85 pxBinaryTree, 84 pxCRC8, 104`106 pxCheckSum16, 104`106 pxCircList, 82 pxContextUnit, 132`134 pxContext, 129`131 pxDoubleLinkCarrier, 86 pxDoubleLinkedListEx, 82`83 pxDoubleLinkedList, 82 pxICI, 103 pxMsgBody, 108`109 pxMsgHeader, 108`109 pxMsgParser, 110 pxMsgStack, 107 pxMsgTrail, 108`109 pxMultiLinkCarrier, 86 pxMultiLinkedList, 82 pxQueue, 122`123 pxSDU, 103 pxSingleLinkCarrier, 86 pxSingleLinkedList, 81`82

KlĹseic

pxBaseIDU, 102`103 pxCPUTime, 87`89 pxCondition, 78 pxException, 74`76 pxMNThread, 79 pxModuleSymbols, 74`76 pxMsgIE, 109 pxMutex, 78 pxNode, 94`95 pxObject, 93`94 pxProtocol, 63`65 pxSapBase, 103 pxScheduler, 123`127 pxSeTranslator, 74`76 pxSpinlock, 78 pxStack, 65 pxThread, 78`79 pxUnit, 95`98

Prìtupec KlĹseic

pxFSM, 114

EURET§HRIO

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .