ÐáíåðéóôÞìéï ÉùáííSSíùí ÔìÞìá ÐëçñïöïñéêÞò

ÌåôáðôõœéáêÞ åñãáóSSá åîåéäSSêåõóçò

Êéíçôéêüôçôá êáé åíçìåñþóåéò óå äSSêôõá peer to peer

Ç ëSSáò ËåïíôéÜäçò

ÅðéâëÝðùí ÊáèçãçôÞò ÂáóSSëåéïò Äçìáêüðïõëïò

ÉùÜííéíá Ïêôþâñéïò 2004

Ðåñéåœüìåíá

1 ÅéóáãùãÞ 9 1.1 Ôï ðñüâëçìá ôçò êéíçôéêüôçôáò . . . . . . . . . . . . . . . . . . . . . . . . 10 1.2 Ôï ðñüâëçìá ôùí áíôéãñÜöùí . . . . . . . . . . . . . . . . . . . . . . . . . 12 1.3 ÐåéñáìáôéêÝò ìåëÝôåò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 1.4 ÄïìÞ êåéìÝíïõ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2 Åðéóêüðçóç äéêôýùí Peer-To-Peer 15 2.1 Ïñéóìüò óõóôçìÜôùí peer to peer . . . . . . . . . . . . . . . . . . . . . . . 15 2.2 ŒñÞóåéò óõóôçìÜôùí P2P . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2.3 ÂáóéêÝò áñœÝò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 2.4 Ôýðïé óõóôçìÜôùí P2P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 2.5 ÄïìÞ äéêôýùí P2P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3 ÐåñéãñáöÞ ìïíôÝëïõ óõóôÞìáôïò 27 3.1 ÐñÜêôïñåò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.2 ÓõóôÞìáôá ðïëëáðëþí ðñáêôüñùí (Multi agent systems) . . . . . . . . . . 28 3.3 ÌïíôÝëï óõóôÞìáôïò: Distributed cache . . . . . . . . . . . . . . . . . . . 29 3.4 ÁíáæçôÞóåéò óôï äSSêôõï ôùí cache . . . . . . . . . . . . . . . . . . . . . . . 30

4 ÓœåôéêÝò åñãáóSSåò 35

5 Áëãüñéèìïé åíçìÝñùóçò 41 5.1 Áëãüñéèìïò pull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.2 Áëãüñéèìïò push . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 5.3 Óõíäõáóìüò push êáé pull . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 5.3.1 Áðëü push/pull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 5.3.2 Push/pull ìå êáôáëüãïõò snooping . . . . . . . . . . . . . . . . . . 49 5.3.3 Inverted cache push/pull . . . . . . . . . . . . . . . . . . . . . . . . 51 5.4 ÐåéñáìáôéêÜ áðïôåëÝóìáôá . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 5.4.1 ÐåñéãñáöÞ ôïõ åîùìïéùôÞ . . . . . . . . . . . . . . . . . . . . . . . 53 5.4.2 Áðëü push/pull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 5.4.3 Push/pull ìå êáôáëüãïõò snooping . . . . . . . . . . . . . . . . . . 61 5.4.4 Inverted cache push/pull . . . . . . . . . . . . . . . . . . . . . . . . 65 5.4.5 ÓõæÞôçóç . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

6 ÄçìéïõñãSSá êáé åíçìåñþóåéò áíôéãñÜöùí 71 6.1 ÄçìéïõñãSSá áíôéãñÜöùí . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 6.1.1 ÊáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò . . . . . . . . . . . . . . . . . . . . . 74 6.2 ÅðSSôåõîç êáôáíïìÞò ôåôñáãùíéêÞò ñSSæáò . . . . . . . . . . . . . . . . . . . . 74 6.2.1 ÐñáêôéêïSS áëãüñéèìïé . . . . . . . . . . . . . . . . . . . . . . . . . . 75 6.3 ÅöáñìïãÞ áëãïñSSèìùí push/pull ãéá ôçí äçìéïõñãSSá áíôéãñÜöùí . . . . . . 76 6.4 ÐåéñáìáôéêÜ áðïôåëÝóìáôá . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 6.5 ÅöáñìïãÞ áëãïñSSèìùí push/pull ãéá ôçí åíçìÝñùóç ôùí áíôéãñÜöùí . . . . 79 6.5.1 ÅíçìÝñùóç áíôéãñÜöùí ðïõ äçìéïõñãÞèçêáí ìå push/pull . . . . . . 80 6.6 ÐåéñáìáôéêÜ áðïôåëÝóìáôá . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

7 ÓõìðåñÜóìáôá 83 7.1 ÌåëëïíôéêÞ äïõëåéÜ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

A Åðéóêüðçóç äéêôýùí Peer-To-Peer êáé Ad-Hoc 89 A.1 ÓõóôÞìáôá peer to peer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 A.1.1 ŒñÞóåéò óõóôçìÜôùí P2P . . . . . . . . . . . . . . . . . . . . . . . . 91 A.1.2 ÂáóéêÝò áñœÝò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 A.1.3 Ôýðïé óõóôçìÜôùí P2P . . . . . . . . . . . . . . . . . . . . . . . . . 95

A.1.4 ÄïìÞ P2Päéêôýùí . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 A.1.5 ÐáñáäåSSãìáôá áäüìçôùí äéêôýùí P2P . . . . . . . . . . . . . . . . 100 A.1.6 ÐáñáäåSSãìáôá äïìçìÝíùí äéêôýùí P2P . . . . . . . . . . . . . . . . 103 A.1.7 ÁíáæçôÞóåéò óå áäüìçôá äSSêôõá P2P . . . . . . . . . . . . . . . . . . 106 A.2 Mobile ad-hoc networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 A.2.1 ÐáñáäåSSãìáôá MANET . . . . . . . . . . . . . . . . . . . . . . . . . 112 A.2.2 Äñïìïëüãçóç óå ad-hoc networks (routing) . . . . . . . . . . . . . 114

B ÅõñåôÞñéï õëïðïSSçóçò 119 B.1 ÏìÜäåò óõíáñôÞóåùí . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 B.2 ÄïìÝò ÄåäïìÝíùí . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 B.3 ËSSóôá ÁñœåSSùí . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

C ÔåêìçñSSùóç ìïíÜäùí 121 C.1 ÐáñÜìåôñïé ôïõ simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 C.2 ÊáôáóêåõÞ ôïõ óõíäåäåìÝíïõ ãñÜöïõ. . . . . . . . . . . . . . . . . . . . . . 128 C.3 ÓõíáñôÞóåéò óôáôéóôéêþí . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 C.4 Óõíôïíéóìüò êáé áõôïìáôïðïSSçóç ôçò åîïìïSSùóçò. . . . . . . . . . . . . . . 148 C.5 ÓõíáñôÞóåéò ðïõ áöïñïýí ôçí åîïìïSSùóç ôùí áëãïñSSèìùí. . . . . . . . . . . 159

D ÔåêìçñSSùóç äïìþí äåäïìÝíùí 179 D.1 agent t ÁíáöïñÜ ÄïìÞò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179 D.2 ‚ood cache t ÁíáöïñÜ ÄïìÞò . . . . . . . . . . . . . . . . . . . . . . . . . 185

E ÔåêìçñSSùóç áñœåSSùí 189 E.1 globals.h ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 E.2 inverted cache.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . 199 E.3 main.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 E.4 net funcs.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . . 206 E.5 pull.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207 E.6 push.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

E.7 replication.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . 209 E.8 simulation.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . 210 E.9 snooping funcs.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . 211 E.10 statistics.c ÁíáöïñÜ ÁñœåSSïõ . . . . . . . . . . . . . . . . . . . . . . . . . . 212

ÂéâëéïãñáöSSá 213

ÅõñåôÞñéï 217

ÐåñSSëçøç

Óå Ýíá óýóôçìá ðïëëáðëþí ðñáêôüñùí, õðÜñœïõí ðñÜêôïñåò ðïõ œñåéÜæïíôáé õðçñåóSSåò ðïõ ôéò ðáñÝœïõí Üëëïé, áëëÜ äåí ãíùñSSæïõí ðïéïò ðñÜêôïñáò ðáñÝœåé ðïéá õðçñåóSSá. ÕðïèÝôïõìå üôé Ýœïõìå ìéá áäüìçôç ðñïóÝããéóç ïìïôSSìùí (peer-to-peer) üðïõ ï êÜèå ðñÜêôïñáò äéáôçñåSS ìéá ôïðéêÞ cache ðïõ ðåñéÝœåé åããñáöÝò ãéá k õðçñåóSSåò, äçëáäÞ ãéá êÜèå õðçñåóSSá áðïèçêåýåé ôï ðïõ èá âñåé ôïí ðñÜêôïñá ðïõ ôçí ðáñÝœåé. ĳìùò, üôáí Ýíáò ðñÜêôïñáò Þ ìéá õðçñåóSSá ìåôáêéíåSSôáé ïé åããñáöÝò áõôÝò ìÝíïõí áíåíçìÝñùôåò. ÿôóé, ðñïôåSSíïõìå Ýíáí áñéèìü áðü ðïëéôéêÝò åíçìÝñùóçò ôùí åããñáöþí áõôþí, ðïõ âáóSSæïíôáé óôïõò åðéäçìéêïýò áëãïñSSèìïõò push êáé pull. ÅðéðëÝïí, èá åðåêôáèïýìå óôïí ôïìÝá ôçò äçìéïõñãSSáò êáé óõíôÞñçóçò áíôéãñÜöùí óå Ýíá äSSêôõï ïìïôSSìùí. Èá åîåôÜóïõìå ðùò ïé áëãüñéèìïé push/pull ìðïñïýí íá œñçóéìïðïéçèïýí þóôå íá ðñïóåããSSóïõìå ôïí âÝëôéóôï áñéèìü áíôéãñÜöùí êÜèå áíôéêåéìÝíïõ, áëëÜ êáé ôï ðùò ìðïñïýí íá œñçóéìïðïéçèïýí þóôå íá êñáôÞóïõìå ôá áíôSSãñáöá áõôÜ óõíåðÞ ìåôáîý ôïõò üôáí õðÜñœïõí áëëáãÝò.

ÊåöÜëáéï 1

ÅéóáãùãÞ

Ç áñœéôåêôïíéêÞ ðïõ åðéêñáôïýóå óôï Énternet ðñéí ôçí åìöÜíéóç ôùí äéêôýùí ïìïôSSìùí^1 Þôáí âáóéóìÝíç óôï ìïíôÝëï ðåëÜôç-åîõðçñÝôç (client-server). ÓÞìåñá, ìå ôçí åìöÜíéóç ïëïÝíá ãñçãïñüôåñùí êáé óõíåœþò åíåñãþí óõíäÝóåùí óôï internet (always on) Ýœåé áíáäåéœèåSS Ýíá íÝï åSSäïò äéáóýíäåóçò. Ç óýíäåóç ðëÝïí ãSSíåôáé áôïìéêÜ ìåôáîý ôùí client. ÁíôSS íá êáëïýìå áõôÞ ôçí åðéêïéíùíSSá client óå client ôçí êáëïýìå peer-to-peer. Ôá äSSêôõá P2PåSSíáé ìéá íÝá äéáóýíäåóç ðïõ åðéêáëýðôåé ôéò áðëÝò óõíäÝóåéò ôïõ internet (overlay network). ÃåíéêÜ, óôá äSSêôõá peer to peer êÜèå óõììåôÝœùí êüìâïò äñá êáé ùò ðåëÜôçò áëëÜ êáé ùò åîõðçñÝôçò (servent) ðáñÝœïíôáò êÜðïéïõò ðüñïõò Þ õðçñåóSSåò. ÿíá âáóéêü œáñáêôçñéóôéêü ôùí äéêôýùí P2PåSSíáé ôï äõíáìéêü ðåñéâÜëëïí ëåéôïõñãSSáò, üôé äçëáäÞ ïé peers ìðïñïýí íá óõíäåèïýí Þ íá áðïóõíäåèïýí áíÜ ðÜóá óôéãìÞ. ÅðéðëÝïí, äåí õðÜñœåé êÜðïéá êáèïëéêÞ ãíþóç ãéá üëï ôï óýóôçìá üðùò ãéá ðáñÜäåéãìá ôï ðüóïé peers õðÜñœïõí Þ ôé õðçñåóSSåò ðñïóöÝñåé ï êáèÝíáò.

Ôá óõóôÞìáôá P2PÝœïõí áíáðôõœèåSS ðïëý ôá ôåëåõôáSSá œñüíéá êáé Ýãéíáí ãíùóôÜ êõñSSùò ìåôÜ ôçí åìöÜíéóç ôùí ðñþôùí óõóôçìÜôùí áíôáëëáãÞò ìïõóéêþí áñœåSSùí (ð.œ. Napster [1]). ÓÞìåñá õðÜñœåé ìéá ðëçèþñá åöáñìïãþí ðïõ åêìåôáëëåýïíôáé ôçí áñœéôåêôïíéêÞ P2Püðùò ãéá ðáñÜäåéãìá óõóôÞìáôá êáôáíåìçìÝíùí õðïëïãéóìþí, áóöÜëåéáò, õðçñåóSSåò áíôáëëáãÞò ìçíõìÜôùí, áíôáëëáãÞò áñœåSSùí êôë.

1èá ôá áðïêáëïýìå ìå ôïí áããëéêü üñï peer-to-peer Þ P2P

ÿíá óýóôçìá ðïëëáðëþí ðñáêôüñùí (MAS-multi agent system) åSSíáé Ýíá äSSêôõï áðü ðñÜêôïñåò ðïõ óõíåñãÜæïíôáé ãéá íá ðñïóöÝñïõí êÜðïéá êáôáíåìçìÝíç õðçñåóSSá Þ íá åðéëýóïõí Ýíá ðñüâëçìá ðïõ äåí èá ìðïñïýóå íá ôï ëýóåé Ýíáò ìüíï êüìâïò. Ãéá íá åðéôýœïõí áõôÞ ôçí óõíåñãáóSSá, êÜèå ðñÜêôïñáò ðáñÝœåé êÜðïéåò õðçñåóSSåò (resources) ôéò ïðïSSåò ìðïñïýí íá œñçóéìïðïéÞóïõí êáé ïé õðüëïéðïé ìÝóù êÜðïéïõ äéêôýïõ ðïõ ôïõò äéáóõíäÝåé. Ãéá íá œñçóéìïðïéÞóïõí ìéá õðçñåóSSá, ðñÝðåé íá åðéêïéíùíÞóïõí ìå ôïí ðñÜêôïñá ðïõ ôçí ðñïóöÝñåé. Óôá êëåéóôÜ MAS (closed MAS) êÜèå ðñÜêôïñáò ãíùñSSæåé üëïõò ôïõò Üëëïõò ðñÜêôïñåò ðïõ õðÜñœïõí óôï óýóôçìá. Óôá áíïéœôÜ MAS (open MAS) üìùò, ïé ðñÜêôïñåò äåí ãíùñSSæïõí ðïéïé ðñÜêôïñåò óõììåôÝœïõí óôï óýóôçìá, ðüóï ìÜëëïí ôï ðïéïé ðñÜêôïñåò ðñïóöÝñïõí ðïéá õðçñåóSSá.

Óôï ìïíôÝëï ðïõ èá åîåôÜóïõìå êÜèå ðñÜêôïñáò äéáôçñåSS ìéá ðñïóùðéêÞ cache ðåñéïñéóìÝíïõ ìåãÝèïõò, ðïõ ðåñéÝœåé ðëçñïöïñSSåò ãéá ôïí åíôïðéóìü Ê äéáöïñåôéêþí õðçñåóéþí. Ãéá êÜèå ìSSá áðü ôéò Ê õðçñåóSSåò êñáôÜ ðëçñïöïñSSåò ãéá ôï ðïý èá âñåé ôïí ðñÜêôïñá ðïõ ôçí ðáñÝœåé. Áõôü Ýœåé óáí áðïôÝëåóìá íá äéáôçñåSSôáé Ýíáò êáôáíåìçìÝíïò êáôÜëïãïò ðïõ ðåñéÝœåé ðëçñïöïñSSåò ðïõ áíôéóôïéœSSæïõí õðçñåóSSåò ìå ôïõò ðñÜêôïñåò ðïõ ôá ðñïóöÝñïõí.

Ãéá íá áíáæçôÞóåé êÜðïéïò Ýíáí ðñÜêôïñá ç ãåíéêÞ ðïëéôéêÞ åSSíáé üôé ç ìÝèïäïò ôçò ðëçììýñáò (‚ooding): ï ðñÜêôïñáò ðïõ åíäéáöÝñåôáé ñùôÜåé Ýíá õðïóýíïëï áðü ôïõò Ê ðñÜêôïñåò ðïõ äéáôçñåSS óôçí cache ôïõ. Áí êáé áõôïSS äåí ãíùñSSæïõí, ðñïùèïýí ôï ìÞíõìá óôïõò äéêïýò ôïõò ãíùóôïýò ê.ï.ê. Ìüëéò âñåèåSS ï ðñÜêôïñáò ðïõ ðåñéÝœåé ôçí õðçñåóSSá, åðéóôñÝöåôáé ðSSóù óôïí áñœéêü êüìâï ç ðëçñïöïñSSá.

1.1 Ôï ðñüâëçìá ôçò êéíçôéêüôçôáò

Ôï ðñþôï ðñüâëçìá ðïõ åîåôÜæïõìå åSSíáé ôï ôé óõìâáSSíåé óôï ðáñáðÜíù äSSêôõï üôáí õðÜñœåé êéíçôéêüôçôá. Ìå ôïí üñï êéíçôéêüôçôá (mobility) åííïïýìå üôé Ýíáò ðñÜêôïñáò Þ ìéá õðçñåóSSá ìðïñåSS íá áëëÜîåé èÝóç óôï äSSêôõï. ÈÝóç (location) åíüò êüìâïõ, ìðïñåSS íá èåùñçèåSS ç ðëçñïöïñSSá ðïõ œñåéáæüìáóôå ãéá íá åðéêïéíùíÞóïõìå ìå ôïí óõãêåêñéìÝíï êüìâï. Ãéá ðáñÜäåéãìá, èÝóç ìðïñåSS íá åSSíáé ç IP äéåýèõíóç óå Ýíá öõóéêü TCP/IP äSSêôõï. ÿíá óýóôçìá open MAS åSSíáé äõíáìéêü êáé óõíåœþò ìåôáâáëëüìåíï êáé Üñá ïé ìåôáêéíÞóåéò

1.1 Ôï ðñüâëçìá ôçò êéíçôéêüôçôáò 11

êáé ïé áðïóõíäÝóåéò êüìâùí èá ðñÝðåé íá èåùñïýíôáé óõœíü öáéíüìåíï.

Ç ìåôáêSSíçóç åíüò ðñÜêôïñá Þ ìéáò õðçñåóSSáò ìðïñåSS íá ðñïêáëÝóåé áóõíÝðåéá óôçí cache ôùí õðïëïSSðùí ðñáêôüñùí (cache inconsistency). Ôá ðñüâëçìá ðïõ äçìéïõñãåSSôáé áðü ôçí ìåôáêSSíçóç åíüò êüìâïõ åSSíáé áñêåôÜ óçìáíôéêü. ÊÜèå ìåôáêSSíçóç äçìéïõñãåSS Ýíáí áñéèìü ìç Ýãêõñùí åããñáöþí óôçí cache êáé êÜèå ìç Ýãêõñç åããñáöÞ cache ïõóéáóôéêÜ áöáéñåSS ìéá óýíäåóç áðü ôï äSSêôõï. ĳìùò, ôï óçìáíôéêüôåñï ðñüâëçìá åSSíáé üôé ç íÝá èÝóç ôïõ ðñÜêôïñá äåí åSSíáé ãíùóôÞ óå êáíÝíáí áöïý üëïé ãíùñSSæïõí ìüíï ôçí ðáëéÜ.

ÿôóé, ðñïôåSSíïõìå êÜðïéåò ìåèüäïõò ãéá ôçí áíôéìåôþðéóç ôùí ðñïâëçìÜôùí ðïõ ðñïêýðôïõí áðü ôçí êéíçôéêüôçôá. Ïé áëãüñéèìïé áõôïSS ïíïìÜæïíôáé áëãüñéèìïé åíçìÝñùóçò áöïý öñïíôSSæïõí íá åíçìåñþóïõí ôïõò ðñÜêôïñåò ôïõ äéêôýïõ ãéá ôéò ìåôáêéíÞóåéò ðïõ Ýãéíáí, þóôå êáé áõôïSS ìå ôçí óåéñÜ ôïõò íá åíçìåñþóïõí ìå ôéò íÝåò èÝóåéò ôéò cache ôïõò. ÏõóéáóôéêÜ, ìå ôï íá åíçìåñþíïõìå ôéò cache ôùí ðñáêôüñùí, åíçìåñþíïõìå ôéò óõíäÝóåéò ôïõò. Êáôá óõíÝðåéá åíçìåñþíïõìå ôçí SSäéá ôçí ôïðïëïãSSá ôïõ äéêôýïõ.

Ïé áëãüñéèìïé åíçìÝñùóçò ðïõ èá ðñïôåSSíïõìå, óõíäõÜæïõí ôçí ôåœíéêÞ pull, ç ïðïSSá îåêSSíá áðü ôïõò ðñÜêôïñåò ðïõ œñåéÜæïíôáé ôçí åíçìÝñùóç, êáé ôçí ôåœíéêÞ push, ðïõ îåêéíÜ áðü ôïõò ðñÜêôïñåò ðïõ ìåôáêéíïýíôáé. ÌåëåôÞóáìå ôçí œñÞóç ðåñéïäéêþí pull üðïõ ïé ðñÜêôïñåò ðåñéïäéêÜ åíçìåñþíïõí ïëüêëçñç ôçí cache ôïõò êáé ôçí êáè’áðáSSôçóç (on-demand) œñÞóç pull üðïõ ïé ðñÜêôïñåò åíçìåñþíïõí êÜðïéá åããñáöÞ óôçí cache ìüíï üôáí áíáêáëýøïõí üôé äåí åSSíáé Ýãêõñç. Êáôá ôï push, üôáí ï ðñÜêôïñáò ìåôáêéíçèåSS åíçìåñþíåé ôïõò õðïëïSSðïõò ãéá ôçí íÝá èÝóç ôïõ. ÌåëåôÞóáìå áñêåôÝò ðáñáëëáãÝò áëãïñSSèìùí ‚oodingpush ìå óôüœï íá åíçìåñþóïõìå üóï ðåñéóóüôåñïõò ðñÜêïñåò ãSSíåôáé œñçóéìïðïéþíôáò üóï ôï äõíáôü ëéãüôåñá ìçíýìáôá.

ÐñïôåSSíïõìå åðSSóçò ìSSá íÝá ðáñáëëáãÞ ‚ooding óôçí ïðïSSá ïé ðñÜêôïñåò ðïõ ëáìâÜíïõí ðëçñïöïñSSá óœåôéêÜ ìå ôçí ìåôáêSSíçóç Üëëùí, ôçí êñáôïýí ãéá ëSSãï óå êÜðïéïí êáôÜëïãï ðïõ ïíïìÜæïõìå êáôÜëïãï ðáñáêïëïýèçóçò (snooping directory). ÓõãêñSSíïõìå áõôÝò ôéò ìåèüäïõò (ðïõ âáóSSæïíôáé óôï ‚ooding) ìå ôçí œñÞóç åíüò čåíçìåñùìÝíïõď push üðïõ ïé ðñÜêôïñåò êñáôïýí åðéðñüóèåôá êáé ìSSá áíåóôñáììÝíç cache (inverted cache). Óôçí inverted cache Ýíáò ðñÜêôïñáò A öõëÜåé ðëçñïöïñSSåò óœåôéêÜ ìå ôï ðïéïé ðñÜêôïñåò ôïí Ýœïõí óôçí cache ôïõò, äçëáäÞ ï Á ãíùñSSæåé ðïéïé ðñÜêôïñåò ôïí Ýœïõí ãåSSôïíá êáé Üñá îÝñåé ðïéïõò íá åíçìåñþóåé üôáí ìåôáêéíçèåSS. Ìå óôüœï íá ìåéþóïõìå ôï ìÝãåèïò ôïõ êáôáëüãïõ inverted cache èá óõíäõÜóïõìå ôïí áëãüñéèìï áõôü ìå ôçí ôåœíéêÞ ìSSóèùóçò (leasing) üðïõ êÜèå ðñÜêôïñáò ìéóèþíåé ôïí œñüíï ôïõ óôçí inverted cache êÜðïéïõ Üëëïõ.

1.2 Ôï ðñüâëçìá ôùí áíôéãñÜöùí

Ôï äåýôåñï æÞôçìá ìå ôï ïðïSSï èá áóœïëçèïýìå áöïñÜ ôá áíôSSãñáöá ðëçñïöïñSSáò (replicas) óå äSSêôõá P2P. Ðéï óõãêåêñéìÝíá, ìåëåôÞóáìå äõï óœåôéêÜ èÝìáôá: ôçí äçìéïõñãSSá êáé ôùí áíôéãñÜöùí êáé ôçí óõíôÞñçóÞ ôïõò. Óôçí ðåñSSðôùóç ôçò äçìéïõñãSSáò áíôéãñÜöùí, âáóéêü æÞôçìá áðïôåëåSS ï áñéèìüò ôùí áíôéãñÜöùí ðïõ äçìéïõñãåSSôáé ãéá êÜèå áíôéêåSSìåíï. ĳðùò èá äïýìå ï âÝëôéóôïò áñéèìüò áíôéãñÜöùí åíüò áíôéêåéìÝíïõ åSSíáé áíÜëïãïò ôçò ôåôñáãùíéêÞò ñSSæáò áñéèìïý áíáæçôÞóåùí ðïõ ãSSíïíôáé ãéá áõôü. Ìéá êáëÞ ðñïóÝããéóç ãéá ôçí åðSSôåõîç áõôÞò ôçò êáôáíïìÞò åSSíáé óå êÜèå áíáæÞôçóç íá äçìéïõñãïýìå áíôSSãñáöá ðïõ åSSíáé áíÜëïãá ìå ôïí áñéèìü ôùí êüìâùí ðïõ åñùôÞèçêáí. Èá äïýìå ðùò ìðïñïýìå íá åöáñìüóïõìå ôéò ìåèüäïõò push/pull ãéá íá åðéôýœïõìå áõôÞ ôçí êáôáíïìÞ.

Óôçí ðåñSSðôùóç ôçò óõíôÞñçóçò/åíçìÝñùóçò áíôéãñÜöùí, åîåôÜóáìå ðùò ìðïñïýí íá åöáñìïóôïýí ïé áëãüñéèìïé push/pull. ĳôáí ï éäéïêôÞôçò åíüò áíôéêåéìÝíïõ ðñïâåSS óå áëëáãÝò êÜíåé push óôï äSSêôõï, åíþ ïé êüìâïé ðïõ Ýœïõí áíôSSãñáöá åîåôÜæïõí ðåñéïäéêÜ áí õðÜñœåé íÝá Ýêäïóç êÜíïíôáò Ýíá on-demand pull. ÐáñïõóéÜóáìå åðSSóçò Ýíáí áðëü ôñüðï ãéá íá ðñïóáñìüæåôáé œñüíïò ìåôáîý äõï ðåñéïäéêþí pull. Èá äïýìå åðSSóçò ðùò ìðïñïýìå íá åêìåôáëëåõôïýìå ôïí ìçœáíéóìü ðáñáãùãÞò ôùí áíôéãñÜöùí þóôå íá åðéôýœïõìå áðïôåëåóìáôéêüôåñç åíçìÝñùóç.

1.3 ÐåéñáìáôéêÝò ìåëÝôåò

Åêôüò áðü ôçí èåùñçôéêÞ áíÜðôõîç ìåèüäùí êáé áëãïñSSèìùí, õëïðïéÞóáìå Ýíáí åîïìïéùôÞ ìå óôüœï íá áîéïëïãÞóïõìå ôçí óõìðåñéöïñÜ ôïõò. ĳóïí áöïñÜ ôïõò áëãïñSSèìïõò åíçìÝñùóçò óôï äSSêôõï ôùí caches, êýñéïò óôüœïò ìáò åSSíáé íá åîåôÜóïõìå ôçí ðïéüôçôá ôïõ

1.4 ÄïìÞ êåéìÝíïõ 13

äéêôýïõ ðïõ ðñïêýðôåé ìå ôçí œñÞóç ôïõ êÜèå áëãïñSSèìïõ åíçìÝñùóçò êáèþò êáé ôïí öüñôï ìçíõìÜôùí ðïõ ðñïêáëåSS êÜèå áëãüñéèìïò. Ôá ðåéñáìáôéêÜ áðïôåëÝóìáôá õðïäåéêíýïõí üôé ìå ôçí óùóôÞ ñýèìéóç ôùí óœåôéêþí ðáñáìÝôñùí, ï áëãüñéèìïò ìå êáôáëüãïõò snooping ìðïñåSS íá ïäçãÞóåé óôçí SSäéá óõíÝðåéá ôùí cache œñçóéìïðïéþíôáò ðïëý ëéãüôåñá ìçíýìáôá óå óœÝóç ìå ôïí áëãüñéèìï plain push/pull. Ç ìÝèïäïò ìå ôïõò êáôáëüãïõò inverted cache åSSíáé ðïëý áðïäïôéêÞ üóïí áöïñÜ ôï êüóôïò ìçíõìÜôùí áëëÜ äåí ìðïñåSS íá œñçóéìïðïéçèåSS üôáí Ýœïõìå ðïëëÝò áëëáãÝò óôéò cache êáé üôáí Ýœïõìå áíáîéüðéóôá äSSêôõá.

ĳóïí áöïñÜ ôçí äçìéïõñãSSá áíôéãñÜöùí, ôá ðåéñáìáôéêÜ áðïôåëÝóìáôá õðïäåéêíýïõí üôé ç ìÝèïäïò ðïõ ðñïôåSSíáìå ðñïóåããSSæåé ðïëý êáëÜ ôçí âÝëôéóôç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò. ÅðéðëÝïí, üðùò èá äïýìå ïé áëãüñéèìïé push/pull ìðïñïýí íá åöáñìïóôïýí ãéá ôçí åíçìÝñùóç ôùí áíôéãñÜöùí ìå ìåãÜëç åðéôõœSSá.

1.4 ÄïìÞ êåéìÝíïõ

Ç äïìÞ ôïõ êåéìÝíïõ ðïõ áêïëïõèåSS åSSíáé ç åîÞò. Óôï êåöÜëáéï 2 êñSSèçêå áðáñáSSôçôï íá ãSSíåé ìSSá óýíôïìç åðéóêüðçóç ôùí äéêôýùí P2Pôçò ðëçèþñáò åéäþí êáé áëãïñSSèìùí ðïõ ìðïñåSS íá óõíáíôÞóåé êáíåSSò. Èá ïñSSóïõìå ôï ôé åSSíáé äSSêôõá P2P, ðïéåò åSSíáé ïé œñÞóåéò êáé ïé âáóéêÝò áñœÝò ôùí äéêôýùí áõôþí. ÿðåéôá èá áíáëýóïõìå ôçí âáóéêÞ áñœéôåêôïíéêÞ ãéá êÜèå ôýðï êáé èá áíáöÝñïõìå ðåñéëçðôéêÜ ðëçñïöïñSSåò ãéá êÜðïéá âáóéêÜ óõóôÞìáôá . ÔÝëïò èá ðåñéãñÜøïõìå ôïõò âáóéêïýò áëãïñSSèìïõò áíáæÞôçóçò êáé äñïìïëüãçóçò. ÕðÜñœåé åêôåíÝóôåñç ðåñéãñáöÞ ôùí äéêôýùí áõôþí óôï ðáñÜñôçìá A.

Óôï êåöÜëáéï 3 èá ðåñéãñÜøïõìå ôï ðåñéâÜëëïí ôçò åñãáóSSáò ìáò. Èá äïýìå ôé åSSíáé ðñÜêôïñáò êáé multi agent systems. Èá ðåñéãñÜøïõìå áíáëõôéêÜ ôï äSSêôõï ôùí cache êáèþò êáé ôéò âáóéêÝò ìåèüäïõò áíáæÞôçóçò óôï ðåñéâÜëëïí áõôü.

Óôï êåöÜëáéï 4 èá êÜíïõìå åðéóêüôéóç ôçò âéâëéïãñáöSSáò óå èÝìáôá ðïõ áöïñïýí ôéò åíçìåñþóåéò óå äSSêôõá P2P.

Óôï êåöÜëáéï 5 èá ðåñéãñÜøïõìå ôïýò ðñïôåéíüìåíïõò áëãïñSSèìïõò åíçìÝñùóçò. Èá áíáëýóïõìå ôïõò áëãïñSSèìïõò push êáé pull, êáèþò êáé ôéò ìåèüäïõò ðïõ ðñïêýðôïõí áðü ôïí óõíäõáóìü ôïõò. Èá ðåñéãñÜøïõìå ôçí ìÝèïäï plain push/pull, ôçí ìÝèïäï push ìå êáôáëüãïõò snooping êáé ôçí ìÝèïäï inverted cache push/pull. Èá áíáëýóïõìå ôçí éäÝá ôïõ leasing êáé èá ôçí óõíäõÜóïõìå ìå ôç ìÝèïäï inverted cache push/pull. ÔÝëïò, èá ðåñéãñÜøïõìå ôïí åîïìïéùôÞ êáé èá óœïëéÜóïõìå ôá ðåéñáìáôéêÜ áðïôåëÝóìáôá.

Ôï êåöÜëáéï 6 áóœïëåSSôáé ìå ôçí åöáñìïãÞ ôùí ðñïôåéíüìåíùí ìåèüäùí óôçí äçìéïõñãSSá êáé ôçí óõíôÞñçóç áíôéãñÜöùí (replicas) óå Ýíá äSSêôõï P2P. Èá äïýìå ðùò ïé áëãüñéèìïé push/pull ìðïñïýí íá åöáñìïóôïýí ãéá íá åðéôýœïõìå ôïí âÝëôéóôï áñéèìü áíôéãñÜöùí áëëÜ êáé ðùò ìðïñïýí íá åöáñìïóôïýí ãéá ôçí óõíôÞñçóç ôùí áíôéãñÜöùí áõôþí.

ÔÝëïò, óôï ðáñÜñôçìá A ðáñáèÝôïõìå ìéá áíáëõôéêÞ åðéóêüðçóç ôùí äéêôýùí P2Pêáé adhoc åíþ óôá åðüìåíá ðáñáñôÞìáôá áêïëïõèåSS ç ôåêìçñSSùóç ôçò õëïðïSSçóçò ôïõ åîïìïéùôÞ.

ÊåöÜëáéï 2

Åðéóêüðçóç äéêôýùí Peer-To-Peer

Ïé ôåœíïëïãSSåò äéêôýùóçò ðïõ áíáðôýóóïíôáé ðåñéóóüôåñï óôéò ìÝñåò ìáò åSSíáé ôá äSSêôõá peer to peer (P2P) ÕðÜñœïõí ðÜñá ðïëëÜ åSSäç ôÝôïéùí äéêôýùí êáèþò êáé ðÜñá ðïëëïSS ôïìåSSò Ýñåõíáò ðïõ ôá áöïñïýí ãéáõôü êñSSíáìå óêüðéìï íá êÜíïõìå ìSSá óýíôïìç åðéóêüðçóç ôùí äéêôýùí áõôþí êáèþò êáé êÜðïéùí âáóéêþí ìåèüäùí ëåéôïõñãSSáò.

2.1 Ïñéóìüò óõóôçìÜôùí peer to peer

Ç áñœéôåêôïíéêÞ ðïõ åðéêñáôïýóå óôï internet ðñéí ôçí åìöÜíéóç ôùí peer to peer Þôáí âáóéóìÝíç óôï ìïíôÝëï ðåëÜôç-åîõðçñÝôç (client-server). Ï åîõðçñÝôçò Þôáí óõíÞèùò Ýíáò éóœõñüò õðïëïãéóôÞò ðïõ ðáñåSSœå êÜðïéåò õðçñåóSSåò êáé Þôáí ìïíSSìùò äéáèÝóéìïò (online), åíþ ïé ðåëÜôåò Þôáí ïé õðïëïãéóôÝò ðïõ œñçóéìïðïéïýóáí ôéò õðçñåóSSåò ôïõ åîõðçñÝôç êáé óõíÞèùò ïé clients äåí ìðïñïýóáí íá åðéêïéíùíÞóïõí Üìåóá ìåôáîý ôïõò (óœÞìá 2.1). Óôá óõóôÞìáôá client-server äåí õðÞñœå áõôï-ïñãÜíùóç óôï äSSêôõï, ç ïñãÜíùóç êáé ç äéïSSêçóç ïëüêëçñïõ ôïõ óõóôÞìáôïò ðñïêýðôåé áðü ôçí ðïëéôéêÞ ôïõ åîõðçñÝôç.

ÓÞìåñá, ìå ôçí åìöÜíéóç ïëïÝíá ãñçãïñüôåñùí êáé óõíåœþò åíåñãþí óõíäÝóåùí óôï internet (always on) Ýíá íÝï åSSäïò äéáóýíäåóçò Ýœåé áíáäåéœèåSS. Ç óýíäåóç ðëÝïí ãSSíåôáé áôïìéêÜ ìåôáîý ôùí client. ÁíôSS íá êáëïýìå áõôÞ ôçí åðéêïéíùíSSá client óå client ôçí êáëïýìå peer-

ÓœÞìá 2.1: Áðü ôçí áñœéôåêôïíéêÞ ðåëÜôç-åîõðçñÝôç óôá äSSêôõá P2P

to-peer (Þ äSSêôõá ïìïôSSìùí) áöïý ïé óõíäÝóåéò ãSSíïíôáé ìåôáîý ïìüôéìùí (SSóùí) peers, åíþ ç ëÝîç client õðïäçëþíåé ìéá õðï-õðçñåóSSá ðïõ åîáñôÜôáé áðü êÜðïéïí åîõðçñÝôç. Ôï ãåãïíüò üôé êÜðïéïò êåíôñéêüò åîõðçñÝôçò ìðïñåSS íá Ýœåé âïçèÞóåé óôçí áñœéêÞ óýíäåóç êáé åðéêïéíùíSSá äåí Ýœåé êáìSSá óœÝóç ìå ôï ðïõ ãSSíåôáé ç ôåëéêÞ äñáóôçñéüôçôá. Ôï áðïôÝëåóìá åSSíáé üôé üëåò ïé äñáóôçñéüôçôåò ãSSíïíôáé áðü ôïõò peers, Þ áëëéþò óôá Üêñá ôïõ äéêôýïõ. Áí ãéá ðáñÜäåéãìá èåëÞóåé êÜðïéïò íá äçìïóéåýóåé êÜôé, ìðïñåSS íá ôï êÜíåé óôï äéêü ôïõ õðïëïãéóôÞ, áíôSS íá ôï óôåSSëåé óå êÜðïéïí åîùôåñéêü åîõðçñÝôç. Ôá äSSêôõá P2PåSSíáé ìéá íÝá åðéêáëõðôéêÞ (overlay) äéáóýíäåóç ðÜíù óôéò ôñÝœïõóåò óõíäÝóåéò ôïõ internet.

Óôçí ðéï áðëÞ ôïõ ìïñöÞ, P2PåSSíáé Ýíáò õðïëïãéóôÞò ðïõ ñùôÜåé Ýíáí Üëëï ãéá êÜðïéá õðçñåóSSá. Ç õðçñåóSSá áõôÞ ìðïñåSS íá åSSíáé áñœåSSá, ëïãéóìéêü, äõíáôüôçôá åêôýðùóçò, õðïëïãéóôéêÞ éóœýò êôë. ÃåíéêÜ, óôá peer to peer äSSêôõá êÜèå óõììåôÝœùí êüìâïò äñá êáé ùò ðåëÜôçò áëëÜ êáé ùò åîõðçñÝôçò (servent) ðáñÝœïíôáò êÜðïéïõò ðüñïõò Þ õðçñåóSSåò. Ïé peers ìðïñïýí íá óõíäåèïýí Þ íá áðïóõíäåèïýí áíÜ ðÜóá óôéãìÞ êáé óõíÞèùò äåí õðÜñœåé êÜðïéá êáèïëéêÞ ãíþóç ãéá üëï ôï óýóôçìá (ðœ ðüóïé peers õðÜñœïõí Þ ôé õðçñåóSSåò ðñïóöÝñåé ï êáèÝíáò). Ðáñüëï ðïõ óå áõôÞ ôçí éäÝá âáóSSæïíôáé üëá ôá p2p óõóôÞìáôá, ç áñœéôåêôïíéêÞ ðïõ óõíáíôÜôáé áðü óýóôçìá óå óýóôçìá ìðïñåSS íá äéáöÝñåé ðïëý. ÿíáò áöáéñåôéêüò êáé äéáéóèçôéêüò ïñéóìüò ãéá ôá peer to peer óõóôÞìáôá äSSíåôáé áðü ôïí Clay Shirkey [2].

2.2 ŒñÞóåéò óõóôçìÜôùí P2P 17

Peer-to-peer åSSíáé ç êëÜóç ôùí åöáñìïãþí ðïõ åêìåôáëëåýïíôáé resources üðùò: áðïèçêåõôéêüò œþñïò, åðåîåñãáóôéêÞ éóœýs, õëéêü, áíèñþðéíç ðáñïõóSSá, ðïõ õðÜñœåé äéÜóðáñôï óå êÜèå ìÝñïò ôïõ Internet. ÅðåéäÞ ç ðñüóâáóç óå áõôÜ ôá ìç êåíôñéêïðïéçìÝíá resources óçìáSSíåé ôçí ëåéôïõñãSSá óå Ýíá áóôáèÝò ðåñéâÜëëïí óýíäåóçò êáé áðñüâëåðôùí IP äéåõèýíóåùí, ïé êüìâïé peer-to-peer ðñÝðåé íá ëåéôïõñãïýí åêôüò ôïõ DNS êáé íá Ýœïõí óçìáíôéêÞ Þ ðëÞñç áõôïíïìSSá áðü êåíôñéêïýò åîõðçñÝôåò.

ÐïëëïSS ðéóôåýïõí üôé P2PåSSíáé áðëÜ Ýíáò äéáöïñåôéêüò üñïò ãéá ôá êáôáíåìçìÝíá óõóôÞìáôá (distributed computing). Ç óçìáíôéêÞ äéáöïñÜ ìåôáîý ôùí êáôáíåìçìÝíùí óõóôçìÜôùí êáé ôùí óçìåñéíþí äéêôýùí P2PåSSíáé üôé ïé êüìâïé åíüò óõóôÞìáôïò P2PåSSíáé óõíÞèùò áðëÜ PC êáé üœé ìåãÜëïé, óõíåœþò óõíäåäåìÝíïé åîõðçñÝôåò. Ïé ðåëÜôåò åSSíáé ðëÝïí áðëïSS êüìâïé ðïõ âïçèïýí óôçí åðSSôåõîç áîéïðéóôSSáò êáé áíåîáñôçóSSáò áëëÜ ìå ìåéùìÝíï êüóôïò. Ïé ðüñïé Ýœïõí Þäç áãïñáóôåSS (áðü ôïõ œñÞóôåò) êáé áðëÜ čêÜèïíôáéď êáé ðåñéìÝíïõí, áœñçóéìïðïSSçôïé êáé áíåêìåôÜëëåõôïé (ðœ ïé åðåîåñãáóôÝò ôùí õðïëïãéóôþí åíüò óœïëéêïý åñãáóôçñSSïõ ôçí íýœôá). Ôá äSSêôõá P2Pìáò åðéôñÝðïõí íá åêìåôáëëåõôïýìå áõôÜ ôá áœñçóéìïðïSSçôá resources.

ÓõìðåñáóìáôéêÜ, ðïëëïSS ðéóôåýïõí üôé ïé ìÝñåò ðïõ œñåéáæüìáóôáí Ýíáí êåíôñéêü åîõðçñÝôç ãéá íá öéëïîåíÞóïõìå ðëçñïöïñSSåò Ýœïõí ðåñÜóåé. Ïé õðïëïãéóôÝò ôùí ðåëáôþí åSSíáé ðëÝïí peers óå Ýíá äSSêôõï, åðéôñÝðïíôáò óå êáèÝíá íá öéëïîåíåSS êáé íá ðñïóöÝñåé ôéò äéêÝò ôïõ ðëçñïöïñSSåò.

2.2 ŒñÞóåéò óõóôçìÜôùí P2P

Ç œñÞóç ôùí äéêôýùí P2Päåí ðåñéïñSSæåôáé ìüíï óôçí áíôáëëáãÞ ìïõóéêþí áñœåSSùí. ÕðÜñœïõí ðïëëÝò œñÞóåéò üðùò:

• ÊáôáíåìçìÝíïé õðïëïãéóìïSS (distributed computing): Ôá óõóôÞìáôá áõôÜ êáôáíÝìïõí ìéá õðïëïãéóôéêÜ äýóêïëç åñãáóSSá óå Ýíáí áñéèìü áðü peers ìå óôüœï íá œñçóéìïðïéÞóïõí ôïõò õðïëïãéóôéêïýò ðüñïõò üëùí áõôþí ôùí êüìâùí ãéá ôçí åðSSëõóÞ ôçò. ÓõíÞèùò ïé peers äåí åðéêïéíùíïýí Üìåóá ìåôáîý ôïõò áëëÜ ìÝóù åíüò êåíôñéêïðïéçìÝíïõ åîõðçñÝôç ðïõ äéáíÝìåé ôá êïììÜôéá ôçò åñãáóSSáò. ÐáñáäåSSãìáôá ôÝôïéùí óõóôçìÜôùí åSSíáé ôá SETI@Home [3],United Devices [4], Entropia, GPU êôë.

• ÊáôáíåìçìÝíá êáôåâÜóìáôá áñœåSSùí: ÃåíéêÜ, üôáí Ýíá áñœåSSï ðñïóöÝñåôáé áðü Ýíáí ìüíï œñÞóôç, üóï ðåñéóóüôåñïé ôï êáôåâÜæïõí, ôüóï ìéêñüôåñåò ôáœýôçôåò åðéôõãœÜíïõí. Áí üìùò ôï áñœåSSï áõôü ðñïóöÝñåôáé áðü Ýíá P2Póýóôçìá ôüôå üóïé êáôåâÜæïõí ôï áñœåSSï ôï ðñïóöÝñïõí êáé ôáõôüœñïíá (ãSSíïíôáé êáé ïé SSäéïé åîõðçñÝôåò). Áõôü Ýœåé óáí áðïôÝëåóìá íá áõîÜíåôáé ç óõíïëéêÞ äéáèåóéìüôçôá (bandwidth) ôïõ óõãêåêñéìÝíïõ áñœåSSïõ, íá êáôáíÝìåôáé ï öüñôïò óå ðåñéóóüôåñá áðü Ýíá óçìåSSá ôïõ internet. ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ôï BitTorrent, Gnutella [5], Napster [1], LimeWire, Kazaa [6], Freenet [7] , Popular Power, E-donkey êôë.

• ÌçœáíÝò áíáæÞôçóçò: Ìå ôçí œñÞóç P2Päéêôýùí ìðïñåSS êÜðïéïò íá øÜîåé áñœåSSá, õðçñåóSSåò, óåëéäïäåSSêôåò (bookmarks) êôë ðïõ ðáñÝœïõí Üëëïé œñÞóôåò. Ãéá ðáñÜäåéãìá ìðïñåSS ìÝóá óå ìéá åôáéñSSá íá õðÜñœåé Ýíá ôïðéêü äSSêôõï ðïõ åðéôñÝðåé óå ðñïãñáììáôéóôÝò íá áíáæçôïýí ðáñáäåSSãìáôá êþäéêá óå õðïëïãéóôÝò óõíáäÝëöùí ôïõò.

• ÅðéêïéíùíSSá: ÕðÜñœïõí åöáñìïãÝò chat ðïõ äåí âáóSSæïíôáé óå Ýíáí ìüíï êåíôñéêïðïéçìÝíï åîõðçñÝôç. ÿôóé ïé œñÞóôåò ãéá ðáñÜäåéãìá ìðïñïýí íá ïñSSæïõí ìüíïé ôïõò ôïõò êáíüíåò, ç êáé íá åðéêïéíùíïýí áð’åõèåSSáò ìåôáîý ôïõò ãéá ìåãáëýôåñç áóöÜëåéá/ôáœýôçôá. ÐáñáäåSSãìáôá ôÝôïéùí õðçñåóéþí åSSíáé ôï netmeeting, ICQ [8], voice over IP.

• ÓõíåñãáóSSá: ÌðïñåSS êÜðïéïò íá îåêéíÞóåé Ýíá Ýñãï (project) ìå Ýíáí áñéèìü áðü öSSëïõò, íá äéáìïéñÜæïíôáé ôá áñœåSSá ôïõ Ýñãïõ, Ýíáí ðSSíáêá óõæçôÞóåùí (discussion board), êÜðïéï chat êáé Üëëá áðáñáSSôçôá åñãáëåSSá. Áñãüôåñá ìðïñåSS ïðïéïäÞðïôå ìÝëïò íá êáëÝóåé Üëëïõò íá óõìâÜëëïõí óôï Ýñãï ìïéñÜæïíôáò êáé åêåSSíïé êÜðïéåò õðçñåóSSåò.

• ÁóöÜëåéá: Ìðïñïýí êÜðïéá ìÝëç óå ìSSá êïéíüôçôá íá åíçìåñþóïõí ï Ýíáò ôïí Üëëï ãéá ðéèáíÝò ôñýðåò áóöáëåSSáò, åéóâïëÝò êôë. ÿôóé ìðïñïýí üëïé íá ëÜâïõí ôá ìÝôñá ôïõò. Ç áðïêåíôñùìÝíç œñÞóç ôçò õðçñåóSSáò áõôÞ óçìáSSíåé üôé ç áðþëåéá åíüò ìüíï êüìâïõ äåí äçìéïõñãåSS ðñüâëçìá óôçí éêáíüôçôá ôùí Üëëùí íá áíôéäñïýí óå èÝìáôá áóöáëåSSáò.

2.3 ÂáóéêÝò áñœÝò 19

• Éäéùôéêüôçôá (privacy): Ãéá ðáñÜäåéãìá óôï Freenet [7], ìðïñåSS ï êáèÝíáò íá êÜíåé äçìïóéåýóåé ôçí ãíþìç ôïõ (Þ êÜðïéï áñœåSSï) œùñSSò ôïí öüâï íá áðïêáëõöèåSS. Áðü ôçí óôéãìÞ ðïõ ôçí äçìïóéåýóåé, áõôÞ èá ðáñáìÝíåé ãéá üóï õðÜñœïõí œñÞóôåò ðïõ ôçí êáôåâÜæïõí, œùñSSò íá õðÜñœåé ôñüðïò íá ôçí óâÞóåé Þ íá ôçí ôñïðïðïéÞóåé êÜðïéïò.

• ÿîõðíåò óõóêåõÝò: ÖáíôáóôåSSôå óõóêåõÝò üðùò Ýíá äSSêôõï áðü áíéœíåõôÝò Þ áêüìá êáé Ýíá äSSêôõï ìåôáîý áõôïêéíÞôùí íá åðéêïéíùíïýóáí ìåôáîý ôïõò áóýñìáôá ìå óôüœï íá ðñïåéäïðïéÞóïõí ãéá ðáñÜäåéãìá ãéá êÜðïéï áôýœçìá Þ ãéá êÜðïéá ðáñáôÞñçóç.

2.3 ÂáóéêÝò áñœÝò

Ôá P2P óõóôÞìáôá ìðïñïýí íá èåùñçèïýí óáí Ýíá Internet óå åðSSðåäï åöáñìïãÞò ðÜíù óôï êëáóóéêü Internet. Ïé âáóéêÝò áñœÝò ðïõ óõíáíôÜìå åSSíáé:

• Ïé peers åSSíáé ïìüôéìïé: óå áíôSSèåóç ìå ôá óõóôÞìáôá ðåëÜôç åîõðçñÝôç üðïõ êÜèå êüìâïò Ýœåé ôéò äéêÝò ôïõ áñìïäéüôçôåò óôá P2P äSSêôõá ïé peers ëåéôïõñãïýí êáé ùò ðåëÜôåò êáé ùò åîõðçñÝôåò.

• Äéáìïéñáóìüò ðüñùí/õðçñåóéþí: ĳëá ôá P2P óõóôÞìáôá áöïñïýí ôïí äéáìïéñáóìü ðüñùí üðùò áñœåSSá (ðœ ôñáãïýäéá, video, ðñïãñÜììáôá), åýñïò äéêôýïõ (bandwidth), õðçñåóSSåò (üðùò õðçñåóSSåò ðëçñïöüñçóçò). Ìå ôï íá ìïéñÜæïíôáé ïé ðüñïé ìðïñïýí íá õëïðïéçèïýí åöáñìïãÝò ðïõ åSSíáé ðïëý âáñéÝò ãéá íá âáóéóôïýí óå Ýíá ìüíï êüìâï. Áõôü Þôáí êáé ôï êSSíçôñï óõóôçìÜôùí üðùò ôï Napster.

• ćìåóç óõíåñãáóSSá: Ïé peers óõíåñãÜæïíôáé ìåôáîý ôïõò ãéá ôçí åðSSôåõîç êÜðïéáò óõãêåêñéìÝíçò åñãáóSSá. Ïé êüìâïé åðéêïéíùíïýí Üìåóá ìåôáîý ôïõò êáé üœé ìå ôçí œñÞóç êÜðïéïõ åíäéÜìåóïõ åîõðçñÝôç. Óôá P2PóõóôÞìáôá ðïõ õðÜñœïõí åîõðçñÝôåò, œñçóéìïðïéïýíôáé ìüíï ãéá ôçí áíáêÜëõøç ôùí peers ðïõ ðñïóöÝñïõí êÜðïéïí áðáéôïýìåíï ðüñï êáé Ýðåéôá ïé peers óõíåñãÜæïíôáé œùñSSò ôçí ðáñÝìâáóç ôïõ åîõðçñÝôç.

• Áõôï-ïñãÜíùóç êáé áõôïíïìSSá: ĳôáí Ýœïõìå Ýíá ðëÞñùò êáôáíåìçìÝíï óýóôçìá, äåí õðÜñœåé êÜðïéïò êüìâïò ðïõ íá äéáôçñåSS ìéá âÜóç äåäïìÝíùí ðïõ íá êñáôÜåé êáèïëéêÞ ðëçñïöïñSSá ãéá ôï óýóôçìá. ÿôóé ïé êüìâïé ðñÝðåé íá áõôïäéïñãáíùèïýí œñçóéìïðïéþíôáò ìüíï ôïðéêÞ ðëçñïöïñSSá êáé áëëçëåðéäñþíôáò ìå ãåéôïíéêïýò êüìâïõò. ÿôóé ðáSSñíïíôáò ôïðéêÝò áðïöÜóåéò ìðïñåSS ôï óýóôçìá íá äïõëÝøåé óõíïëéêÜ. Ïé peers êáé ïé óõíäÝóåéò ôïõò èåùñïýíôáé ðñïóùñéíÝò. ÿôóé äåí ìðïñïýìå íá êÜíïõìå åéêáóSSåò óœåôéêÜ ìå ôçí ôïðïëïãSSá.

• ÁðïêÝíôñùóç: Ç áðïêÝíôñùóç åSSíáé éäéáéôÝñùò œñÞóéìç ãéá ôçí áðïöõãÞ åíüò óçìåSSïõ áðïôõœSSáò (single-point-of-failure) Þ óçìåSSùí óõìöüñçóçò (bottlenecks) ôçò áðüäïóç åíüò óõóôÞìáôïò ìå óôüœï ôçí êëéìÜêùóç (scalability). ĳìùò ç êëéìÜêùóç áõôÞ âáóSSæåôáé êáôÜ ðïëý óôï ðñùôüêïëëï ôïõ êÜèå óõóôÞìáôïò. ÐëÞñç áðïêåíôñùìÝíá óõóôÞìáôá åSSíáé ôï Gnutella êáé ôï Freenet.

• ËåéôïõñãSSá óå áóôáèÝò ðåñéâÜëëïí: Ôá óõóôÞìáôá P2PâáóSSæïíôáé óå êüìâïõò ðïõ óõíäÝïíôáé êáé áðïóõíäÝïíôáé óõœíÜ áðü ôï äSSêôõï. ÅðéðëÝïí åðåéäÞ ïé ðñïóùðéêïSS õðïëïãéóôÝò ðïõ óõììåôÝœïõí åSSíáé ðéï åðçñåðåSSò óå ôõœáSSåò áóôïœSSåò (ðñïâëÞìáôá õëéêïý, ðñïâëÞìáôá óõíäÝóçò óôï internet, éïSS, œÜêåñò êôë) ïé áëãüñéèìïé ôùí äéêôýùí áõôþí áíôéìåôùðSSæïõí ôï äõíáìéêü áõôü ðåñéâÜëëïí óáí ìéá óõíÞèçò äéáäéêáóSSá êáé üœé óáí ìéá åîáSSñåóç.

• ÁíáæÞôçóç: Ç áíáæÞôçóç óôá P2P óõóôÞìáôá ìïéÜæåé ìå óôáôéêÝò áíáæçôÞóåéò üðùò áõôÝò ôùí Goggle Þ Yahoo. Óôçí óôáôéêÞ áíáæÞôçóç, ç ðëçñïöïñSSá ðñéí áíáæçôçèåSS ðñÝðåé ðñþôá íá óõëëåœèåSS áðü êÜðïéïí crawler (ïé crawler óõëëÝãïõí ðëçñïöïñSSåò áðü óåëSSäåò êáé ôéò ðñïóèÝôïõí óå âÜóåéò äåäïìÝíùí ìçœáíþí áíáæÞôçóçò). Êáé ìåôáîý äõï åðéóêÝøåùí åíüò crawler óå êÜðïéï site ìðïñïýí íá ðåñÜóïõí ìÞíåò . Óôï åíäéÜìåóï ç ðëçñïöïñSSá ìðïñåSS íá áëëÜîåé, íá äéáãñáöåSS êôë ìå áðïôÝëåóìá ôá áðïôåëÝóìáôá ôçò áíáæÞôçóçò íá åSSíáé áíáîéüðéóôá. Ôá äSSêôõá P2P äSSíïõí ôçí äõíáôüôçôá ãéá áíáæÞôçóç óå ðñáãìáôéêü œñüíï. ĳìùò, áíÜëïãá ìå ôï ðñùôüêïëëï, êÜðïéá ðëçñïöïñSSá ìðïñåSS íá ìçí âñåèåSS áêüìá êáé áí õðÜñœåé óôï äSSêôõï. ÅðSSóçò äåí õðÜñœåé åããýçóç ãéá ôçí äéÜñêåéá ôçò áíáæÞôçóçò. ÿôóé õðÜñœåé ðñüâëçìá ðïéüôçôáò õðçñåóéþí (Quality Of Service Þ QoS) óôá óõóôÞìáôá P2P .

2.4 Ôýðïé óõóôçìÜôùí P2P 21

2.4 Ôýðïé óõóôçìÜôùí P2P

ÊåíôñéêïðïéçìÝíá óõóôÞìáôá (Centralized P2P):

ÊÜèå peer óõíäÝåôáé óå Ýíáí åîõðçñÝôç ðïõ óõíôïíSSæåé ôéò åðéêïéíùíSSåò ìåôáîý ôùí peers êáé üëåò ïé áíôáëëáãÝò ìçíõìÜôùí ãSSíïíôáé ìÝóù ôïõ åîõðçñÝôç (óœÞìá 2.2). ÐïëëïSS õðïóôçñSSæïõí üôé ôá óõóôÞìáôá áõôÜ äåí èá ðñÝðåé íá èåùñïýíôáé P2Páöïý ïé peers äåí åðéêïéíùíïýí áð’åõèåSSáò. Áðëþò ï êåíôñéêüò åîõðçñÝôçò êáôáãñÜöåé ôéò õðçñåóSSåò ðïõ ðñïóöÝñïõí ïé peers êáé áí êÜðïéïò èåëÞóåé íá œñçóéìïðïéÞóåé ìSSá áðü áõôÝò, ôéò œñçóéìïðïéåSS ìÝóù ôïõ åîõðçñÝôç. Ôá ðëåïíåêôÞìáôá áõôÞò ôçò ìåèüäïõ åSSíáé üôé ç äéåýèõíóç ôïõ åîõðçñÝôç åSSíáé ãíùóôÞ êáé åSSíáé åýêïëï íá óõíäåèåSS êÜðïéïò óå áõôüí. ÅðéðëÝïí, åðåéäÞ ôá ðÜíôá ðåñíïýí áðü ôïí åîõðçñÝôç, ìðïñåSS íá œñçóéìïðïéçèåSS êÜðïéï caching ãéá íá áõîçèåSS ç áðüäïóç. Äåí õðÜñœåé ðåñSSðôùóç íá Ýœïõìå êáôÜôìçóç ôïõ äéêôýïõ áöïý õðÜñœåé ìüíï Ýíá åðSSðåäï óõíäÝóåùí. Ôá ìåéïíåêôÞìáôá åSSíáé üôé ï åîõðçñÝôçò åSSíáé óçìåSSï óõìöüñçóçò êáé óçìåSSï áðïôõœSSáò (áí čðÝóåéď ï åîõðçñÝôçò äåí ëåéôïõñãåSS üëï ôï äSSêôõï. ÌåñéêÜ ðáñáäåSSãìáôá ôÝôïéùí åöáñìïãþí åSSíáé åöáñìïãÝò ðïõ äéáìïéñÜæïõí åðåîåñãáóôéêïýò ðüñïõò (CPU sharing applications) üðùò ôï SETI@Çome [3].

ÓõóôÞìáôá ìåóSSôç (Broker P2P):

Ïé peers óõíäÝïíôáé óå êÜðïéï åîõðçñÝôç ãéá íá áíáêáëýøïõí Üëëïõò peers êáé õðçñåóSSåò êáé ìüëéò âñïõí áõôü ðïõ èÝëïõí åðéêïéíùíïýí áðåõèåSSáò ìåôáîý ôïõò ãéá íá óõíåñãáóôïýí (óœÞìá 2.3). Ï êÜèå êüìâïò îÝñåé ìüíï ôïí êåíôñéêü åîçðçñÝôç êáé êÜðïéïõò peers ðïõ ï åîõðçñÝôçò ôïõ čóýóôçóåď. Ôá ðëåïíåêôÞìáôá áõôþí ôùí äéêôýùí åSSíáé üôé Ýœåé ôçí áðüäïóç åíüò êåíôñéêïðïéçìÝíïõ åîõðçñÝôç (üóïí áöïñÜ ôéò áíáæçôÞóåéò) áëëÜ ôáõôüœñïíá åðéôñÝðåé ôéò áð’åõèåSSáò óõíäÝóåéò ôùí peers ðïõ áðïóõìöïñSSæïõí ôïí êåíôñéêü åîõðçñÝôç áðü ôéò åóùôåñéêÝò áíôáëëáãÝò ìçíõìÜôùí. ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ôï Napster [1].

ÁðïêåíôñùìÝíá óõóôÞìáôá (Decentralized P2P):

ÁõôÞ åSSíáé ç áëçèéíÞ áñœéôåêôïíéêÞ peer-to-peer: äåí õðÜñœåé êáíÝíáò åîõðçñÝôçò, áðëÜ peers (óœÞìá 2.4). ÿíáò íÝïò êüìâïò óõíäÝåôáé óå Ýíáí õðÜñœïí êüìâï ôïõ äéêôýïõ êáé áõôüò ôïí óõóôÞíåé óå ìåñéêïýò áêüìá. Äåí õðÜñœåé êáíÝíáò êåíôñéêïðïéçìÝíïò êüìâïò ðïõ íá óõíôïíSSæåé ôï äSSêôõï. Ôï äSSêôõï ëåéôïõñãåSS óõíïëéêÜ ìå ôçí ëÞøç ìüíï ôïðéêþí áðïöÜóåùí óå êÜèå peer. Äõï îåœùñéóôÜ äSSêôõá ìðïñïýí íá åíùèïýí ìå Ýíáí áðëü êüìâï ðïõ óõíäÝåôáé êáé óôá äýï. Ôá ðëåïíåêôÞìáôá åSSíáé üôé äåí õðÜñœåé êÜðïéï áäýíáôï óçìåSSï óôï äSSêôõï üóïí áöïñÜ ôçí óõìöüñçóç êáé ôéò áóôïœSSåò. Ôo ìåéïíåêôÞìá åSSíáé üôé ïé áíáæçôÞóåéò åSSíáé áñãÝò áöïý ðñÝðåé íá ìåôáäïèïýí ìÝóù ðïëëþí âçìÜôùí óå üëïõò ôïõò êüìâïõò (multi-hop searching). ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ç Gnutella [5] êáé ôï Freenet [7].

Ìåñéêþò áðïêåíôñùìÝíá óõóôÞìáôá (Partially decentralized P2P): Ôá äSSêôõá áõôÜ åSSíáé õâñéäéêÜ áíÜìåóá óôá óõóôÞìáôá ìåóSSôç êáé óôá áðïêåíôñùìÝíá. Óôá óõóôÞìáôá áõôÜ, üôáí õðÜñœïõí êÜðïéïé êüìâïé ðïõ õðåñôåñïýí óå óœÝóç ìå Üëëïõò (êáëýôåñç óýíäåóç óôï internet, êáëýôåñï åðåîåñãáóôÞ, ìåãáëýôåñç œùñçôéêüôçôá äSSóêïõ, ãíùñSSæïõí ðåñéóóüôåñïõò peers ê.á.) ôüôå áõôïSS ïé êüìâïé ëåéôïõñãïýí ùò super nodes. Ïé super nodes Þ super peers, ëåéôïõñãïýí óáí ìéêñïSS åîõðçñÝôåò-ìåóSSôåò ìÝóá óå Ýíá ìåãáëýôåñï áðïêåíôñùìÝíï äSSêôõï. ÊÜèå êüìâïò ôïõ äéêôýïõ (óõìðåñáëáìâáíïìÝíùí ôùí super peers), óõíäÝåôáé óå Ýíáí Þ ðåñéóóüôåñïõò super peers êáé ôïõò œñçóéìïðïéåSS ãéá åêôåëÝóåé ãñÞãïñåò áíáæçôÞóåéò (óœÞìá 2.5). Ïé êüìâïé áõôïSS äåí áðïôåëïýí óçìåSSï áðïôõœSSáò (point-of-failure) ãéá ôï äSSêôõï áöïý åðéëÝãïíôáé äõíáìéêÜ êáé óå ðåñSSðôùóç áðïôõœSSáò ôï äSSêôõï èá ôïõò áíôéêáôáóôÞóåé ìå Üëëïõò. ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ôï Kazaa [6] êáé ôï Morpheus.

2.5 ÄïìÞ äéêôýùí P2P

Ôá óõóôÞìáôá P2P áðïôåëïýíôáé áðü äõíáìéêÜ äSSêôõá ìå ðïëýðëïêç ôïðïëïãSSá. ÁõôÞ ç ôïðïëïãSSá äçìéïõñãåSS Ýíá äSSêôõï åðéêÜëõøçò (overlay network) ðïõ ìðïñåSS íá ìçí Ýœåé êáìSSá óœÝóç ìå ôï öõóéêü äSSêôõï ðïõ óõíäÝåé ôïõò êüìâïõò. Ôá P2P äSSêôõá ìðïñåSS íá äéáöïñïðïéçèïýí ùò ðñïò ôï áí áõôü ôï overlay Ýœåé êÜðïéá äïìÞ (structure) Þ äçìéïõñãåSSôáé ôõœáSSá (ad-hoc). Ìå ôïí üñï äïìÞ (Þ structure), åííïïýìå ôïí ôñüðï ìå ôïí ïðïSSï êáôáíÝìåôáé ôï ðåñéåœüìåíï óå óœÝóç ìå ôçí ôïðïëïãSSá: áí õðÜñœåé êÜðïéïò ôñüðïò íá ðïýìå áð’åõèåSSáò ðïéïé êüìâïé Ýœïõí êÜðïéá óõãêåêñéìÝíç ðëçñïöïñSSá Þ áí ðñÝðåé íá áíáæçôÞóïõìå ïëüêëçñï

ÓœÞìá 2.2: ÊåíôñéêïðïéçìÝíá P2PóõóôÞìáôá

ÓœÞìá 2.3: ÕâñéäéêÜ áðïêåíôñùìÝíá (brokered) P2P

ÓœÞìá 2.4: ÐëÞñùò áðïêåíôñùìÝíá P2P

ÓœÞìá 2.5: Ìåñéêþò áðïêåíôñùìÝíá P2P ôï äSSêôõï.

Áäüìçôá P2P Óôá P2PóõóôÞìáôá œùñSSò äïìÞ (unstructured P2P) üðùò ôï Gnutella [5], ç ôïðïèÝôçóç ôçò ðëçñïöïñSSáò äåí Ýœåé êáìSSá óœÝóç ìå ôçí overlay ôïðïëïãSSá. Áöïý äåí õðÜñœåé êáìSSá ðëçñïöïñSSá ãéá ôï ðïéïé êüìâïé ðñïóöÝñïõí ðïéá resources, ç áíáæÞôçóç óçìáSSíåé ôõœáSSá áíáæÞôçóç óå êÜðïéïõò êüìâïõò ôïõ äéêôýïõ. Ôï èåôéêü ìå áõôÜ ôá äSSêôõá åSSíáé üôé ìðïñïýí íá åîõðçñåôÞóïõí Ýíá ìåãÜëï êáé äõíáìéêü ðëçèõóìü áðü êüìâïõò. ĳìùò ôï êüóôïò ôçò áíáæÞôçóçò åSSíáé ìåãÜëï ìå áðïôÝëåóìá ôá äSSêôõá áõôÜ íá èåùñïýíôáé íá ìçí èåùñïýíôáé êëéìáêïýìåíá (unscalable).

ÄïìçìÝíá P2P Ìå óôüœï íá åðéôýœïõìå ìåãáëýôåñç éêáíüôçôá êëéìÜêùóçò (scalability), äçìéïõñãÞèçêáí ôá äïìçìÝíá óõóôÞìáôá P2P (structured). ÔÝôïéá óõóôÞìáôá åSSíáé ôï Chord, CAN, PAST, Tapestry êôë. Óôá äSSêôõá áõôÜ ç åðéêáëýðôïõóá ôïðïëïãSSá ôïõ äéêôýïõ åSSíáé åëåãœüìåíç êáé ïé ðüñïé ôïðïèåôïýíôáé óå óõãêåêñéìÝíåò èÝóåéò. ÁõôÜ ôá óõóôÞìáôá ðáñÝœïõí êÜðïéá áíôéóôïSSœçóç (mapping) ìåôáîý ôïõ ðüñïõ êáé ôçò èÝóçò ôïõ ìå ôçí ìïñöÞ êÜðïéïõ ðSSíáêá äñïìïëüãçóçò (routing table) Ýôóé þóôå ç áíáæÞôçóç íá ìðïñåSS íá äñïìïëïãçèåSS óôïí êüìâï ðïõ Ýœåé ôïí åðéèõìçôü ðüñï. Ôá äSSêôõá áõôÜ ðñïóöÝñïõí êëéìÜêùóç ãéá áíáæçôÞóåéò êÜðïéùí ðüñùí ðïõ åSSíáé êáëÜ ïñéóìÝíïé. ĳìùò ôá äSSêôõá áõôÜ åSSíáé äýóêïëï íá äéáôçñÞóïõí ôçí äïìÞ ôïõò óå Ýíá ìåãÜëï êáé äõíáìéêÜ ðáñáãüìåíï ðëçèõóìü áðü peers (êüìâïé óõíäÝïíôáé êáé áðïóõíäÝïíôáé óõœíÜ).

Åëáöñþò äïìçìÝíá P2P Ìéá ôñSSôç êáôçãïñSSá äéêôýùí åSSíáé ôá åëáöñþò äïìçìÝíá (loosely structured). ÔÝôïéï ðáñÜäåéãìá äéêôýïõ åSSíáé ôï Freenet. Ôá äSSêôõá áõôÜ ôáîéíïìïýíôáé êÜðïõ áíÜìåóá óôá ðñïçãïýìåíá äýï. Ïé èÝóåéò ôùí ðüñùí åðçñåÜæïíôáé áðü êÜðïéá äñïìïëüãçóç áëëÜ äåí êáèïñSSæïíôáé áðü áõôÞ.

ÿœïõí áíáðôõœèåSS áñêåôÜ óõóôÞìáôá P2Póå êÜèå êáôçãïñSSá. ÌðïñåSSôå íá äåSSôå ðïõ êáôáôÜóóïíôáé ìåñéêÜ áðü ôá ðéï äçìïöéëÞ óõóôÞìáôá P2Póôïí ðSSíáêá 2.1.

26 Åðéóêüðçóç äéêôýùí Peer-To-Peer

Áäüìçôá Åëáöñþò äïìçìÝíá ÄïìçìÝíá ÓõóôÞìáôá ìåóSSôç Napster ÁðïêåíôñùìÝíá Gnutella Freenet Chord, Can, Tapestry Ìåñéêþò áðïêåíôñùìÝíá Kazaa, Gnutella

ÐSSíáêáò 2.1: ÊáôçãïñSSåò ãíùóôþí P2P äéêôýùí

ÊåöÜëáéï 3

ÐåñéãñáöÞ ìïíôÝëïõ óõóôÞìáôïò

Ôï ðåñéâÜëëïí åñãáóSSáò ôùí áëãïñSSèìùí åíçìÝñùóçò ðïõ èá ðáñïõóéÜóïõìå ðáñáêÜôù (êåö 5) åSSíáé Ýíá óýóôçìá ðïëëáðëþí ðñáêôüñùí (multi agent system). Ðñüêåéôáé ãéá Ýíá P2PäSSêôõï áðü ðñÜêôïñåò ðïõ óõíåñãÜæïíôáé ìåôáîý ôïõò ðñïóöÝñïíôáò Ýíá óýíïëï áðü resources. Ðéï óõãêåêñéìÝíá, ôï ìïíôÝëï óôï ïðïSSï èá âáóéóôïýìå åSSíáé ôï ìïíôÝëï êáôáíåìçìÝíçò cache (distributed cache model). Óôéò ðáñáãñÜöïõò ðïõ áêïëïõèïýí èá áíáëýóïõìå ôéò Ýííïéåò ðñÜêôïñáò (agent), óõóôÞìáôá ðïëëáðëþí ðñáêôüñùí (multi agent system), distributed cache model êáé èá ðáñïõóéÜóïõìå ìåñéêïýò áëãïñSSèìïõò áíáæÞôçóçò ðïõ ëåéôïõñãïýí óôï ìïíôÝëï áõôü.

3.1 ÐñÜêôïñåò

Ï ðñÜêôïñáò åSSíáé ìéá õðïëïãéóôéêÞ ïíôüôçôá üðùò ãéá ðáñÜäåéãìá Ýíá ðñüãñáììá õðïëïãéóôÞ Þ Ýíá ñïìðüô ðïõ áíôéëáìâÜíåôáé êáé áëëçëåðéäñÜ ìå ôï ðåñéâÜëëïí ôïõ êáé åSSíáé áõôüíïìï ìå ôçí Ýííïéá üôé ç óõìðåñéöïñÜ ôïõ ìðïñåSS íá âáóSSæåôáé, Ýóôù êáé åëÜœéóôá, óå ðñïçãïýìåíç åìðåéñSSá. ÿíáò áðëüò ïñéóìüò åSSíáé [9]:

ÿíáò ðñÜêôïñáò åSSíáé Ýíá õðïëïãéóôéêü óýóôçìá ðïõ âñSSóêåôáé ìÝóá óå êÜðïéï ðåñéâÜëëïí êáé ðïõ åSSíáé éêáíüò íá äñÜ áõôüíïìá ìÝóá óå áõôü ìå óôüœï íá åðéôåõœèïýí óôüœïé ãéá ôïõò ïðïSSïõò óœåäéÜóôçêå.

ÿíáò ðñÜêôïñáò ìðïñåSS íá èåùñçèåSS čÝîõðíïòď (intelligent agents) ìå ôçí Ýííïéá üôé ìðïñåSS íá ëåéôïõñãÞóåé ìå åõåëéîSSá êáé ëïãéêÞ óå ìéá ðëçèþñá êáôáóôÜóåùí œñçóéìïðïéþíôáò äéáäéêáóSSåò åðSSëõóçò ðñïâëçìÜôùí, óœåäéáóìïý, ëÞøçò áðïöÜóåùí êáé ìÜèçóçò. ÿíáò ðñÜêôïñáò åSSíáé åðSSóçò ìéá ïíôüôçôá ðïõ áëëçëåðéäñÜ ìå ôï ðåñéâÜëëïí óôï ïðïSSï âñSSóêåôáé áöïý ìðïñåSS íá åðçñåáóôåSS áðü Üëëïõò ðñÜêôïñåò Þ êáé áðü áíèñþðéíåò ðáñåìâÜóåéò.

Ãéá ðáñÜäåéãìá, ïðïéïäÞðïôå óýóôçìá ðïõ åëÝãœåé êÜðïéá ëåéôïõñãSSá ìðïñåSS íá èåùñçèåSS ùò ðñÜêôïñáò. Ôï êëáóóéêü ðáñÜäåéãìá åíüò ôÝôïéïõ óõóôÞìáôïò åSSíáé Ýíáò èåñìïóôÜôçò. Ï èåñìïóôÜôçò Ýœåé Ýíáí áéóèçôÞñá ðïõ ðáSSñíåé êáôåõèåSSáí ðëçñïöïñSSåò áðü ôï ðåñéâÜëëïí (ð.œ. ôï äùìÜôéï) êáé ðáñÜãåé ùò Ýîïäï äýï åéäþí óÞìáôá: Ýíá ðïõ õðïäåéêíýåé üôé ç èåñìïêñáóSSá åSSíáé œáìçëÞ êáé Ýíá ðïõ õðïäåéêíýåé üôé ç èåñìïêñáóSSá åSSíáé åíôÜîåé. ÿôóé ïé äõíáôÝò åíÝñãåéåò ôïõ èåñìïóôÜôç åSSíáé čåíåñãïðïSSçóç ôçí èÝñìáíóçď êáé čáðåíåñãïðïSSçóå ôçí èÝñìáíóçď. ÖõóéêÜ áõôü åSSíáé Ýíá áðëü ðáñÜäåéãìá áöïý õðÜñœïõí ðïëý ðéï ðïëýðëïêá ðåñéâÜëëïíôá êáé áðïöÜóåéò üðùò ãéá ðáñÜäåéãìá óå óõóôÞìáôá č‚y by wireď Þ óå óõóôÞìáôá åëÝãœïõ ðõñçíéêþí áíôéäñáóôÞñùí.

3.2 ÓõóôÞìáôá ðïëëáðëþí ðñáêôüñùí (Multi agent systems)

ÿíá multi-agent system (MAS) åSSíáé Ýíá äSSêôõï áðü ðñÜêôïñåò ðïõ óõíåñãÜæïíôáé ãéá íá ðñïóöÝñïõí êÜðïéá êáôáíåìçìÝíç õðçñåóSSá Þ íá åðéëýóïõí Ýíá ðñüâëçìá ðïõ äåí èá ìðïñïýóå íá ôï ëýóåé Ýíáò ìüíï êüìâïò. Ãéá íá åðéôýœïõí áõôÞ ôçí óõíåñãáóSSá, êÜèå ðñÜêôïñáò ðáñÝœåé êÜðïéåò õðçñåóSSåò (resources) ôéò ïðïSSåò ìðïñïýí íá œñçóéìïðïéÞóïõí êáé ïé õðüëïéðïé ìÝóù åíüò äéêôýïõ äéáóýíäåóçò. Ôï äSSêôõï áõôü ìðïñåSS íá åSSíáé êÜðïéï äSSêôõï P2P. Óå óœÝóç ìå Ýíá êåíôñéêïðïéçìÝíï óýóôçìá, ôá MAS äåí Ýœïõí êÜðïéï óçìåSSï áóôïœSSáò (point of failure). ÅðéðëÝïí, äåí Ýœïõí êÜðïéï óçìåSSï óõìöüñçóçò Þ êÜðïéï ðåñéïñéóìü óôïí áñéèìü êáé ôéò áðáéôÞóåéò ôùí õðçñåóéþí ðïõ ðñïóöÝñïíôáé (áöïý ôéò äéáœåéñSSæïíôáé ðïëëïSS ðñÜêôïñåò êáé üœé ìüíï Ýíáò).

3.3 ÌïíôÝëï óõóôÞìáôïò: Distributed cache 29

Ãéá íá åêðëçñþóïõí ôïõ óôüœïõò ôïõò, ïé ðñÜêôïñåò œñåéÜæïíôáé ðüñïõò ðïõ ôïõò ðáñÝœïõí Üëëïé ðñÜêôïñåò. ĳìùò, ãéá íá œñçóéìïðïéÞóïõí ìéá õðçñåóSSá, ðñÝðåé âñïýìå êáé íá åðéêïéíùíÞóïõí ìå ôïí ðñÜêôïñá ðïõ ôçí ðñïóöÝñåé. Óôá êëåéóôÜ MAS (closed MAS) êÜèå ðñÜêôïñáò ãíùñSSæåé üëïõò ôïõò Üëëïõò ðñÜêôïñåò ðïõ õðÜñœïõí óôï óýóôçìá, áëëÜ óôá áíïéœôÜ MAS (open MAS) äåí õðÜñœåé ôÝôïéá ãíþóç, ðüóï ìÜëëïí ãíþóç ãéá ôï ðïéïé ðñÜêôïñåò ðñïóöÝñïõí ðïéá õðçñåóSSá.

Ìéá êëáóóéêÞ ðñïóÝããéóç ãéá ôçí åðSSëõóç áõôïý ôïõ ðñïâëÞìáôïò åSSíáé ç ýðáñîç êÜðïéùí middle agents ðïõ öõëÜíå ôçí áíôéóôïéœSSá áõôÞ. ÿôóé üôáí êÜðïéïò ðñÜêôïñáò èÝëåé íá âñåé ìéá õðçñåóSSá åðéêïéíùíåSS ðñþôá ìå ôïí middle agent, ëáìâÜíåé ôçí áðÜíôçóç êáé Ýðåéôá åðéêïéíùíåSS áð’åõèåSSáò ìå ôïí ðñÜêôïñá ðïõ ôïõ óýóôçóå ï middle agent. ĳìùò, ç ìÝèïäïò áõôÞ ìðïñåSS íá áðïôåëÝóåé óçìåSSï óõìöüñçóçò êáé Ýñœåôáé óå áíôSSèåóç ìå ôïõò óœåäéáóôéêïýò óôüœïõò ôùí MAS üóïí áöïñÜ ôçí õðïëïãéóôéêÞ éêáíüôçôá, ôçí áîéïðéóôSSá, ôçí åðåêôáóéìüôçôá, ôçí óôéâáñüôçôá, ôçí åõêïëSSá óõíôÞñçóçò êáé ôçí åõåëéîSSá. ÿôóé ðñïôÜèçêå Ýíáò êáôáíåìçìÝíïò ôñüðïò ãéá íá ìðïñåSS íá åíôïðéóôïýí ïé ðñÜêôïñåò ðïõ ðñïóöÝñïõí êÜðïéï resource.

3.3 ÌïíôÝëï óõóôÞìáôïò: Distributed cache

Ãéá íá ìðïñÝóåé êÜðïéïò ðñÜêôïñáò íá áíáæçôÞóåé Ýíáí Üëëï, ðñïôÜèçêå ìéá ðëÞñùò êáôáíåìçìÝíç ëýóç üðïõ ï êÜèå ðñÜêôïñáò ãíùñSSæåé Ýíáí ìéêñü áñéèìü áðü Üëëïõò [10]. Ðïéï óõãêåêñéìÝíá, êÜèå ðñÜêôïñáò äéáôçñåSS ìéá ðñïóùðéêÞ cache ðåñéïñéóìÝíïõ ìåãÝèïõò ðïõ ðåñéÝœåé ðëçñïöïñSSåò ãéá ôïí åíôïðéóìü Ê äéáöïñåôéêþí õðçñåóéþí. Ãéá êÜèå ìSSá áðü ôéò Ê õðçñåóSSåò, êñáôÜ ðëçñïöïñSSåò ãéá ôï ðùò èá åðéêïéíùíÞóåé ìå ôïí ðñÜêôïñá ðïõ ôçí ðáñÝœåé. Êáô’áõôüí ôïí ôñüðï äéáôçñåSSôáé Ýíáò êáôáíåìçìÝíïò êáôÜëïãïò ðïõ ðåñéÝœåé ðëçñïöïñSSåò ðïõ áíôéóôïéœSSæïõí ôéò õðçñåóSSåò ìå ôïõò ðñÜêôïñåò ðïõ ôéò ðñïóöÝñïõí. ÿôóé åîáëåSSöïíôáé ôá ðñïâëÞìáôá ôïõ êåíôñéêïðïéçìÝíïõ êáôáëüãïõ áöïý ôï ìïíôÝëï áõôü ðñïóöÝñåé êáëýôåñç éêáíüôçôá êëéìÜêùóçò (scalability) êáé ìåãáëýôåñç áíôïœÞ óå áðïôõœSSåò.

ÏõóéáóôéêÜ, äçìéïõñãåSSôáé Ýíáò êáôåõèõíüìåíïò ãñÜöïò áðï ðñÜêôïñåò G(V; E) ðïõ êáëåSSôáé äSSêôõï ôùí caches (cache network). ÕðÜñœåé ìéá áêìÞ áðü Ýíáí ðñÜêôïñá Á óôïí

Â üôáí üôáí ï Á Ýœåé áðïèçêåõìÝíç óôçí cache ôïõ êÜðïéá õðçñåóSSá ðïõ ôçí ðáñÝœåé ï ðñÜêôïñáò B. Ï Á êáé ï Â êáëïýíôáé ãåSSôïíåò áöïý ç åðéêïéíùíSSá ìåôáîý ôïõò åSSíáé Üìåóç. ÿíáò ðñÜêôïñáò ìðïñåSS íá ðñïóöÝñåé ðáñáðÜíù áðü ìéá õðçñåóSSá, Ýôóé ï SSäéïò ðñÜêôïñáò ìðïñåSS íá åìöáíSSæåôáé ðáñáðÜíù áðü ìéá öïñÜ óå êÜðïéá cache. ÐáñÜäåéãìá ôÝôïéïõ äéêôýïõ ìðïñåSSôå íá äåSSôå óôï óœÞìá 3.1.

ÓœÞìá 3.1: ÔìÞìá ôïõ äéêôýïõ üðïõ ï êÜèå ðñÜêôïñáò v_i êñáôÜåé ðëçñïöïñSSåò ãéá k = 2 resources

3.4 ÁíáæçôÞóåéò óôï äSSêôõï ôùí cache

Ãéá íá áíáæçôÞóåé êÜðïéïò Ýíáí ðñÜêôïñá ðïõ ðñïóöÝñåé ìéá óõãêåêñéìÝíç õðçñåóSSá õðÜñœïõí ðïëëïSS ôñüðïé. Ç ãåíéêÞ ðïëéôéêÞ åSSíáé üôé ï ðñÜêôïñáò ðïõ åíäéáöÝñåôáé ñùôÜåé Ýíá õðïóýíïëï áðü ôïõò Ê ðñÜêôïñåò ðïõ äéáôçñåSS óôçí cache ôïõ. Áí êáé áõôïSS äåí ãíùñSSæïõí, ðñïùèïýí ôï ìÞíõìá óôïõò äéêïýò ôïõò ãíùóôïýò ê.ï.ê. Ìüëéò âñåèåSS êÜðïéïò ðñÜêôïñáò ðïõ ãíùñSSæåé ôçí áðÜíôçóç, åðéêïéíùíåSS áð’åõèåSSáò ìå ôïí áñœéêü êüìâï ãéá íá ôïí åíçìåñþóåé.

Óôï ìïíôÝëï áõôü ìðïñïýí íá åöáñìïóôïýí êÜðïéïé áðü ôïõò áëãïñSSèìïõò ðïõ õðÜñœïõí óôá áðëÜ áäüìçôá äSSêôõá P2Pìüíï ðïõ ç áíáæÞôçóç äåí ãSSíåôáé ðÜíù óå êÜðïéï óôáèåñü äSSêôõï áëëÜ óôï äSSêôõï ôùí caches. Áí ïé cache êÜðïéïõ êüìâïõ äåí åSSíáé åíçìåñùìÝíç, ôüôå äåí èá ìðïñÝóåé íá ðñïùèÞóåé óùóôÜ ôï ìÞíõìá áöïý äåí èá ãíùñSSæåé ôéò èÝóåéò ôùí ãåéôüíùí

ÓœÞìá 3.2: ÁíáæÞôçóç óôï äSSêôõï ôùí caches ôïõ óœÞìáôïò 3.1: a) ‚ooding, b) teeming (Þ teeming ìå decay), c) random paths (p = 2)

ôïõ. Èá ðåñéãñÜøïõìå Ýíáí áñéèìü áðü âáóéêïýò áëãïñSSèìïõò ðïõ åSSíáé êáôÜëëçëïé ãéá ôï ìïíôÝëï áõôü.

Plain ‚ooding Óôï áðëü ‚ooding, êÜèå ðñÜêôïñáò ðñïùèåSS óå üëïõò ôïõò ãåSSôïíÝò ôïõ êÜðïéï ìÞíõìá áíáæÞôçóçò ðïõ ëáìâÜíåé. Êáèþò ðñïùèïýíôáé ôá ìçíýìáôá óœçìáôSSæåôáé ôï äÝíôñï ôïõ óœÞìáôïò 3.2á. Ï üñïò äÝíôñï SSóùò íá ìçí åSSíáé áñêåôÜ áêñéâÞò ãéáôSS êÜðïéïò êüìâïò ìðïñåSS íá õðÜñœåé ðáñáðÜíù áðü ìSSá öïñÜ óôïí ãñÜöï áõôü (áöïý õðÜñœïõí êýêëïé) áëëÜ âïçèÜåé óôï íá ïðôéêïðïéÞóïõìå ôçí åðéêïéíùíSSá.

Ãéá íá ðåñéïñéóôåSS ç áíåîÝëåãêôç ðëõììÞñá ôïõ äéêôýïõ ìå ìçíýìáôá ç åðéêïéíùíSSá óôáìáôÜ üôáí öôÜóïõìå óå Ýíá ìÝãéóôï âÜèïò t åíþ áí Ýíáò êüìâïò ëÜâåé ôï SSäéï ìÞíõìá ðáñáðÜíù áðü ìSSá öïñÝò äåí ôï åðáíáðñïùèåSS. ÊÜèå êüìâïò åîåôÜæåé áí ç áíáæçôïýìåíç õðçñåóSSá âñSSóêåôáé Þ üœé óôçí cache ôïõ êáé áíôSSóôïéœá åíçìåñþíåé ôïí áñœéêü êüìâï Þ ðñïùèåSS ôï ìÞíõìá ðáñáðÝñá.

Ôï âáóéêü ìåéïíÝêôçìá ôïõ ‚ooding åSSíáé ï ðïëý ìåãÜëïò áñéèìüò ìçíõìÜôùí ðïõ ðëçììõñSSæïõí ôï äSSêôõï, ï ïðïSSïò ìÜëéóôá áõîÜíåôáé åêèåôéêÜ ùò ðñïò ôï âÜèïò t ôçò áíáæÞôçóçò áëëÜ êáé ùò ðñïò ôï ìÝãåèïò ôçò cache k.

Teeming Ôï teeming åSSíáé ìéá áêüìç ìÝèïäïò áíáæÞôçóçò ðïõ óœåäéÜóôçêå ìå óôüœï íá ðåñéïñéóôåSS ï áñéèìüò ôùí ìçíõìÜôùí óå óœÝóç ìå ôï áðëü ‚ooding. Óôïí áëãüñéèìï áõôü, ï êÜèå ðñÜêôïñáò ðïõ ëáìâÜíåé Ýíá ìÞíõìá áíáæÞôçóçò ôï ðñïùèåSS óå Ýíá ôõœáSSï õðïóýíïëï ôùí ãåéôüíùí ôïõ.

Ï êÜèå ðñÜêôïñáò åðéëÝãåé ìå ìSSá ðéèáíüôçôá ö íá ðñïùèÞóåé Þ üœé ôï ìÞíõìá óå êÜðïéïí ãåSSôïíÜ ôïõ. ÿôóé, áí Ê åSSíáé ïé ãåSSôïíåò åíüò peer, ôï ìÝãåèïò ôïõ õðïóõíüëïõ áõôïý ìðïñåSS íá åSSíáé áðü 0 ùò Ê, ìå ìÝóï ìÝãåèïò Êö. Ôï áðëü ‚ooding ìðïñåSS íá èåùñçèåSS ùò ìéá åéäéêÞ ðåñSSðôùóç ôïõ teeming ìå ö = 1. Ðáñüìïéá ôåœíéêÞ åSSíáé ôï modi˛ed random BFS [11].

Ï áëãüñéèìïò áõôüò åããõÜôáé ìüíï ðéèáíïôéêÜ ôçí åðéôõœSSá ôçò áíáæÞôçóçò. ĳóï ðéï ìéêñü åSSíáé ôï ö, ôüóï ëéãüôåñïé êüìâïé èá äéåñåõíçèïýí ìå áðïôÝëåóìá íá Ýœïõìå êáé ìéêñüôåñç ðéèáíüôçôá åýñåóçò áðïôåëÝóìáôïò. ĳìùò ðåñéïñSSæåé áñêåôÜ ôïí áñéèìü ôùí ìçíõìÜôùí üðùò Ýäåéîáí óôï [10].

Teeming ìå ðáñÜìåôñï decay Êáèþò êáôåâáSSíïõìå óå œáìçëüôåñá åðSSðåäá ôïõ äÝíôñïõ áíáæÞôçóçò õðÜñœïõí óôï äSSêôõï ðïëëáðëÜ áíôSSãñáöá ôïõ SSäéïõ ìçíýìáôïò áíáæÞôçóçò. Ãéá ðáñÜäåéãìá, óôï ‚ooding ôá ìçíýìáôá áõôÜ áõîÜíïõí åêèåôéêÜ üðùò ìðüñåSS íá äåSS êáíåSSò êáé óôï óœÞìá 3.2. Ãéá íá áíôéìåôùðSSóïõìå áõôü ôï ðñüâëçìá, üóï ôï âÜèïò ôçò áíáæÞôçóçò áõîÜíåôáé, ìåéþíïõìå óôáäéáêÜ ôï ìÝãåèïò ôïõ õðïóõíüëïõ ôùí ãåéôüíùí ðïõ åðéëÝãåôáé.

ÿôóé ç ðéèáíüôçôá ö äåí ðáñáìÝíåé óôáèåñÞ áëëÜ åSSíáé óõíÜñôçóç ôïõ âÜèïõò ôçò áíáæÞôçóçò. Ãéá íá åëÝãîïõìå ôï ðüóï ãñÞãïñá ìåéþíåôáé ôï ìÝãåèïò ôïõ õðïóõíüëïõ áõôïý, ïñSSæïõìå ìéá ðáñÜìåôñï d ðïõ ôçí ïíïìÜæïõìå čdecayď. ÐëÝïí ç ðéèáíüôçôá ö åSSíáé óõíÜñôçóç ôïõ âÜèïõò ôçò áíáæÞôçóçò s, áëëÜ êáé ôçò ðáñáìÝôñïõ decay d: äçëáäÞ ö = f(s; d).

ÐåéñáìáôéóôÞêáìå ìå áñêåôÝò óõíáñôÞóåéò ìåSSùóçò ôçò ðéèáíüôçôáò f(s; d). ÅðåéäÞ üðùò ðñïáíáöÝñáìå êáôÜ ôçí ëåéôïõñãSSá åíüò áëãïñSSèìïõ ‚ooding ôá ìçíýìáôá óôï äSSêôõï áõîÜíïíôáé åêèåôéêÜ óõíáñôÞóåé ôïõ âÜèïõò áíáæÞôçóçò, ðÞñáìå ôá êáëýôåñá áðïôåëÝóìáôá üôáí ç ðéèáíüôçôá ö ìåéþíåôáé êáé áõôÞ åêèåôéêÜ. ÄçëáäÞ üôáí ö = (1 − d)^s.

ÔõœáSSá ìïíïðÜôéá (Random paths) [12, 10] Óôïí áëãüñéèìï áõôü ï peer ðïõ îåêéíÜ ôçí áíáæÞôçóç åðéêïéíùíåSS ìå p < k ãåSSôïíÝò ôïõ. Áðü åêåSS êáé ðÝñá êÜèå peer ðñïùèåSS ôï ìÞíõìá ìüíï óå Ýíáí, ôõœáSSá åðéëåãìÝíï, ãåSSôïíÜ ôïõ. ÿôóé äçìéïõñãïýíôáé p ìïíïðÜôéá áíáæÞôçóçò ìÞêïõò t. Óôïí áëãüñéèìï áõôü óõíÞèùò åðéëÝãåôáé ðïëý ìåãáëýôåñï TTL óå óœÝóç ìå ôïõò ðñïçãïýìåíïõò Ýôóé þóôå íá áíáæçôÞóïõìå óå Ýíá åðáñêÝò õðïóýíïëï ôïõ äéêôýïõ. ÅSSíáé öáíåñü üôé áõôÞ ç ìÝèïäïò Ýœåé ôï ìéêñüôåñï öüñôï ìçíõìÜôùí, üìùò Ýœåé êáé ôçí ìéêñüôåñç ðéèáíüôçôá åðéôõœïýò áíáæÞôçóçò.

ÕðÜñœïõí ðïëëÝò ðáñáëëáãÝò áõôïý ôïõ áëãïñSSèìïõ. Ï k-walker random algorithm [13] ðáñÜãåé k-walkers ðïõ ðñïœùñÜíå óôï äSSêôõï åðéêïéíùíþíôáò ðåñéïäéêÜ ìå ôïí query node ãéá íá ìÜèïõí áí ðñÝðåé íá óôáìáôÞóïõí Þ íá óõíåœSSóïõí (áí ç ðëçñïöïñSSá âñÝèçêå). Óôï Two-Level Random Walk Search Protocol [14] õðÜñœïõí äýï TTL. ÌÝœñé íá ëÞîåé ôï ðñþôï TTL ðáñÜãïíôáé walkers ðïõ óõíåœSSæïõí ìÝœñé íá ëÞîåé ôï äåýôåñï.

Iterative deepening Ç ìÝèïäïò ôïõ iterative deepening ðñïôÜèçêå ìå óôüœï íá åëáœéóôïðïéÞóåé ôá ìçíýìáôá ðïõ ðñïêáëïýíôáé áðü Ýíá åõñý ‚ooding üôáí áõôü äåí åSSíáé áðáñáSSôçôï [15, 16, 12]. Ôçí œñçóéìïðïéïýìå üôáí ãíùñSSæïõìå üôé ç ðëçñïöïñSSá Ýœåé ìåãÜëåò ðéèáíüôçôåò íá âñåèåSS óôçí čãåéôïíéÜď åíüò êüìâïõ.

ÏõóéáóôéêÜ êáëïýìå êÜðïéá áðü ôéò ðáñáðÜíù ìåèüäïõò áíáæÞôçóçò ãéá t = 1. Áí ç áíáæÞôçóç äåí åðéóôñÝøåé êáíÝíá áðïôÝëåóìá, åðáíáëáìâÜíïõìå ôçí áíáæÞôçóç ìå t = 2 ê.ï.ê. ìÝœñé íá âñïýìå ôçí áíáæçôïýìåíç ðëçñïöïñSSá. Ëüãù ôïõ üôé ôá ìçíýìáôá ôçò áíáæÞôçóçò áõîÜíïíôáé åêèåôéêÜ üóï áõîÜíåôáé ôï t, åSSíáé ðéèáíü ìéá åðáíáëçðôéêÞ áíáæÞôçóç ãéá t = 1; 2; 3, ãéá ðáñÜäåéãìá, íá åðéöÝñåé óõíïëéêÜ ëéãüôåñá ìçíýìáôá óå óœÝóç ìå ìéá áðåõèåSSáò áíáæÞôçóç ìå t = 4.

ÊåöÜëáéï 4

ÓœåôéêÝò åñãáóSSåò

Óôï êåöÜëáéï áõôü èá ðáñïõóéÜóïõìå ðåñéëçðôéêÜ Üëëåò åñåõíçôéêÝò åñãáóSSåò ðïõ åSSíáé óœåôéêÝò ìå ôï áíôéêåSSìåíï ôçò äéêÞò ìáò åñãáóSSáò. Èá ðáñïõóéÜóïõìå åñãáóSSåò ðïõ óœåôSSæïíôáé ìå áëãïñSSèìïõò åíçìÝñùóçò óå óõóôÞìáôá P2P. Ôï ôé èåùñåSSôáé åíçìÝñùóç äéáöÝñåé áðü åñãáóSSá óå åñãáóSSá. Ïé áëãüñéèìïé ðïõ èá ðáñïõóéÜóïõìå œñçóéìïðïéïýí ôéò åðéäçìéêÝò ìåèüäïõò push êáé pull ãéá ôçí åíçìÝñùóç ïðüôå êñSSíïõìå óêüðéìï íá ðáñïõóéÜóïõìå åñãáóSSåò ðïõ åîåôÜæïõí Üëëåò œñÞóåéò ôùí áëãïñSSèìùí áõôþí. Ìéá Üëëç ïìÜäá åñãáóéþí óœåôSSæåôáé ìå ôçí åíçìÝñùóç áíôéãñÜöùí. Ôá áíôSSãñáöá áõôÜ ìðïñåSS íá åSSíáé replicas ìéáò êáôáíåìçìÝíçò âÜóçò äåäïìÝíùí Þ êáé áðëÜ áñœåSSá. ÔÝëïò èá äïýìå ðïõ áëëïý Ýœïõí œñçóéìïðïéçèåSS Ýííïéåò üðùò ôï snooping êáé ôï leasing ðïõ èá œñçóéìïðïéÞóïõìå ðáñáêÜôù.

Åíçìåñþóåéò óå áíáîéüðéóôá óõóôÞìáôá P2P Ïé åðéäçìéêïSS áëãüñéèìïé œñçóéìïðïéÞèçêáí ãéá ðñþôç öïñÜ óôïí ôïìÝá ôçò åíçìÝñùóçò óôï [17]. Ç åñãáóSSá áõôÞ åðéêåíôñþíåôáé óå áíáîéüðéóôá, äõíáìéêÜ êáé áóôáèÞ P2Püðïõ ïé êüìâïé ìðïñïýí íá åSSíáé óõœíÜ o›ine. Ïé óõããñáöåSSò õðïèÝôïõí Ýíá ðëÞñùò äõíáìéêü ðåñéâÜëëïí üðïõ äåí õðÜñœåé êáèïëéêÞ ãíþóç ãéá ôïõò õðüëïéðïõò peers ôïõ óõóôÞìáôïò. Èåùñïýí üôé ïé áëëáãÝò óôá äéáìïéñáæüìåíá äåäïìÝíá åSSíáé ðïëëÝò êáé óõœíÝò. Ùò åê ôïýôïõ, ãéá íá åðéôýœïõí áíôïœÞ óå áðïôõœSSåò ðñïôåSSíïõí ùò ìüíç ëýóç ôçí áíôéãñáöÞ ôçò ðëçñïöïñSSáò óå ðïëëïýò peers (replication). Óõíåðþò, óôçí åñãáóSSá áõôÞ êáëïýíôáé íá âñïýíå áëãïñSSèìïõò ðïõ íá êñáôïýí ôá áíôSSãñáöÜ ôçò ðëçñïöïñSSáò óõíåðÞ.

Ç ìÝèïäïò ðïõ ðñïôåSSíïõí âáóSSæåôáé óå åðéäçìéêïýò áëãïñSSèìïõò (rumor spreading and epidemic algorithms) ðïõ åããõïýíôáé ìüíï ðéèáíïôéêÞ åðéôõœSSá åíçìÝñùóçò. ÏñSSæïõí ôçí Ýííïéá ôïõ push: Ïé ðñÜêôïñåò ðïõ áëëÜæïõí êÜôé óôá äåäïìÝíá ôïõò êÜíïõí push óôï äSSêôõï ôçí ðëçñïöïñSSá áõôÞ þóôå íá ôçí ìÜèïõí üëïé. Ãéá íá áíôéìåôùðSSóïõí ôï ãåãïíüò üôé êÜðïéïé peers ìðïñåSS íá Þôáí o›ine êáôÜ ôçí äéÜñêåéá ôçò åíçìÝñùóçò óõíäõÜæïõí ôçí ìÝèïäï push ìå ôçí ìÝèïäï pull, êáôÜ ôçí ïðïSSá áíáæçôïýí ðëçñïöïñSSåò áðü ôï äSSêôõï áðü åíçìåñùìÝíïõò ðñÜêôïñåò.

Ìå óôüœï ðÜíôá ôçí ëåéôïõñãSSá óå áóôáèÞ ðåñéâÜëëïíôá, ïñSSæïõí ôéò ðáñáìÝôñïõò ôïõ push. ÏñSSæïõí ôïí üñï time to live (TTL) ðïõ åSSíáé ï ìÝãéóôïò áñéèìüò ôùí ðñïùèÞóåùí ðïõ ãSSíïíôáé óå êÜèå ìÞíõìá êáôÜ ôçí äéÜñêåéá ôçò ðëçììýñáò (‚ooding). ÅðSSóçò áíáöÝñïõí üôé ï êÜèå peer èá ðñÝðåé íá ðñïùèåSS ôï ìÞíõìá óå Ýíáí ôõœáSSï õðïóýíïëï ôùí ãåéôüíùí ôïõ (êáé üœé óå üëïõò). ÔÝëïò, ãéá íá áðïöýãïõí ôéò åðáíáìåôáäþóåéò ïñSSæïõí üôé êÜèå peer èá ðñÝðåé íá ìåôáäSSäåé ôï SSäéï ìÞíõìá ôï ðïëý ìéá öïñÜ.

ÔÝëïò, áíÝëõóáí ôçí áðüäïóç ôùí áëãïñSSèìùí áõôþí ìå Ýíá áíáëõôéêü ìáèçìáôéêü ìïíôÝëï êáé Ýäåéîáí üôé ãéá êáôÜëëçëåò ôéìÝò ôùí ðáñáìÝôñùí ôïõ push ìðïñåSS íá åðéôåõœèåSS êëéìÜêùóç (scalability) ôïõ áëãïñSSèìïõ.

ÅíçìÝñùóç áíôéãñÜöùí óå óõóôÞìáôá áíôáëëáãÞò áñœåSSùí Óôï [18] áóœïëïýíôáé ìå ôçí åíçìÝñùóç áíôéãñÜöùí óå P2PóõóôÞìáôá áíôáëëáãÞò áñœåSSùí. ÕðïèÝôïõí üôé óôá P2PäSSêôõá áíôáëëáãÞò áñœåSSùí ãéá êÜèå áñœåSSï õðÜñœåé Ýíáò œñÞóôçò ðïõ ôï äçìïóSSåõóå ãéá ðñþôç öïñÜ (äçìéïõñãüò) êáé ðïëëïSS œñÞóôåò ðïõ ôï Ýœïõí êáôåâÜóåé êáé ôï œñçóéìïðïéïýí ôïðéêÜ. Ôï ðñüâëçìá åSSíáé üôé üôáí ï äçìéïõñãüò áëëÜîåé êÜôé óôï áñœåSSï ôüôå áõôÞ ç åíçìÝñùóç ðñÝðåé íá ãSSíåé ãíùóôÞ êáé óå áõôïýò ðïõ ôï êáôÝâáóáí. Áõôü Ýœåé äýï óõíÝðåéåò: ðñþôïí ïé œñÞóôåò ðïõ êáôÝâáóáí ôï áñœåSSï èá ðñÝðåé íá œñçóéìïðïéïýí ôçí ôïðéêÞ cache ìüíï áí Ýœïõí ôçí ðéï ðñüóöáôç Ýêäïóç êáé äåýôåñïí èá ðñÝðåé íá áðáíôïýí èåôéêÜ óå queries ìüíï áí ç Ýêäïóç ðïõ Ýœïõí åSSíáé óõíåðÞò ìå áõôÞ ôïõ äçìéïõñãïý.

ŒñçóéìïðïSSçóáí ôéò ìåèüäïõò push, pull êáé push with adaptive pull ãéá íá ðñïùèÞóïõí áõôÝò ôéò åíçìåñþóåéò. Ç ìÝèïäïò push îåêéíÜ áðü ôïí äçìéïõñãü ôïõ áñœåSSïõ üôáí áëëÜîåé êÜôé. ÏõóéáóôéêÜ, óôÝëíåé ìçíýìáôá áêýñùóçò (invalidation messages) óôï äSSêôõï Ýôóé þóôå íá äéáãñÜøïõí üëïé ôá ôïðéêÜ áíôSSãñáöá. ĳóïí áöïñÜ ôçí ìÝèïäï pull, åðåéäÞ ïé ðñÜêôïñåò äåí ãíùñSSæïõí áí ôï áñœåSSï ðïõ œñçóéìïðïéïýí åSSíáé ç ôåëåõôáSSá Ýêäïóç èá ðñÝðåé ðåñéïäéêÜ íá êÜíïõí pull íÝåò åêäüóåéò áðü ôï äSSêôõï. ÿôóé åðéêåíôñþèçêáí óôçí ìÝèïäï pull with adaptive TTR üðïõ êÜèå áíôSSãñáöï Ýœåé Ýíá œñüíï ëÞîçò. Ï œñüíïò ëÞîçò õðïëïãSSæåôáé ìå âÜóç óôáôéóôéêÜ óôïéœåSSá êáé ïõóéáóôéêÜ åSSíáé ôï äéÜóôçìá ðïõ ï œñÞóôçò čðéóôåýåéď üôé ï äçìéïõñãüò äåí èá áëëÜîåé êÜôé óôï áñœåSSï.

Ç åñãáóSSá ëïéðüí åðéêåíôñþíåôáé óôï íá âñåèåSS ç ôéìÞ áõôïý ôïõ œñüíïõ ìå âÜóç ðáëéüôåñá óôáôéóôéêÜ. Ç ãåíéêÞ éäÝá ãéá ôïí õðïëïãéóìü ôïõ œñüíïõ ëÞîçò åSSíáé üôé áõôüò èá ðñÝðåé íá áõîÜíåôáé êáôá ìéá óôáèåñÜ áí óå äõï äéáäïœéêÜ pull äåí Ýœåé áëëÜîåé ç Ýêäïóç ôï áñœåSSïõ êáé áíôSSóôïéœá íá ìåéþíåôáé üôáí óå äõï äéáäïœéêÜ pull âñïýìå ôï áñœåSSï áëëáãìÝíï.

ÅîïìïSSùóáí Ýíá P2PäSSêôõï áíôáëëáãÞò áñœåSSùí ðïõ ìå âÜóç ôï äSSêôõï Gnutella [5] êáé Ýäåéîáí üôé ìðïñåSS íá åðéôåõœèåSS áõôïý ôïõ åSSäïõò ç óõíÝðåéá œñçóéìïðïéþíôáò ôïí óõíäõáóìü push with adaptive pull. ÅðSSóçò Ýäåéîáí üôé ç áðüäïóç ôïõ áëãïñSSèìïõ åðçñåÜæåôáé áðü ôï ìÝãåèïò ôïõ äéêôýïõ êáé áðü ôïí áñéèìü ôùí óõíäÝóåùí ðïõ äéáôçñåSS êÜèå êüìâïò.

Óôç äéêÞ ìáò åñãáóSSá, åöáñìüæïõìå ôçí SSäéá áñœéêÞ éäÝá ôùí áëãïñSSèìùí push/pull áëëÜ äéáöïñïðïéïýìáóôå óå áñêåôÜ óçìåSSá. Ðñþôïí, äåí Ýœïõìå ðëÝïí áíôSSãñáöá áñœåSSùí áëëÜ èÝóåéò ôçò õðçñåóSSáò óôï äSSêôõï. Óôçí äéêÞ ìáò ðåñSSðôùóç åSSôå èá âñïýìå ìéá õðçñåóSSá åSSôå üœé. Äåí õðÜñœåé ðåñSSðôùóç íá œñçóéìïðïéïýìå ìéá ðáëéüôåñç Ýêäïóç ôçò õðçñåóSSáò êáé Üñá ï áëãüñéèìïò pull with adaptive TTR äåí Ýœåé åöáñìïãÞ. ÅðéðëÝïí, õðïèÝôïõí üôé ôï äSSêôõï gnutella óœçìáôSSæåé óõíåœþò Ýíá overlay äSSêôõï êñáôþíôáò Ýíáí óôáèåñüåëÜœéóôï áñéèìü ãåéôüíùí êÜèå öïñÜ. Óôçí äéêÞ ìáò ðåñSSðôùóç ôï äSSêôõï ôùí caches åSSíáé ôï åðéêáëýðôùí äSSêôõï. ÏõóéáóôéêÜ åìåSSò åíçìåñþíïõìå ôï SSäéï ôï äSSêôõï êáé üœé áíôSSãñáöá áñœåSSùí ðïõ õðÜñœïõí óôï äSSêôõï. ÔÝëïò, åðåêôåSSíïõìå ôïõò áëãïñSSèìïõò push/pull ìå ôïõò áëãïñSSèìïõò push with snooping directories êáé inverted cache push/pull.

ÓõíÝðåéá óå êáôáíåìçìÝíåò âÜóåéò äåäïìÝíùí Ïé áëãüñéèìïé push/pull œñçóéìïðïéÞèçêáí êáé óå Ýíá äéáöïñåôéêü ðåäSSï üðùò áõôü ôùí âÜóåùí äåäïìÝíùí. Óôï [19] áóœïëÞèçêáí ìå ôï ðñüâëçìá ôçò åíçìÝñùóçò óå Virtual Data Warehouses (VW) œñçóéìïðïéþíôáò ôïõò áëãïñSSèìïõò push/pull. Ç éäÝá åSSíáé üôé ôá äåäïìÝíá ðïõ ìåôáöÝñïíôáé áðü áðïìáêñõóìÝíåò âÜóåéò äåäïìÝíùí áðïèçêåýïíôáé óå Ýíá VW. ÿôóé ç cached áõôÞ ðëçñïöïñSSá œñçóéìåýåé óôï íá åîõðçñåôÞóåé ôéò áíÜãêåò ôùí œñçóôþí ðïõ èá óõíäåèïýí óå áõôÞ. Ï cache server áõôüò åSSíáé õðåýèõíïò íá áðïèçêåýóåé êáé íá óõíôçñÞóåé ôçí cache (óõíÝðåéá).

Óôï óýóôçìá áõôü, ï cache server œñçóéìïðïéåSS ôïí áëãüñéèìï push ãéá íá åíçìåñþóåé ôïõ œñÞóôåò (ðåëÜôåò) üôé Ýëáâå Ýíá íÝï update áðü êÜðïéïí áðïìáêñõóìÝíï server. Ï SSäéïò ï server äéáôçñåSS ôçí cache ôïõ óõíåðÞ êÜíïíôáò ðåñéïäéêÜ pulls ãéá íÝåò åêäüóåéò ôçò ðëçñïöïñSSáò. ÅðïìÝíùí, ç äéáäéêáóSSá åSSíáé áðëÞ: Ï cache server åíçìåñþíåôáé ìå pull áðü ôïõò áðïìáêñõóìÝíïõò servers êáé ðñïùèåSS (push) ôçí ðëçñïöïñSSá áõôÞ óôïõò ðåëÜôåò ôïõ.

Ç åñãáóSSá áõôÞ åðéêåíôñþíåôáé êáé óôï ðüôå ðñÝðåé íá ãSSíåôáé push Ýíá äåäïìÝíï. ÁóœïëåSSôáé êõñSSùò ìå Ýíá ìïíôÝëï ìåôïœþí. Ïðüôå ãéá ðáñÜäåéãìá, äåí ãSSíåôáé push óôïõò ðåëÜôåò ç ôéìÞ ìéáò ìåôïœÞò áí áõôÞ äåí áëëÜîåé ðåñéóóüôåñï áðü Ýíá äïëÜñéï.

Leasing Ï üñïò lease time ðñùôï-œñçóéìïðïéÞèçêå [20] ãéá íá åðéôýœåé óõíÝðåéá cache óå óõóôÞìáôá êáôáíåìçìÝíùí áñœåSSùí (distributed ˛le systems). ÅðSSóçò, œñçóéìïðïéÞèçêå [21] ìå óôüœï íá äéáôçñÞóåé éóœõñÞ óõíÝðåéá óôïí ðáãêüóìéï éóôü (world wide web). Ç éäÝá åSSíáé üôé ãéá íá áðïöýãïõìå ôïí ìåãÜëï öüñôï óôï internet, œñçóéìïðïéïýìå proxy server. ĳìùò ïé ðëçñïöïñSSåò ðïõ ãSSíïíôáé cached óôïõò proxy servers ìðïñåSS íá ìçí åSSíáé ðÜíôá óùóôÝò. Ïé ðåñéóóüôåñïé ìçœáíéóìïSS åããõïýíôáé ìüíï œáëáñÞ óõíÝðåéá ðáñÝœïíôáò óôáèåñÜ timeto-live ç êÜíïíôáò ðåñéïäéêÜ pulls ãéá íá óéãïõñåýïõí üôé ç cached ðëçñïöïñSSá åSSíáé áêüìá Ýãêõñç.

Ç Ýííïéá ôïõ leasing ðñïôÜèçêå þóôå íá äéáôçñçèåSS áõóôçñÞ óõíÝðåéá ìå ìéêñü öüñôï ìçíõìÜôùí. ÿôóé ï server äSSíåé Ýíá œñüíï lease óå êÜèå áSSôçóç êÜðïéïõ proxy. Ï œñüíïò áõôüò õðïäçëþíåé ôï œñïíéêü äéÜóôçìá óôï ïðïSSï ï server èá åíçìåñþóåé ôùí proxy ãéá ðéèáíÞ áëëáãÞ. ÅÜí ëÞîåé ôï lease time ï proxy server ðñÝðåé íá åðéêïéíùíÞóåé êáé ðÜëé ìå ôïí server ãéá íá áíáíåþóåé ôï lease ðáSSñíïíôáò ôáõôüœñïíá êáé ôçí íÝá Ýêäïóç ôçò ðëçñïöïñSSáò. ÿôóé ìðïñïýìå íá åðçñåÜóïõìå ôïí áñéèìü ôùí ìçíõìÜôùí ðïõ áíôáëëÜóóïíôáé (áíáíåþóåéò lease time) œñçóéìïðïéþíôáò äéáöïñåôéêÝò ôéìÝò ôïõ lease time.

Snooping Ç Ýííïéá ôïõ snooping œñçóéìïðïéÞèçêå ãéá èÝìáôá óõíÝðåéáò ôçò cache ôùí åðåîåñãáóôþí óå ðïëõåðåîåñãáóôéêÜ óõóôÞìáôá [22]. ÊÜèå åðåîåñãáóôÞò äéáôçñåSS ôçí ðñïóùðéêÞ ôïõ cache ãéá ëüãïõò áðüäïóçò, öõëÜåé äçëáäÞ áíôSSãñáöá ôçò êåíôñéêÞò ìíÞìçò ìå óôüœï íá åðéôáœýíåé ôçí ðñïóðÝëáóç óå áõôÜ. Ðáñüëá áõôÜ, êÜðïéïò Üëëïò åðåîåñãáóôÞò ìðïñåSS íá áëëÜîåé äåäïìÝíá óôçí êåíôñéêÞ ìíÞìç ìå áðïôÝëåóìá ôá äåäïìÝíá óôçí cache êÜðïéïõ åðåîåñãáóôÞ íá ðñÝðåé áêõñùèïýí.

Ôï ðñùôüêïëëï snooping åöáñìüóôçêå êõñSSùò óå óõóôÞìáôá ðïõ üëïé ïé åðåîåñãáóôÝò åSSíáé óõíäåäåìÝíïé óå Ýíáí êïéíü äSSáõëï. Óôçí áñœéôåêôïíéêÞ áõôÞ, ü,ôé ðëçñïöïñSSåò áíôáëëÜóóåé êÜðïéïò åðåîåñãáóôÞò ìå ôçí ìíÞìç ãSSíïíôáé Üìåóá ãíùóôÝò óå üëïõò áöïý üëïé čáêïýíď ôïí SSäéï äSSáõëï . ĳ üñïò snooping óçìáSSíåé ëïéðüí üôé êÜðïéïò åðåîåñãáóôÞò ðáñáêïëïõèåSS ôïí äSSáõëï êáé áí äéáðéóôþóåé üôé êÜðïéïò Üëëïò åðåîåñãáóôÞò ôñïðïðïSSçóå êÜðïéï êïììÜôé ìíÞìçò ðïõ Ýœåé óôçí cache ôïõ ôüôå áêõñþíåé ôï áíôSSãñáöü ôïõ (snooping = œþíù ôçí ìýôç ìïõ, åðåéäÞ ï êÜèå åðåîåñãáóôÞò čÜêïõãåď ôéò åðéêïéíùíSSåò ôùí Üëëùí ìå ôçí ìíÞìç).

ÊåöÜëáéï 5

Áëãüñéèìïé åíçìÝñùóçò

ÿíá óýóôçìá open MAS åSSíáé äõíáìéêü êáé óõíåœþò ìåôáâáëëüìåíï: êüìâïé ìðïñåSS íá ôåèïýí åêôüò ëåéôïõñãSSáò Þ êáé íá ìåôáêéíçèïýí. Ìå ôïí üñï êéíçôéêüôçôá (mobility) åííïïýìå üôé Ýíáò ðñÜêôïñáò Þ ìéá õðçñåóSSá ìðïñåSS íá áëëÜîåé èÝóç óôï äSSêôõï. ÈÝóç (location) åíüò êüìâïõ, ìðïñåSS íá èåùñçèåSS ç ðëçñïöïñSSá ðïõ œñåéáæüìáóôå ãéá íá åðéêïéíùíÞóïõìå ìå ôïí óõãêåêñéìÝíï êüìâï. Ãéá ðáñÜäåéãìá, èÝóç ìðïñåSS íá åSSíáé ç äéåýèõíóç IP óå Ýíá öõóéêü TCP/IP äSSêôõï. Ïé ìåôáêéíÞóåéò åSSíáé óõœíü öáéíüìåíï óå ðïëëÜ P2PäSSêôõá êáé êõñSSùò óå äSSêôõá áðü êéíçôïýò ðñÜêôïñåò (mobile agents).

Ôï ìïíôÝëï ðïõ ðåñéãñÜøáìå óôï êåöÜëáéï 3 åSSíáé áñêåôÜ áðïôåëåóìáôéêü üóïí áöïñÜ ôçí áíáæÞôçóç áëëÜ áðáéôåSS ôï äSSêôõï ôùí cache íá åSSíáé óõíåœþò åíçìåñùìÝíï. ĳìùò ç ìåôáêSSíçóç åíüò ðñÜêôïñá Þ ìéáò õðçñåóSSáò ìðïñåSS íá ðñïêáëÝóåé áóõíÝðåéá óôçí cache ôùí õðïëïSSðùí (cache inconsistency) . Ðéï óõãêåêñéìÝíá, áí õðïèÝóïõìå üôé êÜðïéïé ðñÜêôïñåò Ýœïõí óôçí cache ôïõò ôçí èÝóç ôïõ ðñÜêôïñá A. ĳôáí ï Á ìåôáêéíçèåSS, ïé ðñÜêôïñåò áõôïSS èá Ýœïõí áðïèçêåõìÝíç ôçí ðáëéÜ èÝóç ôïõ Á. Ç ëáíèáóìÝíç áõôÞ (ðáëéÜ) ðëçñïöïñSSá ïíïìÜæåôáé ìç-Ýãêõñç åããñáöÞ óôçí cache Þ invalid cache entry.

Ôá ðñüâëçìá ðïõ äçìéïõñãåSSôáé áðü ôçí ìåôáêSSíçóç åíüò êüìâïõ åSSíáé áñêåôÜ óçìáíôéêü. ÊÜèå ìåôáêSSíçóç äçìéïõñãåSS Ýíáí áñéèìü ìç Ýãêõñùí åããñáöþí óôçí cache êáé êÜèå ìç Ýãêõñï cache entry ðñüêåéôáé ïõóéáóôéêÜ ãéá ìéá ëéãüôåñç áêìÞ óôïí ãñÜöï ðïõ öáSSíåôáé óôï óœÞìá 3.1. Áí Ýœïõìå ðïëëÝò ìåôáêéíÞóåéò ìðïñåSS ãñÞãïñá ï ãñÜöïò íá ãSSíåé ìç óõíåêôéêüò äçëáäÞ íá œùñéóôåSS ôï äSSêôõï ìáò óå ðáñáðÜíù áðü Ýíá õðï-äSSêôõá ðïõ äåí óõíäÝïíôáé ìåôáîý ôïõò. ÅðéðëÝïí ïé áëãüñéèìïé áíáæÞôçóçò (êáé ãåíéêüôåñá ïé áëãüñéèìïé ðïõ âáóSSæïíôáé óôï ‚ooding) äïõëåýïõí êáëýôåñá üôáí ï âáèìüò ôùí êüìâùí åSSíáé ï ìåãáëýôåñïò äõíáôüò êáé Ýíá invalid entry óçìáSSíåé Ýíá connection ëéãüôåñï.

ĳìùò, ôï óçìáíôéêüôåñï ðñüâëçìá åSSíáé üôé ç íÝá èÝóç ôïõ ðñÜêôïñá äåí åSSíáé ãíùóôÞ óå êáíÝíá áöïý üëïé ãíùñSSæïõí ìüíï ôçí ðáëéÜ. Áõôü óçìáSSíåé üôé êáíåSSò äåí ìðïñåSS íá åðéêïéíùíÞóåé ìáæSS ôïõ, äçëáäÞ ìåôÜ ôçí ìåôáêSSíçóç ï ðñÜêôïñáò åSSíáé áðïêïììÝíïò.

Óôï êåöÜëáéï áõôü ðñïôåSSíïõìå êÜðïéåò ìåèüäïõò ãéá íá áíôéìåôùðSSóïõìå ôï ðñüâëçìá: ðñïôåSSíïõìå áëãïñSSèìïõò ðïõ öñïíôSSæïõí íá äéáôçñçèïýí óôï åëÜœéóôï ôéò ìç-Ýãêõñåò åããñáöÝò óôçò cache (invalid cache entries). Ïé áëãüñéèìïé áõôïSS ïíïìÜæïíôáé áëãüñéèìïé åíçìÝñùóçò (update algorithms) áöïý öñïíôSSæïõí íá åíçìåñþóïõí ôïõò ðñÜêôïñåò ôïõ äéêôýïõ ãéá ôéò ìåôáêéíÞóåéò ðïõ Ýãéíáí, þóôå êáé áõôïSS ìå ôçí óåéñÜ ôïõò íá åíçìåñþóïõí ôéò cache ôïõò ìå ôéò íÝåò èÝóåéò.

ÏõóéáóôéêÜ, ìå ôï íá åíçìåñþíïõìå ôéò cache ôùí ðñáêôüñùí, åíçìåñþíïõìå ôéò SSäéåò ôéò óõíäÝóåéò ôïõò ìå ôï äSSêôõï. ÊáôÜ óõíÝðåéá åíçìåñþíïõìå ôçí SSäéá ôçí ôïðïëïãSSá ôïõ äéêôýïõ.

ÕðÜñœïõí äõï âáóéêÝò êáôçãïñSSåò áëãïñSSèìùí: pull based ðïõ îåêéíïýí áðü ôïõò ðñÜêôïñåò ðïõ Ýœïõí ôá invalid cache entries êáé push based ðïõ îåêéíïýí áðü ôïõò ðñÜêôïñåò ðïõ ìåôáêéíïýíôáé. Óôï êåöÜëáéï áõôü èá ðåñéãñÜøïõìå ôéò äýï áõôÝò âáóéêÝò êáôçãïñSSåò êáèþò êáé êÜðïéïõò áëãïñSSèìïõò ðïõ ðñïêýðôïõí áðü ôçí óõíäõáóìÝíç åöáñìïãÞ ôïõò.

Ïé ðñïôåéíüìåíïé áëãüñéèìïé ìåëåôÞèçêáí êáé ðåéñáìáôéêÜ ìÝóù åîáíôëçôéêþí ðñïóïìïéþóåùí ðñïêåéìÝíïõ íá äéáðéóôùèåSS ç áðïôåëåóìáôéêüôçôÜ ôïõò êáé ïé óõãêñéôéêÝò åðéäüóåéò ôïõò. ÿíá ôìÞìá ôùí áðïôåëåóìÜôùí áõôïý ôïõ êåöáëáSSïõ ðáñïõóéÜóôçêå óôï [23]

5.1 Áëãüñéèìïò pull 43

5.1 Áëãüñéèìïò pull

Ï äéáäéêáóSSá pull îåêéíÜ áðü ôïõò ðñÜêôïñåò ðïõ èÝëïõí íá åíçìåñùèïýí ãéá ðéèáíÝò áëëáãÝò ðïõ Ýãéíáí. Áí ïðïéáäÞðïôå óôéãìÞ êÜðïéïò ðñÜêôïñáò áíôéëçöèåSS üôé ç èÝóç ìéáò õðçñåóSSáò óôçí cache äåí åSSíáé Ýãêõñç, îåêéíÜ ìéá äéáäéêáóSSá áíáæÞôçóçò óôï äSSêôõï. ÁíáæçôåSS ôçí íÝá èÝóç ôçò õðçñåóSSáò þóôå íá áíôéêáôáóôÞóåé ôçí ëáíèáóìÝíç åããñáöÞ. Ãéá ôçí äéáäéêáóSSá áõôÞ ìðïñåSS íá œñçóéìïðïéçèåSS ïðïéïóäÞðïôå áðü ôïõò áëãïñSSèìïõò áíáæÞôçóçò ðïõ ðåñéãñÜøáìå óôçí ðáñÜãñáöï 3.4.

Áí õðïèÝóïõìå üôé ôïõëÜœéóôïí Ýíáò ðñÜêôïñáò Á îÝñåé ôçí íÝá èÝóç ôçò õðçñåóSSáò Â, ôüôå åÜí ôï ìÞíõìá ôçò áíáæÞôçóçò öôÜóåé óôïí Á, ï Á èá åíçìåñþóåé ôïí ðñÜêôïñá ðïõ îåêSSíçóå ôçí áíáæÞôçóç ãéá ôçí óùóôÞ èÝóç ôçò õðçñåóSSáò Â. Ðáñüëá áõôÜ, ç äéáäéêáóSSá áõôÞ ìðïñåSS íá ìçí åðéóôñÝøåé ðÜíôá ôçí óùóôÞ èÝóç ôïõ B. ÌðïñåSS ç õðçñåóSSá Â íá Ýœåé ìåôáêéíçèåSS ðáñáðÜíù áðü ìSSá öïñÜ êáé ï Á íá ãíùñSSæåé ìåí ìéá íåüôåñç èÝóç, áëëÜ üœé ôçí ðéï ðñüóöáôç (áõôÞ ðïõ âñSSóêåôáé ôþñá).

Ãéá íá áíôéìåôùðSSóïõìå ôï ðáñáðÜíù ðñüâëçìá, ãéá êÜèå õðçñåóSSá êñáôÜìå Ýíáí áýîïíôá áñéèìü ðïõ óõìâïëSSæåé ôïí áñéèìü ôùí ìåôáêéíÞóåùí êáé ôïí ïðïSSï ïíïìÜæïõìå location sequence number (LSN). Ï áñéèìüò áõôüò áõîÜíåôáé êÜèå öïñÜ ðïõ ìåôáêéíåSSôáé ç õðçñåóSSá Þ ï ðñÜêôïñáò. ÿôóé, ôï üôé Ýíáò ðñÜêôïñáò áíáæçôÜ íåüôåñç èÝóç êÜðïéáò õðçñåóSSáò óçìáSSíåé üôé øÜœíåé ãéá êÜðïéïí Üëëï ðñÜêôïñá ðïõ Ýœåé óôçí cache ôïõ ôçí õðçñåóSSá áõôÞ ìå ìåãáëýôåñï location sequence number áðü áõôü ðïõ Ýœåé óôçí äéêÞ ôïõ .

Ãéá ðáñÜäåéãìá, üðùò âëÝðïõìå óôï óœÞìá 5.1 üôáí o a_2 ìåôáêéíçèåSS áõîÜíåé ôï LSN óå üëá ôá resources ðïõ ðñïóöÝñåé. Ðáñáôçñïýìå üìùò üôé ï a_1 ãíùñSSæåé áêüìá ôçí ðáëéÜ (ìç-Ýããõñç) èÝóç ôïõ a_2. ĳôáí ï a_1 áðïöáóSSóåé íá êÜíåé pull ãéá ôçí R_1 èá ðñÝðåé íá øÜîåé óôï äSSêôõï ãéá êüìâïõò ðïõ ãíùñSSæïõí íåüôåñç èÝóç ôçò õðçñåóSSáò, äçëáäÞ ãéá êüìâïõò ðïõ Ýœïõí óôçí cache ôïõò èÝóç ìå LSN > 5.

Ï ðñÜêôïñáò ðïõ áíáæçôÜ åíäÝœåôáé íá ëÜâåé ðïëëÝò áðáíôÞóåéò áðü Ýíá ìüíï search query (áðï äéáöïñåôéêÜ paths ôïõ ‚ooding). Óôçí ðåñSSðôùóç áõôÞ, êñáôÜåé ôï áðïôÝëåóìá ìå ôï ìåãáëýôåñï LSN. ÅðåéäÞ êáé ðÜëé ìðïñåSS ìåí íá ðÜñåé ìéá ðéï ðñüóöáôç èÝóç (ìåãáëýôåñï LSN) áëëÜ üœé ôçí ôåëåõôáSSá, SSóùò œñåéáóôåSS íá åðáíáëÜâåé ôçí áíáæÞôçóç, œñçóéìïðïéþíôáò

ÓœÞìá 5.1: Ìåãáëýôåñï location sequence number óçìáSSíåé íåüôåñç ðëçñïöïñSSá

óõíåœþò áõîáíüìåíï LSN. ÄçëáäÞ, œñçóéìïðïéåSS ãéá ôçí åðüìåíç áíáæÞôçóç ôï ìåãáëýôåñï LSN ðïõ åðÝóôñåøå ç áìÝóùò ðñïçãïýìåíç. Ï áëãüñéèìïò öáSSíåôáé áíáëõôéêÜ óôï óœÞìá 5.2 ÖõóéêÜ, äåí ìðïñåSS íá åðáíáëáìâÜíåé ôçí áíáæÞôçóç åðťÜðåéñï áöïý ìðïñåSS ï ðñÜêôïñáò ðïõ ðñïóöÝñåé ôçí áíáæçôïýìåíç õðçñåóSSá íá åSSíáé áðëþò åêôüò óýíäåóçò.

Ç äéáäéêáóSSá pull ìðïñåSS íá ãSSíåé ìå äýï ôñüðïõò. ÿíáò ðñÜêôïñáò ìðïñåSS íá êÜíåé pull êÜèå öïñÜ ðïõ áíôéëáìâÜíåôáé üôé ç cache ôïõ Ýœåé invalid entry, ãéá ðáñÜäåéãìá, üôáí ðñïóðáèÞóåé íá åðéêïéíùíÞóåé ìå ôïí ðñÜêôïñá ðïõ Ýœåé ôï resource êáé áðïôýœåé. Ç äéáäéêáóSSá áõôÞ ïíïìÜæåôáé pull êáè’áðáSSôçóç Þ on-demand pull . ÅíáëëáêôéêÜ, ìðïñåSS íá êÜíåé pull ôçí cache ðåñéïäéêÜ (periodic pulling). Ç äéáäéêáóSSá áõôÞ Ýœåé ôçí Ýííïéá ôïõ íá áíáíåþóåé ôçí cache ðñïëçðôéêÜ, ðñéí œñåéáóôåSS íá ôï áíáêáëýøåé üôáí œñåéáóôåSS ôçí õðçñåóSSá (prefetching) þóôå íá áðïöýãåé êáèõóôåñÞóåéò (communication latency). ÅðéðëÝïí, ìå ôï íá åðáíáöÝñïõìå ðåñéïäéêÜ ôçí cache üëùí ôùí ðñáêôüñùí, êñáôïýìå üëï ôï äSSêôõï åíçìåñùìÝíï ìå áðïôÝëåóìá íá åðéôáœýíïõìå êáé ôéò äéáäéêáóSSåò áíáæÞôçóçò êáé åíçìÝñùóçò. Ðáñüëá áõôÜ, ôá ðåñéïäéêÜ pull äåí èá ðñÝðåé íá ãSSíïíôáé ðïëý óõœíÜ ãéáôSS Ýíáò ìåãÜëïò áñéèìüò áðü pulls ìðïñåSS íá ïäçãÞóåé óå õøçëü öüñôï ìçíõìÜôùí óôï äSSêôõï. Ìðïñïýìå íá œñçóéìïðïéÞóïõìå óôáôéóôéêÜ þóôå íá êÜíïõìå pull üôáí ðéóôåýïõìå üôé Ýíá ìåãÜëï ðïóïóôü ôçò cache êÜðïéïõ ðñÜêôïñá åSSíáé ìç Ýãêõñç.

5.2 Áëãüñéèìïò push 45

ÁñœéêÜ èÝôïõìå search sequence = LSN (location sequence number óôçí cache) ìÝœñé íá âñåèåSS ç óùóôÞ èÝóç { ÁÍÁÆÇÔÇÓÅ

Þ êÜðïéïí ðñÜêôïñá ðïõ Ýœåé cached ôç èÝóç ìå LSN > search sequence Þ ôïí SSäéï ôï resource

êñáôÜìå ôçí áðÜíôçóç ìå ôï ìåãáëýôåñï LSN search sequence = ôï sequence ôçò áðÜíôçóçò

áí ï ðñÜêôïñáò åSSíáé üíôùò óôçí èÝóç ðïõ åðÝóôñåøå ç áíáæÞôçóç { áíáíåþíïõìå ôçí cache (íÝá èÝóç, íÝï sequence) ôåñìáôéóìüò áëãïñSSèìïõ } } ÓœÞìá 5.2: Áëãüñéèìïò pull.

5.2 Áëãüñéèìïò push

Ï áëãüñéèìïò pull äåí ìðïñåSS íá äïõëÝøåé áðü ìüíïò ôïõ ãéáôSS áðáéôåSS ôïõëÜœéóôïí Ýíáò ðñÜêôïñáò íá ãíùñSSæåé ôçí íÝá èÝóç ôçò õðçñåóSSáò ðïõ ìåôáêéíÞèçêå. ÅSSíáé öáíåñü üôé ï ðñÜêôïñáò ðïõ ìåôáêéíåSSôáé ðñÝðåé íá ãíùóôïðïéÞóåé ôçí áëëáãÞ áõôÞ óå Ýíáí áñéèìü áðü Üëëïõò.

Ç ãåíéêÞ éäÝá åSSíáé üôé ï ðñÜêôïñáò ðïõ ìåôáêéíåSSôáé ðñïùèåSS (êÜíåé push) Ýíá ìÞíõìá ðïõ ðåñéÝœåé ôçí íÝá ôïõ èÝóç óôï äSSêôõï. Ï óôüœïò ôçò ìåôÜäïóçò áõôÞò åSSíáé íá öôÜóåé ôï ìÞíõìá óå üóï ôï äõíáôü ðåñéóóüôåñïõò ðñÜêôïñåò ôïõ äéêôýïõ þóôå íá öôÜóåé êáé óå üóï ôï äõíáôü ðåñéóóüôåñïõò ðñÜêôïñåò ðïõ Ýœïõí óôçí cache ôïõò ôçí ðáëéÜ èÝóç. ĳôáí êÜðïéïò ëÜâåé ôï ìÞíõìá áõôü, åîåôÜæåé áí œñåéÜæåôáé íá êÜíåé êÜðïéåò åíçìåñþóåéò óôçí cache ôïõ êáé ðñïùèåSS ôï ìÞíõìá ðáñáðÝñá.

Ìðïñïýìå íá œñçóéìïðïéÞóïõìå ïðïéáäÞðïôå ìÝèïäï ‚ooding åðéèõìïýìå ãéá íá äéáäþóïõìå áõôÞ ôçí ðëçñïöïñSSá. Ãéá ðáñÜäåéãìá, ìðïñïýìå íá œñçóéìïðïéÞóïõìå êÜðïéá áðü ôéò ìåèüäïõò áíáæÞôçóçò ðïõ ðåñéãñÜöçêáí óôï êåö 3.4, ìå êÜðïéåò ôñïðïðïéÞóåéò. Ìüíï ðïõ ôþñá äåí ðëçììõñSSæïõìå ôï äSSêôõï ìå ìçíýìáôá áíáæÞôçóçò áëëÜ ìå ìçíýìáôá åíçìÝñùóçò. Ïé êüìâïé ðïõ ëáìâÜíïõí ôá ìçíýìáôá äåí áðïóôÝëëïõí áðáíôÞóåéò, áðëÜ åíçìåñþíïíôáé ãéá ôçí áëëáãÞ êáé ðñïùèïýí ôï ìÞíõìá.

5.3 Óõíäõáóìüò push êáé pull

ÐáñáðÜíù, ðåñéãñÜøáìå äýï áñêåôÜ ãåíéêÝò ìåèüäïõò ðïõ äåí ìðïñïýí íá œñçóéìïðïéçèïýí üìùò îåœùñéóôÜ: Ôï pull äåí ìðïñåSS íá œñçóéìïðïéçèåSS áí äåí õðÜñîåé push. ÁíôSSóôïéœá, œñçóéìïðïéþíôáò ìüíï push äåí åSSíáé äõíáôü íá åSSìáóôå óSSãïõñïé üôé üëïé ïé ðñÜêôïñåò èá ëÜâïõí ôï ìÞíõìá ôéò åíçìÝñùóçò. Áõôü ãéáôSS ôï ìÞíõìá ìðïñåSS íá ìçí öôÜóåé óôïí ðñÜêôïñá üôáí áõôüò åSSíáé o›ine Þ êáé íá ìçí öôÜóåé êáèüëïõ (ëüãù TTL êôë). Ï êáôÜëëçëïò óõíäõáóìüò ôùí äýï ðáñáðÜíù ìåèüäùí ìðïñåSS íá ïäçãÞóåé óå áðïäïôéêïýò áëãïñSSèìïõò åíçìÝñùóçò. ÐáñáêÜôù, èá ðáñïõóéÜóïõìå ôñåéò äéáöïñåôéêÝò ðáñáëëáãÝò ðïõ œñçóéìïðïéïýí ôéò ìåèüäïõò push/pull ãéá íá åðéôýœïõí ôçí üóï ôï äõíáôü åõñýôåñç êáé ãñçãïñüôåñç åíçìÝñùóç ôïõ äéêôýïõ ãéá êÜðïéá áëëáãÞ.

5.3.1 Áðëü push/pull

Óôï áðëü push/pull ï ðñÜêôïñáò ðïõ ìåôáêéíåSSôáé áðëþò ìåôáäSSäåé óôï äSSêôõï ôçí íÝá ôïõ èÝóç. ÄçëáäÞ, óôÝëíåé Ýíá ìÞíõìá óå Ýíá õðïóýíïëï ôùí ãåéôüíùí ôïõ ïé ïðïSSïé ìå ôçí óåéñÜ ôïõò ôï ðñïùèÞóïõí óå Ýíá õðïóýíïëï ôùí äéêþí ôïõò ãåéôüíùí ê.ï.ê. Ç éäÝá åSSíáé áðëÞ: åðåéäÞ ï ðñÜêôïñáò äåí ãíùñSSæåé ðïéïé Üëëïé ôïí Ýœïõí óôçí cache ôïõò, ìå ôï íá ðëçììõñSSóåé ôï äSSêôõï ìå ìçíýìáôá óôïœåýåé óôï íá åíçìåñþóåé üóïõò ðåñéóóüôåñïõò ìðïñåSS.

ÅðåéäÞ èÝëïõìå ôï ìÞíõìá íá öôÜóåé óå üóï ôï äõíáôü ðåñéóóüôåñïõò ðñÜêôïñåò œñçóéìïðïéþíôáò üóï ôï äõíáôü ìéêñüôåñï áñéèìü ìçíõìÜôùí äåí ôáéñéÜæïõí üëïé ïé áëãüñéèìïé ‚ooding. Ï áðëüò áëãüñéèìïò ‚ooding (êåö 3.4) Ýœåé ðïëý êáëÜ áðïôåëÝóìáôá üóïí áöïñÜ ôï ðïóïóôü ôùí êüìâùí ðïõ åíçìåñþíïíôáé áëëÜ Ýœåé ìåãÜëï overhead ìçíõìÜôùí. Áí ìåéþóïõìå êáôÜ ðïëý ôï TTL ìðïñïýìå íá ðåñéïñSSóïõìå ôïí áñéèìü ôùí ìçíõìÜôùí áëëÜ ïé áðïìáêñõóìÝíïé êüìâïé äåí èá åíçìåñùèïýí ðïôÝ. Áðü ôçí Üëëç, ï áëãüñéèìïò random paths (êåö 3.4) Ýœåé åëÜœéóôï message overhead áëëÜ ïé êüìâïé ðïõ åðéóêÝðôïíôáé ïé k-walkers åSSíáé ëSSãïé åíþ ç åíçìÝñùóç ìðïñåSS íá áñãÞóåé óçìáíôéêÜ ëüãù ôùí ìáêñéíþí ìïíïðáôéþí ðïõ óœçìáôSSæïíôáé. Ç ìÝèïäïò ðïõ áñìüæåé óôï óõãêåêñéìÝíï ðñüâëçìá åSSíáé ç ôñïðïðïéçìÝíç Ýêäïóç ôïõ áëãïñSSèìïõ teeming ìå decay.

Ï áëãüñéèìïò teeming ìå decay ôáéñéÜæåé ðåñéóóüôåñï óôï ðñüâëçìá ãéáôSS åíçìåñþíåé ãñÞãïñá Ýíá ìåãÜëï áñéèìü áðü ðñÜêôïñåò (óôá ðñþôá âÞìáôá ôïõ áëãïñSSèìïõ). ÅðéðëÝïí, åðåéäÞ êüâåé ôïí ôïí ñõèìü ìåôÜäïóçò üóï ðåñíÜåé ï œñüíïò ðåñéïñSSæåé ôéò åðáíáìåôáäüóåéò åðéôñÝðïíôáò üìùò ôáõôüœñïíá ôçí åíçìÝñùóç áðïìáêñõóìÝíùí êüìâùí. Ï œñÞóç ôïõ teeming with decay óôïí áëãüñéèìï push ðåñéãñÜöåôáé áíáëõôéêÜ óôï óœÞìá 5.3.

Ïé âáóéêÝò ðáñÜìåôñïé ôïõ áëãïñSSèìïõ ðïõ åðçñåÜæïõí ôï åýñïò ôïõ push åSSíáé ôï TTL êáé ç ðáñÜìåôñïò decay. ÑõèìSSæïíôáò ôéò äýï áõôÝò ðáñáìÝôñïõò ìðïñïýìå íá ñõèìSSóïõìå ôï ðïóïóôü ôùí êüìâùí ðïõ èá åíçìåñùèïýí êáôÜ ôçí äéáäéêáóSSá áõôÞ. Œñçóéìïðïéþíôáò ìåãáëýôåñï TTL êáé ìéêñüôåñç decay ìðïñïýìå íá åíçìåñþóïõìå ðåñéóóüôåñïõò êüìâïõò áëëÜ ìå áõîçìÝíï êüóôïò ìçíõìÜôùí. Ç œñÞóç ìåãáëýôåñïõ TTL åðéôñÝðåé ôçí åíçìÝñùóç áðïìáêñõóìÝíùí êüìâùí åíþ ç œñÞóç ìéêñüôåñçò ðáñáìÝôñïõ decay åêôüò ôïõ üôé åðéôñÝðåé ôçí åíçìÝñùóç ðåñéóóïôÝñùí êüìâùí, óõíåðÜãåé êáé ôçí ãñçãïñüôåñç åíçìÝñùóç áõôþí. Áõôü óõìâáSSíåé ãéáôSS ïé êüìâïé óôï äÝíôñï ôïõ ‚ooding (óœÞìá 3.2) èá Ýœïõí ðåñéóóüôåñá ðáéäéÜ êáé Üñá ðåñéóóüôåñïé êüìâïé èá âñSSóêïíôáé óôá áíþôåñá levels ôïõ äÝíôñïõ.

ÅSSíáé öáíåñü üôé ï áëãüñéèìïò push äåí åããõÜôáé üôé üëïé ïé êüìâïé èá ëÜâïõí ôï ìÞíõìá åíçìÝñùóçò. Áõôü ìðïñåSS íá ãSSíåé ãéá áñêåôïýò ëüãïõò. Ãéá ðáñÜäåéãìá, ìðïñåSS ôï TTL íá åSSíáé ìéêñüôåñï áðü ôçí áðüóôáóç ðïõ áðáéôåSSôáé ãéá íá öôÜóïõìå ôïí ðñÜêôïñá (hops). ÅðSSóçò, ìðïñåSS ôï ìÞíõìá íá ìçí öôÜóåé ëüãù ôçò ôïðïëïãSSáò ôïõ äéêôýïõ áöïý ôï äSSêôõï ìðïñåSS íá åSSíáé ìç óõíäåôéêü Þ íá ìçí åSSíáé äçìïöéëÞò ï ðñÜêôïñáò ðïõ äåí åíçìåñþèçêå (üóïé ðåñéóóüôåñïé ôïí ãíùñSSæïõí ôüóï ðåñéóóüôåñïé ìðïñïýí íá ôïõ ðñïùèÞóïõí ìçíýìáôá åíçìÝñùóçò). ÔÝëïò, ìðïñåSS íá Ýœáóå ôï ìÞíõìá åíçìÝñùóçò ëüãù ôïõ üôé Þôáí åêôüò ëåéôïõñãSSáò (o›ine) ôçí þñá ôçò ìåôáêSSíçóçò.

ĳôáí êÜðïéïò ðñÜêôïñáò áíôéëçöèåSS üôé ç cache ôïõ Ýœåé êÜðïéï ìç Ýãêõñç åããñáöÞ, èá ðñÝðåé íá åêêéíÞóåé ôçí ìÝèïäï on-demand pull ìå óôüœï íá âñåé êÜðïéïí ðñÜêôïñá ðïõ Ýœåé åíçìåñùèåSS áðü ôï push ðïõ Ýœåé ðñïçãçèåSS. Áí äåí âñåé ôçí íÝá èÝóç ìåôÜ êáé áðü ôçí áí ï ðñÜêôïñáò ìåôáêéíçèåSS

èÝôåé s = 1 Ãéá êÜèå ãåSSôïíá Á

ìå ðéèáíüôçôá (1-d)^s

óôÝëíåé ôï ìÞíõìá Ì(agent, íÝá èÝóç, s) óôïí Á

áí ëÜâåé ìÞíõìá M(agent, íÝá èÝóç, s) ãéá ôçí áëëáãÞ èÝóçò êÜðïéïõ Üëëïõ

áí Ýœåé êÜðïéá õðçñåóSSá ôïõ ìåôáêéíçìÝíïõ ðñÜêôïñá óôçí cache åíçìåñþíåé ôçí cache ãéá ôçí íÝá èÝóç.

áí s < TTL

s = s + 1 Ãéá êÜèå ãåSSôïíá Á

ìå ðéèáíüôçôá (1-d)^s

ðñïùèåSS ôï ìÞíõìá Ì(agent, íÝá èÝóç, s) óôïí Á

ÓœÞìá 5.3: Áëãüñéèìïò plain push üðïõ: s = âÜèïò åíçìÝñùóçò, d = ðáñÜìåôñïò decay, TTL = time to live

äéáäéêáóSSá pull, áõôü ìðïñåSS íá óçìáSSíåé üôé ï ðñÜêôïñáò ðïõ ðáñÝœåé ôçí õðçñåóSSá åSSíáé áðëÜ åêôüò óýíäåóçò Þ üôé ôï pull äåí Ýöôáóå óå êáíÝíá ðñÜêôïñá ðïõ ãíùñSSæåé ôçí íÝá èÝóç ôçò õðçñåóSSáò.

Ãéá íá åðéôýœïõìå óùóôÞ óõíÝðåéá óôéò cache ôùí ðñáêôüñùí ôïõ äéêôýïõ ðñÝðåé íá êÜíïõìå œñÞóç êáé ôùí äýï áëãïñSSèìùí óõíäõáóìÝíá, œñçóéìïðïéþíôáò üìùò ðáñáìÝôñïõò ðïõ èá ìáò åããõçèïýí óùóôÞ åíçìÝñùóç ìå ìéêñü áñéèìü ìçíõìÜôùí. ĳìùò, ôï åýñïò ôïõ push (ôï ðüóï ìåãÜëï ‚ooding èá êÜíïõìå) óœåôSSæåôáé Üìåóá ìå ôï åýñïò ôïõ pull. ÄçëáäÞ, áí ãéá êÜèå ìåôáêSSíçóç êÜíïõìå Ýíá ðïëý åõñý push, ìðïñïýìå íá åêôåëÝóïõìå Ýíá ðéï ðåñéïñéóìÝíï pull ëüãù ôïõ üôé ðåñéìÝíïõìå Ýíá ìåãÜëï ðïóïóôü ôùí ðñáêôüñùí ôïõ äéêôýïõ íá Ýœåé Ýãêõñç cache êáé Üñá íá âñïýìå ðéï åýêïëá áðÜíôçóç óôçí áíáæÞôçóç ôçò íÝáò èÝóçò. Ôï SSäéï öõóéêÜ éóœýåé êáé áíôSSóôñïöá. ĳðùò èá äïýìå êáé áñãüôåñá óôá ðåéñáìáôéêÜ áðïôåëÝóìáôá, œñçóéìïðïéïýìå ðåñéïñéóìÝíï push ìüíï áí ï ñõèìüò ôùí ìåôáêéíÞóåùí åSSíáé ðïëý ìåãÜëïò (ãéá íá áðïöýãïõìå ôïí áõîçìÝíï öüñôï ìçíõìÜôùí).

5.3.2 Push/pull ìå êáôáëüãïõò snooping

Ôï áðëü push/pull ìðïñåSS íá âåëôéùèåSS áí êÜèå ðñÜêôïñáò äéáôçñåSS Ýíáí êáôÜëïãï ôùí ðñáêôüñùí ðïõ ìåôáêéíÞèçêáí ðñüóöáôá óå óõíäõáóìü ìå ôçí œñÞóç ðåñéïäéêïý pulling (áíôSS ãéá on-demand). Ï êáôÜëïãïò áõôüò ïíïìÜæåôáé snooping directory.

ĳðùò êáé óôï áðëü push/pull, üôáí êÜðïéïò ðñÜêôïñáò ìåôáêéíåSSôáé áðëÜ êÜíåé push óôï äSSêôõï ôçí ðëçñïöïñSSá ãéá ôçí íÝá èÝóç. Ç äéáöïñÜ ôïõ óõãêåêñéìÝíïõ áëãïñSSèìïõ Ýãêåéôáé óôï üôé êÜèå ðñÜêôïñáò ðïõ èá ëÜâåé ôï ìÞíõìá push áðïèçêåýåé ôçí ðëçñïöïñSSá ôïõ óå Ýíáí ôïðéêü êáôÜëïãï áêüìá êáé áí äåí Ýœåé óôçí cache êÜðïéá õðçñåóSSá ôïõ ìåôáêéíçìÝíïõ ðñÜêôïñá. Ï êáôÜëïãïò áõôüò ïíïìÜæåôáé snooping directory. Ç ðëçñïöïñSSá áõôÞ áðïèçêåýåôáé ìüíï ãéá Ýíá ìéêñü œñïíéêü äéÜóôçìá. Ðéï óõãêåêñéìÝíá, êÜèå öïñÜ ðïõ ðñïóôSSèåôáé Ýíá entry óôï snooping directory ëáìâÜíåé çìåñïìçíSSá ëÞîçò (expiration time).

Ç äéáäéêáóSSá ôïõ pulling åSSíáé ðáñüìïéá ìå ôïõ ðñïçãïõìÝíïõ áëãïñSSèìïõ, ìüíï ðïõ ôþñá ç áíáæÞôçóç äå ãSSíåôáé ìüíï óôéò cache áëëÜ êáé óôïõò êáôáëüãïõò snooping ôùí ðñáêôüñùí ðïõ óõììåôÝœïõí óôçí áíáæÞôçóç. Ç œñÞóç êáôáëüãùí snooping èá Þôáí Üœñçóôç áí êÜðïéïò ðñÜêôïñáò åöáñìüóåé ôïí áëãüñéèìï pull áöïý ðåñÜóåé áñêåôü œñïíéêü äéÜóôçìá áðü ôçí ìåôáêSSíçóç ôïõ ðñÜêôïñá ðïõ øÜœíåé. Ðéï óõãêåêñéìÝíá, ðñÝðåé íá áíáæçôÞóåé ðñéí ëÞîåé ôï expiration time ôïõ push ãéáôSS áëëéþò äåí èá âñåé êáìéÜ ðëçñïöïñSSá óôá snooping directories. ÿôóé, ïé ðñÜêôïñåò èá ðñÝðåé íá åíçìåñþíïõí ïëüêëçñç ôçí cache ôïõò ðåñéïäéêÜ. Ï œñüíïò ìåôáîý äýï äéáäïœéêþí pulls èá ðñÝðåé íá åSSíáé ìéêñüôåñïò Þ SSóïò áðü ôï expiration time ôùí entries óôïí êáôÜëïãï snooping.

Ç ýðáñîç ôïõ êáôáëüãïõ snooping ìáò åðéôñÝðåé íá œñçóéìïðïéÞóïõìå Ýíá ðïëý ðåñéïñéóìÝíï pull áöïý ðëÝïí äåí œñåéÜæåôáé íá øÜîïõìå óå üëï ôï äSSêôõï êÜðïéïí ðñÜêôïñá ðïõ íá Ýœåé óôçí cache ôïõ ôçí õðçñåóSSá. ÅðåéäÞ üëïé ïé ðñÜêôïñåò ðïõ ëáìâÜíïõí ôï ìÞíõìá push čèõìïýíôáéď ãéá ëSSãï ôçí íÝá èÝóç ôçò õðçñåóSSáò, áñêåSS íá âñïýìå ôïõëÜœéóôïí Ýíá ðñÜêôïñá áðü ôïí ïðïSSï ðÝñáóå ìÞíõìá push. Êáé åðåéäÞ ïé ðñÜêôïñåò áõôïSS èá åSSíáé ðïëëïSS ðåñéóóüôåñïé, áñêåSS Ýíá ðïëý ðåñéïñéóìÝíï pull.

Ôáõôüœñïíá, ï êáôÜëïãïò snooping ìðïñåSS íá ïäçãÞóåé óå óõíåðÞ cache œñçóéìïðïéþíôáò êáé ðïëý ðåñéïñéóìÝíï push. Áõôü éóœýåé ãéáôSS äåí ìáò åíäéáöÝñåé ðëÝïí íá åíçìåñþóïõìå üóï ôï äõíáôü ðåñéóóüôåñïõò ðñÜêôïñåò áëëÜ áðëÜ íá öôÜóåé Ýíá ìÞíõìá óå êÜèå ãåéôïíéÜ. Ôï ðåñéïäéêü pulling ðïõ ãSSíåôáé èá åããõçèåSS üôé üëïé ïé ðñÜêôïñåò ôçò ãåéôïíéÜò èá åíçìåñùèïýí ãéá ôçí íÝá èÝóç.

Ãéá ðáñÜäåéãìá áí êÜèå êüìâïò êÜíåé pull óôçí 2-hop ãåéôïíéÜ, áõôü óçìáSSíåé üôé áñêåSS íá åíçìåñþóïõìå ìå ôï push Ýíáí êüìâï óå êÜèå 2-hop ãåéôïíéÜ. ÿôóé äåí åSSíáé áðáñáSSôçôï íá œñçóéìïðïéÞóïõìå Ýíá åõñý push. ÁñêåSS íá êÜíïõìå push œñçóéìïðïéþíôáò êÜðïéïí čåëáöñýď áëãüñéèìï üðùò ôï k-random paths (êåö A.1.7). Óôï ðáñÜäåéãìá ôïõ óœÞìáôïò 5.4 âëÝðïõìå üôé êÜèå ðñÜóéíïò êüìâïò Ýœåé åíçìåñùèåSS áðü ôï ìÞíõìá push. ÿôóé óå êÜèå ðñÜóéíï êüìâï õðÜñœåé óôïí êáôÜëïãï snooping ç ðëçñïöïñSSá üôé ï êüêêéíïò êüìâïò Ýœåé ìåôáêéíçèåSS óå äïóìÝíç èÝóç. Áõôü áñêåSS ãéá íá ìÜèïõí êáé üëïé ïé õðüëïéðïé êüìâïé ôçí ðëçñïöïñSSá üôáí êÜðïéá óôéãìÞ êÜíïõí periodic-pull.

ÓœÞìá 5.4: ÐáñÜäåéãìá push/pull ìå snooping directories üôáí êÜíïõìå ðåñéïäéêü pull óå 2-hop ãåéôïíéÜ. ĳëïé ïé êüìâïé óå áõôü ôï ðáñÜäåéãìá èá åíçìåñùèïýí

ÑõèìSSæïíôáò óùóôÜ ôéò ðáñáìÝôñïõò ôïõ áëãïñSSèìïõ (ðáñÜìåôñïé ôïõ push/pull, expiration time, ðåñSSïäïò pull) ï áëãüñéèìïò áõôüò ìðïñåSS íá åðéôýœåé ôï SSäéï ðïóïóôü åíçìÝñùóçò ìå ôï áðëü push/pull œñçóéìïðïéþíôáò ðïëý ëéãüôåñá ìçíýìáôá.

5.3.3 Inverted cache push/pull

Ãéá íá áðïöýãïõìå ôïí ìåãÜëï üãêï ìçíõìÜôùí ðïõ ðñïêáëåSS ç öÜóç push, ðñÝðåé íá ãíùñSSæïõìå ðïõ íá óôåSSëïõìå ôéò åíçìåñþóåéò þóôå íá ìçí ôéò óôÝëíïõìå ôõöëÜ œñçóéìïðïéþíôáò êÜðïéïí áëãüñéèìï ôýðïõ ‚ooding. Ç âáóéêÞ éäÝá ôïõ čåíçìåñùìÝíïõď push åSSíáé üôé êÜèå ðñÜêôïñáò äéáôçñåSS Ýíáí êáôÜëïãï áðü ôïõò ðñÜêôïñåò ðïõ Ýœïõí óôçí cache ôïõò êÜðïéá õðçñåóSSá ôïõ. ÄéáôçñåSS äçëáäÞ ìéá áíåóôñáììÝíç cache (inverted cache directory).

ĳôáí êÜðïéïò ðñÜêôïñáò ìåôáêéíåSSôáé, œñåéÜæåôáé íá åíçìåñþóåé ìüíï ôïõò ðñÜêôïñåò ðïõ âñSSóêïíôáé óôçí áíåóôñáììÝíç cache. ÿôóé, üëïé åíçìåñþíïíôáé Üìåóá, ìå ôïí âÝëôéóôï áñéèìü ìçíõìÜôùí åíþ äåí áðáéôåSSôáé ðëÝïí ç œñÞóç ôïõ áëãïñSSèìïõ pull (áöïý üëïé åíçìåñþíïíôáé).

Ðáñüëá áõôÜ, ôï íá áðïèçêåýåôáé ïëüêëçñç ç ëSSóôá ôùí ðñÜêôïñåò ðïõ ãíùñSSæïõí ôïí ðñÜêôïñá ìðïñåSS íá ìçí åSSíáé áðïäïôéêü. Ãéá ðáñÜäåéãìá, õðÜñœïõí ðñÜêôïñåò ðïõ Ýœïõí äçìïöéëåSSò õðçñåóSSåò, äçëáäÞ õðçñåóSSåò ðïõ åSSíáé cached áðü ðïëëïýò, êáé ïíïìÜæïíôáé äçìïöéëåSSò ðñÜêôïñåò. Ï êáôÜëïãïò ôçò áíåóôñáììÝíçò cache óôïõò äçìïöéëåSSò ðñÜêôïñåò ìðïñåSS íá åSSíáé áðáãïñåõôéêÜ ìåãÜëïò ìå áðïôÝëåóìá íá ðñÝðåé íá êñáôÞóïõìå ìüíï Ýíá ðïóïóôü ôïõ. ÊáôÜ óõíÝðåéá, áöïý äåí êñáôåSSôáé ïëüêëçñïò ï êáôÜëïãïò, ìå ôï push èá åíçìåñùèåSS ìüíï Ýíá ðïóïóôü ôùí åíäéáöåñïìÝíùí êáé Üñá œñåéáæüìáóôå êáé ôïí áëãüñéèìï (on-demand) pull. ÿíáò åðéðñüóèåôïò ëüãïò ðïõ œñåéÜæåôáé ôï pulling åSSíáé üôé ï ðñÜêôïñáò ìðïñåSS íá ìçí åíçìåñùèåSS áêüìá êáé áí åSSíáé óôçí áíåóôñáììÝíç cache ëüãù ôïõ üôé Þôáí åêôüò óýíäåóçò ôçí þñá ôçò ìåôáêSSíçóçò.

Ìéá âåëôSSùóç ôïõ ðáñáðÜíù ðñïâëÞìáôïò åSSíáé íá óõíäõáóôåSS ìå ôçí éäÝá ôçò ìSSóèùóçò Þ leasing. Ç ìÝèïäïò leasing ðñïôÜèçêå áñœéêÜ óôï [20] ìå óôüœï íá ðéóôïðïéÞóåé üôé Ýíá êáôåâáóìÝíï áñœåSSï äåí Ýœåé áëëáœèåSS áðü ôïí áñœéêü server ãéá Ýíá óõãêåêñéìÝíï (leased) œñïíéêü äéÜóôçìá þóôå íá ìðïñïýìå íá œñçóéìïðïéçèåSS ôï êáôåâáóìÝíï ôïðéêü áíôSSãñáöï. Óôçí äéêÞ ìáò ðåñSSðôùóç, ôï äéÜóôçìá lease õðïäïõëþíåé ôï äéÜóôçìá óôï ïðïSSï ï éäéïêôÞôçò ìSSáò õðçñåóSSáò (resource owner ) èá åíçìåñþóåé ôïí ìéóèùôÞ óå ðåñSSðôùóç ðïõ ìåôáêéíçèåSS. Áí ôï lease time ëÞîåé, ç åããñáöÞ ìðïñåSS íá óâçóôåSS áðü ôçí áíåóôñáììÝíç cache êáé ï ðñÜêôïñáò íá ìçí åíçìåñùèåSS ãéá ôçí ìåôáêSSíçóç. Áí ï leaser èåëÞóåé íá óõíåœSSóåé êáé áñãüôåñá íá åíçìåñþíåôáé, ðñÝðåé íá áíáíåþóåé ôï lease.

ÌSSá óçìáíôéêÞ äéáöïñïðïSSçóç ôïõ áëãïñSSèìïõ áõôïý åSSíáé üôé ðëÝïí áðáéôåSSôáé ç áðïóôïëÞ ìçíõìÜôùí êÜèå öïñÜ ðïõ ï ìéóèùôÞò èÝëåé íá ðñïóèÝóåé, óâÞóåé Þ êáé áíôéêáôáóôÞóåé êÜðïéá åããñáöÞ óôçí cache. Ãéá ðáñÜäåéãìá, üôáí èåëÞóåé íá ðñïóèÝóåé êÜðïéá õðçñåóSSá óôçí cache ôïõ ðñÝðåé íá åðéêïéíùíÞóåé ìå ôïí éäéïêôÞôç ôçò êáé íá ðåñéìÝíåé ôçí áðÜíôçóç ç ïðïSSá èá ðåñéÝœåé ôï lease time. ÏìïSSùò üôáí èåëÞóåé íá óâÞóåé/áíôéêáôáóôÞóåé êÜðïéá åããñáöÞ.

ĳôáí Ýíáò ðñÜêôïñáò B ìåôáêéíåSSôáé, ðñÝðåé íá åíçìåñþóåé êáé ôïõò ðñÜêôïñåò ôçò áíåóôñáììÝíçò áëëÜ êáé ôïõò ðñÜêôïñåò ôçò êáíïíéêÞò cache. Óôï óœÞìá 5.5, ï A Ýœåé óôçí cache ôïí B êáé ï B Ýœåé óôçí cache ôïí C. Áõôü óçìáSSíåé üôé ï ðñÜêôïñáò C Ýœåé óôçí inverted cache ton Â êáé ï B Ýœåé óôçí inverted cache ôïí Á. ĳôáí ï B ìåôáêéíçèåSS ðñÝðåé íá åíçìåñþóåé ôïí ðñÜêôïñá A ìÝóù ôçò áíåóôñáììÝíçò cache þóôå o A íá áíáíåþóåé ôçí cache ôïõ. ÅðSSóçò ðñÝðåé íá åíçìåñþóåé ôïí ðñÜêôïñá C ìÝóù ôçò êáíïíéêÞò ôïõ cache þóôå ï C íá áíáíåþóåé ôçí áíåóôñáììÝíç cache ôïõ. ÐñÝðåé ëïéðüí íá óôåSSëïõìå ìçíýìáôá óôïõò ðñÜêôïñåò êáé ôùí äýï cache.

ÓœÞìá 5.5: Ç ìåôáêSSíçóç åíüò ðñÜêôïñá B áðáéôåSS ôçí åíçìÝñùóç ôùí ðñáêôüñùí êáé óôçí áíåóôñáììÝíç áëëÜ êáé óôçí áðëÞ cache.

ÅðåéäÞ ï éäéïêôÞôçò äéáôçñåSS ìüíï ôéò åããñáöÝò ðïõ Ýœïõí Ýãêõñá lease times, ìéêñüôåñá lease times óõíåðÜãïõí ìéêñüôåñïõò êáôáëüãïõò áíåóôñáììÝíçò cache. Ç ôéìÞ ôïõ lease time ðïõ äSSíåé ï êÜèå ðñÜêôïñáò èá ðñÝðåé íá âáóSSæåôáé óå äýï ðáñÜãïíôåò: óôï ðüóï óõœíÜ ìåôáêéíåSSôáé êáé óôï ðüóï äçìïöéëÞò åSSíáé. Áí ï ðñÜêôïñáò åSSíáé ðïëý äçìïöéëÞò ðñÝðåé íá Ýœåé ìéêñü lease time. Áí ðÜëé ï ðñÜêôïñáò ìåôáêéíåSSôáé óõœíÜ èá ðñÝðåé íá äSSíåé ìéêñÜ lease times þóôå íá åíçìåñþíåé üóï ôï äõíáôü ëéãüôåñïõò êüìâïõò êÜèå öïñÜ ðïõ ìåôáêéíåSSôáé.

Ï áëãüñéèìïò áõôüò åSSíáé éäéáSSôåñá áðïäïôéêüò üôáí Ýœïõìå óõœíÝò ìåôáêéíÞóåéò áöïý åíçìåñþíåé ôïõò áðáéôïýìåíïõò ðñÜêôïñåò Üìåóá êáé ìå ôïí ìéêñüôåñï äõíáôü áñéèìü ìçíõìÜôùí. ĳìùò, áðáéôåSS ôçí ýðáñîç åðéðñüóèåôçò ìíÞìçò êáé åðéöÝñåé öüñôï ìçíõìÜôùí üôáí Ýœïõìå óõœíÝò ðñïóèÞêåò/äéáãñáöÝò/áëëáãÝò óôéò cache. ÔÝëïò, ïé éäéïêôÞôåò ôùí õðçñåóéþí ðñÝðåé íá äéáôçñïýí êáôáëüãïõò ìå ðëçñïöïñSSåò ãéá ôçí äéåõêüëõíóç Üëëùí ðñÜêôüñùí, äçëáäÞ äåóìåýïõí ðüñïõò ãéá ôçí åîõðçñÝôçóç Üëëùí.

5.4 ÐåéñáìáôéêÜ áðïôåëÝóìáôá

5.4.1 ÐåñéãñáöÞ ôïõ åîùìïéùôÞ

Ãéá ôçí áîéïëüãçóç ôçò óõìðåñéöïñÜò ôùí ðáñáðÜíù ðñïôåéíüìåíùí áëãïñSSèìùí, ãñÜøáìå Ýíá ðñüãñáììá ðïõ åîïìïéþíåé Ýíá P2PäSSêôõï áðü êéíçôïýò ðñÜêôïñåò. ÕëïðïéÞóáìå êáé ôïõò ôñåéò ðáñáðÜíù áëãïñSSèìïõò óôïí åîïìïéùôÞ ìå óôüœï íá åîÜãïõìå œñÞóéìá óõìðåñÜóìáôá ãéá ôçí óõìðåñéöïñÜ ôïõò óå Ýíá áëçèéíü äSSêôõï P2P. Åäþ èá ðáñïõóéÜæïõìå óõíïðôéêÜ ôçí ëåéôïõñãSSá ôïõ åíþ ëåðôïìÝñåéåò äSSíïíôáé óôá ðáñáñôÞìáôá Â-Å.

Óôçí åîïìïSSùóç áõôÞ áñœéêÜ äçìéïõñãïýìå Ýíáí äSSêôõï áðü áðü ðñÜêôïñåò. ÊÜèå ðñÜêôïñáò êáôÝœåé Ýíáí áñéèìü áðü õðçñåóSSåò (resources) ôéò ïðïSSåò ìïéñÜæåôáé ìå ôïõò Üëëïõò. Ìéá õðçñåóSSá ìðïñåSS íá âñåèåSS óå Ýíáí ìüíï ðñÜêôïñá áëëÜ Ýíáò ðñÜêôïñáò ìðïñåSS íá êáôÝœåé ðáñáðÜíù áðü ìéá õðçñåóSSåò. ÅðéðëÝïí, êÜèå ðñÜêôïñáò Ýœåé cache óôáèåñïý ìåãÝèïõò k óôçí ïðïSSá öõëÜóóåé äéåõèýíóåéò õðçñåóéþí. ÎåêéíÜìå ôçí åîïìïSSùóç ôïõ äéêôýïõ öôéÜœíïíôáò Ýíáí ôõœáSSï ãñÜöï óõíäÝóåùí: êÜèå ðñÜêôïñáò åðéëÝãåé k õðçñåóSSåò ôõœáSSá êáé ôéò ðñïóèÝôåé óôçí cache ôïõ.

Óå Ýíá ðñáãìáôéêü äSSêôõï P2PêÜðïéåò õðçñåóSSåò åSSíáé ðéï äçìïöéëåSSò áðü Üëëåò. ÿôóé, ãéá íá ðñïóåããSSóïõìå ðåñéóóüôåñï ôÝôïéï äSSêôõï, óôéò ðáñáìÝôñïõò ôçò åîïìïSSùóçò ìðïñïýìå íá ïñSSóïõìå Ýíáí áñéèìü õðçñåóéþí ðïõ èåùñïýíôáé äçìïöéëåSSò, êáèþò êáé ôï ðüóï ðéï äçìïöéëåSSò åSSíáé óå óœÝóç ìå ôéò Üëëåò. ÅíáëëáêôéêÜ ìðïñåSS íá œñçóéìïðïéçèåSS êÜðïéá êáôáíïìÞ óýìöùíá ìå ôçí ïðïSSá èá ïñéóôåSS ç äçìïôéêüôçôá ôùí ðñáêôüñùí4 ïëüêëçñïõ ôïõ äéêôýïõ.

ÿíá Üëëï óçìåSSï ðïõ ðñÝðåé íá ôïíSSóïõìå åSSíáé üôé áñœéêÜ ïé åããñáöÝò óôéò cache ôùí ðñáêôüñùí ôïõ äéêôýïõ åSSíáé üëåò Ýãêõñåò. ÿôóé îåêéíÜìå áðü Ýíá čêáëÞò ðïéüôçôáòď äSSêôõï. Ãéáõôü êáé óôá ãñáöÞìáôá ðïõ èá ðáñáèÝóïõìå ðáñáêÜôù ôï ðïóïóôü ôùí Ýãêõñùí cache óôçí áñœÞ ôçò åîïìïSSùóçò åSSíáé ðÜíôá åêáôü ôïéò åêáôü.

ÌåôÜ ôçí áñœéêïðïSSçóç ôïõ ãñÜöïõ, îåêéíÜ ç åîïìïSSùóç ôïõ êÜèå áëãïñSSèìïõ åíçìÝñùóçò. Ç åîïìïSSùóç ìáò ãSSíåôáé óå âÞìáôá (turn based simulation). Óå êÜèå âÞìá ôïõ simulation ï êÜèå ðñÜêôïñáò ìðïñåSS íá åêôåëÝóåé êÜðïéá áðü ôéò åîÞò ëåéôïõñãSSåò :

• Íá áëëÜîåé èÝóç ìå äïóìÝíç ðéèáíüôçôá P_{move}.

• Íá œñçóéìïðïéÞóåé ìéá õðçñåóSSá óôçí cache ìå ðéèáíüôçôá P_{use}. Áí äåí âñåèåSS ï ðñÜêôïñáò ðïõ ðáñÝœåé áõôÞ ôçí õðçñåóSSá ôüôå îåêéíÜ áõôïìÜôùò äéáäéêáóSSá on-demand pull.

• Íá ðñïóèÝóåé/áíôéêáôáóôÞóåé/óâÞóåé ìéá õðçñåóSSá áðü ôçí cache ôïõ me ðéèáíüôçôá P_{change}.

• Íá åêôåëÝóåé êÜðïéï ðåñéïäéêü pull, áíÜëïãá ìå ôïí áëãüñéèìï áíáæÞôçóçò ðïõ œñçóéìïðïéïýìå.

• Íá óâÞóåé êÜðïéá čëçãìÝíçď (expired) êáôáœþñçóç áðü ôï snooping directory. • Íá óâÞóåé êÜðïéá čëçãìÝíçď êáôáœþñçóç (ëüãù lease time) áðü ôçí inverted cache. • Ná ìçí êÜíåé ôSSðïôá (sleep).

Ìðïñïýìå íá åîïìïéþóïõìå ïðïéïäÞðïôå óõíäõáóìü ôùí ìåèüäùí push êáé pull ðïõ ðåñéãñÜøáìå óôï êåöÜëáéï 5. Óôá ðåéñÜìáôÜ ìáò ìðïñïýìå íá ìåôáâÜëïõìå êÜèå ðáñÜìåôñï ðïõ åðçñåÜæåé ôá œáñáêôçñéóôéêÜ ôïõ äéêôýïõ ðïõ ðñïêýðôåé, ôçí óõìðåñéöïñÜ êÜèå ðñÜêôïñá, êáèþò êáé ôçí áðüäïóç êÜèå áëãïñSSèìïõ þóôå íá åêôéìÞóïõìå ôéò åðéðôþóåéò ôùí áëëáãþí áõôþí óôï óýóôçìá. Ïé ðáñÜìåôñïé áõôïSS åSSíáé:

• Ï áñéèìüò ôùí ðñáêôüñùí óôï óýóôçìá.

• Ôï ìÝãåèïò ôçò cache Ê.

• Ôïí åëÜœéóôï, ìÝãéóôï êáé ìÝóï áñéèìü resources ðïõ êáôÝœåé êÜèå ðñÜêôïñáò. • Ôçí êáôáíïìÞ ôùí äçìïöéëþí resources (ðüóåò åSSíáé, ðüóï ðéï äçìïöéëåSSò åSSíáé). • Ôçí ðéèáíüôçôá íá ìåôáêéíçèåSS êÜðïéïò ðñÜêôïñáò óå êÜèå ãýñï P_{move}. • Ôçí ðéèáíüôçôá íá œñçóéìïðïéÞóåé Ýíá resource P_{use}.

• Ãéá ôïí áëãüñéèìï teeming ìå decay ðïõ œñçóéìïðïéåSSôáé óôï push/pull (êåö. 3.4) Ç ðáñÜìåôñïò decay d. Ôï ìÝãéóôï âÜèïò T T L.

• Ãéá ôïí áëãüñéèìï push ìå êáôáëüãïõò snooping (êåö. 5.3.2).

Expiration time óôïí êáôÜëïãï snooping. ÐåñSSïäïò ôïõ periodic pulling.

• Ãéá ôïí áëãüñéèìï Inverted cache push/pull ìå leasing.

Ï œñüíïò ôïõ lease ðïõ åêäSSäåé ï éäéïêôÞôçò ôçò õðçñåóSSáò. Ç ðéèáíüôçôá íá ãSSíåé áíáíÝùóç ç ìSSóèùóç ðñéí ëÞîåé.

ÊáôÜ ôçí äéÜñêåéá ôçò åîïìïSSùóçò, äéáôçñïýìå óôáôéóôéêÜ ðïõ áöïñïýí:

• ôïí öüñôï ìçíõìÜôùí ðïõ ðñïêáëåSSôáé áðü ôïõò áëãïñSSèìïõò push êáé pull îåœùñéóôÜ • ôï ðïóïóôü ôçò cache ðïõ åSSíáé Ýãêõñï óå êÜèå âÞìá • ôï åëÜœéóôï, ìÝóï êáé ìÝãéóôï ìÝãåèïò ôùí êáôáëüãùí snooping êáé inverted cache • ôï ðüóï ãñÞãïñá (óå ðüóá hops) öôÜíåé ç åíçìÝñùóç êáôÜ ìÝóï üñï êáôÜ ôï push • ðüóïé ðñÜêôïñåò ìáèáSSíïõí óå êÜèå hop ôçí åíçìÝñùóç (óå ðüóïõò ðñÜêôïñåò öôÜíåé ôï ìÞíõìá push óå êÜèå âÞìá ôïõ äÝíôñï (óœÞìá 3.2)

ÔÝëïò èá ðñÝðåé íá áíáöåñèåSS üôé óå üëåò ôéò åîïìïéþóåéò, êñáôÞóáìå óœåôéêÜ œáìçëÜ ôçí ðéèáíüôçôá Ýíáò ðñÜêôïñáò íá œñçóéìïðïéÞóåé ìéá õðçñåóSSá. Áõôü ãéáôSS èÝëáìå íá êñáôÞóïõìå óå œáìçëü åðSSðåäï ôéò åðéðôþóåéò ôùí on-demand pulls êáé íá åðéêåíôñùèïýìå óôá áðïôåëÝóìáôá áõôþí êáèåáõôþí ôùí áëãïñSSèìùí åíçìÝñùóçò.

Ôá áðïôåëÝóìáôá ðïõ èá ðáñïõóéÜóïõìå ðáñáêÜôù åSSíáé ãéá Ýíá äSSêôõï 1000 ðñÜêôïñåò ðïõ êáôÝœïõí 3000 õðçñåóSSåò (resources). ÁöÞíïõìå ôçí åîïìïSSùóç íá ôñÝîåé ãéá 250 âÞìáôá. Ïé äçìïöéëÞò ðñÜêôïñåò åSSíáé ëSSãïé (2%) áëëÜ åSSíáé äÝêá öïñÝò ðåñéóóüôåñï ãíùóôïSS. Ôá áðïôåëÝóìáôá ðñïêýðôïõí ðáSSñíïíôáò ôïí ìÝóï üñï áñêåôþí åêôåëÝóåùí ôïõ êÜèå ðåéñÜìáôïò.

5.4.2 Áðëü push/pull

ÐåéñáìáôéóôÞêáìå ìå áñêåôïýò áëãïñSSèìïõò ãéá ôï ‚ooding ôïõ áðëïý push (ð.œ. teeming, random paths). Èá ðáñïõóéÜóïõìå ôá áðïôåëÝóìáôá œñçóéìïðïéþíôáò ôïí áëãüñéèìï teeming ìå decay ðïõ ðáñïõóSSáóå ôá êáëýôåñá áðïôåëÝóìáôá üóïí áöïñÜ ôïí öüñôï ìçíõìÜôùí êáé ôçí áðïôåëåóìáôéêüôçôá åíçìÝñùóçò. ŒñçóéìïðïéÞóáìå ôçí óõíÜñôçóç decay: ffi = (1 − d)^s, üðïõ ffi åSSíáé ç ðéèáíüôçôá íá ðñïùèÞóïõìå ôïí ìÞíõìá óå Ýíáí ãåSSôïíá, s ôï âÜèïò ôïõ ìçíýìáôïò êáé d ç ðáñÜìåôñïò decay. ÿôóé ôï ìÝãåèïò ôïõ õðïóõíüëïõ ðïõ åðéëÝãåôáé êÜèå öïñÜ ãéá ôçí ðñïþèçóç ôïõ ìçíýìáôïò ìåéþíåôáé åêèåôéêÜ ìå ôï âÜèïò ôçò åíçìÝñùóçò. Êáé ìÜëëéóôá, üóï ìåãáëýôåñç åSSíáé ç ðáñÜìåôñïò decay, ôüóï ðéï ãñÞãñá ãSSíåôáé áõôÞ ç åêèåôéêÞ ìåSSùóç. Ãéá d = 0 ï áëãüñéèìïò teeming with decay åSSíáé ïõóéáóôéêÜ ï áëãüñéèìïò plain ‚ooding. ÅðåéäÞ ôï ìÞíõìá ðÜíôá ðñïùèåSSôáé óå ôïõëÜœéóôïí Ýíáí ãåSSôïíá (ìÝœñé íá ëÞîåé ôï TTL), ãéá d = 1 ï áëãüñéèìïò ôáõôSSæåôáé ìå ôïí K-random paths.

5.4.2.1 Óõœíüôçôá ìåôáêSSíçóçò (êéíçôéêüôçôá)

ĳðùò öáSSíåôáé óôï óœÞìá 5.6a, üôáí ïé ðñÜêôïñåò ìåôáêéíïýíôáé óõœíÜ ôï ðïóïóôü ôùí Ýãêõñùí åããñáöþí óôçí cache ìåéþíåôáé ðéï ãñÞãïñá. Áõôü åSSíáé öõóéêü áöïý ìåãáëýôåñç êéíçôéêüôçôá óçìáSSíåé ãåíéêüôåñá Ýíá ðéï äõíáìéêü äSSêôõï üðïõ œñåéÜæåôáé óõœíüôåñåò åíçìåñþóåéò. ÿôóé, óå äSSêôõá ðïõ õðÜñœïõí ðïëëÝò ìåôáêéíÞóåéò, ðñÝðåé íá åêôåëÝóïõìå Ýíá ðéï åõñý push ‚ooding áí èÝëïõìå íá äéáôçñÞóïõìå ôçí ðïéüôçôá ôïõ äéêôýïõ óå õøçëÜ åðSSðåäá.

ĳðùò öáSSíåôáé óôï óœÞìá 5.6b ç óõœíüôçôá ìåôáêSSíçóçò åðéöÝñåé áýîçóç óôïí áñéèìü ôùí

ÓœÞìá 5.6: áðëü push/pull - óõœíüôçôá ìåôáêSSíçóçò

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò (âÞìá) ãéá äéáöïñåôéêÝò ôéìÝò ôçò ðéèáíüôçôáò ìåôáêSSíçóçò. b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá äéáöïñåôéêÝò óõœíüôçôåò ìåôáêSSíçóçò. Ìåãáëýôåñåò ôéìÝò óôçí óõœíüôçôá ìåôáêSSíçóçò óçìáSSíïõí üôé óå êÜèå ãýñï ìåôáêéíïýíôáé ðåñéóóüôåñïé ðñÜêôïñåò.

ìçíõìÜôùí. Ç áýîçóç ðñïêáëåSSôáé êõñSSùò ëüãù ôùí ìçíõìÜôùí push, áöïý êÜèå öïñÜ ðïõ ìåôáêéíåSSôáé Ýíáò ðñÜêôïñáò êÜíåé push óôï äSSêôõï. Ï ñõèìüò ôçò áýîçóçò åSSíáé ãñáììéêüò óå óœÝóç ìå ôçí óõœíüôçôá ìåôáêSSíçóçò. Ðáñüëá áõôÜ, ðáñáôçñïýìå üôé ìåôÜ áðü Ýíá óçìåSSï ï ñõèìüò áõôüò ðÝöôåé (ðœ ãéá ôéìÝò > 0:006). Áõôü óõìâáSSíåé ãéáôSS ãéá ìåãÜëåò óõœíüôçôåò ìåôáêSSíçóçò, ç ðïéüôçôá ôïõ äéêôýïõ äåí åSSíáé ðïëý êáëÞ (üðùò öáSSíåôáé óôï 5.6a) ïðüôå êáé ïé áëãüñéèìïé push/pull äåí ìðïñïýí íá äïõëÝøïõí áðïôåëåóìáôéêÜ (äåí ìðïñåSS íá âñåèåSS áñêåôÜ ìåãÜëï õðïóýíïëï ãåéôüíùí ãéá íá ðñïùèçèåSS ôï ìÞíõìá).

5.4.2.2 Óõœíüôçôá œñÞóçò õðçñåóéþí

ĳðùò öáSSíåôáé óôï óœÞìá 5.7a, üóï ðåñéóóüôåñï œñçóéìïðïéåSSôáé ìéá õðçñåóSSá ôüóï ðåñéóóüôåñá on-demand pull ãSSíïíôáé êáé Üñá ôï ðïóïóôü ôùí ìç-Ýãêõñùí åããñáöþí cache åSSíáé ìéêñüôåñï. ÿôóé óõœíüôåñç œñÞóç êÜðïéáò õðçñåóSSáò óçìáSSíåé üôé õðÜñœåé ìéêñÞ ðéèáíüôçôá íá âñåèåSS ìéá ìç-Ýãêõñç åããñáöÞ ôçò.

ĳðùò öáSSíåôáé óôï óœÞìá 5.7b üóï óõœíüôåñá œñçóéìïðïéïýíôáé ïé õðçñåóSSåò, ôüóï ðåñéóóüôåñåò öïñÝò ãSSíïíôáé on-demand pull êáé Üñá ôüóï ðåñéóóüôåñá ìçíýìáôá óôÝëíïíôáé. Ç áýîçóç áõôÞ åSSíáé õðï-ãñáììéêÞ ùò ðñïò ôçí óõœíüôçôá œñÞóçò, áõôü óõìâáSSíåé êõñSSùò ãéáôSS üóï ìåãáëýôåñç åSSíáé ç ðéèáíüôçôá œñÞóçò, ôüóï êáëýôåñá åíçìåñùìÝíï åSSíáé ôï äSSêôõï êáé Üñá äåí œñåéÜæïíôáé ãñáììéêÜ ðåñéóóüôåñá pulls.

ÓœÞìá 5.7: áðëü push/pull - óõœíüôçôá œñÞóçò ìéáò õðçñåóSSáò

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò (âÞìá) ãéá äéáöïñåôéêÝò ôéìÝò ôçò ðéèáíüôçôáò œñÞóçò ìéáò õðçñåóSSáò (êáôÜ óõíÝðåéá êáé óõœíüôçôá on-demand pull) b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá äéáöïñåôéêÝò óõœíüôçôåò œñÞóçò.

5.4.2.3 Åýñïò ôïõ ‚ooding

ÌåôáâÜëëïíôáò ôçí ðáñÜìåôñï decay êáé ôï ìÝãéóôï áñéèìü âçìÜôùí t, ìðïñïýíå íá åëÝãîïõìå ôï åýñïò ôïõ push üðùò áíáöÝñáìå óôï êåöÜëáéï 5.3.1. ŒñçóéìïðïéÞóáìå äéÜöïñåò ôéìÝò ãéá íá åîïìïéþóïõìå ôçí óõìðåñéöïñÜ ôùí áëãïñSSèìùí push êáé ãéá íá ðáñïõóéÜóïõìå ôá áðïôåëÝóìáôá ôéò œùñSSóáìå óå ôÝóóåñéò êáôçãïñSSåò ðïõ öáSSíïíôáé óôïí ðSSíáêá 5.1. Ãéá ôïí áëãüñéèìï on-demand pull œñçóéìïðïéÞóáìå ôáí áëãüñéèìï k-random paths ìå t = 3.

Åýñïò ôïõ push d t Full ‚ooding 0.0 5 Wide ‚ooding 0.2 5 Medium ‚ooding 0.3 5 Narrow ‚ooding 0.4 4

ÐSSíáêáò 5.1: Ïé ðáñÜìåôñïé ôïõ push. d = ðáñÜìåôñïò decay, t time to live (TTL) ĳóï ìéêñü åSSíáé ôï d êáé

üóï ðéï ìåãÜëï ôï t ôüóï ðéï čåõñýď ôï push ‚ooding.

Óôï óœÞìá 5.8a âëÝðïõìå üôé ôï åýñïò ôïõ push ðáSSæåé óçìáíôéêü ñüëï óå üôé áöïñÜ ôçí åíçìÝñùóç ôùí ðñáêôüñùí ãéá êÜðïéá ìåôáêSSíçóç. ÿôóé áí êÜíïõìå Ýíá ðïëý ðåñéïñéóìÝíï push, óôï ôÝëïò ôçò åîïìïSSùóçò èá Ýœïõìå ìüëéò ôï 10% ôùí cache åíçìåñùìÝíï. ÁíôSSèåôá, âëÝðïõìå üôé ãéá Ýíá åõñý push (full, wide) ç ðëåéïøçöSSá ôùí åããñáöþí óôçí cache ðáñáìÝíåé åíçìåñùìÝíç (ðÜíù áðü 90%).

ÓœÞìá 5.8: áðëü push/pull - åýñïò ôïõ push

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò (âÞìá) ãéá äéáöïñåôéêü åýñïò ôïõ push. b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá ãéá äéáöïñåôéêü åýñïò ôïõ push.

Ðáñüëá áõôÜ, Ýíá åõñý push óçìáSSíåé êáé ìåãÜëï üãêï ìçíõìÜôùí (óœÞìá 5.8b). Ðáñáôçñïýìå üôé ï áñéèìüò ìçíõìÜôùí áõîÜíåôáé åêèåôéêÜ. ÿôóé, Ýíá čwideď push Ýœåé óœåäüí ôá SSäéá áðïôåëÝóìáôá óôçí ðïéüôçôá ôçò cache ìå Ýíá čfullď push, üìùò ç äéáöïñÜ óôï êüóôïò ôùí ìçíõìÜôùí åSSíáé ðïëý ìåãÜëç (áðáéôïýíôáé ëéãüôåñï áðü ôá ìéóÜ ìçíýìáôá). ÐñÝðåé ëïéðüí íá ãSSíåé óùóôÞ åðéëïãÞ ôùí ðáñáìÝôñùí ôïõ ‚ooding.

ÔÝëïò, üôáí ðåñéïñSSæïõìå ôï push, ðåñéïñSSæïõìå ôáõôüœñïíá êáé ôïí áñéèìü ôùí ìçíõìÜôùí ôïõ pull. Áõôü óõìâáSSíåé ãéáôSS ìå Ýíá ðïëý ðåñéïñéóìÝíï push ç ðïéüôçôá ôïõ äéêôýïõ åSSíáé áñêåôÜ êáêÞ ìå áðïôÝëåóìá íá ìçí ìðïñåSS íá äïõëÝøåé áðïôåëåóìáôéêÜ ïýôå ï áëãüñéèìïò pull.

5.4.2.4 ÌÝãåèïò ôçò cache

Ôï ìÝãåèïò ôçò cache åðçñåÜæåé ôçí áðüäïóç ôïõ áëãïñSSèìïõ push/pull. Áõôü óõìâáSSíåé ãéáôSS üôáí ï êÜèå ðñÜêôïñáò Ýœåé ðåñéóóüôåñïõò ãåSSôïíåò (ðéï ðõêíüò ãñÜöïò) ðñÝðåé êÜèå öïñÜ íá ðñïùèåSS ôï ìÞíõìá óå ðåñéóóüôåñïõò ðñÜêôïñåò. ĳðùò öáSSíåôáé óôï óœÞìá 5.9a, ãéá ðïëý áñáéÜ ãñáöÞìáôá ðñÝðåé íá œñçóéìïðïéÞóïõìå ðéï åõñý push áí èÝëïõìå íá Ýœïõìå áðïôåëåóìáôéêÞ åíçìÝñùóç.

ĳìùò, óå ðõêíÜ äSSêôõá ï áñéèìüò ôùí ìçíõìÜôùí áõîÜíåôáé êáé ìÜëéóôá åêèåôéêÜ (óœÞìá 5.9b). ÿôóé êáëü åSSíáé íá ñõèìSSæïõìå ôéò ðáñáìÝôñïõò ôïõ push áíÜëïãá ìå ôï

ÓœÞìá 5.9: áðëü push/pull - ìÝãåèïò ôçò cache

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò ãéá äéáöïñåôéêü ìÝãåèïò ôçò cache (K). b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá äéáöïñåôéêü ìÝãåèïò ôçò cache (K)

ìÝãåèïò ôïõ äéêôýïõ.

5.4.2.5 Ðéèáíüôçôá åýñåóçò ìéáò ôõœáSSáò õðçñåóSSáò

ÓœÞìá 5.10: áðëü push/pull - ôõœáSSá áíáæÞôçóç

Ôï ðïóïóôü ôùí áíáæçôÞóåùí ðïõ ôï áðïôÝëåóìá âñÝèçêå óå âÜèïò 1, âÜèïò 2..., êáèþò êáé ôï ðïóïóôü ôùí áíáæçôÞóåùí ðïõ äåí åðÝóôñåøáí óùóôü áðïôÝëåóìá. Ïé áíáæçôÞóåéò ãSSíïíôáé ìåôÜ ôï ôÝëïò ôïõ simulation ôïõ áëãïñSSèìïõ åíçìÝñùóçò plain push/pull

Óôï äSSêôõï ðïõ ðñïêýðôåé ìåôÜ áðü ôï ôÝëïò ôçò åîïìïSSùóçò êÜíïõìå áíáæçôÞóåéò ôõœáSSùí õðçñåóéþí áðü ôõœáSSïõò ðñÜêôïñåò. ÈÝëïõìå íá äïýìå ôï ðùò ïé áëãüñéèìïé åíçìÝñùóçò åðçñåÜæïõí ôï äSSêôõï üóïí áöïñÜ ôéò áíáæçôÞóåéò. Óôï óœÞìá 5.10 ðáñïõóéÜæåôáé ç ðéèáíüôçôá íá âñïýìå ôåëéêÜ ôçí õðçñåóSSá êáé ìÜëéóôá óôçí ðåñSSðôùóç ðïõ âñåèåSS, óå ôé âÜèïò áíáæÞôçóçò âñÝèçêå. ÿôóé, áí œñçóéìïðïéÞóïõìå Ýíá narrow push ãéá ôçí åíçìÝñùóç óôï äSSêôõï ðáñáôçñïýìå üôé ç ðéèáíüôçôá íá âñåèåSS êÜðïéá õðçñåóSSá ìåôÜ åSSíáé ðïëý ìéêñÞ.

ĳóï ðéï åõñý push œñçóéìïðïéïýìå ôüóï ðéï ìåãÜëç åSSíáé ç ðéèáíüôçôá íá âñïýìå êÜðïéá õðçñåóSSá. ÌÜëéóôá, üóï ðéï åõñý push êÜíïõìå, ôüóï ðéï íùñSSò èá âñåèåSS ç áíáæçôïýìåíç ðëçñïöïñSSá (óôá ðñþôá âÞìáôá ôïõ áëãïñSSèìïõ áíáæÞôçóçò).

5.4.3 Push/pull ìå êáôáëüãïõò snooping

Óôçí åîïìïSSùóç ôïõ áëãïñSSèìïõ áõôïý ïé ðñÜêôïñåò êÜíïõí ðåñéïäéêü pull óå ïëüêëçñç ôçí 2-hop ãåéôïíéÜ ôïõò. Œñçóéìïðïéïýìå ôïí SSäéï áëãüñéèìï push ìå ðñéí Ýôóé þóôå íá Ýœïõìå óõãêñSSóéìá áðïôåëÝóìáôá. Óôïí áëãüñéèìï áõôü, ðÝñá áðü ôá áðïôåëÝóìáôá ðïõ áöïñïýí ôçí ðïéüôçôá ôïõ äéêôýïõ êáé ôïí öüñôï ìçíõìÜôùí, ìáò åíäéáöÝñåé êáé ôï ìÝãåèïò ôïõ êáôáëüãïõ snooping.

5.4.3.1 Óõœíüôçôá ìåôáêSSíçóçò (êéíçôéêüôçôá)

ÓœÞìá 5.11: push ìå êáôáëüãïõò snooping - óõœíüôçôá ìåôáêSSíçóçò

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò (âÞìá) ãéá äéáöïñåôéêÝò ôéìÝò ôçò ðéèáíüôçôáò ìåôáêSSíçóçò. b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá äéáöïñåôéêÝò óõœíüôçôåò ìåôáêSSíçóçò.Ìåãáëýôåñåò ôéìÝò óôçí óõœíüôçôá ìåôáêSSíçóçò óçìáSSíïõí üôé óå êÜèå ãýñï ìåôáêéíïýíôáé ðåñéóóüôåñïé ðñÜêôïñåò.

Óôï óœÞìá 5.11 âëÝðïõìå üôé ï áëãüñéèìïò áõôüò óõìðåñéöÝñåôáé ðáñüìïéá ìå ôïí ðñïçãïýìåíï üóïí áöïñÜ ôçí êéíçôéêüôçôá. ĳìùò, ôá êáôáöÝñíåé êáëýôåñá üóïí áöïñÜ ôçí ðïéüôçôá ôïõ äéêôýïõ áëëÜ üðùò ðáñáôçñïýìå ôï êüóôïò ôùí ìçíõìÜôùí åSSíáé áõîçìÝíï ëüãù ôùí ðåñéïäéêþí pulls. Óõíåðþò, ç œñÞóç ôïõ áëãïñSSèìïõ áõôïý óõìöÝñåé üôáí Ýœïõìå áñêåôÝò ìåôáêéíÞóåéò ðïõ äéêáéïëïãïýí ôï áõîçìÝíï êüóôïò ôïõ ðåñéïäéêïý pull (óå óœÝóç ìå ôï push). Áí Ýœïõìå ðïëý ëSSãåò ìåôáêéíÞóåéò, SSóùò åSSíáé êáëýôåñï íá œñçóéìïðïéÞóïõìå áðëü push/pull ðïõ ðñïêáëåSS öüñôï ìçíõìÜôùí êõñSSùò üôáí ìåôáêéíïýíôáé ðñÜêôïñåò.

ÓœÞìá 5.12: push ìå êáôáëüãïõò snooping - óõœíüôçôá ìåôáêSSíçóçò

Ôï ìÝóï ìÝãåèïò ôïõ êáôáëüãïõ snooping ðïõ êñáôÜ êÜèå ðñÜêôïñáò ãéá äéáöïñåôéêÝò óõœíüôçôåò ìåôáêSSíçóçò

Óôï óœÞìá 5.12 âëÝðïõìå üôé ôï ìÝãåèïò ôïõ êáôáëüãïõ snooping åîáñôÜôáé áðü ôçí óõœíüôçôá ôùí ìåôáêéíÞóåùí óôï äSSêôõï. Áõôü åSSíáé öõóéêü áí óêåöôåSS êáíåSSò üôé üóï ðåñéóóüôåñåò ìåôáêéíÞóåéò Ýœïõìå, ôüóï ðåñéóóüôåñåò ìåôáêéíÞóåéò èá ìáèáSSíåé êÜèå ðñÜêôïñáò êáé Üñá ôüóï ðåñéóóüôåñåò åããñáöÝò èá ðñÝðåé íá ðñïóèÝôåé óôïõò êáôáëüãïõò snooping. Ç áýîçóç áõôÞ ãSSíåôáé ìå ãñáììéêü ôñüðï.

5.4.3.2 Åýñïò ôïõ push

ÓœÞìá 5.13: push ìå êáôáëüãïõò snooping - åýñïò ôïõ push

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò (âÞìá) ãéá äéáöïñåôéêü åýñïò ôïõ push. b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá ãéá äéáöïñåôéêü åýñïò ôïõ push.

Ôï åýñïò ôïõ push (óœÞìá 5.13a) åðçñåÜæåé ôçí ðïéüôçôá ôïõ äéêôýïõ ìå ðáñüìïéï ôñüðï óå óœÝóç ìå ôï áðëü push/pull (åéê 5.8a). Ç äéáöïñÜ åäþ åSSíáé üôé ðåôõœáSSíïõìå êáëýôåñç ðïéüôçôá äéêôýïõ œñçóéìïðïéþíôáò ôéò SSäéåò ðáñáìÝôñïõò (ðSSíáêáò 5.1). ÿôóé âëÝðïõìå üôé áêüìá êáé Ýíá čnarrowď push áñêåSS ãéá íá êñáôÞóïõìå ôçí ðëåéïøçöSSá ôçò cache Ýãêõñç óôï ôÝëïò ôçò åîïìïSSùóçò. Åíôïýôïéò, üðùò ðáñáôçñïýìå óôçí åéêüíá 5.13b ï üãêïò ôùí ìçíõìÜôùí ðïõ áíôáëëÜóóïíôáé Ýœåé áõîçèåSS óå óœÝóç ìå ôï áðëü push/pull (åéê 5.8b). Áõôü óõìâáSSíåé êõñSSùò ëüãù ôùí ðåñéïäéêþí pull ðïõ ãSSíïíôáé óôï äSSêôõï.

Áí óõãêñSSíïõìå ôá áðïôåëÝóìáôá ôïõ áðëïý push/pull (óœÞìá 5.8) êáé ôïõ push ìå êáôáëüãïõò snooping (åéê 5.13) ðáñáôçñïýìå üôé áí œñçóéìïðïéÞóïõìå snooping directories êáé ðåñéïäéêÜ pulls ìðïñïýìå íá ðåôýœïõìå ôçí SSäéá ðïéüôçôá äéêôýïõ œñçóéìïðïéþíôáò ëéãüôåñï åõñý push. Ãéá ðáñÜäåéãìá, ìðïñïýìå íá œñçóéìïðïéÞóïõìå Ýíá čmediumď snooping push êáé íá ðåôýœïõìå ôçí SSäéá óõíÝðåéá óôçí cache ìå Ýíá full áðëü push/pull. ÿôóé ðåôõœáSSíïõìå ôï SSäéï áðïôÝëåóìá œñçóéìïðïéþíôáò ìéá ôÜîç ëéãüôåñá ìçíýìáôá üðùò öáSSíïíôáé êáé óôéò åéêüíåò 5.13b êáé åéê 5.8b.

ÓõìðåñáóìáôéêÜ, ç œñÞóç ôùí êáôáëüãùí snooping êáé ôùí ðåñéïäéêþí pull ìáò åðéôñÝðåé íá äéáôçñÞóïõìå éäéá óõíÝðåéá óôéò cache ôùí ðñáêôüñùí œñçóéìïðïéþíôáò ðïëý ëéãüôåñá ìçíýìáôá óå óœÝóç ìå ôï áðëü push/pull. ÖõóéêÜ õðÜñœåé ôï êüóôïò ôçò ìíÞìçò ðïõ áðáéôåSSôáé ãéá ôçí äéáôÞñçóç ôùí snooping directories.

ÓœÞìá 5.14: push ìå êáôáëüãïõò snooping - åýñïò ôïõ push

Ôï ìÝóï ìÝãåèïò ôïõ êáôáëüãïõ snooping ðïõ êñáôÜ êÜèå ðñÜêôïñáò ãéá äéáöïñåôéêÝò ðáñáìÝôñïõò ôïõ push

Óôï óœÞìá 5.14 âëÝðïõìå üôé ôï åýñïò ôïõ áëãïñSSèìïõ push åðçñåÜæåé êáôÜ ðïëý ôï ìÝãåèïò ôùí êáôáëüãùí snooping ðïõ êñáôÜ êÜèå ðñÜêôïñáò. Áõôü óõìâáSSíåé ãéáôSS üóï ðéï åõñý push œñçóéìïðïéïýìå, ôüóï ðåñéóóüôåñïõò ðñÜêôïñåò åíçìåñþíïõìå êáé Üñá ôüóï ðåñéóóüôåñïé ðñïóèÝôïõí åããñáöÝò óôïõò êáôáëüãïõò snooping. ÂëÝðïõìå üôé ç áýîçóç áõôÞ åSSíáé áñœéêÜ åêèåôéêÞ áëëÜ ìåôÜ óôáèåñïðïéåSSôáé ëüãù ôùí ðåñéïñéóìþí ðïõ èÝóáìå óôïí áëãüñéèìï snooping (expiration êôë).

5.4.3.3 Ðéèáíüôçôá åýñåóçò ìéáò ôõœáSSáò õðçñåóSSáò

ÓœÞìá 5.15: push ìå êáôáëüãïõò snooping - ôõœáSSá áíáæÞôçóç

Ôï ðïóïóôü ôùí áíáæçôÞóåùí ðïõ ôï áðïôÝëåóìá âñÝèçêå óå âÜèïò 1, âÜèïò 2..., êáèþò êáé ôï ðïóïóôü ôùí áíáæçôÞóåùí ðïõ äåí åðÝóôñåøáí óùóôü áðïôÝëåóìá. Ïé áíáæçôÞóåéò ãSSíïíôáé ìåôÜ ôï ôÝëïò ôïõ simulation ôïõ áëãïñSSèìïõ åíçìÝñùóçò push ìå êáôáëüãïõò snooping

Ðáñáôçñïýìå üôé ç ýðáñîç êáôáëüãùí snooping ïäçãåSS óå ðïëý êáëÜ áðïôåëÝóìáôá (óœÞìá 5.15). Óôéò ðåñéóóüôåñåò ôùí ðåñéðôþóåùí ç ðëçñïöïñSSá âñSSóêåôáé óôï ðñþôï Þ êáé óôï äåýôåñï âÞìá ôïõ áëãïñSSèìïõ áíáæÞôçóçò. Áõôü ãSSíåôáé ãéá äýï ëüãïõò: Ëüãù ôçò êáëýôåñçò óõíÝðåéáò óôï äSSêôõï êáé ëüãù ôïõ üôé ìðïñåSS íá âñåèåSS ðëçñïöïñSSá êáé óôïõò êáôáëüãïõò snooping. Ïé êáôÜëïãïé snooping ëåéôïõñãïýí äçëáäÞ óáí Ýíá åSSäïò ðñïóùñéíþí áíôéãñÜöùí (replicas).

5.4.3.4 Expiration time óôïí êáôÜëïãï snooping

Óôï óœÞìá 5.16a âëÝðïõìå üôé ôï expiration time äåí åðçñåÜæåé êáôÜ ðïëý ôçí áðüäïóç ôïõ áëãïñSSèìïõ üóïí áöïñÜ ôçí ðïéüôçôá ôùí cache. ĳìùò ðáSSæåé óçìáíôéêü ñüëï óôïí áñéèìü ìçíõìÜôùí pull (åéê 5.16b) áöïý üóï ìéêñüôåñï åSSíáé ôï expiration time ôüóï óõœíüôåñá ðñÝðåé íá ãSSíïíôáé ðåñéïäéêÜ pull. ĳðùò åSSíáé öõóéêü, ôï expiration time åðçñåÜæåé åðSSóçò ôï ìÝãåèïò ôùí êáôáëüãùí snooping üðùò öáSSíåôáé êáé óôçí åéêüíá 5.17.

ÓœÞìá 5.16: push ìå êáôáëüãïõò snooping - expiration time

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò (âÞìá) ãéá äéáöïñåôéêü expiration time óôïõò êáôáëüãïõò snooping. b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá ãéá äéáöïñåôéêü expiration time.

ÓœÞìá 5.17: push ìå êáôáëüãïõò snooping - expiration time

Ôï ìÝóï ìÝãåèïò ôïõ êáôáëüãïõ snooping ðïõ êñáôÜ êÜèå ðñÜêôïñáò ãéá äéáöïñåôéêÝò ôéìÝò ôïõ expiration time

ÿôóé ôSSèåôáé Ýíá èÝìá åðéëïãÞò. ÐñÝðåé íá åðéëÝîïõìå áíÜìåóá óå ìåãÜëï expiration time ðïõ óçìáSSíåé ëSSãá ìçíýìáôá periodic pull áëëÜ ìåãÜëïõò êáôáëüãïõò snooping êáé óå ìéêñü expiration time ðïõ óçìáSSíåé ðïëëÜ ìçíýìáôá êáé ìéêñïýò êáôáëüãïõò.

5.4.4 Inverted cache push/pull

ÕëïðïéÞóáìå ôïí áëãüñéèìï áõôü œñçóéìïðïéþíôáò êáé ôçí ìÝèïäï leasing. ÊÜèå ðñÜêôïñáò ãéá íá ðñïóèÝóåé ìéá õðçñåóSSá óôçí cache åíçìåñþíåé ôïí éäéïêôÞôç ôçò êáé áõôüò áðáíôÜ ìå Ýíá lease time ðïõ åSSíáé óôáèåñü ãéá üëïõò ôïõò ðñÜêôïñåò. Ïé ðñÜêôïñåò äåí áíáíåþíïõí ôá lease times ðáñáìüíï áí œñåéáóôåSS íá œñçóéìïðïéÞóïõí ôçí õðçñåóSSá îáíÜ. ÔÝëïò ïé ðñÜêôïñåò óâÞíïõí åããñáöÝò áðü ôçí inverted cache ìüíï áí ç ìíÞìç îÝðåñÜóåé Ýíá (Üíù) êáôþöëé.

5.4.4.1 Óõœíüôçôá ìåôáêSSíçóçò (êéíçôéêüôçôá)

ÓœÞìá 5.18: inverted cache push/pull - óõœíüôçôá ìåôáêSSíçóçò

a) Ôï ðïóïóôü ôçò cache ðïõ ðáñáìÝíåé Ýãêõñï êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò (âÞìá) ãéá äéáöïñåôéêÝò ôéìÝò ôçò ðéèáíüôçôáò ìåôáêSSíçóçò. b) Ï óõíïëéêüò áñéèìüò ìçíõìÜôùí ðïõ óôÜëèçêáí ãéá ôçí åíçìÝñùóç ãéá äéáöïñåôéêÝò óõœíüôçôåò ìåôáêSSíçóçò.Ìåãáëýôåñåò ôéìÝò óôçí óõœíüôçôá ìåôáêSSíçóçò óçìáSSíïõí üôé óå êÜèå ãýñï ìåôáêéíïýíôáé ðåñéóóüôåñïé ðñÜêôïñåò.

Óôï óœÞìá 5.18b ðáñáôçñïýìå üôé ï áëãüñéèìïò áõôüò Ýœåé ðïëý ìéêñüôåñï öüñôï ìçíõìÜôùí óå óœÝóç ìå ôïõò ðñïçãïýìåíïõò äõï. ÿôóé áêüìá êáé üôáí Ýœïõìå ðïëý óõœíÝò ìåôáêéíÞóåéò ôá ìçíýìáôá ðïõ œñåéáæüìáóôå åSSíáé ðïëý ëSSãá. Ï ëüãïò ðïõ äåí õðÜñœåé ïõóéáóôéêÞ áýîçóç åSSíáé üôé üôáí áõîÜíïíôáé ïé ìåôáêéíÞóåéò, áõîÜíïíôáé ôá ìçíýìáôá push. ĳìùò, óôïí áëãüñéèìï áõôü œñåéáæüìáóôå ðïëý ëSSãá ìçíýìáôá push (åíçìåñþíïõìå ìüíï ôïõò ðñÜêôïñåò óôçí áðëÞ êáé óôçí inverted cache). ÔÝëïò ïé ìåôáêéíÞóåéò åðçñåÜæïõí ìå ðáñüìïéï ôñüðï óå óœÝóç ìå ôïõò ðñïçãïýìåíïõò áëãïñSSèìïõò ôï ðïóïóôü ôùí Ýãêõñùí êáôáœùñÞóåùí óôéò cache.

5.4.4.2 Óõœíüôçôá cache replacements

Ãéá ðñþôç öïñÜ âëÝðïõìå üôé ïé áëëáãÝò óôçí cache (cache replacements) ðñïêáëïýí êSSíçóç ìçíõìÜôùí (óœÞìá 5.19). ÿôóé üóï ðéï óõœíÝò åSSíáé ïé áëëáãÝò óôçí cache ôùí ðñáêôüñùí, ôüóï ðåñéóóüôåñá åSSíáé ôá ìçíýìáôá ðïõ áíôáëëÜóóïíôáé. ÅSSíáé óçìáíôéêü íá óçìåéùèåSS

ÓœÞìá 5.19: inverted cache push/pull - óõœíüôçôá áëëáãþí óôçí cache

Ç óõœíüôçôá ôùí cache replacement åðçñåÜæåé ôïí öüñôï ìçíõìÜôùí ôïõ áëãïñSSèìïõ inverted cache push/pull

üôé ç áýîçóç áõôÞ ãSSíåôáé ãñáììéêÜ êáé üôé ãåíéêÜ ï áñéèìüò ôùí ìçíõìÜôùí åSSíáé ðïëý ìéêñüò (äåí îåðåñíÜåé ôá 100 óõíïëéêÜ óå üëç ôçí åîïìïSSùóç).

5.4.4.3 Œñüíïò Lease time

ÓœÞìá 5.20: inverted cache push/pull - œñüíïò lease

Ôï lease time åðçñåÜæåé ôï ðïóïóôü ôùí Ýãêõñùí cache entries

Ôï lease time åðçñåÜæåé ôçí ðïéüôçôá ôïõ äéêôýïõ (óœÞìá 5.20). ĳóï ìåãáëýôåñï ôï lease time, ôüóï ðåñéóóüôåñïé entries êñáôÜ Ýíáò ðñÜêôïñáò óôçí inverted cache êáé Üñá ôüóï ðåñéóóüôåñïõò èá åíçìåñþóåé üôáí ìåôáêéíçèåSS. Ðáñáôçñïýìå üìùò üôé áêüìá êáé ãéá ìéêñÝò ôéìÝò ôïõ lease time (5 ãýñïõò) ç ðëåéïøçöSSá ôùí êáôáœùñÞóåùí óôéò cache ðáñáìÝíåé Ýãêõñï óôï ôÝëïò ôçò åîïìïSSùóçò .

ÅðSSóçò ï œñüíïò ôïõ lease åðçñåÜæåé êáé ôï ìÝãåèïò ôçò inverted cache (óœÞìá 5.21). ÂëÝ-

ÓœÞìá 5.21: inverted cache push/pull - œñüíïò lease

Ôï lease time åðçñåÜæåé ôï ìÝãåèïò ôïõ êáôáëüãïõ inverted cache.

ðïõìå üôé ôüóï ôï ìÝãéóôï üóï êáé ôï ìÝóï ìÝãåèïò ôçò inverted cache åðçñåÜæåôáé ãñáììéêÜ óå óœÝóç ìå ôïí œñüíï ìSSóèùóçò. Ç äéáöïñÜ ìåôáîý ôçò ìÝóçò êáé ôçò ìÝãéóôçò ôéìÞò ïöåSSëåôáé óôïõò äçìïöéëÞò ðñÜêôïñåò.

5.4.4.4 Ðéèáíüôçôá åýñåóçò ìéáò ôõœáSSáò õðçñåóSSáò

ÓœÞìá 5.22: inverted cache push/pull - ôõœáSSá áíáæÞôçóç

Ôï ðïóïóôü ôùí áíáæçôÞóåùí ðïõ ôï áðïôÝëåóìá âñÝèçêå óå âÜèïò 1, âÜèïò 2..., êáèþò êáé ôï ðïóïóôü ôùí áíáæçôÞóåùí ðïõ äåí åðÝóôñåøáí óùóôü áðïôÝëåóìá. Ïé áíáæçôÞóåéò ãSSíïíôáé ìåôÜ ôï ôÝëïò ôïõ simulation ôïõ áëãïñSSèìïõ åíçìÝñùóçò inverted cache

Êáé ï áëãüñéèìïò áõôüò Ýœåé êáëÜ áðïôåëÝóìáôá üóïí áöïñÜ ôçí ðéèáíüôçôá åýñåóçò ìéáò áíáæçôïýìåíçò ðëçñïöïñSSáò ìåôÜ ôï ôÝëïò ìéáò áíáæÞôçóçò (óœÞìá 5.22). ÖõóéêÜ, üóï ìåãáëýôåñá lease time œñçóéìïðïéÞóïõìå ôüóï ðéï óõíåðÝò èá åSSíáé ôï äSSêôõï êáé Üñá ôüóï ðéï åýêïëá èá âñïýìå ôï áíáæçôïýìåíï áðïôÝëåóìá.

5.4.5 ÓõæÞôçóç

ĳôáí äåí èÝëïõìå íá œñçóéìïðïéÞóïõìå ðáñáðÜíù ìíÞìç ãéá ôïõò áëãïñSSèìïõò åíçìÝñùóçò, ôüôå ç ìüíç ëýóç åSSíáé ï áðëüò push/pull áëãüñéèìïò. Ï áëãüñéèìïò áõôüò ðáñïõóéÜæåé éêáíïðïéçôéêÜ áðïôåëÝóìáôá (üóïí áöïñÜ ôçí óõíÝðåéá ôùí cache) ìüíï üôáí œñçóéìïðïéçèåSS Ýíá åõñý push ‚ooding. ÅðéðëÝïí, ç áðëüôçôá ôïõ áëãïñSSèìïõ, ôï ãåãïíüò üôé êÜðïéïò ðñÜêôïñáò äåí âáóSSæåôáé óå Üëëïõò ãéá íá åíçìåñùèåSS (äåí œñåéÜæåôáé íá õðÜñœïõí Üëëïé ðïõ êñáôïýí čóùóôïýòď êáôáëüãïõò snooping/inverted cache) êáé ôï ãåãïíüò üôé áí êÜðïéïò äåí åíçìåñùèåSS ìðïñåSS íá óôñáöåSS óôïí áëãüñéèìï on-demand pull, êÜíïõí ôïí áëãüñéèìï áõôü êáôÜëëçëï ãéá äõíáìéêÜ open-MAS óõóôÞìáôá. ÿôóé, ï áëãüñéèìïò áõôüò ìðïñåSS íá åöáñìïóôåSS óå ðåñéâÜëëïíôá üðïõ ïé êüìâïé âãáSSíïõí óõœíÜ åêôüò óýíäåóçò, õðÜñœïõí êáêüâïõëïé ðñÜêôïñåò êáé ãåíéêÜ óå áíáîéüðéóôá êáé áóôáèÞ ðåñéâÜëëïíôá.

Ôá áñíçôéêÜ óçìåSSá ôïõ áëãïñSSèìïõ plain push/pull åSSíáé ï ìåãÜëïò öüñôïò ìçíõìÜôùí. ÅðåéäÞ œñåéÜæåôáé åõñý push ìå óôüœï íá åíçìåñùèïýí üóï ðåñéóóüôåñïé ðñÜêôïñåò ãSSíåôáé, áíáãêáóôéêÜ ðñÝðåé íá óôáëèïýí ðïëëÜ ìçíýìáôá. ÌÜëéóôá, üðùò åSSäáìå, ôá ìçíýìáôá áõôÜ áõîÜíïíôáé ðïëý üôáí Ýœïõìå ìåãÜëç êéíçôéêüôçôá óôï äSSêôõï. ÿôóé ôï áðëü push/pull èá ðñÝðåé íá áðïöåýãåôáé óå óõóôÞìáôá ðïõ Ýœïõìå ðÜñá ðïëý óõœíÝò ìåôáêéíÞóåéò õðçñåóéþí.

Ç ýðáñîç êáôáëüãùí snooping êáé ðåñéïäéêþí pull âåëôéþíåé (êáôÜ ðïëý) ôïí áëãüñéèìï plain push/pull. Œñçóéìïðïéþíôáò ôéò SSäéåò áêñéâþò ðáñáìÝôñïõò ìå ôï áðëü push/pull, ç óõíÝðåéá ôùí åããñáöþí óôéò cache ôùí ðñÜêôïñåò ôïõ ôïõ äéêôýïõ åSSíáé áñêåôÜ êáëýôåñç. ĳðùò õðïäåéêíýïõí ôá ðåéñáìáôéêÜ áðïôåëÝóìáôá, áêüìá êáé Ýíá čnarrowď push áñêåSS ãéá íá åðéôýœïõìå éêáíïðïéçôéêÞ ðïéüôçôá óôçí cache. Ðáñüëï ðïõ ãéá ôï SSäéï åýñïò push Ýœïõìå ìåãáëýôåñï öüñôï ìçíõìÜôùí (ëüãù ôùí áõîçìÝíùí ìçíõìÜôùí ðïõ ðñïêáëïýíôáé áðü ôï ðåñéïäéêü pull ), óôçí ðñáãìáôéêüôçôá ï áëãüñéèìïò áõôüò åSSíáé êáëýôåñïò ãéáôSS ìáò åðéôñÝðåé íá åðéôýœïõìå ôçí SSäéá ðïéüôçôá óôçí cache œñçóéìïðïéþíôáò ðéï ðåñéïñéóìÝíï push (åéêüíåò 5.8 êáé 5.13). Áõôü áíôSSóôïéœá óçìáSSíåé üôé Ýœïõìå ôï SSäéï ðïéïôéêü áðïôÝëåóìá œñçóéìïðïéþíôáò ðïëý ëéãüôåñá ìçíýìáôá. ÔÝëïò, ëüãù ôçò ýðáñîçò ôùí snooping directories, áí œñçóéìïðïéÞóïõìå óœåôéêÜ ìåãÜëï expiration time ìðïñïýìå íá åðéôýœïõìå Ýíá åSSäïò replication êÜôé ðïõ üðùò åSSäáìå ìáò åðéôñÝðåé íá Ýœïõìå ðéï ãñÞãïñá áðïôåëÝóìáôá óôéò áíáæçôÞóåéò (óœÞìá 5.15).

Ðáñüëá áõôÜ, ï áëãüñéèìïò push ìå êáôáëüãïõò snooping áðáéôåSS ôçí ýðáñîç êáé ôçí óõíôÞñçóç áõôþí êáèåáõôþí ôùí êáôáëüãùí. ÿôóé êÜèå ðñÜêôïñáò ðñÝðåé íá áöéåñþóåé Ýíá ìéêñü ðïóü ìíÞìçò. Ôï ìÝãåèïò ôïõ êáôáëüãïõ áõîÜíåôáé ìå ôçí óõœíüôçôá ìåôáêSSíçóçò, ôï åýñïò ôùí push êáé ôï expiration time. Ðáñüëá áõôÜ, œñçóéìïðïéþíôáò êáôÜëëçëåò ôéìÝò ôïõ expiration time ìðïñïýìå íá ðåñéïñSSóïõìå ôï ìÝãåèïò ôïõ êáôáëüãïõ óå óõóôÞìáôá ìå ìåãÜëç êéíçôéêüôçôá.

Ìå ôï íá ãíùñSSæåé ðïõ íá óôåSSëåé ôá updates, ï áëãüñéèìïò inverted cache push/pull åðéöÝñåé åëÜœéóôï öüñôï ìçíõìÜôùí. ÅðåéäÞ ôá ìçíýìáôá push åSSíáé óœåäüí áìåëçôÝá ï áëãüñéèìïò áõôüò åSSíáé êáôÜëëçëïò ãéá óõóôÞìáôá üðïõ Ýœïõìå ðïëý óõœíÝò ìåôáêéíÞóåéò. ÅðéðëÝïí ç åíçìÝñùóç áõôÞ ìåôáäSSäåôáé óôéãìéáSSá (óå Ýíá âÞìá, hop). ĳðùò åSSäáìå, ìðïñïýìå íá êñáôÞóïõìå ôçí cache óõíåðÞ œñçóéìïðïéþíôáò ìéêñÝò ôéìÝò lease time êÜôé ðïõ óçìáSSíåé üôé äåí œñåéÜæåôáé íá êñáôïýìå ìåãÜëïõò êáôáëüãïõò inverted cache.

Ùóôüóï, ç ìÝèïäïò áõôÞ Ýœåé êáé áñêåôÜ ìåéïíåêôÞìáôá. ÊáôáñœÞí, êáé ç ìÝèïäïò áõôÞ áðáéôåSS ôçí œñÞóç ìíÞìçò ãéá ôçí äéáôÞñçóç ôùí êáôáëüãùí inverted cache ç ïðïSSïé ìðïñåSS íá ãSSíïõí áñêåôÜ ìåãÜëïé ãéá ðñÜêôïñåò ðïõ êáôÝœïõí äçìïöéëåSSò õðçñåóSSåò. ÅðéðëÝïí, áõôÞ åSSíáé ç ìïíáäéêÞ ìÝèïäïò ðïõ ïé áëëáãÝò óôçí cache ôùí ðñáêôüñùí åðéöÝñåé öüñôï ìçíõìÜôùí (cache replacements). Ôï êüóôïò ãéá êÜèå áëëáãÞ äåí åSSíáé õøçëü (äýï ìçíýìáôá), áëëÜ SSóùò íá ìç óõìöÝñåé íá œñçóéìïðïéÞóïõìå ôïí óõãêåêñéìÝíï áëãüñéèìï áí óôï äSSêôõï óõìâáSSíïõí ðïëëÝò áëëáãÝò óôéò cache êáé åëÜœéóôåò ìåôáêéíÞóåéò. ÔÝëïò, ï áëãüñéèìïò áõôüò äåí åSSíáé êáôÜëëçëïò ãéá áíáîéüðéóôá óõóôÞìáôá open-MAS. Áõôü ãéáôSS ï êÜèå ðñÜêôïñáò âáóSSæåôáé óå Üëëïõò óôï íá ôïí åíçìåñþóïõí. ÿôóé ï áëãüñéèìïò áõôüò äåí ìðïñåSS íá äïõëÝøåé áðïôåëåóìáôéêÜ üôáí õðÜñœïõí áíáîéüðéóôïé êáé ìç äéáèÝóéìïé (o›ine) êüìâïé.

ÊåöÜëáéï 6

ÄçìéïõñãSSá êáé åíçìåñþóåéò áíôéãñÜöùí

Óå üëá ôá óõóôÞìáôá P2PãSSíïíôáé áíáæçôÞóåéò õðïèÝôïíôáò üôé ç áíáæçôïýìåíç ðëçñïöïñSSá ìðïñåSS íá âñåèåSS óå Ýíáí áñéèìü áðü êüìâïõò. ÿôóé õðÜñœïõí ðïëëáðëÜ áíôSSãñáöá (replicas) ôïõ SSäéïõ áíôéêåéìÝíïõ ôá ïðïSSá ðñïóöÝñïíôáé áðü äéáöïñåôéêïýò êüìâïõò(replication). Óå óõóôÞìáôá üðùò ôï äSSêôõï Gnutella õðÜñœåé óáöÞò ôñüðïò äçìéïõñãSSáò áíôéãñÜöùí: ìüíï ïé êüìâïé ðïõ œñçóéìïðïéïýí êÜðïéï áíôéêåSSìåíï ôï áíôéãñÜöïõí ôïðéêÜ. ÓõóôÞìáôá üðùò ôï Freenet åðéôñÝðïõí Ýíá áíôéêåSSìåíï íá áíôéãñáöåSS óå êÜðïéïí êüìâï áêüìá êáé áí ï êüìâïò äåí ôï Ýœåé œñçóéìïðïéÞóåé ðïôÝ.

ĳìùò, äçìéïõñãåSSôáé Ýíáò áñéèìüò áðü âáóéêÜ åñùôÞìáôá: ðüóá áíôSSãñáöá êÜèå áíôéêåéìÝíïõ ðñÝðåé íá äçìéïõñãçèïýí þóôå ôï êüóôïò ôùí áíáæçôÞóåùí íá âåëôéóôïðïéçèåSS, äåäïìÝíïõ üôé ï áðïèçêåõôéêüò œþñïò ãéá üëá ôá áíôéêåSSìåíá óôï äSSêôõï åSSíáé óôáèåñüò; ÅðéðëÝïí, ðþò ìðïñïýìå íá êñáôÞóïõìå ôá áíôSSãñáöá åíüò áíôéêåéìÝíïõ óõíåðÞ áí õðïèÝóïõìå üôé ôï áñœéêü áíôéêåSSìåíï ìðïñåSS íá áëëÜîåé;

Óôï êåöÜëáéï áõôü èá ìåëåôÞóïõìå ðïéá ðïëéôéêÞ äçìéïõñãSSáò áíôéãñÜöùí åSSíáé âÝëôéóôç ùò ðñïò ôï êüóôïò ôùí áíáæçôÞóåùí. ÿðåéôá, èá ðñïóðáèÞóïõìå íá åöáñìüóïõìå ôïõò áëãïñSSèìïõò ðïõ ðáñïõóéÜóáìå óôï ðñïçãïýìåíï êåöÜëáéï ìå óôüœï ôçí äçìéïõñãSSá áëëÜ êáé ôçí óõíôÞñçóç ôùí áíôéãñÜöùí áõôþí.

6.1 ÄçìéïõñãSSá áíôéãñÜöùí

Óôï óçìåSSï áõôü èá ðáñïõóéÜóïõìå ôçí âáóéêÞ èåùñSSá ðïõ áöïñÜ ôçí äçìéïõñãSSá áíôéãñÜöùí óå Ýíá äSSêôõï P2P. Èá áíáêåöáëáéþóïõìå ìÝñïò ôçò ìåëÝôçò ðïõ Ýœåé ðáñïõóéáóôåSS óôá [13, 18].

Áò õðïèÝóïõìå üôé Ýœïõìå n êüìâïõò êáé m áíôéêåSSìåíá. ÊÜèå áíôéêåSSìåíï i áíôéãñÜöåôáé óå r_i ôõœáSSïõò êüìâïõò. ÿôóé, óõíïëéêÜ óôï äSSêôõï áðïèçêåýïíôáé

∑_m

i=1 r_i = R áíôéêåSSìåíá. ÕðïèÝôïõìå üôé ïé óôñáôçãéêÝò äçìéïõñãSSáò áíôéãñÜöùí åSSíáé ôÝôïéåò þóôå 1 << r_i ≤ n. ÔÝëïò, õðïèÝôïõìå üôé Ýíá áíôéêåSSìåíï i áíáæçôåSSôáé ìå óœåôéêü ñõèìü q_i Ýôóé þóôå ∑ i q_i = 1 (ð.œ. áí üëá ôá áíôéêåSSìåíá áíáæçôïýíôáé ìå ôïí SSäéï ñõèìü q_i =^1_m ∀i).

Óôï [13] ðñüôåéíáí üôé ï áñéèìüò ôùí áíôéãñÜöùí ðïõ äçìéïõñãåSSôáé èá ðñÝðåé íá áêïëïõèåSS êÜðïéá áðü ôéò áêüëïõèåò êáôáíïìÝò:

• Ïìïéüìïñöç: ĳëá ôá áíôéêåSSìåíá Ýœïõí ôïí SSäéï áñéèìü áíôéãñÜöùí:

Ïìïéüìïñöç: r_i ∝ R m (6.1)

• ÁíáëïãéêÞ: Ï áñéèìüò ôùí áíôéãñÜöùí ìéáò õðçñåóSSáò i åîáñôÜôáé áðü ôï ðüóï äçìïöéëÝò åSSíáé üóïí áöïñÜ ôéò áíáæçôÞóåéò. Áí èåùñÞóïõìå üôé êáôÜ ìÝóï üñï ãSSíïíôáé q_i åñùôÞóåéò ãéá ôï áíôéêåSSìåíï áõôü ôüôå:

ÁíáëïãéêÞ: r_i ∝ q_i (6.2)

• ÔåôñáãùíéêÞò ñSSæáò: Ï áñéèìüò ôùí áíôéãñÜöùí åíüò áíôéêåéìÝíïõ i åSSíáé áíÜëïãïò ôçò ôåôñáãùíéêÞò ñSSæáò ôùí åñùôÞóåùí ðïõ ãSSíïíôáé ãéá áõôü:

ÔåôñáãùíéêÞò ñSSæáò: r_i ∝ √ q_i (6.3)

Ãéá íá áíáæçôÞóïõìå Ýíá áíôéêåSSìåíï óå Ýíá óýóôçìá P2Påêôåëïýìå óõíÞèùò êÜðïéïí áëãüñéèìï áíáæÞôçóçò ðïõ âáóSSæåôáé óôçí ìÝèïäï ‚ooding. Áõôü éóïäõíáìåSS ìå ôï íá ñùôÞóïõìå

6.1 ÄçìéïõñãSSá áíôéãñÜöùí 73

ôõœáSSá Ýíáí áñéèìü áðü êüìâïõò ìÝœñé íá âñïýìå ôï áíôéêåSSìåíï ðïõ ìáò åíäéáöÝñåé. Ñùôþíôáò ôõœáSSá êüìâïõò, ç ðéèáíüôçôá P r_i(k) íá âñåèåSS êÜðïéï áíôéêåSSìåíï óôïí k-ïóôü êüìâï åSSíáé:

P r_i(k) = r_i n (1 − r_i n )^{k−1}

ÄçëáäÞ, êáôÜ ìÝóï üñï ðñÝðåé íá åñùôçèïýí A_i =^n_{ri} êüìâïé ìÝœñé íá âñåèåSS ôï áíôéêåSSìåíï. Ïðüôå, ôï ìÝóï ìÝãåèïò ôçò áíáæÞôçóçò ãéá Ýíá áíôéêåSSìåíï åSSíáé áíôéóôñüöùò áíÜëïãï ìå ôïí áñéèìü ôùí áíôéãñÜöùí ôïõ, êÜôé ðïõ óçìáSSíåé üôé üóï ðåñéóóüôåñá áíôSSãñáöá õðÜñœïõí ôüóï ëéãüôåñïõò êüìâïõò èá œñåéáóôåSS íá ñùôÞóïõìå.

Áõôü ðïõ ðñïóðáèïýìå íá âåëôéþóïõìå åSSíáé ôï ìÝóï ìÝãåèïò üëùí ôùí áíáæçôÞóåùí óôï äSSêôõï Á, üðïõ A = ∑ i q_iA_i = n ∑ i q_i r_i . Áí äåí õðÞñœå êÜðïéï üñéï óôïí áñéèìü áíôéãñáöùí

r_i, ôüôå ç âÝëôéóôç óôñáôçãéêÞ èá Þôáí íá áíôéãñÜöïõìå ôá ðÜíôá ðáíôïý áöïý áí r_i = n, üëåò ïé áíáæçôÞóåéò ãSSíïíôáé ôåôñéììÝíåò. ÁíôéèÝôùò, õðïèÝôïõìå üôé ï ìÝóïò áñéèìüò áíôéãñÜöùí óå êÜèå êüìâï ñ =^R_n åSSíáé óôáèåñüò êáé ìéêñüôåñïò áðü m. Ïðüôå ç âáóéêÞ åñþôçóç åSSíáé ðùò íá êáôáíåSSìïõìå áõôÜ ôá R áíôSSãñáöá ôùí m áíôéêåéìÝíùí.

Ç ðéï áðëÞ óôñáôçãéêÞ åSSíáé íá äçìéïõñãÞóïõìå ôïí SSäéï áñéèìü áíôéãñÜöùí ãéá êÜèå áíôéêåSSìåíï: r_i =^R_m . ÁõôÞ ç óôñáôçãéêÞ êáëåSSôáé ïìïéüìïñöç êáé óå áõôÞ ôçí ðåñSSðôùóç ôï ìÝóï ìÝãåèïò ôçò áíáæÞôçóçò åSSíáé:

A_{ïìïéoìïñöç} = ∑ i q_i m ñ = m ñ ôï ïðïSSï äåí åîáñôÜôáé áðü ôçí êáôáíïìÞ ôùí åñùôÞóåùí óôï äSSêôõï.

ÅSSíáé ðñïöáíÝò üôé ôï íá êáôáíÝìïõìå ôá áíôSSãñáöá ïìïéüìïñöá, áêüìá êáé áõôÜ ðïõ äåí áíáæçôïýíôáé óõœíÜ, äåí åSSíáé áðïäïôéêü. Ìéá ðéï öõóéêÞ ðïëéôéêÞ èá Þôáí êÜðïéïò êüìâïò ðïõ áíáæçôÜ Ýíá áíôéêåSSìåíï íá ôï áíôéãñÜöåé êáé ôïðéêÜ áöïý ôï âñåé. ÿôóé ï áñéèìüò ôùí áíôéãñÜöùí åSSíáé áíÜëïãïò ìå ôïí áñéèìü ôùí åñùôÞóåùí: r_i = Rq_i. Ç óôñáôçãéêÞ áõôÞ èá ðñÝðåé íá ìåéþóåé ôï ìÝãåèïò ôùí áíáæçôÞóåùí ðïõ áöïñïýí äçìïöéëÞ áíôéêåSSìåíá.

Ðáñüëá áõôÜ, ìðïñåSS íá áðïäåéœèåSS üôé ôï ìÝóï ìÝãåèïò áíáæÞôçóçò ðáñáìÝíåé ôï SSäéï:

A_{áíáëïãéêç} = n ∑ i q_i Rq_i = m ñ = A_{ïìïéïìïñöç}

ÓõìðåñáóìáôéêÜ, ç ïìïéüìïñöç êáé ç áíáëïãéêÞ êáôáíïìÞ ôùí áíôéãñÜöùí Ýœïõí áêñéâþò ôï SSäéï áðïôÝëåóìá óôï ìÝóï ìÝãåèïò áíáæÞôçóçò êáé ôï ìÝãåèïò áõôü åSSíáé áíåîÜñôçôï ôçò êáôáíïìÞò ôùí åñùôÞóåùí. Óôçí áíáëïãéêÞ êáôáíïìÞ ôï ìÝóï ìÝãåèïò áíáæÞôçóçò ãéá êÜèå áíôéêåSSìåíï äéáöÝñåé ìå ôá äçìïöéëÞ áíôéêåSSìåíá íá Ýœïõí ìéêñüôåñï ìÝóï öüñôï óå óœÝóç ìå ôá ëéãüôåñï äçìïöéëÞ. Ïðüôå áíôéêåSSìåíá ðïõ ï ñõèìüò áíáæÞôçóçò åSSíáé ðáñáðÜíù áðü ôïí ìÝóï üñï^1_m åðùöåëïýíôáé áðü ôçí áíáëïãéêÞ êáôáíïìÞ êáé ôá õðüëïéðá áðü ôçí ïìïéüìïñöç.

6.1.1 ÊáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò

ÿœïíôáò ùò äåäïìÝíï üôé ç ïìïéüìïñöç êáé ç áíáëïãéêÞ ðïëéôéêÞ äçìéïõñãSSáò áíôéãñÜöùí Ýœïõí ôï SSäéï ìÝóï ìÝãåèïò áíáæÞôçóçò, äçìéïõñãåSSôáé ôï åñþôçìá ôïõ ðïéá åSSíáé ç êáëýôåñç ðïëéôéêÞ äÝóìåõóçò áíôéãñÜöùí Ýôóé þóôå íá åëáœéóôïðïéçèåSS ôï ìÝóï ìÝãåèïò áíáæÞôçóçò. ÿœåé áðïäåéœèåSS üôé ç âÝëôéóôç ðïëéôéêÞ åSSíáé ç äçìéïõñãSSá áíôéãñÜöùí ðïõ áêïëïõèïýí ôçí êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò (Square-Root replication) [24].

ÿôóé ôá áíôSSãñáöá åíüò áíôéêåéìÝíïõ åSSíáé áíÜëïãá ùò ðñïò ôçí ôåôñáãùíéêÞ ñSSæá ôùí áíáæçôÞóåùí ôïõ: r_i = ë √ q_i, üðïõ ë =^R∑_i √_{qi} . Óå áõôÞ ôçí ðåñSSðôùóç, ôï ìÝóï ìÝãåèïò áíáæÞôçóçò åSSíáé A_{âåëôéóôç} = 1 ñ ( ∑ i √ q_i)^2

6.2 ÅðSSôåõîç êáôáíïìÞò ôåôñáãùíéêÞò ñSSæáò

Åíþ ç ïìïãåíÞò êáé ç áíáëïãéêÞ êáôáíïìÞ áðÝœïõí ðïëý áðü ôçí âÝëôéóôï üóïí áöïñÜ ôï ìÝóï ìÝãåèïò áíáæÞôçóçò, Ýœïõí ôï ðëåïíÝêôçìá üôé åSSíáé åýêïëï íá õëïðïéçèïýí óå Ýíá êáôáíåìçìÝíï óýóôçìá. Ç ïìïãåíÞò êáôáíïìÞ ïñSSæåé ôçí äçìéïõñãSSá óôáèåñïý áñéèìïý áíôéãñÜöùí ãéá êÜèå áíôéêåSSìåíï åíþ ç áíáëïãéêÞ êáôáíïìÞ ïñSSæåé ôçí äçìéïõñãSSá óôáèåñïý áñéèìïý áíôéãñÜöùí ìåôÜ áðü êÜèå áíáæÞôçóç ôïõ. Ôï âáóéêü åñþôçìá åSSíáé áí ìðïñïýìå íá åðéôýœïõìå ôçí âÝëôéóôç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò óå Ýíá ðëÞñùò êáôáíåìçìÝíï óýóôçìá.

6.2 ÅðSSôåõîç êáôáíïìÞò ôåôñáãùíéêÞò ñSSæáò 75

ÅðåéäÞ äåí ìðïñïýìå íá ãíùñSSæïõìå ôïí ñõèìü q_i ìå ôïí ïðïSSï ãSSíïíôáé åñùôÞóåéò ãéá êÜèå áíôéêåSSìåíï i, ðñïôÜèçêå óôï [13] ìéá åõñéóôéêÞ ìÝèïäïò ãéá íá ðñïóåããéóôåSS ç âÝëôéóôç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò.

ÿóôù óå êÜèå áíáæÞôçóç åíüò áíôéêåéìÝíïõ ãíùñSSæïõìå ôïí áñéèìü ôùí êüìâùí ðïõ åñùôÞèçêáí x. ĳðùò áíáöÝñèçêå, ï ìÝóïò üñïò ôïí êüìâùí áõôþí åSSíáé x =^n_{ri} äçëáäÞ åSSíáé áíôéóôñüöùò áíÜëïãïò ôïõ áñéèìïý ôùí áíôéãñÜöùí ôïõ áíôéêåéìÝíïõ. Ç ìÝèïäïò áõôÞ ïñSSæåé üôé áìÝóùò ìåôÜ ôçí áíáæÞôçóç äçìéïõñãïýìå cx áíôSSãñáöá, üðïõ c óôáèåñÜ. ćñá ìåôÜ áðü êÜèå åðéôõœçìÝíç áíáæÞôçóç åíüò áíôéêåéìÝíïõ i äçìéïõñãïýíôáé êáôÜ ìÝóï üñï c^n_{ri} áíôSSãñáöá. ĳðùò äéáðéóôþèçêå ðåéñáìáôéêÜ ç ìÝèïäïò áõôÞ äçìéïõñãåSS áíôSSãñáöá ðïõ ðñïóåããSSæïõí ôçí êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò, õðïèÝôïíôáò üôé ôï óýóôçìá åSSíáé óå óôáèåñÞ êáôÜóôáóç (äçëáäÞ ôáõôüœñïíá ìå ôçí äçìéïõñãSSá íÝùí áíôéãñÜöùí äéáãñÜöïíôáé ôá ðáëéÜ ìå SSäéï ñõèìü).

Óå áõôÞ ôçí êáôåýèõíóç, óçìáíôéêü åSSíáé ôï æÞôçìá ôçò ðïëéôéêÞò äéáãñáöþí þóôå íá ïäçãçèïýìå óå óôáèåñÞ êáôÜóôáóç (steady state). ÕðïèÝôïõìå üôé ìå ôïí œñüíï êÜðïéá áíôSSãñáöá åîáöáíSSæïíôáé êáé íÝá ðáSSñíïõí ôçí èÝóç ôïõò. Ãéá íá äéáôçñçèåSS ôï óýóôçìá óå óôáèåñÞ êáôÜóôáóç, ï ñõèìüò ôùí äéáãñáöþí èá ðñÝðåé íá åSSíáé ï SSäéïò ìå ôïí ñõèìü ôçò äçìéïõñãSSáò íÝùí áíôéãñÜöùí. ÕðÜñœïõí áñêåôÝò ðïëéôéêÝò äéáãñáöÞò. ÌåñéêÝò ðïëéôéêÝò ïñSSæïõí üôé ïé äéáãñáöÝò åSSíáé áíåîÜñôçôåò ùò ðñïò ôï id ôïõ áíôéãñÜöïõ ç ôçí óõœíüôçôá åñùôÞóåùí ðïõ ôï áöïñïýí. ÿôóé áíáèÝôïõí Ýíáí óôáèåñü œñüíï ëÞîçò óôï êÜèå áíôSSãñáöï êáé êáôÜ óõíÝðåéá ôá áíôSSãñáöá áíôéêáèSSóôáíôáé ìå ôçí ëïãéêÞ First In First Out (FIFO). Óå Üëëåò ðåñéðôþóåéò, ëáìâÜíåôáé õð’üøç ðëçñïöïñSSåò üðùò ôï ðéï áíôSSãñáöï œñçóéìïðïéÞèçêå ðáëéüôåñá (Least Recently Used, LRU), ôï ðïéï áíôSSãñáöï œñçóéìïðïéåSSôáé ðéï óðÜíéá (Least Frequently Used, LFU). ÏðïéáäÞðïôå áðü ôéò ðáñáðÜíù ðïëéôéêÝò ìðïñåSS íá åöáñìïóôåSS óôçí êáôáíïìÞ ôåôñáãùíéêÞ ñSSæáò ìå óôüœï íá ðåñéïñSSóïõìå ôïí óõíïëéêü áñéèìü áíôéãñÜöùí óôï óýóôçìá.

6.2.1 ÐñáêôéêïSS áëãüñéèìïé

ÐáñÜ ôçí ðñïóåããéóôéêÞ ëýóç ðïõ ðáñïõóéÜóôçêå óôçí ðñïçãïýìåíç ðáñÜãñáöï, ïðïý äçìéïõñãïýóáìå áíôSSãñáöá ðïõ åSSíáé áíÜëïãá ôïí êüìâùí ðïõ åñùôÞèçêáí, óå Ýíá äõíáìéêü óýóôçìá äåí åSSíáé åýêïëï íá ãSSíåé ãíùóôüò ï áñéèìüò ôïí êüìâùí ðïõ åñùôÞèçêáí. ÿôóé ðñïôÜèçêáí êÜðïéåò ðïëéôéêÝò äçìéïõñãSSáò áíôéãñÜöùí ðïõ åSSíáé åýêïëåò íá õëïðïéçèïýí. Ç ðñþôç ðïëéôéêÞ ïíïìÜæåôáé čowner replicationď óôçí ïðïSSá äçìéïõñãåSSôáé Ýíá áíôSSãñáöï ìüíï óôïí êüìâï ðïõ îåêSSíçóå ôçí áíáæÞôçóç. Ç äåýôåñç ðïëéôéêÞ åSSíáé ôï čpath replicationď üðïõ ôï áíôéêåSSìåíï áðïèçêåýåôáé óå üëïõò ôïõ êüìâïõò êáôÜ ìÞêïò ôïõ ìïíïðáôéïý áðü ôïí áíáæçôçôÞ ùò ôïí ðáñïœÝá. Ç ðñþôç ðïëéôéêÞ œñçóéìïðïéåSSôáé óå óõóôÞìáôá üðùò óôï Gnutella êáé ç äåýôåñç óå óõóôÞìáôá üðùò ôï Freenet. Ìéá âåëôSSùóç ôçò äåýôåñçò ìåèüäïõ åSSíáé ç črandom replicationď óôçí ïðïSSá ôï áíôéêåSSìåíï áíôéãñÜöåôáé óå êÜðïéïõò ôõœáSSïõò êüìâïõò ôïõ ìïíïðáôéïý.

6.3 ÅöáñìïãÞ áëãïñSSèìùí push/pull ãéá ôçí äçìéïõñãSSá áíôéãñÜöùí

ĳðùò áíáöÝñáìå ðáñáðÜíù, ç âÝëôéóôç ðïëéôéêÞ äçìéïõñãSSáò áíôéãñÜöùí åíüò áíôéêåéìÝíïõ åSSíáé íá äçìéïõñãïýìå áíôSSãñáöá ðïõ åSSíáé áíÜëïãá ôçò ôåôñáãùíéêÞò ñSSæáò ôùí åñùôÞóåùí ðïõ ãSSíïíôáé ãéá áõôü. ÕðïèÝóáìå üôé ãéá íá åðéôýœïõìå áõôÞ ôçí ðïëéôéêÞ ðñÝðåé óå êÜèå áíáæÞôçóç íá äçìéïõñãïýìå áíôSSãñáöá ðïõ åSSíáé áíÜëïãá ìå ôïí áñéèìü ôïí êüìâï ðïõ åñùôÞèçêáí.

ÊÜèå áíáæÞôçóç óôï äSSêôõï ìðïñåSS íá èåùñçèåSS ùò äéáäéêáóSSá pull. ÅðåéäÞ äåí ãíùñSSæïõìå ðüóïé êüìâïé åñùôÞèçêáí êáôÜ ôï pull, ìðïñïýìå íá äçìéïõñãÞóïõìå ôá áíôSSãñáöá áõôÜ œñçóéìïðïéþíôáò êáôÜëëçëá ôïí áëãüñéèìï push. Ãéá íá ðñïóåããSSóïõìå ôïí áñéèìü êüìâùí ðïõ åñùôÞèçêáí, áìÝóùò ìåôÜ áðü ìéá åðéôõœçìÝíç áíáæÞôçóç êÜðïéïõ áíôéêåéìÝíïõ êÜíïõìå push óôï äSSêôõï þóôå íá äçìéïõñãçèïýí áíôSSãñáöÜ ôïõ. ĳôáí Ýíáò êüìâïò ëÜâåé ôï ìÞíõìá push ìðïñåSS (ìå êÜðïéá ðéèáíüôçôá) íá äçìéïõñãÞóåé Ýíá áíôSSãñáöï ôïõ äåäïìÝíïõ Þ/êáé íá ðñïùèÞóåé ôï ìÞíõìá ðáñáðÝñá. ÏíïìÜæïõìå ôçí ìÝèïäï áõôÞ pull then push.

ÅðåéäÞ èÝëïõìå ï áñéèìüò ôïí êüìâùí ðïõ èá ëÜâïõí ôï ìÞíõìá ôïõ push íá åSSíáé ðåñSSðïõ SSóïò ìå ôïí áñéèìü ôùí êüìâùí ðïõ åñùôÞèçêáí êáôÜ ôï pull, ôï TTL ôïõ áëãïñSSèìïõ push èá ðñÝðåé íá éóïýôáé ìå ôï âÜèïò óôï ïðïSSï âñÝèçêå ç ðëçñïöïñSSá êáôÜ ôï ðñïçãçèÝí

6.4 ÐåéñáìáôéêÜ áðïôåëÝóìáôá 77

pull. Ìå áõôüí ôïí ôñüðï áí ôï áíôéêåSSìåíï âñÝèçêå ìåôÜ áðü ðïëëÜ âÞìáôá ôüôå èá áíôéãñáöåSS óå ðåñéóóüôåñïõò êüìâïõò êáôÜ ôï push. ÿôóé, ôá áíôSSãñáöá åSSíáé áíÜëïãá ìå ôïí áñéèìü ôùí êüìâùí ðïõ åñùôÞèçêáí êáé Üñá åðéôõãœÜíïõìå ôçí ðñïóÝããéóç ôçò êáôáíïìÞò ôåôñáãùíéêÞò ñSSæáò.

6.4 ÐåéñáìáôéêÜ áðïôåëÝóìáôá

Ãéá íá åîåôÜóïõìå ôçí óõìðåñéöïñÜ ôçò ðñïôåéíüìåíçò ìåèüäïõ, ôñïðïðïéÞóáìå ôïí åîïìïéùôÞ ðïõ ðáñïõóéÜóáìå óôçí ðáñÜãñáöï 5.4.

Óôçí åîïìïSSùóç äçìéïõñãïýìå Ýíá ôõœáSSï äSSêôõï áðü êüìâïõò ïé ïðïSSïé ðñïóöÝñïõí êÜðïéá áíôéêåSSìåíá. ÁñœéêÜ äåí õðÜñœåé êáíÝíá áíôSSãñáöï áíôéêåéìÝíïõ. ÌåôÜ ôïí óœçìáôéóìü ôïõ äéêôýïõ áñœSSæïõí ôõœáSSåò áíáæçôÞóåéò (pulls ãéá ôõœáSSá áíôéêåSSìåíá áðü ôõœáSSïõò êüìâïõò). Ïé áíáæçôÞóåéò ãéá êÜèå áíôéêåSSìåíï ãSSíïíôáé ìå äéáöïñåôéêÝò ðéèáíüôçôåò þóôå íá ìåëåôÞóïõìå ôïí áñéèìü ôùí áíôéãñÜöùí r_i óõíáñôÞóåé ôïõ ñõèìïý åñùôÞóåùí q_i. ÌåôÜ áðü ìéá åðéôõœçìÝíç áíáæÞôçóç äçìéïõñãïýíôáé áíôSSãñáöá óôï äSSêôõï óýìöùíá ìå ôéò åîÞò ðïëéôéêÝò:

• Ïìïéüìïñöç, üðïõ äçìéïõñãåSSôáé óôáèåñüò áñéèìüò áíôéãñÜöùí r_i ãéá êÜèå áíôéêåSSìåíï i, áíåîÜñôçôá áðü ôïí ñõèìü åñùôÞóåùí.

• ÉäéïêôÞôç, üðïõ ìüíï ï êüìâïò ðïõ îåêéíÜ ôçí áíáæÞôçóç äçìéïõñãåSS áíôSSãñáöï • Ìïíïðáôéïý, üðïõ áíôSSãñáöá äçìéïõñãïýíôáé êáôÜ ìÞêïò ôïõ ìïíïðáôéïý ìåôáîý ôïõ áíáæçôçôÞ êáé ôïõ ðáñïœÝá.

• Pull then push, åSSíáé ç ìÝèïäïò ðïõ ðñïôåSSíáìå (6.5) êáé óôçí ïðïSSá áìÝóùò ìåôÜ áðü Ýíá åðéôõœçìÝíï pull êÜíïõìå push (ìå ôï SSäéï TTL) óôï äSSêôõï ôï áíôéêåSSìåíï þóôå íá äçìéïõñãçèïýí áíôSSãñáöá. ĳôáí Ýíáò êüìâïò ëÜâåé ôï ìÞíõìá push äçìéïõñãåSS Ýíá ôïðéêü áíôSSãñáöï ôçò õðçñåóSSáò ìå ðéèáíüôçôá P_{replicate}.

Óôüœïò ìáò åSSíáé íá åîåôÜóïõìå ôï êáôá ðüóï ç ðñïôåéíüìåíç ìÝèïäïò push/pull åSSíáé éêáíÞ íá äçìéïõñãÞóåé áíôSSãñáöá ðïõ áêïëïõèïýí ôçí êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò.

Óôï óœÞìá 6.1 âëÝðïõìå ôïí óœåôéêü áñéèìü áíôéãñÜöùí^{ri}_R ãéá êÜèå áíôéêåSSìåíï áíÜëïãá ìå ôçí óõœíüôçôá åñùôÞóåùí q_i. Ðáñáôçñïýìå üôé óå üëåò ôéò ìåèüäïõò äçìéïõñãSSáò áíôéãñÜ-

ÓœÞìá 6.1: Ç óõœíüôçôá åñùôÞóåùí ãéá Ýíá áíôéêåSSìåíï óå óœÝóç ìå ôïí áñéèìü áíôéãñÜöùí ôïõ. ÖáSSíåôáé êáé ç âÝëôéóôç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò.

öùí åêôüò áðü ôçí ïìïéüìïñöç, áíôéêåSSìåíá ðïõ áíáæçôïýíôáé óðÜíéá Ýœïõí ðïëý ëéãüôåñá áíôSSãñáöá óå óœÝóç ìå áõôÜ ðïõ áíáæçôïýíôáé óõœíÜ. Óôï óœÞìá öáSSíåôáé êáé ç âÝëôéóôç êáôáíïìÞ ôùí áíôéãñÜöùí äçëáäÞ ç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò.

Ç ïìïéüìïñöç äçìéïõñãSSá áíôéãñÜöùí Ýœåé ôçí œåéñüôåñç óõìðåñéöïñÜ áöïý ï áñéèìüò áíôéãñÜöùí ðïõ äçìéïõñãïýíôáé åSSíáé áíåîÜñôçôïò áðü ôçí óõœíüôçôá áíáæçôÞóåùí. Ç ìÝèïäïò čéäéïêôÞôçď äçìéïõñãåSS áíôSSãñáöá ðïõ áõîÜíïíôáé ãñáììéêÜ ùò ðñïò ôéò áíáæçôÞóåéò. Åëáöñþò êáëýôåñç ðñïóÝããéóç åSSíáé áõôÞ ôçò ìåèüäïõ čìïíïðáôéïýď áöïý ðëçóéÜæåé ëSSãï ðåñéóóüôåñï óôçí âÝëôéóôç êáôáíïìÞ. ĳðùò âëÝðïõìå, ç ìÝèïäïò ðïõ ðñïôåSSíïõìå (pull then push) äçìéïõñãåSS áíôSSãñáöá ìå êáôáíïìÞ ðïõ åSSíáé ðïëý êïíôÜ óôçí åðéèõìçôÞ âÝëôéóôç.

ÓœÞìá 6.2: a) Ðùò ç ðéèáíüôçôá P_{replicate} åðçñåÜæåé ôïí áñéèìü áíôéãñÜöùí ðïõ äçìéïõñãïýíôáé. b) Ðùò ç ðéèáíüôçôá P_{replicate} åðçñåÜæåé ôçí êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò

Óôï óœÞìá 6.2a âëÝðïõìå üôé ç ðéèáíüôçôá P_{replicate} åðçñåÜæåé ôïí áñéèìü ôùí áíôéãñÜöùí

6.5 ÅöáñìïãÞ áëãïñSSèìùí push/pull ãéá ôçí åíçìÝñùóç ôùí áíôéãñÜöùí 79

ðïõ äçìéïõñãïýíôáé óôï óýóôçìá. Áöïý óå êÜèå áíáæÞôçóç äçìéïõñãïýíôáé P_{replicate}Á_i = P_{replicate}^n_{ri} áíôSSãñáöá, üóï ìåãáëýôåñç åSSíáé ç ðéèáíüôçôá áõôÞ, ôüóá ðåñéóóüôåñá áíôSSãñáöá èá äçìéïõñãçèïýí. Ðáñüëá áõôÜ, üðùò âëÝðïõìå óôï 6.2b, ç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò äåí áëëÜæåé. Áõôü ðïõ áëëÜæåé åSSíáé ï áñéèìüò ôùí áíôéãñÜöùí ìå ôçí åðéôõœSSá åðéôõãœÜíåôáé.

6.5 ÅöáñìïãÞ áëãïñSSèìùí push/pull ãéá ôçí åíçìÝñùóç ôùí áíôéãñÜöùí

Óôçí ðáñÜãñáöï áõôÞ èá áóœïëçèïýìå ìå Ýíá Üëëï ðñüâëçìá ðïõ áöïñÜ ôçí åíçìÝñùóç ôùí áíôéãñÜöùí. ÕðïèÝôïõìå üôé õðÜñœåé Ýíáò áñéèìüò áðü áíôSSãñáöá ðïõ Ýœïõí äçìéïõñãçèåSS ìå ôïí ôñüðï ðïõ ðåñéãñÜøáìå óôçí ðáñÜãñáöï êáé èÝëïõìå ôá áíôSSãñáöá áõôÜ íá åSSíáé óõíåðÞ ìåôáîý ôïõò.

ÏñSSæïõìå ùò éäéïêôÞôç åíüò áíôéêåéìÝíïõ ôïí êüìâï ðïõ ôï ðñüóöåñå ðñþôç öïñÜ óôï äSSêôõï. Ç âáóéêÞ áñœÞ åSSíáé üôé êÜèå öïñÜ ðïõ ï éäéïêôÞôçò åíüò áíôéêåéìÝíïõ ðñïâåSS óå áëëáãÝò, üëá ôá áíôSSãñáöá ôïõ áíôéêåéìÝíïõ óôï äSSêôõï èá ðñÝðåé íá åíçìåñùèïýí. Ãéá ðáñÜäåéãìá, áí ôï áíôéêåSSìåíï åSSíáé Ýíá ðñüãñáììá êáé ï êüìâïò ðïõ ôï äéáìïSSñáóå ãéá ðñþôç öïñÜ äçìïóSSåõóå ìéá íÝá Ýêäïóç ôïõ, èá ðñÝðåé ìå êÜðïéï ôñüðï íá ðñïóðáèÞóåé íá åíçìåñþóåé üëïõò ôïõò êüìâïõò ðïõ ôï čêáôÝâáóáíď íá ðÜøïõí íá œñçóéìïðïéïýí ôçí ðáëéÜ Ýêäïóç êáé íá êáôåâÜóïõí ôçí êáéíïýñãéá.

Óôï êåöÜëáéï 5 ðåñéãñÜøáìå ðùò ï áëãüñéèìïò push ìðïñåSS íá œñçóéìïðïéçèåSS ãéá íá êïéíïðïéÞóåé ôçí ìåôáêSSíçóç ìéáò õðçñåóSSáò óôï äSSêôõï. Óôçí ðåñSSðôùóç ôùí ðïëëáðëþí áíôéãñÜöùí ìåôáêSSíçóç ìðïñåSS íá èåùñçèåSS ç åíçìÝñùóç åíüò áíôéêåéìÝíïõ áðü ôïí čéäéïêôÞôçď ôïõ. ÿôóé, üôáí ðñïâåSS óå êÜðïéá áëëáãÞ, èá ðñÝðåé íá åíçìåñþóåé ôï äSSêôõï åêôåëþíôáò ôïí áëãüñéèìï push. Ïé êüìâïé ðïõ èá ëÜâïõí ôï ìÞíõìá push Ýœïõí äýï åðéëïãÝò: Þ íá áêõñþóïõí ôï áíôSSãñáöü ôïõò (invalidation messages), Þ íá åíçìåñþóïõí ôçí Ýêäïóç ðïõ Ýœïõí, åðéêïéíùíþíôáò ìå ôïí éäéïêôÞôç.

ĳìùò, ï áëãüñéèìïò pull äåí åSSíáé ðëÝïí êáé ôüóï áðëüò. Óôçí ðåñSSðôùóç ôïõ äéêôýïõ ôùí caches Ýíáò ðñÜêôïñáò Þôáí óå èÝóç íá ãíùñSSæåé ðüôå ç ðëçñïöïñSSá ðïõ Ýœåé óôçí cache äåí åSSíáé Ýãêõñç: ðñïóðáèïýóå íá œñçóéìïðïéÞóåé êÜðïéá õðçñåóSSá êáé áðïôýãœáíå ãéáôSS åSSœå ìåôáêéíçèåSS. Óôçí ðåñSSðôùóç ôùí ðïëëáðëþí áíôéãñÜöùí ï êÜèå êüìâïò œñçóéìïðïéåSS ôï ôïðéêü áíôSSãñáöï ôçò õðçñåóSSáò êáé äåí åSSíáé óå èÝóç íá êáôáëÜâåé üôé ç Ýêäïóç ðïõ Ýœåé åSSíáé ðáëéÜ áöïý äåí ìðïñåSS íá ãíùñSSæåé áí ï éäéïêôÞôçò ôçò ðáñÝœåé êÜðïéá åíçìåñùìÝíç Ýêäïóç.

ÿôóé, ïé êüìâïé ðïõ Ýœïõí êÜðïéï áíôSSãñáöï ðñÝðåé íá åëÝãœïõí ðåñéïäéêÜ áí õðÜñœåé íÝá Ýêäïóç (periodic pulls). Ç óõœíüôçôá áõôÞò ôçò áíáæÞôçóçò ìðïñåSS íá âáóSSæåôáé óå ðáëéüôåñá óôáôéóôéêÜ [18]. ÿóôù V_{áíô} åSSíáé ï áñéèìüò Ýêäïóçò êÜðïéïõ áíôéãñÜöïõ åíüò áíôéêåéìÝíïõ, V_{éä} ï áñéèìüò Ýêäïóçò ôïõ éäéïêôÞôç. Ðñïöáíþò óå êÜèå êüìâï ôïõ äéêôýïõ V_{áíô} ≤ V_{éä}. ÔÝëïò, Ýóôù T T P åSSíáé ï œñüíïò ãéá ôï åðüìåíï ðåñéïäéêü pull.

ÕðïèÝôïõìå üôé áí óå äýï äéáäïœéêÜ pull äåí âñåèåSS êÜðïéá íÝá Ýêäïóç ôçò ðëçñïöïñSSáò (V_{éä} = V_{áíô}) ôüôå ìÜëëïí èá ðñÝðåé íá œñçóéìïðïéïýìå ìåãáëýôåñï T T P . ćñá ï åðüìåíïò œñüíïò áíáæÞôçóçò èá áõîçèåSS êáôÜ ìéá óôáèåñÜ C:

ÔÔP^′ = T T P + C

Áí ìåôáîý äõï äéáäïœéêþí pull äçìïóéåõèåSS ìéá íåüôåñç Ýêäïóç (äçëáäÞ V_{éä} > V_{áíô}) ôüôå èá ðñÝðåé íá ìåéþóïõìå ôï T T P êáé ìÜëéóôá ç ìåSSùóç áõôÞ íá åSSíáé ìåãÜëç áí ôï áíôéêåSSìåíï Üëëáîå ðáñáðÜíù áðü ìéá öïñÜ:

ÔÔÑ^′ = ù × T T P − (1 − ù) ×

T T P V_{éä} − V_{áíô} + á üðïõ á > 0 êáé 0 < ù < 1 åSSíáé ðáñÜìåôñïé ðïõ ïñSSæïõí ôï ðüóï ãñÞãïñá ç áñãÜ èá ãSSíåé áõôÞ ç ìåSSùóç.

6.5.1 ÅíçìÝñùóç áíôéãñÜöùí ðïõ äçìéïõñãÞèçêáí ìå push/pull

ĳðùò åSSäáìå, ãéá íá åðéôýœïõìå ôçí êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò ðñÝðåé ìåôÜ áðü ìéá åðéôõœçìÝíç áíáæÞôçóç ï êÜèå êüìâïò íá êÜíåé push þóôå íá äçìéïõñãçèïýí áíôSSãñáöÜ

6.6 ÐåéñáìáôéêÜ áðïôåëÝóìáôá 81

óôçí åõñýôåñç ãåéôïíéÜ ôïõ. Ìðïñïýìå íá åðùöåëçèïýìå áðü áõôüí ôïí ôñüðï êáôáóêåõÞò áíôéãñÜöùí þóôå íá åðéôýœïõìå ðéï áðïôåëåóìáôéêÞ åíçìÝñùóç.

Áò õðïèÝóïõìå üôé êÜðïéïò êüìâïò ðïõ åSSœå áíáæçôÞóåé ðáëéüôåñá Ýíá áíôéêåSSìåíï ëÜâåé ìéá åíçìåñùìÝíç Ýêäïóç áðü êÜðïéï on-demand pull. Óå áõôÞ ôçí ðåñSSðôùóç èá ðñÝðåé íá ðñïùèÞóåé (push) êáé ôçí åíçìÝñùóç áõôÞ ãåéôïíéÜ ôïõ. Åêìåôáëëåõüìáóôå äçëáäÞ ôïí ìçœáíéóìü êáôáóêåõÞò ôùí áíôéãñÜöùí þóôå íá ðñïùèÞóïõìå ôçí åíçìÝñùóç óå Ýíá õðïóýíïëï êüìâùí ðïõ õðÜñœïõí ðïëëáðëÜ áíôSSãñáöá ôá ïðïSSá œñåéÜæïíôáé åíçìÝñùóç. ÏíïìÜæïõìå ôçí ìÝèïäï áõôÞ push/pull-push áöïý ïé éäéïêôÞôåò ðïõ êÜíïõí áëëáãÝò êÜíïõí push (üðùò êáé óôï áðëü push/pull), åíþ ïé êüìâïé ðïõ êÜíïõí on-demand pull êÜíïõìå áìÝóùò ìåôÜ êáé ïé SSäéïé push.

Ïé âÝëôéóôåò ôéìÝò ôùí ðáñáìÝôñùí (decay, TTL) ãéá ôï push ôçò åíçìÝñùóçò åSSíáé íá œñçóéìïðïéÞóïõìå ôéò SSäéåò ìå áõôÝò ôïõ push äçìéïõñãSSáò áíôéãñÜöùí. Óôçí ðåñSSðôùóç ðïõ äåí åðéèõìïýìå íá êñáôÞóïõìå áõôÞ ôçí ðëçñïöïñSSá, ìðïñïýìå íá œñçóéìïðïéÞóïõìå ôï âÜèïò óôï ïðïSSï âñÝèçêå ç åíçìÝñùóç õðïèÝôïíôáò üôé Ýœïõí åíçìåñùèåSS ïé êüìâïé ðïõ åSSíáé ðéï čìáêñõÜď.

6.6 ÐåéñáìáôéêÜ áðïôåëÝóìáôá

Èá åîåôÜóïõìå ôþñá áí ïé áëãüñéèìïé push/pull åSSíáé éêáíïSS íá êñáôÞóïõí ôá áíôSSãñáöá åíçìåñùìÝíá. Áöïý öôÜóïõìå ôï óýóôçìá óå óôáèåñÞ êáôÜóôáóç üóïí áöïñÜ ôïí áñéèìü ôùí áíôéãñÜöùí êáôáëÞãïõìå óå Ýíá äSSêôõï üðïõ õðÜñœïõí áíôSSãñáöá áíôéêåéìÝíùí ðïõ áêïëïõèïýí ôçí ôåôñáãùíéêÞ êáôáíïìÞ. ÁñœéêÜ, üëá ôá áíôéêåSSìåíá êáé ôá áíôSSãñáöá Ýœïõí áñéèìü Ýêäïóçò V_i = 1. ÿðåéôá åðéëÝãïõìå ôõœáSSá áíôéêåSSìåíá êáé áõîÜíïõìå ôïí áñéèìü Ýêäïóçò ôïõ áíôéãñÜöïõ ðïõ õðÜñœåé óôïí čéäïêôÞôçď ôïõ áíôéêåéìÝíïõ. Óôüœïò ìáò åSSíáé íá åîåôÜóïõìå áí ïé ðïëéôéêÝò ðïõ ðåñéãñÜøáìå ðáñáðÜíù åSSíáé éêáíÝò íá åíçìåñþóïõí ôá õðüëïéðá áíSSãñáöá

ĳðùò ðáñáôçñïýìå óôï óœÞìá 6.3a, áêüìá êáé Ýíá áðëü push/pull ìðïñåSS íá êñáôÞóåé ôá áíôSSãñáöá óõíåðÞ. ÌÜëéóôá, ëüãù ôïõ üôé ôá áíôSSãñáöá äçìéïõñãïýíôáé êáé óâÞíïíôáé

ÓœÞìá 6.3: Åíçìåñþóåéò áíôéãñÜöùí

ÅíçìÝñùóç œñçóéìïðïéþíôáò ôï áðëü push/pull, êáèþò êáé ôçí âåëôSSùóç üðïõ ìåôÜ êÜðïéï pull ãSSíåôáé push óå äSSêôõï üðïõ ôá áíôSSãñáöá Ýœïõí ðñïêýøåé ôõœáSSá êáé óå äSSêôõï ðïõ Ýœïõí ðñïêýøåé ìå ôçí ìÝèïäï push/pull

óõœíÜ, óôï óõãêåêñéìÝíï ðáñÜäåéãìá œñçóéìïðïéÞèçêå Ýíá ðïëý ðåñéïñéóìÝíï push (d = 0:9; t = 4) ðïõ üìùò åSSíáé éêáíü íá äéáôçñÞóåé Ýíá ìåãÜëï ðïóïóôü ôùí áíôéãñÜöùí óå óõíåðÞ êáôÜóôáóç.

ĳðùò åSSíáé öõóéêü, ç âåëôSSùóç ôïõ íá œñçóéìïðïéåSS êÜðïéïò push áìÝóùò ìåôÜ êÜðïéï åðéôõœçìÝíï pull âåëôéþíåé ôï áðïôÝëåóìá ôüóï óôï äSSêôõï ìå ôá ôõœáSSá áíôSSãñáöá üóï êáé óôï äSSêôõï ðïõ ôá áíôSSãñáöá öôéÜœôçêáí ìå push/pull. ĳìùò, üôáí ôá áíôSSãñáöá äåí Ýœïõí öôéáœôåSS ìå ôõœáSSï ôñüðï áëëÜ óýìöùíá ìå ôçí ìÝèïäï push-pull, ôá áðïôåëÝóìáôá åSSíáé ðïëý êáëýôåñá. Ïðüôå ç õðüèåóç ðïõ êÜíáìå üôé Ýíá push ìåôÜ áðü Ýíá åðéôõœçìÝíï on-demand pull åêìåôáëëåýåôáé ôïí ôñüðï äçìéïõñãSSáò ôùí áíôéãñÜöùí, åðéâåâáéþíåôáé êáé ðåéñáìáôéêÜ. Êáé üðùò âëÝðïõìå óôçí åéêüíá 6.3b áõôü ãSSíåôáé œùñSSò åðéðëÝïí êüóôïò ìçíõìÜôùí óå óœÝóç ìå ôï ôõœáSSï äSSêôõï.

ÊåöÜëáéï 7

ÓõìðåñÜóìáôá

Óôçí åñãáóSSá áõôÞ ìåëåôÞóáìå ôï ðñüâëçìá ôùí åíçìåñþóåùí ôçò cache óå Ýíá peer to peer äSSêôõï áðü êéíçôïýò ðñÜêôïñåò. Óôï ìïíôÝëï áõôü, êÜèå ðñÜêôïñáò äéáôçñåSS ìéá ðñïóùðéêÞ cache ðåñéïñéóìÝíïõ ìåãÝèïõò, ðïõ ðåñéÝœåé ðëçñïöïñSSåò ãéá ôïí åíôïðéóìü Ê äéáöïñåôéêþí õðçñåóéþí. Ãéá êÜèå ìSSá áðü ôéò Ê õðçñåóSSåò, êñáôÜ ðëçñïöïñSSåò ãéá ôï ðïý èá âñåé ôïí ðñÜêôïñá ðïõ ôçí ðáñÝœåé. Áõôü Ýœåé óáí áðïôÝëåóìá íá äéáôçñåSSôáé Ýíáò êáôáíåìçìÝíïò êáôÜëïãïò ðïõ ðåñéÝœåé ðëçñïöïñSSåò ðïõ áíôéóôïéœSSæïõí õðçñåóSSåò ìå ôïõò ðñÜêôïñåò ðïõ ôá ðñïóöÝñïõí.

Ôï ðñüâëçìá ðïõ åîåôÜóáìå åSSíáé ôï ôé óõìâáSSíåé óôï ðáñáðÜíù äSSêôõï üôáí õðÜñœåé êéíçôéêüôçôá. ĳðùò åSSäáìå, ôá ðñüâëçìá ðïõ äçìéïõñãïýíôáé áðü ôçí ìåôáêSSíçóç ìéáò õðçñåóSSáò åSSíáé áñêåôÜ óçìáíôéêÜ áöïý ìéá ôÝôïéá ìåôáêSSíçóç ìðïñåSS íá ðñïêáëÝóåé áóõíÝðåéá óôçí cache ôùí õðïëïSSðùí ðñáêôüñùí (cache inconsistency). ÿôóé ðñïôåSSíáìå ìéá óåéñÜ áðü áëãïñSSèìïõò åíçìÝñùóçò ôùí åããñáöþí cache. ÏõóéáóôéêÜ, ìå ôï íá åíçìåñþíïõìå ôéò åããñáöÝò cache ôùí ðñáêôüñùí, åíçìåñþíïõìå ôéò óõíäÝóåéò ôïõò êáé êáôá óõíÝðåéá åíçìåñþíïõìå ôçí SSäéá ôçí ôïðïëïãSSá ôïõ äéêôýïõ.

Ïé áëãüñéèìïé åíçìÝñùóçò ðïõ ðñïôåSSíáìå, óõíäõÜæïõí ôçí ôåœíéêÞ pull, ç ïðïSSá îåêSSíá áðü ôïõò ðñÜêôïñåò ðïõ œñåéÜæïíôáé ôçí åíçìÝñùóç, êáé ôçí ôåœíéêÞ push, ðïõ îåêéíÜ áðü ôïõò ðñÜêôïñåò ðïõ ìåôáêéíïýíôáé. Êáé ç ôåœíéêÞ push áëëÜ êáé ç ôåœíéêÞ pull âáóSSæïíôáé óå êáôÜëëçëåò ðáñáëëáãÝò ôçò ìåèüäïõ ðëçììýñáò (‚ooding). ÌåëåôÞóáìå ôçí œñÞóç ðåñéïäéêþí pull üðïõ ïé ðñÜêôïñåò ðåñéïäéêÜ åíçìåñþíïõí ïëüêëçñç ôçí cache ôïõò êáé ôçí êáè’áðáSSôçóç (on-demand) œñÞóç pull üðïõ ïé ðñÜêôïñåò åíçìåñþíïõí êÜðïéá åããñáöÞ óôçí cache ìüíï üôáí áíáêáëýøïõí üôé äåí åSSíáé Ýãêõñç. Êáôá ôï push, üôáí ï ðñÜêôïñáò ìåôáêéíçèåSS åíçìåñþíåé ôïõò õðïëïSSðïõò ãéá ôçí íÝá èÝóç ôïõ. ÌåëåôÞóáìå áñêåôÝò ðáñáëëáãÝò áëãïñSSèìùí ‚ooding-push ìå óôüœï íá åíçìåñþóïõìå üóï ðåñéóóüôåñïõò ðñÜêôïñåò ãSSíåôáé œñçóéìïðïéþíôáò üóï ôï äõíáôü ëéãüôåñá ìçíýìáôá.

ÐñïôåSSíïõìå åðSSóçò ìSSá íÝá ðáñáëëáãÞ ‚ooding óôçí ïðïSSá ïé ðñÜêôïñåò ðïõ ëáìâÜíïõí ðëçñïöïñSSá óœåôéêÜ ìå ôçí ìåôáêSSíçóç Üëëùí, ôçí êñáôïýí ãéá ëSSãï óå êÜðïéïí êáôÜëïãï ðïõ ïíïìÜæïõìå êáôÜëïãï čsnoopingď. ÓõãêñSSíïõìå áõôÝò ôéò ìåèüäïõò (ðïõ âáóSSæïíôáé óôï ‚ooding) ìå ôçí œñÞóç åíüò čåíçìåñùìÝíïõď push üðïõ ïé ðñÜêôïñåò êñáôïýí åðéðñüóèåôá êáé ìSSá áíåóôñáììÝíç cache (inverted cache). Ìå óôüœï íá ìåéþóïõìå ôï ìÝãåèïò ôïõ êáôáëüãïõ inverted cache óõíäõÜóáìå ôïí áëãüñéèìï áõôü ìå ôçí ôåœíéêÞ čleasingď üðïõ êÜèå ðñÜêôïñáò ìéóèþíåé ôïí œñüíï ôïõ óôçí inverted cache êÜðïéïõ Üëëïõ.

Ãéá íá óõãêñSSíïõìå ôéò ìåèüäïõò áõôïýò õëïðïéÞóáìå Ýíáí åîïìïéùôÞ. Êýñéïò óôüœïò ìáò åSSíáé íá åîåôÜóïõìå ôçí ðïéüôçôá ôïõ äéêôýïõ ðïõ ðñïêýðôåé ìå ôçí œñÞóç ôïõ êÜèå áëãïñSSèìïõ åíçìÝñùóçò êáèþò êáé ôïí öüñôï ìçíõìÜôùí ðïõ ðñïêáëåSS êÜèå áëãüñéèìïò.

ĳôáí äåí èÝëïõìå íá œñçóéìïðïéÞóïõìå ðáñáðÜíù ìíÞìç ãéá ôïõò áëãïñSSèìïõò åíçìÝñùóçò, ôüôå ç ìüíç ëýóç åSSíáé ï áðëüò push/pull áëãüñéèìïò. Ï áëãüñéèìïò áõôüò ðáñïõóéÜæåé éêáíïðïéçôéêÜ áðïôåëÝóìáôá (üóïí áöïñÜ ôçí óõíÝðåéá ôùí cache) ìüíï üôáí œñçóéìïðïéçèåSS Ýíá åõñý push ‚ooding áëëÜ åðéöÝñåé ìåãÜëï öüñôï ìçíõìÜôùí.

Ç ýðáñîç êáôáëüãùí snooping êáé ðåñéïäéêþí pull âåëôéþíåé (êáôÜ ðïëý) ôïí áëãüñéèìï plain push/pull áëëÜ ùò áíôÜëëáãìá Ýœåé áõîçìÝíï êüóôïò óå ìíÞìç. Œñçóéìïðïéþíôáò ôéò SSäéåò áêñéâþò ðáñáìÝôñïõò ìå ôï áðëü push/pull, ç óõíÝðåéá ôùí åããñáöþí óôéò cache ôùí ðñÜêôïñåò ôïõ ôïõ äéêôýïõ åSSíáé áñêåôÜ êáëýôåñç êáé Üñá ìáò åðéôñÝðåé íá åðéôýœïõìå ôçí SSäéá ðïéüôçôá óôçí cache œñçóéìïðïéþíôáò ëéãüôåñá ìçíýìáôá.

Ï áëãüñéèìïò inverted cache push/pull åðéöÝñåé åëÜœéóôï öüñôï ìçíõìÜôùí êáé óôéãìéáSSá åíçìÝñùóç (1-hop) êáé Üñá åSSíáé êáôÜëëçëïò ãéá óõóôÞìáôá óôá ïðïSSá ãSSíïíôáé ðïëý óõœíÝò ìåôáêéíÞóåéò. Ùóôüóï áðáéôåSS ôçí œñÞóç ìíÞìçò ãéá ôçí äéáôÞñçóç ôùí êáôáëüãùí inverted cache ïé ïðïSSïé ìðïñåSS íá ãSSíïõí áñêåôÜ ìåãÜëïé ãéá ðñÜêôïñåò ðïõ êáôÝœïõí äçìïöéëåSSò õðçñåóSSåò. ÅðéðëÝïí, ïé áëëáãÝò óôçí cache ôùí ðñáêôüñùí (cache replacements) åðéöÝñïõí öüñôï ìçíõìÜôùí. ÔÝëïò, ï áëãüñéèìïò áõôüò äåí åSSíáé êáôÜëëçëïò ãéá áíáîéüðéóôá óõóôÞìáôá open-MAS áöïý ï êÜèå ðñÜêôïñáò âáóSSæåôáé óå Üëëïõò óôï íá ôïí åíçìåñþóïõí.

Ôá áðïôåëÝóìáôá áõôÞò ôçò äïõëåéÜò ðáñïõóéÜóôçêáí ðñüóöáôá êáé óôï [23].

ÿíá äåýôåñï èÝìá ôï ïðïSSï ìåëåôÞóáìå åSSíáé ç äõíáôüôçôá åöáñìïãÞò ôùí áëãïñSSèìùí push/pull óôçí äçìéïõñãSSá êáé ôçí äéáôÞñçóç ðïëëáðëþí áíôéãñÜöùí óå Ýíá äSSêôõï P2P. ĳðùò åSSäáìå ï âÝëôéóôïò áñéèìüò áíôéãñÜöùí åíüò áíôéêåéìÝíïõ åSSíáé áíÜëïãïò ôçò ôåôñáãùíéêÞò ñSSæáò áñéèìïý áíáæçôÞóåùí ðïõ ãSSíïíôáé ãéá áõôü. Ìéá êáëÞ ðñïóÝããéóç ãéá ôçí åðSSôåõîç áõôÞò ôçò êáôáíïìÞò åSSíáé óå êÜèå áíáæÞôçóç íá äçìéïõñãïýìå áíôSSãñáöá ðïõ åSSíáé áíÜëïãá ìå ôïí áñéèìü ôùí êüìâùí ðïõ åñùôÞèçêáí. Óå ðáëéüôåñåò åñãáóSSåò áõôü åSSœå ðñïóåããéóôåSS ìå ôéò ôåœíéêÝò čowner replicationď, üðïõ ìüíï ï êüìâïò ðïõ Ýêáíå ôçí áíáæÞôçóç äçìéïõñãåSS áíôSSãñáöï, êáé čpath replicationď üðïõ äçìéïõñãïýíôáé áíôSSãñáöá êáôÜ ìÞêïò ôïõ ìïíïðáôéïý ôïõ áíáæçôçôÞ êáé ôïõ ðáñïœÝá.

Óôçí äéêÞ ìáò åñãáóSSá ðñïôåSSíáìå üôé ç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò ìðïñåSS íá ðñïóåããéóôåSS áí áìÝóùò ìåôÜ áðï ìéá åðéôõœçìÝíç áíáæÞôçóç ï êüìâïò ðïõ ôçí îåêSSíçóå êÜíåé push ôï áðïôÝëåóìá óôï äSSêôõï ìå TTL SSóï ìå ôï âÜèïò åýñåóçò. Ôá áíôSSãñáöá èá äçìéïõñãçèïýí óôïõò êüìâïõò ðïõ èá ëÜâïõí ôï ìÞíõìá push. ĳðùò åSSäáìå êáé ðåéñáìáôéêÜ, ç ìÝèïäïò áõôÞ ðñïóåããSSæåé êáëýôåñá áðü ôéò ðñïçãïýìåíåò ôçí âÝëôéóôç êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò.

Åðéðñüóèåôá, äåSSîáìå ðùò ìðïñïýí íá åöáñìïóôïýí ïé áëãüñéèìïé push/pull óôçí äéáôÞñçóç ôçò óõíÝðåéáò ôùí áíôéãñÜöùí. ĳôáí ï éäéïêôÞôçò åíüò áíôéêåéìÝíïõ ðñïâåSS óå áëëáãÝò êÜíåé push óôï äSSêôõï, åíþ ïé êüìâïé ðïõ Ýœïõí áíôSSãñáöá åîåôÜæïõí ðåñéïäéêÜ áí õðÜñœåé íÝá Ýêäïóç êÜíïíôáò Ýíá on-demand pull. ÐáñïõóéÜóáìå åðSSóçò Ýíáí áðëü ôñüðï ãéá íá ðñïóáñìüæåôáé œñüíïò ìåôáîý äõï ðåñéïäéêþí pull.

Ëüãù ôïõ üôé ôá áíôSSãñáöá äçìéïõñãïýíôáé ìå ôçí œñÞóç åíüò push ìåôÜ áðü êÜðïéá áíáæÞôçóç, ðñïôåSSíáìå üôé áí ï êüìâïò ðïõ ôá åSSœå äçìéïõñãÞóåé ëÜâåé êÜðïéá íåüôåñç Ýêäïóç

(ìÝóù åíüò on-demand pull ãéá ðáñÜäåéãìá) èá ðñÝðåé íá ðñïùèÞóåé êáé ôçí åíçìÝñùóç áõôÞ ìå Ýíá push. ÿôóé, ìåôÜ áðü êÜèå åðéôõœçìÝíï on-demand pull èá ðñÝðåé íá ãSSíåôáé push ìå óôüœï íá åðéôýœïõìå ôçí åíçìÝñùóç üóï ôï äõíáôü ðåñéóóïôÝñùí áíôéãñÜöùí. Ôá ðåéñáìáôéêÜ áðïôåëÝóìáôá Ýäåéîáí üôé áí ôá áíôSSãñáöá Ýœïõí öôéáœôåSS ìå push ç ôåœíéêÞ áõôÞ åSSíáé áðïôåëåóìáôéêÞ.

7.1 ÌåëëïíôéêÞ äïõëåéÜ

ÕðÜñœïõí ðïëëÜ åñåõíçôéêÜ èÝìáôá üóïí áöïñÜ ôéò åíçìåñþóåéò óå Ýíá äõíáìéêü ðåñéâÜëëïí üðùò åSSíáé ôá äSSêôõá P2P. ÅðéðëÝïí, ïé áëãüñéèìïé push/pull ìðïñïýí íá âñïõí åöáñìïãÞ óå ðÜñá ðïëëÜ ðåäSSá. ÅîáñôÜôáé áðü ôï ôé ïñSSæåôáé êÜèå öïñÜ ùò čìåôáêSSíçóçď êáé ôé ùò čåíçìÝñùóçď. Áí èåùñÞóïõìå üôé ìåôáêSSíçóç åSSíáé ïðïéáäÞðïôå íÝá ðëçñïöïñSSá ç ïðïSSá ðñÝðåé íá ãSSíåé ãíùóôÞ óå Üëëïõò, ôüôå ïé áëãüñéèìïé áõôïSS ìðïñïýí íá åöáñìïóôïýí êáé óå áñêåôÝò Üëëåò ðåñéðôþóåéò.

ĳðùò åSSäáìå ïé áëãüñéèìïé áõôïSS åîáñôþíôáé êáôÜ ðïëý áðü ôéò ðáñáìÝôñïõò ðïõ œñçóéìïðïéïýíôáé êáôÜ ôï push êáé ôï pull (decay, TTL, óõœíüôçôá ðåñéïäéêþí pull, expiration time, lease time êôë). Áí êáé ìåëåôÞóáìå ôéò åðéðôþóåéò ôçò êÜèå ðáñáìÝôñïõ óôï óýóôçìá èá ðñÝðåé íá ìåëåôçèåSS ðùò ïé ðáñÜìåôñïé áõôïSS èá ðñÝðåé íá áõôïññõèìSSæïíôáé óå Ýíá äõíáìéêü P2Póýóôçìá áíÜëïãá ìå ôï ìÝãåèïò ôïõ äéêôýïõ êáé ôçí ðõêíüôçôá ôùí óõíäÝóåùí ê.á. Óôüœïò èá åSSíáé íá ìðïñïýí áðü ìüíïé ôïõò ïé êüìâïé íá ñõèìSSæïõí ôéò ðáñáìÝôñïõò áõôÝò þóôå íá âåëôéóôïðïéçèåSS ôüóï ç ðïéüôçôá ôçò åíçìÝñùóçò üóï êáé ï öüñôïò ôùí ìçíõìÜôùí ðïõ áíôáëëÜóóïíôáé.

ÅðéðëÝïí, åíäéáöÝñïõóá åñåõíçôéêÞ êáôåýèõíóç åSSíáé íá ìåëåôçèåSS ç åöáñìïãÞ ôùí ìåèüäùí push/pull óå áóýñìáôá ad-hoc äSSêôõá. Óå áõôÞ ôçí ðåñSSðôùóç ìðïñïýìå íá åêìåôáëëåõôïýìå ðëçñïöïñSSåò üðùò ç ãåùãñáöéêÞ èÝóç êáé čöõóéêÞď ìåôáêSSíçóç (ìå êÜðïéá ôáœýôçôá êáé äéåýèõíóç) ãéá íá åðéôýœïõìå áðïôåëåóìáôéêüôåñç åíçìÝñùóç. Ìðïñïýìå íá åöáñìüóïõìå ôéò ìåèüäïõò áõôÝò ãéá ôï ðïëý óçìáíôéêü èÝìá ôçò äñïìïëüãçóçò. ÓõãêåêñéìÝíá ìðïñïýìå íá œñçóéìïðïéÞóïõìå ôïõò áëãïñSSèìïõò push/pull ãéá íá åíçìåñþóïõìå ôïõò ðSSíáêåò äñïìïëüãçóçò ðïõ äéáôçñåSS êÜèå êüìâïò óå Ýíá ôÝôïéï äSSêôõï.

7.1 ÌåëëïíôéêÞ äïõëåéÜ 87

ÔÝëïò èá ìðïñïýóáí íá åñåõíçèïýí íÝïé ôñüðïé åíçìÝñùóçò ìå óôüœï ôçí åëáœéóôïðïSSçóç ôïõ üãêïõ ôùí ìçíõìÜôùí. Ãéá ðáñÜäåéãìá ç åýñåóç êáëýôåñçò óõíÜñôçóçò decay, íÝùí áëãïñSSèìùí ‚ooding, åëáöñþò äïìçìÝíåò åíçìåñþóåéò (ðœ super nodes ðïõ Ýœïõí ùò óôüœï íá óõãêåíôñþíïõí åíçìåñþóåéò) êôë.

ÐáñÜñôçìá A

Åðéóêüðçóç äéêôýùí Peer-To-Peer êáé Ad-Hoc

Ôá äSSêôõá P2Pêáé ad-hoc Ýãéíáí äçìïöéëÝò áíôéêåSSìåíï ôüóï åñåõíçôéêÜ üóï êáé ùò åöáñìïãÝò œñçóôþí. Ùò áðïôÝëåóìá, åSSœáìå ìéá Ýêñçîç ðñïôÜóåùí, ìåëåôþí, óõóôçìÜôùí êáé åöáñìïãþí. ÊñSSèçêå ëïéðüí áðáñáSSôçôï íá ãSSíåé ìéá ðëçñÝóôåñç åðéóêüðçóç ôùí äéêôýùí áõôþí. Ãéá ëüãïõò ðëçñüôçôáò êáé áíåîáñôçóSSáò ôïõ ðáñáñôÞìáôïò áõôïý, êÜðïéåò ðëçñïöïñSSåò ðïõ ðáñïõóéÜóáìå óôï êåöÜëáéï 2 èá åðáíáëçöèïýí.

A.1 ÓõóôÞìáôá peer to peer

Ç áñœéôåêôïíéêÞ ðïõ åðéêñáôïýóå óôï internet ðñéí ôçí åìöÜíéóç ôùí peer to peer Þôáí âáóéóìÝíç óôï ìïíôÝëï ðåëÜôç-åîõðçñÝôç (client-server). Ï åîõðçñÝôçò Þôáí óõíÞèùò Ýíáò éóœõñüò õðïëïãéóôÞò ðïõ ðáñåSSœå êÜðïéåò õðçñåóSSåò êáé Þôáí ìïíSSìùò äéáèÝóéìïò (online), åíþ ïé ðåëÜôåò Þôáí ïé õðïëïãéóôÝò ðïõ œñçóéìïðïéïýóáí ôéò õðçñåóSSåò ôïõ åîõðçñÝôç êáé óõíÞèùò ïé clients äåí ìðïñïýóáí íá åðéêïéíùíÞóïõí Üìåóá ìåôáîý ôïõò (óœÞìá A.1). Óôá óõóôÞìáôá client-server äåí õðÞñœå áõôï-ïñãÜíùóç óôï äSSêôõï, ç ïñãÜíùóç êáé ç äéïSSêçóç ïëüêëçñïõ ôïõ óõóôÞìáôïò ðñïêýðôåé áðü ôçí ðïëéôéêÞ ôïõ åîõðçñÝôç.

ÓœÞìá A.1: Áðü ôçí áñœéôåêôïíéêÞ ðåëÜôç-åîõðçñÝôç óôá äSSêôõá P2P

ÓÞìåñá, ìå ôçí åìöÜíéóç ïëïÝíá ãñçãïñüôåñùí êáé óõíåœþò åíåñãþí óõíäÝóåùí óôï internet (always on) Ýíá íÝï åSSäïò äéáóýíäåóçò Ýœåé áíáäåéœèåSS. Ç óýíäåóç ðëÝïí ãSSíåôáé áôïìéêÜ ìåôáîý ôùí client. ÁíôSS íá êáëïýìå áõôÞ ôçí åðéêïéíùíSSá client óå client ôçí êáëïýìå peerto-peer (Þ äSSêôõá ïìïôSSìùí) áöïý ïé óõíäÝóåéò ãSSíïíôáé ìåôáîý ïìüôéìùí (SSóùí) peers, åíþ ç ëÝîç client õðïäçëþíåé ìéá õðï-õðçñåóSSá ðïõ åîáñôÜôáé áðü êÜðïéïí åîõðçñÝôç. Ôï ãåãïíüò üôé êÜðïéïò êåíôñéêüò åîõðçñÝôçò ìðïñåSS íá Ýœåé âïçèÞóåé óôçí áñœéêÞ óýíäåóç êáé åðéêïéíùíSSá äåí Ýœåé êáìSSá óœÝóç ìå ôï ðïõ ãSSíåôáé ç ôåëéêÞ äñáóôçñéüôçôá. Ôï áðïôÝëåóìá åSSíáé üôé üëåò ïé äñáóôçñéüôçôåò ãSSíïíôáé áðü ôïõò peers, Þ áëëéþò óôá Üêñá ôïõ äéêôýïõ. Áí ãéá ðáñÜäåéãìá èåëÞóåé êÜðïéïò íá äçìïóéåýóåé êÜôé, ìðïñåSS íá ôï êÜíåé óôï äéêü ôïõ õðïëïãéóôÞ, áíôSS íá ôï óôåSSëåé óå êÜðïéïí åîùôåñéêü åîõðçñÝôç. Ôá äSSêôõá P2PåSSíáé ìéá íÝá åðéêáëõðôéêÞ (overlay) äéáóýíäåóç ðÜíù óôéò ôñÝœïõóåò óõíäÝóåéò ôïõ internet.

Óôçí ðéï áðëÞ ôïõ ìïñöÞ, P2PåSSíáé Ýíáò õðïëïãéóôÞò ðïõ ñùôÜåé Ýíáí Üëëï ãéá êÜðïéá õðçñåóSSá. Ç õðçñåóSSá áõôÞ ìðïñåSS íá åSSíáé áñœåSSá, ëïãéóìéêü, äõíáôüôçôá åêôýðùóçò, õðïëïãéóôéêÞ éóœýò êôë. ÃåíéêÜ, óôá peer to peer äSSêôõá êÜèå óõììåôÝœùí êüìâïò äñá êáé ùò ðåëÜôçò áëëÜ êáé ùò åîõðçñÝôçò (servent) ðáñÝœïíôáò êÜðïéïõò ðüñïõò Þ õðçñåóSSåò. Ïé peers ìðïñïýí íá óõíäåèïýí Þ íá áðïóõíäåèïýí áíÜ ðÜóá óôéãìÞ êáé óõíÞèùò äåí õðÜñœåé êÜðïéá êáèïëéêÞ ãíþóç ãéá üëï ôï óýóôçìá (ðœ ðüóïé peers õðÜñœïõí Þ ôé õðçñåóSSåò ðñïóöÝñåé ï êáèÝíáò). Ðáñüëï ðïõ óå áõôÞ ôçí éäÝá âáóSSæïíôáé üëá ôá p2p óõóôÞìáôá, ç áñœéôåêôïíéêÞ ðïõ óõíáíôÜôáé áðü óýóôçìá óå óýóôçìá ìðïñåSS íá äéáöÝñåé ðïëý. ÿíáò áöáéñåôéêüò êáé äéáéóèçôéêüò ïñéóìüò ãéá ôá peer to peer óõóôÞìáôá äSSíåôáé áðü ôïí Clay Shirkey [2].

Peer-to-peer åSSíáé ç êëÜóç ôùí åöáñìïãþí ðïõ åêìåôáëëåýïíôáé resources üðùò: áðïèçêåõôéêüò œþñïò, åðåîåñãáóôéêÞ éóœýs, õëéêü, áíèñþðéíç ðáñïõóSSá, ðïõ õðÜñœåé äéÜóðáñôï óå êÜèå ìÝñïò ôïõ Internet. ÅðåéäÞ ç ðñüóâáóç óå áõôÜ ôá ìç êåíôñéêïðïéçìÝíá resources óçìáSSíåé ôçí ëåéôïõñãSSá óå Ýíá áóôáèÝò ðåñéâÜëëïí óýíäåóçò êáé áðñüâëåðôùí IP äéåõèýíóåùí, ïé êüìâïé peer-to-peer ðñÝðåé íá ëåéôïõñãïýí åêôüò ôïõ DNS êáé íá Ýœïõí óçìáíôéêÞ Þ ðëÞñç áõôïíïìSSá áðü êåíôñéêïýò åîõðçñÝôåò.

ÐïëëïSS ðéóôåýïõí üôé P2PåSSíáé áðëÜ Ýíáò äéáöïñåôéêüò üñïò ãéá ôá êáôáíåìçìÝíá óõóôÞìáôá (distributed computing). Ç óçìáíôéêÞ äéáöïñÜ ìåôáîý ôùí êáôáíåìçìÝíùí óõóôçìÜôùí êáé ôùí óçìåñéíþí äéêôýùí P2PåSSíáé üôé ïé êüìâïé åíüò óõóôÞìáôïò P2PåSSíáé óõíÞèùò áðëÜ PC êáé üœé ìåãÜëïé, óõíåœþò óõíäåäåìÝíïé åîõðçñÝôåò. Ïé ðåëÜôåò åSSíáé ðëÝïí áðëïSS êüìâïé ðïõ âïçèïýí óôçí åðSSôåõîç áîéïðéóôSSáò êáé áíåîáñôçóSSáò áëëÜ ìå ìåéùìÝíï êüóôïò. Ïé ðüñïé Ýœïõí Þäç áãïñáóôåSS (áðü ôïõ œñÞóôåò) êáé áðëÜ čêÜèïíôáéď êáé ðåñéìÝíïõí, áœñçóéìïðïSSçôïé êáé áíåêìåôÜëëåõôïé (ðœ ïé åðåîåñãáóôÝò ôùí õðïëïãéóôþí åíüò óœïëéêïý åñãáóôçñSSïõ ôçí íýœôá). Ôá äSSêôõá P2Pìáò åðéôñÝðïõí íá åêìåôáëëåõôïýìå áõôÜ ôá áœñçóéìïðïSSçôá resources.

ÓõìðåñáóìáôéêÜ, ðïëëïSS ðéóôåýïõí üôé ïé ìÝñåò ðïõ œñåéáæüìáóôáí Ýíáí êåíôñéêü åîõðçñÝôç ãéá íá öéëïîåíÞóïõìå ðëçñïöïñSSåò Ýœïõí ðåñÜóåé. Ïé õðïëïãéóôÝò ôùí ðåëáôþí åSSíáé ðëÝïí peers óå Ýíá äSSêôõï, åðéôñÝðïíôáò óå êáèÝíá íá öéëïîåíåSS êáé íá ðñïóöÝñåé ôéò äéêÝò ôïõ ðëçñïöïñSSåò.

A.1.1 ŒñÞóåéò óõóôçìÜôùí P2P

Ç œñÞóç ôùí äéêôýùí P2Päåí ðåñéïñSSæåôáé ìüíï óôçí áíôáëëáãÞ ìïõóéêþí áñœåSSùí. ÕðÜñœïõí ðïëëÝò œñÞóåéò üðùò:

• ÊáôáíåìçìÝíïé õðïëïãéóìïSS (distributed computing): Ôá óõóôÞìáôá áõôÜ êáôáíÝìïõí ìéá õðïëïãéóôéêÜ äýóêïëç åñãáóSSá óå Ýíáí áñéèìü áðü peers ìå óôüœï íá œñçóéìïðïéÞóïõí ôïõò õðïëïãéóôéêïýò ðüñïõò üëùí áõôþí ôùí êüìâùí ãéá ôçí åðSSëõóÞ ôçò. ÓõíÞèùò ïé peers äåí åðéêïéíùíïýí Üìåóá ìåôáîý ôïõò áëëÜ ìÝóù åíüò êåíôñéêïðïéçìÝíïõ åîõðçñÝôç ðïõ äéáíÝìåé ôá êïììÜôéá ôçò åñãáóSSáò. ÐáñáäåSSãìáôá ôÝôïéùí óõóôçìÜôùí åSSíáé ôá SETI@Home [3],United Devices [4], Entropia, GPU êôë.

• ÊáôáíåìçìÝíá êáôåâÜóìáôá áñœåSSùí: ÃåíéêÜ, üôáí Ýíá áñœåSSï ðñïóöÝñåôáé áðü Ýíáí ìüíï œñÞóôç, üóï ðåñéóóüôåñïé ôï êáôåâÜæïõí, ôüóï ìéêñüôåñåò ôáœýôçôåò åðéôõãœÜíïõí. Áí üìùò ôï áñœåSSï áõôü ðñïóöÝñåôáé áðü Ýíá P2Póýóôçìá ôüôå üóïé êáôåâÜæïõí ôï áñœåSSï ôï ðñïóöÝñïõí êáé ôáõôüœñïíá (ãSSíïíôáé êáé ïé SSäéïé åîõðçñÝôåò). Áõôü Ýœåé óáí áðïôÝëåóìá íá áõîÜíåôáé ç óõíïëéêÞ äéáèåóéìüôçôá (bandwidth) ôïõ óõãêåêñéìÝíïõ áñœåSSïõ, íá êáôáíÝìåôáé ï öüñôïò óå ðåñéóóüôåñá áðü Ýíá óçìåSSá ôïõ internet. ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ôï BitTorrent, Gnutella [5], Napster [1], LimeWire, Kazaa [6], Freenet [7] , Popular Power, E-donkey êôë.

• ÌçœáíÝò áíáæÞôçóçò: Ìå ôçí œñÞóç P2Päéêôýùí ìðïñåSS êÜðïéïò íá øÜîåé áñœåSSá, õðçñåóSSåò, óåëéäïäåSSêôåò (bookmarks) êôë ðïõ ðáñÝœïõí Üëëïé œñÞóôåò. Ãéá ðáñÜäåéãìá ìðïñåSS ìÝóá óå ìéá åôáéñSSá íá õðÜñœåé Ýíá ôïðéêü äSSêôõï ðïõ åðéôñÝðåé óå ðñïãñáììáôéóôÝò íá áíáæçôïýí ðáñáäåSSãìáôá êþäéêá óå õðïëïãéóôÝò óõíáäÝëöùí ôïõò.

• ÅðéêïéíùíSSá: ÕðÜñœïõí åöáñìïãÝò chat ðïõ äåí âáóSSæïíôáé óå Ýíáí ìüíï êåíôñéêïðïéçìÝíï åîõðçñÝôç. ÿôóé ïé œñÞóôåò ãéá ðáñÜäåéãìá ìðïñïýí íá ïñSSæïõí ìüíïé ôïõò ôïõò êáíüíåò, ç êáé íá åðéêïéíùíïýí áð’åõèåSSáò ìåôáîý ôïõò ãéá ìåãáëýôåñç áóöÜëåéá/ôáœýôçôá. ÐáñáäåSSãìáôá ôÝôïéùí õðçñåóéþí åSSíáé ôï netmeeting, ICQ [8], voice over IP.

• ÓõíåñãáóSSá: ÌðïñåSS êÜðïéïò íá îåêéíÞóåé Ýíá Ýñãï (project) ìå Ýíáí áñéèìü áðü öSSëïõò, íá äéáìïéñÜæïíôáé ôá áñœåSSá ôïõ Ýñãïõ, Ýíáí ðSSíáêá óõæçôÞóåùí (discussion board), êÜðïéï chat êáé Üëëá áðáñáSSôçôá åñãáëåSSá. Áñãüôåñá ìðïñåSS ïðïéïäÞðïôå ìÝëïò íá êáëÝóåé Üëëïõò íá óõìâÜëëïõí óôï Ýñãï ìïéñÜæïíôáò êáé åêåSSíïé êÜðïéåò õðçñåóSSåò.

• ÁóöÜëåéá: Ìðïñïýí êÜðïéá ìÝëç óå ìSSá êïéíüôçôá íá åíçìåñþóïõí ï Ýíáò ôïí Üëëï ãéá ðéèáíÝò ôñýðåò áóöáëåSSáò, åéóâïëÝò êôë. ÿôóé ìðïñïýí üëïé íá ëÜâïõí ôá ìÝôñá ôïõò. Ç áðïêåíôñùìÝíç œñÞóç ôçò õðçñåóSSáò áõôÞ óçìáSSíåé üôé ç áðþëåéá åíüò ìüíï êüìâïõ äåí äçìéïõñãåSS ðñüâëçìá óôçí éêáíüôçôá ôùí Üëëùí íá áíôéäñïýí óå èÝìáôá áóöáëåSSáò.

• Éäéùôéêüôçôá (privacy): Ãéá ðáñÜäåéãìá óôï Freenet [7], ìðïñåSS ï êáèÝíáò íá êÜíåé äçìïóéåýóåé ôçí ãíþìç ôïõ (Þ êÜðïéï áñœåSSï) œùñSSò ôïí öüâï íá áðïêáëõöèåSS. Áðü ôçí óôéãìÞ ðïõ ôçí äçìïóéåýóåé, áõôÞ èá ðáñáìÝíåé ãéá üóï õðÜñœïõí œñÞóôåò ðïõ ôçí êáôåâÜæïõí, œùñSSò íá õðÜñœåé ôñüðïò íá ôçí óâÞóåé Þ íá ôçí ôñïðïðïéÞóåé êÜðïéïò.

• ÿîõðíåò óõóêåõÝò: ÖáíôáóôåSSôå óõóêåõÝò üðùò Ýíá äSSêôõï áðü áíéœíåõôÝò Þ áêüìá êáé Ýíá äSSêôõï ìåôáîý áõôïêéíÞôùí íá åðéêïéíùíïýóáí ìåôáîý ôïõò áóýñìáôá ìå óôüœï íá ðñïåéäïðïéÞóïõí ãéá ðáñÜäåéãìá ãéá êÜðïéï áôýœçìá Þ ãéá êÜðïéá ðáñáôÞñçóç.

A.1.2 ÂáóéêÝò áñœÝò

Ôá P2P óõóôÞìáôá ìðïñïýí íá èåùñçèïýí óáí Ýíá Internet óå åðSSðåäï åöáñìïãÞò ðÜíù óôï êëáóóéêü Internet. Ïé âáóéêÝò áñœÝò ðïõ óõíáíôÜìå åSSíáé:

• Ïé peers åSSíáé ïìüôéìïé: óå áíôSSèåóç ìå ôá óõóôÞìáôá ðåëÜôç åîõðçñÝôç üðïõ êÜèå êüìâïò Ýœåé ôéò äéêÝò ôïõ áñìïäéüôçôåò óôá P2P äSSêôõá ïé peers ëåéôïõñãïýí êáé ùò ðåëÜôåò êáé ùò åîõðçñÝôåò.

• Äéáìïéñáóìüò ðüñùí/õðçñåóéþí: ĳëá ôá P2P óõóôÞìáôá áöïñïýí ôïí äéáìïéñáóìü ðüñùí üðùò áñœåSSá (ðœ ôñáãïýäéá, video, ðñïãñÜììáôá), åýñïò äéêôýïõ (bandwidth), õðçñåóSSåò (üðùò õðçñåóSSåò ðëçñïöüñçóçò). Ìå ôï íá ìïéñÜæïíôáé ïé ðüñïé ìðïñïýí íá õëïðïéçèïýí åöáñìïãÝò ðïõ åSSíáé ðïëý âáñéÝò ãéá íá âáóéóôïýí óå Ýíá ìüíï êüìâï. Áõôü Þôáí êáé ôï êSSíçôñï óõóôçìÜôùí üðùò ôï Napster.

• ćìåóç óõíåñãáóSSá: Ïé peers óõíåñãÜæïíôáé ìåôáîý ôïõò ãéá ôçí åðSSôåõîç êÜðïéáò óõãêåêñéìÝíçò åñãáóSSá. Ïé êüìâïé åðéêïéíùíïýí Üìåóá ìåôáîý ôïõò êáé üœé ìå ôçí œñÞóç êÜðïéïõ åíäéÜìåóïõ åîõðçñÝôç. Óôá P2PóõóôÞìáôá ðïõ õðÜñœïõí åîõðçñÝôåò, œñçóéìïðïéïýíôáé ìüíï ãéá ôçí áíáêÜëõøç ôùí peers ðïõ ðñïóöÝñïõí êÜðïéïí áðáéôïýìåíï ðüñï êáé Ýðåéôá ïé peers óõíåñãÜæïíôáé œùñSSò ôçí ðáñÝìâáóç ôïõ åîõðçñÝôç.

• Áõôï-ïñãÜíùóç êáé áõôïíïìSSá: ĳôáí Ýœïõìå Ýíá ðëÞñùò êáôáíåìçìÝíï óýóôçìá, äåí õðÜñœåé êÜðïéïò êüìâïò ðïõ íá äéáôçñåSS ìéá âÜóç äåäïìÝíùí ðïõ íá êñáôÜåé êáèïëéêÞ ðëçñïöïñSSá ãéá ôï óýóôçìá. ÿôóé ïé êüìâïé ðñÝðåé íá áõôïäéïñãáíùèïýí œñçóéìïðïéþíôáò ìüíï ôïðéêÞ ðëçñïöïñSSá êáé áëëçëåðéäñþíôáò ìå ãåéôïíéêïýò êüìâïõò. ÿôóé ðáSSñíïíôáò ôïðéêÝò áðïöÜóåéò ìðïñåSS ôï óýóôçìá íá äïõëÝøåé óõíïëéêÜ. Ïé peers êáé ïé óõíäÝóåéò ôïõò èåùñïýíôáé ðñïóùñéíÝò. ÿôóé äåí ìðïñïýìå íá êÜíïõìå åéêáóSSåò óœåôéêÜ ìå ôçí ôïðïëïãSSá.

• ÁðïêÝíôñùóç: Ç áðïêÝíôñùóç åSSíáé éäéáéôÝñùò œñÞóéìç ãéá ôçí áðïöõãÞ åíüò óçìåSSïõ áðïôõœSSáò (single-point-of-failure) Þ óçìåSSùí óõìöüñçóçò (bottlenecks) ôçò áðüäïóç åíüò óõóôÞìáôïò ìå óôüœï ôçí êëéìÜêùóç (scalability). ĳìùò ç êëéìÜêùóç áõôÞ âáóSSæåôáé êáôÜ ðïëý óôï ðñùôüêïëëï ôïõ êÜèå óõóôÞìáôïò. ÐëÞñç áðïêåíôñùìÝíá óõóôÞìáôá åSSíáé ôï Gnutella êáé ôï Freenet.

• ËåéôïõñãSSá óå áóôáèÝò ðåñéâÜëëïí: Ôá óõóôÞìáôá P2PâáóSSæïíôáé óå êüìâïõò ðïõ óõíäÝïíôáé êáé áðïóõíäÝïíôáé óõœíÜ áðü ôï äSSêôõï. ÅðéðëÝïí åðåéäÞ ïé ðñïóùðéêïSS õðïëïãéóôÝò ðïõ óõììåôÝœïõí åSSíáé ðéï åðçñåðåSSò óå ôõœáSSåò áóôïœSSåò (ðñïâëÞìáôá õëéêïý, ðñïâëÞìáôá óõíäÝóçò óôï internet, éïSS, œÜêåñò êôë) ïé áëãüñéèìïé ôùí äéêôýùí áõôþí áíôéìåôùðSSæïõí ôï äõíáìéêü áõôü ðåñéâÜëëïí óáí ìéá óõíÞèçò äéáäéêáóSSá êáé üœé óáí ìéá åîáSSñåóç.

• ÁíáæÞôçóç: Ç áíáæÞôçóç óôá P2P óõóôÞìáôá ìïéÜæåé ìå óôáôéêÝò áíáæçôÞóåéò üðùò áõôÝò ôùí Goggle Þ Yahoo. Óôçí óôáôéêÞ áíáæÞôçóç, ç ðëçñïöïñSSá ðñéí áíáæçôçèåSS ðñÝðåé ðñþôá íá óõëëåœèåSS áðü êÜðïéïí crawler (ïé crawler óõëëÝãïõí ðëçñïöïñSSåò áðü óåëSSäåò êáé ôéò ðñïóèÝôïõí óå âÜóåéò äåäïìÝíùí ìçœáíþí áíáæÞôçóçò). Êáé ìåôáîý äõï åðéóêÝøåùí åíüò crawler óå êÜðïéï site ìðïñïýí íá ðåñÜóïõí ìÞíåò . Óôï åíäéÜìåóï ç ðëçñïöïñSSá ìðïñåSS íá áëëÜîåé, íá äéáãñáöåSS êôë ìå áðïôÝëåóìá ôá áðïôåëÝóìáôá ôçò áíáæÞôçóçò íá åSSíáé áíáîéüðéóôá. Ôá äSSêôõá P2P äSSíïõí ôçí äõíáôüôçôá ãéá áíáæÞôçóç óå ðñáãìáôéêü œñüíï. ĳìùò, áíÜëïãá ìå ôï ðñùôüêïëëï, êÜðïéá ðëçñïöïñSSá ìðïñåSS íá ìçí âñåèåSS áêüìá êáé áí õðÜñœåé óôï äSSêôõï. ÅðSSóçò äåí õðÜñœåé åããýçóç ãéá ôçí äéÜñêåéá ôçò áíáæÞôçóçò. ÿôóé õðÜñœåé ðñüâëçìá ðïéüôçôáò õðçñåóéþí (Quality Of Service Þ QoS) óôá óõóôÞìáôá P2P .

A.1.3 Ôýðïé óõóôçìÜôùí P2P

ÊåíôñéêïðïéçìÝíá óõóôÞìáôá (Centralized P2P) ÊÜèå peer óõíäÝåôáé óå Ýíáí åîõðçñÝôç ðïõ óõíôïíSSæåé ôéò åðéêïéíùíSSåò ìåôáîý ôùí peers êáé üëåò ïé áíôáëëáãÝò ìçíõìÜôùí ãSSíïíôáé ìÝóù ôïõ åîõðçñÝôç (óœÞìá A.2). ÐïëëïSS õðïóôçñSSæïõí üôé ôá óõóôÞìáôá áõôÜ äåí èá ðñÝðåé íá èåùñïýíôáé P2Páöïý ïé peers äåí åðéêïéíùíïýí áð’åõèåSSáò. Áðëþò ï êåíôñéêüò åîõðçñÝôçò êáôáãñÜöåé ôéò õðçñåóSSåò ðïõ ðñïóöÝñïõí ïé peers êáé áí êÜðïéïò èåëÞóåé íá œñçóéìïðïéÞóåé ìSSá áðü áõôÝò, ôéò œñçóéìïðïéåSS ìÝóù ôïõ åîõðçñÝôç. Ôá ðëåïíåêôÞìáôá áõôÞò ôçò ìåèüäïõ åSSíáé üôé ç äéåýèõíóç ôïõ åîõðçñÝôç åSSíáé ãíùóôÞ êáé åSSíáé åýêïëï íá óõíäåèåSS êÜðïéïò óå áõôüí. ÅðéðëÝïí, åðåéäÞ ôá ðÜíôá ðåñíïýí áðü ôïí åîõðçñÝôç, ìðïñåSS íá œñçóéìïðïéçèåSS êÜðïéï caching ãéá íá áõîçèåSS ç áðüäïóç. Äåí õðÜñœåé ðåñSSðôùóç íá Ýœïõìå êáôÜôìçóç ôïõ äéêôýïõ áöïý õðÜñœåé ìüíï Ýíá åðSSðåäï óõíäÝóåùí. Ôá ìåéïíåêôÞìáôá åSSíáé üôé ï åîõðçñÝôçò åSSíáé óçìåSSï óõìöüñçóçò êáé óçìåSSï áðïôõœSSáò (áí čðÝóåéď ï åîõðçñÝôçò äåí ëåéôïõñãåSS üëï ôï äSSêôõï. ÌåñéêÜ ðáñáäåSSãìáôá ôÝôïéùí åöáñìïãþí åSSíáé åöáñìïãÝò ðïõ äéáìïéñÜæïõí åðåîåñãáóôéêïýò ðüñïõò (CPU sharing applications) üðùò ôï SETI@Çome [3].

ÓõóôÞìáôá ìåóSSôç (Broker P2P):

Ïé peers óõíäÝïíôáé óå êÜðïéï åîõðçñÝôç ãéá íá áíáêáëýøïõí Üëëïõò peers êáé õðçñåóSSåò êáé ìüëéò âñïõí áõôü ðïõ èÝëïõí åðéêïéíùíïýí áðåõèåSSáò ìåôáîý ôïõò ãéá íá óõíåñãáóôïýí (óœÞìá A.3). Ï êÜèå êüìâïò îÝñåé ìüíï ôïí êåíôñéêü åîçðçñÝôç êáé êÜðïéïõò peers ðïõ ï åîõðçñÝôçò ôïõ čóýóôçóåď. Ôá ðëåïíåêôÞìáôá áõôþí ôùí äéêôýùí åSSíáé üôé Ýœåé ôçí áðüäïóç åíüò êåíôñéêïðïéçìÝíïõ åîõðçñÝôç (üóïí áöïñÜ ôéò áíáæçôÞóåéò) áëëÜ ôáõôüœñïíá åðéôñÝðåé ôéò áð’åõèåSSáò óõíäÝóåéò ôùí peers ðïõ áðïóõìöïñSSæïõí ôïí êåíôñéêü åîõðçñÝôç áðü ôéò åóùôåñéêÝò áíôáëëáãÝò ìçíõìÜôùí. ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ôï Napster [1].

ÁðïêåíôñùìÝíá óõóôÞìáôá (Decentralized P2P):

ÁõôÞ åSSíáé ç áëçèéíÞ áñœéôåêôïíéêÞ peer-to-peer: äåí õðÜñœåé êáíÝíáò åîõðçñÝôçò, áðëÜ peers (óœÞìá A.4). ÿíáò íÝïò êüìâïò óõíäÝåôáé óå Ýíáí õðÜñœïí êüìâï ôïõ äéêôýïõ êáé áõôüò ôïí óõóôÞíåé óå ìåñéêïýò áêüìá. Äåí õðÜñœåé êáíÝíáò êåíôñéêïðïéçìÝíïò êüìâïò ðïõ íá óõíôïíSSæåé ôï äSSêôõï. Ôï äSSêôõï ëåéôïõñãåSS óõíïëéêÜ ìå ôçí ëÞøç ìüíï ôïðéêþí áðïöÜóåùí óå êÜèå peer. Äõï îåœùñéóôÜ äSSêôõá ìðïñïýí íá åíùèïýí ìå Ýíáí áðëü êüìâï ðïõ óõíäÝåôáé êáé óôá äýï. Ôá ðëåïíåêôÞìáôá åSSíáé üôé äåí õðÜñœåé êÜðïéï áäýíáôï óçìåSSï óôï äSSêôõï üóïí áöïñÜ ôçí óõìöüñçóç êáé ôéò áóôïœSSåò. Ôo ìåéïíåêôÞìá åSSíáé üôé ïé áíáæçôÞóåéò åSSíáé áñãÝò áöïý ðñÝðåé íá ìåôáäïèïýí ìÝóù ðïëëþí âçìÜôùí óå üëïõò ôïõò êüìâïõò (multi-hop searching). ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ç Gnutella [5] êáé ôï Freenet [7].

Ìåñéêþò áðïêåíôñùìÝíá óõóôÞìáôá (Partially decentralized P2P): Ôá äSSêôõá áõôÜ åSSíáé õâñéäéêÜ áíÜìåóá óôá óõóôÞìáôá ìåóSSôç êáé óôá áðïêåíôñùìÝíá. Óôá óõóôÞìáôá áõôÜ, üôáí õðÜñœïõí êÜðïéïé êüìâïé ðïõ õðåñôåñïýí óå óœÝóç ìå Üëëïõò (êáëýôåñç óýíäåóç óôï internet, êáëýôåñï åðåîåñãáóôÞ, ìåãáëýôåñç œùñçôéêüôçôá äSSóêïõ, ãíùñSSæïõí ðåñéóóüôåñïõò peers ê.á.) ôüôå áõôïSS ïé êüìâïé ëåéôïõñãïýí ùò super nodes. Ïé super nodes Þ super peers, ëåéôïõñãïýí óáí ìéêñïSS åîõðçñÝôåò-ìåóSSôåò ìÝóá óå Ýíá ìåãáëýôåñï áðïêåíôñùìÝíï äSSêôõï. ÊÜèå êüìâïò ôïõ äéêôýïõ (óõìðåñáëáìâáíïìÝíùí ôùí super peers), óõíäÝåôáé óå Ýíáí Þ ðåñéóóüôåñïõò super peers êáé ôïõò œñçóéìïðïéåSS ãéá åêôåëÝóåé ãñÞãïñåò áíáæçôÞóåéò (óœÞìá A.5). Ïé êüìâïé áõôïSS äåí áðïôåëïýí óçìåSSï áðïôõœSSáò (point-of-failure) ãéá ôï äSSêôõï áöïý åðéëÝãïíôáé äõíáìéêÜ êáé óå ðåñSSðôùóç áðïôõœSSáò ôï äSSêôõï èá ôïõò áíôéêáôáóôÞóåé ìå Üëëïõò. ÐáñáäåSSãìáôá ôÝôïéùí äéêôýùí åSSíáé ôï Kazaa [6] êáé ôï Morpheus.

A.1.4 ÄïìÞ P2Päéêôýùí

Ôá óõóôÞìáôá P2P áðïôåëïýíôáé áðü äõíáìéêÜ äSSêôõá ìå ðïëýðëïêç ôïðïëïãSSá. ÁõôÞ ç ôïðïëïãSSá äçìéïõñãåSS Ýíá äSSêôõï åðéêÜëõøçò (overlay network) ðïõ ìðïñåSS íá ìçí Ýœåé êáìSSá óœÝóç ìå ôï öõóéêü äSSêôõï ðïõ óõíäÝåé ôïõò êüìâïõò. Ôá P2P äSSêôõá ìðïñåSS íá äéáöïñïðïéçèïýí ùò ðñïò ôï áí áõôü ôï overlay Ýœåé êÜðïéá äïìÞ (structure) Þ äçìéïõñãåSSôáé ôõœáSSá (ad-hoc). Ìå ôïí üñï äïìÞ (Þ structure), åííïïýìå ôïí ôñüðï ìå ôïí ïðïSSï êáôáíÝìåôáé ôï ðåñéåœüìåíï óå óœÝóç ìå ôçí ôïðïëïãSSá: áí õðÜñœåé êÜðïéïò ôñüðïò íá ðïýìå áð’åõèåSSáò ðïéïé êüìâïé Ýœïõí êÜðïéá óõãêåêñéìÝíç ðëçñïöïñSSá Þ áí ðñÝðåé íá áíáæçôÞóïõìå ïëüêëçñï ôï äSSêôõï.

ÓœÞìá A.2: ÊåíôñéêïðïéçìÝíá P2PóõóôÞìáôá

ÓœÞìá A.3: ÕâñéäéêÜ áðïêåíôñùìÝíá (brokered) P2P

ÓœÞìá A.4: ÐëÞñùò áðïêåíôñùìÝíá P2P

ÓœÞìá A.5: Ìåñéêþò áðïêåíôñùìÝíá P2P

Áäüìçôá P2P Óôá P2PóõóôÞìáôá œùñSSò äïìÞ (unstructured P2P) üðùò ôï Gnutella [5], ç ôïðïèÝôçóç ôçò ðëçñïöïñSSáò äåí Ýœåé êáìSSá óœÝóç ìå ôçí overlay ôïðïëïãSSá. Áöïý äåí õðÜñœåé êáìSSá ðëçñïöïñSSá ãéá ôï ðïéïé êüìâïé ðñïóöÝñïõí ðïéá resources, ç áíáæÞôçóç óçìáSSíåé ôõœáSSá áíáæÞôçóç óå êÜðïéïõò êüìâïõò ôïõ äéêôýïõ üðùò èá äïýìå êáé óôï êåöÜëáéï A.1.7. Ôï èåôéêü ìå áõôÜ ôá äSSêôõá åSSíáé üôé ìðïñïýí íá åîõðçñåôÞóïõí Ýíá ìåãÜëï êáé äõíáìéêü ðëçèõóìü áðü êüìâïõò. ĳìùò ôï êüóôïò ôçò áíáæÞôçóçò åSSíáé ìåãÜëï ìå áðïôÝëåóìá ôá äSSêôõá áõôÜ íá èåùñïýíôáé íá ìçí èåùñïýíôáé êëéìáêïýìåíá (unscalable).

ÄïìçìÝíá P2P Ìå óôüœï íá åðéôýœïõìå ìåãáëýôåñç éêáíüôçôá êëéìÜêùóçò (scalability), äçìéïõñãÞèçêáí ôá äïìçìÝíá óõóôÞìáôá P2P (structured). ÔÝôïéá óõóôÞìáôá åSSíáé ôï Chord, CAN, PAST, Tapestry êôë. Óôá äSSêôõá áõôÜ ç åðéêáëýðôïõóá ôïðïëïãSSá ôïõ äéêôýïõ åSSíáé åëåãœüìåíç êáé ïé ðüñïé ôïðïèåôïýíôáé óå óõãêåêñéìÝíåò èÝóåéò. ÁõôÜ ôá óõóôÞìáôá ðáñÝœïõí êÜðïéá áíôéóôïSSœçóç (mapping) ìåôáîý ôïõ ðüñïõ êáé ôçò èÝóçò ôïõ ìå ôçí ìïñöÞ êÜðïéïõ ðSSíáêá äñïìïëüãçóçò (routing table) Ýôóé þóôå ç áíáæÞôçóç íá ìðïñåSS íá äñïìïëïãçèåSS óôïí êüìâï ðïõ Ýœåé ôïí åðéèõìçôü ðüñï. Ôá äSSêôõá áõôÜ ðñïóöÝñïõí êëéìÜêùóç ãéá áíáæçôÞóåéò êÜðïéùí ðüñùí ðïõ åSSíáé êáëÜ ïñéóìÝíïé. ĳìùò ôá äSSêôõá áõôÜ åSSíáé äýóêïëï íá äéáôçñÞóïõí ôçí äïìÞ ôïõò óå Ýíá ìåãÜëï êáé äõíáìéêÜ ðáñáãüìåíï ðëçèõóìü áðü peers (êüìâïé óõíäÝïíôáé êáé áðïóõíäÝïíôáé óõœíÜ).

Åëáöñþò äïìçìÝíá P2P Ìéá ôñSSôç êáôçãïñSSá äéêôýùí åSSíáé ôá åëáöñþò äïìçìÝíá (loosely structured). ÔÝôïéï ðáñÜäåéãìá äéêôýïõ åSSíáé ôï Freenet. Ôá äSSêôõá áõôÜ ôáîéíïìïýíôáé êÜðïõ áíÜìåóá óôá ðñïçãïýìåíá äýï. Ïé èÝóåéò ôùí ðüñùí åðçñåÜæïíôáé áðü êÜðïéá äñïìïëüãçóç áëëÜ äåí êáèïñSSæïíôáé áðü áõôÞ.

ÿœïõí áíáðôõœèåSS áñêåôÜ óõóôÞìáôá P2Póå êÜèå êáôçãïñSSá. ÌðïñåSSôå íá äåSSôå ðïõ êáôáôÜóóïíôáé ìåñéêÜ áðüô ôá ðéï äçìïöéëÞ óõóôÞìáôá P2Póôïí ðSSíáêá A.1.

Unstructured Networks Loosely Structured Networks Structured Networks Hybrid Decentralized Napster Pure Decentralized Gnutella Freenet Chord, Can, Tapestry Partially Centralized Kazaa, Gnutella

ÐSSíáêáò A.1: ÊáôçãïñSSåò ãíùóôþí P2P äéêôýùí

A.1.5 ÐáñáäåSSãìáôá áäüìçôùí äéêôýùí P2P

ÐáñáêÜôù èá ðåñéãñÜøïõìå ðåñéëçðôéêÜ ôçí âáóéêÞ áñœéôåêôïíSSêÞ êáé ôïí âáóéêü ôñüðï ëåéôïõñãSSáò ìåñéêþí áðü ôá ðéï äçìïöéëÞ óõóôÞìáôá P2Pðïõ áíáðôýœèçêáí. Èá áíáöåñèïýìå ðñþôá óå óõóôÞìáôá áäüìçôá üðùò ôï Napster, Seti@Home, Kazaa, Morpheus, Gnutella, Freenet êáé Ýðåéôá óå äïìçìÝíá óõóôÞìáôá üðùò ôïí Chord êáé Can.

Napster Ôï Napster [1] åSSíáé ôï äéÜóçìï mp3 ˛le sharing óýóôçìá ðïõ äçìéïõñãÞèçêå ôï 1999. źôáí åðáíáóôáôéêü ãéáôSS Þôáí áðü ôá ðñþôá ðïõ åðÝôñåðå óôïõò œñÞóôåò áöïý óõíäåèïýí óå Ýíáí êåíôñéêïðïéçìÝíï åîõðçñÝôç, íá øÜîïõí óôá áñœåSSá ôùí óõíäåäåìÝíùí œñçóôþí êáé ìåôÜ íá ôá êáôåâÜæïõí êáôåõèåSSáí áðü áõôïýò.

Ï œñÞóôåò üôáí óõíäÝïíôáé óôïí êåíôñéêü åîõðçñÝôç óôÝëíïõí ôçí ëSSóôá ìå ôá mp3 ðïõ êÜíïõí share. Ï êåíôñéêüò åîõðçñÝôçò ðñïóèÝôåé ôçí ëSSóôá áõôÞ óå ìSSá âÜóç äåäïìÝíùí ðïõ ðåñéÝœåé ôá ôñáãïýäéá êáé ðïéïé óõíäåäåìÝíïé œñÞóôåò ôá ðñïóöÝñïõí. ĳôáí êÜðïéïò áíáæçôÜ Ýíá áñœåSSï, ï êåíôñéêüò åîõðçñÝôçò øÜœíåé óôçí âÜóç äåäïìÝíùí êáé ôïõ åðéóôñÝöåé ôïõò peers ðïõ ôï Ýœïõí. ÿðåéôá ï œñÞóôçò óõíäÝåôáé áð’åõèåSSáò óôïí peer ðïõ Ýœåé ôï áñœåSSï êáé ôï êáôåâÜæåé œùñSSò êáìSSá ðåñáéôÝñù ðáñÝìâáóç ôïõ êåíôñéêïý åîõðçñÝôç. ÐáñÜäåéãìá ôïõ äéêôýïõ Napster åSSíáé áõôü ôïõ óœÞìáôïò A.6

Seti@Home Ôï Seti@Home [3] îåêSSíçóå ôï 1996 ùò Ýíá åðéóôçìïíéêü ðåSSñáìá ðïõ œñçóéìïðïéåSS ôïõò õðïëïãéóôÝò ðïõ åSSíáé óõíäåäåìÝíïé óôï internet ãéá íá øÜîåé ãéá åîùãÞéíç íïçìïóýíç (extraterrestrial intelligence, SETI). ÁðïôåëåSSôáé áðü Ýíáí ðåëÜôç õðü ìïñöÞ screen saver ðïõ áíáëáìâÜíåé íá áíáëýóåé äåäïìÝíá áðü ñáäéïôçëåóêüðéá. Ï ðåëÜôçò óõíäÝåôáé óå

ÓœÞìá A.6: Ôï äSSêôõï áíôáëëáãÞò ôñáãïõäéþí Napster

Ýíáí êåíôñéêü åîõðçñÝôç, êáôåâÜæåé ôá äåäïìÝíá ðïõ ðñüêåéôáé íá åðåîåñãáóôåSS êáé ìåôÜ ôá åðåîåñãÜæåôáé ìÝœñé íá ëýóåé ôï ðñüâëçìá êáé óôÝëíåé ôá áðïôåëÝóìáôá ðSSóù óôïí åîõðçñÝôç. Áí ç åêôÝëåóç äåí åðéôýœåé ôüôå áãíïåSSôáé. Ðáñüìïéá óõóôÞìáôá Ýœïõí œñçóéìïðïéçèåSS áðïêñõðôïãñÜöçóç ðáêÝôùí êáé áðü åôáéñSSåò üðùò ç United Devices êáé ç Entropia.

Kazaa, Morpheus Ôï Kazaa [6] êáé ôï Morpheus [25] åSSíáé äýï ðáñüìïéá P2P óõóôÞìáôá ðïõ áíÞêïõí óôçí êáôçãïñSSá partially centralized áöïý œñçóéìïðïéïýí ôçí éäÝá ôùí SuperNodes. Óôïõò êüìâïõò áõôïýò áíáôSSèåôáé äõíáìéêÜ íá åîõðçñåôïýí Ýíá õðïóýíïëï ôùí peers ôïõ äéêôýïõ ìå ôï íá êÜíïõí caching êáé indexing ôùí áñœåSSùí ôïõò. Ïé peers åêëÝãïíôáé áõôüìáôá ãéá íá ãSSíïõí supernodes áí Ýœïõí áñêåôü åýñïò äéêôýïõ êáé åðåîåñãáóôéêÞ éóœýò. Óôï Morpheus Ýíáò êåíôñéêüò åîõðçñÝôçò êñáôÜ ëSSóôá ìå êÜðïéïõò áðü ôïõò SuperNodes. Ïé áíáæçôÞóåéò óôÝëíïíôáé ìüíï óå supernodes êáé üœé óå áðëïýò peers. Áí êÜðïéïò supernode áðïôýœåé ïé óõíäåäåìÝíïé óå áõôüí peers ìðïñïýí íá óõíäåèïýí óå Üëëï Þ êÜðïéïò áðü áõôïýò íá ãSSíåé ï íÝïò supernode.

ÓœÞìá A.7: ÄéáäéêáóSSá áíáæÞôçóçò óôï äSSêôõï gnutella. Åéêüíá áðü ôï site čhow stu¸ worksď [26]

Gnutella Ôï Gnutella [5] åSSíáé ôï ðñþôï áëçèéíü ïìüôéìï P2P óýóôçìá. Äåí õðÜñœåé êÜðïéïò êåíôñéêüò åîõðçñÝôçò ãéá áíáæÞôçóç, ïñãÜíùóç êáé åðéêïéíùíSSá. Ïé œñÞóôåò óõíäÝïíôáé ãéá ðñþôç öïñÜ óôï äSSêôõï ìå êÜðïéïí peer œñçóéìïðïéþíôáò Ýíáí åîõðçñÝôç áíáæÞôçóçò (lookup server) ðïõ ïíïìÜæåôáé GnuCache. ÁëëÜ áõôü äåí åSSíáé õðïœñåùôéêü: ìðïñïýí íá óõíäåèïýí âñSSóêïíôáò ôçí äéåýèõíóç êÜðïéïõ peer ìÝóù Newsgroups, websites êôë. Áöïý óõíäåèåSS ìå Ýíá peer åSSíáé åýêïëï íá âñåé êáé Üëëïõò êüìâïõò ãéá íá óõíäåèåSS êÜíïíôáò êÜðïéá áíáæÞôçóç ìÝóù ôïõ ðñþôïõ . Ïé êüìâïé óôï Gnutella óõíÞèùò óõíäÝïíôáé ìå ôñåéò Üëëïõò êüìâïõò êáé ìåôÜ åêôåëïýí áíáæçôÞóåéò œñçóéìïðïéþíôáò êÜðïéï broadcast óå üëïõò ôïõò ãåSSôïíåò ðïõ ìå ôçí óåéñÜ ôïõò ôï ðñïùèïýí óôïõò äéêïýò ôïõò ãåSSôïíåò ê.ï.ê. Ç äéáäéêáóSSá áõôÞ ïíïìÜæåôáé ðëçììýñá Þ ‚ooding. Áöïý âñåèåSS ï êüìâïò ðïõ Ýœåé ôï áñœåSSï ç åðéêïéíùíSSá ãSSíåôáé áðåõèåSSáò ìåôáîý ôùí äýï êüìâùí üðùò êáé óôá õðüëïéðá P2P äSSêôõá (óœÞìá A.7)

Freenet Ôï freenet [7] åSSíáé Ýíá áðïêåíôñùìÝíï P2P óýóôçìá. ÕðÜñœåé ìåñéêÞ äïìÞ áëëÜ ïé peers ïñãáíþíïíôáé ìåôáîý ôïõò. ÏõóéáóôéêÜ œñçóéìïðïéåSS ôïí åëåýèåñï œþñï óôïí äSSóêï ôùí peers ãéá íá äçìéïõñãÞóåé Ýíá êïéíü åéêïíéêü ˛le system. ÅêåSS åSSíáé êáé ç êåíôñéêÞ äéáöïñÜ ôïõ ìå ôï Gnutella ôï ïðïSSï åSSíáé Ýíá ˛le sharing óýóôçìá åíþ ôï freenet åSSíáé Ýíá ˛lestorage óýóôçìá. Åíþ óôï Gnutella ôá áñœåSSá áíôéãñÜöïíôáé üôáí Ýíáò œñÞóôçò èåëÞóåé íá ôá êáôåâÜóåé, óôï freenet ôá áñœåSSá ìðïñïýí íá ðñïùèçèïýí óå Üëëïõò êüìâïõò ãéá áðïèÞêåõóç Þ replication.

Ôï freenet Ýœåé óœåäéáóôåSS þóôå íá ðáñÝœåé áóöÜëåéá êáé áíùíõìSSá óôïõò œñÞóôåò ôïõ. ÅSSíáé áíÝöéêôï íá áíáêáëõöèåSS ç ðñáãìáôéêÞ ðçãÞ ôïõ áñœåSSïõ (ï œñÞóôçò ðïõ ôï äçìéïýñãçóå Þ ôï Ýêáíå share) ãéáôSS ôá äåäïìÝíá áðëÜ ðåñíÜíå áðü êüìâï óå êüìâï êáé åSSíáé áäýíáôï êÜðïéïò íá êáèïñSSóåé ôá ðåñéåœüìåíá ðïõ õðÜñœïõí óôïí äéêü ôïõ êüìâï (ðüóï ìÜëëïí íá êñáôçèåSS õðåýèõíïò ãéá áõôÜ).

ĳôáí Ýíá íÝï áñœåSSï ôïðïèåôåSSôáé óôï óýóôçìá, õðïëïãSSæåôáé Ýíá key ãéá áõôü êáé ôï áñœåSSï áõôü ôïðïèåôåSSôáé óå peers ðïõ Ýœïõí áñœåSSá ìå ðáñüìïéï key. Áí êÜðïéïò áíáæçôÞóåé áõôü ôï áñœåSSï èá åðéóôñáöåSS óôïí áíáæçôçôÞ ìÝóù åíüò ìïíïðáôéïý êáé üœé êáôåõèåSSáí ìå áðïôÝëåóìá íá åSSíáé áäýíáôïò ï åíôïðéóìüò ôïõ. ÏðïéïóäÞðïôå åíäéÜìåóïò êüìâïò êÜíåé cache ôï áñœåSSï êáé ìðïñåSS íá áëëÜîåé ôïí áðïóôïëÝá (âÜæïíôáò ôïí åáõôü ôïõ). ÁõôÞ åSSíáé Üëëç ìéá äéêëåSSäá ãéá íá äéáôçñçèåSS ç áíùíõìSSá áöïý ïé peers ðïõ Ýêáíáí cache ôï äåäïìÝíï äåí ìðïñïýí íá èåùñçèïýí õðåýèõíïé ìéáò êáé áõôü Ýãéíå œùñSSò äéêéÜ ôïõò ðáñÝìâáóç.

ÊÜèå êüìâïò Ýœåé Ýíá ðSSíáêá äñïìïëüãçóçò ìå ôïõò êüìâïõò ðïõ îÝñåé êáé ôá keys ôïõò. Ôï Freenet åSSíáé loosely structured ãéáôSS Ýíáò êüìâïò ìðïñåSS íá õðïëïãSSæåé ðïéïé peers åSSíáé ðéï ðéèáíü íá Ýœïõí ôï äåäïìÝíï ôçò áíáæÞôçóçò êáé íá ðñïùèÞóåé ôï ìÞíõìá ìüíï óå áõôïýò. ÿôóé äçìéïõñãåSSôáé Ýíá ìïíïðÜôé ðïõ Ýœåé ìåãÜëåò ðéèáíüôçôåò íá ïäçãÞóåé óôï äåäïìÝíï.

Ðåñéóóüôåñåò ðëçñïöïñSSåò óœåôéêÜ ìå ôï ðñùôüêïëëï êáé ôçí áñœéôåêôïíéêÞ ôïõ freenet ìðïñåSSôå íá âñåSSôå óôçí éóôéïóåëSSäá ôïõ [7].

A.1.6 ÐáñáäåSSãìáôá äïìçìÝíùí äéêôýùí P2P

Chord To chord [27] åSSíáé Ýíá ðñùôüêïëëï ðïõ åðéôñÝðåé ìéá scalable ãñÞãïñç áíáæÞôçóç êüìâùí ðïõ ðåñéÝœïõí óõãêåêñéìÝíá äåäïìÝíá. Óôï chord ï êÜèå êüìâïò áíáëáìâÜíåé íá åîõðçñåôÞóåé óõãêåêñéìÝíá äåäïìÝíá êáé œñåéÜæïíôáé O(log n) âÞìáôá ãéá íá âñïýìå ïðïéïäÞðïôå êüìâï áðü ïðïéïäÞðïôå Üëëï êüìâï. Ïé êüìâïé ïñãáíþíïíôáé óå Ýíáí äáêôýëéï êáé êÜèå êüìâïõò îÝñåé ôïí áìÝóùò ðñïçãïýìåíï êüìâï, ôïí áìÝóùò åðüìåíï, ôïí 2 hops åðüìåíï, ôïí 4 hops åðüìåíï, ôïí 8 hops åðüìåíï êïê. Ëüãù ôçò ïñãÜíùóçò îÝñåé ðïëý ðåñéóóüôåñïõò êïíôéíïýò êüìâïõò ðáñÜ ìáêñéíïýò. ÐáñÜäåéãìá ôçò ôïðïëïãSSáò chord ìðïñåSSôå íá äåSSôå óôï óœÞìá A.8.

ÓœÞìá A.8: Ôï äSSêôõï chord

Ãéá ôçí áíáæÞôçóç ïõóéáóôéêÜ ðñùïèïýìå ôçí åñþôçóç óôïí êáôÜëëçëï êüìâï áðü áõôïýò ðïõ îÝñïõìå: óôÝëíïõìå ôçí åñþôçóç óôïí ôåëåõôáSSï êüìâï ðïõ åSSíáé ðñéí áðü ôïí êüìâï ðïõ øÜœíïõìå. Áõôüò ðñïùèåSS óôïí áìÝóùò ðñïçãïýìåíï êüìâï ðïõ îÝñåé ê.ï.ê. ìÝœñé íá âñïýìå ôïí ôåëéêü êüìâï.

Ìå ôçí åSSóïäü ôïõ Ýíáò êüìâïò ðñÝðåé íá èÝóåé ôïõò äåSSêôåò óôïí ðñïçãïýìåíï êáé ôïõò åðüìåíïõò êüìâïõò óùóôÜ. ÁëëÜ áõôü äåí åSSíáé áñêåôü áöïý üëïé ïé êüìâïé óôï äSSêôõï ðñÝðåé íá áíáäéïñãáíþóïõí ôá äåäïìÝíá ôïõò þóôå íá êÜíïõí œþñï ãéá äåäïìÝíá ðïõ èá áíáëÜâåé ï íÝïò êüìâïò. ÅðåéäÞ áõôü áðáéôåSS œñüíï O(log^2n) áõôü ãSSíåôáé ðåñéïäéêÜ. Ðáñüìïéåò êáôáóôÜóåéò áíôéìåôùðSSæïíôáé êáé êáôÜ ôçí áðïœþñçóç åíüò êüìâïõ. Ðåñéóóüôåñåò ðëçñïöïñSSåò ìðïñåSSôå íá âñåSSôå óôï [27].

ÓœÞìá A.9: Ôï äSSêôõï CAN

CAN Ôï CAN [28] åSSíáé ïõóéáóôéêÜ Ýíáò ìçœáíéóìüò ãéá scalable indexing. ÊÜèå äåäïìÝíï (value) ðáSSñíåé Ýíá êëåéäSS (key). Ç áðïèÞêåõóç áõôÞò ôçò áíôéóôïéœSSáò (mapping) ãSSíåôáé êáôáíåìçìÝíá óå üëïõò ôïõò êüìâïõò ôïõ äéêôýïõ. ÿôóé, êÜèå êüìâïò öõëÜåé Ýíá ìÝñïò (æþíç) ôùí æåõãáñéþí (Key,Value). ÅðéðëÝïí êñáôÜ êáé ðëçñïöïñSSåò ãéá ôïõò êüìâïõò ãåéôïíéêþí æùíþí. Óôï óýóôçìá áõôü ïé êüìâïé œùñSSæïíôáé óå Ýíáí D-dimensional êáñôåóéáíü œþñï. ÊÜèå êüìâïò áíáëáìâÜíåé ìSSá ôÝôïéá æþíç (ìðïñåSSôå íá ôçí öáíôáóôåSSôå óáí Ýíá ïñèïãþíéï ðáñáëëçëüãñáììï) êáé óå êÜèå æþíç õðÜñœåé ìüíï Ýíáò êüìâïò (óœÞìá A.9).

Ôï hash table (Key, Value) êáôáíÝìåôáé ùò åîÞò: ï êüìâïò ðåñéÝœåé üëá ôá äåäïìÝíá ãéá ôá ïðïSSá ôï Êey ôïõò áöïý ðÝñáóå áðü ìSSá uniform hash function H(key) ôá Ýóôåéëå óå óçìåSSï P ðïõ áíÞêåé ìÝóá óôï ôåôñÜãùíï ôçò æþíçò. ĳôáí øÜœíïõìå ãéá Ýíá äåäïìÝíï ìå key K, ôüôå ôï ðåñíÜìå áðü ôçí SSäéá hash function ç ïðïSSá ìáò êáôåõèýíåé ðÜëé óôï óçìåSSï P ðïõ åSSíáé ìÝóá óôçí æþíç ôïõ êüìâïõ ðïõ Ýœåé áðïèçêåõìÝíï ôï (Key, Value). ÅðåéäÞ óôï åíäéÜìåóï ìðïñåSS íá Ýœåé áëëÜîåé ç æþíç (íá Ýœåé ðñïóôåèåSS íÝïò êüìâïò), áí äåí âñåèåSS ç ôéìÞ óôçí æþíç áõôÞ, êïéôÜìå óôïõò ãåSSôïíåò.

ĳôáí Ýíáò íÝïò êüìâïò óõíäÝåôáé åðéëÝãåé Ýíá ôõœáSSï óçìåSSï P óôïí êáñôåóéáíü œþñï. ÌåôÜ åðéêïéíùíåSS ìå ôïí êüìâï óôïí ïðïSSï áíÞêåé ç æþíç êáé áõôüò ôïõ äSSíåé ôïí ìéóü áðü ôïí œþñï ôçò æþíçò ìåôáäSSäïíôáò ôïõ ôï hash table ðïõ áíôéóôïéœåSS óôïí œþñï áõôü êáé åíçìåñþíïíôÜò ôïí ãéá ôïõò ãåSSôïíåò. ÁíôSSóôïéœá óôçí áðïœþñçóç ðáñáäSSäåé ôçí æþíç ôïõ óå êÜðïéïí áðü ôïõò ãåSSôïíåò (merge).

ÁíáëõôéêÞ ðåñéãñáöÞ ôïõ óõóôÞìáôïò êáé ôùí áëãïñSSèìùí ôïõ èá âñåSSôå óôï [28].

A.1.7 ÁíáæçôÞóåéò óå áäüìçôá äSSêôõá P2P

Óôá unstructured P2P äSSêôõá, üôáí êÜðïéïò èÝëåé íá áíáæçôÞóåé ìSSá ðëçñïöïñSSá Þ Ýíá áñœåSSï, ðñÝðåé áíáãêáóôéêÜ íá îåêéíÞóåé ìéá äéáäéêáóSSá áíáæÞôçóçò óå üëï ôï äSSêôõï þóôå íá âñåé êÜðïéïí peer ðïõ èá ôï Ýœåé.

Ç ãåíéêÞ ìÝèïäïò áíáæÞôçóçò óå áõôÜ ôá äSSêôõá åSSíáé ç ðëçììýñá (‚ooding): Ï peer ðïõ èÝëåé íá êÜíåé ôçí áíáæÞôçóç ðëçììõñSSæåé ôï äSSêôõï ìå ôï áSSôçìá ôïõ ìÝœñé íá öôÜóåé óå êÜðïéïí ðïõ íá Ýœåé ôçí áíáæçôïýìåíç ðëçñïöïñSSá. Ðéï óõãêåêñéìÝíá, áí ç ðëçñïöïñSSá äåí âñåèåSS óå êÜðïéá ôïðéêÞ cache, ï peer óôÝëíåé Ýíá ìÞíõìá áíáæÞôçóçò óå Ýíá õðïóýíïëï ôùí êüìâùí ìå ôïõò ïðïSSïõò óõíäÝåôáé (ãåSSôïíåò). Ìå ôçí óåéñÜ ôïõò áõôïSS ðïõ Ýëáâáí ôï ìÞíõìá ôï ðñïùèïýí óå õðïóýíïëï ôùí äéêþí ôïõò ãåéôüíùí êáé ïýôù êáèåîÞò. ĳôáí êÜðïéïò peer áíáêáëýøåé üôé Ýœåé ôçí ðëçñïöïñSSá, åðéêïéíùíåSS ìå ôïí peer ðïõ îåêSSíçóå ôçí áíáæÞôçóç êáé äåí ðñïùèåSS ôï ìÞíõìá ðáñáðÝñá.

Ãéá ëüãïõò áðüäïóçò, ç áíáæÞôçóç áõôÞ äåí óõíåœSSæåôáé áð’ Üðåéñïí: ôï ìÞíõìá ðñïùèåSSôáé ìüíï t öïñÝò. Ç ðáñÜìåôñïò t ïíïìÜæåôáé time to live (TTL). ÅðéðëÝïí Ýíáò peer ìðïñåSS íá ëÜâåé ôï SSäéï ìÞíõìá áíáæÞôçóçò ðáñáðÜíù áðü ìéá öïñÜ ëüãù ôùí ðéèáíþí êýêëùí ðïõ ìðïñåSS íá õðÜñœïõí óôïí ãñÜöï ôùí óõíäÝóåùí. ÿôóé, ãéá íá áðïöåõœèïýí ïé åðáíáìåôáäþóåéò, áí Ýíáò êüìâïò ðñïùèÞóåé Ýíá ìÞíõìá, äåí èá ôï ðñïùèÞóåé îáíÜ óôï ìÝëëïí (êáé ðÜëé äåí åîáëåSSöïíôáé ðëÞñùò ïé ðïëëáðëÝò ëÞøåéò ôïõ SSäéïõ åñùôÞìáôïò). Ïé ôåœíéêÝò áõôÝò óõíÞèùò åéóÜãïõí ìåãÜëï üãêï ìçíõìÜôùí óôï äSSêôõï. Áíáðôýœèçêáí áñêåôÝò ðáñáëëáãÝò ôçò ôåœíéêÞò áõôÞò ãéá ôçí áíáæÞôçóç óå Ýíá áäüìçôï peer to peer äSSêôõï.

ÓœÞìá A.10: ÌÝèïäïé áíáæÞôçóçò óå unstructured P2PäSSêôõá

Plain ‚ooding Óôï áðëü ‚ooding, o êÜèå peer ðñïùèåSS ôï ìÞíõìÜ ôïõ óå üëïõò ôïõò ãåSSôïíÝò ôïõ. Êáèþò ðñïùèïýíôáé ôá ìçíýìáôá óœçìáôSSæåôáé ôï äÝíôñï ôïõ óœÞìáôïò A.10á. Ï üñïò äÝíôñï SSóùò íá ìçí åSSíáé áñêåôÜ áêñéâÞò ãéáôSS êÜðïéïò êüìâïò ìðïñåSS íá õðÜñœåé ðáñáðÜíù áðü ìSSá öïñÜ óôïí ãñÜöï áõôü (áöïý õðÜñœïõí êýêëïé) áëëÜ âïçèÜåé óôï íá ïðôéêïðïéÞóïõìå ôçí åðéêïéíùíSSá. ÖõóéêÜ ç åðéêïéíùíSSá óôáìáôÜ üôáí öôÜóïõìå óå Ýíá ìÝãéóôï âÜèïò t êáé äåí åðáíáðñïùèïýíôáé SSäéá queries.

Ôï âáóéêü ìåéïíÝêôçìá ôïõ ‚ooding åSSíáé ï ðïëý ìåãÜëïò áñéèìüò ìçíõìÜôùí ðïõ ðëçììõñSSæïõí ôï äSSêôõï ï ïðïSSïò áõîÜíåôáé åêèåôéêÜ ùò ðñïò ôï âÜèïò t ôçò áíáæÞôçóçò áëëÜ êáé ôïí âáèìü ôïõ êÜèå êüìâïõ (áñéèìüò ãåéôüíùí). ĳìùò ï áëãüñéèìïò áõôüò Ýœåé êáé ôçí ìåãáëýôåñç ðéèáíüôçôá íá âñåé ôçí ðëçñïöïñSSá, áí áõôÞ õðÜñœåé óôï äSSêôõï.

Teeming Ôï teeming åSSíáé ìéá ðéèáíïôéêÞ ìÝèïäïò áíáæÞôçóçò ðïõ óœåäéÜóôçêå ìå óôüœï íá ìåéùèåSS ï áñéèìüò ôùí ìçíõìÜôùí. Ï êÜèå peer ðñïùèåSS ôï ìÞíõìÜ ôïõ óå Ýíá ôõœáSSï õðïóýíïëï ôùí ãåéôüíùí ôïõ. ÏñSSæïõìå ôçí ðéèáíüôçôá ö íá ðñïùèÞóïõìå ôï ìÞíõìá óå êÜðïéïí ãåSSôïíá. ÿôóé áí k åSSíáé ïé ãåSSôïíåò åíüò peer, ôï ìÝãåèïò ôïõ õðïóõíüëïõ áõôïý ìðïñåSS íá åSSíáé áðü 0 ùò k, ìå ìÝóï ìÝãåèïò k · ö. Ôï áðëü ‚ooding ìðïñåSS íá èåùñçèåSS ùò ìéá åéäéêÞ ðåñSSðôùóç ôïõ teeming ìå ö = 1 (óœÞìá A.10). Ðáñüìïéá ôåœíéêÞ åSSíáé ôï modi˛ed random BFS [11].

Ï áëãüñéèìïò áõôüò åããõÜôáé ðéèáíïôéêÞ åðéôõœSSá ôçò áíáæÞôçóçò. ĳóï ðéï ìéêñü åSSíáé ôï ö, ôüóï ëéãüôåñïé êüìâïé èá äéåñåõíçèïýí ìå áðïôÝëåóìá íá Ýœïõìå êáé ìéêñüôåñç ðéèáíüôçôá åýñåóçò áðïôåëÝóìáôïò. ĳìùò ðåñéïñSSæåé áñêåôÜ ôïí áñéèìü ôùí ìçíõìÜôùí üðùò Ýäåéîáí óôï [10].

Teeming with decay Êáèþò êáôåâáSSíïõìå óå œáìçëüôåñá åðSSðåäá ôïõ äÝíôñïõ áíáæÞôçóçò õðÜñœïõí ðïëëáðëÜ áíôSSãñáöá ôïõ ìçíýìáôïò áíáæÞôçóçò óôï äSSêôõï. Óôï ‚ooding ãéá ðáñÜäåéãìá ôá ìçíýìáôá áõôÜ áõîÜíïõí åêèåôéêÜ. Ãéá íá áíôéìåôùðéóôåSS áõôü ôï ðñüâëçìá ìðïñïýìå êáèþò ôï åðSSðåäï áõîÜíåôáé, íá ìåéþíïõìå ôï õðïóýíïëï ôùí ãåéôüíùí óôï ïðïSSï èá ðñïùèçèåSS ôï ìÞíõìá. ÿôóé ç ðéèáíüôçôá ö äåí ðáñáìÝíåé óôáèåñÞ áëëÜ åSSíáé óõíÜñôçóç ôïõ âÜèïõò ôçò áíáæÞôçóçò. Ðéï óõãêåêñéìÝíá, ö = f(s; d) üðïõ s åSSíáé ôï âÜèïò ôïõ êüìâïõ óôï äÝíôñï (step) êáé d åSSíáé ìSSá ðáñÜìåôñïò ðïõ ôçí ïíïìÜæïõìå decay parameter. Ìéá áðïôåëåóìáôéêÞ óõíÜñôçóç f åSSíáé áõôÞ ðïõ ìåéþíåé åêèåôéêÜ ôçí ðéèáíüôçôá ö äçëáäÞ ö = (1 − d)^s.

Random paths [12, 10] Óôïí áëãüñéèìï áõôü ï peer ðïõ îåêéíÜ ôçí áíáæÞôçóç åðéêïéíùíåSS ìå p ãåSSôïíÝò ôïõ (p < k). Áðü åêåSS êáé ðÝñá êÜèå peer ðñïùèåSS ôï ìÞíõìá ìüíï óå Ýíáí ôõœáSSá åðéëåãìÝíï ãåSSôïíÜ ôïõ. ÿôóé äçìéïõñãïýíôáé p ìïíïðÜôéá áíáæÞôçóçò ìÞêïõò t. Óôïí áëãüñéèìï áõôü åðéëÝãåôáé óõíÞèùò ðïëý ìåãáëýôåñï TTL t. ÅSSíáé öáíåñü üôé ï áëãüñéèìïò áõôüò Ýœåé ôï ìéêñüôåñï öüñôï ìçíõìÜôùí, üìùò Ýœåé êáé ôçí ìéêñüôåñç ðéèáíüôçôá åðéôõœïýò áíáæÞôçóçò (óœÞìá A.10).

ÕðÜñœïõí ðïëëÝò ðáñáëëáãÝò áõôïý ôïõ áëãïñSSèìïõ. Ï k-walker random algorithm [13] ðáñÜãåé k-walkers ðïõ ðñïœùñÜíå óôï äSSêôõï åðéêïéíùíþíôáò ðåñéïäéêÜ ìå ôïí query node ãéá íá ìÜèïõí áí ðñÝðåé íá óôáìáôÞóïõí Þ íá óõíåœSSóïõí (áí ç ðëçñïöïñSSá âñÝèçêå). Óôï Two-Level Random Walk Search Protocol [14] õðÜñœïõí äýï TTL. ÌÝœñé íá ëÞîåé ôï ðñþôï TTL ðáñÜãïíôáé walkers ðïõ óõíåœSSæïõí ìÝœñé íá ëÞîåé ôï äåýôåñï.

Iterative deepening Ç ìÝèïäïò ôïõ iterative deepening ðñïôÜèçêå ([15, 16, 12]) ìå óôüœï íá åëáœéóôïðïéÞóåé ôá ìçíýìáôá. ŒñçóéìïðïéåSSôáé üôáí ãíùñSSæïõìå üôé ç ðëçñïöïñSSá Ýœåé ìåãÜëåò ðéèáíüôçôåò íá âñåèåSS óôçí ãåéôïíéÜ åíüò êüìâïõ. ÏõóéáóôéêÜ êáëïýìå ìSSá ìÝèïäï áíáæÞôçóçò ìå TTL = 1. Áí áðïôýœåé, åðáíáëáìâÜíïõìå ôçí áíáæÞôçóç ìå TTL = 2 ê.ï.ê. ìÝœñé íá âñïýìå ôçí ðëçñïöïñSSá. Ëüãù ôçò åêèåôéêÞò áýîçóçò ôùí ìçíõìÜôùí ìå ôï TTL, åSSíáé ðéèáíü ìéá åðáíáëçðôéêÞ áíáæÞôçóç ãéá TTL 1,2,3 ìðïñåSS íá åðéöÝñåé óõíïëéêÜ ëéãüôåñá ìçíýìáôá óå óœÝóç ìå ìéá áðåõèåSSáò áíáæÞôçóç ìå TTL = 4 ãéá ðáñÜäåéãìá.

Directed BFS and intelligent search [12] Ç éäÝá ðSSóù áðü áõôüí ôïí teeming áëãüñéèìï åSSíáé üôé åðéëÝãåôáé Ýíá õðïóýíïëï ðïõ Ýœåé ìåãÜëç ðéèáíüôçôá íá äþóåé ãñÞãïñá åðéôõœÝò áðïôÝëåóìá áíáæÞôçóçò. Ãéá ôçí åðéëïãÞ ôùí čêáëþíď ãåéôüíùí, êÜèå êüìâïò öõëÜ áðëÜ óôáôéóôéêÜ ãéá ôïõò ãåSSôïíÝò ôïõ. Ãéá ðáñÜäåéãìá:

• Ôïí ìÝãéóôï áñéèìü åðéôõœçìÝíùí áðáíôÞóåùí ùò ôþñá • Ôï ìéêñüôåñï hop-count ðïõ œñåéÜóôçêå ãéá ìéá ðñïçãïýìåíç áíáæÞôçóç (latency) • Ôï ðüóï óôáèåñüò åSSíáé ï ãåSSôïíáò (áí õðÜñœåé ãéá êáéñü åêåSS) • Ï ãåSSôïíáò ìå ôï ìéêñüôåñï message queue ( ï ëéãüôåñï áðáóœïëçìÝíïò).

Ìå ôçí óùóôÞ åðéëïãÞ ãåéôüíùí ìðïñïýìå íá ìåéþóïõìå ôïí áñéèìü ôùí ìçíõìÜôùí, íá Ýœïõìå ðïéïôéêÝò áíáæçôÞóåéò êáé ìéêñüôåñï response time. Óôï [12] ìüíï ï query node œñçóéìïðïéïýóå óôáôéóôéêÜ ãéá íá ðñïùèÞóåé ôï ìÞíõìá. ĳëïé ïé Üëëïé êüìâïé Ýêáíáí áðëü ‚ooding. Óôï [11] üìùò œñçóéìïðïéÞèçêáí čkeywordsď êáé Ýôóé ãåííÞèçêå ç éäÝá ôïõ keyword query ðïõ áðïôåëïýíôáí áðü ôÝóóåñéò ìçœáíéóìïýò: áíáæÞôçóçò, pro˛ling, áîéïëüãçóç ôùí peer, åýñåóçò ðáñáðëÞóåùí åñùôÞóåùí. ÿôóé ï êÜèå êüìâïò åðéëÝãåé ãåSSôïíåò ðïõ áðÜíôçóáí ãñÞãïñá óå ðáñüìïéåò åñùôÞóåéò óå ðáñåëèüí.

Local indices based search [12] ÊÜèå êüìâïò öõëÜåé åõñåôÞñéï ìå äåäïìÝíá áíáæÞôçóçò ãéá ôïõò k-hop ãåSSôïíÝò ôïõ. ÿôóé áí Ýñèåé Ýíá query ìðïñåSS ãñÞãïñá íá áðáíôÞóåé áí êÜðïéïò áðü ôïõò k-hop ãåSSôïíåò Ýœåé ôçí ðëçñïöïñSSá. ÿôóé ìðïñïýìå íá áðáíôÞóïõìå óå ìSSá åñþôçóç ìå ôçí SSäéá áêñSSâåéá áðáóœïëþíôáò ëéãüôåñïõò êüìâïõò. Ïé êüìâïé åðåîåñãÜæïíôáé Ýíá ìÞíõìá áíáæÞôçóçò ìüíï áí ôï âÜèïò áíáæÞôçóçò d áíÞêåé óå Ýíá êïéíü policy P ðïõ åSSíáé SSäéï ãéá üëïõò ôïõò êüìâïõò. Áí ôï âÜèïò d äåí áíÞêåé óôï P ôüôå áðëÜ ðñïùèïýí ôï ìÞíõìá óôïõò ãåSSôïíåò ìå âÜèïò d+1.

Ãéá ðáñÜäåéãìá áí k = 2 êáé P = 0; 3; 6 ôüôå ï êüìâïò áíáæÞôçóçò (âÜèïò 0) èá åðåîåñãáóôåSS ôï ìÞíõìá (äçëáäÞ èá äåé áí õðÜñœåé áðïôÝëåóìá óôï åõñåôÞñéï ôçò 2-hop ãåéôïíéÜò). Áí äåí õðÜñœåé èá ðñïùèÞóåé ôï ìÞíõìá óôïõò ãåSSôïíåò ìå âÜèïò d = 1. ÁõôïSS äåí èá åðåîåñãáóôïýí ôï ìÞíõìá ãéáôSS ôï d = 1 äåí áíÞêåé óôï policy P. ÿôóé, ôï ìÞíõìá áðëÜ èá ðñïùèçèåSS óôïõò ãåSSôïíåò ìå âÜèïò d = 2 êáé ìåôÜ óôïõò ãåSSôïíåò ìå âÜèïò d = 3. Ïé êüìâïé ìå âÜèïò d = 3 áíÞêïõí óôï P ïðüôå èá ãSSíåé áíáæÞôçóç óôï ôïðéêü åõñåôÞñéï ê.ïê.

Ôá åõñåôÞñéá áõôÜ ðñÝðåé íá áíáíåùèïýí êÜèå öïñÜ ðïõ êÜðïéïò peer åéóÝñœåôáé Þ öåýãåé áðü ôï óýóôçìá. Ç áíSSœíåõóç ãéá failures ãSSíåôáé ìå œñÞóç ìçíõìÜôùí ping. Ðåñéóóüôåñåò ðëçñïöïñSSåò èá âñåSSôå óôï [12].

Routing indices based search [29] Ç ìÝèïäïò áõôÞ ìïéÜæåé ðïëý ìå ôçí ìÝèïäï Directed BFS and intelligent search [12]. Åíþ ç intelligent search âáóSSæåôáé óå óôáôéóôéêÜ ðñïçãïõìÝíùí åñùôÞóåùí ãéá íá åðéëÝîåé ôï õðïóýíïëï ðïõ èá ðñïùèçèåSS ôï ìÞíõìá, ç routing indices áðïèçêåýåé ðëçñïöïñSSåò ùò ðñïò ôá èÝìáôá Þ ôïí áñéèìü ôïí áñœåSSùí ðïõ öõëÜóóåé ï êÜèå ãåSSôïíáò. ÿôóé ç ìÝèïäïò áõôÞ ôáéñéÜæåé óå áíáæçôÞóåéò ùò ðñïò ôï ðåñéåœüìåíï (content search queries) áíôSS ãéá áíáæçôÞóåéò ùò ðñïò êÜðïéï ˛lename. Ôá áñœåSSá ìðïñïýí íá áíÞêïõí óå ðáñáðÜíù áðü Ýíá topic êáé êÜèå êüìâïò öõëÜóóåé ðëçñïöïñSSåò (keywords) ôá äéêÜ ôïõ áñœåSSá. ÿôóé óå êÜðïéá áíáæÞôçóç åðéëÝãïíôáé ïé m êáëýôåñïé ãåSSôïíåò. ÊáëïSS ãåSSôïíåò èåùñïýíôáé áõôïSS ðïõ Ýœïõí áñœåSSá ìå topics êïíôÜ ùò ðñïò áõôü ðïõ áíáæçôÜìå Þ Ýœïõí ðïëëÜ áñœåSSá.

Adaptive probabilistic search [30, 31] Óôçí ìÝèïäï áõôÞ õðïèÝôïõìå üôé áðïèçêåýïíôáé áíôéêåSSìåíá óôï äSSêôõï ìå ìSSá óõãêåêñéìÝíç êáôáíïìÞ. Ï áëãüñéèìïò âáóSSæåôáé óôïí k-walker random walk and probabilistic forwarding. Ï êÜèå êüìâïò ðñïùèåSS ôïí ìÞíõìá óôïí ãåSSôïíá ìå ôçí ìåãáëýôåñç ðéèáíüôçôá íá áðáíôÞóåé. Ç ðéèáíüôçôá áõôÞ õðïëïãSSæåôáé ìå âÜóç ðñïçãïýìåíá queries êáé áíáíåþíåôáé ìå âÜóç ôï áðïôÝëåóìá ôïõ ôùñéíïý query (áí ç áíáæÞôçóç Þôáí èåôéêÞ ç ðéèáíüôçôá áõîÜíåôáé åíþ áí áðÝôõœå ìåéþíåôáé).

Ãéá íá åðéëÝîïõìå ôïí êáôÜëëçëï ãåSSôïíá, êÜèå êüìâïò öõëÜåé Ýíá åõñåôÞñéï ìå ôïõò ãåSSôïíÝò ôïõ. Óôï åõñåôÞñéï êÜèå ãåSSôïíá õðÜñœåé Ýíá åõñåôÞñéï ãéá êÜèå object ãéá ôï ïðïSSï åñùôÞèçêå êáé ðñïþèçóå óå áõôüí. Ç ôéìÞ óôï åõñåôÞñéï áíáðáñéóôÜ ôçí ðéèáíüôçôá íá ðñïùèÞóïõìå ôï query ãéá ôï óõãêåêñéìÝíï object óôïí óõãêåêñéìÝíï ãåSSôïíá.

ÁñœéêÜ üëåò ïé ðéèáíüôçôåò åSSíáé SSäéåò êáé ï êüìâïò ðïõ èá ðñïùèçèåSS ôï ìÞíõìá åðéëÝãåôáé ôõœáSSá. Áí åSSíáé åðéôõœÞò ç áíáæÞôçóç ç ðéèáíüôçôá áõîÜíåôáé áëëéþò ìåéþíåôáé. ÿôóé óéãÜ óéãÜ ìðïñïýìå íá âñïýìå ðïéïé åSSíáé ïé ðéï êáëïSS ãåSSôïíåò ãéá íá ìáò áðáíôÞóïõí óôï óõãêåêñéìÝíï object query.

Dominating set based search [32] Óôçí ìÝèïäï áõôÞ åðéëÝãåôáé Ýíáò áñéèìüò áðü êüìâïõò þóôå íá öôéÜîïõí Ýíá connected dominating set (CDS). ÿíá CDS óå Ýíá P2P äSSêôõï åSSíáé Ýíá õðïóýíïëï ôùí êüìâùí ðïõ óõíäÝïíôáé Üìåóá ìåôáîý ôïõ. ĳëïé ïé Üëëïé êüìâïé Ýœïõí ôïõëÜœéóôïí Ýíá ãåSSôïíá óôï CDS. Ç áíáæÞôçóç åðéôõãœÜíåôáé ìå Ýíá ôõœáSSï ðåñðÜôçìá ðÜíù óôï dominating set. Ç êáôáóêåõÞ ôïõ dominating set êáôáóêåõÜæåôáé ìüíï ìå ôïðéêÞ ðëçñïöïñSSá (2-hop) üðùò Ýäåéîáí óôï [32].

Ç áíáæÞôçóç ãSSíåôáé ùò åîÞò. Áí ï êüìâïò áíáæÞôçóçò äåí åSSíáé óôï dominating set, ðñïùèåSS ôï ìÞíõìÜ ôïõ óå Ýíáí dominating ãåSSôïíá. Ï êüìâïò óôï dominating set øÜœíåé óôçí ôïðéêÞ âÜóç äåäïìÝíùí êáé áí äåí âñåé áðÜíôçóç ðñïùèåSS ôï ìÞíõìá óôïõò ãåSSôïíÝò ôïõ. Ïé ãåSSôïíåò ðïõ åSSíáé óôï dominating set èá ðñïùèÞóïõí ðáñáðÝñá ôçí ðëçñïöïñSSá åíþ ïé õðüëïéðïé áðëÜ èá øÜîïõí ôïðéêÜ ãéá áðÜíôçóç.

Ç ïñãÜíùóç ôçò ìåèüäïõ áõôÞò ôáéñéÜæåé óå óõóôÞìáôá ðïõ Ýœïõí super peers üðùò ôï kazaa êáé ôï morpheus.

A.2 Mobile ad-hoc networks

Ôá mobile ad-hoc äSSêôõá (MANETs) áðïôåëïýíôáé áðü áóýñìáôïõò êüìâïõò ðïõ åðéêïéíùíïýí ìåôáîý ôïõò œùñSSò êÜðïéá óôáèåñÞ äéêôõáêÞ õðïäïìÞ. Œñçóéìïðïéïýíôáé óå êáôáóôÜóåéò êáôáóôñïöÞò, óå ðåäSSá ìÜœçò, óå óõíÝäñéá, êáé Ýœïõí êåíôñSSóåé ôï åíäéáöÝñïí ôá ôåëåõôáSSá œñüíéá êõñSSùò ìå ôçí œñÞóç ôùí äéêôýùí áðü áíéœíåõôÝò (sensor networks). ÔÝôïéá äSSêôõá åSSíáé ðéèáíü íá õëïðïéçèïýí óôï Üìåóï ìÝëëïí ìå óôüœï íá êáôáãñÜöïõí êáé íá åëÝãœïõí ôï öõóéêü ðåñéâÜëëïí óå áðïìáêñõóìÝíåò ðåñéïœÝò. Ìå ôï íá äéêôõþóïõìå áõôïýò ôïõò áíéœíåõôÝò, åðéôõãœÜíïõìå áêñéâÝóôåñç êáôáãñáöÞ ôçò ðëçñïöïñSSáò ìÝóù ôçò óõíåñãáóSSáò ìåôáîý ôïõò. ÌçôñïðïëéôéêÜ äSSêôõá Ýœïõí áíáðôõœèåSS óå êÜðïéåò ðüëçò œñçóéìïðïéþíôáò êåñáSSåò óôéò ïñïöÝò ôùí êôçñSSùí ùò Ýíá åíáëëáêôéêü áóýñìáôï äSSêôõï.

Óôá ad-hoc äSSêôõá, áóýñìáôïé êüìâïé åðéêïéíùíïýí ìåôáîý ôïõò áöïý äåí õðÜñœåé Üëëç óôáèåñÞ äéêôõáêÞ õðïäïìÞ. Ùò åðSS ôï ðëåSSóôùí, ôá äSSêôõá áõôÜ áðïôåëïýíôáé áðü ïìüôéìïõò êüìâïõ ðïõ åðéêïéíùíïýí áóýñìáôá œùñSSò êÜðïéïí êåíôñéêïðïéçìÝíï Ýëåãœï. Óôá áóýñìáôá äSSêôõá ç åðéêïéíùíSSá ìåôáîý äýï êüìâùí ìðïñåSS íá ãSSíåé áð’åõèåSSáò ìüíï áí ïé äýï êüìâïé åSSíáé åíôüò åìâåëåSSáò ôïõ áóýñìáôïõ åîïðëéóìïý. Áí êÜôé ôÝôïéï äåí åSSíáé äõíáôü ôüôå ðñÝðåé íá ãSSíåé åðéêïéíùíSSá œñçóéìïðïéþíôáò åíäéÜìåóïõò êüìâïõò (multi-hop communication). ÁõôÞ åSSíáé êáé ç âáóéêüôåñç äéáöïñÜ ìå ôá P2P äSSêôõá üðïõ äõï êüìâïé èåùñïýìå üôé ìðïñïýí íá åðéêïéíùíÞóïõí áðåõèåSSáò ìÝóù ôïõ internet.

ÿíá áðïäåêôü ìïíôÝëï ãéá ôçí èåùñçôéêÞ ìåëÝôç ôÝôïéùí äéêôýùí åSSíáé ôï unit graph model: äýï êüìâïé Á êáé Â óõíäÝïíôáé ðÜíôá üôáí ç áðüóôáóç ôïõò åSSíáé ìéêñüôåñç áðü R, üðïõ R åSSíáé ç áêôSSíá ìåôÜäïóçò. Ôï ìïíôÝëï áõôü êÜíåé ðïëëÝò õðïèÝóåéò áöïý èåùñåSS üôé üëïé ïé êüìâïé Ýœïõí ôçí SSäéá åìâÝëåéá R, üôé äåí õðÜñœïõí åìðüäéá (õðï-ãñÜöïé ôïõ unit-graph), üôé äåí õðÜñœïõí êáôåõèõíôéêÝò êåñáSSåò (óôçí ðñÜîç ìðïñåSS íá ìçí óõíäåüìáóôå ìå üëïõò ôïõò êüìâïõò ðïõ åSSíáé ìÝóá óå ìSSá áêôSSíá áëëÜ ìüíï óå üóïõò åSSíáé ìðñïóôÜ ìáò ãéá ðáñÜäåéãìá). ĳìùò åSSíáé êáé ôï ìïíáäéêü ìïíôÝëï ðïõ ìåëåôÜôáé óôçí âéâëéïãñáöSSá. Ôï óœÞìá A.11 ìáò äåSSœíåé Ýíá ðáñÜäåéãìá åíüò ôÝôïéïõ ãñÜöïõ ìå ôçí äïóìÝíç áêôSSíá R.

A.2.1 ÐáñáäåSSãìáôá MANET

ÓœÞìá A.11: Ôï ìïíôÝëï unit graph: ÊÜèå êüìâïò ðïõ âñSSóêåôáé óå áðüóôáóç ìéêñüôåñç ôçò áêôSSíáò óõíäÝåôáé

ÄSSêôõá áíéœíåõôþí (Sensor networks) [33] Ôá äSSêôõá áõôÜ, êáëïýíôáé åðSSóçò õâñéäéêÜ ad-hoc äSSêôõá, œñçóéìïðïéïýíôáé ãéá íá óõëëÝãïõí äåäïìÝíá üðùò èåñìïêñáóSSá, áíSSœíåõóç œçìéêþí, êSSíçóç êôë. Ðñüêåéôáé ãéá Ýíá äSSêôõï áðü áíéœíåõôÝò ðïõ åðéêïéíùíïýí ìåôáîý ôïõò ìå óôüœï íá óõíåñãáóôïýí þóôå íá áíôáëëÜîïõí ðëçñïöïñSSåò êáé íá åîÜãïõí Ýíá óõìðÝñáóìá.

ÌçôñïðïëéôéêÜ äSSêôõá [34, 35, 36] ÌåñéêÜ äSSêôõá óõíäÝïíôáé ìå óôáèåñÞ õðïäïìÞ œñçóéìïðïéþíôáò wireless access points. Ãéá ðáñÜäåéãìá, ìðïñåSS íá öôéáœôåSS Ýíá ðëÝãìá áðü êåñáSSåò óå ôáñÜôóåò êôéñSSùí ìå óôüœï ôçí äçìéïõñãSSá åíüò åíáëëáêôéêïý, äùñåÜí, äéêôýïõ ôùí êáôïSSêùí ìéáò ðüëçò.

ÄSSêôõá ïœçìÜôùí [34, 35, 36] Ôá ïœÞìáôá óå Ýíáí äñüìï ìðïñïýí íá äçìéïõñãÞóïõí Ýíá ad-hoc äSSêôõï ìå óôüœï íá êáôáãñÜøïõí ðëçñïöïñSSåò ãéá ôï êõêëïöïñéáêü, íá ðëçñïöïñÞóïõí ãéá ðéèáíÜ áôõœÞìáôá ê.á. Ôï êÜèå üœçìá ìðïñåSS ãéá ðáñÜäåéãìá üôáí áíéœíåýóåé Ýíá êõêëïöïñéáêü ðñüâëçìá íá ìåôáäþóåé óå üëá ôá ïœÞìáôá åíôüò åìâÝëåéáò ôçí ðëçñïöïñSSá êáé åêåSSíá íá ôçí ðñïùèÞóïõí ðáñáðÝñá.

ÓœÞìá A.12: ÊáôçãïñSSåò ðñùôïêüëëùí äñïìïëüãçóçò óå MANET (ad-hoc routing protocols)

ÔçëåöùíéêÜ äSSêôõá [37] Ôá multihop äSSêôõá êéíéôÞò ôçëåöùíSSáò Ýœïõí ðñïôáèåSS ðñüóöáôá ùò Ýíáò åíáëëáêôéêüò ôñüðïò åðéêïéíùíSSáò óå êáôáóôÜóåéò üðïõ õðÜñœïõí ðïëëïSS œñÞóôåò óå ðåñéïñéóìÝíç ðåñéïœÞ üðùò ãéá ðáñÜäåéãìá Ýíá óôÜäéï.

ÖõóéêÜ õðÜñœïõí åêáôïíôÜäåò Üëëåò œñÞóåéò ôùí óõóôçìÜôùí MANET.

A.2.2 Äñïìïëüãçóç óå ad-hoc networks (routing)

ÅSSíáé öáíåñü üôé ëüãù ôçò multi-hop åðéêïéíùíSSáò, ôï âáóéêü ðñüâëçìá ðïõ êáëåSSôáé íá áíôéìåôùðSSóåé êÜðïéïò óå ad-hoc äSSêôõá åSSíáé ç äñïìïëüãçóç ôùí ðáêÝôùí áðü Ýíáí êüìâï óå Ýíáí Üëëï. ÕðÜñœåé ðïëëÞ åñåõíçôéêÞ äïõëåSSá ãýñù áðü ôï èÝìá ðïõ óõíïøSSæåôáé óôá surveys [38, 39]. O Xiaoyan Hong œùñSSæåé ôá ðñùôüêïëëá áõôÜ óå ôñåéò âáóéêÝò êáôçãïñSSåò üðùò öáSSíåôáé êáé óôï óœÞìá A.12

• Flat routing: ĳëïé ïé êüìâïé åSSíáé ôï SSäéï êáé äåí œñçóéìïðïéåSSôáé ãåùãñáöéêÞ ðëçñïöïñSSá.

{ Proactive: ÕðÜñœåé êÜðïéá background ðëçñïöïñSSá ðïõ áöïñÜ ôï routing. Ïé êüìâïé óõëëÝãïõí ðëçñïöïñSSåò áðü ðáëéüôåñåò äñïìïëïãÞóåéò êáé ôéò êñáôÜíå óå êÜðïéá âÜóç äåäïìÝíùí ãéá íá äñïìïëïãÞóïõí ôéò åðüìåíåò. Äåí Ýœïõìå (óõíÞèùò) äéáöïñåôéêÞ äéáäñïìÞ êÜèå öïñÜ ðïõ õðÜñœåé ìéá åðéêïéíùíSSá.

{ Reactive: On demand route áíáæÞôçóç ãéá êÜèå åðéêïéíùíSSá.

• Hierarchical routing: õðÜñœïõí êÜðïéïé åéäéêïSS êüìâïé óôï äSSêôõï ðïõ áíáëáìâÜíïõí íá âïçèïýí Þ íá êÜíïõí ôï routing.

• Geographic positioning assisted routing: õðÜñœåé êÜðïéïò GPS receiver óå êÜèå êüìâï. Ç ãåùãñáöéêÞ ðëçñïöïñSSá âïçèÜåé óôï routing.

A.2.2.1 Flat routing Proactive áëãüñéèìïé

FSR (Fisheye State Routing) ÁíôáëëÜóóåé ðåñéïäéêÜ üëåò ôéò routing ðëçñïöïñSSåò ðïõ Ýœåé áðïèçêåõìÝíåò ìå ôïõò ãåSSôïíåò. Ç óõœíüôçôá ìåôÜäïóçò áõôþí ôùí ðëçñïöïñéþí åîáñôÜôáé áðü ôçí áðüóôáóç ôùí êüìâùí (hop-distance). ÿôóé routes ãéá ìáêñéíïýò êüìâïõò ìåôáäSSäïíôáé óôïõò ãåSSôïíåò ëéãüôåñï óõœíÜ.

OLSR (Optimized Link State Routing) Ï áëãüñéèìïò áõôüò ðñïóðáèåSS íá áöáéñÝóåé ìåñéêïýò áðü ôïõò ãåSSôïíÝò ôïõ ðïõ äåí œñåéÜæïíôáé óôï routing ãéá íá áðïöýãåé åðáíáìåôáäþóåéò.. ÊÜðïéïò êüìâïò ìáèáSSíåé áðü ôïõò ãåSSôïíåò ôïõ üëïõò ôïõò 2hop ãåSSôïíåò êáé ìåôÜ õðïëïãSSæåé ôï minimum set 1-hop t êüìâùí ðïõ Ýœïõí ùò ãåSSôïíåò üëïõò ôïõò 2-hop êüìâïõò. Èá åðéêïéíùíåSS ìüíï ìå áõôïýò ãéá ôï routing áðü åêåSS êáé ðÝñá. ÔáéñéÜæåé óå ðõêíÜ äSSêôõá áöïý ïé MPR êüìâïé èá åSSíáé ëSSãïé åíþ óå áñáéÜ äSSêôõá êÜèå êüìâïò èá ëáìâÜíåé ìÝñïò óôï routing ïðüôå ï áëãüñéèìïò ãSSíåôáé éóïäýíáìïò ìå ôïí ðñïçãïýìåíï.

TBRPF (Topology Broadcast Based on Reverse Path Forwarding) ÁðïôåëåSSôáé áðü äýï ìÝñç: ôï ìÝñïò ôçò áíáêÜëõøçò ãåéôüíùí êáé ôï routing ìÝñïò. Óôï ðñþôï ìÝñïò, óôÝëíïíôáé ìçíýìáôá hello ðïõ áíáöÝñïõí áëëáãÝò óôïõò ãåSSôïíåò. ÓõëëÝãïíôáé ôïðéêÝò ðëçñïöïñSSåò ãéá ôçí ôïðïëïãSSá êáé öôéÜœíåôáé Ýíá ôïðéêü óêåëåôéêü äÝíôñï ìå ôá minimum-hop paths. Ôï routing ãSSíåôáé œñçóéìïðïéþíôáò áõôïýò ôïõò êüìâïõò ìüíï. Update óôÝëíïõìå ìüíï áí ïé áëëáãÝò åðçñåÜæïõí ôï äÝíôñï áõôü.

A.2.2.2 Flat routing On demand áëãüñéèìïé

AODV (Ad Hoc On-demand Distance Vector routing) ŒñçóéìïðïéåSS ôçí Ýííïéá ôïõ backward learning: Ìå ôï ðïõ ëÜâïõìå Ýíá query, ï êüìâïò ìåôÜâáóçò ìáèáSSíåé êáé áðïèçêåýåé ôï route áðü ôçí ðçãÞ ùò áõôüí. ÿôóé ìáèáSSíåé óéãÜ óéãÜ routes ãéá êüìâïõò ôïõ äéêôýïõ. Áí êÜðïéïò êüìâïò Ýœåé ôï route ãéá ôïí ðñïïñéóìü óôÝëíåé ôçí áðÜíôçóç êáé äåí ðñïùèåSS ôï ìÞíõìá ðáñáðÝñá.

DSR (Dynamic Source Routing) Óôçí åñþôçóç êÜèå åíäéÜìåóïò êüìâïò ðñïóèÝôåé ðëçñïöïñSSá ãéá ôïí åáõôü ôïõ óôï ðáêÝôï. ÊáôÜ ôçí áðÜíôçóç ôï ðáêÝôï åðéóôñÝöåôáé ìå ôçí áíôSSèåôç öïñÜ êáé üëïé ïé êüìâïé êÜíïõí cache ôéò ðëçñïöïñSSåò ãéá ôá routes ðïõ ðñïêýðôïõí.

A.2.2.3 ÉåñáñœéêÞ äñïìïëüãçóç

ĳôáí ôï ìÝãåèïò ôïõ äéêôýïõ áõîÜíåôáé ðïëý, ôï ‚at routing ãSSíåôáé áóýìöïñï. Ç éåñáñœéêÞ äñïìïëüãçóç âáóSSæåôáé óôçí ïñãÜíùóç ôùí êüìâùí óå ïìÜäåò êáé óôçí áíÜèåóç äéáöïñåôéêþí ëåéôïõñãéþí ãéá åñãáóSSåò ðïõ áöïñïýí åóùôåñéêÝò Þ åîùôåñéêÝò õðïèÝóåéò ôçò ïìÜäáò.

CGSR (Clusterhead-Gateway Switch Routing) ŒùñSSæåé ôï äSSêôõï óå clusters êáé óå êÜèå cluster ïñSSæåôáé Ýíáò åðéêåöáëÞò. ÊÜèå êüìâïò ðïõ áíÞêåé óå äýï Þ êáé ðáñáðÜíù clusters ïíïìÜæåôáé gateway. ĳôáí Ýíáò êüìâïò ëÜâåé êÜðïéï ìÞíõìá ôï ðñïùèåSS óôïí åðéêåöáëÞ êáé åêåSSíïò ãíùñSSæåé áí áíÞêåé óôï äéêü ôïõ cluster Þ üœé. Áí äåí áíÞêåé ôüôå Ýœåé routes ãéá ôï gateway ðïõ èá ôï óôåSSëåé þóôå íá ðáñùèçèåSS óôï åðüìåíï cluster.

HSR (Hierarchical State Routing) Ðáñüìïéï ìå ôï CGSR, ìüíï ðïõ õðÜñœïõí ôñéþí åéäþí êüìâïé: cluster heads, gateways, and internal nodes. ÐëÝïí õðÜñœïõí ðïëëáðëÜ åðSSðåäá êáé ïé åðéêåöáëåSSò êÜðïéïõ åðéðÝäïõ åSSíáé êüìâïé ôïõ áìÝóùò õøçëüôåñïõ åðéðÝäïõ.

ZRP (Zone Routing Protocol) Ðñüêåéôáé ãéá Ýíá õâñéäéêü ðñùôüêïëëï ðïõ óõíäõÜæåé proactive êáé on-demand routing. Ïé êüìâïé œùñSSæïíôáé óå æþíåò êáé åóùôåñéêÜ ôçò æþíçò œñçóéìïðïéïýìå proactive routing (routing tables) åíþ ãéá åðéêïéíùíSSá ìåôáîý æùíþí œñçóéìïðïéïýìå on-demand routing.

LANMAR (Landmark Ad Hoc Routing Protocol) Ðáñüìïéï ìå ôï ZRP ìüíï ðïõ ôï êÜèå group Ýœåé ìSSá óçìáäïýñá ðïõ œñçóéìåýåé óôï íá áíéœíåõèåSS ç èÝóç ïëüêëçñïõ ôïõ group. Ç ìÝèïäïò áõôÞ åSSíáé œñÞóéìç üôáí Ýœïõìå ìåôáêéíÞóåéò óå groups.

A.2.2.4 Geographic Position Information Assisted Routing

Geocast ŒñçóéìïðïéåSS óõãêåêñéìÝíç ãåùãñáöéêÞ ðëçñïöïñSSá ãéá íá êáèïñSSóåé ôïí ðñïïñéóìü. ÕðÜñœåé Ýíáò åéäéêüò (centralized) õðïëïãéóôÞò ðïõ åSSíáé õðåýèõíïò íá ëáìâÜíåé êáé íá óôÝëíåé áõôÝò ôéò ðëçñïöïñSSåò (GeoHost). Ï GeoHost åSSíáé õðåýèõíïò êáé óôï íá óôÝëíåé ôá ðáêÝôá óôïí êáôÜëëçëïGeoRouter. Ãéá êáëýôåñç äéáœåSSñéóç ôï äSSêôõï åîõðçñåôåSSôáé áðü ðïëëïýò GeoRouters ðïõ åSSíáé éåñáñœéêÜ åêëåãìÝíïé êáé êÜèå GeoRouter áíáëáìâÜíåé íá åîõðçñåôÞóåé ìSSá óõãêåêñéìÝíç ãåùãñáöéêÞ ðåñéïœÞ.

LAR (Location-Aided Routing) Ï LAR œñçóéìïðïéåSS ãåùãñáöéêÞ ðëçñïöïñSSá ãéá íá ðåñéïñSSóåé ôïí œþñï áíáæÞôçóçò åíüò íÝïõ route óå ìSSá ìéêñüôåñç æþíç. ÌïéÜæåé ìå ôïí DSR: œñçóéìïðïéåSS ôçí Ýííïéá ôïõ limited ‚ooding. ÁñœéêÜ õðïëïãSSæåé ôçí êõêëéêÞ ðåñéïœÞ ðïõ ìðïñåSS íá åSSíáé ï ðñïïñéóìüò (ð.œ.

áðü ôçí ðáëéÜ ôïõ èÝóç êáé ôçí áðüóôáóç ðïõ åSSíáé äõíáôüí íá äéÜíõóå). ÊáôÜ ôçí äéÜñêåéá ôïõ ‚ooding ôï ìÞíõìá ðñïùèåSSôáé ìüíï áðü êüìâïõò ðïõ åSSíáé ìÝóá óôï ôåôñÜãùíï ðïõ ïñSSæåé áõôüò ï êýêëïò êáé ï êüìâïò ôçò åñþôçóçò. ÅíáëëáêôéêÜ, ôï ìÞíõìá ðñïùèåSSôáé óå êÜðïéï ãåSSôïíá ìüíï áí ï åSSíáé ðéï êïíôÜ óôïí ðñïïñéóìü (äåí ðÜìå ðñïò ôá ðSSóù).

DREAM (Distance Routing E¸ect Algorithm for Mobility) ÊÜèå êüìâïò êñáôÜåé Ýíá location table ãéá üëïõò ôïõò êüìâïõò. ÓôÝëíïíôáé control packets óœåôéêÜ ìå ôéò íÝåò èÝóåéò ôùí êüìâùí áíÜ ôáêôÜ œñïíéêÜ äéáóôÞìáôá. Ç óõœíüôçôá ðïõ óôÝëíïíôáé áõôÜ ôá updates åîáñôÜôáé áðü äýï ðáñáìÝôñïõò. Distance e¸ect, üóï ìåãáëýôåñç åSSíáé ç áðüóôáóç ðïõ œùñSSæåé äýï êüìâïõò ôüóï áñáéüôåñá óôÝëíïíôáé áõôÜ ôá ìçíýìáôá. Mobility rate: üóï ðéï ãñÞãïñá êéíåSSôáé Ýíáò êüìâïò ôüóï ðéï óõœíÜ ðñÝðåé íá äéáöçìSSæåé ôçí íÝá ôïõ èÝóç.

GPSR (Greedy Perimeter Stateless Routing) ŒñçóéìïðïéåSS ìüíï ôïðéêÞ ðëçñïöïñSSá ãéá ôïõò ãåSSôïíÝò ôïõ ãéá íá ðñïùèÞóåé ôï ìÞíõìá. ÊÜèå öïñÜ ðïõ Ýíáò êüìâïò ìåôáêéíåSSôáé, åíçìåñþíåé ìüíï ôïõò ãåSSôïíåò ôïõ êÜôé ðïõ óçìáSSíåé ìéêñÞ 1-hop åðéêïéíùíSSá. Ôá ìçíýìáôá ðñïùèïýíôáé œñçóéìïðïéþíôáò ìåèüäïõò greedy forwarding: êÜèå öïñÜ ðñïùèïýìå ôï ìÞíõìá óôïí ãåSSôïíá ðïõ åSSíáé ðéï êïíôÜ óôïí ðñïïñéóìü. Áí áðïôýœåé áõôÞ ç äéáäéêáóSSá œñçóéìïðïéåSS perimeter-forwarding œñçóéìïðïéþíôáò ôïí êáíüíá ôïõ äåîéïý œåñéïý: êÜèå êüìâïò ðñïùèåSS ôï ìÞíõìá óôïí äåîéüôåñï ãåSSôïíá ôïõ ðïõ üìùò åSSíáé áñéóôåñÜ áðü ôçí åõèåSSá ðïõ ïñSSæåé ç ðçãÞ ìå ôïí ðñïïñéóìü ìå áðïôÝëåóìá íá êéíïýìáóôå ðåñéìåôñéêÜ ôçò åõèåSSáò.

ÐáñÜñôçìá B

ÅõñåôÞñéï õëïðïSSçóçò

B.1 ÏìÜäåò óõíáñôÞóåùí

Ãéá ôçí äéåõêüëõíóç ôïõ simulation, ïé óõíáñôÞóåéò œùñSSóôçêáí óå ðÝíôå ïìÜäåò áíÜëïãá ìå ôçí åñãáóSSá ðïõ åðéôåëïýí. ÁêïëïõèåSS ç ëSSóôá üëùí ôùí ïìÜäùí:

ÐáñÜìåôñïé ôïõ simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 ÊáôáóêåõÞ ôïõ óõíäåäåìÝíïõ ãñÜöïõ. . . . . . . . . . . . . . . . . . . . . . . . . . 128 ÓõíáñôÞóåéò óôáôéóôéêþí . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 Óõíôïíéóìüò êáé áõôïìáôïðïSSçóç ôçò åîïìïSSùóçò. . . . . . . . . . . . . . . . . . . 148 ÓõíáñôÞóåéò ðïõ áöïñïýí ôçí åîïìïSSùóç ôùí áëãïñSSèìùí. . . . . . . . . . . . . . 159

B.2 ÄïìÝò ÄåäïìÝíùí

Áêïëïõèïýí ïé äïìÝò äåäïìÝíùí œñçóéìïðïéïýíôáé óôïí simulator ìå óýíôïìåò ðåñéãñáöÝò:

agent t (Ç äïìÞ ðïõ ðåñéÝœåé üëåò ôéò ðëçñïöïñSSåò ðïõ œñåéÜæåôáé Ýíáò agent ) . . 179 ‚ood cache t (ÄïìÞ óõíäåäåìÝíçò ëSSóôáò. ŒñçóéìïðïéåSSôáé ãéá ôïõò êáôáëüãïõò snooping, inverted cache êáé ãéá ôá replicas. ) . . . . . . . . . . . . . . . 185

120 ÅõñåôÞñéï õëïðïSSçóçò

B.3 ËSSóôá ÁñœåSSùí

ÁêïëïõèåSS ìéá ëSSóôá üëùí ôùí áñœåSSùí ìå óýíôïìåò ðåñéãñáöÝò:

globals.h (ÐåñéÝœåé üëåò ôéò global ìåôáâëçôÝò ðïõ œñçóéìïðïéïýíôáé óôïí simulator ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 inverted cache.c (ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôïí áëãüñéèìï inverted cache )199 main.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 net funcs.c (Ôï áñœåSSï áõôü ðåñéÝœåé óõíáñôÞóåéò ðïõ áöïñïýí ôçí êáôáóêåõÞ êáé ôçí óõíôÞñçóç ôïõ äõêôSSïõ ôùí agents ) . . . . . . . . . . . . . . . . 206 pull.c (ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôïí áëãüñéèìï pull ) . . . . . . . . . . . 207 push.c (ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôïí áëãüñéèìï push ) . . . . . . . . . . 208 replication.c (ÓõíáñôÞóåéò ðïõ áöïñïýí ôïí œåéñéóìü ôùí áíôéãñÜöùí ) . . . . . 209 simulation.c (ÐåñéÝœåé ôéò óõíáñôÞóåéò ðïõ åíïñœçóôñþíïõí ôï simulation ) . . . 210 snooping funcs.c (ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôï snooping ) . . . . . . . . 211 statistics.c (ÐåñéÝœåé óõíáñôÞóåéò ðïõ âïçèïýí óôçí óõãêÝíôñùóç, ôïí õðïëïãéóìü êáé ôçí áðïèÞêåõóç óôáôéóôéêþí ) . . . . . . . . . . . . . . . . . . . 212

ÐáñÜñôçìá C

ÔåêìçñSSùóç ìïíÜäùí

C.1 ÐáñÜìåôñïé ôïõ simulation

Ìðïñïýìå íá åîïìïéþóïõìå ïðïéïäÞðïôå óõíäõáóìü ôùí ìåèüäùí push êáé pull ðïõ ðåñéãñÜøáìå óôï êåöÜëáéï 5. Óôá ðåéñÜìáôÜ ìáò ìðïñïýìå íá ìåôáâÜëïõìå êÜèå ðáñÜìåôñï ðïõ åðçñåÜæåé ôçí áðüäïóç êÜèå áëãïñSSèìïõ þóôå íá åêôéìÞóïõìå ôéò åðéðôþóåéò ôçò óôï óýóôçìá. Ïé ðáñÜìåôñïé áõôïSS åSSíáé:

• Ï áñéèìüò ôùí ðñáêôüñùí óôï óýóôçìá. • Ôï ìÝãåèïò ôçò cache Ê • Ôïí åëÜœéóôï, ìÝãéóôï êáé ìÝóï áñéèìü resources ðïõ êáôÝœåé êÜèå ðñÜêôïñáò. • Ôçí êáôáíïìÞ ôùí äçìïöéëþí resources (ðüóåò åSSíáé, ðüóï ðéï äçìïöéëåSSò åSSíáé). • Ôçí ðéèáíüôçôá íá ìåôáêéíçèåSS êÜðïéïò agent óå êÜèå ãýñï P_{move}. • Ôçí ðéèáíüôçôá íá œñçóéìïðïéÞóåé Ýíá resource P_{use}.

• Ãéá ôïí áëãüñéèìï teeming with decay ðïõ œñçóéìïðïéåSSôáé óôï push/pull (êåö. 3.4) Ç ðáñÜìåôñïò decay d Ôï ìÝãéóôï âÜèïò T T L • Ãéá ôïí áëãüñéèìï push ìå êáôáëüãïõò snooping (êåö. 5.3.2)

Expiration time óôïí êáôÜëïãï snooping. ÐåñSSïäïò ôïõ periodic pulling.

• Ãéá ôïí áëãüñéèìï Inverted cache push/pull ìå leasing Ï œñüíïò ôïõ lease ðïõ åêäSSäåé ï éäéïêôÞôçò ôçò õðçñåóSSáò. Ç ðéèáíüôçôá íá ãSSíåé áíáíÝùóç ç ìSSóèùóç ðñéí ëÞîåé.

ÐáñáêÜôù áêïëïõèïýí ôá ïíüìáôá êáé ïé ðåñéãñáöÞ ôùí ìåôáâëçôþí óôïí êþäéêá ôïõ åîùìïéùôÞ.

ÌåôáâëçôÝò

• ‚oat exp time

Ï œñüíïò óå turns óôïí ïðïSSï ëÞãåé ôï snooping entry.

• int algorithm

Ï áëãüñéèìïò ðïõ œñçóéìïðïéåSSôáé áõôÞ ôçí óôéãìÞ.

• double p change

Ðéèáíüôçôá íá ãSSíåé áëëáãÞ óôçí cache êÜðïéïõ agent óå êÜèå ãýñï.

• ‚oat p move

Ðéèáíüôçôá íá ìåôáêéíçèåSS Ýíáò agent óå êÜèå ãýñï.

• double p pull

Ðéèáíüôçôá íá åêôåëÝóïõìå on-demand pull óå êÜèå ãýñï.

• int use replication

Áí èá œñçóéìïðïéçèåSS replication Þ üœé.

• int replica time

Ðüóï œñüíï èá êñáôÜìå ôá replicas.

• double p replicate

Ç ðéèáíüôçôá íá êÜíïõìå replicate óå óõãêåêñéìÝíï êüìâï ôïõ path.

• int maximum level Ôï ìÝãéóôï âÜèïò ôïõ push.

• int maximum pull level Ôï ìÝãéóôï âÜèïò ôïõ pull.

• ‚oat decay par

Ç ðáñÜìåôñïò decay.

• int do pull

Áí èá ãéíïíôáé on-demand pulls.

• int pull decay par

Ôï decay êáôÜ ôï pull.

• ‚oat replace prob

Ç ðéèáíüôçôá íá ðñïâïýìå óå áíôéêáôÜóôáóç óå êÜèå ãýñï.

ÔåêìçñSSùóç Ìåôáâëçôþí

C.1.0.5 int algorithm

Ï áëãüñéèìïò ðïõ œñçóéìïðïéåSSôáé áõôÞ ôçí óôéãìÞ.

ÐáSSñíåé ôéìÝò ôïõ enum alg types(óåë. 197). Ïñéóìüò óôç ãñáììÞ 17 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize(), pull algorithm(), push to network(), set simulation parameters(), êáé simulation().

C.1.0.6 ‚oat decay par Ç ðáñÜìåôñïò decay.

Ïñéóìüò óôç ãñáììÞ 95 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü push to network(), êáé set simulation parameters().

C.1.0.7 int do pull Áí èá ãéíïíôáé on-demand pulls.

Ïñéóìüò óôç ãñáììÞ 96 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü set simulation parameters().

C.1.0.8 ‚oat exp time Ï œñüíïò óå turns óôïí ïðïSSï ëÞãåé ôï snooping entry. Ïñéóìüò óôç ãñáììÞ 15 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize(), push to network(), set simulation parameters(), êáé validate - agents cache().

C.1.0.9 int maximum level Ôï ìÝãéóôï âÜèïò ôïõ push.

Ïñéóìüò óôç ãñáììÞ 93 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü push to network(), set simulation parameters(), simulation(), êáé stats - initialize round().

C.1.0.10 int maximum pull level Ôï ìÝãéóôï âÜèïò ôïõ pull.

Ïñéóìüò óôç ãñáììÞ 94 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize stats(), pull algorithm(), set simulation parameters(), stats - ˛nalize round(), êáé stats initialize round().

C.1.0.11 double p change Ðéèáíüôçôá íá ãSSíåé áëëáãÞ óôçí cache êÜðïéïõ agent óå êÜèå ãýñï. Ïñéóìüò óôç ãñáììÞ 20 ôïõ áñœåSSïõ main.c.

C.1.0.12 ‚oat p move Ðéèáíüôçôá íá ìåôáêéíçèåSS Ýíáò agent óå êÜèå ãýñï. Ïñéóìüò óôç ãñáììÞ 21 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü set simulation parameters(), êáé simulation().

C.1.0.13 double p pull Ðéèáíüôçôá íá åêôåëÝóïõìå on-demand pull óå êÜèå ãýñï. Ïñéóìüò óôç ãñáììÞ 22 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü set simulation parameters(), êáé simulation().

C.1.0.14 double p replicate Ç ðéèáíüôçôá íá êÜíïõìå replicate óå óõãêåêñéìÝíï êüìâï ôïõ path.

Ïñéóìüò óôç ãñáììÞ 90 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü pull algorithm(), êáé set simulation parameters().

C.1.0.15 int pull decay par Ôï decay êáôÜ ôï pull.

Ïñéóìüò óôç ãñáììÞ 97 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü pull algorithm(), êáé set simulation parameters().

C.1.0.16 ‚oat replace prob Ç ðéèáíüôçôá íá ðñïâïýìå óå áíôéêáôÜóôáóç óå êÜèå ãýñï. Ïñéóìüò óôç ãñáììÞ 99 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü set simulation parameters(), êáé simulation().

C.1.0.17 int replica time Ðüóï œñüíï èá êñáôÜìå ôá replicas. Ïñéóìüò óôç ãñáììÞ 89 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü pull algorithm(), êáé set simulation parameters().

C.1.0.18 int use replication Áí èá œñçóéìïðïéçèåSS replication Þ üœé. Ïñéóìüò óôç ãñáììÞ 88 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize(), pull algorithm(), push to network(), set simulation parameters(), êáé simulation().

C.2 ÊáôáóêåõÞ ôïõ óõíäåäåìÝíïõ ãñÜöïõ.

Óôçí åîïìïSSùóç áõôÞ áñœéêÜ äçìéïõñãïýìå Ýíáí äSSêôõï áðü áðü ðñÜêôïñåò. ÊÜèå ðñÜêôïñáò êáôÝœåé Ýíáí áñéèìü áðü õðçñåóSSåò (resources) ôéò ïðïSSåò ìïéñÜæåôáé ìå ôïõò Üëëïõò. Ìéá õðçñåóSSá ìðïñåSS íá âñåèåSS óå Ýíáí ìüíï agent áëëÜ Ýíáò agent ìðïñåSS íá êáôÝœåé ðáñáðÜíù áðü ìéá õðçñåóSSåò. ÅðéðëÝïí, êÜèå ðñÜêôïñáò Ýœåé cache óôáèåñïý ìåãÝèïõò k ðïõ öõëÜóóåé äéåõèýíóåéò õðçñåóéþí. ÎåêéíÜìå ôçí åîïìïSSùóç ôïõ äéêôýïõ öôéÜœíïíôáò Ýíáí ôõœáSSï ãñÜöï óõíäÝóåùí: êÜèå ðñÜêôïñáò åðéëÝãåé k õðçñåóSSåò ôõœáSSá êáé ôéò ðñïóèÝôåé óôçí cache ôïõ. Ãéá íá ðñïóåããSSóïõìå ðåñéóóüôåñï Ýíá ðñáãìáôéêü P2PäSSêôõï, êÜðïéåò õðçñåóSSåò åSSíáé ðéï äçìïöéëåSSò áðü Üëëåò. Ìðïñïýìå óôéò ðáñáìÝôñïõò ôçò åîïìïSSùóçò íá ïñSSóïõìå ôï ðüóåò åSSíáé ïé äçìïöéëåSSò õðçñåóSSåò êáé ôï ðüóï äçìïöéëÞò åSSíáé ç êÜèå õðçñåóSSá Þ íá ïñSSóïõìå ìéá êáôáíïìÞ. ÁñœéêÜ, ïé åããñáöÝò óôéò cache ôùí ðñáêôüñùí ôïõ äéêôýïõ åSSíáé üëåò Ýãêõñåò. ÿôóé îåêéíÜìå áðü Ýíá "êáëÞò ðïéüôçôáò" äSSêôõï.

Åäþ èá âñåSSôå ôéò óõíáñôÞóåéò êáé ìåôáâëçôÝò ðïõ Ýœïõí ùò óôüœï ôçí äçìéïõñãSSá êáé áñœéêïðïSSçóç ôïõ ãñÜöïõ ôùí agents.

ÓõíáñôÞóåéò

• int ran (double probability) ÓõíÜñôçóç ðïõ åðéóôñÝöåé 1 ìå äïóìÝíç ðéèáíüôçôá.

• void print G ()

Ôõðþíåé ôïí ãñÜöï ôùí agent.

• void initialize ()

ÁñœéêïðïéåSS ôïí ãñÜöï.

• void destroy graph () ÊáôáóôñÝöåé ôïí ãñÜöï ôùí agent (free memory).

• void print graph stats ()

Ôõðþíåé óôáôéóôéêÜ ãéá ôïí ãñÜöï ìáò.

• void print lists (int cur round) Ôõðþíåé ëSSóôåò ìå ãåSSôïíåò ãéá êÜèå agent.

ÌåôáâëçôÝò

• int K

Ôï ìÝãåèïò ôçò cache.

• ‚oat per cache

Ôï ðïóïóôü ôùí agent ðïõ õðÜñœïõí óôçí cache.To Ê ðñïêýðôåé áðü áõôü.

• ‚oat percentage of popular agents Ôï ðïóïóôü ôùí agent ðïõ åSSíáé äçìïöçëåSSò.

• ‚oat popularity

Ôï ðüóï äçìïöçëåSSò åSSíáé ïé äçìïöçëåSSò agents.

ÔåêìçñSSùóç ÓõíáñôÞóåùí

C.2.0.19 void destroy graph ()

ÊáôáóôñÝöåé ôïí ãñÜöï ôùí agent (free memory).

Ïñéóìüò óôç ãñáììÞ 109 ôïõ áñœåSSïõ net funcs.c.

References agents, êáé num agents.

ÁíáöïñÜ áðü batch run().

110 – 111 int i;

112 for (i = 0; i ¡ num˙agents; i++) – 113 114 free(agents[i].cache); 115 free(agents[i].known˙location); 116˝ 117˝

C.2.0.20 void initialize ()

ÁñœéêïðïéåSS ôïí ãñÜöï.

Äåóìåýåé ìíÞìç ãéá êÜèå agent êáé áñœéêïðïéåSS ôéò ôéìÝò. ÓõíäÝåé ôõœáSSá ôïí ãñÜöï âÜæïíôáò óôéò caches ìüíï valid äåäïìÝíá. ćí Ýœïõìå simulation ìå replicas öôéÜœíåé áõôüìáôá Ýíá óýíïëï áðü áñœéêÜ replicas Ïñéóìüò óôç ãñáììÞ 45 ôïõ áñœåSSïõ net funcs.c.

References add to cache(), agents, algorithm, agent t::cache, exp time, agent t::f cache - head, agent t::f cache size, agent t::f cache tail, K, agent t::known location, LEASING, agent t::location, num agents, per cache, percentage of popular agents, popularity, agent - t::popularity, pull algorithm(), pull level found, ran(), agent t::time to validate, êáé use - replication.

ÁíáöïñÜ áðü batch run().

46 – 47 int i, j, k;

48 float total˙prob = 0.0; /* keep here the sum of the probabilities */ 49 50 srand(time(NULL)); 51 52 53 54 K = ((float) num˙agents * per˙cache); 55 if (K == 0) 56 K = 1; 57 58 59 for (i = 0; i ¡ num˙agents; i++) –

60 61 agents[i].cache = (int *) malloc(sizeof(int) * K); 62 agents[i].known˙location = (int *) malloc(sizeof(int) * K); 63 agents[i].location = 1; 64 agents[i].f˙cache˙head = NULL; 65 agents[i].f˙cache˙tail = NULL; 66 agents[i].f˙cache˙size = 0; 67 agents[i].time˙to˙validate = 68 exp˙time * ((float) rand() / RAND˙MAX); 69 70 if (ran(percentage˙of˙popular˙agents)) 71 agents[i].popularity = popularity; 72 else 73 agents[i].popularity = 1.0; 74 75 total˙prob += agents[i].popularity; 76 77˝ 78 79 for (i = 0; i ¡ num˙agents; i++) – 80 k = 0;

81 while (k ¡ K) – 82 agents[i].known˙location[k] = 1;

83 agents[i].cache[k] = num˙agents * rand() / RAND˙MAX; 84 85 if (ran 86 (((float) agents[agents[i].cache[k]].popularity / 87 total˙prob))) – 88 if (algorithm == LEASING) – 89 add˙to˙cache(agents[i].cache[k], exp˙time, i, 1); 90˝ 91 k++; 92 93˝ 94 95˝ 96˝ 97 if (use˙replication) 98 for (i = 0; i ¡ num˙agents; i++) 99 for (k = 0; k ¡ K; k++) 100 if (ran(0.3)) – 101 pull˙level˙found = -1;

102 pull˙algorithm(i, 1, agents[i].cache[k], 0);

103˝ 104˝

C.2.0.21 void print G ()

Ôõðþíåé ôïí ãñÜöï ôùí agent.

Ïñéóìüò óôç ãñáììÞ 24 ôïõ áñœåSSïõ net funcs.c.

References agents, K, êáé num agents.

25 – 26 int i, j, k = 0; 27 28 29 for (i = 0; i ¡ num˙agents; i++) – 30 printf(”%d knows“n”, i); 31 for (j = 0; j ¡ K; j++) – 32 printf(”%d ”, agents[i].cache[j]); 33 34˝ 35 printf(”“n“n”); 36˝ 37˝

C.2.0.22 void print graph stats ()

Ôõðþíåé óôáôéóôéêÜ ãéá ôïí ãñÜöï ìáò.

Ôõðþíåé ðëçñïöïñSSåò üðùò ôïí âáèìü (rank) êÜèå êüìâïõ, ôï ðüóï äçìïöéëÞò åSSíáé êôë... Ïñéóìüò óôç ãñáììÞ 124 ôïõ áñœåSSïõ net funcs.c.

References agents, agent t::cache, inv cache percentage, K, êáé num agents.

ÁíáöïñÜ áðü batch run().

125 –

126 int i, j;

127 int rank[num˙agents]; 128 int max = 0; 129 int av = 0; 130 131 132 int av˙pop = 0; 133 int num˙pop = 0; 134 135 int av˙non˙pop = 0; 136 int num˙non˙pop = 0; 137 138 for (i = 0; i ¡ num˙agents; i++) 139 rank[i] = 0; 140 141 for (i = 0; i ¡ num˙agents; i++) 142 for (j = 0; j ¡ K; j++) 143 rank[agents[i].cache[j]]++; 144 145 146 /* 147 for (i = 0 ; i ¡ num˙agents; i++)– 148 printf(”%d, pop = %f, agents = %d“n” ,i, agents[i].popularity, rank[i]);

149 if (agents[i].popularity == 1) – 150 av˙non˙pop += rank[i]; 151 num˙non˙pop++; 152˝ 153 else – 154 av˙pop += rank[i]; 155 num˙pop++; 156˝ 157˝ 158 printf(”NON POPULAR %d-¿av = %f“nPOPULAR %d-¿av = %f“n” ,num˙non˙pop ,(float)av˙non˙pop/num˙non˙pop ,num˙pop,(float)av˙pop/num˙pop);

159 */ 160 for (i = 0; i ¡ num˙agents; i++) – 161 if (rank[i] ¿ max) 162 max = rank[i]; 163 av += rank[i]; 164˝

165 av = av / num˙agents;

166 printf(”MAX:%f AV:%f“n“n”, max * inv˙cache˙percentage, 167 av * inv˙cache˙percentage); 168 169 170 171˝

C.2.0.23 void print lists (int cur round)

Ôõðþíåé ëSSóôåò ìå ãåSSôïíåò ãéá êÜèå agent.

ÐáñÜìåôñïé:

cur round ï ãýñïò ôïõ simulation ðïõ åSSìáóôå ôþñá.

Ïñéóìüò óôç ãñáììÞ 177 ôïõ áñœåSSïõ net funcs.c.

References agents, ‚ood cache t::expire, agent t::f cache head, ‚ood cache, ‚ood cache - t::next, êáé num agents.

178 – 179 int i;

180 flood˙cache *p; 181 182 printf(”%d“n”, cur˙round); 183 for (i = 0; i ¡ num˙agents; i++) – 184 p = agents[i].f˙cache˙head;

185 printf(”%d (%d) :”, i, agents[i].f˙cache˙size); 186 while (p != NULL) – 187 printf(”%d-¿”, p-¿expire); 188 p = p-¿next; 189˝ 190 printf(”“n”); 191˝ 192 193 194˝

C.2.0.24 int ran (double probability)

ÓõíÜñôçóç ðïõ åðéóôñÝöåé 1 ìå äïóìÝíç ðéèáíüôçôá.

ÐáñÜìåôñïé:

probability double. Ìå ôçí ðéèáíüôçôá áõôÞ èá åðéóôñáöåSS 1.

ÅðéóôñÝöåé:

ÅðéóôñÝöåôáé 1 Þ 0 ìå ðéèáíüôçôá probability.

Ïñéóìüò óôç ãñáììÞ 14 ôïõ áñœåSSïõ net funcs.c.

ÁíáöïñÜ áðü initialize(), move inverted(), pull algorithm(), push to network(), êáé simulation().

15 – 16 if ((double) rand() / RAND˙MAX ¡= probability) 17 return 1; 18 else 19 return 0; 20˝

ÔåêìçñSSùóç Ìåôáâëçôþí

C.2.0.25 int K

Ôï ìÝãåèïò ôçò cache.

Ïñéóìüò óôç ãñáììÞ 31 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü ˛nal consistency(), initialize(), move inverted(), print G(), print graph - stats(), pull algorithm(), push to network(), replace(), simulation(), êáé validate agents - cache().

C.2.0.26 ‚oat per cache Ôï ðïóïóôü ôùí agent ðïõ õðÜñœïõí óôçí cache.To Ê ðñïêýðôåé áðü áõôü. Ïñéóìüò óôç ãñáììÞ 32 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü initialize(), êáé set simulation parameters().

C.2.0.27 ‚oat percentage of popular agents Ôï ðïóïóôü ôùí agent ðïõ åSSíáé äçìïöçëåSSò. Ïñéóìüò óôç ãñáììÞ 33 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü initialize(), êáé set simulation parameters().

C.2.0.28 ‚oat popularity Ôï ðüóï äçìïöçëåSSò åSSíáé ïé äçìïöçëåSSò agents.

Ð.Œ. áí popularity = 2, ôïõò îÝñïõí äýï öïñÝò ðåñéóóüôåñïé agents êáôá ìÝóï üñï Ïñéóìüò óôç ãñáììÞ 34 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize(), êáé set simulation parameters().

C.3 ÓõíáñôÞóåéò óôáôéóôéêþí

Ïé óõíáñôÞóåéò áõôÝò œñçóéìïðïéïýíôáé êáôá ôçí äéÜñêåéá ôçò åîïìïSSùóçò ãéá ôçí åîáãùãÞ êáé öýëáîç áðïôåëåóìÜôùí áëëÜ êáé óôï ôÝëïò áõôÞò ãéá êáé ôïí õðïëïãéóìü œñÞóéìùí óôáôéóôéêþí óôïéœåSSùí . Ôá óôáôéóôéêÜ áõôÜ ãñÜöïíôáé óå comma seperated ˛les (.csv) ðïõ åSSíáé êáôÜëëçëá ãéá ðñïãñÜììáôá ïðôéêïðïSSçóçò üðùò åSSíáé ôï gnuplot êáé ôï microsoft excel.

ÊáôÜ ôçí äéÜñêåéá ôçò åîïìïSSùóçò, êñáôïýìå óôáôéóôéêÜ ðïõ áöïñïýí:

• ôïí öüñôï ìçíõìÜôùí ðïõ ðñïêáëåSSôáé áðü ôïõò áëãïñSSèìïõò push êáé pull îåœùñéóôÜ • ôï ðïóïóôü ôçò cache ðïõ åSSíáé Ýãêõñï óå êÜèå âÞìá • ôï åëÜœéóôï, ìÝóï êáé ìÝãéóôï ìÝãåèïò ôùí êáôáëüãùí snooping êáé inverted cache • ôï ðüóï ãñÞãïñá (óå ðüóá hops) öôÜíåé ç åíçìÝñùóç êáôÜ ìÝóï üñï êáôÜ ôï push • ðüóïé ðñÜêôïñåò ìáèáSSíïõí óå êÜèå hop ôçí åíçìÝñùóç (óå ðüóïõò agents öôÜíåé ôï ìÞíõìá push óå êÜèå âÞìá ôïõ äÝíôñï (óœÞìá 3.2)

ÓõíáñôÞóåéò

• ‚oat ˛nal consistency (int turn)

ÕðïëïãSSæåé ôï ðïóïóôü ôùí Ýãêõñùí cache entries.

• void initialize stats ()

ÁñœéêïðïéåSS ôéò äïìÝò êáé ôá áñœåSSá ðïõ êñáôïýí ôá óôáôéóôéêÜ óôçí áñœÞ.

• void stats initialize round ()

ÁñœéêïðïéåSS ôéò äïìÝò êáé ôá áñœåSSá ðïõ êñáôïýí ôá óôáôéóôéêÜ êÜèå öïñÜ ðïõ ôñÝœïõìå ôï simulation ãéá äéáöïñåôéêÞ ôéìÞ óôï range ðïõ êéíåSSôáé ç val to test(óåë. 158).

• void stats ˛nalize round ()

Óôï ôÝëïò êÜèå simulation (ôÝëoò ôùí turns(óåë. 157)) ãñÜöåé ôá óôáôéóôéêÜ óôá áñœåSSá.

ÌåôáâëçôÝò

• int messages

ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ push ìüíï.

• int pull messages

ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ pull ìüíï.

• int pull level found

Åäþ áðïèçêåýåôáé ôï âÜèïò (óôï path) óôï ïðïSSï âñÝèçêå ç ðëçñïöïñSSá êáôÜ ôï pull.

• int rep messages

Ìçíýìáôá ðïõ œñåéÜóôçêáí ãéá cache replacement.

• int moves

Áñéèìüò ìåôáêéíÞóåùí ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• int pulls

Áñéèìüò pull ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• int av dir size

ÌÝóï ìÝãåèïò snooping directory.

• int agents inf at each level [max ‚ood level] ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åíçìåñþèçêáí óå êÜèå âÜèïò ôïõ push.

• int pull found at each level [max ‚ood level] ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åñùôÞèçêáí óå êÜèå âÜèïò ôïõ pull.

• int pulls performed

Ï áñéèìüò ôùí pulls ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• FILE ∗ f cache

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðïóïóôü valid cache. • FILE ∗ f mes ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: áñéèìüò ìçíçìÜôùí.

• FILE ∗ f dir size ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ìÝóï ìÝãåèïò êáôáëüãïõ snooping.

• FILE ∗ f levels ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðüóá pulls áðáíôÞèçêáí óå êÜèå level Þ êáé äåí âñÝèçêå óùóôÞ áðÜíôçóç.

ÔåêìçñSSùóç ÓõíáñôÞóåùí

C.3.0.29 ‚oat ˛nal consistency (int turn) ÕðïëïãSSæåé ôï ðïóïóôü ôùí Ýãêõñùí cache entries.

Óáñþíåé üëïõò ôïõò agents âñSSóêåé ôï ðïóïóôü ôùí cache entries ðïõ åSSíáé Ýãêõñï. Óôï ôÝëïò áðïèçêåýåé ôï áðïôÝëåóìá óôï .csv ˛le ÐáñÜìåôñïé:

turn Ôï turn óôï ïðïSSï êëÞèçêå ç óõíÜñôçóç. ÅðéóôñÝöåé:

Ôï ðïóïóôü ðïõ õðïëïãSSóôçêå.

Ïñéóìüò óôç ãñáììÞ 28 ôïõ áñœåSSïõ statistics.c.

References agents, agent t::cache, f cache, K, agent t::known location, agent t::location, êáé num agents.

ÁíáöïñÜ áðü simulation().

29 – 30 int i, k; 31 int location; 32 33 int temp˙inf = 0, temp˙not˙inf = 0; 34 35 for (i = 0; i ¡ num˙agents; i++) – 36 for (k = 0; k ¡ K; k++) 37 if (agents[(agents[i].cache[k])].location == 38 agents[i].known˙location[k]) – 39 40 temp˙inf++; 41 ˝ else – 42 temp˙not˙inf++; 43˝ 44˝ 45 46 47 fprintf(f˙cache, ”%f;”, 48 100 * (float) temp˙inf / (temp˙not˙inf + temp˙inf)); 49 return 100 * (float) temp˙inf / (temp˙not˙inf + temp˙inf); 50˝

C.3.0.30 void initialize stats ()

ÁñœéêïðïéåSS ôéò äïìÝò êáé ôá áñœåSSá ðïõ êñáôïýí ôá óôáôéóôéêÜ óôçí áñœÞ.

ÁíïSSãåé ôá áñœåSSá, ôïðïèåôåSS óå áõôÜ åðéêåöáëSSäåò (ðïõ èá öáíïýí êáé óôïõò ãñÜöïõò üôáí áíïéœèïýí áðï ôü Excel). Ïñéóìüò óôç ãñáììÞ 60 ôïõ áñœåSSïõ statistics.c.

References f cache, f dir size, f levels, f mes, maximum pull level, êáé turns.

ÁíáöïñÜ áðü batch run().

61 – 62 int i; 63 64 f˙cache = fopen(”informed.csv”, ”w”); 65 f˙mes = fopen(”messages.csv”, ”w”); 66 f˙dir˙size = fopen(”dir˙size.csv”, ”w”);

67 f˙levels = fopen(”inf˙per˙level.csv”, ”w”); 68 69 // initialize stats cvf file (to open with ms excel) 70 fprintf(f˙cache, ”;”); 71 for (i = 0; i ¡ turns; i += 20) 72 fprintf(f˙cache, ”%d;”, i); 73 fprintf(f˙cache, ”“n”); 74 75 76 fprintf(f˙levels, ”;not˙found;”); 77 for (i = 0; i ¡ maximum˙pull˙level + 1; i++) 78 fprintf(f˙levels, ”%d;”, i); 79 fprintf(f˙levels, ”“n”); 80 81 fprintf(f˙mes, ” ;push;pull“n”); 82 83 printf(”value to test“t” 84 ”—perc“t” ”—cons“t“t” ”—av dir“t” ”—ps˙mes“t” ”—pl˙mes“t”); 85 printf 86 (”“n-------------------------------------------------------------------”); 87˝

C.3.0.31 void stats ˛nalize round ()

Óôï ôÝëïò êÜèå simulation (ôÝëoò ôùí turns(óåë. 157)) ãñÜöåé ôá óôáôéóôéêÜ óôá áñœåSSá.

ÏõóéáóôéêÜ ãñÜöïõìå

• Ôïí óõíïëéêü áñéèìü ìçíõìÜôùí

• Ôá ìçíýìáôá ëüãù pull

• Ôá ìçíýìáôá ëüãù push

• Ôï ìÝóï ìÝãåèïò ôùí directories

• Óå êÜèå level ðüóïé agents åíçìåñþèçêáí

• ÄéÜöïñá Üëëá ˛nalizations óå Üëëá áñœåSSá (ðœ \n)

Ïñéóìüò óôç ãñáììÞ 132 ôïõ áñœåSSïõ statistics.c.

References av dir size, f cache, f dir size, f levels, f mes, maximum pull level, messages, moves, pull found at each level, pull messages, pulls performed, rep messages, êáé val to - test.

ÁíáöïñÜ áðü batch run().

133 – 134 int i;

135 float sum˙of˙agents˙informed = 0.0; 136 137 fprintf(f˙cache, ”“n”); // change line to the stats file 138 moves = 1;

139 fprintf(f˙mes, ”%f;%d;%d;%d“n”, *val˙to˙test, (messages) / moves, 140 (pull˙messages) / moves, (rep˙messages) / moves); 141 fprintf(f˙dir˙size, ”%f;%d“n”, *val˙to˙test, av˙dir˙size); 142 143 144 for (i = 0; i ¡ maximum˙pull˙level + 2; i++) – 145 sum˙of˙agents˙informed = 146 (float) pull˙found˙at˙each˙level[i] / pulls˙performed; 147 fprintf(f˙levels, ”%f;”, sum˙of˙agents˙informed); 148 printf(”“n %d %f“n”, i, sum˙of˙agents˙informed); 149˝ 150 fprintf(f˙levels, ”“n”); 151 152˝

C.3.0.32 void stats initialize round ()

ÁñœéêïðïéåSS ôéò äïìÝò êáé ôá áñœåSSá ðïõ êñáôïýí ôá óôáôéóôéêÜ êÜèå öïñÜ ðïõ ôñÝœïõìå ôï simulation ãéá äéáöïñåôéêÞ ôéìÞ óôï range ðïõ êéíåSSôáé ç val to test(óåë. 158).

ÌçäåíSSæåé êÜðïéåò ìåôáâëçôÝò (þóôå íá ôéò ðñïåôïéìÜóåé ãéá ôïí åðüìåíï ãýñï) êáé ãñÜöåé óôá .csv ôéò åðéêåöáëSSäåò ôïõ ãýñïõ (Ðœ ôçí ôéìÞ ôçò ìåôáâëçôÞò val to test(óåë. 158) ðïõ èá åîåôáóôåSS). Ïñéóìüò óôç ãñáììÞ 97 ôïõ áñœåSSïõ statistics.c.

References agents inf at each level, f cache, f levels, maximum level, maximum pull level, messages, pull found at each level, pull messages, pulls performed, rep messages, êáé val - to test.

ÁíáöïñÜ áðü batch run().

98 – 99 int i; 100 101 for (i = 0; i ¡ maximum˙level + 1; i++) – 102 agents˙inf˙at˙each˙level[i] = 0; 103˝ 104 for (i = 0; i ¡ maximum˙pull˙level + 2; i++) – 105 pull˙found˙at˙each˙level[i] = 0; 106˝ 107 108 pulls˙performed = 0; 109 110 messages = 0; 111 pull˙messages = 0; 112 rep˙messages = 0;

113 fprintf(f˙cache, ”%f;”, *val˙to˙test); 114 fprintf(f˙levels, ”%f;”, *val˙to˙test); 115˝

ÔåêìçñSSùóç Ìåôáâëçôþí

C.3.0.33 int agents inf at each level[max ‚ood level]

ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åíçìåñþèçêáí óå êÜèå âÜèïò ôïõ push.

Ðñüêåéôáé ãéá ðSSíáêá üðïõ, óôçí èÝóç 1 Ýœåé ôï ðüóïé agents åíçìåñþèçêáí óå TTL=1, óôçí èÝóç 2 ôï ðüóïé åíçìåñþèçêáí óå âÜèïò 2 êôë. Ôï Üèñïéóìá üëùí áõôþí ôùí èÝóåùí åSSíáé ï áñéèìüò ôùí agent ðïõ åíçìåñþèçêáí ìå ôï push óõíïëéêÜ Ïñéóìüò óôç ãñáììÞ 51 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü push to network(), êáé stats initialize round().

C.3.0.34 int av dir size

ÌÝóï ìÝãåèïò snooping directory. Ïñéóìüò óôç ãñáììÞ 50 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü simulation(), êáé stats ˛nalize round().

C.3.0.35 FILE∗ f cache

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðïóïóôü valid cache. Ïñéóìüò óôç ãñáììÞ 56 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü ˛nal consistency(), initialize stats(), stats ˛nalize round(), êáé stats - initialize round().

C.3.0.36 FILE ∗ f dir size

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ìÝóï ìÝãåèïò êáôáëüãïõ snooping. Ïñéóìüò óôç ãñáììÞ 56 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü initialize stats(), êáé stats ˛nalize round().

C.3.0.37 FILE ∗ f levels

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðüóá pulls áðáíôÞèçêáí óå êÜèå level Þ êáé äåí âñÝèçêå óùóôÞ áðÜíôçóç.

Ïñéóìüò óôç ãñáììÞ 56 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize stats(), stats ˛nalize round(), êáé stats initialize round().

C.3.0.38 FILE ∗ f mes ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: áñéèìüò ìçíçìÜôùí. Ïñéóìüò óôç ãñáììÞ 56 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü initialize stats(), êáé stats ˛nalize round().

C.3.0.39 int messages ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ push ìüíï. Ïñéóìüò óôç ãñáììÞ 44 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü move inverted(), push to network(), simulation(), stats ˛nalize round(), êáé stats initialize round().

C.3.0.40 int moves Áñéèìüò ìåôáêéíÞóåùí ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation. Ïñéóìüò óôç ãñáììÞ 48 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü simulation(), êáé stats ˛nalize round().

C.3.0.41 int pull found at each level[max ‚ood level] ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åñùôÞèçêáí óå êÜèå âÜèïò ôïõ pull. Ðñüêåéôáé ãéá ðSSíáêá üðïõ, óôçí èÝóç 1 Ýœåé ôï ðüóïé agents ñùôÞèçêáí óå TTL=1, óôçí èÝóç 2 ôï ðüóïé óå âÜèïò 2 êôë. Ôï Üèñïéóìá üëùí áõôþí ôùí èÝóåùí åSSíáé ï áñéèìüò ôùí agent ðïõ ñùôÞèçêáí êáôá ôçí äéÜñêåéá ôïõ pull óõíïëéêÜ. Ïñéóìüò óôç ãñáììÞ 52 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü pull algorithm(), stats ˛nalize round(), êáé stats initialize round().

C.3.0.42 int pull level found Åäþ áðïèçêåýåôáé ôï âÜèïò (óôï path) óôï ïðïSSï âñÝèçêå ç ðëçñïöïñSSá êáôÜ ôï pull. Ïñéóìüò óôç ãñáììÞ 46 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize(), pull algorithm(), êáé simulation().

C.3.0.43 int pull messages ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ pull ìüíï. Ïñéóìüò óôç ãñáììÞ 45 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü pull algorithm(), simulation(), stats ˛nalize round(), stats initialize round(), êáé validate agents cache().

C.3.0.44 int pulls Áñéèìüò pull ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation. Ïñéóìüò óôç ãñáììÞ 49 ôïõ áñœåSSïõ main.c.

C.3.0.45 int pulls performed Ï áñéèìüò ôùí pulls ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation. Ïñéóìüò óôç ãñáììÞ 53 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü pull algorithm(), stats ˛nalize round(), êáé stats initialize round().

C.3.0.46 int rep messages Ìçíýìáôá ðïõ œñåéÜóôçêáí ãéá cache replacement.

Ïñéóìüò óôç ãñáììÞ 47 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü replace(), stats ˛nalize round(), êáé stats initialize round().

C.4 Óõíôïíéóìüò êáé áõôïìáôïðïSSçóç ôçò åîïìïSSùóçò.

ÄçìéïõñãÞèçêå ìSSá ìçœáíÞ áõôüìáôçò åêôÝëåóçò þóôå íá åîÜãïõìå óôáôéóôéêÜ œùñSSò ðïëëÝò ðáñåìâÜóåéò áðü ôïí œñÞóôç. ÿôóé äçìéïõñãÞèçêáí óõíáñôÞóåéò ðïõ áöïñïýí ôïí óõíôïíéóìü ôïõ simulation þóôå íá ôñÝœåé ìå áõôïìáôïðïéçìÝíï ôñüðï. Ðïéï óõãêåêñéìÝíá œñçóéìïðïéåSSôáé ãéá

• Ôïí áõôüìáôï õðïëïãéóìü áðïôåëåóìÜôùí ãéá äéáöïñåôéêÝò ôéìÝò êÜðïéùí ìåôáâëçôþí. ÿôóé ðœ äSSíåôáé ç ìåôáâëçôÞ ðïõ èÝëïõìå íá ìåôáâÜëïõìå, ôï ìÝãéóôï/åëÜœéóôï/âÞìá ôçò ìåôáâïëÞò êáé áõôüìáôá ôñÝœåé Ýíá simulation ãéá êÜèå ôéìÞ ðïõ áíÞêåé óå áõôü ôï äéÜóôçìá. ÌÜëëéóôá ôá áðïôåëÝóìáôá ãSSíïíôáé plot óôï SSäéï áñœåSSï (óå äéáöïñåôéêÝò êáìðýëåò).

• Ôçí áõôüìáôç ëÞøç ìÝóïõ üñïõ ðïëëáðëþí åêôåëÝóåùí ôïõ SSäéïõ simulation.

ÓõíáñôÞóåéò

• void set simulation parameters ()

Óôçí óõíÜñôçóç áõôÞ äçëþíïõìå ôéò ôéìÝò ðïõ èÝëïõìå íá èÝóïõìå óå êÜèå ðáñÜìåôñï ãéá ôï simulation.

• void simulation ()

ÔñÝœåé ôï simulation ãéá Ýíáí áñéèìü áðï turns êñáôþíôáò óôáôéóôéêÜ Ðñüêåéôáé ãéá ôï loop ðïõ îåêéíÜ áðü ôïí áñœéêïðïéçìÝíï ãñÜöï êáé ôñÝœåé ôï ðåSSñáìá ãéá Ýíáí áñéèìü áðü turns(óåë. 157).

• int batch run ()

ÊáëåSS ôçí simulation()(óåë. 153) ãéá êÜèå ôéìÞ ôïõ range ôçò ðáñáìÝôñïõ val to - test(óåë. 158) ðïõ èÝëïõìå íá åîåôÜóïõìå.

ÌåôáâëçôÝò

• ‚oat ∗ val to test

Óôïí äåSSêôç áõôü âÜæïõìå ôçí ðáñÜìåôñï ðïõ èÝëïõìå íá ìåëåôÞóïõìå.

• ‚oat l bound Ç áñœéêÞ ôéìÞ ôçò ðáñáìÝôñïõ, ìå áõôÞ èá îåêéíÞóåé ôï simulation val to test(óåë. 158).

• ‚oat up bound ĳôáí öôÜóïõìå óå áõôÞ ôçí ôéìÞ óôáìáôÜìå ôï simulation val to test(óåë. 158)

• ‚oat incr

Ç ðáñÜìåôñïò áõîÜíåôáé êáôÜ ôüóï óå êÜèå êýêëï áðï turns val to test(óåë. 158).

• int turns

Ï áñéèìüò ôùí turns ôïõ simulation.

ËåðôïìåñÞò ÐåñéãñáöÞ

ÓõíáñôÞóåéò êáé ðáñÜìåôñïé ðïõ áöïñïýí ôïí óõíôïíéóìü ôïõ simulation þóôå íá ôñÝœåé ìå áõôïìáôïðïéçìÝíï ôñüðï.

Ãéá ôçí åîïìïSSùóç ï œñÞóôçò ïñSSæåé óôïí simulator ðïéÜ ðáñÜìåôñï(óåë. 121) èÝëåé íá ìåëåôÞóåé (val to test(óåë. 158)) êáé ãéá ðïéÝò ôéìÝò (l bound(óåë. 157), up bound(óåë. 157), incr(óåë. 157)). Áðü åêåSS êáé ðÝñá áõôüìáôá ãéá êÜèå ôéìÞ ôçò ðáñáìÝôñïõ ôñÝœåé ôï simulation ãéá Ýíáí áñéèìü áðü turns(óåë. 157). Ìüëéò ôåëåéþóïõí ôá turns, áðïèçêåýïíôáé ôá áðïôåëÝóìáôá, áõîÜíåôáé ç ðáñÜìåôñïò êáôá incr(óåë. 157) êáé ôñÝœåé ãéá ôçí åðüìåíç ôéìÞ ê.ï.ê.

ÔåêìçñSSùóç ÓõíáñôÞóåùí

C.4.0.47 int batch run ()

ÊáëåSS ôçí simulation()(óåë. 153) ãéá êÜèå ôéìÞ ôïõ range ôçò ðáñáìÝôñïõ val to - test(óåë. 158) ðïõ èÝëïõìå íá åîåôÜóïõìå.

Óôçí óõíÜñôçóç áõôÞ ç ìåôáâëçôÞ val to test(óåë. 158) áõîÜíåôáé ç ìåéþíåôáé óå êÜèå loop êáé êáëåSSôáé ç simulation()(óåë. 153) ãéá íá åîùìåéþóïõìå ôï óýóôçìá ìå áõôÞ ôçí ôéìÞ.

ÅðéðëÝïí ãñÜöåé êáé ç óõíÜñôçóç áõôÞ óôá áñœåSSá ôùí óôáôéóôéêþí (áëëÜæåé ãñáììÞ óôï comma seperated excel ˛le êáé óôçí ðñþôç óôÞëç ãñÜöåé åðéêåöáëSSäåò ìå ôçí ôéìÞ ðïõ åîåôÜæïõìå )

ÊïéôÜîôå åðSSóçò :

simulation(óåë. 153) set simulation parameters(óåë. 151) val to test(óåë. 158) up bound(óåë. 157) l bound(óåë. 157) incr(óåë. 157)

Ïñéóìüò óôç ãñáììÞ 236 ôïõ áñœåSSïõ simulation.c.

References destroy graph(), incr, initialize(), initialize stats(), l bound, print graph stats(), simulation(), stats ˛nalize round(), stats initialize round(), up bound, êáé val to test.

237 – 238 int i;

239 initialize˙stats(); 240 241 for (*val˙to˙test = l˙bound; *val˙to˙test ¡= up˙bound; 242 *val˙to˙test += incr) – 243 /*for (i = 0; i ¡ 4; i ++)– 244 switch (i)– 245 case 3: decay˙par = 0.0; 246 maximum˙level = 5; 247 break;

248 case 2: decay˙par = 0.04; 249 maximum˙level = 5; 250 break;

251 case 1: decay˙par = 0.1; 252 maximum˙level = 5; 253 break;

254 case 0: decay˙par = 0.6; 255 maximum˙level = 4; 256 break; 257˝ 258 val˙to˙test = &decay˙par; 259

260 */ 261 printf(”“n”);

262 initialize(); //initialize graph 263 264 stats˙initialize˙round(); 265 print˙graph˙stats(); 266 /****************************/ 267 simulation();

268 /****************************/ 269 stats˙finalize˙round();

270 destroy˙graph(); //free memory 271 272 273 274˝ 275 276 277 278˝

C.4.0.48 void set simulation parameters ()

Óôçí óõíÜñôçóç áõôÞ äçëþíïõìå ôéò ôéìÝò ðïõ èÝëïõìå íá èÝóïõìå óå êÜèå ðáñÜìåôñï ãéá ôï simulation.

Ï œñÞóôçò äSSíåé ôéò ôéìÝò ãéá ôéò ðáñáìÝôñïõò ðïõ èá ìåSSíïõí óôáèåñÝò (ð.œ. ôïí áñéèìü ôùí turns(óåë. 157), ôï ìÝãåèïò ôïõ K(óåë. 135), ôï TTL êôë...)

ÅðSSóçò èÝôïíôáò êÜðïéåò ðáñáìÝôñïõò åðéëÝãåé ôï åSSäïò ôïõ áëãïñSSèìïõ ðïõ èá ôñÝîåé (use - replication(óåë. 126), do pull(óåë. 124), algorithm(óåë. 123) êôë...)

ÔÝëïò óå êÜèå simulation ìðïñåSS áõôüìáôá íá åîåôáóôåSS êáé Ýíá range ôéìþí êÜðïéáò ðáñáìÝôñïõ. Ç ðáñÜìåôñïò ðïõ èá åîåôáóôåSS äçëþíåôáé óôï óôçí ìåôáâëçôÞ val to - test(óåë. 158) êáé ôï range œñçóéìïðïéþíôáò ôéò ìåôáâëçôÝò l bound(óåë. 157), up - bound(óåë. 157), incr(óåë. 157). Ïñéóìüò óôç ãñáììÞ 28 ôïõ áñœåSSïõ simulation.c.

References algorithm, decay par, do pull, exp time, incr, inv cache percentage, l bound, LEASING, maximum level, maximum pull level, p move, p pull, p replicate, per cache, percentage of popular agents, popularity, pull decay par, replace prob, replica time, turns, up bound, use replication, êáé val to test.

29 – 30 31 /* Number of agents = 1000 */ 32 /* graph values */ 33 per˙cache = 0.004;

34 percentage˙of˙popular˙agents = 0.01;

35 popularity = 10.0; /* three times more agents know them */ 36 37 /* simulation values */ 38 p˙move = 0.005; /* probability to move (each agent at each round) */ 39 p˙pull = 0.01; 40 41 turns = 250; /* number of simulated turns */ 42 43 44 /* default flooding values */ 45 maximum˙level = 5; 46 decay˙par = 0.4; 47 48 do˙pull = 0;

49 /* pulling values */ 50 maximum˙pull˙level = 5; /* look in my 2 hop neighborhood */ 51 pull˙decay˙par = 0.5; /* with no decay */ 52 53 54 /* replication parameters */ 55 use˙replication = 0; 56 replica˙time = 6; 57 p˙replicate = 0.3; 58 59 /* keep cache for moving agents (algorithm 3) */ 60 61 exp˙time = 20; /* TTL for the snoop cache */ 62 63 64 replace˙prob = 0.5; 65 66 //LEASING 67 inv˙cache˙percentage = 0.8; 68 69

70 71 // ALGORITHM SELECTION 72 //PLAIN˙PUSH 1 73 //SNOOP 2 74 //LEASING 3 75 76 algorithm = LEASING; 77 78 // VALUE TO TEST 79 val˙to˙test = &inv˙cache˙percentage; 80 l˙bound = 0.5; 81 up˙bound = 1.0; 82 incr = 0.1; 83 84˝

C.4.0.49 void simulation ()

ÔñÝœåé ôï simulation ãéá Ýíáí áñéèìü áðï turns êñáôþíôáò óôáôéóôéêÜ. Ðñüêåéôáé ãéá ôï loop ðïõ îåêéíÜ áðü ôïí áñœéêïðïéçìÝíï ãñÜöï êáé ôñÝœåé ôï ðåSSñáìá ãéá Ýíáí áñéèìü áðü turns(óåë. 157).

Óå êÜèå ãýñï áñœéêïðïéåSS ôéò ìåôáâëçôÝò ðïõ êñáôÜí ôá óôáôéóôéêÜ, êáé ãéá êÜèå turn åêôåëÝé ôéò êáôÜëëçëåò åíÝñãåéåò (áíÜëïãá ìå ôéò ðáñáìÝôñïõò êáé ôïí áëãüñéèìï ðïõ œñçóéìïðïéåSSôáé). Ãéá ðáñÜäåéãìá áí Ýœåé åðéëåœèåSS snooping êïéôÜ áí Ýœïõí ëÞîåé snooping directory entries óôïí ôñÝœùí ãýñï, åðéëÝãåé ðïéïé agents èá ìåôáêéíçèïýí, ðïéïSS èá êÜíïõí replace ìÝñç ôçò cache ôïõò êôë...

Óôï ôÝëïò êÜèå ãýñïõ ãñÜöåé ôá áðïôåëÝóìáôá óå áñœåSSá ðïõ êñáôÜí ôá óôáôéóôéêÜ êáé ôõðþíåé óôçí ïèüíç ìçíýìáôá ãéá íá ãíùñSSæïõìå ôï status ôïõ simulation óå ðñáãìáôéêü œñüíï.

use replication Ïñéóìüò óôç ãñáììÞ 98 ôïõ áñœåSSïõ simulation.c.

References ‚ood cache t::agent, agents, algorithm, av dir size, agent t::cache, delete - expired cache(), delete old replicas(), agent t::f cache size, ˛nal consistency(), K, agent - t::known location, LEASING, levels, agent t::location, ‚ood cache t::location, maximum - level, messages, move inverted(), moves, num agents, p move, p pull, pull algorithm(), pull level found, pull messages, push to network(), ran(), replace(), replace prob, agent - t::replica head, SNOOP, turns, use replication, val to test, êáé validate expired cache().

ÁíáöïñÜ áðü batch run().

99 – 100 int i, j, agnt, k; 101 float cons; 102 int max = 0; 103 int av˙dir = 0; 104 int dest;

105 int max˙dir = 0; 106 107 levels = (int *) malloc((maximum˙level + 1) * sizeof(int)); 108 for (i = 0; i ¡ maximum˙level + 1; i++) 109 levels[i] = 0; 110 111 messages = 0; 112 pull˙messages = 0; 113 moves = 0; 114 av˙dir = 0; 115 116 117 for (k = 0; k ¡ turns; k++) – 118 119 120 if (use˙replication) 121 delete˙old˙replicas(k); 122 123 124 if (algorithm == SNOOP) – 125 validate˙expired˙cache(k); 126 delete˙expired˙cache(k); 127 for (i = 0; i ¡ num˙agents; i++) – 128 av˙dir += agents[i].f˙cache˙size; 129 if (agents[i].f˙cache˙size ¿ max˙dir) 130 max˙dir = agents[i].f˙cache˙size; 131˝ 132˝ 133 134 135 /*

136 if (algorithm == PLAIN˙PUSH)– 137 validate˙expired˙cache(k); 138˝ 139 */ 140 141 if (algorithm == LEASING) – 142 for (i = 0; i ¡ num˙agents; i++) – 143 av˙dir += agents[i].f˙cache˙size; 144 145 if (ran(replace˙prob)) 146 replace(); 147˝ 148 validate˙expired˙cache(k); 149˝ 150 151 for (agnt = 0; agnt ¡ num˙agents; agnt++) – 152 if (ran(p˙move)) – 153 if (algorithm == LEASING) 154 move˙inverted(agnt); 155 else 156 push˙to˙network(agnt, k); 157 moves++; 158˝ 159 160 if (ran(p˙pull)) – 161 162 if (use˙replication) – 163 int k˙loc = 0;

164 /* pull to update replica */ 165 166 /* pick a resource to pull */ 167 168 /* temp just pull an existing old replica */ 169 if (agents[agnt].replica˙head != NULL) – 170 dest = agents[agnt].replica˙head-¿agent; 171 k˙loc = agents[agnt].replica˙head-¿location; 172 ˝ else – 173 dest = rand() % num˙agents; 174 k˙loc = 0; 175˝ 176 177 178

179 pull˙level˙found = -1; 180 pull˙algorithm(agnt, k˙loc, dest, k); 181 182 ˝ else – 183 /* pull to update cached locations */ 184 for (i = 0; i ¡ K; i++) – 185 dest = agents[agnt].cache[i]; 186 if (agents[agnt].known˙location[i] != 187 agents[dest].location) – 188 pull˙level˙found = -1; 189 agents[agnt].known˙location[i] = 190 pull˙algorithm(agnt, 191 agents[agnt]. 192 known˙location[i], dest, k); 193 break; 194˝ 195˝ 196˝ 197˝ 198˝ 199 200 201 /* gother stats */ 202 if (1 /*!use˙replication */ ) – 203 if (k % 20 == 0) 204 cons = final˙consistency(k); 205 // keep˙agents˙informed˙at˙each˙level(k); 206 207 /* print stats every 10 rounds to the screen */ 208 if ((k != 0 && (k % 10) == 0) —— k == turns - 1) 209 printf(”“rvalue %6.4f:“t” 210 ”—%d%%:“t” 211 ”—%f%%“t” 212 ”—%d“t” 213 ”—%d“t” 214 ”—%d“t”, *val˙to˙test, (k + 1) * 100 / turns, cons, 215 av˙dir / (num˙agents * k) 216 , (messages) / turns, (pull˙messages / turns) 217 218 ); 219˝ 220 221˝

222 av˙dir˙size = av˙dir / (num˙agents * turns); 223 printf(”MAX DIR = %d“n”, max˙dir); 224˝

ÔåêìçñSSùóç Ìåôáâëçôþí

C.4.0.50 ‚oat incr Ç ðáñÜìåôñïò áõîÜíåôáé êáôÜ ôüóï óå êÜèå êýêëï áðï turns val to test(óåë. 158). Ïñéóìüò óôç ãñáììÞ 78 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü batch run(), êáé set simulation parameters().

C.4.0.51 ‚oat l bound Ç áñœéêÞ ôéìÞ ôçò ðáñáìÝôñïõ, ìå áõôÞ èá îåêéíÞóåé ôï simulation val to test(óåë. 158). Ïñéóìüò óôç ãñáììÞ 76 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü batch run(), êáé set simulation parameters().

C.4.0.52 int turns Ï áñéèìüò ôùí turns ôïõ simulation. Ïñéóìüò óôç ãñáììÞ 79 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü initialize stats(), set simulation parameters(), êáé simulation().

C.4.0.53 ‚oat up bound ĳôáí öôÜóïõìå óå áõôÞ ôçí ôéìÞ óôáìáôÜìå ôï simulation val to test(óåë. 158) Ïñéóìüò óôç ãñáììÞ 77 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü batch run(), êáé set simulation parameters().

C.4.0.54 ‚oat∗ val to test

Óôïí äåSSêôç áõôü âÜæïõìå ôçí ðáñÜìåôñï ðïõ èÝëïõìå íá ìåëåôÞóïõìå.

ÊáôÜ ôçí äéÜñêåéá ôïõ simulation áõôÞ ç ðáñÜìåôñïò èá áõîÜíåôáé êáé èá ìåéþíåôáé áõôüìáôá áíÜëïãá ìå ôï l bound(óåë. 157), up bound(óåë. 157), incr(óåë. 157) Ïñéóìüò óôç ãñáììÞ 75 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü batch run(), set simulation parameters(), simulation(), stats ˛nalize - round(), êáé stats initialize round().

C.5 ÓõíáñôÞóåéò ðïõ áöïñïýí ôçí åîïìïSSùóç ôùí áëãïñSSèìùí.

Ïé óõíáñôÞóåéò áõôÝò ïõóéáóôéêÜ œñçóéìåýïõí Üìåóá ãéá ôçí åîïìïSSùóç ôùí áëãïñSSèìùí push, pull, push with snooping directories, inverted cache push/pull êôë.

int f no; int f agents[num agents][2]; int f pull no; int f pull agents[num agents][2];

ÓõíáñôÞóåéò

• void move inverted (int agent)

ÌåôáêéíåSS Ýíáí äïóìÝíï agent óå íÝá èÝóç.

• void replace ()

ÁíôéêáèéóôÜ Ýíá entrie óôçí cache êÜðïéïõ agent.

• void clear ‚ood marks ()

ÊáèáñSSæåé ôá óçìÜäéá ðïõ âÜæïõìå êáôÜ ôçí äéÜñêåéá ôïõ áëãüñéèìïõ pull.

• int pull algorithm (int sour agent, int known location, int dest agent, int turn) Ï áëãüñéèìïò pull.

• void clear marks ()

ÊáèáñSSæåé ôá óçìÜäéá ðïõ âÜæïõìå êáôÜ ôçí äéÜñêåéá ôïõ áëãüñéèìïõ push.

• void push to network (int agent, int turn)

Ï áëãüñéèìïò pull.

• void delete old replicas (int cur round)

ÓâÞíåé ôá ðáëéÜ replicas.

• void create replica (int to agent, int expr, int agent, int location) ÖôéÜœíåé replica ìéáò ðëçñïöïñSSáò óå êÜðïéïí agent.

• void delete expired cache (int cur round)

ÓâÞíåé ôá expired snooping cache entries.

• void add to cache (int to agent, int expr, int agent, int location) ÖôéÜœíåé åíá snoopig entrie óå êÜðïéïí agent.

• void validate agents cache (int agent, int cur turn) ÅêôåëåSS ôï periodic pull ôïõ áëãïñSSèìïõ snooping.

• void validate expired cache (int cur turn)

Åíçìåñþíåé ôçí cache üëùí ôùí agent.

ËåðôïìåñÞò ÐåñéãñáöÞ

int f no; int f agents[num agents][2]; int f pull no; int f pull agents[num agents][2]; ‚oat inv cache percentage;/∗∗< Ôï ðïóïóôü ôçò inverted cache ðïõ êñáôÜìå (óœåôSSæåôáé ìå ôï leasing time)

ÔåêìçñSSùóç ÓõíáñôÞóåùí

C.5.0.55 void add to cache (int to agent, int expr, int agent, int location)

ÖôéÜœíåé åíá snoopig entrie óå êÜðïéïí agent.

ÐáñÜìåôñïé:

to agent óå ðïéüí agent èá öôéáœôåSS ôï snooping entrie. expr óå ðïéï ãýñï èá ëÞîåé agent óå ðïéïí agent áíÞêåé ç ðëçñïöïñSSá ðïõ èá áíôéãñÜøïõìå location ç èÝóç (ç ôï version) áõôÞ ôçí óôéãìÞ.

Ç óõíÜñôçóç áõôÞ êáëåSSôáé áðü ôï push êáé âÜæåé óôïõò êüìâïõò ðïõ óõíÜíôçóå Ýíá snooping entry.Ïñéóìüò óôç ãñáììÞ 49 ôïõ áñœåSSïõ snooping funcs.c.

References ‚ood cache t::agent, agent, agents, ‚ood cache t::expire, agent t::f cache head, agent t::f cache size, agent t::f cache tail, ‚ood cache, ‚ood cache t::location, êáé ‚ood - cache t::next.

ÁíáöïñÜ áðü initialize(), êáé push to network().

50 – 51 int i = to˙agent; 52 flood˙cache *p; 53 54 p = (flood˙cache *) malloc(sizeof(flood˙cache)); 55 p-¿agent = agent; 56 p-¿expire = expr; 57 p-¿location = location; 58 p-¿next = NULL; 59 60 i = to˙agent;

61 if (agents[i].f˙cache˙tail == NULL) 62 agents[i].f˙cache˙tail = agents[i].f˙cache˙head = p; 63 else – 64 agents[i].f˙cache˙tail-¿next = p; 65 agents[i].f˙cache˙tail = p; 66˝ 67 68 agents[i].f˙cache˙size++; 69 70˝

C.5.0.56 void clear ‚ood marks ()

ÊáèáñSSæåé ôá óçìÜäéá ðïõ âÜæïõìå êáôÜ ôçí äéÜñêåéá ôïõ áëãüñéèìïõ pull.

ÊáôÜ ôïí áëãüñéèìï pull, êÜèå agent ðïõ ëáìâÜíåé ôï ìÞíõìá ìáñêÜñåôáé ãéá íá ìçí åðáíáðñïùèÞóåé ôï ìÞíõìá ìåëëïíôéêÜ. Ðñéí êÜðïéï pull êáèáñSSæïõìå ôá óçìÜäéá ðïõ âÜëáìå êáôÜ ôçí äéÜñêåéá ôïõ ðñïçãïýìåíïõ pull. Ïñéóìüò óôç ãñáììÞ 14 ôïõ áñœåSSïõ pull.c.

References agents, agent t::‚ood marks, êáé num agents.

ÁíáöïñÜ áðü pull algorithm().

15 – 16 int i;

17 for (i = 0; i ¡ num˙agents; i++) 18 agents[i].flood˙marks = -1; 19 20˝

C.5.0.57 void clear marks ()

ÊáèáñSSæåé ôá óçìÜäéá ðïõ âÜæïõìå êáôÜ ôçí äéÜñêåéá ôïõ áëãüñéèìïõ push.

KÜèå agent ðïõ ëáìâÜíåé ôï ìÞíõìá ìáñêÜñåôáé ãéá íá ìçí åðáíá-ðñïùèÞóåé ôï ìÞíõìá ìåëëïíôéêÜ. Ðñéí êÜðïéï push êáèáñSSæïõìå ôá óçìÜäéá ðïõ âÜëáìå êáôÜ ôçí äéÜñêåéá ôïõ ðñïçãïýìåíïõ push. Ïñéóìüò óôç ãñáììÞ 17 ôïõ áñœåSSïõ push.c.

References agents, agent t::marked, êáé num agents.

ÁíáöïñÜ áðü push to network().

18 – 19 int i;

20 for (i = 0; i ¡ num˙agents; i++) 21 agents[i].marked = -1; 22 23˝

C.5.0.58 void create replica (int to agent, int expr, int agent, int location)

ÖôéÜœíåé replica ìéáò ðëçñïöïñSSáò óå êÜðïéïí agent.

ÐáñÜìåôñïé:

to agent óå ðïéüí agent èá öôéáœôåSS ç replica. expr óå ðïéï ãýñï èá ëÞîåé ç replica agent óå ðïéïí agent áíÞêåé ç ðëçñïöïñSSá ðïõ èá áíôéãñÜøïõìå location ç èÝóç (ç ôï version) áõôÞ ôçí óôéãìÞ.

ÖôéÜœíïõìå óôïí to agent ìéá replica ôçò ðëçñïöïñSSáò ðïõ êñáôÜåé ï agent. Ç replica èá Ýœåé version number location. Óôï ìÝëëïí, åíäÝœåôáé ï agent íá áõîÞóåé ôï location áëëÜ óôçí replica èá Ýœïõìå áêüìá ôï ðáëéü version. Ïñéóìüò óôç ãñáììÞ 49 ôïõ áñœåSSïõ replication.c.

References ‚ood cache t::agent, agent, agents, ‚ood cache t::expire, ‚ood cache, ‚ood - cache t::location, ‚ood cache t::next, agent t::replica head, agent t::replica size, êáé agent t::replica tail.

ÁíáöïñÜ áðü pull algorithm().

50 – 51 int i = to˙agent; 52 flood˙cache *p; 53 54 p = (flood˙cache *) malloc(sizeof(flood˙cache)); 55 p-¿agent = agent; 56 p-¿expire = expr; 57 p-¿location = location; 58 p-¿next = NULL; 59 60 i = to˙agent;

61 if (agents[i].replica˙tail == NULL) 62 agents[i].replica˙tail = agents[i].replica˙head = p; 63 else – 64 agents[i].replica˙tail-¿next = p; 65 agents[i].replica˙tail = p; 66˝ 67 68 agents[i].replica˙size++; 69 70˝

C.5.0.59 void delete expired cache (int cur round)

ÓâÞíåé ôá expired snooping cache entries.

ÐáñÜìåôñïé:

cur round ï ôñÝœùí ãýñïò. Óáñþíåé ôïõò agents êáé óâÞíåé ôá snooping cache entries ðïõ Ýœïõí ëÞîåé.

Ïñéóìüò óôç ãñáììÞ 15 ôïõ áñœåSSïõ snooping funcs.c.

References agents, ‚ood cache t::expire, agent t::f cache head, agent t::f cache size, agent t::f cache tail, ‚ood cache, ‚ood cache t::next, êáé num agents.

ÁíáöïñÜ áðü simulation().

16 – 17 int i;

18 flood˙cache *tmp;

19 // print˙lists(cur˙round); 20 // system(”pause”); 21 22 for (i = 0; i ¡ num˙agents; i++) – 23 while (agents[i].f˙cache˙head != NULL 24 && agents[i].f˙cache˙head-¿expire ¡= cur˙round) – 25 agents[i].f˙cache˙size--; 26 27 tmp = agents[i].f˙cache˙head;

28 if (agents[i].f˙cache˙head == agents[i].f˙cache˙tail) – 29 agents[i].f˙cache˙head = NULL; 30 agents[i].f˙cache˙tail = NULL; 31 ˝ else 32 agents[i].f˙cache˙head = agents[i].f˙cache˙head-¿next; 33 34 free(tmp); 35˝ 36˝ 37˝

C.5.0.60 void delete old replicas (int cur round)

ÓâÞíåé ôá ðáëéÜ replicas.

ÐáñÜìåôñïé:

cur round ï ôñÝœùí ãýñïò. Óáñþíåé ôïõò agents êáé óâÞíåé ôá replicas ðïõ Ýœïõí ëÞîåé.

Ïñéóìüò óôç ãñáììÞ 16 ôïõ áñœåSSïõ replication.c.

References agents, ‚ood cache t::expire, ‚ood cache, ‚ood cache t::next, num agents, agent t::replica head, agent t::replica size, êáé agent t::replica tail.

ÁíáöïñÜ áðü simulation().

17 – 18 int i;

19 flood˙cache *tmp;

20 // print˙lists(cur˙round); 21 // system(”pause”); 22 23 for (i = 0; i ¡ num˙agents; i++) – 24 while (agents[i].replica˙head != NULL 25 && agents[i].replica˙head-¿expire ¡= cur˙round) – 26 agents[i].replica˙size--; 27 28 tmp = agents[i].replica˙head;

29 if (agents[i].replica˙head == agents[i].replica˙tail) – 30 agents[i].replica˙head = NULL; 31 agents[i].replica˙tail = NULL; 32 ˝ else 33 agents[i].replica˙head = agents[i].replica˙head-¿next; 34 35 free(tmp); 36˝ 37˝ 38˝

C.5.0.61 void move inverted (int agent)

ÌåôáêéíåSS Ýíáí äïóìÝíï agent óå íÝá èÝóç.

ĳôáí êëçèåSS, åíçìåñþíåé üëïõò ôïõò agents ðïõ åSSíáé óôï inverted cache ãéá ôçí íÝá èÝóç êáé ìåôÜ ìåôáêéíåSSôáé óå áõôÞ áõîÜíïíôáò ôï agent t::location(óåë. 182). ÅíáëëáêôéêÜ ìðïñåSS íá åíçìåñùèåSS ìüíï Ýíá ðïóïóôü áõôþí ðïõ êáèïñSSæåôáé áðü ôçí ìåôáâëçôÞ inv - cache percentage(óåë. 205).

ÐáñÜìåôñïé:

agent Ï agent ðïõ èÝëïõìå íá ìåôáêéíÞóïõìå.

Ïñéóìüò óôç ãñáììÞ 17 ôïõ áñœåSSïõ inverted cache.c.

References ‚ood cache t::agent, agent, agents, agent t::cache, agent t::f cache head, ‚ood - cache, inv cache percentage, K, agent t::known location, agent t::location, messages, ‚ood cache t::next, êáé ran().

ÁíáöïñÜ áðü simulation().

18 – 19 flood˙cache *p; 20 int dest˙agent; 21 int i; 22 23 (agents[agent].location)++; 24 25 p = agents[agent].f˙cache˙head; 26 while (p != NULL) – 27 if (ran(inv˙cache˙percentage)) – 28 for (i = 0; i ¡ K; i++) 29 if (agents[p-¿agent].cache[i] == agent) 30 agents[p-¿agent].known˙location[i] = 31 agents[agent].location; 32 33 messages += 2; 34˝ 35 36 p = p-¿next;

37˝ 38 39˝

C.5.0.62 int pull algorithm (int sour agent, int known location, int dest agent, int turn)

Ï áëãüñéèìïò pull.

ÐáñÜìåôñïé:

sour agent Ï agent ðïõ îåêéíÜ ôçí áíáæÞôçóç known location Ç èÝóç ðïõ ãíþñéæå ï sour agent ðñéí ôçí áíáæÞôçóç (øÜœíåé êÜðïéá ðéï êáéíïýñãéá).

dest agent Ï agent ðïõ øÜœíïõìå (óôï replication øÜœíïõìå êÜðïéá ðéï óýãœñïíç replica áõôïý ôïõ agent êáé üœé ôïí SSäéï ôïí agent) turn Ç turn ðïõ îåêSSíçóå ç áíáæÞôçóç.

ÅðéóôñÝöåé:

Ç íÝá èÝóç ôïõ agent Þ ôï íÝï version number ôçò replicas. ÅðéóôñÝöåôáé ðÜíôá ôï ìåãáëýôåñï áðïôÝëåóìá ðïõ ìáò åðÝóôñåøáí ôá paths ôïõ pull.

ÃSSíåôáé ‚ooding óôï äSSêôõï áðü ôïí agent ðïõ îåêéíÜ ôï pull ìÝœñé íá âñåèåSS ç ðëçñïöïñSSá ðïõ áíáæçôïýìå. Ôüôå åðéóôñÝöåôáé ôï áðïôÝëåóìá óôïí áñœéêü agent.

ÊÜèå êüìâïò ðïõ ëáìâÜíåé ôï query message åîåôÜæåé

• Ôï snooping directory ôïõ (áí õðÜñœåé)

• Ôéò replicas (áí œñçóéìïðïéïýìå replication)

• Tçí cache ôïõ (áí äåí œñçóéìïðïéïýìå replication)

Áí äåí âñåSS ôçí áíáæçôïýìåíç ðëçñïöïñSSá, ðñùèåSS ôï ìÞíõìá óôïõò ãåSSôïíÝò ôïõ ëáìâÜíïíôáò õðüøçí ôéò ðáñáìÝôñïõò maximum pull level(óåë. 125), pull decay par(óåë. 126) êôë.

Áí œñçóéìïðïéïýìå replication ôüôå ìå ðéèáíüôçôá p replicate(óåë. 125) öôéÜœíïõìå replica ôçò áíáæçôïýìåíçò ðëçñïöïñSSáò óôïí ôñÝœùí agent.

ÅðSSóçò êñáôïýíôáé óôáôéóôéêÜ üðùò ï áñéèìüò ìçíõìÜôùí êáé ôï âÜèïò óôï ïðïSSï âñÝèçêå ç ðëçñïöïñSSá (Þ áí äåí âñÝèçêå). Ïñéóìüò óôç ãñáììÞ 54 ôïõ áñœåSSïõ pull.c.

References ‚ood cache t::agent, agents, algorithm, agent t::cache, clear ‚ood marks(), create replica(), agent t::f cache head, f pull agents, f pull no, ‚ood cache, agent t::‚ood - marks, K, agent t::known location, agent t::location, ‚ood cache t::location, maximum - pull level, ‚ood cache t::next, p replicate, pull decay par, pull found at each level, pull - level found, pull messages, pulls performed, ran(), agent t::replica head, replica time, SNOOP, êáé use replication.

ÁíáöïñÜ áðü initialize(), simulation(), êáé validate agents cache().

56 – 57 58 int i, j, k, l; 59 float prob = 1; 60 int level = 0; 61 62 int ret˙location = known˙location; 63 int flood˙dest˙agent; 64 65 int flood;

66 int flooded˙nodes; 67 68 int stats˙found = 0; 69 70 flood˙cache *p; 71 72 clear˙flood˙marks();

73 agents[sour˙agent].flood˙marks = 0; 74 75 f˙pull˙no = 1;

76 f˙pull˙agents[0][0] = sour˙agent; 77 78 for (level = 0; level ¡= maximum˙pull˙level; level++) – /* for each flood level */ 79 flooded˙nodes = 0;

80 for (l = 0; l ¡ f˙pull˙no; l++) –

81 pull˙messages++;

82 i = f˙pull˙agents[l][level % 2]; 83 flood = 1; 84 85 86 87 88 // if we use snooping algorithm, check snoop cache. 89 if (algorithm == SNOOP) – 90 p = agents[i].f˙cache˙head; 91 while (p != NULL) – 92 if (p-¿agent == dest˙agent) 93 if (p-¿location ¿ known˙location) – 94 if (ret˙location ¡ p-¿location) 95 ret˙location = p-¿location; 96 flood = 0;

97 pull˙level˙found = level; 98 99 // pull˙messages ++; 100˝ 101 p = p-¿next; 102˝ 103˝ 104 105 if (use˙replication) – 106 p = agents[i].replica˙head; 107 while (p != NULL) – 108 if (p-¿agent == dest˙agent) 109 if (p-¿location ¿ known˙location) – 110 if (ret˙location ¡ p-¿location) 111 ret˙location = p-¿location; 112 flood = 0;

113 pull˙level˙found = level; 114 // pull˙messages ++; 115˝ 116 p = p-¿next; 117˝ 118˝ 119 120 //if the agent is in my cache return the result and do not forward the message.

121 //if we use replication the cache is used only as a network infastrucrure.

122 if (!use˙replication) 123 for (j = 0; j ¡ K; j++) – 124 if (agents[i].cache[j] == dest˙agent) 125 if (agents[i].known˙location[j] ¿ known˙location) – 126 if (ret˙location ¡ agents[i].known˙location[j]) – 127 ret˙location = agents[i].known˙location[j]; 128 flood = 0; 129 pull˙level˙found = level; 130˝ 131 // pull˙messages ++; 132 133˝ 134˝ 135 136 137 if (i == dest˙agent) – 138 ret˙location = agents[i].location; 139 flood = 0;

140 pull˙level˙found = level; 141˝ 142 143 144 /* create replication paths */ 145 if (use˙replication) 146 /* with a probability create replica to the pulling agent*/ 147 if (ran(p˙replicate) —— i == sour˙agent) 148 create˙replica(i, turn + replica˙time, dest˙agent, 149 agents[dest˙agent].location); 150 151 152 // else forward the message (flooding) 153 if (flood == 1) – 154 for (j = 0; j ¡ K; j++) 155 if (ran(prob)) – 156 /* for each agent in the cache INFORM HIM */ 157 flood˙dest˙agent = agents[i].cache[j]; 158 if (use˙replication 159 —— agents[i].known˙location[j] == 160 agents[flood˙dest˙agent].location) 161 /* if the agent is there, we send him a message */ 162 /* there is a probability to forward the message */ 163 if (agents[flood˙dest˙agent].flood˙marks == -1) – /* if this agent hasn’t received the message yet */

164 165 f˙pull˙agents[flooded˙nodes][(level + 166 1) % 2] = 167 flood˙dest˙agent; 168 flooded˙nodes++;

169 agents[flood˙dest˙agent].flood˙marks = 1; 170 ˝ else 171 pull˙messages++; 172 // pull˙messages++; 173 174 175 176˝ 177 ˝ else – 178 179 if (stats˙found == 0 180 && ret˙location == agents[dest˙agent].location) – 181 // printf(”ton brika se level %d“n”,level); 182 stats˙found = level + 1; 183˝ 184˝ 185 186˝ 187 f˙pull˙no = flooded˙nodes; 188 prob = prob * (1 - pull˙decay˙par); 189 if (prob ¡= (float) 1.0 / K) 190 prob = (float) 1.0 / K; 191˝ 192 193 pull˙found˙at˙each˙level[stats˙found]++; 194 195 pulls˙performed++; 196 return ret˙location; 197˝

C.5.0.63 void push to network (int agent, int turn)

Ï áëãüñéèìïò pull.

ÐáñÜìåôñïé:

agent Ï agent ðïõ ìåôáêéíåSSôáé (áí Ýœïõìå move)

Þ ï agent ðïõ áëëÜæåé version óôï resource ôïõ (áí Ýœïõìå replication). turn Ç turn ðïõ îåêSSíçóå ç áíáæÞôçóç.

ÊÜèå öïñÜ ðïõ ôçí êáëïýìå ôüôå ï agent áëëÜæåé èÝóç (áîÜíåé ôï agent - t::location(óåë. 182)) êáé åíçìåñþíåé ôï äSSêôõï œñçóéìïðïéþíôáò ôïí áëãüñéèìï push.

ÊÜèå êüìâïò ðïõ ëáìâÜíåé ôï message

• ÂÜæåé ôçí ðëçñïöïñSSá óôï snooping directory (áí õðÜñœåé)

• Áí œñçóéìïðïéïýìå replicas åîåôÜæïõìå áí Ýœïõìå êÜðïéá replica åìåSSò ãéá íá ôçí áíáíåþóïõìå

• Áí äåí œñçóéìïðïéïýìå replicas, áí Ýœïõìå ôçí èÝóç ôïõ agent óôçí cache ôçí áíáíåþíïõìå

ÿðåéôá. ðñùèïýìå ôï ìÞíõìá óôïõò ãåSSôïíÝò ôïõ ëáìâÜíïíôáò õðüøçí ôéò ðáñáìÝôñïõò maximum level(óåë. 124), decay par(óåë. 124) êôë.

ÅðSSóçò êñáôïýíôáé óôáôéóôéêÜ üðùò ï áñéèìüò ìçíõìÜôùí êáé ï áñéèìþò ôùí agent ðïõ åíçìåñþèçêå óå êÜèå âÜèïò ôïõ path. Ïñéóìüò óôç ãñáììÞ 53 ôïõ áñœåSSïõ push.c.

References add to cache(), ‚ood cache t::agent, agent, agents, agents inf at each level, algorithm, agent t::cache, clear marks(), decay par, exp time, f agents, f no, ‚ood cache, K, agent t::known location, ‚ood cache t::location, agent t::location, agent t::marked, maximum level, messages, ‚ood cache t::next, ran(), agent t::replica head, SNOOP, êáé use - replication.

ÁíáöïñÜ áðü simulation().

54 – 55 int i, j, k, l; 56 float prob = 1; 57 int level = 0; 58 int new˙location; 59 int old˙location; 60 61 int destination˙agent;

62 int retries; 63 64 int old˙k˙location; 65 66 int flooded˙nodes; 67 flood˙cache *p; 68 69 old˙location = agents[agent].location; 70 new˙location = ++(agents[agent].location); 71 72 clear˙marks();

73 agents[agent].marked = 0; 74 75 f˙no = 1;

76 f˙agents[0][0] = agent; 77 78 for (level = 0; level ¡= maximum˙level; level++) – /* for each flood level */ 79 flooded˙nodes = 0;

80 for (l = 0; l ¡ f˙no; l++) – 81 messages++; 82 83 /* get the number of the agent that forwards the message now */ 84 i = f˙agents[l][level % 2]; 85 // printf(”-------¿%d“n”,i); 86 87 for (j = 0; j ¡ K; j++) /* for each agent in the cache INFORM HIM */ 88 if (ran(prob)) – 89 destination˙agent = agents[i].cache[j]; 90 retries = 0;

91 old˙k˙location = agents[i].known˙location[j]; 92 93 if (agents[i].known˙location[j] == 94 agents[destination˙agent].location 95 —— use˙replication) 96 /* if we push for location update only push if the agent has not moved

97 if we push for replica update then we assume that the network is always correct (no moves) 98 so push can continue

99 */ 100 if (agents[destination˙agent].marked == -1) – /* if this agent hasn’t received the message yet */ 101 if (algorithm == SNOOP) /* snooping */ 102 add˙to˙cache(destination˙agent, 103 (turn + exp˙time), agent, 104 new˙location); 105 /* mark this agent. It will forward the message at the next level */ 106 f˙agents[flooded˙nodes][(level + 1) % 2] = 107 destination˙agent; 108 flooded˙nodes++;

109 agents[destination˙agent].marked = level; 110 agents˙inf˙at˙each˙level[level]++; 111 112 113 114 115 116 /* UPDATES */ 117 if (use˙replication) – 118 /*update just the replica */ 119 p = agents[i].replica˙head; 120 while (p != NULL) – 121 if (p-¿agent == destination˙agent) 122 p-¿location = new˙location; 123 p = p-¿next; 124˝ 125 ˝ else – 126 /* update location */ 127 for (k = 0; k ¡ K; k++) 128 if (agents[destination˙agent]. 129 cache[k] == agent) 130 agents[destination˙agent]. 131 known˙location[k] = 132 new˙location; 133˝ 134 135 136 137 ˝ else 138 messages++; 139

140 141 142 ˝ // if prob 143 ˝ // for every agent that forwards 144 prob = prob * (1 - decay˙par); 145 if (prob ¡= (float) 1.0 / K) 146 prob = (float) 1.0 / K; 147 f˙no = flooded˙nodes;

148 ˝ // for every level 149 150 151 152˝

C.5.0.64 void replace ()

ÁíôéêáèéóôÜ Ýíá entrie óôçí cache êÜðïéïõ agent.

ŒñçóéìïðïéåSSôáé óôïí áëãüñéèìï inverted cache üðïõ ç áíôéêáôÜóôáóç åíüò entrie ðñïêáëåSS êSSíçóç ìçíõìÜôùí.Ïñéóìüò óôç ãñáììÞ 48 ôïõ áñœåSSïõ inverted cache.c.

References K, êáé rep messages.

ÁíáöïñÜ áðü simulation().

49 – 50 rep˙messages += K; 51˝

C.5.0.65 void validate agents cache (int agent, int cur turn)

ÅêôåëåSS ôï periodic pull ôïõ áëãïñSSèìïõ snooping.

ÐáñÜìåôñïé:

agent ðïéïò agent èá êÜíåé ôï ðåñéïäéêü pull cur turn ï ôñÝœùí ãýñïò.

ÁõôÞ ç óõíÜñôçóç êáëåSSôáé ðåñéïäéêÜ áðü êÜèå agent. ÐñÝðåé íá êëçèåSS óå äéáóôÞìáôá ðïõ åSSíáé ìéêñüôåñá áðü ôï expiration time ôïõ snooping directory. Áõôü ðïõ êÜíåé åSSíáé üôé óôÝëíåé ìçíýìáôá pull ãéá êÜèå cache entry ôïõ agent þóôå íá åíçìåñþóåé ïëüêëçñç ôçí cache ôïõ.Ïñéóìüò óôç ãñáììÞ 82 ôïõ áñœåSSïõ snooping funcs.c.

References agent, agents, exp time, K, agent t::known location, pull algorithm(), pull - messages, êáé agent t::time to validate.

ÁíáöïñÜ áðü validate expired cache().

83 – 84 int i;

85 int new˙loc; 86 int tmp˙mess; 87 88 tmp˙mess = pull˙messages; 89 pull˙messages = 0;

90 agents[agent].time˙to˙validate = cur˙turn + exp˙time; 91 for (i = 0; i ¡ K; i++) – 92 93 new˙loc = 94 pull˙algorithm(agent, agents[agent].known˙location[i], 95 agents[agent].cache[i], cur˙turn); 96 if (new˙loc ¿ agents[agent].known˙location[i]) – 97 agents[agent].known˙location[i] = new˙loc; 98 99˝ 100˝ 101 pull˙messages = tmp˙mess + pull˙messages / K; 102˝

C.5.0.66 void validate expired cache (int cur turn)

Åíçìåñþíåé ôçí cache üëùí ôùí agent.

ÐáñÜìåôñïé:

cur turn ï ôñÝœùí ãýñïò.

Óáñþíåé üëïõò ôïõò agents êáëþíôáò ôçí validate agents cache()(óåë. 175)Ïñéóìüò óôç ãñáììÞ 112 ôïõ áñœåSSïõ snooping funcs.c.

References agents, num agents, agent t::time to validate, êáé validate agents cache().

ÁíáöïñÜ áðü simulation().

113 – 114 int i; 115 116 for (i = 0; i ¡ num˙agents; i++) 117 if (agents[i].time˙to˙validate ¡= cur˙turn) 118 validate˙agents˙cache(i, cur˙turn); 119˝

ÐáñÜñôçìá D

ÔåêìçñSSùóç äïìþí äåäïìÝíùí

D.1 agent t ÁíáöïñÜ ÄïìÞò

ÏõóéáóôéêÜ, áõôÞ ç äïìÞ åSSíáé ï agent. ÐåñéÝœåé ðëçñïöïñSSåò üðùò ç ôùñéíÞ ôïõ èÝóç, ç cache ôïõ, ç inverted cache (Üí Ýœåé), ôïí êáôÜëïãï snooping (áí õðÜñœåé), ôï ðüóï äçìïöéëÞò åSSíáé, ôï ðïéá resources ðñïóöÝñåé êôë. #include <globals.h>

ÐåäSSá ÄåäïìÝíùí

• int location

Ç èÝóç ôïõ.

• int marked

Ôï áí œñçóéìïðïéÞèçêå óôï push.

• int ‚ood marks Ôï áí œñçóéìïðïéÞèçêå óôï pull.

• ‚oat popularity

Ôï ðüóï äçìïöéëÞò åSSíáé.

• int time to validate

ŒñçóéìïðïéåSSôáé ãéá ôï snooping.Óå ðïéü turn èá êÜíåé poll áðü ôçí ãåéôïíéÜ

• ‚ood cache ∗ f cache head Ôï head ôçò ëSSóôáò ôùí agent ðïõ Ýœïõìå óôï snooping directory ìáò.

• ‚ood cache ∗ f cache tail Ôï tail ôçò ëSSóôáò ôùí agent ðïõ Ýœïõìå óôï snooping directory ìáò.

• int f cache size

Ï áñéèìüò ôùí agent ðïõ Ýœïõìå óôï snooping directory.

• ‚ood cache ∗ replica head ÏìïSSùò ìå ôï agent t::f cache head(óåë. 181) ìüíï ðïõ áöïñÜ óõíäåäåìÝíç ëSSóôá ìå replicas.

• ‚ood cache ∗ replica tail ÏìïSSùò ìå ôï agent t::f cache tail(óåë. 181) ìüíï ðïõ áöïñÜ óõíäåäåìÝíç ëSSóôá ìå replicas.

• int replica size

ÏìïSSùò ìå ôï agent t::f cache size(óåë. 181).

• int ∗ cache

Åäþ åSSíáé ïé Ê èÝóåéò ìå ôçí cache ôïõ agent.

• int ∗ known location

Ç èÝóç ôùí agent ðïõ îÝñïõìå.

Ïñéóìüò óôç ãñáììÞ 61 ôïõ áñœåSSïõ globals.h.

ÔåêìçñSSùóç ÐåäSSùí

D.1.0.67 int∗ agent t::cache Åäþ åSSíáé ïé Ê èÝóåéò ìå ôçí cache ôïõ agent.

Ðñüêåéôáé ãéá Ýíáí K-äéÜóôáôï ðSSíáêá Ïñéóìüò óôç ãñáììÞ 77 ôïõ áñœåSSïõ globals.h. ÁíáöïñÜ áðü ˛nal consistency(), initialize(), move inverted(), print graph stats(), pull - algorithm(), push to network(), êáé simulation().

D.1.0.68 ‚ood cache∗ agent t::f cache head Ôï head ôçò ëSSóôáò ôùí agent ðïõ Ýœïõìå óôï snooping directory ìáò. Ïñéóìüò óôç ãñáììÞ 69 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü add to cache(), delete expired cache(), initialize(), move inverted(), print - lists(), êáé pull algorithm().

D.1.0.69 int agent t::f cache size Ï áñéèìüò ôùí agent ðïõ Ýœïõìå óôï snooping directory. Ïñéóìüò óôç ãñáììÞ 71 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü add to cache(), delete expired cache(), initialize(), êáé simulation().

D.1.0.70 ‚ood cache ∗ agent t::f cache tail Ôï tail ôçò ëSSóôáò ôùí agent ðïõ Ýœïõìå óôï snooping directory ìáò. Ïñéóìüò óôç ãñáììÞ 69 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü add to cache(), delete expired cache(), êáé initialize().

D.1.0.71 int agent t::‚ood marks Ôï áí œñçóéìïðïéÞèçêå óôï pull.

Åóùôåñéêü óçìÜäé ãéá íá ìÞí ôïí îáíáœñçóéìïðïéÞóïõìå Ïñéóìüò óôç ãñáììÞ 64 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü clear ‚ood marks(), êáé pull algorithm().

D.1.0.72 int∗ agent t::known location Ç èÝóç ôùí agent ðïõ îÝñïõìå.

Ãéá êÜèå Ýíáí áðü ôïõò agent ðïõ îÝñïõìå óôï agent t::cache(óåë. 181), ç èÝóç ðïõ ãíùñSSæïõìå üôé âñSSóêåôáé. ÌðïñåSS íá åSSíáé êáé ëÜèïò áí Ýœåé ìåôáêéíçèåSS óôï åíäéÜìåóï. Ïñéóìüò óôç ãñáììÞ 78 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü ˛nal consistency(), initialize(), move inverted(), pull algorithm(), push to - network(), simulation(), êáé validate agents cache().

D.1.0.73 int agent t::location Ç èÝóç ôïõ.

Ïñéóìüò óôç ãñáììÞ 62 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü ˛nal consistency(), initialize(), move inverted(), pull algorithm(), push to - network(), êáé simulation().

D.1.0.74 int agent t::marked Ôï áí œñçóéìïðïéÞèçêå óôï push.

Åóùôåñéêü óçìÜäé ãéá íá ìÞí ôïí îáíáœñçóéìïðïéÞóïõìå Ïñéóìüò óôç ãñáììÞ 63 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü clear marks(), êáé push to network().

D.1.0.75 ‚oat agent t::popularity Ôï ðüóï äçìïöéëÞò åSSíáé.

Ïñéóìüò óôç ãñáììÞ 66 ôïõ áñœåSSïõ globals.h. ÁíáöïñÜ áðü initialize().

D.1.0.76 ‚ood cache∗ agent t::replica head ÏìïSSùò ìå ôï agent t::f cache head(óåë. 181) ìüíï ðïõ áöïñÜ óõíäåäåìÝíç ëSSóôá ìå replicas.

ĳôáí Ýœïõìå replication, öõëëÜìå åäþ üëåò ôéò replicas ðïõ êñáôÜìå ãéá resources Üëëùí êüìâùí. Ïñéóìüò óôç ãñáììÞ 73 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü create replica(), delete old replicas(), pull algorithm(), push to network(), êáé simulation().

D.1.0.77 int agent t::replica size ÏìïSSùò ìå ôï agent t::f cache size(óåë. 181). Ïñéóìüò óôç ãñáììÞ 75 ôïõ áñœåSSïõ globals.h. ÁíáöïñÜ áðü create replica(), êáé delete old replicas().

D.1.0.78 ‚ood cache ∗ agent t::replica tail ÏìïSSùò ìå ôï agent t::f cache tail(óåë. 181) ìüíï ðïõ áöïñÜ óõíäåäåìÝíç ëSSóôá ìå replicas.

ĳôáí Ýœïõìå replication, öõëëÜìå åäþ üëåò ôéò replicas ðïõ êñáôÜìå ãéá resources Üëëùí êüìâùí. ĳôáí Ýœïõìå replication, öõëëÜìå åäþ üëåò ôéò replicas ðïõ êñáôÜìå ãéá resources Üëëùí êüìâùí. Ïñéóìüò óôç ãñáììÞ 73 ôïõ áñœåSSïõ globals.h. ÁíáöïñÜ áðü create replica(), êáé delete old replicas().

D.1.0.79 int agent t::time to validate ŒñçóéìïðïéåSSôáé ãéá ôï snooping.Óå ðïéü turn èá êÜíåé poll áðü ôçí ãåéôïíéÜ Ïñéóìüò óôç ãñáììÞ 68 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü initialize(), validate agents cache(), êáé validate expired cache(). Ç ôåêìçñSSùóç ãéá áõôÞ ç äïìÞ äçìéïõñãÞèçêå áðï ôï áêüëïõèï áñœåSSï:

• globals.h

D.2 ‚ood cache t ÁíáöïñÜ ÄïìÞò

Ðñüêåéôáé ãéá óõíäåäåìÝíç ëSSóôá óôçí ïðïSSá áðïèçêåýïõìå ôï snooping directory êáé ôï inverted directory ôïõ êÜèå agent. ÿôóé Ýœåé ðëçñïöïñSSåò ãéá ôïí ðïéïí agent áöïñÜ, ôçí èÝóç ðïõ ìÜèáìå, óå ðéï ãýñï ëÞãåé ç ðëçñïöïñSSá áõôÞ êôë. ÅðSSóçò œñçóéìïðïéåSSôáé êáé ãéá ôá replicas.

#include <globals.h>

ÐåäSSá ÄåäïìÝíùí

• int agent

O agent ôïí ïðïSSï áöïñÜ ç ðëçñïöïñSSá.

• int location

Ç èÝóç ôïõ agent ðïõ ìÜèáìå.

• int expire

Óå ðïéü turn ëÞãåé ç cache áõôÞ (èá ðñÝðåé íá äéáãñáöåSS).

• ‚ood cache t ∗ next Ôï åðüìåíï óôïéœåSSï, ãéá íá öôéáœèåSS ç óõíäåäåìÝíç ëSSóôá.

ËåðôïìåñÞò ÐåñéãñáöÞ

ÐñïóùñéíÞ cache ðïõ êñáôÜ ï êÜèå agent êáé áöïñÜ locations ðïõ Ýìáèå êáôÜ ôï push/pull.

ÓõíäåäåìÝíç ëSSóôá ðïõ œñçóéìïðïéåSSôáé ãéá ôï snooping êáé ãéá ôá replicas.

Ãéá ðáñÜäåéãìá, êÜèå öïñÜ ðïõ ìáò Ýñœåôáé Ýíá snooping ìÞíõìá ðïõ áöïñÜ ôçí èÝóç åíüò agent, áðïèçêåýïõìå ôçí èÝóç áõôÞ óôçí ëSSóôá ìÝœñé íá ëÞîåé ôï expiration time ‚ood - cache t::expire(óåë. 186)

Ïñéóìüò óôç ãñáììÞ 52 ôïõ áñœåSSïõ globals.h.

ÔåêìçñSSùóç ÐåäSSùí

D.2.0.80 int ‚ood cache t::agent O agent ôïí ïðïSSï áöïñÜ ç ðëçñïöïñSSá. Ïñéóìüò óôç ãñáììÞ 53 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü add to cache(), create replica(), move inverted(), pull algorithm(), push to - network(), êáé simulation().

D.2.0.81 int ‚ood cache t::expire Óå ðïéü turn ëÞãåé ç cache áõôÞ (èá ðñÝðåé íá äéáãñáöåSS). Ïñéóìüò óôç ãñáììÞ 55 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü add to cache(), create replica(), delete expired cache(), delete old replicas(), êáé print lists().

D.2.0.82 int ‚ood cache t::location Ç èÝóç ôïõ agent ðïõ ìÜèáìå.

Ïñéóìüò óôç ãñáììÞ 54 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü add to cache(), create replica(), pull algorithm(), push to network(), êáé simulation().

D.2.0.83 struct ‚ood cache t∗ ‚ood cache t::next Ôï åðüìåíï óôïéœåSSï, ãéá íá öôéáœèåSS ç óõíäåäåìÝíç ëSSóôá.

Ïñéóìüò óôç ãñáììÞ 56 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü add to cache(), create replica(), delete expired cache(), delete old replicas(), move inverted(), print lists(), pull algorithm(), êáé push to network(). Ç ôåêìçñSSùóç ãéá áõôÞ ç äïìÞ äçìéïõñãÞèçêå áðï ôï áêüëïõèï áñœåSSï:

• globals.h

ÐáñÜñôçìá E ÔåêìçñSSùóç áñœåSSùí

E.1 globals.h ÁíáöïñÜ ÁñœåSSïõ

ÐåñéÝœåé üëåò ôéò global ìåôáâëçôÝò ðïõ œñçóéìïðïéïýíôáé óôïí simulator. #include <stdio.h> #include <stdlib.h>

ÄïìÝò ÄåäïìÝíùí

• struct ‚ood cache t ÐñïóùñéíÞ cache ðïõ êñáôÜ ï êÜèå agent êáé áöïñÜ locations ðïõ Ýìáèå êáôÜ ôï push/pull.

• struct agent t

Ç äïìÞ ðïõ ðåñéÝœåé üëåò ôéò ðëçñïöïñSSåò ðïõ œñåéÜæåôáé Ýíáò agent.

ÏñéóìïSS

• #de˛ne num agents 1000

Ï áñéèìüò ôùí agent ðïõ Ýœïõìå óôï óýóôçìá.

• #de˛ne max ‚ood level 20

Ôï ìÝãéóôï ‚ood level ðïõ ìðïñïýìå íá œñçóéìïðïéÞóïõìå áðü ôïõò áëãïñSSèìïõò ìáò.

ÏñéóìïSS Ôýðùí

• typedef ‚ood cache t ‚ood cache

ÐñïóùñéíÞ cache ðïõ êñáôÜ ï êÜèå agent êáé áöïñÜ locations ðïõ Ýìáèå êáôÜ ôï push/pull.

• typedef agent t agent

Ç äïìÞ ðïõ ðåñéÝœåé üëåò ôéò ðëçñïöïñSSåò ðïõ œñåéÜæåôáé Ýíáò agent.

ÁðáñéèìÞóåéò

• enum { PLAIN PUSH, SNOOP, LEASING } Ôá ïíüìáôá ôùí âáóéêþí áëãïñSSèìùí.

ÓõíáñôÞóåéò

• int ran (double probability)

ÓõíÜñôçóç ðïõ åðéóôñÝöåé 1 ìå äïóìÝíç ðéèáíüôçôá.

• ‚oat ˛nal consistency (int turn)

ÕðïëïãSSæåé ôï ðïóïóôü ôùí Ýãêõñùí cache entries.

• void create replica (int to agent, int expr, int agent, int location) ÖôéÜœíåé replica ìéáò ðëçñïöïñSSáò óå êÜðïéïí agent.

• void add to cache (int to agent, int expr, int agent, int location) ÖôéÜœíåé åíá snoopig entrie óå êÜðïéïí agent.

ÌåôáâëçôÝò

• enum { ... } alg types

Ôá ïíüìáôá ôùí âáóéêþí áëãïñSSèìùí.

• ‚oat exp time

Ï œñüíïò óå turns óôïí ïðïSSï ëÞãåé ôï snooping entry.

• int algorithm

Ï áëãüñéèìïò ðïõ œñçóéìïðïéåSSôáé áõôÞ ôçí óôéãìÞ.

• double p change

Ðéèáíüôçôá íá ãSSíåé áëëáãÞ óôçí cache êÜðïéïõ agent óå êÜèå ãýñï.

• ‚oat p move

Ðéèáíüôçôá íá ìåôáêéíçèåSS Ýíáò agent óå êÜèå ãýñï.

• double p pull

Ðéèáíüôçôá íá åêôåëÝóïõìå on-demand pull óå êÜèå ãýñï.

• int K

Ôï ìÝãåèïò ôçò cache.

• ‚oat per cache

Ôï ðïóïóôü ôùí agent ðïõ õðÜñœïõí óôçí cache.To Ê ðñïêýðôåé áðü áõôü.

• ‚oat percentage of popular agents Ôï ðïóïóôü ôùí agent ðïõ åSSíáé äçìïöçëåSSò.

• ‚oat popularity

Ôï ðüóï äçìïöçëåSSò åSSíáé ïé äçìïöçëåSSò agents.

• int turns

Ï áñéèìüò ôùí turns ôïõ simulation.

• int f no • int f agents [num agents][2] • int f pull no • int f pull agents [num agents][2] • ‚oat inv cache percentage • agent agents [num agents]

Ï âáóéêüò ðSSíáêáò ðïõ ðåñéÝœåé üëïõò ôïõò agents ôïõ óõóôÞìáôïò (äåSSêôåò óôçí äïìÞ agent(óåë. 196)).

• int messages

ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ push ìüíï.

• int pull messages

ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ pull ìüíï.

• int pull level found

Åäþ áðïèçêåýåôáé ôï âÜèïò (óôï path) óôï ïðïSSï âñÝèçêå ç ðëçñïöïñSSá êáôÜ ôï pull.

• int rep messages

Ìçíýìáôá ðïõ œñåéÜóôçêáí ãéá cache replacement.

• int moves

Áñéèìüò ìåôáêéíÞóåùí ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• int pulls

Áñéèìüò pull ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• int av dir size

ÌÝóï ìÝãåèïò snooping directory.

• int agents inf at each level [max ‚ood level] ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åíçìåñþèçêáí óå êÜèå âÜèïò ôïõ push.

• int pull found at each level [max ‚ood level] ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åñùôÞèçêáí óå êÜèå âÜèïò ôïõ pull.

• int pulls performed

Ï áñéèìüò ôùí pulls ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• FILE ∗ f cache

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðïóïóôü valid cache.

• FILE ∗ f mes

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: áñéèìüò ìçíçìÜôùí.

• FILE ∗ f dir size

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ìÝóï ìÝãåèïò êáôáëüãïõ snooping.

• FILE ∗ f levels

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðüóá pulls áðáíôÞèçêáí óå êÜèå level Þ êáé äåí âñÝèçêå óùóôÞ áðÜíôçóç.

• ‚oat ∗ val to test

Óôïí äåSSêôç áõôü âÜæïõìå ôçí ðáñÜìåôñï ðïõ èÝëïõìå íá ìåëåôÞóïõìå.

• ‚oat l bound

Ç áñœéêÞ ôéìÞ ôçò ðáñáìÝôñïõ, ìå áõôÞ èá îåêéíÞóåé ôï simulation val to test(óåë. 158).

• ‚oat up bound

ĳôáí öôÜóïõìå óå áõôÞ ôçí ôéìÞ óôáìáôÜìå ôï simulation val to test(óåë. 158)

• ‚oat incr

Ç ðáñÜìåôñïò áõîÜíåôáé êáôÜ ôüóï óå êÜèå êýêëï áðï turns val to test(óåë. 158).

• int ∗ levels • int use replication

Áí èá œñçóéìïðïéçèåSS replication Þ üœé.

• int replica time

Ðüóï œñüíï èá êñáôÜìå ôá replicas.

• double p replicate

Ç ðéèáíüôçôá íá êÜíïõìå replicate óå óõãêåêñéìÝíï êüìâï ôïõ path.

• int maximum level Ôï ìÝãéóôï âÜèïò ôïõ push.

• int maximum pull level Ôï ìÝãéóôï âÜèïò ôïõ pull.

• ‚oat decay par

Ç ðáñÜìåôñïò decay.

• int do pull

Áí èá ãéíïíôáé on-demand pulls.

• int pull decay par Ôï decay êáôÜ ôï pull.

• ‚oat replace prob Ç ðéèáíüôçôá íá ðñïâïýìå óå áíôéêáôÜóôáóç óå êÜèå ãýñï.

ËåðôïìåñÞò ÐåñéãñáöÞ

ÐåñéÝœåé üëåò ôéò global ìåôáâëçôÝò ðïõ œñçóéìïðïéïýíôáé óôïí simulator. Ïé ìåôáâëçôÝò áöïñïýí ðáñáìÝôñïõò ôïõ simulation, åóùôåñéêÝò äïìÝò ãéá ôçí ëåéôïõñãSSá ôïõ, ìåôáâëçôÝò ðïõ êñáôÜí óôáôéóôéêÜ êôë. Ïñéóìüò óôï áñœåSSï globals.h.

ÔåêìçñSSùóç Ïñéóìþí

E.1.0.84 #de˛ne max ‚ood level 20 Ôï ìÝãéóôï ‚ood level ðïõ ìðïñïýìå íá œñçóéìïðïéÞóïõìå áðü ôïõò áëãïñSSèìïõò ìáò. ÏõóéáóôéêÜ œñçóéìïðïéåSSôáé ãéá íá äçëþóïõìå óôáôéêïýò ðSSíáêåò. ÐñïåéäïðïSSçóç:

Ôï ìÝãåèïò ôïõ ‚ood ãéá ôïõò áëãïñSSèìïõò push/pull ðñÝðåé íá åSSíáé ìéêñüôåñï ãéá íá ìçí Ýœïõìå segmentation faults Ïñéóìüò óôç ãñáììÞ 16 ôïõ áñœåSSïõ globals.h.

E.1.0.85 #de˛ne num agents 1000 Ï áñéèìüò ôùí agent ðïõ Ýœïõìå óôï óýóôçìá.

Ïñéóìüò óôç ãñáììÞ 13 ôïõ áñœåSSïõ globals.h.

ÁíáöïñÜ áðü clear ‚ood marks(), clear marks(), delete expired cache(), delete old - replicas(), destroy graph(), ˛nal consistency(), initialize(), print G(), print graph stats(), print lists(), simulation(), êáé validate expired cache().

ÔåêìçñSSùóç Ïñéóìþí Ôýðùí

E.1.0.86 typedef struct agent t agent Ç äïìÞ ðïõ ðåñéÝœåé üëåò ôéò ðëçñïöïñSSåò ðïõ œñåéÜæåôáé Ýíáò agent. ÁíáöïñÜ áðü add to cache(), create replica(), move inverted(), push to network(), êáé validate agents cache().

E.1.0.87 typedef struct ‚ood cache t ‚ood cache ÐñïóùñéíÞ cache ðïõ êñáôÜ ï êÜèå agent êáé áöïñÜ locations ðïõ Ýìáèå êáôÜ ôï push/pull. ÓõíäåäåìÝíç ëSSóôá ðïõ œñçóéìïðïéåSSôáé ãéá ôï snooping êáé ãéá ôá replicas. Ãéá ðáñÜäåéãìá, êÜèå öïñÜ ðïõ ìáò Ýñœåôáé Ýíá snooping ìÞíõìá ðïõ áöïñÜ ôçí èÝóç åíüò agent, áðïèçêåýïõìå ôçí èÝóç áõôÞ óôçí ëSSóôá ìÝœñé íá ëÞîåé ôï expiration time ‚ood - cache t::expire(óåë. 186) ÁíáöïñÜ áðü add to cache(), create replica(), delete expired cache(), delete old replicas(), move inverted(), print lists(), pull algorithm(), êáé push to network().

ÔåêìçñSSùóç ÁðáñéèìÞóåùí

E.1.0.88 anonymous enum Ôá ïíüìáôá ôùí âáóéêþí áëãïñSSèìùí.

ÈÝôïíôáò áõôÞ ôçí ôéìÞ åðéëÝãåôáé ï êáôÜëëçëïò áëãüñéèìïò

ÔéìÝò ÁðáñéèìÞóåùí:

PLAIN PUSH SNOOP LEASING

Ïñéóìüò óôç ãñáììÞ 19 ôïõ áñœåSSïõ globals.h.

19 – PLAIN˙PUSH, SNOOP, LEASING ˝ alg˙types;

ÔåêìçñSSùóç Ìåôáâëçôþí

E.1.0.89 agent agents[num agents]

Ï âáóéêüò ðSSíáêáò ðïõ ðåñéÝœåé üëïõò ôïõò agents ôïõ óõóôÞìáôïò (äåSSêôåò óôçí äïìÞ agent(óåë. 196)).

Ïñéóìüò óôç ãñáììÞ 111 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü add to cache(), clear ‚ood marks(), clear marks(), create replica(), delete - expired cache(), delete old replicas(), destroy graph(), ˛nal consistency(), initialize(), move inverted(), print G(), print graph stats(), print lists(), pull algorithm(), push to - network(), simulation(), validate agents cache(), êáé validate expired cache().

E.1.0.90 enum { ... } alg types

Ôá ïíüìáôá ôùí âáóéêþí áëãïñSSèìùí.

ÈÝôïíôáò áõôÞ ôçí ôéìÞ åðéëÝãåôáé ï êáôÜëëçëïò áëãüñéèìïò

E.1.0.91 int f agents[num agents][2]

ÁíáöïñÜ áðü push to network().

E.1.0.92 int f no ÁíáöïñÜ áðü push to network().

E.1.0.93 int f pull agents[num agents][2] ÁíáöïñÜ áðü pull algorithm().

E.1.0.94 int f pull no ÁíáöïñÜ áðü pull algorithm().

E.1.0.95 ‚oat inv cache percentage Ïñéóìüò óôç ãñáììÞ 116 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü move inverted(), print graph stats(), êáé set simulation parameters().

E.1.0.96 int∗ levels Ïñéóìüò óôç ãñáììÞ 82 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü simulation().

E.2 inverted cache.c ÁíáöïñÜ ÁñœåSSïõ 199

E.2 inverted cache.c ÁíáöïñÜ ÁñœåSSïõ

ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôïí áëãüñéèìï inverted cache. #include ”globals.h”

ÓõíáñôÞóåéò

• void move inverted (int agent)

ÌåôáêéíåSS Ýíáí äïóìÝíï agent óå íÝá èÝóç. • void replace ()

ÁíôéêáèéóôÜ Ýíá entrie óôçí cache êÜðïéïõ agent.

Ïñéóìüò óôï áñœåSSï inverted cache.c.

E.3 main.c ÁíáöïñÜ ÁñœåSSïõ

#include <stdio.h> #include <stdlib.h> #include <time.h> #include ”globals.h”

ÏñéóìïSS

• #de˛ne num agents 1000

ÓõíáñôÞóåéò

• int main ()

ÌåôáâëçôÝò

• ‚oat exp time

Ï œñüíïò óå turns óôïí ïðïSSï ëÞãåé ôï snooping entry.

• int algorithm

Ï áëãüñéèìïò ðïõ œñçóéìïðïéåSSôáé áõôÞ ôçí óôéãìÞ.

• double p change

Ðéèáíüôçôá íá ãSSíåé áëëáãÞ óôçí cache êÜðïéïõ agent óå êÜèå ãýñï.

• ‚oat p move

Ðéèáíüôçôá íá ìåôáêéíçèåSS Ýíáò agent óå êÜèå ãýñï.

• double p pull

Ðéèáíüôçôá íá åêôåëÝóïõìå on-demand pull óå êÜèå ãýñï.

• int K

Ôï ìÝãåèïò ôçò cache.

• ‚oat per cache

Ôï ðïóïóôü ôùí agent ðïõ õðÜñœïõí óôçí cache.To Ê ðñïêýðôåé áðü áõôü.

• ‚oat percentage of popular agents Ôï ðïóïóôü ôùí agent ðïõ åSSíáé äçìïöçëåSSò.

• ‚oat popularity

Ôï ðüóï äçìïöçëåSSò åSSíáé ïé äçìïöçëåSSò agents.

• int messages

ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ push ìüíï.

• int pull messages

ÊñáôÜ ôïí áñéèìü ìçíõìÜôùí ôïõ pull ìüíï.

• int pull level found

Åäþ áðïèçêåýåôáé ôï âÜèïò (óôï path) óôï ïðïSSï âñÝèçêå ç ðëçñïöïñSSá êáôÜ ôï pull.

• int rep messages

Ìçíýìáôá ðïõ œñåéÜóôçêáí ãéá cache replacement.

• int moves

Áñéèìüò ìåôáêéíÞóåùí ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• int pulls

Áñéèìüò pull ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• int av dir size

ÌÝóï ìÝãåèïò snooping directory.

• int agents inf at each level [max ‚ood level] ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åíçìåñþèçêáí óå êÜèå âÜèïò ôïõ push.

• int pull found at each level [max ‚ood level] ÊñáôÜåé óôáôéóôéêÜ ãéá ôï ðüóïé agents åñùôÞèçêáí óå êÜèå âÜèïò ôïõ pull.

• int pulls performed

Ï áñéèìüò ôùí pulls ðïõ Ýãéíáí êáôá ôçí äéÜñêåéá ôïõ simulation.

• FILE ∗ f cache

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðïóïóôü valid cache.

• FILE ∗ f mes

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: áñéèìüò ìçíçìÜôùí.

• FILE ∗ f dir size

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ìÝóï ìÝãåèïò êáôáëüãïõ snooping.

• FILE ∗ f levels

ÁñœåSSï áðïèÞêåõóçò óôáôéóôéêþí: ðüóá pulls áðáíôÞèçêáí óå êÜèå level Þ êáé äåí âñÝèçêå óùóôÞ áðÜíôçóç.

• ‚oat ∗ val to test

Óôïí äåSSêôç áõôü âÜæïõìå ôçí ðáñÜìåôñï ðïõ èÝëïõìå íá ìåëåôÞóïõìå.

• ‚oat l bound

Ç áñœéêÞ ôéìÞ ôçò ðáñáìÝôñïõ, ìå áõôÞ èá îåêéíÞóåé ôï simulation val to test(óåë. 158).

• ‚oat up bound ĳôáí öôÜóïõìå óå áõôÞ ôçí ôéìÞ óôáìáôÜìå ôï simulation val to test(óåë. 158)

• ‚oat incr

Ç ðáñÜìåôñïò áõîÜíåôáé êáôÜ ôüóï óå êÜèå êýêëï áðï turns val to test(óåë. 158).

• int turns

Ï áñéèìüò ôùí turns ôïõ simulation.

• int ∗ levels • int use replication

Áí èá œñçóéìïðïéçèåSS replication Þ üœé.

• int replica time

Ðüóï œñüíï èá êñáôÜìå ôá replicas.

• double p replicate

Ç ðéèáíüôçôá íá êÜíïõìå replicate óå óõãêåêñéìÝíï êüìâï ôïõ path.

• int maximum level Ôï ìÝãéóôï âÜèïò ôïõ push.

• int maximum pull level Ôï ìÝãéóôï âÜèïò ôïõ pull.

• ‚oat decay par

Ç ðáñÜìåôñïò decay.

• int do pull

Áí èá ãéíïíôáé on-demand pulls.

• int pull decay par

Ôï decay êáôÜ ôï pull.

• ‚oat replace prob

Ç ðéèáíüôçôá íá ðñïâïýìå óå áíôéêáôÜóôáóç óå êÜèå ãýñï.

• agent agents [num agents]

Ï âáóéêüò ðSSíáêáò ðïõ ðåñéÝœåé üëïõò ôïõò agents ôïõ óõóôÞìáôïò (äåSSêôåò óôçí äïìÞ agent(óåë. 196)).

• ‚oat inv cache percentage

ÔåêìçñSSùóç Ïñéóìþí

E.3.0.97 #de˛ne num agents 1000

Ïñéóìüò óôç ãñáììÞ 7 ôïõ áñœåSSïõ main.c.

ÔåêìçñSSùóç ÓõíáñôÞóåùí

E.3.0.98 int main ()

Ïñéóìüò óôç ãñáììÞ 125 ôïõ áñœåSSïõ main.c.

126 – 127 128 set˙simulation˙parameters(); 129 batch˙run(); 130 131 printf(”“n”); 132 system(”pause”); 133 134 return 0; 135˝

ÔåêìçñSSùóç Ìåôáâëçôþí

E.3.0.99 agent agents[num agents] Ï âáóéêüò ðSSíáêáò ðïõ ðåñéÝœåé üëïõò ôïõò agents ôïõ óõóôÞìáôïò (äåSSêôåò óôçí äïìÞ agent(óåë. 196)).

/∗∗ @} Ïñéóìüò óôç ãñáììÞ 111 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü add to cache(), clear ‚ood marks(), clear marks(), create replica(), delete - expired cache(), delete old replicas(), destroy graph(), ˛nal consistency(), initialize(), move inverted(), print G(), print graph stats(), print lists(), pull algorithm(), push to - network(), simulation(), validate agents cache(), êáé validate expired cache().

E.3.0.100 ‚oat inv cache percentage Ïñéóìüò óôç ãñáììÞ 116 ôïõ áñœåSSïõ main.c.

ÁíáöïñÜ áðü move inverted(), print graph stats(), êáé set simulation parameters().

E.3.0.101 int∗ levels Ïñéóìüò óôç ãñáììÞ 82 ôïõ áñœåSSïõ main.c. ÁíáöïñÜ áðü simulation().

E.4 net funcs.c ÁíáöïñÜ ÁñœåSSïõ

Ôï áñœåSSï áõôü ðåñéÝœåé óõíáñôÞóåéò ðïõ áöïñïýí ôçí êáôáóêåõÞ êáé ôçí óõíôÞñçóç ôïõ äéêôýïõ ôùí agents.

#include ”globals.h”

ÓõíáñôÞóåéò

• int ran (double probability) ÓõíÜñôçóç ðïõ åðéóôñÝöåé 1 ìå äïóìÝíç ðéèáíüôçôá.

• void print G ()

Ôõðþíåé ôïí ãñÜöï ôùí agent.

• void initialize ()

ÁñœéêïðïéåSS ôïí ãñÜöï.

• void destroy graph ()

ÊáôáóôñÝöåé ôïí ãñÜöï ôùí agent (free memory).

• void print graph stats () Ôõðþíåé óôáôéóôéêÜ ãéá ôïí ãñÜöï ìáò.

• void print lists (int cur round) Ôõðþíåé ëSSóôåò ìå ãåSSôïíåò ãéá êÜèå agent.

Ïñéóìüò óôï áñœåSSï net funcs.c.

E.5 pull.c ÁíáöïñÜ ÁñœåSSïõ 207

E.5 pull.c ÁíáöïñÜ ÁñœåSSïõ

ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôïí áëãüñéèìï pull. #include ”globals.h”

ÓõíáñôÞóåéò

• void clear ‚ood marks ()

ÊáèáñSSæåé ôá óçìÜäéá ðïõ âÜæïõìå êáôÜ ôçí äéÜñêåéá ôïõ áëãüñéèìïõ pull. • int pull algorithm (int sour agent, int known location, int dest agent, int turn) Ï áëãüñéèìïò pull.

Ïñéóìüò óôï áñœåSSï pull.c.

E.6 push.c ÁíáöïñÜ ÁñœåSSïõ

ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôïí áëãüñéèìï push. #include ”globals.h”

ÓõíáñôÞóåéò

• void clear marks ()

ÊáèáñSSæåé ôá óçìÜäéá ðïõ âÜæïõìå êáôÜ ôçí äéÜñêåéá ôïõ áëãüñéèìïõ push. • void push to network (int agent, int turn) Ï áëãüñéèìïò pull.

Ïñéóìüò óôï áñœåSSï push.c.

E.7 replication.c ÁíáöïñÜ ÁñœåSSïõ 209

E.7 replication.c ÁíáöïñÜ ÁñœåSSïõ

ÓõíáñôÞóåéò ðïõ áöïñïýí ôïí œåéñéóìü ôùí áíôéãñÜöùí. #include ”globals.h”

ÓõíáñôÞóåéò

• void delete old replicas (int cur round)

ÓâÞíåé ôá ðáëéÜ replicas.

• void create replica (int to agent, int expr, int agent, int location)

ÖôéÜœíåé replica ìéáò ðëçñïöïñSSáò óå êÜðïéïí agent.

Ïñéóìüò óôï áñœåSSï replication.c.

E.8 simulation.c ÁíáöïñÜ ÁñœåSSïõ

ÐåñéÝœåé ôéò óõíáñôÞóåéò ðïõ åíïñœçóôñþíïõí ôï simulation.

#include ”globals.h”

ÓõíáñôÞóåéò

• void set simulation parameters () Óôçí óõíÜñôçóç áõôÞ äçëþíïõìå ôéò ôéìÝò ðïõ èÝëïõìå íá èÝóïõìå óå êÜèå ðáñÜìåôñï ãéá ôï simulation.

• void simulation ()

ÔñÝœåé ôï simulation ãéá Ýíáí áñéèìü áðï turns êñáôþíôáò óôáôéóôéêÜ Ðñüêåéôáé ãéá ôï loop ðïõ îåêéíÜ áðü ôïí áñœéêïðïéçìÝíï ãñÜöï êáé ôñÝœåé ôï ðåSSñáìá ãéá Ýíáí áñéèìü áðü turns(óåë. 157).

• int batch run ()

ÊáëåSS ôçí simulation()(óåë. 153) ãéá êÜèå ôéìÞ ôïõ range ôçò ðáñáìÝôñïõ val to - test(óåë. 158) ðïõ èÝëïõìå íá åîåôÜóïõìå.

ËåðôïìåñÞò ÐåñéãñáöÞ

Ìå ôçí œñÞóç ôùí ðáñáêÜôù óõíáñôÞóåùí ôï simulation ãSSíåôáé ìå Ýíáí áõôïìáôïðïéçìÝíï ôñüðï. ÁðëÜ äçëþíïõìå óôçí set simulation parameters ôéò ôéìÝò ôùí ðáñáìÝôñùí ðïõ èÝëïõìå íá êñáôÞóïõìå óôáèåñÝò êáé êÜðïéï range ìéáò ìåôáâëçôÞò ðïõ èÝëïõìå íá åîåôÜóïõìå êáé ìåôÜ áíáëáìâÜíåé áõôüìáôá íá ôñÝîåé ôï simulation ãéá êÜèå ôéìÞ ôïõ range (êáé ãéá Ýíáí áñéèìü áðï turns) êáé íá êñáôÞóåé óôáôéóôéêÜ.

Ïñéóìüò óôï áñœåSSï simulation.c.

E.9 snooping funcs.c ÁíáöïñÜ ÁñœåSSïõ 211

E.9 snooping funcs.c ÁíáöïñÜ ÁñœåSSïõ

ÓõíáñôÞóåéò ðïõ œñåéÜæïíôáé ãéá ôï snooping. #include ”globals.h”

ÓõíáñôÞóåéò

• void delete expired cache (int cur round)

ÓâÞíåé ôá expired snooping cache entries.

• void add to cache (int to agent, int expr, int agent, int location)

ÖôéÜœíåé åíá snoopig entrie óå êÜðïéïí agent.

• void validate agents cache (int agent, int cur turn)

ÅêôåëåSS ôï periodic pull ôïõ áëãïñSSèìïõ snooping. • void validate expired cache (int cur turn)

Åíçìåñþíåé ôçí cache üëùí ôùí agent.

Ïñéóìüò óôï áñœåSSï snooping funcs.c.

E.10 statistics.c ÁíáöïñÜ ÁñœåSSïõ

ÐåñéÝœåé óõíáñôÞóåéò ðïõ âïçèïýí óôçí óõãêÝíôñùóç, ôïí õðïëïãéóìü êáé ôçí áðïèÞêåõóç óôáôéóôéêþí.

#include ”globals.h”

ÓõíáñôÞóåéò

• ‚oat ˛nal consistency (int turn) ÕðïëïãSSæåé ôï ðïóïóôü ôùí Ýãêõñùí cache entries.

• void initialize stats ()

ÁñœéêïðïéåSS ôéò äïìÝò êáé ôá áñœåSSá ðïõ êñáôïýí ôá óôáôéóôéêÜ óôçí áñœÞ.

• void stats initialize round () ÁñœéêïðïéåSS ôéò äïìÝò êáé ôá áñœåSSá ðïõ êñáôïýí ôá óôáôéóôéêÜ êÜèå öïñÜ ðïõ ôñÝœïõìå ôï simulation ãéá äéáöïñåôéêÞ ôéìÞ óôï range ðïõ êéíåSSôáé ç val to test(óåë. 158).

• void stats ˛nalize round () Óôï ôÝëïò êÜèå simulation (ôÝëoò ôùí turns(óåë. 157)) ãñÜöåé ôá óôáôéóôéêÜ óôá áñœåSSá.

Ïñéóìüò óôï áñœåSSï statistics.c.

ÂéâëéïãñáöSSá

[1] Napster o‹cial site:. http://www.napster.com.

[2] Clay Shirky. P2p de˛nition. In http://www.openp2p.com/pub/a/p2p/2000/11/24/shirky1- whatisp2p.html.

[3] SETI@HOME:. http://setiathome.ssl.berkeley.edu/. [4] United Devices:. http://www.ud.com/.

[5] The Gnutella Protocol Speci˛cation v0.4, Document Revision 1.2, Clip2.

http://www.clip2.com, protocols@clip2.com. [6] Kazaa:. http://www.kazaa.com.

[7] Freenet project. http://freenet.sourceforge.net/. [8] I seek you (ICQ):. http://www.icq.com/.

[9] Hyacinth S. Nwana. Software agents: An overview. Knowledge Engineering Review, 11(3):205{244, 1996.

[10] Vassilios V. Dimakopoulos and Evaggelia Pitoura. A Peer-to-Peer Approach to Resource Discovery in Multi-Agent Systems.

[11] Vana Kalogeraki, Dimitrios Gunopulos, and D. Zeinalipour-Yazti. A local search mechanism for peer-to-peer networks. In Proceedings of the eleventh international conference on Information and knowledge management, pages 300{307. ACM Press, 2002.

[12] B. Yang and H. Garcia-Molina. Improving search in peer-to-peer networks. In Proc. of the 22nd IEEE International Conference on Distributed Computing (IEEE ICDCS’02), 2002.

[13] Qin Lv, Pei Cao, Edith Cohen, Kai Li, and Scott Shenker. Search and replication in unstructured peer-to-peer networks. In Proceedings of the 16th international conference on Supercomputing, pages 84{95. ACM Press, 2002.

[14] I. Jawhar and J. Wu. A Two-Level Random Walk Search Protocol for Peer-to-Peer Networks. In Proc. of the 8th World Multi-Conference on Systemics, Cybernetics and Informatics, 2004.

[15] Chandan K. Dubey. Searching strategies in peer to peer databases. In Department of Computer Science and Engineering Indian Institute of Technology, Kanpur.

[16] Xiuqi Li and Jie Wu. Searching techniques in peer-to-peer networks. In Department of Computer Science and Engineering, Florida Atlantic University Boca Raton, FL 33431.

[17] Anwitaman Datta, Manfred Hauswirth, and Karl Aberer. Updates in highly unreliable, replicated peer-to-peer systems. In Proc. of ICDCS 2003, 23rd International Conference on Distributed Computing Systems, pages 76{85, Providence, Rhode Island, May 2003.

[18] Jiang Lan, Xiaotao Liu, Prashant Shenoy, and Krithi Ramamritham. Consistency maintenance in peer-to-peer ˛le sharing networks. In Proc. of WIAPP’03, 3rd IEEE Workshop on Internet Applications, pages 76{85, San Jose, CA, June 2003.

[19] R. Srinivasan, C. Liang, and Krithi Ramamritham. Maintaining temporal coherency of virtual data warehouses. In RTSS, pages 60{, 1998.

[20] C. Gary and D. Cheriton. Leases: An E‹cient Fault-Tolerant Mechanism for Distributed File Cache Consistency. In In Proceedings of the Twelfth ACM Symposium on Operating Systems Principles, pages 202-210, 1989.

[21] V. Duvvuri, P. Shenoy, and R. Tewari. Adaptive lease: A strong consistency mechanism for the world wide web. Technical Report UM-CS-1999-041, , 1999.

[22] S. J. Eggers and R. H. Katz. Evaluating the performance of four snooping cache coherency protocols. In Proceedings of the 16th Annual International Symposium on Computer Architecture, pages 2{15. ACM Press, 1989.

[23] Elias Leontiadis, Vassilios V. Dimakopoulos, and Evaggelia Pitoura. Cache updates in a peer-to-peer network of mobile agents. In 4th International Conference on Peerto-Peer Computing (P2P 2004), August 2004, Zurich, Switzerland. IEEE Computer Society, 2004.

[24] Edidth Cohen and Scott Shenker. Replication strategies in unstructured peer-to-peer netwokrs. In nanuscript 2001.

[25] Morpheus:. http://www.morpheus.com/.

[26] How stu¸ works website. http://www.howstu¸works.com/.

[27] Emma Brunskill. Building peer-to-peer systems with chord, a distributed lookup service. In Proceedings of the Eighth Workshop on Hot Topics in Operating Systems, page 81. IEEE Computer Society, 2001.

[28] Sylvia Ratnasamy, Paul Francis, Mark Handley, Richard Karp, and Scott Schenker.

A scalable content-addressable network. In Proceedings of the 2001 conference on applications, technologies, architectures, and protocols for computer communications, pages 161{172. ACM Press, 2001.

[29] Arturo Crespo and Hector Garcia-Molina. Routing indices for peer-to-peer systems. In Proceedings of the 22 nd International Conference on Distributed Computing Systems (ICDCS’02), page 23. IEEE Computer Society, 2002.

[30] D. Tsoumakos and N. Roussopoulos. Adaptive probabilistic search in peer-to-peer networks. In Proc. of the 2nd International Workshop on Peer-to-Peer Systems (IPTPS’03), 2003.

[31] D. Tsoumakos and N. Roussopoulos. Adaptive probabilistic search in peer-to-peer networks. In technical report, CS-TR-4451, 2003.

[32] Jie Wu and Hailan Li. A dominating-set-based routing scheme in ad hoc wireless networks. Telecommunication Systems, 18(1{3):13{36, 2001.

[33] I. F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci. A survey on sensor networks. IEEE Communications Magazine, 40(8):102{114, Aug. 2002.

[34] Wireless node database. http://www.nodedb.com.

[35] Athens metropolitan wireless network. http://www.atwn.com.

[36] Sonic rooftop networks. http://www.sonic.net/sales/rooftop/faq.shtml. [37] Ying-Dar Jason Lin and Yu-Ching Hsu. Multihop cellular: A new architecture for wireless communications. In INFOCOM (3), pages 1273{1282, 2000.

[38] X. Hong, K. Xu, and M. Gerla. Scalable routing protocols for mobile ad hoc networks.

In IEEE Network 16, pages 11{21. IEEE Computer Society, 2002.

[39] S. Giordano, I. Stojmenovic, and L. Blazevie. Position based routing algorithms for ad hoc networks: a taxonomy, 2001.

ÅõñåôÞñéï

agent, 27

cache inconsistency, 41

decay parameter, 32 distributed cache network, 29

‚ooding, 102, 106

invalid cache entry, 41 invalidation messages, 79 Inverted cache push/pull, 51

inverted cache directory, 51 leasing, 51 êáôÜëïãïò áíåóôñáììÝíçò cache, 51

leasing, 51 location, 41 location sequence number, 43 LSN, 43

MAS, 28

closed MAS, 29 open MAS, 29 middle agents, 29 Mobile ad-hoc-network (MANET), 112 car networks, 113 ‚at routing, 114 geographic positioning routing, 115, 117 hierarchical routing, 115, 116 metropolitan networks, 113 on demand routing, 115, 116 proactive routing, 114, 115 routing, 114

AODV, 116 CGSR, 116 DREAM, 118 DSR, 116 FSR, 115 geocast, 117 GPSR, 118 HSR, 117 LANMAR, 117 lar, 117 OLSR, 115 TBRPF, 115 ZRP, 117 sensor networks, 112 telephone networks, 114 unit graph model, 112 ìçôñïðïëéôéêÜ äSSêôõá, 112 mobility, 41 Multi agent systems, 28

peer to peer óõóôÞìáôá, 89 Broker systems, 21, 95 centralized systems, 21, 95 Decentrilized systems, 21, 95 Hybrid decentralized, 21, 95 Partially centralized, 22, 96 supernodes, 22, 96, 101 ÁíáæÞôçóç, 106 adaptive probabilistic, 110 Directed BFS, 109 dominating set, 111 Intelligent search, 109 iterative deepening, 108 local indices, 109 plain ‚ooding, 106 random paths, 108 routing indices, 110 teeming, 107 teeming with decay, 108 áäüìçôá, 25, 99 âáóéêÝò áñœÝò, 19, 93 äïìÞ, 22, 96 äïìÞ äéêôýùí, 22, 96 äïìçìÝíá, 25, 99 åëáöñþò äïìçìÝíá, 25, 99 ðáñáäåSSãìáôá

CAN, 105 Chord, 103 Freenet, 102 Gnutella, 102 Kazaa, 101 Morpheus, 101 Napster, 100 home, 100 ôýðïé óõóôçìÜôùí, 21, 95 pull algorithm, 43 on demand, 44 periodic, 44 prefetching, 44 push algorithm, 45 åýñïò, 47

replica, 71 replication, 71 resource owner, 52 resources, 28

snooping, 39, 49

snooping directory, 49 square-root replication, 74

time to live, 106 TTL, 106

update algorithms, 42

ÁíáæÞôçóç

iterative deepening, 33 plain ‚ooding, 31 random paths, 32 teeming, 31 teeming with decay, 32

ÓõóôÞìáôá peer to peer, 15

áëãüñéèìïé åíçìÝñùóçò, 42 áíôSSãñáöá

áíáëïãéêÞ êáôáíïìÞ, 72 êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò, 72 ïìïéüìïñöç êáôáíïìÞ, 72 áóõíÝðåéá óôçí cache, 41

ãåSSôïíåò, 30

äçìïöéëåSSò ðñÜêôïñåò, 51

êáôáíïìÞ ôåôñáãùíéêÞò ñSSæáò, 74 êéíçôéêüôçôá, 41

ðëçììýñá, 102 ðñÜêôïñáò, 27

ùsimulator

add to cache

alg, 160 agent

‚ood cache t, 186 globals.h, 196 agent t, 179

cache, 181 f cache head, 181 f cache size, 181 f cache tail, 181 ‚ood marks, 181 known location, 182 location, 182 marked, 182 popularity, 183 replica head, 183 replica size, 183 replica tail, 183 time to validate, 184 agents

globals.h, 197 main.c, 205 agents inf at each level stats, 143 alg add to cache, 160 clear ‚ood marks, 161 clear marks, 162 create replica, 162 delete expired cache, 163 delete old replicas, 164 move inverted, 165 pull algorithm, 167 push to network, 171 replace, 175 validate agents cache, 175 validate expired cache, 176 alg types globals.h, 197 algorithm

params, 123 av dir size

stats, 143 batch run

sim, 149 cache

agent t, 181 clear ‚ood marks alg, 161 clear marks

alg, 162 create replica

alg, 162 decay par

params, 123 delete expired cache alg, 163 delete old replicas alg, 164 destroy graph

graph, 129 do pull

params, 124 exp time

params, 124 expire

‚ood cache t, 186 f agents

globals.h, 197 f cache

stats, 144 f cache head

agent t, 181 f cache size agent t, 181 f cache tail

agent t, 181 f dir size

stats, 144 f levels

stats, 144 f mes

stats, 144 f no

globals.h, 197 f pull agents

globals.h, 198 f pull no

globals.h, 198 ˛nal consistency stats, 139 ‚ood cache

globals.h, 196 ‚ood cache t, 185 agent, 186 expire, 186 location, 186 next, 186 ‚ood marks

agent t, 181 globals.h, 189

agent, 196 agents, 197 alg types, 197 f agents, 197 f no, 197 f pull agents, 198 f pull no, 198 ‚ood cache, 196 inv cache percentage, 198

LEASING, 197 levels, 198 max ‚ood level, 195 num agents, 195 PLAIN PUSH, 197 SNOOP, 197 graph

destroy graph, 129 initialize, 130 K, 135 per cache, 135 percentage of popular agents, 136 popularity, 136 print G, 132 print graph stats, 132 print lists, 134 ran, 134 incr

sim, 157 initialize

graph, 130 initialize stats

stats, 140 inv cache percentage globals.h, 198 main.c, 205 inverted cache.c, 199 K graph, 135 known location

agent t, 182 l bound

sim, 157 LEASING

globals.h, 197 levels globals.h, 198 main.c, 205 location

agent t, 182 ‚ood cache t, 186 main

main.c, 204 main.c, 200

agents, 205 inv cache percentage, 205 levels, 205 main, 204 num agents, 204 marked

agent t, 182 max ‚ood level

globals.h, 195 maximum level

params, 124 maximum pull level params, 124 messages

stats, 145 move inverted

alg, 165 moves

stats, 145 net funcs.c, 206 next

‚ood cache t, 186 num agents

globals.h, 195 main.c, 204 p change

params, 125 p move params, 125 p pull

params, 125 p replicate

params, 125 params

algorithm, 123 decay par, 123 do pull, 124 exp time, 124 maximum level, 124 maximum pull level, 124 p change, 125 p move, 125 p pull, 125 p replicate, 125 pull decay par, 126 replace prob, 126 replica time, 126 use replication, 126 per cache

graph, 135 percentage of popular agents graph, 136 PLAIN PUSH

globals.h, 197 popularity

agent t, 183 graph, 136 print G

graph, 132 print graph stats

graph, 132 print lists

graph, 134 pull.c, 207 pull algorithm

alg, 167 pull decay par

params, 126 pull found at each level stats, 145 pull level found

stats, 145 pull messages

stats, 146 pulls

stats, 146 pulls performed

stats, 146 push.c, 208 push to network

alg, 171 ran graph, 134 rep messages

stats, 146 replace

alg, 175 replace prob

params, 126 replica head

agent t, 183 replica size

agent t, 183 replica tail

agent t, 183 replica time

params, 126 replication.c, 209 set simulation parameters sim, 151 sim batch run, 149 incr, 157 l bound, 157 set simulation parameters, 151 simulation, 153 turns, 157 up bound, 157 val to test, 158 simulation

sim, 153 simulation.c, 210 SNOOP

globals.h, 197 snooping funcs.c, 211 statistics.c, 212 stats

agents inf at each level, 143 av dir size, 143 f cache, 144 f dir size, 144 f levels, 144 f mes, 144 ˛nal consistency, 139 initialize stats, 140 messages, 145 moves, 145 pull found at each level, 145 pull level found, 145 pull messages, 146 pulls, 146 pulls performed, 146 rep messages, 146 stats ˛nalize round, 141 stats initialize round, 142 stats ˛nalize round stats, 141 stats initialize round

stats, 142 time to validate

agent t, 184 turns

sim, 157 up bound

sim, 157 use replication

params, 126 val to test

sim, 158 validate agents cache

alg, 175 validate expired cache

alg, 176 ÊáôáóêåõÞ ôïõ óõíäåäåìÝíïõ ãñÜöïõ., 128 ÐáñÜìåôñïé ôïõ simulation, 121 ÓõíáñôÞóåéò ðïõ áöïñïýí ôçí åîïìïSSùóç ôùí áëãïñSSèìùí., 159 ÓõíáñôÞóåéò óôáôéóôéêþí, 137 Óõíôïíéóìüò êáé áõôïìáôïðïSSçóç ôçò åîïìïSSùóçò., 148