PanepistŠmio KrŠthc SqolŠ JetikŤn EpisthmŤn TmŠma EpistŠmhc UpologistŤn

SqedŢash & UlopoŢhsh MejŞdwn gia th BeltŢwsh thc ApŞdoshc twn WWW Proxies

MiqaŠl D. FlourŠc

MetaptuqiakŠ ErgasŢa

HrŘkleio, FebrouŘrioc 2000

PanepistŠmio KrŠthc SqolŠ JetikŤn EpisthmŤn TmŠma EpistŠmhc UpologistŤn

SqedŢash & UlopoŢhsh MejŞdwn gia th BeltŢwsh thc ApŞdoshc twn WWW Proxies

ErgasŢa pou upoblŠjhke apŞ ton MiqaŠl D. FlourŠ wc merikŠ ekplŠrwsh twn apaitŠsewn gia thn apŞkthsh METAPTUQIAKOU DIPLWMATOS EIDIKEUSHS

SuggrafŚac:

MiqaŠl D. FlourŠc TmŠma EpistŠmhc UpologistŤn PanepistŠmio KrŠthc

EishghtikŠ EpitropŠ:

EuŘggeloc P. MarkŘtoc, EpŢkouroc KajhghtŠc, EpŞpthc

ManŞlhc KatebaŢnhc, KajhghtŠc, MŚloc

ApŞstoloc TraganŢthc, AnaplhrwtŠc KajhghtŠc, MŚloc

DektŠ:

PŘnoc KwnstantŞpouloc, KajhghtŠc PrŞedroc EpitropŠc MetaptuqiakŤn SpoudŤn

FebrouŘrioc 2000

Sthn oikogŚneiŘ mou

SqedŢash & UlopoŢhsh MejŞdwn gia th BeltŢwsh thc ApŞdoshc twn WWW Proxies

MiqaŠl D. FlourŠc

MetaptuqiakŠ ErgasŢa

TmŠma EpistŠmhc UpologistŤn PanepistŠmio KrŠthc

PerŢlhyh

To prŞblhma poiŞthtac uphresŢac (QoS) tou PagkŞsmiou IstoŰ, allŘ kai h prostasŢa twn topikŤn diktŰwn pŢsw apŞ sustŠmata firewall, odhgoŰn Şlo kai perissŞtero proc th qrŠsh WWW Proxies (Š WWW Caches), pou apoteleŢ ousiastikŘ th mŞnh makroprŞjesmh lŰsh. WstŞso, o ekjetikŞc rujmŞc anŘptuxhc tou PagkŞsmiou IstoŰ dhmiourgeŢ thn anŘgkh gia WWW Proxies me auxanŞmena uyhlŚc epidŞseic kai oloŚna megalŰtera sustŠmata apojŠkeushc antikeimŚnwn WWW, tŞso se kŰria (dunamikŠ) mnŠmh Şso kai se sustŠmata magnhtikŤn dŢskwn. Se antŢjesh me tic apaitŠseic autŚc, prŞsfatec ereunhtikŚc ergasŢec Śqoun deŢxei Şti upŘrqoun shmantikŘ problŠmata sthn apŞdosh twn WWW Proxies, ta opoŢa ofeŢlontai se megŘlo bajmŞ sthn apojŠkeush antikeimŚnwn se sustŠmata magnhtikŤn dŢskwn.

Sthn ergasŢa autŠ meletŘtai arqikŘ to prŞblhma thc apojŠkeushc antikeimŚnwn stouc dŢskouc enŞc WWW Proxy kai analŰontai algŞrijmoi pou Śqoun protajeŢ gia th lŰsh tou. EntopŢzontac se prŤth fŘsh ta problŠmata apŞ th dhmiourgŢa kai th diagrafŠ pollŤn mikrŤn arqeŢwn kai se deŰterh fŘsh apŞ th mh seiriakŠ prospŚlash dedomŚnwn sto dŢsko, oi algŞrijmoi autoŢ katafŚrnoun na beltiŤsoun arketŚc forŚc thn taqŰthta apojŠkeushc antikeimŚnwn sto sŰsthma dŢskwn.

H ergasŢa autŠ estiŘzei kurŢwc sthn ulopoŢhsh twn algorŢjmwn apojŠkeushc antikeimŚnwn se Śna pragmatikŞ WWW Proxy me skopŞ thn peiramatikŠ apotŢmhsŠ touc. MŚsa sta plaŢsia autŘ, anaptŰqjhke apŞ mhdenikŠ bŘsh Śna sŰsthma WWW Proxy me basikŞ stŞqo tic uyhlŚc epidŞseic se Śna paradosiakŞ leitourgikŞ sŰsthma Unix kai to genikoŰ skopoŰ sŰsthma arqeŢwn pou to sunodeŰei. H arqitektonikŠ thc ulopoŢhsŠc mac qrhsimopoieŢ tic asŰgqronec leitourgŢec twn TCP/IP sockets kai mŢa mhqanŠ peperasmŚnwn katastŘsewn (FSM), gia thn parŘllhlh exuphrŚthsh pollŤn aitŠsewn pelatŤn WWW.

H apotŢmhsh tou WWW Proxy pou ulopoiŠjhke Śgine se pragmatikŚc sunjŠkec me th boŠjeia metroprogrammŘtwn Şpwc to Web Polygraph pou apoteloŰn ektwn-pragmŘtwn prŞtupo (defacto standard) gia metrŠseic sŰgqronwn emporikŤn susthmŘtwn WWW Proxies. Oi metrŠseic autŚc apŚdeixan Şti h ulopoŢhsŠ mac Śqei perissŞtero apŞ treic forŚc uyhlŞtero mŚso rujmŞ exuphrŚthshc aitŠsewn WWW, sugkrinŞmenh me to Squid pou apoteleŢ to dhmofilŚstero kai pio exeligmŚno Web Proxy anoiqtoŰ kŤdika sŠmera.

EpŞpthc:

EuŘggeloc P. MarkŘtoc EpŢkouroc KajhghtŠc TmŠma EpistŠmhc UpologistŤn PanepistŠmio KrŠthc

Design & Implementation of Methods Enchancing the Performance of WWW Proxies

Michail D. Flouris

Master of Science Thesis

Computer Science Department University of Crete

Abstract

The quality of service (QoS) problem of the World Wide Web and the protection of intranets behind firewalls, lead to the increasing use of WWW Proxies (or WWW Caches) as the only long-term solution. However, due to the exponential growth of the Web, there is an increasing demand for higher performance WWW Proxies with larger WWW object caches, not only in main (dynamic) memory but also on magnetic disks. Contrary to this demand, several research studies have proved, not only that modern WWW proxy systems suffer severe performance problems, but also that the main cause of these performance problems is the magnetic disk I/O induced by the WWW object storage.

In this Master’s Thesis, we initially study the problem of WWW object storage in a WWW proxy’s disks and analyse algorithms proposed for its solution. Resolving at first the problems caused by the creation and deletion of many small files, and secondly by the non-sequential disk accesses, these algorithms manage to enhance the throughput of storing WWW objects on disks by several times.

The main focus of this Thesis is the implementation of these algorithms for WWW object disk storage on a real WWW proxy, in order to evaluate them in a real-world situation. Accordingly, a WWW proxy system was developed from scratch, implemented with respect to the highest possible performance on a traditional Unix Operating System and the general-purpose Filesystem that accompanies it. The architecture of our prototype uses the asynchronous operations of TCP/IP sockets and a finite state machine (FSM), in order to process several WWW client requests in parallel.

The evaluation of our WWW Proxy prototype was conducted in a real-world setting using sophisticated WWW proxy benchmarks, like the Web Polygraph which is considered a de-facto standard for measuring the performance of commercial WWW proxies. Our experiments prove that our prototype has an average request service rate (throughput) more than three times higher than Squid, which is considered the most popular and advanced open source WWW proxy today.

Supervisor:

Evangelos P. Markatos Associate Professor Computer Science Department University of Crete

EuqaristŢec

Sto shmeŢo autŞ, ja Šjela kat’ arqŘc na euqaristŠsw ton epŞpth kajhghtŠ mou k. EuŘggelo MarkŘto, gia thn polŰtimh kajodŠghsh pou mou pareŢqe katŘ th diŘrkeia twn metaptuqiakŤn mou spoudŤn kai thn kajoristikŠ tou summetoqŠ sthn episthmonikŠ mou prŞodo. Ton euqaristŤ epŢshc gia tic diafwtistikŚc upodeŢxeic kai thn eŰstoqh kritikŠ tou katŘ th diŘrkeia twn suzhtŠseŤn mac, kŘti pou me Śmaje na skŚftomai pio dhmiourgikŘ kai na beltiwjŤ se ereunhtikŞ epŢpedo.

EpŢshc, euqaristŤ ta mŚlh thc eishghtikŠc epitropŠc k. ManŞlh KatebaŢnh kai k. ApŞstolo TraganŢth gia tic epoikodomhtikŚc touc parathrŠseic kai diorjŤseic sthn ergasŢa autŠ kajŤc kai katŘ th diŘrkeia thc parousŢasŠc mou.

EuqaristŤ epŢshc to TmŠma EpistŠmhc UpologistŤn tou PanepisthmŢou KrŠthc gia to peribŘllon ergasŢac pou mou pareŢqe kai tic gnŤseic pou mou Śdwse thn eukairŢa na apoktŠsw, kajŤc kai to InstitoŰto PlhroforikŠc tou IdrŰmatoc TeqnologŢac kai’Ereunac, kai eidikŞtera thn OmŘda ArqitektonikŠc kai YhfiakŤn SusthmŘtwn, gia thn ulikoteqnikŠ upodomŠ pou mou pareŢqe katŘ th diŘrkeia twn spoudŤn mou kai thc ereunhtikŠc mou prospŘjeiac.

Ja Štan megŘlh parŘleiyh na mhn euqaristŠsw Şlouc anexairŚtwc touc fŢlouc kai sumfoithtŚc mou ta qrŞnia twn spoudŤn mou. Sthn poreŢa mou mŚqri sŠmera moirŘsthka poikŢlec empeirŢec mazŢ touc, pou Śkanan to taxŢdi mou Şqi mŞno endiafŚron allŘ kai efiktŞ. Oi empeirŢec autŚc, euqŘristec allŘ kai dusŘrestec, Śqoun diamorfŤsei katŘ Śna megŘlo mŚroc to qaraktŠra kai tic apŞyeic mou kai ja meŢnoun gia pŘnta qaragmŚnec sthn yuqŠ mou.

To megalŰtero euqaristŤ Şmwc, jŚlw na to pw sthn oikogŚneiŘ mou pou me stŠrixe sunaisjhmatikŘ kai ulikŘ se Şlh thn poreŢa mou mŚqri sŠmera. EŢmai sŢgouroc Şti qwrŢc thn upostŠrixh kai thn agŘph touc den ja eŢqa ftŘsei wc edŤ. Wc elŘqisth loipŞn Śndeixh sebasmoŰ gia thn agŘph, thn prosforŘ kai tic jusŢec thc oikogŚneiŘc mou, touc afierŤnw thn ergasŢa autŠ.

MiqaŠl D. FlourŠc

PerieqŞmena

PerŢlhyh i

Abstract iii

EuqaristŢec v

KatŘlogoc SqhmŘtwn xi

KatŘlogoc PinŘkwn xiii

1 EisagwgŠ 1 1.1 O PagkŞsmioc IstŞc (WWW) 1 1.1.1 O rujmŞc aŰxhshc tou WWW 3 1.2 OrismŞc tou ProblŠmatoc 4 1.2.1 LanjasmŚnec proseggŢseic 5 1.3 H LŰsh thc EndiŘmeshc MnŠmhc (WWW caching) 7 1.3.1 PleonektŠmata twn WWW Caches 10 1.3.2 H idanikŠ WWW Cache kai pŞso efiktŠ eŢnai 11 1.4 H dikŠ mac suneisforŘ 15 1.5 OrgŘnwsh thc MetaptuqiakŠc ErgasŢac 16

2 SustŠmata WWW Caching 18 2.1 To prwtŞkollo HTTP 18 2.2 H leitourgŢa twn SusthmŘtwn WWW Caching 25 2.2.1 H jŚsh tou Web Proxy 26 2.2.2 EnhmŚrwsh tou PerieqomŚnou enŞc Web Proxy 28 2.3 BeltŢwsh tou PrwtokŞllou HTTP 30 2.4 H prŞklhsh twn SusthmŘtwn WWW Caching 34

3 To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy 37

3.1 OrismŞc tou problŠmatoc thc DeutereŰousac MnŠmhc 37 3.1.1 QarakthristikŘ ApojŠkeushc AntikeimŚnwn WWW stouc DŢskouc enŞc Web Proxy 38 3.2 ProseggŢseic tou problŠmatoc thc DeutereŰousac MnŠmhc 42 3.2.1 ParŘllhlh QrŠsh PollaplŤn DŢskwn 42 3.2.2 BeltŢwshc thc PolitikŠc AntikatŘstashc AntikeimŚnwn 44 3.2.2.1 H politikŠ “GreedyDual-Size” 44 3.2.2.2 Oi politikŚc “Future-Looking” kai “Frequency-Based Cyclic” 45 3.2.2.3 H politikŠ LDF 46 3.2.2.4 H politikŠ Stager 47 3.2.3 BeltistopoŢhsh thc QrŠshc tou SustŠmatoc ArqeŢwn 48

4 MŚjodoi BeltŢwshc thc ApŞdoshc Web Proxy 51 4.1 MelŚth tou FŞrtou enŞc SustŠmatoc ArqeŢwn apŞ Śna Web proxy 51 4.1.1 DiaqeŢrish ArqeŢwn 52 4.2 BeltistopoiŤntac thn DiaqeŢrish ArqeŢwn 52 4.2.1 O algŞrijmoc BUDDY 53 4.3 BeltistopoiŤntac to RujmŞ EggrafŠc sto DŢsko 54 4.4 BeltistopoiŤntac to RujmŞ AnŘgnwshc apŞ to DŢsko 57 4.4.1 O algŞrijmoc LAZY-READS 57 4.4.2 O algŞrijmoc LAZY-READS-LOC 58

5 SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy 59 5.1 ProspŘjeiec MetatropŠc UparqŞntwn SusthmŘtwn 60 5.1.1 MetatropŠ tou Squid 60 5.1.2 MetatropŠ tou Apache 60 5.1.3 H dhmiourgŢa tou FOXY 61 5.2 To SŰsthma EndiŘmeshc MnŠmhc FOXY 62 5.2.1 ExuphrŚthsh aŢthshc HTTP 62 5.2.2 PerigrafŠ thc LeitourgŢac tou FOXY 67 5.2.3 H IerarqŢa MnŠmhc kai h PolitikŠ AntikatŘstashc 74 5.2.4 To sŰsthma EurethriasmoŰ (Indexing) 75 5.2.5 AlgŞrijmoi I/O sto DŢsko 76 5.2.6 DiaqeŢrish MnŠmhc 76 5.2.7 EpilogŚc QrŠsth gia th LeitourgŢa tou FOXY 77

6 PeiramatikŘ ApotelŚsmata 79

6.1 PeiramatikŞ PeribŘllon 79 6.1.1 To metroprŞgramma Wisconsin Proxy Benchmark 79 6.1.2 To metroprŞgramma Web Polygraph 81 6.1.3 ParŘmetroi PeiramŘtwn 82 6.1.4 UpologistikŞ SŰsthma 83 6.1.5 RujmŢseic tou Squid 84 6.1.6 RujmŢseic tou FOXY 85 6.2 PerigrafŠ PeiramŘtwn 85 6.3 PeiramatikŘ ApotelŚsmata 87

7 EpŢlogoc 99

BibliografŢa 101

KatŘlogoc SqhmŘtwn

1.1 DiaforŚc sth leitourgŢa thn uphresŢac WWW me qrŠsh endiŘmeshc mnŠmhc kai qwrŢc autŠn. 9

2.1 AkoloujŢa antallagŠc mhnumŘtwn anŘmesa ston ExuphrŚth kai ton PelŘth sŰmfwna me to prwtŞkollo HTTP 1.0 21 2.2 MŢa Řmesh sunomilŢa HTTP anŘmesa ston PelŘth kai ton ExuphrŚth. 25 2.3 MŢa sunomilŢa HTTP anŘmesa ston PelŘth kai ton ExuphrŚth me qrŠsh sustŠmatoc endiŘmeshc mnŠmhc. 26 2.4 MŢa aŢthsh HTTP tou PelŘth pou exuphreteŢtai grŠgora apŞ th mnŠmh tou Web proxy. 26 2.5 H istoselŢda sth dieŰjunsh http://www.caching.com. 31 2.6 AkoloujŢa antallagŠc mhnumŘtwn anŘmesa ston ExuphrŚth kai ton PelŘth sŰmfwna me to prwtŞkollo HTTP 1.0 gia th metaforŘ miac istoselŢdac. 32 2.7 AkoloujŢa antallagŠc mhnumŘtwn anŘmesa ston ExuphrŚth kai ton PelŘth sŰmfwna me to prwtŞkollo HTTP 1.1 gia th metaforŘ miac istoselŢdac. 34

3.1 H katanomŠ tou megŚjouc twn arqeŢwn ston WWW. 39

5.1 DiŘgramma leitourgŢac enŞc Web proxy gia thn exuphrŚthsh miac aŢthshc. 63 5.2 DiŘgramma katastŘsewn tou FOXY gia thn exuphrŚthsh miac sŰndeshc PelŘth. 69

6.1 DiŘgramma leitourgŢac tou Web Polygraph. 81 6.2 ExuphrŚthsh aitŠsewn apŞ to Squid kai to FOXY se sqŚsh me to qrŞno. 88 6.3 MetabolŠ tou rujmoŰ epituqhmŚnwn aitŠsewn sth diŘrkeia twn peiramŘtwn. 89

6.4 MetabolŠ tou mŚsou qrŞnou exuphrŚthshc anŘ aŢthsh sth diŘrkeia twn peiramŘtwn. 91 6.5 MŚtrhsh tou posostoŰ epituqhmŚnwn aitŠsewn sth diŘrkeia twn peiramŘtwn. 92 6.6 MŚtrhsh tou arijmoŰ twn lanjasmŚnwn aitŠsewn sthn diŘrkeia twn peiramŘtwn. 93 6.7 MŚtrhsh thc qrŠshc thc CPU sthn diŘrkeia twn peiramŘtwn tou FOXY me 1 GByte disk cache. 94 6.8 MŚtrhsh thc qrŠshc thc CPU sthn diŘrkeia twn peiramŘtwn tou FOXY me 2 GBytes disk cache. 95 6.9 MŚtrhsh thc qrŠshc thc CPU sthn diŘrkeia twn peiramŘtwn tou FOXY me 4 GBytes disk cache. 96 6.10 MŚtrhsh thc qrŠshc tou dŢskou katŘ thn diŘrkeia twn peiramŘtwn tou FOXY. 97 6.11 MŚtrhsh thc eleŰjerhc kentrikŠc mnŠmhc katŘ thn diŘrkeia twn peiramŘtwn tou FOXY. 98

KatŘlogoc PinŘkwn

2.1 AŢthsh HTTP. 23 2.2 TriyŠfioi kwdikoŢ katŘstashc ExuphrŚth kai oi antŢstoiqec katastŘseic touc. 24 2.3 ApŞkrish HTTP. 24

5.1 BrŞqoc asŰgqronhc epilogŠc sundŚsewn sto FOXY. 70

6.1 QarakthristikŘ MhqanŠc PeiramatikoŰ PeribŘllontoc. 83 6.2 QarakthristikŘ DŢskou PeiramatikoŰ PeribŘllontoc. 84 6.3 DhmiourgŢa arqeŢwn sto dŢsko tou PeiramatikoŰ PeribŘllontoc. 85

KefŘlaio 1

EisagwgŠ

There’s no place like http://www.home.com —Anon.

1.1 O PAGKOSMIOS ISTOS (WWW)

H uphresŢa tou PagkŞsmiou IstoŰ (pio gnwstŠ se Şlouc mac wc World Wide Web Š WWW)^1 eŢnai sŠmera h pio dhmofilŠc uphresŢa tou DiadiktŰou (Internet). EŢnai mŘlista tŞso dhmofilŠc stouc qrŠstec tou DiadiktŰou, Ťste gia polloŰc apŞ touc arqŘriouc qrŠstec o Şroc DiadŢktuo eŢnai sunŤnumoc tou PagkŞsmiou IstoŰ.

H idŚa gia thn uphresŢa tou PagkŞsmiou IstoŰ xekŢnhse sta mŚsa tou 20oŰ aiŤna. ApŞ to 1945 o Vannevar Bush, episthmonikŞc upeŰjunoc tou proŚdrou Roosevelt, grŘfei sto periodikŞ Atlantic Monthly gia to Memex, mŢa suskeuŠ basismŚnh se mikrofŢlm gia thn apojŠkeush megŘlou arijmoŰ eggrŘfwn sto qŤro enŞc mŞno grafeŢou, me mhqanikŠ boŠjeia gia thn anazŠthsh, orgŘnwsh kai prosjŠkh autoŰ tou arqeŢou [14]. MŚsa sth dekaetŢa tou 1960 o Douglas Engelbart kataskeuŘzei to prŤto sŰsthma hypertext^2, to “oNLine System” (NLS), to opoŢo trŚqei stic polŰ akribŚc kai terastŢou megŚjouc mhqanŚc thc dekaetŢac autŠc^3 [37], [97].

O Şroc “hypertext” anafŚretai prŤth forŘ to 1968 apŞ ton Ted Nelson [37]. To hypertext eŢnai Śna kommŘti keimŚnou sto opoŢo merikŚc lŚxeic Š frŘseic eŢnai “sŰndesmoi” (“hyperlinks”) proc Řlla keŢmena Š Řllec morfŚc plhroforŢac Şpwc eikŞnec, Šqoi ktl. me sqetikŞ perieqŞmeno. ’Ena Śggrafo se morfŠ hypertext onomŘzetai hypertext document. ’Etsi Śna sŰsthma hypertext eŢnai ousiastikŘ Śna dŢktuo apŞ hypertext documents ennoiologikŘ sundedemŚna. MporoŰme na poŰme Şti o PagkŞsmioc IstŞc eŢnai Śnac terŘstioc arijmŞc apŞ hypertext documents (gnwstŘ kai wc

1KatŘ th diŘrkeia autŠc thc ergasŢac ja qrhsimopoioŰme tŞso ton Şro PagkŞsmioc IstŞc, Şso kai touc Şrouc World Wide Web Š WWW Š aplŘ Web.

2H EllhnikŠ apŞdosh tou Şrou eŢnai “uperkeŢmeno”.

3O Engelbart eŢnai epŢshc kai o efeurŚthc thc suskeuŠc tou pontikioŰ to opoŢo anakŘluye gia qrŠsh sto sŰsthma hypertext.

KefŘlaio 1. EisagwgŠ

WWW documents, WWW pages Š istoselŢdec).

To 1989 o Tim Berners-Lee grŘfei sto ereunhtikŞ kŚntro CERN sthn ElbetŢa thn prŞtash “Information Management: A Proposal” h opoŢa perigrŘfei Śna sŰsthma diaqeŢrishc plhroforiŤn to opoŢo basŢzetai se hypertext.’Etsi Śna qrŞno argŞtera, to 1990, o Ţdioc arqŢzei thn kataskeuŠ enŞc pagkŞsmiou sustŠmatoc hypertext kai tou prŤtou progrŘmmatoc gia thn anŘgnwsh hypertext to opoŢo onŞmase “World- WideWeb”, Şpwc dhladŠ onomŘzoume sŠmera ton PagkŞsmio IstŞ [37], [97]. H uphresŢa tou PagkŞsmiou IstoŰ xekŢnhse na leitourgeŢ to 1991 [108].

SqedŞn 10 qrŞnia metŘ h morfŠ tou PagkŞsmiou IstoŰ Śqei allŘxei entelŤc. H arqikŠ morfŠ tou Śqei emploutisteŢ kai epektajeŢ Ťste na mporŚsei na apotelŚsei mia koinŠ platfŞrma antallagŠc kai anŘkthshc kŘje eŢdouc plhroforiŤn. H glŤssa HTML (HyperText Markup Language) [100] pou qrhsimopoieŢtai gia thn parŘstash twn plhroforiŤn ston PagkŞsmio IstŞ, afoŰ Śqei uposteŢ pollŚc diorjŤseic kai epektŘseic mŚqri thn shmerinŠ Śkdosh 4.0, sŰntoma ja antikatastajeŢ apŞ th diŘdoqŞ thc, thn XML (eXtended Markup Language) [98], h opoŢa ja dŤsei sto WWW akŞmh perissŞterec dunatŞthtec sthn ennoiologikŠ orgŘnwsh kai parousŢash twn plhroforiŤn.

SŠmera, ektŞc apŞ to keŢmeno, qrhsimopoioŰme to WWW gia na metafŚroume kŘje eŢdouc yhfiakŠ plhroforŢa. H idŚa tou hypertext Śqei metaferjeŢ sqedŞn se Şla ta Śggrafa pou grŘfoume sŠmera, allŘ akŞma kai sthn orgŘnwsh thc plhroforŢac mŚsa ston upologistŠ mac. Ta shmerinŘ leitourgikŘ sustŠmata parajŚtoun anŘmesa sta proterŠmatŘ touc to gegonŞc Şti mporoŰn na mac parousiŘzoun kŘje eŢdouc plhroforŢa gia ton upologistŠ mac se morfŠ hypertext h opoŢa eŢnai aplŠ kai katanohtŠ akŞma kai stouc pio arqŘriouc qrŠstec.

O PagkŞsmioc IstŞc apoteleŢ epŢshc thn idanikŠ bŘsh gia to HlektronikŞ EmpŞrio (Electronic Commerce) to opoŢo Şpwc eŢnai katanohtŞ sqetŢzetai Řmesa me thn pagkŞsmia oikonomikŠ anŘptuxh kai thn pagkosmiopoŢhsh tou emporŢou kai tou antagwnismoŰ metaxŰ atŞmwn, etaireiŤn kai kratŤn. EŢnai gnwstŞ Şti o PagkŞsmioc IstŞc eŢqe to megalŰtero bajmŞ dieŢsdushc stouc katanalwtŚc twn HPA apŞ opoiadŠpote Řllh teqnologŢa mŚqri sŠmera sumperilambanomŚnou tou thlefŤnou, thc thleŞrashc kai tou VCR [42]. EŢnai loipŞn katanohtŞ Şti gia kŘje eŢdouc uphresŢa tou DiadiktŰou, upŘrqousa Š mellontikŠ, Śnac krŢsimoc suntelestŠc gia thn epituqŢa thc eŢnai an mporeŢ na leitourgŠsei mŚsw tou PagkŞsmiou IstoŰ.

’Ola autŘ deŢqnoun th shmasŢa tou PagkŞsmiou IstoŰ sth shmerinŠ pagkŞsmia “hlektronikŠ koinŞthta”. Stic epŞmenec paragrŘfouc ja doŰme to rujmŞ aŰxhshc thc DiadiktuakŠc kŢnhshc WWW kai ta problŠmata pou autŞc o rujmŞc Śqei enapojŚsei stouc Ťmouc twn episthmŞnwn plhroforikŠc. EpŢshc ja kŘnoume mia eisagwgŠ

1.1. O PagkŞsmioc IstŞc (WWW)

sta problŠmata pou estiŘzei h paroŰsa metaptuqiakŠ ergasŢa kai ja anafŚroume th suneisforŘ mac sth melŚth kai lŰsh touc.

1.1.1 O RUJMOS AUXHSHS TOU WWW

’Olec oi ereunhtikŚc omŘdec pou Śqoun meletŠsei thn kŢnhsh dedomŚnwn (data traffic Š aplŤc traffic) tou PagkŞsmiou IstoŰ anafŚroun Şti parousiŘzei ekjetikŠ aŰxhsh [28], [39], [40], [50], [53] apŞ thn Śnarxh thc leitourgŢa thc uphresŢac autŠc [54], [56], [11], [74].

MerikŘ entupwsiakŘ stoiqeŢa tou megŘlou rujmoŰ aŰxhshc tou PagkŞsmiou IstoŰ anafŚroume parakŘtw:

♦ MŞno to 1993 Ştan dhmiourgŠjhke o prŤtoc exeligmŚnoc WWW browser, o NCSA Mosaic o etŠsioc rujmŞc aŰxhshc thc uphresŢac WWW Štan 341.634% to qrŞno [108].

♦ Pio prŞsfata statistikŘ deŢqnoun Şti h kŢnhsh tou PagkŞsmiou IstoŰ apoteloŰse to 40% thc sunolikŠc DiadiktuakŠc kŢnhshc to 1996, enŤ to 1994 Štan mŞlic to 19% [15].

♦ UpologŢzetai Şti mŚqri to 2001 o arijmŞc twn qrhstŤn tou PagkŞsmiou IstoŰ ja eŢnai megalŰteroc twn 175 ekatommurŢwn pagkosmŢwc [42].

♦ ’Enac megŘloc ParoqŚac UphresiŤn DiadiktŰou (Internet Service Provider Š ISP) upologŢzei Şti h diktuakŠ kŢnhsh diplasiŘzetai kŘje 90 mŚrec kajŤc auxŘnetai to plŠjoc twn grafikŤn, tou Šqou kai thc kinoŰmenhc eikŞnac (animation Š video) [42].

♦ SŠmera upologŢzetai Şti upŘrqoun pŘnw apŞ Śna disekatommŰrio antikeimŚnwn ston PagkŞsmio IstŞ kai pŘnw apŞ 6.5 ekatommŰria ExuphrŚtec WWW sto DiadŢktuo [25], [46].

♦ SŰmfwna me phgŚc [74] pou Şpwc uposthrŢzoun parakoloujoŰn dunamikŘ to mŚgejoc tou PagkŞsmiou IstoŰ, stic 7 FebrouarŢou 2000 upŠrqan se autŞn 1.6 disekatommŰria antikeŢmena, 361 ekatommŰria statikŚc eikŞnec, 30.1 TerraBytes (10^{12} bytes) keimŚnou kai 6 TerraBytes statikŚc eikŞnec. MŞno to 24wro apŞ tic 6 stic 7 FebrouarŢou 2000 prostŚjhkan ston PagkŞsmio IstŞ 3.26 ekatommŰria nŚa antikeŢmena, 734 qiliŘdec nŚec statikŚc eikŞnec, 61.2 GigaBytes (10^9 bytes) keŢmeno kai 12.2 GigaBytes statikŚc eikŞnec^4.

4’Opwc parathroŰme o rujmŞc pou auxŘnetai o Şgkoc nŚwn statikŤn eikŞnwn eŢnai megalŰteroc apŞ autŞn tou nŚou keimŚnou [74]

KefŘlaio 1. EisagwgŠ

PerissŞterec plhroforŢec gia to mŚgejoc kai to rujmŞ aŰxhshc tou PagkŞsmiou IstoŰ upŘrqoun sta [87], [74].

1.2 ORISMOS TOU PROBLHMATOS

Me thn ekjetikŠ anŘptuxh tou PagkosmŢou IstoŰ Şpwc anafŚrame sthn parŘgrafo 1.1.1 o fŞrtoc pou epwmŢzontai oi diadiktuakoŢ pŞroi eŢnai terŘstioc kai suneqŤc auxŘnei. AutŞ Śqei wc sunŚpeia thn aŰxhsh tou qrŞnou pou qreiŘzetai gia na doŰme mŢa istoselŢda. EidikŘ oi dhmofileŢc istoselŢdec qreiŘzontai dekŘdec deuterŞlepta gia na ftŘsoun sthn ojŞnh tou qrŠsth. AutŞc o qrŞnoc eŢnai polŰ makriŘ apŞ to stŞqo pou Śqei jŚsei h melŚth thc epikoinwnŢac anjrŤpou - mhqanŠc kai eŢnai ta 200 qiliostŘ tou deuterolŚptou (msec). SŰmfwna me autŚc tic melŚtec an Śna prŞgramma den antidrŘ mŚsa se 200 msec faŢnetai argŞ ston qrŠsth. PolŰ parapŘnw apŞ autŞ to qrŞno eŢnai ekneuristikŞ [43].

SŰmfwna me melŚtec tou Graphics, Visualization and Usability (GVU) Center pou gŢnontai apŞ to 1994, to prŤto prŞblhma tou PagkŞsmiou IstoŰ sŰmfwna me touc qrŠstec tou eŢnai h “taqŰthta” Š pio swstŘ “h poiŞthta uphresŢac” (Quality of Service Š QoS) [96]. SunepŤc, to shmantikŞ prŞblhma pou epwmŢzontai oi mhqanikoŢ kai oi epistŠmonec twn susthmŘtwn plhroforikŠc eŢnai fanerŞ :

PŤc ja beltiŤsoume thn poiŞthta uphresŢac tou PagkŞsmiou IstoŰ.

To prŞblhma autŞ eŢnai pio shmantikŞ apŞ Şti arqikŘ faŢnetai. ’Opwc Śqoun deŢxei melŚtec [81] kajustŚrhsh megalŰterh twn 4 deuterolŚptwn mporeŢ na prokalŚsei thn afaŢresh thc prosoqŠc tou anjrŤpou, enŤ Śna peŢrama pou Śgine teleutaŢa Śdeixe Şti qwrŢc thn Űparxh mpŘrac proŞdou (progress bar) Š Řllwn optikŤn mŚswn h pleioyhfŢa twn qrhstŤn den perimŚnoun thn oloklŠrwsh miac enŚrgeiac pŘnw apŞ 8.5 deuterŞlepta. EŢnai loipŞn fanerŞ Şti h megŘlh kajustŚrhsh tou PagkŞsmiou IstoŰ meiŤnei thn paragwgikŞthta twn qrhstŤn.

ParŘllhla, eŢnai gegonŞc Şti o PagkŞsmioc IstŞc Śqei gŢnei mia “krŢsimh” efarmogŠ gia Śna suneqŤc auxanŞmeno plŠjoc anjrŤpwn, me th logikŠ Şti eŢnai plŚon apŞluta anagkaŢoc gia th douleiŘ touc kai Řra twn etaireiŤn stic opoŢec ergŘzontai. EfŞson loipŞn h qamhlŠ poiŞthta uphresŢac tou PagkŞsmiou IstoŰ meiŤnei thn paragwgikŞthta twn qrhstŤn mia etaireŢac, meiŤnei thn apodotikŞthta thc etaireŢac. EŢnai Řra Śna prŞblhma pou metafrŘzetai se apŤleia qrhmŘtwn.

Den eŢnai Şmwc mŞno h meŢwsh thc paragwgikŞthtac apŞ thn kajustŚrhsh tou PagkŞsmiou IstoŰ pou sunepŘgetai thn apŤleia qrhmŘtwn gia tic etaireŢec, allŘ kai h apŤleia pelatŤn pou plŚon qrhsimopoioŰn ton PagkŞsmio IstŞ gia tic hlektronikŚc

1.2. OrismŞc tou ProblŠmatoc

agorŚc touc. SŰmfwna me stoiqeŢa thc International Data Corporation, perissŞteroi apŞ 10 ekatommŰria Řnjrwpoi sŠmera agorŘzoun agajŘ kai uphresŢec hlektronikŘ [35]. MŚqri to 2002 upologŢzetai Şti o arijmŞc touc ja ftŘsei ta 47 ekatommŰria. SŰmfwna me tic problŚyeic thc Forrester Research Inc. thn Ţdia qroniŘ o tzŢroc apŞ to hlektronikŞ empŞrio stic HPA ja ftŘsei to Űyoc twn 327 disekatommurŢwn dolarŢwn [35].

Me tŚtoia aŰxhsh tou tzŢrou apŞ to hlektronikŞ empŞrio eŢnai anamenŞmeno na auxhjeŢ o antagwnismŞc metaxŰ twn etaireiŤn kai Śna apŞ ta krŢsima zhtŠmata gia kŘje tŚtoia etaireŢa ja eŢnai h poiŞthta hlektronikŠc prŞsbashc mŚsw tou WWW. KajustŚrhsh ja shmaŢnei pijanŠ apŤleia pelatŤn proc antagwnistŚc twn opoŢwn oi istoselŢdec ftŘnoun sto qrŠsth grhgorŞtera kai katŘ sunŚpeia apŤleia qrhmŘtwn.

’Ola ta parapŘnw deŢqnoun pŞso sobarŞ eŢnai to prŞblhma thc apŞdoshc tou PagkŞsmiou IstoŰ.

1.2.1 LANJASMENES PROSEGGISEIS

MŢa lanjasmŚnh antŢlhyh pou Śqoun polloŢ qrŠstec tou DiadiktŰou eŢnai Şti h aitŢa thc qamhlŠc poiŞthtac uphresŢac WWW eŢnai h diktuakŠ teqnologŢa pou qrhsimopoieŢtai sŠmera, giatŢ Śqei qamhlŞ eŰroc zŤnhc (bandwidth) kai uyhlŞ qrŞno apŞkrishc (latency). SunepŤc, katŘ thn ŘpoyŠ touc, to prŞblhma lŰnetai antikajistŤntac to shmerinŞ DiadiktuakŞ kormŞ (Internet backbone) me taqŰtera exartŠmata Şpwc fast routers, ATM switches [94] kai Gigabit Ethernet Switches [95]. DustuqŤc, auxŘnontac to eŰroc zŤnhc kai meiŤnontac to qrŞno apŞkrishc ja Śqoume mikrŠ beltŢwsh sthn apŞdosh tou PagkŞsmiou IstoŰ.

ParakŘtw ja prospajŠsoume na exhgŠsoume to giatŢ, me ta exŠc trŢa epiqeirŠmata:

♦ AkŞma ki an beltiŤsoume shmantikŘ to DiadiktuakŞ kormŞ me ta pio exeligmŚna diktuakŘ exartŠmata, auxŘnontac to diktuakŞ eŰroc zŤnhc kai meiŤnontac thn timŠ tou anŘ monŘda, to pijanŞtero eŢnai h taqŰthta tou PagkosmŢou IstoŰ na auxhjeŢ mŞno proswrinŘ giatŢ upŘrqei auxanŞmenh apaŢthsh gia plousiŞtero perieqŞmeno stic istoselŢdec. KajŤc loipŞn to perieqŞmeno twn istoselŢdwn gŢnetai pio ploŰsio, ja auxŘnei to mŚgejoc touc, sunepŤc h kŢnhsh WWW gia tic Ţdiec selŢdec ja auxŘnei.

EktŞc Şmwc apŞ to plousiŞtero perieqŞmeno, Şpwc Śqoume dei sthn parŘgrafo 1.1.1 h kŢnhsh ston PagkŞsmio IstŞ auxŘnetai ekjetikŘ, Řra an den anabajmŢzoume suneqŤc to dŢktuo me ton Ţdio ekjetikŞ rujmŞ, h beltŢwsh pou ja doŰme ja eŢnai proswrinŠ [3]. TŚloc, prŚpei na lŘboume upŞyh mac to kŞstoc pou

KefŘlaio 1. EisagwgŠ

Śqoun oi beltiŤseic tou DiadiktuakoŰ kormoŰ gia tic opoŢec milŘme tŞso eŰkola. MŢa tŚtoia epŚndush katŘ mŠkoc Şlou tou DiadiktŰou eŢnai terŘstia, kajŤc p.q. h timŠ gia kŢnhsh eŰrouc zŤnhc enŞc MBit to deuterŞlepto upologŢzetai apŞ touc ParoqeŢc DiadiktuakŤn UphresiŤn (ISPs) se perŢpou $800 to mŠna [22].

♦ EŢnai gegonŞc Şti h zŠthsh kai h prosforŘ ston PagkŞsmio IstŞ den eŢnai isorrophmŚnh, allŘ exartŘtai apŞ to pŞso dhmofileŢc gŢnontai katŘ diastŠmata kŘpoiec istoselŢdec. AutŞ shmaŢnei Şti anŘ pŘsa stigmŠ se kŘpoia shmeŢa tou diktŰou ja upŘrqei polŰ megŘlh kŢnhsh, enŤ se Řlla ja eŢnai polŰ mikrŠ. DhmiourgoŰntai loipŞn problŠmata se dŰo kathgorŢec qrhstŤn:

▷ Stouc qrŠstec pou prospajoŰn na doun kŘpoiec polŰ dhmofileŢc istoselŢ-

dec (flash crowds), giatŢ lŞgw tou Şti prospajoŰn pŘra polloŢ tautŞqrona prokaloŰn uperbolikŞ fŞrto stouc ExuphrŚtec pou Śqoun tic istoselŢdec, me apotŚlesma oi teleutaŢoi na mhn antŚqoun to fortŢo kai na diakŞptoun th leitourgŢa touc.’Etsi se pollŚc periptŤseic kanŚnac qrŠsthc den mporeŢ na dei tic polŰ dhmofileŢc istoselŢdec.

▷ ParŘllhla, dhmiourgeŢtai prŞblhma kai se Řllouc qrŠstec pou dromolo-

goŰntai mŚsa apŞ ta fortwmŚna tmŠmata tou diktŰou, allŘ den endiafŚrontai gia tic sugkekrimŚnec istoselŢdec. AutoŢ oi qrŠstec aporoŰn giatŢ upŘrqei kajustŚrhsh, enŤ h dikŠ touc sŰndesh me to DiadŢktuo eŢnai grŠgorh.

SumperaŢnoume loipŞn Şti an beltiŤsoume sunolikŘ to DiadiktuakŞ kormŞ me pio exeligmŚna diktuakŘ exartŠmata, h mh isokatanomŠ thc kŢnhshc ja suneqŢzei na prokaleŢ problŠmata giatŢ ja parousiŘzetai parŘlogh kŢnhsh se kŘpoia tmŠmatŘ tou.

♦ Gia na doŰme Şti pragmatikŘ to prŞblhma den eŢnai sthn diktuakŠ upodomŠ, ac Śrjoume tŤra se mia upojetikŠ katŘstash kai upojŚtontac Şti agnooŰme to kŞstoc pou anafŚrame parapŘnw. ’Estw Şti Şloi oi DiadiktuakoŢ kŞmboi apantoŰsan stigmiaŢa se Şlouc touc qrŠstec, dhladŠ eŢqan mhdenikŠ kajustŚrhsh apŞkrishc kai Śstw Şti upŠrqe Řpeiro eŰroc zŤnhc se olŞklhro to DiadŢktuo. Ac upojŚsoume akŞma Şti Şloi oi ExuphrŚtec WWW (WWW servers) apantoŰsan me mhdenikŠ kajustŚrhsh kai Şti eŢqame thn kalŰterh dunatŠ dromolŞghsh katŘ mŠkoc olŞklhrou tou DiadiktŰou.

AkŞma kai se autŠ thn bŚltisth jewrhtikŠ katŘstash ja eŢmaste desmeumŚnoi apŞ thn taqŰthta tou fwtŞc, Śna fusikŞ empŞdio to opoŢo se pollŚc periptŤ-

1.3. H LŰsh thc EndiŘmeshc MnŠmhc (WWW caching)

seic eŢnai arketŞ gia na prokalŚsei apŞ mŞno tou arketŠ kajustŚrhsh.’Otan milŘme gia thn taqŰthta tou fwtŞc, ennooŰme to qrŞno pou qreiŘzontai ta yhfiakŘ dedomŚna gia na perŘsoun mŚsa apŞ mia optikŠ Ţna. O qrŞnoc autŞc Śqei Śna elŘqisto Şrio pou exartŘtai apokleistikŘ apŞ thn taqŰthta tou fwtŞc. An, gia parŘdeigma, upŠrqe Śnac PelŘthc WWW sthn DutikŠ AktŠ twn HPA o opoŢoc jŚlei na diabŘsei mia istoselŢda me 10 enswmatwmŚna antikeŢmena^5 (embedded objects) h opoŢa brŢsketai se Śna ExuphrŚth WWW sthn AnatolikŠ AktŠ twn HPA, ja Śqei kajustŚrhsh perŢpou enŞc deuterolŚptou h opoŢa ja prokaleŢtai apokleistikŘ apŞ thn taqŰthta tou fwtŞc^6. AutŞc o qrŞnoc ofeŢletai sto gegonŞc Şti gia na diadojeŢ Śna optikŞ sŠma se apŞstash Ţsh me autŠn apŞ th mŢa AktŠ twn HPA sthn Řllh qreiŘzetai perŢpou 27 qiliostŘ tou deuterolŚptou (ms) [43].

An Śnac qrŠsthc briskŞtan sthn IapwnŢa kai Šjele na diabŘsei mia selŢda se kŘpoio ExuphrŚth twn HPA me ploŰsio perieqŞmeno h opoŢa perieŢqe 40 enswmatwmŚna antikeŢmena ja eŢqe kajustŚrhsh perŢpou dŚka deuterolŚptwn,[43] mŞno exaitŢac thc taqŰthtac tou fwtŞc. AutŞ mporeŢ na mhn eŢnai tŞso profanŚc sŠmera Şpou oi perissŞteroi qrŠstec tou PagkŞsmiou IstoŰ brŢskontai stic HPA.’Oso Şmwc to DiadŢktuo epekteŢnetai pagkosmŢwc, ekatontŘdec ekatommŰria qrŠstec ja prospelaŰnoun ekatommŰria ExuphrŚtec WWW pou suqnŘ ja brŢskontai se apostŘseic 10 Š 15 qiliŘdwn qiliomŚtrwn makriŘ. TŞte h taqŰthta tou fwtŞc ja gŢnei kajoristikŞc parŘgontac kajustŚrhshc gia Şlec tic uphresŢec tou DiadiktŰou.

1.3 H LUSH THS ENDIAMESHS MNHMHS (WWW CACHING)

H kalŰterh braquprŞjesmh allŘ kai makroprŞjesmh lŰsh sto prŞblhma thc poiŞthtac uphresŢac tou PagkŞsmiou IstoŰ eŢnai na metafŚroume thn pleioyhfŢa twn dhmofilŤn antikeimŚnwn pio kontŘ stouc qrŠstec, meiŤnontac thn apŞstash kai touc endiŘmesouc kŞmbouc anŘmesa sto qrŠsth kai sta antikeŢmena autŘ [3].’Etsi epitugqŘnoume treic prwtarqikoŰc stŞqouc :

♦ MeiŤnoume thn kajustŚrhsh giatŢ plŚon anŘmesa sto qrŠsth kai ta dhmofilŠ antikeŢmena upŘrqoun polŰ lŢgoi endiŘmesoi dromologhtŚc Š metagwgeŢc gia na

5Me ton Şro enswmatwmŚna antikeŢmena ennooŰme ta antikeŢmena pou eŢnai sundemŚna me mia istoselŢda, Şpwc mikrŘ eikonŢdia, kinoŰmena grafikŘ, kommŘtia hypertext ktl.

6O qrŞnoc autŞc aforŘ thn Śkdosh 1.0 tou prwtokŞllou HTTP, Şpou gia kŘje antikeŢmeno WWW thc istoselŢdac anoŢgetai nŚa TCP sŰndesh. Sthn Śkdosh 1.1 tou prwtokŞllou HTTP, Şpwc ja doŰme sthn parŘgrafo 2.3, h katŘstash beltiŤnetai aisjhtŘ.

KefŘlaio 1. EisagwgŠ

prokalŚsoun kajustŚrhsh.

♦ MeiŤnoume thn kŢnhsh sta “makrinŘ” tmŠmata tou DiadiktŰou.

♦ MeiŤnoume drastikŘ to prŞblhma pou dhmiourgeŢ makroqrŞnia h taqŰthta tou fwtŞc, giatŢ meiŤnoume thn apŞstash pou prŚpei na dianŰsei to optikŞ Š hlektrikŞ sŠma sto fusikŞ mŚso (optikŠ Ţna Š metallikŞ kalŤdio).

’Opwc ja doŰme parakŘtw ta pleonektŠmata apŞ autŠ th lŰsh eŢnai polŰ perissŞtera.

H teqnikŠ thc metaforŘc twn dhmofilŚsterwn antikeimŚnwn plhsiŚstera ston qrŠsth tou PagkŞsmiou IstoŰ epitugqŘnetai me th qrŠsh thc teqnologŢac endiŘmeshc mnŠmhc tou PagkŞsmiou IstoŰ (Web Caching). Sthn orologŢa tou PagkŞsmiou IstoŰ, h endiŘmesh mnŠmh (cache) eŢnai mŢa topojesŢa Şpou apojhkeŰontai proswrinŘ antŢgrafa twn antikeimŚnwn tou.

H qrŠsh endiŘmeshc mnŠmhc den eŢnai kŘti kainoŰrio ston kŞsmo twn upologistŤn.’Ola ta sŰgqrona upologistikŘ sustŠmata qrhsimopoioŰn autŠ thn teqnologŢa se arketŘ shmeŢa thc arqitektonikŠc touc gia na beltiŤsoun tic epidŞseic thc ierarqŢac mnŠmhc, tou epexergastŠ, twn dŢskwn ktl. H idŚa thc endiŘmeshc mnŠmhc den Śqei qrhsimopoihjeŢ Şmwc mŞno se sustŠmata ulikoŰ (hardware), allŘ kai se logismikŞ. MerikŚc uphresŢec tou DiadiktŰou, Şpwc gia parŘdeigma h Domain Name Service (DNS) qrhsimopoieŢ thn arqŠ autŠ gia na beltiŤsei tic epidŞseic thc. H lŰsh autŠ Řrghse na qrhsimopoihjeŢ ston PagkŞsmio IstŞ kai o basikŞc lŞgoc eŢnai Şti den Śgine prŞbleyh gia tŚtoia leitourgŢa ston arqikŞ sqediasmŞ tou PagkŞsmiou IstoŰ. SŠmera gŢnetai mia eureŢa prospŘjeia Ťste na eisaqjeŢ ek twn ustŚrwn h teqnologŢa thc endiŘmeshc mnŠmhc ston PagkŞsmio IstŞ me skopŞ thn apodotikŞterh leitourgŢa tou.

H basikŠ leitourgŢa thc teqnologŢac thc endiŘmeshc mnŠmhc faŢnetai sto sqŠma 1.1 parakŘtw. BŚbaia Şpwc ja doŰme se epŞmena kefŘlaia h apodotikŠ leitourgŢa thc teqnologŢac autŠc den eŢnai tŞso aplŠ Şso faŢnetai sto sqŠma.

’Opwc faŢnetai sthn aristerŠ eikŞna tou sqŠmatoc autoŰ, qwrŢc thn qrŠsh endiŘmeshc mnŠmhc oi aitŠseic twn qrhstŤn gia antikeŢmena tou pagkŞsmiou istoŰ pernoŰsan apŞ to topikŞ dŢktuo tou qrŠsth kai mŚsw tou DiadiktŰou exuphretoŰntan kateujeŢan apŞ touc makrinoŰc ExuphrŚtec PagkŞsmiou IstoŰ (WWW servers). AutŞ Śqei wc apotŚlesma an gŢnoun dŰo aitŠseic apŞ qrŠstec sto Ţdio topikŞ dŢktuo gia to Ţdio antikeŢmeno na exuphrethjoŰn apŞ touc makrinoŰc ExuphrŚtec spatalŤntac Śtsi DiadiktuakoŰc pŞrouc.

AntŢjeta sth dexiŘ pleurŘ tou sqŠmatoc faŢnetai h leitourgŢa tou PagkŞsmiou IstoŰ me qrŠsh endiŘmeshc mnŠmhc.’Opwc parathreŢ o anagnŤsthc upŘrqei Śna epi-

1.3. H LŰsh thc EndiŘmeshc MnŠmhc (WWW caching)

SqŠma 1.1 DiaforŚc sth leitourgŢa thn uphresŢac WWW me qrŠsh endiŘmeshc mnŠmhc kai qwrŢc autŠn.

plŚon diktuakŞ uposŰsthma pou onomŘzetai ExuphrŚthc EndiŘmeshc MnŠmhc (Web Cache Server Š Web Proxy)^7. PrŞkeitai gia Śna afosiwmŚno (dedicated) upologistikŞ sŰsthma to opoŢo sunŠjwc diajŚtei megŘlo apojhkeutikŞ qŤro se mnŠmh (kŰria mnŠmh Š sustŠmata dŢskwn), parakoloujeŢ Şlec tic aitŠseic pou gŢnontai gia antikeŢmena tou PagkŞsmiou IstoŰ sto topikŞ dŢktuo (Š genikŞtera se Śna dŢktuo) kai analambŘnei na tic exuphretŠsei. H exuphrŚthsh twn aitŠsewn diafŚrei anŘloga me to antikeŢmeno kŘje miac kai diakrŢnetai se dŰo periptŤseic:

♦ An to antikeŢmeno thc aŢthshc den upŘrqei sth mnŠmh tou Web Proxy, o teleutaŢoc sundŚetai me ton makrinŞ ExuphrŚth PagkŞsmiou IstoŰ pou Śqei to anti-

7O ExuphrŚthc EndiŘmeshc MnŠmhc diafŚrei apŞ ton ExuphrŚth PagkŞsmiou IstoŰ. Sth sunŚqeia thc ergasŢac ja qrhsimopoioŰme touc agglikoŰc Şrouc Web Proxy Š Web Cache gia ton ExuphrŚth EndiŘmeshc MnŠmhc Śtsi Ťste na apofeuqjoŰn tuqŞn asŘfeiec pou ja mperdŚyoun ton anagnŤsth.

KefŘlaio 1. EisagwgŠ

keŢmeno, to fŚrnei kai to epistrŚfei ston qrŠsth pou to zŠthse. ParŘllhla, an o Web Proxy krŢnei Şti to antikeŢmeno autŞ eŢnai dhmofilŚc kai ja xanazhthjeŢ sŰntoma apŞ kŘpoio qrŠsth sto dŢktuo pou parakoloujeŢ, to apojhkeŰei sthn mnŠmh tou.

♦ Sth deŰterh perŢptwsh, an to antikeŢmeno thc aŢthshc upŘrqei sth mnŠmh tou Web Proxy, o teleutaŢoc to epistrŚfei kateujeŢan ston qrŠsth pou to zŠthse qwrŢc na sundejeŢ me ton makrinŞ ExuphrŚth.’Etsi h aŢthsh exuphreteŢtai taqŰtata kai gŢnetai megŘlh oikonomŢa sto eŰroc zŤnhc tou DiadiktŰou.

H qrŠsh endiŘmeshc mnŠmhc Śqei pleonektŠmata, allŘ h ulopoŢhsŠ thc parousiŘzei arketŚc proklŠseic giatŢ kaleŢtai na lŰsei merikŘ polŰploka allŘ kai endiafŚronta problŠmata. Stic epŞmenec paragrŘfouc ja asqolhjoŰme me ta pleonektŠmata thc endiŘmeshc mnŠmhc kai ta problŠmata pou parousiŘzei.

1.3.1 PLEONEKTHMATA TWN WWW CACHES

H qrŠsh endiŘmeshc mnŠmhc Śqei arketŘ pleonektŠmata [17], [91], [42]:

♦ KalŰterh poiŞthta uphresŢac sto DiadŢktuo.

Ta antikeŢmena Web pou Śrqontai apŞ touc makrinoŰc ExuphrŚtec metafŚrontai apŞ makrinŘ dŢktua kai pernŘne apŞ polloŰc endiŘmesouc dromologhtŚc kai metagwgeŢc mŚqri na ftŘsoun ston browser tou qrŠsth. H qrŠsh endiŘmeshc mnŠmhc elattŤnei polŰ ton qrŞno apŞkrishc giatŢ Śna megŘlo posostŞ antikeimŚnwn Śrqetai apŞ to topikŞ dŢktuo. SunepŤc beltiŤnetai h poiŞthta uphresŢac ston PagkŞsmio IstŞ.

♦ MeŢwsh thc sunolikŠc kŢnhshc sto DiadŢktuo.

’Osoi perissŞteroi qrŠstec qrhsimopoioŰn thn teqnologŢa endiŘmeshc mnŠmhc, tŞso pio pijanŞ eŢnai ta antikeŢmena pou zhtoŰn na ta Śqei zhtŠsei kai kŘpoioc Řlloc qrŠsthc, kai Řra na upŘrqoun sth mnŠmh kŘpoiou Web proxy. TŞte loipŞn ja Śqoume th bŚltisth leitourgŢa tou Web proxy kai Řra th megalŰterh meŢwsh thc kŢnhshc tou DiadiktŰou.

’Etsi, an Śnac Web proxy Śqei posostŞ epituqhmŚnwn aitŠsewn (document hit rate) 35%, dhladŠ to 35% twn aitŠsewn pou tou gŢnontai eŢnai gia antikeŢmena pou upŘrqoun sthn mnŠmh tou kai den qreiŘzetai na ta fŚrei apŞ touc makrinoŰc ExuphrŚtec, tŞte antŢstoiqa 35% ja eŢnai kai h meŢwsh thc kŢnhshc apŞ to dŢktuo pou brŢsketai o Web proxy proc to upŞloipo DiadŢktuo.

1.3. H LŰsh thc EndiŘmeshc MnŠmhc (WWW caching)

♦ ProstasŢa twn ExuphretŤn Web apŞ megŘlo fŞrto.

H endiŘmesh mnŠmh prostateŰei touc ExuphrŚtec apŞ to megŘlo fortŢo pou mporeŢ na dhmiourghjeŢ apŞ polŰ dhmofilŠ antikeŢmena tou Web. Gia parŘdeigma to 1998 Štan tŞsoi oi qrŠstec pou zhtoŰsan thn Śkjesh Starr^8 pou dhmiourgŠjhke Śna polŰ megŘlo “mpotiliŘrisma” sto DiadŢktuo kai h exomŘlunsh thc kŢnhshc Śgine arketŚc Ťrec argŞtera [17].

Oi Web Proxies eŢnai idanikoŢ gia tŚtoiec katastŘseic, giatŢ Şsoi perissŞteroi qrŠstec zhtŘne Śna antikeŢmeno WWW, tŞso pijanŞtero eŢnai to antikeŢmeno na upŘrqei sth mnŠmh tou Web proxy kai Řra tŞso pio apodotikŞc ja eŢnai o Web proxy sth meŢwsh thc kŢnhshc.

♦ MeŢwsh tou kŞstouc tou eŰrouc zŤnhc gia touc ParoqeŢc UphresiŤn DiadiktŰou kai Řra gia touc qrŠstec.

PollŚc etaireŢec kai ParoqeŢc UphresiŤn DiadiktŰou qrhsimopoioŰn sŠmera lŰseic endiŘmeshc mnŠmhc gia na meiŤsoun thn diktuakŠ touc kŢnhsh proc ta Śxw kai na kerdŢsoun Śtsi pollŘ qrŠmata pou ja Śdinan se uyhlŞterou eŰrouc zŤnhc grammŚc. ParŘllhla parŚqoun uyhlŞterh poiŞthta uphresŢac stouc qrŠstec touc.

Gia parŘdeigma h HomeNet Communications, ParoqŚac UphresiŤn DiadiktŰou sto Warner Robins thc Georgia twn HPA qrhsimopoieŢ dŰo pro˘Şnta endiŘmeshc mnŠmhc, to CacheFlow 1000 kai to SkyCache twn omŤnumwn etaireiŤn gia na elattŤsei katŘ 55% thn kŢnhsh proc to upŞloipo DiadŢktuo [18].’Etsi kerdŢzei arketŘ qrŠmata pou ja Śdine gia parapŘnw sundŚseic me ton kormŞ tou DiadiktŰou, parŘllhla prosfŚrei uyhlŞterh poiŞthta uphresŢac stouc pelŘtec thc. AxŢzei na parathrŠsoume Şti h endiŘmesh mnŠmh parŚqei qamhlŞterh kajustŚrhsh stouc qrŠstec thc HomeNet apŞ thn perŢptwsh Şpou h etaireŢa autŠ ja eŢqe grammŚc diplŘsiou eŰrouc zŤnhc proc to upŞloipo DiadŢktuo [18]. Allec Śreunec agorŘc epishmaŢnoun Şti qrhsimopoiŤntac sustŠmata endiŘmeshc mnŠmhc Śnac ParoqŚac UphresiŤn DiadiktŰou mporeŢ na exoikonomŠsei mŚqri kai $86.000 to qrŞno anŘ grammŠ T3 (dhladŠ eŰrouc zŤnhc mŚqri 45MBps) [42].

1.3.2 H IDANIKH WWW CACHE KAI POSO EFIKTH EINAI

Se Śna tŚleio kŞsmo, gia na qarakthrŢsoume Śna Web proxy idanikŞ, ja Śprepe na Śqei ta oktŤ qarakthristikŘ pou perigrŘfoume parakŘtw [91]. EpeidŠ Şmwc kŘti tŚtoio

8H Śkjesh aforoŰse tic anakrŢseic tou epijewrhtŠ Starr sqetikŘ me thn upŞjesh tou skandŘlou Lewinsky sto opoŢo eŢqe anamiqjeŢ o Bill Clinton [51].

KefŘlaio 1. EisagwgŠ

den sumbaŢnei, mazŢ me ta qarakthristikŘ autŘ pou apoteloŰn touc epidiwkŞmenouc stŞqouc mac anafŚroume kai to pŞso ta plhsiŘzei sŠmera Śna sŰsthma kajŤc kai ta problŠmata pou parousiŘzontai se kŘje perŢptwsh. To idanikŞ Web proxy:

1. ’Eqei posostŞ epituqhmŚnwn aitŠsewn (document hit rate) 100%.

To idanikŞ ja Štan Şlec oi aitŠseic twn qrhstŤn na exuphretoŰntan apŞ th mnŠmh tou Web proxy.’Opwc eŢnai katanohtŞ, gia na gŢnei autŞ efiktŞ prŚpei h mnŠmh tou Web proxy na qwrŘei Şla ta antikeŢmena tou PagkŞsmiou IstoŰ, kŘti praktikŘ adŰnato. AllŘ akŞma ki an sunŚbaine kŘti tŚtoio den ja mporoŰsame na apojhkeŰsoume ta dunamikŘ antikeŢmena Š autŘ pou metabŘllontai kajhmerinŘ ston PagkŞsmio IstŞ.

TupikŘ posostŘ epituqhmŚnwn aitŠsewn sŠmera kumaŢnontai apŞ 30% mŚqri 50% [3], [34], [85], [93]. To posostŞ autŞ exartŘtai apŞ thn politikŠ epilogŠc twn antikeimŚnwn pou prŚpei na apojhkeutoŰn sthn mnŠmh tou Web proxy. PrŞkeitai sthn ousŢa gia mŢa politikŠ antikatŘstashc antikeimŚnwn giatŢ o Web proxy sunŠjwc gemŢzei prŤta th mnŠmh tou me antikeŢmena kai Śpeita epilŚgei poia apŞ autŘ ja kratŠsei kai poia ja antikatastŠsei me kainoŰria apŞ touc makrinoŰc ExuphrŚtec.

To ereunhtikŞ prŞblhma thc politikŠc antikatŘstashc antikeimŚnwn eŢnai arketŘ endiafŚron giatŢ qreiŘzetai melŚth thc sumperiforŘc megŘlou plŠjouc qrhstŤn kai thc akoloujŢac twn aitŠsewn touc [3], [1], [2], [34]. Ston tomŚa autŞ Śqei gŢnei arketŠ Śreuna kai Śqei apodeiqteŢ Şti mŢa arketŘ kalŠ politikŠ gia thn antikatŘstash eŢnai autŠ thc “ElŘqista PrŞsfata QrhsimopoihmŚnou” antikeimŚnou, o gnwstŞc apŞ ta leitourgikŘ sustŠmata algŞrijmoc antikatŘstashc selŢdwn “Least Recently Used” (LRU), me kŘpoio Şmwc Řnw Şrio sto mŚgejoc twn antikeimŚnwn (dhladŠ den apojhkeŰoume ta polŰ megŘla antikeŢmena sthn mnŠmh giatŢ spatalŘme polŰtimo qŤro) [3]. O algŞrijmoc autŞc onomŘzetai LRU-TH (apŞ to LRU-Threshold) [15]. BŚbaia Ştan milŘme gia mia “polŰ kalŠ politikŠ”, ennooŰme Şti eŢnai mia genikŠ politikŠ kai Şti Śqei mikrŞ sfŘlma (2 - 3% qamhlŞtero posostŞ epituqhmŚnwn aitŠsewn) apŞ mŢa bŚltisth politikŠ stic perissŞterec periptŤseic. O anagnŤsthc mporeŢ na brei perissŞterec plhroforŢec gia tic politikŚc antikatŘstashc stic parakŘtw parapompŚc [15], [48], [34], [52], [76], [86] [29], [3], [104], [8], [9].

2. ’Eqei Řmesec apokrŢseic gia antikeŢmena pou brŢskontai entŞc thc endiŘmeshc mnŠmhc, enŤ den prokaleŢ epiplŚon kajustŚrhsh stic apotuqhmŚnec aitŠseic.

’Enac shmantikŞc stŞqoc pou Śqei sqŚsh me thn apŞdosh tou Web proxy san

1.3. H LŰsh thc EndiŘmeshc MnŠmhc (WWW caching)

sŰsthma eŢnai oi grŠgorec apokrŢseic proc touc qrŠstec, Śtsi Ťste na exuphreteŢ Şsouc perissŞterouc qrŠstec anŘ monŘda qrŞnou eŢnai dunatŞn. ApoteleŢ Śna dŰskolo stŞqo, giatŢ Śnac Web proxy mporeŢ na dŚqetai apŞ dekŘdec mŚqri dekŘdec qiliŘdec aitŠseic anŘ deuterŞlepto anŘloga me touc qrŠstec pou exuphreteŢ, kŘti pou prokaleŢ uperbolikŞ fŞrto sto upologistikŞ sŰsthma pou ton uposthrŢzei [19], [73].

SŠmera ta perissŞtera Web proxies douleŰoun se megŘla sustŠmata me polloŰc kai isquroŰc epexergastŚc, Řfjonh kentrikŠ mnŠmh (RAM), isqurŞ uposŰsthma parŘllhlwn dŢskwn (RAID) [71], [21], [20] kai pollŚc forŚc eidikŘ leitourgikŘ sustŠmata gia na mporŚsoun na uposthrŢxoun Śna ikanopoihtikŞ arijmŞ aitŠsewn apŞ touc qrŠstec [19], [73].

Me ta problŠmata apŞdoshc twn Web proxies Śqoun asqolhjeŢ arketoŢ ereunhtŚc kai ja asqolhjoŰme ki emeŢc sthn paroŰsa graptŠ ergasŢa. Sta epŞmena kefŘlaia ja analŰsoume to prŞblhma se bŘjoc kai ja epektajoŰme se lŰseic pou qrhsimopoioŰntai sŠmera se upŘrqonta sustŠmata kajŤc ja deŢxoume th dikŠ mac suneisforŘ sth lŰsh autŤn twn problhmŘtwn [62].

3. Den dhmiourgeŢ Řskoph diktuakŠ kŢnhsh proc to Śxw DiadŢktuo.

H dhmiourgŢa Řskophc diktuakŠc kŢnhshc proc ta Śxw exartŘtai kurŢwc apŞ thn politikŠ antikatŘstashc pou eŢdame ston prŤto stŞqo kai apŞ to pŤc qeirŢzetai Śna Web proxy ta dunamikŘ antikeŢmena tou PagkŞsmiou IstoŰ. SkeptŞmenoi thn arqikŠ idŚa twn Web proxies san qŤroi endiŘmeshc apojŠkeushc antikeimŚnwn, twn opoŢwn oi enŚrgeiec kajodhgoŰntai austhrŘ apŞ tic aitŠseic twn qrhstŤn mporoŰme na poŰme Şti kŘje Web proxy ja Štan “arketŘ kalŞ” se autŞ to shmeŢo.’Omwc sŠmera meletŤntai strathgikŚc prefetching (dhladŠ anŘkthshc se Ťrec mh aiqmŠc antikeimŚnwn pou problŚpontai na zhthjoŰn apŞ touc qrŠstec se Ťrec aiqmŠc)^9 kai Śqoun ulopoihjeŢ prwtŞkolla Şpwc to Internet Cache Protocol (ICP) [101], sŰmfwna me to opoŢo antallŘssontai plhroforŢec (cache-digests) anŘmesa se Web proxies gia ta antikeŢmena pou kajŚna Śqei apojhkeŰsei [93]. MporoŰme na poŰme loipŞn Şti Śna Web proxy pou qrhsimopoieŢ tŚtoiec teqnikŚc eŢnai epikŢnduno na dhmiourgŠsei Řskoph DiadiktuakŠ kŢnhsh.

4. KŘnei bŚltisth qrŠsh tou qŤrou thc endiŘmeshc mnŠmhc.

’Enac Web proxy prŚpei na kŘnei bŚltisth qrŠsh tou qŤrou mnŠmhc pou diajŚtei, qwrŢc gia parŘdeigma na apojhkeŰei perissŞtera apŞ Śna antŢgrafa tou Ţdiou antikeimŚnou.’Oso perissŞtera antikeŢmena qwrŘne sth mnŠmh tou Web proxy

9PerissŞterec plhroforŢec gia ta jŚmata tou prefetching sta [36], [61], [59].

KefŘlaio 1. EisagwgŠ

tŞso uyhlŞtero ja eŢnai to posostŞ epituqhmŚnwn aitŠsewn kai Řra h meŢwsh thc kŢnhshc tou Web proxy proc to Śxw DiadŢktuo.

5. LeitourgeŢ pŘnta (Śqei 100% uptime).

AnŘloga me to eŢdoc exŘrthshc twn qrhstŤn se Śna dŢktuo me to Web proxy mporeŢ h diakopŠ thc leitourgŢac tou na shmaŢnei apŞ plŠrh diakopŠ thc uphresŢac tou PagkŞsmiou IstoŰ (Ştan p.q. oi qrŠstec brŢskontai pŢsw apŞ dŢktuo pou prostateŰetai me firewall) mŚqri aplŘ allagŠ kŘpoiwn paramŚtrwn ston Web browser kŘje qrŠsth. Se kŘje perŢptwsh pŘntwc, h bŚltisth katŘstash eŢnai o Web proxy na eŢnai diajŚsimoc kŘje stigmŠ kai na douleŰei swstŘ. To jŚma autŞ exartŘtai kurŢwc apŞ thn ulopoŢhsh tou Web proxy kai Řra Śna swstŘ sqediasmŚno Web proxy den ja Śqei prŞblhma me autŞ to jŚma.

6. Den Śqei arnhtikŠ epŢdrash se DiadiktuakŠ kŢnhsh ektŞc PagkosmŢou IstoŰ.

EŢnai katanohtŞ Şti h leitourgŢa tou Web proxy den prŚpei na ephreŘzei th leitourgŢa twn upoloŢpwn diktuakŤn uphresiŤn, Şpwc p.q. h uphresŢa telnet, h uphresŢa email ktl. H apaŢthsh autŠ kalŰptetai sŠmera apŞ Şla ta Web proxies.

7. ’Eqei mhdenikŞ kŞstoc agorŘc.

To jŚma tou kŞstouc aforŘ sŢgoura to pŞso ja exaplwjeŢ h teqnologŢa autŠ kai Řra to pŞso ja wfelhjoŰn sunolikŘ oi qrŠstec tou DiadiktŰou.’Etsi enŤ to jŚma tou kŞstouc kajautŞ, den apoteleŢ aparaŢthta ereunhtikŞ jŚma, to pwc mporoŰme na Śqoume uyhlŠ apŞdosh se mhqanŚc qamhloŰ kŞstouc Ťste h teqnologŢa twn Web proxies na exaplwjeŢ eukolŞtera eŢnai Śna sobarŞ ereunhtikŞ prŞblhma.

SŠmera upŘrqoun kurŢwc dŰo eidŤn Web proxies apŞ Řpoyh kŞstouc. UpŘrqoun apŞ th mŢa kŘpoia pou h qrŠsh tou logismikoŰ touc den kostŢzei tŢpota kai trŚqoun se koinŞ upologistikŞ ulikŞ, dhladŠ se eurŚwc diadedomŚna upologistikŘ sustŠmata qamhloŰ Š mŚsou kŞstouc. Ta pio shmantikŘ apŞ autŘ eŢnai to Squid [102], o Apache [7] kai o CERN httpd [57] pou trŚqoun sta leitourgikŘ sustŠmata Unix, to DeleGate pou trŚqei kai se Unix kai se Windows NT, enŤ upŘrqoun kai ta MOWS kai W3C’s Jigsaw pou Śqoun ulopoihjeŢ se Java. To pio dhmofilŚc kai shmantikŞ apŞ autŘ se epidŞseic, se leitourgikŞthta allŘ kai melethmŚno ereunhtikŘ eŢnai to Squid, gia to opoŢo upŘrqei diajŚsimoc kai o phgaŢoc kŤdikŘc tou [80], [19].

ApŞ thn Řllh upŘrqoun kai pollŘ emporikŘ Web proxies me kŞstoc pou ftŘnei

1.4. H dikŠ mac suneisforŘ

tic pollŚc dekŘdec ekatommŰria draqmŚc, ta opoŢa qrhsimopoioŰn eidikŞ ulikŞ (hardware), leitourgikŞ sŰsthma kai eidikŘ beltistopoihmŚno logismikŞ gia na anebŘsoun tic epidŞseic touc. Ta gnwstŞtera [80], [19] tŚtoia sustŠmata Web Cache eŢnai to CacheFlow thc omŤnumhc etaireŢac [13], to Cache Engine thc Cisco [23], to NetCache thc Network Appliance [67], o BorderManager apŞ th Novell [68], to Proxy Server thc Netscape [66], to Web Cache apŞ thn IBM [24], to DynaCache thc InfoLibria [45] kai o Traffic Server thc Inktomi [47].

8. Den qreiŘzetai megŘlec allagŚc gia na egkatastajeŢ se Śna dŢktuo, oŰte shmantikŞ qrŞno gia th diaqeŢrisŠ tou.

AutŞc o stŞqoc Śqei sqŚsh me ton trŞpo pou Śna Web proxy parakoloujeŢ Śna dŢktuo dhladŠ me to shmeŢo egkatŘstashc tou. To bŚltisto ja Štan na mhn qreiŘzetai kammŢa parŚmbash apŞ to qrŠsth Ťste o Web browser tou na qrhsimopoieŢ to Web proxy, allŘ na parakoloujoŰntai Şlec oi aitŠseic PagkŞsmiou IstoŰ kai autŞmata na exuphretoŰntai apŞ to Web proxy. H lŰsh autŠ ulopoieŢtai apŞ arketŘ sustŠmata, Şpou eŢnai Şmwc anagkaŢa h egkatŘstash tou Web proxy se Śna kentrikŞ dromologhtŠ Š metagwgŚa diktŰou Ťste na elŚgqontai Şlec oi aitŠseic PagkosmŢou IstoŰ proc ta Śxw. Se pollŘ Şmwc dŢktua pou autoŰ tou eŢdouc h egkatŘstash den eŢnai efiktŠ, eŢnai anagkaŢo Şloi oi qrŠstec na allŘxoun kŘpoiec paramŚtrouc ston browser touc. PerissŞterec leptomŚreiec gia to jŚma autŞ anafŚroume sthn parŘgrafo 2.2 Şpou analŰoume ta eŢdh egkatŘstashc enŞc Web proxy.

SunoyŢzontac loipŞn touc parapŘnw stŞqouc gia Śna tŚleio Web proxy brŢskoume Şti ta kŰria ereunhtikŘ problŠmata estiŘzontai se dŰo kurŢwc tomeŢc :

♦ Sthn politikŠ eisagwgŠc kai antikatŘstashc istoselŢdwn sthn mnŠmh tou Web proxy, Ťste na epitŰqoume ton prŤto, trŢto kai tŚtarto stŞqo apŞ autoŰc pou anafŚrame parapŘnw [15].

♦ Sthn apodotikŠ leitourgŢa tou Web proxy Ťste na epitŰqoume ton deŰtero stŞqo thc Řmeshc apŞkrishc stic aitŠseic twn qrhstŤn.

1.4 H DIKH MAS SUNEISFORA

H exŘplwsh twn Web proxies sŠmera den eŢnai h epijumhtŠ - oŰte h anamenŞmenh an skefteŢ kaneŢc to kŚrdoc pou mporeŢ na prosfŚrei - par’ Şti se arketŘ shmeŢa h leitourgŢa touc plhsiŘzei touc stŞqouc pou jŚsame sthn prohgoŰmenh parŘgrafo. PisteŰoume Şti h mikrŞterh thc epijumhtŠc exŘplwsh twn Web proxies ofeŢletai katŘ

KefŘlaio 1. EisagwgŠ

kŰrio lŞgo sthn anuparxŢa enŞc Web proxy mikroŰ kŞstouc (to opoŢo sunepŘgetai th qrŠsh diadedomŚnou ulikoŰ (hardware) kai leitourgikoŰ sustŠmatoc) pou parŘllhla ja parŚqei kai uyhlŚc epidŞseic.

Sthn paroŰsa graptŠ ergasŢa ja asqolhjoŰme me to ereunhtikŞ jŚma thc apŞdoshc twn Web proxies kai eidikŞtera ja estiŘsoume sto shmeŢo thc apojŠkeushc twn antikeimŚnwn WWW stouc dŢskouc pou apoteleŢ sŰmfwna me melŚtec [79], [77], [6] to megalŰtero parŘgonta meŢwshc twn epidŞsewn.’Opwc ja doŰme sth sunŚqeia thc paroŰsac metaptuqiakŠc ergasŢac h dikŠ mac suneisforŘ aforŘ:

♦ Thn perilhptikŠ parousŢash mejŞdwn gia th beltŢwsh tou uposustŠmatoc dŢskwn enŞc Web proxy. MŚsa apŞ melŚth thc qrŠshc twn dŢskwn kai twn susthmŘtwn arqeŢwn parousiŘzoume apotelesmatikoŰc algorŢjmouc gia thn aŰxhsh thc taqŰthtac eggrafŠc kai anŘgnwshc twn dedomŚnwn apŞ touc dŢskouc. Oi algŞrijmoi autoŢ anaptŰqjhkan apŞ mia omŘda anjrŤpwn sthn opoŢa summeteŢqe kai o suggrafŚac kai parousiŘsthkan ektenŤc sto [62].

♦ Thn anŘptuxh enŞc prŞtupou Web proxy (to opoŢo onomŘsame FOXY) sqediasmŚnou Ťste na prosfŚrei uyhlŚc epidŞseic ulopoiŤntac touc parapŘnw mhqanismoŰc gia th beltŢwsh thc taqŰthtac eggrafŠc kai anŘgnwshc twn dedomŚnwn apŞ touc dŢskouc. To Web proxy pou anaptŰxame, qrhsimopoieŢ diadedomŚno ulikŞ (hardware) kai genikoŰ skopoŰ leitourgikŘ sustŠmata.

♦ Ton peiramatismŞ kai th sŰgkrish thc ulopoŢhsŠc mac me to Squid [102], pou apoteleŢ to pio dhmofilŚc kai prohgmŚno Web proxy anoiqtoŰ kŤdika pou trŚqei se genikoŰ skopoŰ leitourgikŘ sustŠmata sŠmera.’Opwc ja apodeŢxoun ta peirŘmatŘ mac, h ulopoŢhsŠ mac Śqei apŞdosh toulŘqiston treic forŚc uyhlŞterh apŞ to Squid.

PisteŰoume Şti h suneisforŘ mac autŠ proŘgei thn teqnologŢa twn Web proxies kai tic euergetikŚc sunŚpeiec thc sthn kajhmerinŠ qrŠsh tou PagkŞsmiou IstoŰ.

1.5 ORGANWSH THS METAPTUQIAKHS ERGASIAS

Sto epŞmeno kefŘlaio 2 ja kŘnoume mia eisagwgŠ perissŞtero teqnikŠ sta jŚmata thc leitourgŢac tou PagkŞsmiou IstoŰ kai ja exereunŠsoume ta epimŚrouc zhtŠmata pou aforoŰn thn apŞdosh enŞc Web proxy.’Opwc ja analŰsoume sto kefŘlaio autŞ, ta problŠmata autŘ aforoŰn kurŢwc to uposŰsthma magnhtikŤn dŢskwn to opoŢo jŚtei to Řnw Şrio thc taqŰthtac se Śna sŰsthma Web proxy.

Sto kefŘlaio 3 ja asqolhjoŰme diexodikŘ me to ereunhtikŞ prŞblhma thc eisŞdou - exŞdou twn dedomŚnwn enŞc Web proxy stouc magnhtikoŰc dŢskouc kai ja

1.5. OrgŘnwsh thc MetaptuqiakŠc ErgasŢac

meletŠsoume tic proseggŢseic kai tic lŰseic pou Śqoun protajeŢ apŞ Řllouc ereunhtŚc.

Sto kefŘlaio 4 ja parousiŘsoume to jewrhtikŞ upŞbajro thc paroŰsac metaptuqiakŠc ergasŢac, anafŚrontac touc mhqanismoŰc pou anaptŰqjhkan [62] gia thn aŰxhsh thc taqŰthtac eisŞdou - exŞdou dedomŚnwn stouc dŢskouc enŞc Web proxy.

Sto kefŘlaio 5 perigrŘfoume thn arqitektonikŠ kai thn ulopoŢhsh tou dikoŰ mac Web proxy, ton opoŢo onomŘsame “FOXY”. ParŘllhla anaferŞmaste sta problŠmata pou antimetwpŢsame sthn prospŘjeiŘ mac autŠ kajŤc kai tic proteinŞmenec lŰseic. TŚloc sto kefŘlaio autŞ dŢnoume leptomereŢc plhroforŢec gia th qrŠsh tou “FOXY” apŞ ereunhtŚc pou ja Šjelan na to dokimŘsoun.

Sto kefŘlaio 6 parousiŘzoume ta apotelŚsmata twn peiramŘtwn mac me to “FOXY” kai th sŰgkrisŠ tou me to Squid.

TŚloc, sto kefŘlaio 7 parousiŘzoume ta sumperŘsmata thc metaptuqiakŠc ergasŢac kai proteŢnoume kateujŰnseic gia mellontikŠ Śreuna ston tomŚa thc apŞdoshc tou PagkŞsmiou IstoŰ.

KefŘlaio 2

SustŠmata WWW Caching

Never underestimate the bandwidth of a station wagon full of tapes hurtling down the highway. —Andrew Tannenbaum

Sto kefŘlaio autŞ parousiŘzoume to jŚma tou WWW Caching arqŢzontac apŞ th jemeliŤdh leitourgŢa tou WWW kai mia perilhptikŠ parousŢash tou prwtokŞllou HTTP. Sth sunŚqeia analŰoume ta problŠmata pou parousiŘzei h leitourgŢa tou PagkŞsmiou IstoŰ kai deŢqnoume giatŢ h qrŠsh endiŘmeshc mnŠmhc eŢnai h swstŠ lŰsh sta problŠmata autŘ.

2.1 TO PRWTOKOLLO HTTP

H leitourgŢa tou PagkŞsmiou IstoŰ basŢzetai sto montŚlo PelŘth - ExuphrŚth (Client - Server model). Sto montŚlo autŞ o PelŘthc kai o ExuphrŚthc eŢnai progrŘmmata ta opoŢa trŚqoun se dŰo diaforetikŘ mhqanŠmata ta opoŢa sundŚontai mŚsw tou DiadiktuakoŰ prwtokŞllou TCP/IP (Transfer Control Protocol / Internet Protocol). Sthn uphresŢa WWW to prŞgramma tou pelŘth lŚgetai WWW browser kai eŢnai to prŞgramma pou mporeŢ na diabŘzei dedomŚna hypertext se morfŠ HTML kai na ta deŢqnei sthn ojŞnh tou qrŠsth. AntŢjeta to prŞgramma tou ExuphrŚth lŚgetai WWW server kai h skopŞc tou eŢnai na exuphreteŢ touc WWW browsers pou sundŚontai me autŞn dŢnontŘc touc ta hypertext documents pou tou zhtŘne.

Oi WWW browsers (pou anafŚrontai pollŚc forŚc kai san WWW clients) kai oi WWW servers epikoinwnoŰn metaxŰ touc qrhsimopoiŤntac to prwtŞkollo HTTP (HyperText Transfer Protocol) [99], [88]. PrŞkeitai gia Śna aplŞ prwtŞkollo pou kajorŢzei ton trŞpo pou o WWW browser zhtŘei ta documents apŞ ton WWW server kai ton trŞpo pou o teleutaŢoc tou ta paradŢdei Š tou gnwstopoieŢ Şti h aŢthsh pou Śgine Štan lŘjoc. Sthn parŘgrafo autŠ ja perigrŘyoume perilhptikŘ th basikŠ orologŢa pou qrhsimopoioŰme sqetikŘ me ton PagkŞsmio IstŞ kai th leitourgŢa tou prwtokŞllou HTTP.

ParakŘtw parajŚtoume kŘpoia orologŢa pou ja qrhsimopoiŠsoume gia thn pe-

2.1. To prwtŞkollo HTTP

rigrafŠ tou prwtokŞllou HTTP [88]:

♦ URI : AkrŤnumo tou Şrou Uniform Resource Identifier. To URI eŢnai to genikŞ sŰnolo apŞ Şla ta onŞmata kai tic dieujŰnseic pou eŢnai akoloujŢec qaraktŠrwn kai aforoŰn diadiktuakŘ antikeŢmena (Internet objects). Oi pio sunhjismŚnec morfŚc URI eŢnai ta URLs ta opoŢa perigrŘfoume amŚswc parakŘtw.

♦ URL : AkrŤnumo tou Şrou Uniform Resource Locator. To URL eŢnai h dieŰjunsh gia Śna antikeŢmeno (object) ston PagkŞsmio IstŞ, Š pio aplŘ mŢa akoloujŢa qaraktŠrwn (string) pou perigrŘfei eparkŤc kai akribŤc se Śna prŞgramma Web browser pwc ja entopŢsei Śna antikeŢmeno (to opoŢo mporeŢ na eŢnai Śna Śggrafo, arqeŢo, uphresŢa ktl.) sto WWW. KŘje antikeŢmeno ston PagkŞsmio IstŞ prŚpei na perigrŘfetai apŞ Śna URL, Śtsi Ťste na mporeŢ na entopisteŢ apŞ Śnan Web browser. EpŢshc qrhsimopoioŰntai mŚsa sta Śggrafa HTML gia na prosdiorŢsoun touc sundŚsmouc (hyperlinks) metaxŰ dŰo eggrŘfwn HTML.

MerikŘ paradeŢgmata apŞ URLs faŢnontai parakŘtw :

▷ http://www.w3.org/default.html ▷ http://foldoc.doc.ic.ac.uk/?Uniform+Resource+Locator ▷ http://www.w3.org/default.html#Introduction ▷ ftp://spy:secret@ftp.acme.com/pub/topsecret/weapon.tgz ▷ mailto:dbh@doc.ic.ac.uk ▷ telnet://dra.com

To prŤto mŚroc tou URL brŢsketai prin apŞ to qaraktŠra “:” kai prosdiorŢzei ton trŞpo prŞsbashc Š to prwtŞkollo pou prŚpei na qrhsimopoihjeŢ Ťste na prospelŘsoume to antikeŢmeno. Ta pio suqnŘ prwtŞkolla eŢnai: ftp, http (World Wide Web), gopher, WAIS Š file. To teleutaŢo qrhsimopoieŢtai Ştan jŚloume na anaferjoŰme se Śna arqeŢo pou brŢsketai ston Ţdio kŞmbo (host). MerikŘ ligŞtero suqnŘ prwtŞkolla eŢnai ta : news, telnet or mailto (E-mail). H shmasŢa tou tmŠmatoc metŘ to qaraktŠra “:” prosdiorŢzetai anŘloga me to prwtŞkollo. GenikŘ dŰo qaraktŠrec “/” prosdiorŢzoun to Şnoma tou kŞmbou (hostname), enŤ qrhsimopoioŰntai kai oi morfŚc “hostname:port” Š gia to prwtŞkollo FTP ta user:passwd@hostname:port or user@hostname:port ktl. To epŞmeno tmŠma enŞc HTTP Š FTP URL antistoiqeŢ sth diadromŠ enŞc arqeŢou mŚsa sto sŰsthma arqeŢwn tou kŞmbou. TŚloc, to teleutaŢo (mh upoqrewtikŞ)

KefŘlaio 2. SustŠmata WWW Caching

mŚroc tou URL mporeŢ na eŢnai mŢa akoloujŢa qaraktŠrwn anazŠthshc h opoŢa arqŢzei me to qaraktŠra “?” Š mŢa etikŚta enŞc sugkekrimŚnou kommatioŰ enŞc eggrŘfou HTML h opoŢa ja xekinŘei me to qaraktŠra “#”.

♦ SŰndesh (connection) : MŢa dŢodoc epikoinwnŢac mŚsw tou diadiktuakoŰ prwtokŞllou TCP/IP (Transfer Control Protocol / Internet Protocol) anŘmesa se dŰo progrŘmmata.

♦ MŠnuma (message) : H basikŠ domŠ thc epikoinwnŢac tou prwtokŞllou HTTP pou apoteleŢtai apŞ mia akoloujŢa apŞ bytes domhmŚnh Şpwc perigrŘfei to prwtŞkollo pou metadŢdetai mŚsw thc sŰndeshc.

♦ AŢthsh HTTP (request) :’Ena mŠnuma aŢthshc HTTP (HTTP request message). H domŠ twn mhnumŘtwn aŢthshc HTTP perigrŘfetai parakŘtw.

♦ ApŞkrish HTTP (response) : ’Ena mŠnuma apŞkrishc HTTP (HTTP response message). H domŠ twn mhnumŘtwn apŞkrishc HTTP perigrŘfetai parakŘtw.

♦ PelŘthc WWW (WWW client) : O PelŘthc WWW eŢnai Śna prŞgramma pou dhmiourgeŢ sundŚseic me skopŞ thn apostolŠ aitŠsewn. Sto exŠc Ştan milŘme gia ton PelŘth ja ennooŰme PelŘthc WWW ektŞc an anafŚretai diaforetikŘ.

♦ PrŘktorac QrŠsth (user agent) : O PelŘthc pou xekinŘei mŢa aŢthsh. Oi prŘktorec qrŠsth eŢnai tic perissŞterec forŚc oi WWW browsers (Netscape, Internet Explorer, Opera, Mosaic, Lynx ktl.) gi’ autŞ kai den ja qrhsimopoioŰme ton Şro autŞ polŰ suqnŘ. PollŚc forŚc Şmwc oi prŘktorec qrŠsth mporeŢ na eŢnai kai Řlla progrŘmmata Şpwc keimenogrŘfoi, autŞmata progrŘmmata arqeiojŚthshc eggrŘfwn Web, ktl.

♦ ExuphrŚthc WWW (WWW server) : O ExuphrŚthc WWW eŢnai Śna prŞgramma pou dŚqetai sundŚseic me skopŞ na tic exuphretŠsei stŚlnontac pŢsw apokrŢseic. Sto exŠc Ştan milŘme gia ton ExuphrŚth ja ennooŰme ExuphrŚth WWW ektŞc an anafŚretai diaforetikŘ. Oi pio dhmofileŢc ExuphrŚtec WWW sŠmera eŢnai o Apache [7], o MS IIS, o Netscape WWW Server, k.Ř. ’Ena prŞgramma mporeŢ na eŢnai tautŞqrona PelŘthc kai ExuphrŚthc. H qrŠsh thc orologŢa autŠc tou PelŘth kai tou ExuphrŚth Śqei sqŚsh me thn perigrafŠ tou rŞlou tou progrŘmmatoc se mŢa sugkekrimŚnh sŰndesh kai Şqi me tic dunatŞthtec tou progrŘmmatoc genikŞtera [88].

2.1. To prwtŞkollo HTTP

Oi sundŚseic tou prwtokŞllou HTTP gŢnontai sunŠjwc sto port 80 tou ExuphrŚth, allŘ den apokleŢetai na gŢnoun kai se Řlla ports Şpwc mporeŢ na kajoristeŢ sto URI.

To prwtŞkollo HTTP eŢnai Śna prwtŞkollo aŢthshc - apŞkrishc. Sthn Śkdosh 1.0 tou prwtokŞllou anoŢgetai mŢa kainoŰrgia sŰndesh gia kŘje aŢthsh tou pelŘth kai apŞkrish tou ExuphrŚth. An qreiasteŢ na xanagŢnei aŢthsh ston Ţdio ExuphrŚth anoŢgetai nŚa sŰndesh. Sthn Śkdosh 1.1 tou prwtokŞllou, mŢa sŰndesh mporeŢ na qrhsimopoihjeŢ gia mŢa Š perissŞterec aitŠseic kai apokrŢseic anŘmesa ston Ţdio pelŘth kai ExuphrŚth. AutŞ, Şpwc ja doŰme parakŘtw mporeŢ na beltiŤsei katŘ polŰ thn taqŰthta thc exuphrŚthshc pelatŤn apŞ thn ExuphrŚth.

SqŠma 2.1 AkoloujŢa antallagŠc mhnumŘtwn anŘmesa ston ExuphrŚth kai ton PelŘth sŰmfwna me to prwtŞkollo HTTP 1.0 gia th metaforŘ enŞc antikeimŚnou WWW.

H leitourgŢa tou prwtokŞllou HTTP faŢnetai sto sqŠma 2.1 Şpou gŢnontai ta exŠc :

KefŘlaio 2. SustŠmata WWW Caching

1. O PelŘthc anoŢgei mŢa nŚa sŰndesh me ton ExuphrŚth, Š an uposthrŢzei thn Śkdosh 1.1 tou prwtokŞllou HTTP kai upŘrqei Šdh anoiktŠ sŰndesh mporeŢ na thn qrhsimopoiŠsei.

2. O PelŘthc stŚlnei mŚsw thc sŰndeshc mŢa aŢthsh ston ExuphrŚth se mia morfŠ pou perigrŘfei : thn mŚjodo aŢthshc, to URI tou eggrŘfou kai thn Śkdosh tou prwtokŞllou HTTP kajŤc kai Řllec mh-upoqrewtikŚc plhroforŢec tou pelŘth (Şpwc thn Śkdosh tou browser Š se poia glŤssa protimŘei to Śggrafo ktl.)[88]. Pio sugkekrimŚna h prŤth grammŠ thc aŢthshc pou eŢnai upoqrewtikŠ Śqei th morfŠ [88] :

♦ Request-Line = Method SP Request-URI SP HTTP-Version CRLF^1

Şpou ta mŚrh Method, Request-URI kai HTTP-Version Śqoun th parakŘtw morfŠ :

♦ Method = ”OPTIONS” | ”GET” | ”HEAD” | ”POST” | ”PUT” | ”DELETE” | ”TRACE” | ”CONNECT” | extension-method ♦ Request-URI = absolute-URI | relative-URI

(p.q. absolute-URI = http://www.w3.org/WWW/TheProject.html, relative-URI = /WWW/TheProject.html).

♦ HTTP-Version = HTTP / <version number>

(p.q. HTTP/1.1 Š HTTP/1.0)

H MŚjodoc (Method) pou qrhsimopoieŢtai suqnŞtera apŞ Şlec eŢnai h ”GET” pou zhtŘei Śna WWW Śggrafo apŞ ton ExuphrŚth. Gia touc skopoŰc thc ergasŢac autŠc den krŢnoume skŞpimo na perigrŘyoume Şlec tic mejŞdouc, arkeŢ o anagnŤsthc na katalŘbei th morfŠ twn aitŠsewn. Gia parŘdeigma dŰo tŚtoiec grammŚc aŢthshc pou zhtŘne apŞ ton ExuphrŚth pou trŚqei ston kŞmbo www.w3.org to Śggrafo pou brŢsketai sto arqeŢo me th diadromŠ /WWW/TheProject.html sŰmfwna me to prwtŞkollo HTTP Śkdoshc 1.1, eŢnai oi akŞloujec :

♦ GET http://www.w3.org/WWW/TheProject.html HTTP/1.1 (Absolute- URI) ♦ GET /WWW/TheProject.html HTTP/1.1 (Relative-URI)

1To sŰmbolo SP sumbolŢzei ton kenŞ qaraktŠra (space), enŤ to sŰmbolo CRLF sumbolŢzei ton qaraktŠra allagŠc grammŠc.

2.1. To prwtŞkollo HTTP

H grammŠ aŢthshc mporeŢ na akoloujeŢtai apŞ Řllec grammŚc pou periŚqoun kŘpoion apŞ touc parakŘtw headers oi opoŢoi Śqoun eidikŠ shmasŢa (p.q. Cache-Control, User-Agent, If-Modified-Since, If-Unmodified-Since, Pragma, Host, Transfer-Encoding, Proxy-Authorization, Via, Accept-Encoding, If- Match ktl.). MŢa oloklhrwmŚnh loipŞn aŢthsh HTTP eŢnai gia parŘdeigma autŠ pou faŢnetai ston pŢnaka 2.1.

GET /WWW/TheProject.html HTTP/1.1 Host: www.w3.org Proxy-Connection: Keep-Alive User-Agent: Mozilla/4.7 [en] (X11; I; Linux 2.2.12-20 i686) Pragma: no-cache Accept: image/gif, image/x-xbitmap, image/jpeg, image/png, */* Accept-Encoding: gzip Accept-Language: en Accept-Charset: iso-8859-1,*,utf-8 X-Xact: 02249457.53ee0d5c:00000032 X-Oid-Shortage: 16

PŢnakac 2.1 AŢthsh HTTP.

3. O ExuphrŚthc, afoŰ lŘbei kai apokwdikopoiŠsei thn aŢthsh HTTP, apantŘei me mŢa grammŠ apŞkrishc pou Śqei th morfŠ :

♦ Status-Line = HTTP-Version SP Status-Code SP Reason-Phrase CRLF

Th morfŠ tou HTTP-Version thn eŢdame parapŘnw, enŤ to Status-Code (KwdikŞc KatŘstashc) eŢnai Śnac triyŠfioc kwdikŞc pou antistoiqeŢ sthn katŘstash thc apŞkrishc tou ExuphrŚth pou eŢnai kai h antŢstoiqh Reason-Phrase. Ston parakŘtw pŢnaka faŢnontai oi suqnŞteroi triyŠfioi kwdikoŢ mazŢ me tic antŢstoiqec katastŘseic touc.

SŰmfwna loipŞn me ta parapŘnw swstŚc grammŚc apŞkrishc tou ExuphrŚth mporeŢ na eŢnai gia parŘdeigma oi :

♦ HTTP/1.1 100 OK (H aŢthsh Štan Śgkurh kai o ExuphrŚthc ja steŢlei sth sunŚqeia to zhtoŰmeno Śggrafo).

♦ HTTP/1.1 400 Bad Request (H aŢthsh den Štan swstŠ kai Řra apŚtuqe). ♦ HTTP/1.1 404 Not Found (O ExuphrŚthc den mporeŢ na brei to zhtoŰmeno Śggrafo kai Řra h aŢthsh apŚtuqe).

KefŘlaio 2. SustŠmata WWW Caching

KwdikŞc KatŘstash ”100” Continue ”101” Switching Protocols ”200” OK ”201” Created ”202” Accepted ”300” Multiple Choices ”301” Moved Permanently ”302” Found ”304” Not Modified ”305” Use Proxy ”400” Bad Request ”401” Unauthorized ”403” Forbidden ”404” Not Found

PŢnakac 2.2 TriyŠfioi kwdikoŢ katŘstashc ExuphrŚth kai oi antŢstoiqec katastŘseic touc.

MazŢ me th grammŠ apŞkrishc o ExuphrŚthc mporeŢ na steŢlei kai Řllec plhroforŢec sqetikŘ me to zhtoŰmeno Śggrafo (p.q. pedŢa Şpwc Cache-Control, Date, Content-Length, Last-Modified ktl.) MŢa oloklhrwmŚnh dhladŠ apŞkrish tou ExuphrŚth mporeŢ na eŢnai gia parŘdeigma autŠ pou faŢnetai ston pŢnaka 2.3.

HTTP/1.0 200 OK Cache-Control: public Date: Wed, 19 Jan 2000 15:42:32 GMT Expires: Fri, 18 Jan 2002 15:42:32 GMT Last-Modified: Tue, 19 Jan 1999 15:19:06 GMT Content-Length: 5593 X-Xact: 02249457.53ee0d5c:7fffffcf X-Srv-Wid: 0224944d.42e10d5a:00000002 X-Srv-Oids: 6:177.16

PŢnakac 2.3 ApŞkrish HTTP.

4. Sth sunŚqeia metŘ thn apŞkrish, kai an h aŢthsh eŢnai epituqŠc o ExuphrŚthc stŚlnei to zhtoŰmeno Śggrafo ston PelŘth kai h sŰndesh termatŢzetai (ektŞc

2.2. H leitourgŢa twn SusthmŘtwn WWW Caching

an o PelŘthc zhtŠsei kai Řllo Śggrafo opŞte Š ja anoŢxei kainoŰrgia sŰndesh Š an uposthrŢzei thn Śkdosh 1.1 tou prwtokŞllou HTTP ja qrhsimopoiŠsei mia upŘrqousa sŰndesh).

2.2 H LEITOURGIA TWN SUSTHMATWN WWW CACHING

Ta sustŠmata endiŘmeshc mnŠmhc tou PagkŞsmiou IstoŰ (Web proxies) sumperifŚrontai san mesŘzontec stic sunomilŢec anŘmesa sta sustŠmata PelatŤn kai ExuphretŤn pou gŢnontai mŚsw tou prwtokŞllou HTTP, th leitourgŢa tou opoŢou eŢdame parapŘnw. Sto sqŠma 2.2 faŢnetai mŢa sunomilŢa HTTP Şpwc ja ginŞtan qwrŢc th qrŠsh enŞc Web proxy. ParathroŰme Şti o PelŘthc sundŚetai kateujeŢan me ton ExuphrŚth, apŞ Şpou anaktŘ th zhtoŰmenh istoselŢda qrhsimopoiŤntac to prwtŞkollo HTTP.

SqŠma 2.2 MŢa Řmesh sunomilŢa HTTP anŘmesa ston PelŘth kai ton ExuphrŚth.

AntŢjeta sto sqŠma 2.3 faŢnetai mia sunomilŢa HTTP anŘmesa ston PelŘth kai ton ExuphrŚth me qrŠsh sustŠmatoc endiŘmeshc mnŠmhc.’Opwc mporeŢ kaneŢc na parathrŠsei, o PelŘthc stŚlnei thn aŢthsh ston Web proxy dŢnontac olŞklhro to URL thc istoselŢdac pou anazhtŘ. To Web proxy me th seirŘ tou sundŚetai ston ExuphrŚth kai stŚlnei mia aŢthsh HTTP Şpwc ja thn Śkane o PelŘthc se mŢa apeujeŢac sunomilŢa tou me ton ExuphrŚth. H apŘnthsh tou ExuphrŚth epistrŚfetai ston PelŘth kai, an krijeŢ skŞpimo, apojhkeŰetai sthn mnŠmh tou Web proxy.

MellontikŚc aitŠseic gia thn Ţdia istoselŢda ja exuphrethjoŰn grŠgora apŞ th mnŠmh tou Web proxy Şpwc faŢnetai sto sqŠma 2.4.’Opwc parathroŰme sto sqŠma autŞ, to Web proxy den sundŚetai kajŞlou me ton ExuphrŚth thc istoselŢdac ki Śtsi meiŤnei thn kŢnhsh proc to Śxw dŢktuo.

KefŘlaio 2. SustŠmata WWW Caching

SqŠma 2.3 MŢa sunomilŢa HTTP anŘmesa ston PelŘth kai ton ExuphrŚth me qrŠsh sustŠmatoc endiŘmeshc mnŠmhc.

SqŠma 2.4 MŢa aŢthsh HTTP tou PelŘth pou exuphreteŢtai grŠgora apŞ th mnŠmh tou Web proxy.

2.2.1 H JESH TOU WEB PROXY

’Ena erŤthma pou Ţswc gennhjeŢ ston anagnŤsth apŞ ta sqŠmata 2.3 kai 2.4 eŢnai pwc xŚrei o PelŘthc (sunŠjwc o Web browser enŞc qrŠsth) Şti upŘrqei Śna Web proxy diajŚsimo kai pwc mporeŢ na to qrhsimopoiŠsei. UpŘrqoun sunŠjwc trŢa eŢdh egkatastŘsewn enŞc Web proxy se Śna dŢktuo [91], [17]:

♦ AplŞ Proxy Caching S’ autoŰ tou eŢdouc tic egkatastŘseic kŘje qrŠsthc prŚpei na gnwrŢzei thn Űparxh tou Web proxy, th dieŰjunsh IP tou kai to port sto opoŢo dŚqetai aitŠseic kai na orŢsei autŚc tic paramŚtrouc ston Web browser tou.’Opwc eŢnai katanohtŞ, autŞ apoteleŢ Śna meionŚkthma autoŰ tou eŢdouc egkatŘstashc, mazŢ

2.2. H leitourgŢa twn SusthmŘtwn WWW Caching

me to gegonŞc Şti polloŢ qrŠstec den qrhsimopoioŰn to Web proxy eŢte giatŢ den gnwrŢzoun thn Űparxh kai to rŞlo tou, eŢte giatŢ den gnwrŢzoun pŤc prŚpei na orŢsoun tic paramŚtrouc ston Web browser touc.

♦ DiafanŚc (Transparent) Proxy Caching

Stic egkatastŘseic autŚc o qrŠsthc den qreiŘzetai na gnwrŢzei tŢpota gia thn Űparxh kai th leitourgŢa tou Web proxy. O diafanŠc proxy eŢnai egkatesthmŚnoc se kŘpoio kentrikŞ shmeŢo tou diktŰou (dromologhtŠ, pŰlh Š metagwgŚa diktŰou) apŞ Şpou pernŘne Şlec oi aitŠseic twn qrhstŤn gia istoselŢdec. Me autŞn ton trŞpo mporeŢ na tic parakoloujeŢ kai na tic exuphreteŢ Şlec qwrŢc na to gnwrŢzoun oi qrŠstec.

Ta kŰria meionektŠmata tou diafanoŰc proxy eŢnai trŢa :

▷ H egkatŘstash diafanoŰc proxy pro˛pojŚtei thn Űparxh enŞc mŞno sh-

meŢou apŞ Şpou pernŘei h kŢnhsh tou PagkŞsmiou IstoŰ. SunepŤc se pollŘ dŢktua qreiŘzontai allagŚc sthn topologŢa tou diktŰou prokeimŚnou na egkatastajeŢ Śna diafanŚc proxy [17].

▷ To diafanŚc proxy dhmiourgeŢ prŞblhma diajesimŞthtac, Ştan gia kŘpoio

lŞgo diakopeŢ h leitourgŢa tou. TŞte Şloi oi qrŠstec tou eswterikoŰ diktŰou qŘnoun thn prŞsbash thn uphresŢa tou PagkŞsmiou IstoŰ [91].

▷ H leitourgŢa tou diafanoŰc proxy ja Śqei katŘ pŘsa pijanŞthta arnhtikŠ

epŢdrash sthn kŢnhsh tou diktŰou ektŞc thc uphresŢac WWW giatŢ prŚpei na filtrŘrei Şlh thn kŢnhsh me skopŞ na aniqneŰei thn kŢnhsh WWW. EpŢshc to gegonŞc Şti prŚpei na Śqei megŘlh upologistikŠ isqŰ gia na exetŘzei Şla ta pakŚta dedomŚnwn pou pernŘne proc to Śxw dŢktuo, shmaŢnei Şti to diafanŚc proxy ja Śqei megŘlo kŞstoc [91].

▷ H anŢqneush twn aitŠsewn HTTP leitourgeŢ mŞno gia to port 80 sto opoŢo

douleŰoun sunŠjwc oi ExuphrŚtec WWW.

♦ DiafanŚc Proxy Caching me AnakateŰjunsh AitŠsewn Stic periptŤseic autŚc, den qreiŘzetai na egkatastajeŢ o Web proxy se kŘpoio kentrikŞ sŰsthma gia na elŚgqei Şlh thn kŢnhsh. EgkajŢstatai se kŘpoio Řllo shmeŢo tou diktŰou kai se Śna Š perissŞtera kentrikŘ diktuakŘ shmeŢa (dromologhtŚc, pŰlec Š metagwgeŢc diktŰou) egkajŢstantai sustŠmata pou aniqneŰoun thn kŢnhsh WWW kai thn anakateujŰnoun proc to Web proxy. Me autŞn ton trŞpo Śqoume Şla ta pleonektŠmata thc perŢptwshc tou diafanoŰc Web proxy kai exoudeterŤnoume ta perissŞtera apŞ ta arnhtikŘ tou shmeŢa.

KefŘlaio 2. SustŠmata WWW Caching

’Etsi den isqŰei to meionŚkthma thc diajesimŞthtac, afoŰ to sŰsthma anakateŰjunshc aitŠsewn an katalŘbei diakopŠ sth leitourgŢa tou Web proxy mporeŢ na stŚlnei tic aitŠseic WWW proc to Śxw dŢktuo. EpŢshc efŞson to Web proxy de leitourgeŢ pŘnw sto kentrikŞ kŞmbo tou diktŰou, h epexergasŢa twn pakŚtwn apŞ ton kentrikŞ autŞ kŞmbo eŢnai polŰ taqŰterh [91]. ApŞ thn Řllh meriŘ upŘrqei pŘli to meionŚkthma Şti h anŢqneush twn aitŠsewn HTTP leitourgeŢ mŞno gia to port 80.

PrŞsfata dhmiourgŠjhke Śna nŚo prwtŞkollo, to Web Proxy Autodiscovery Protocol (WPAD) [26] apŞ tic etaireŢec Inktomi, Real Networks, Sun Microsystems kai Microsoft kai upoblŠjhke sthn Internet Engineering Task Force IETF [42], [26]. To prwtŞkollo autŞ, pou prŞkeitai na enswmatwjeŢ stouc Web browsers kai sta upŞloipa progrŘmmata PelatŤn tou DiadiktŰou, eŢnai sqediasmŚno na anakalŰptei autŞmata tic tuqŞn Web Caches pou upŘrqoun se Śna dŢktuo kai na tic qrhsimopoieŢ qwrŢc parŚmbash apŞ touc qrŠstec. TŞte ja prostejeŢ mŢa kalŰterh enallaktikŠ lŰsh se autŚc pou perigrŘyame parapŘnw kai oi opoŢec pro˛pojŚtoun pŘnta th boŠjeia exarthmŘtwn tou diktŰou Şpwc dromologhtŚc, metagwgoŢ, firewalls ktl. [42]

2.2.2 ENHMERWSH TOU PERIEQOMENOU ENOS WEB PROXY

’Ena deŰtero erŤthma pou Ţswc gennhjeŢ ston anagnŤsth apŞ sto sqŠma 2.4 eŢnai pŤc gnwrŢzei o Web proxy Şti to WWW antikeŢmeno ston ExuphrŚth den Śqei allŘxei, efŞson den sundŚetai me autŞn gia na enhmerwjeŢ. To erŤthma eŢnai logikŞ giatŢ h pleioyhfŢa twn antikeŢmenwn tou PagkŞsmiou IstoŰ allŘzei me to qrŞno, Řlla pio grŠgora ki Řlla pio argŘ [32], [31]. SunepŤc to Web proxy prŚpei na enhmerŤnetai gia to pŞso prŞsfata eŢnai ta antikeŢmena pou brŢskontai sth mnŠmh tou kai na antikajistŘ Şsa Śqoun allŘxei [65], [31]. MerikoŢ ereunhtŚc mŘlista uposthrŢzoun Şti o qrŞnoc enhmŚrwshc twn antikeimŚnwn prŚpei na lambŘnetai upŞyh sthn politikŠ antikatŘstashc twn antikeimŚnwn sth mnŠmh tou Web proxy kai Śqoun kataskeuŘsei tŚtoiec politikŚc [86], [75].

Ta perissŞtera Web proxies sŠmera qrhsimopoioŰn Śnan apŞ touc parakŘtw treic trŞpouc gia thn enhmŚrwsh touc [17]:

♦ StŚlnoun mŢa aŢthsh “get if modified” (dhladŠ “fŚre an Śqei allŘxei”) ston makrinŞ ExuphrŚth gia kŘje aŢthsh apŞ touc PelŘtec me thn hmeromhnŢa pou Śqei to antikeŢmeno sth mnŠmh tou Web proxy. An to antikeŢmeno ston makrinŞ ExuphrŚth Śqei allŘxei apŞ tŞte, gŢnetai enhmŚrwsh me to kainoŰrio, diaforetikŘ o ExuphrŚthc apantŘei Şti to antikeŢmeno eŢnai akŞma Śgkuro kai to Web proxy to epistrŚfei ston PelŘth apŞ th mnŠmh tou.’Opwc eŢnai katanohtŞ autŠ

2.2. H leitourgŢa twn SusthmŘtwn WWW Caching

h mŚjodoc eŢnai h pio asfalŠc gia na eŢnai ta antikeŢmena pŘnta enhmerwmŚna, allŘ Śqei to meionŚkthma thc kajustŚrhshc giatŢ kŘje forŘ gŢnetai sŰndesh me to makrinŞ ExuphrŚth.

♦ QrhsimopoioŰn dedomŚna “egkurŞthtac” Şpwc gia to pŞso Śgkura eŢnai ta antikeŢmena pou Śqoun sth mnŠmh touc. AutŘ ta dedomŚna periŚqontai sunŠjwc stic apokrŢseic HTTP tou ExuphrŚth Ştan dŢnei Śna antikeŢmeno kai anafŚroun sto Web proxy gia pŞso qrŞno eŢnai Śgkuro to antikeŢmeno autŞ.

♦ QrhsimopoioŰn euristikŚc mejŞdouc (heuristics) gia na krŢnoun th “diŘrkeia egkurŞthtac” twn antikeimŚnwn sth mnŠmh touc basismŚnec sunŠjwc sto qrŞno pou Śqei perŘsei apŞ thn teleutaŢa metabolŠ tou antikeimŚnou [10].’Etsi, Ştan to Web proxy fŚrnei Śna antikeŢmeno apŞ ton ExuphrŚth, parathreŢ to qrŞno teleutaŢac metabolŠc tou antikeimŚnou kai upojŚtei Şti to antikeŢmeno Śqei Śna mŚgisto qrŞno egkurŞthtac Ţso me Śna stajerŞ posostŞ (p.q. 10%) tou qrŞnou pou Śqei perŘsei apŞ thn teleutaŢa allagŠ tou [17], [10].

O teleutaŢoc trŞpoc me tic euristikŚc mejŞdouc (heuristics) eŢnai o pio dhmofilŠc sŠmera giatŢ meiŤnei thn kajustŚrhsh twn aitŠsewn, afoŰ to Web proxy den qreiŘzetai na sundejeŢ me to makrinŞ ExuphrŚth [17], [44], [10]. BŚbaia merikŚc forŚc h upŞjesh pou gŢnetai me tic euristikŚc mejŞdouc den isqŰei kai to Web proxy dŢnei mh Śgkura antikeŢmena stouc pelŘtec. Gi’ autŞ pollŚc etaireŢec sŠmera prowjoŰn thn mŚjodo tou “active caching”. H basikŠ idŚa thc mejŞdou autŠc eŢnai Śnac sunduasmŞc twn euristikŤn mejŞdwn kai thc enhmŚrwshc twn antikeimŚnwn apŞ ton ExuphrŚth Ştan to Web proxy den Śqei fŞrto, p.q. tic nukterinŚc Ťrec [44].

TŚloc Śna jŚma pou apasqoleŢ Śntona thn ereunhtikŠ koinŞthta pou asqoleŢtai me thn apŞdosh tou PagkŞsmiou IstoŰ eŢnai to jŚma twn “dunamikŤn antikeimŚnwn”, dhladŠ twn antikeimŚnwn tou PagkŞsmiou IstoŰ pou dhmiourgoŰntai dunamikŘ thn Ťra thc aŢthshc tou qrŠsth kai eŢnai Śgkura gia th sugkekrimŚnh aŢthsh mŞno [16]. TŚtoia antikeŢmena aforoŰn gia parŘdeigma istoselŢdec pou dhmiourgoŰntai apŞ ExuphrŚtec HlektronikoŰ EmporŢou kai periŚqoun p.q. antikeŢmena pou Śqei agorŘsei Śnac sugkekrimŚnoc qrŠsthc, Š istoselŢdec pou aforoŰn anazhtŠseic pou Śqei kŘnei Śnac qrŠsthc me kŘpoio kleidŢ. To posostŞ tŚtoiou eŢdouc antikeimŚnwn parousiŘzei aŰxhsh se sqŚsh me ta statikŘ antikeŢmena pou mporoŰn na apojhkeutoŰn sth mnŠmh enŞc Web proxy. H apojŠkeush twn dunamikŤn antikeimŚnwn sth mnŠmh apofeŰgetai sta shmerinŘ Web proxies qrhsimopoiŤntac plhroforŢec pou brŢskontai sthn apŞkrish HTTP kŘje ExuphrŚth pou metadŢdei Śna tŚtoio antikeŢmeno. MeletŤntai pŘntwc teqnikŚc gia ton pio apotelesmatikŞ qeirismŞ autŤn twn antikeimŚnwn [16], [32], [31], [33].

KefŘlaio 2. SustŠmata WWW Caching

2.3 BELTIWSH TOU PRWTOKOLLOU HTTP

Sthn parŘgrafo autŠ ja doŰme thn anatomŢa miac istoselŢdac kai argŞtera ja exetŘsoume sunolikŘ tic memonwmŚnec prŘxeic pou prŚpei na gŢnoun gia na metaferjeŢ olŞklhrh autŠ h istoselŢda ston ekŘstote qrŠsth.

’Opwc Ţswc gnwrŢzei o anagnŤsthc, mŢa istoselŢda den apoteleŢtai apŞ Śna mŞno antikeŢmeno, p.q. keŢmeno se morfŠ HTML. ApoteleŢtai sunŠjwc apŞ thn arqikŠ selŢda pou eŢnai keŢmeno se morfŠ HTML kai arketŘ mikrŘ eikonŢdia Š megalŰterec eikŞnec, applets, Šqouc kai diafhmŢseic. KajŚna apŞ autŘ ta enswmatwmŚna antikeŢmena Śqoun diaforetikoŰc qrŞnoc zwŠc an apojhkeutoŰn sth mnŠmh enŞc Web proxy. Gia parŘdeigma ta eikonŢdia pou sundŚoun to perieqŞmeno miac istoselŢdac me Řllec den allŘzoun suqnŘ, enŤ oi diafhmŢseic mporeŢ na allŘzoun kŘje Ťra kai Řra den Śqei kanŚna nŞhma na tic apojhkeŰoume sthn mnŠmh tou Web proxy.

Ac doŰme gia parŘdeigma thn istoselŢda pou brŢsketai sth dieŰjunsh http://www.caching.com pou faŢnetai sto sqŠma 2.5 (faŢnetai mŞno to pŘnw mŚroc thc selŢdac. An doŰme ton kŤdika HTML thc selŢdac autŠc ja parathrŠsoume Şti periŚqei 24 enswmatwmŚna eikonŢdia, Řlla mikrŘ kai Řlla megalŰtera. An kai h istoselŢda den periŚqei diafhmŢseic, apŞ ta antikeŢmena pou blŚpoume pio pijanŞ na allŘxei eŢnai to keŢmeno pou ja probŘllei ta Řrjra tou epŞmenou mŠna kai h fwtografŢa tou repŞrter, parŘ ta stroggulŘ eikonŢdia dexiŘ pou diakosmoŰn tic epilogŚc gia to perieqŞmeno pou mporoŰme na doŰme mŚsa apŞ th sugkekrimŚnh istoselŢda.

UpŘrqei Şmwc Śnac akŞma parŘgontac pou prŚpei na upologŢsoume Ştan metrŠsoume to kŞstoc metaforŘc miac istoselŢdac. Prin apŞ mŢa sŰndesh HTTP prŚpei na gŢnei mŢa anazŠthsh DNS, dhladŠ na brejeŢ h IP dieŰjunsh tou ExuphrŚth apŞ to hostname tou. AutŞ gŢnetai mŚsw thc uphresŢac DNS (Domain Name Service) mŚsw mŢa sŰndeshc se Śna ExuphrŚth DNS pou sunŠjwc brŢsketai sto topikŞ dŢktuo tou PelŘth. Par’ Şla autŘ h anazŠthsh DNS mporeŢ na pŘrei arketŘ deuterŞlepta giatŢ h sŰndesh sunŠjwc prowjeŢtai se pio makrinoŰc ExuphrŚtec DNS. BŚbaia Ştan anaktoŰme mia istoselŢda, den qreiŘzetai na kŘnoume anazŠthsh DNS gia kŘje antikeŢmeno thc istoselŢdac afoŰ logikŘ Şla Š toulŘqiston ta perissŞtera apŞ autŘ ja brŢskontai ston Ţdio ExuphrŚth WWW. An pŘntwc kŘpoio Š kŘpoia antikeŢmena brŢskontai se diaforetikŞ ExuphrŚth WWW, ja qreiasteŢ na xanakŘnoume anazŠthsh DNS [43].

DedomŚnou loipŞn Şti sth suntriptikŠ touc pleioyhfŢa oi istoselŢdec apoteloŰntai apŞ pollŘ enswmatwmŚna antikeŢmena, to kŞstoc anŘkthshc thc istoselŢdac prŚpei na upologisteŢ prosjŚtontac to kŞstoc pou Śqoume Ştan fŚrnoume kajŚna apŞ autŘ ta antikeŢmena xeqwristŘ Şpwc gŢnetai sŠmera me thn Śkdosh 1.0 tou prwtokŞllou HTTP kajŤc kai to kŞstoc thc anazŠthshc DNS.

2.3. BeltŢwsh tou PrwtokŞllou HTTP

SqŠma 2.5 H istoselŢda sth dieŰjunsh http://www.caching.com. H sugkekrimŚnh istoselŢda ektŞc apŞ to keŢmeno se morfŠ HTML periŚqei kai 24 enswmatwmŚna eikonŢdia.

Sto sqŠma 2.6 faŢnetai mia pio oloklhrwmŚnh akoloujŢa gia mia anŘkthsh istoselŢdac sŰmfwna me to prwtŞkollo HTTP Śkdoshc 1.0.’Opwc mporeŢ na parathrŠsei o anagnŤsthc h akoloujŢa xekinŘei me mŢa anazŠthsh DNS pou akoloujeŢtai apŞ sunallagŚc HTTP gia kŘje antikeŢmeno thc istoselŢdac. KŘje mŢa apŞ autŚc tic sunallagŚc qreiŘzetai mŢa sŰndesh TCP/IP anŘmesa ston PelŘth kai ston ExuphrŚth.

KefŘlaio 2. SustŠmata WWW Caching

H dhmiourgŢa thc sŰndeshc mporeŢ na diarkŚsei arketŘ deuterŞlepta giatŢ sunŠjwc pernŘei mŚsa apŞ arketoŰc endiŘmesouc dromologhtŚc Š metagwgeŢc tou DiadiktŰou mŚqri na ftŘsei sto makrinŞ ExuphrŚth [43].

SqŠma 2.6 AkoloujŢa antallagŠc mhnumŘtwn anŘmesa ston ExuphrŚth kai ton PelŘth sŰmfwna me to prwtŞkollo HTTP 1.0 gia th metaforŘ miac istoselŢdac. ParathroŰme Şti dhmiourgoŰntai xeqwristŚc sundŚseic kai gŢnontai xeqwristŚc aitŠseic gia kŘje antikeŢmeno thc istoselŢdac.

An upojŚsoume dhladŠ Şti qreiazŞmaste Śna tŚtarto tou deuterolŚptou gia na sundejoŰme me ton kŞmbo www.caching.com tŞte gia na fŚroume olŞklhrh thn istoselŢda pou faŢnetai sto sqŠma 2.5 qreiazŞmaste toulŘqiston 8 deuterŞlepta gia tic sundŚseic me ton ExuphrŚth WWW, qwrŢc na upologŢsoume to qrŞno metaforŘc twn antikeimŚnwn. AutŠ bŚbaia pou perigrŘfoume eŢnai h qeŢristh perŢptwsh kai oi perissŞteroi Web browsers leitourgoŰn pio Śxupna anoŢgontac pollŚc sundŚseic parŘllhla me ton ExuphrŚth WWW. AutŠ h teqnikŠ apŞ thn Řllh pleurŘ mporeŢ na leitourgŠsei eic bŘroc tou qrŠsth, giatŢ o ExuphrŚthc WWW dŚqetai pollŚc

2.3. BeltŢwsh tou PrwtokŞllou HTTP

aitŠseic tautŞqrona kai uperfortŤnetai qwrŢc na mporeŢ na tic exuphretŠsei Şlec parŘllhla. SunepŤc to apotŚlesma eŢnai katŘ prosŚggish Şmoio me thn perŢptwsh twn seiriakŤn aitŠsewn.

’Ola autŘ pou perigrŘyame parapŘnw sumbaŢnoun sth Śkdosh 1.0 tou prwtokŞllou HTTP [99]. H Śkdosh 1.1 [88] Śrqetai na beltiŤsei thn katŘstash qrhsimopoiŤntac makroqrŞniec sundŚseic (persistent connections) gia pollŘ antikeŢmena kai akoloujŢa suneqŞmenwn aitŠsewn (pipelined requests) gia na meiŤsei thn kajustŚrhsh twn pollŤn enswmatwmŚnwn antikeimŚnwn. Sto sqŠma 2.7 parakŘtw faŢnetai mŢa akoloujŢa gegonŞtwn sŰmfwna me to prwtŞkollo HTTP 1.1 pou antistoiqeŢ sthn akoloujŢa tou sqŠmatoc 2.6. ’Opwc parathroŰme sto sqŠma autŞ metŘ thn anazŠthsh DNS anoŢgetai mŞno mŢa TCP/IP sŰndesh me ton makrinŞ ExuphrŚth WWW kai afoŰ anakthjoŰn ta arqikŘ HTML dedomŚna, mporoŰn na staloŰn pollŚc mazŢ aitŠseic HTTP gia ta enswmatwmŚna antikeŢmena thc istoselŢdac kai na lhfjoŰn oi antŢstoiqec apokrŢseic pŘnw apŞ thn Ţdia sŰndesh.

Oi mŞnimec sundŚseic pou perigrŘfontai sto prwtŞkollo HTTP Śkdosh 1.1, Śqoun trŢa shmantikŘ pleonektŠmata [88]:

♦ Me th dunatŞthta thc dhmiourgŢac makroqrŞniwn sundŚsewn (persistent connections), dhmiourgoŰme ligŞterec sundŚseic TCP kai kŘnoume megŘlh oikonomŢa stouc upologistikoŰc pŞrouc Şlwn ton kŞmbwn pou Śqoun kŘpoio diktuakŞ rŞlo sth diadromŠ twn sundŚsewn (pelŘthc, exuphrŚthc, proxies, dromologhtŚc, metagwgeŢc, pŰlec ktl.).

♦ Me th dunatŞthta thc akoloujŢac suneqŞmenwn aitŠsewn (pipelined requests), qrhsimopoioŰme pio apodotikŘ tic makroqrŞniec sundŚseic kai meiŤnoume tic kajusterŠseic gia tic apokrŢseic tou ExuphrŚth WWW.

♦ H sunolikŠ kŢnhsh tou diktŰou beltiŤnetai giatŢ meiŤnetai o arijmŞc twn diktuakŤn pakŚtwn pou qrhsimopoioŰntai gia to Řnoigma sundŚsewn TCP.

♦ BeltiŤnetai h sumperiforŘ tou prwtokŞllou TCP pou qreiŘzetai kŘpoio qrŞno gia na prosarmosteŢ sto fŞrto tou diktŰou kai na Śqei kalŰterh taqŰthta metaforŘc dedomŚnwn.

SŠmera gŢnetai prospŘjeia gia th qrŠsh thc Śkdoshc 1.1 tou prwtokŞllou HTTP apŞ Şlouc touc Web browsers kai ExuphrŚtec WWW sto DiadŢktuo, kŘti pou apodeiknŰetai dŰskolo lŞgw tou terŘstiou arijmoŰ twn Šdh egkatesthmŚnwn susthmŘtwn pou qrhsimopoioŰn thn Śkdosh 1.0. UpŘrqoun Şmwc akŞma jŚmata Şpou to prwtŞkollo HTTP mporeŢ na beltiwjeŢ, mŚsw p.q. sumpŢeshc dedomŚnwn, Şpwc deŢqnoun diŘforec ereunhtikŚc prospŘjeiec pou gŢnontai [65], [33].

KefŘlaio 2. SustŠmata WWW Caching

SqŠma 2.7 AkoloujŢa antallagŠc mhnumŘtwn anŘmesa ston ExuphrŚth kai ton PelŘth sŰmfwna me to prwtŞkollo HTTP 1.1 gia th metaforŘ miac istoselŢdac. ParathroŰme Şti anoŢgetai mŞno mŢa TCP/IP sŰndesh kai gŢnontai suneqeŢc aitŠseic gia Şla ta antikeŢmena thc istoselŢdac metŘ to prŤto (keŢmeno HTML) pou perigrŘfei poia eŢnai ta upŞloipa antikeŢmena.

2.4 H PROKLHSH TWN SUSTHMATWN WWW CACHING

’Opwc eŢdame sthn parŘgrafo 1.3 to idanikŞ sŰsthma endiŘmeshc mnŠmhc apŚqei arketŘ apŞ to shmeŢo pou briskŞmaste sŠmera. O tomŚac pou upŘrqoun ta perissŞtera problŠmata eŢnai oi uyhlŚc epidŞseic pou prŚpei na Śqei Śna Web proxy. O sqediasmŞc kai h kataskeuŠ susthmŘtwn endiŘmeshc mnŠmhc me uyhlŚc epidŞseic parousiŘzei arketŚc proklŠseic kurŢwc gia touc parakŘtw lŞgouc [43], [44]:

♦ O arijmŞc twn antikeimŚnwn ston PagkŞsmio IstŞ eŢnai terŘstioc (upologŢzetai sthn tŘxh twn disekatommurŢwn [46], [25], [87], [87]).’Ena Web proxy uyhlŤn epidŞsewn qreiŘzetai terŘstio qŤro (thc tŘxhc twn dekŘdwn GigaBytes)

2.4. H prŞklhsh twn SusthmŘtwn WWW Caching

gia na apojhkeŰsei ekatommŰria antikeŢmena sth mnŠmh tou, parŚqontac parŘllhla polŰ mikrŠ kajustŚrhsh sthn anŘkthsh opoioudŠpote apŞ ta antikeŢmena autŘ.

♦ ’Ena Web proxy prŚpei na eŢnai swstŘ sqediasmŚno Ťste na mporeŢ na dŚqetai aitŠseic apŞ ekatontŘdec qrŠstec tautŞqrona, tic opoŢec prŚpei na exuphreteŢ me sunŚpeia, me to mŚgisto dunatŞ rujmŞ kai thn qamhlŞterh dunatŠ kajustŚrhsh. H leitourgŢa tou den prŚpei na diakŞptetai apŞ uperbolikŞ fŞrto, giatŢ autŞ mporeŢ na shmaŢnei diakopŠ paroqŠc thc uphresŢac tou PagkŞsmiou IstoŰ se Śna megŘlo arijmŞ qrhstŤn.

♦ To Web proxy apoteleŢ Śna kentrikŞ shmeŢo tou DiadiktŰou me thn Śnnoia Şti lambŘnei ekatontŘdec aitŠseic anŘ deuterŞlepto pou aforoŰn ekatommŰria ExuphrŚtec WWW [25] kajŚnac apŞ touc opoŢouc brŢsketai se diaforetikŘ shmeŢa tou DiadiktŰou. ’Etsi prŚpei na kŘnei ekatontŘdec anazhtŠseic DNS anŘ deuterŞlepto, na dhmiourgeŢ kai na dŚqetai ekatontŘdec sundŚseic TCP anŘ deuterŞlepto ktl. Ara prŚpei na sqediasteŢ Śtsi Ťste h apŞdosŠ tou na eŢnai h bŚltisth.

♦ EpeidŠ Śna Web proxy sundŚetai me ekatontŘdec ExuphrŚtec kajŚnac apŞ touc opoŢouc brŢsketai se diaforetikŘ shmeŢa tou DiadiktŰou kai Řra parousiŘzei polŰ diaforetikoŰc qrŞnouc apokrŢsewn [25], prŚpei Ştan apofasŢzei gia thn apojŠkeush antikeimŚnwn sth mnŠmh tou na lambŘnei upŞyh tou to qrŞno prospŚlasŠc touc [75], [38], [105].

♦ Ta antikeŢmena tou PagkŞsmiou IstoŰ metabŘllontai katŘ th diŘrkeia tou qrŞnou kai Śna swstŘ sqediasmŚno Web proxy prŚpei na enhmerŤnetai suqnŘ gia tic metabolŚc twn antikeimŚnwn pou apojhkeŰei sth mnŠmh tou [43], [44].

Ta emporikŘ Web proxies pou eŢnai diajŚsima sŠmera sthn agorŘ antimetwpŢzoun tic proklŠseic autŚc qrhsimopoiŤntac eidikŞ ulikŞ (hardware), eidikoŰ skopoŰ leitourgikŘ sustŠmata (p.q. CacheOS) kai eidikŘ beltistopoihmŚno logismikŞ Web proxy gia na anebŘsoun tic epidŞseic touc.’Opwc eŢnai logikŞ oi lŰseic autŚc Śqoun uyhlŞ kŞstoc to opoŢo Şmwc eŢnai pollŚc forŚc uperbolikŘ uyhlŞ gia tic epidŞseic pou parousiŘzoun [47], [67], [45], [68], [13].

PisteŰoume, Şpwc kai Řlloi ereunhtŚc [58], [64], Şti axŢzei na asqolhjoŰme me Web proxies anoiqtoŰ kŤdika (open source) pou diatŢjentai eleŰjera proc qrŠsh kai mporoŰn na trŚxoun se koinŞ ulikŞ kai eurŚwc diadedomŚna leitourgikŘ sustŠmata (p.q. FreeBSD, Linux, Sun Solaris, Windows NT, ktl.) san efarmogŚc qrŠsth

KefŘlaio 2. SustŠmata WWW Caching

qrhsimopoiŤntac ta genikoŰ skopoŰ sustŠmata arqeŢwn (File Systems) twn leitourgikŤn autŤn susthmŘtwn. PisteŰoume Şti beltiŤnontac th leitourgŢa tŚtoiwn susthmŘtwn kai dŢnontŘc ta eleŰjera proc qrŠsh meiŤnoume to kŞstoc leitourgŢac enŞc Web proxy o opoŢoc me thn seirŘ tou ja beltiŤsei thn poiŞthta uphresŢac tou PagkŞsmiou IstoŰ.

’Ena Řristo parŘdeigma tŚtoiou sustŠmatoc pou perigrŘyame parapŘnw, to opoŢo eŢnai arketŘ dhmofilŚc kai tou opoŢou h apŞdosh Śqei melethjeŢ arketŘ eŢnai to Squid [102]. Gia touc lŞgouc autoŰc, sth sugkekrimŚnh metaptuqiakŠ ergasŢa ja asqolhjoŰme se Śktash me tic melŚtec pou Śqoun gŢnei sto Squid kai ja sugkrŢnoume th dikŠ mac douleiŘ me autŠ pou Śqei gŢnei sto Squid. AntŢstoiqa ja qrhsimopoiŠsoume thn apŞdosh tou Squid san mŚtro sŰgkrishc thc apŞdoshc twn dikŤn mac mejŞdwn.

UpŘrqoun arketŚc melŚtec gia thn apŞdosh tou Squid [19], [73], allŘ kai se Řlla Web proxies [43], [55]. ’Olec autŚc anafŚroun Şti ta Web proxies den parousiŘzoun qamhlŠ apŞdosh exaitŢac thc upologistikŠc isqŰoc oŰte lŞgw thc kentrikŠc mnŠmhc. DŢnontac logikŚc posŞthtec upologistikŠc isqŰoc kai kentrikŠc mnŠmhc parathroŰme Şti to Şrio sthn aŰxhsh twn epidŞsewn (bottleneck) parousiŘzetai sthn apojŠkeush twn antikeimŚnwn sth deutereŰousa mnŠmh tou Web proxy, Şpou qrhsimopoieŢtai sŰsthma magnhtikŤn dŢskwn [60], [79], [92], [90]. Se autŞ to sumpŚrasma Śqoun katalŠxei Şlec oi omŘdec pou Śqoun meletŠsei thn apŞdosh twn Web proxies [62], [6], [58], [78] LŞgw thc qamhlŠc apŞdoshc tou Squid Ştan apojhkeŰei antikeŢmena se magnhtikoŰc dŢskouc, se merikŚc egkatastŘseic tou rujmŢzetai Śtsi Ťste na mhn apojhkeŰei kajŞlou antikeŢmena stouc dŢskouc tou [64].

H paroŰsa metaptuqiakŠ ergasŢa asqoleŢtai me to eidikŞ autŞ prŞblhma thc beltŢwshc thc qrŠshc deutereŰousac mnŠmhc, Śna jŚma pou apoteleŢ basikŠ epidŢwxh gia th beltŢwsh thc apŞdoshc twn Web proxies. Sto epŞmeno kefŘlaio loipŞn ja arqŢsoume thn periŠghsh mac sto qŤro twn problŠmatwn pou dhmiourgoŰn oi dŢskoi parousiŘzontac th douleiŘ pou Śqei gŢnei apŞ Řllec ereunhtikŚc omŘdec, allŘ kai th dikŠ mac ereunhtikŠ douleiŘ.

KefŘlaio 3

To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

Beware of bugs in the above code; I have only proved it correct, not tried it. —Donald Knuth

3.1 ORISMOS TOU PROBLHMATOS THS DEUTEREUOUSAS MNHMHS

PrŞsfatec melŚtec thc apŞdoshc twn Web proxies [60], [90], [78], [41] anafŚroun Şti h apŞdosh tou sustŠmatoc dŢskwn, pou qrhsimopoieŢtai wc deutereŰousa mnŠmh gia thn apojŠkeush antikeimŚnwn tou PagkŞsmiou IstoŰ, apoteleŢ shmantikŞ parŘgonta meŢwshc thc apŞdoshc (bottleneck) touc [62], [6], [58], [79]

Oi Maltzahn, Richardson kai Grunwald upolŞgisan Şti qreiŘzontai mŚqri kai tŚsseric prŘxeic eisŞdou - exŞdou dedomŚnwn sto dŢsko (ja anafŚretai sto exŠc wc “I/O dedomŚnwn se dŢskouc”) gia thn eggrafŠ Š thn anŘgnwsh enŞc mŞno antikeimŚnou WWW [60]. KatŘ sunŚpeia eŢnai logikŠ h paratŠrhsh twn Rousskov kai Soloviev [77], [78], [79] pou anafŚroun Şti h kajustŚrhsh tou sustŠmatoc dŢskwn eŢnai upeŰjunh gia to 30% tou sunolikoŰ qrŞnou mŢac epituqhmŚnhc aŢthshc sto Web proxy.

O Jeff Mogul parathreŢ [64] Şti h kajustŚrhsh apŞ to “I/O dedomŚnwn se dŢskouc” sto Squid [102], eŢnai sthn prŘxh polŰ megalŰterh apŞ th beltŢwsh ston qrŞno apŞkrishc lŞgw thc epituqhmŚnhc aŢthshc. LŞgw thc uyhlŠc autŠc kajustŚrhshc, Şpwc o Ţdioc anafŚrei, se pollŚc periptŤseic to Squid qrhsimopoieŢtai rujmismŚno Śtsi Ťste na mhn apojhkeŰei kajŞlou antikeŢmena WWW sth deutereŰousa mnŠmh tou. O mŞnoc rŞloc pou Śqei se tŚtoiec egkatastŘseic eŢnai na prosfŚrei prŞsbash ston PagkŞsmio IstŞ stouc qrŠstec topikoŰ diktŰou pou prostateŰetai apŞ firewall.

H aplŠ, allŘ akribŠ lŰsh sto prŞblhma thn opoŢa ja mporoŰse kŘpoioc na

KefŘlaio 3. To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

proteŢnei eŢnai h apojŠkeush antikeimŚnwn mŞno sthn prwteŰousa kŰria mnŠmh kai Şqi sto dŢsko.’Omwc, Şpwc Śqoun deŢxei diŘforec ereunhtikŚc ergasŢec, to posostŞ epituqhmŚnwn aitŠsewn gia antikeŢmena tou PagkŞsmiou IstoŰ se Śna Web proxy auxŘnei me logarijmikŞ rujmŞ tŞso anŘloga me ton Şgko thc kŢnhshc kai ton arijmŞ twn PelatŤn tou Web proxy [34], [15], [11], Şso kai me to mŚgejoc thc mnŠmhc tou [34], [15], [11], [104]. Sthn prŘxh autŞ shmaŢnei Şti gia na eŢnai Śna Web proxy apotelesmatikŞ prŚpei na qrhsimopoieŢ sunolikŠ kentrikŠ mnŠmh (RAM) thc tŘxhc twn dekŘdwn wc ekatontŘdwn GBytes. ’Opwc eŢnai katanohtŞ h qrŠsh tŞshc kentrikŠc mnŠmhc se Śna Web proxy, lŞgw tou polŰ uyhloŰ kŞstouc, eŢnai stic perissŞterec periptŤseic adŰnath.

MŚqri loipŞn h timŠ thc kŰriac mnŠmhc na gŢnei arketŘ qamhlŠ, ta Web proxies ja qrhsimopoioŰn dŢskouc gia thn apojŠkeush antikeimŚnwn WWW. EmporikŘ Web proxies lŰnoun to prŞblhma tou I/O stouc dŢskouc qrhsimopoiŤntac eidikŘ sustŠmata arqeŢwn Š akŞma kai eidikŘ leitourgikŘ sustŠmata. Gia parŘdeigma to Net- Cache thc Network Appliance qrhsimopoieŢ to WAFL, Śna log-based sŰsthma arqeŢwn, o Traffic Server thc Inktomi qrhsimopoieŢ Řmesa tic suskeuŚc tou dŢskou parakŘmptontac to sŰsthma arqeŢwn, enŤ h CacheFlow Śqei ulopoiŠsei to eidikŞ leitourgikŞ sŰsthma CacheOS to opoŢo den qrhsimopoieŢ kajŞlou sŰsthma arqeŢwn.

Par’ Şlec autŚc tic eidikoŰ skopoŰ lŰseic, upŘrqei megŘlo ereunhtikŞ endiafŚron gia lŰseic sto prŞblhma thc apŞdoshc pou prokaleŢ sta Web proxies h apojŠkeush antikeimŚnwn se dŢskouc, kai eidikŘ se genikoŰ skopoŰ leitourgikŘ sustŠmata kai klassikŘ sustŠmata arqeŢwn.’Opwc Śqoun deŢxei oi mŚqri tŤra prospŘjeiec [4], [90], [58], [62] tŚtoiec lŰseic eŢnai efiktŚc kai Şpwc eŢnai katanohtŞ eŢnai perissŞtero epijumhtŚc apŞ tic eidikoŰ skopoŰ lŰseic exaitŢac kurŢwc tou qamhlŞterou kŞstouc egkatŘstashc kai leitourgŢac, thc megalŰterhc diajesimŞthtac, allŘ kai th mikrŞterh se poluplokŞthta ulopoŢhsh.

3.1.1 QARAKTHRISTIKA APOJHKEUSHS ANTIKEIMENWN WWW STOUS DISKOUS ENOS WEB PROXY

H apojŠkeush antikeimŚnwn tou PagkŞsmiou IstoŰ sto dŢsko twn Web proxies Śqei arketŘ idiaŢtera qarakthristikŘ. Ta shmantikŞtera apŞ autŘ perigrŘfoume amŚswc parakŘtw:

♦ OlŞklhra AntikeŢmena MŞno Ta antikeŢmena tou PagkŞsmiou IstoŰ grŘfontai Š diabŘzontai sto dŢsko pŘnta olŞklhra kai den upŘrqoun stadiakŚc prosjŠkec Š diagrafŚc mŚrouc tou

3.1. OrismŞc tou problŠmatoc thc DeutereŰousac MnŠmhc

antikeimŚnou.’Otan Śna antikeŢmeno allŘzei, autŞ prokaleŢ thn kaj’ oloklhrŢan antikatŘstasŠ tou kai Şqi mŞno mŚrouc tou. AutŞ den apoteleŢ shmantikŠ diaforŘ se sqŚsh me ton kajhmerinŞ fŞrto twn susthmŘtwn arqeŢwn, Şpou to 65% twn prospelŘsewn sto dŢsko eŢnai gia thn eggrafŠ Š thn anŘgnwsh olŞklhrwn arqeŢwn [58]. To qarakthristikŞ Şti ta antikeŢmena sto dŢsko tou Web proxy diabŘzontai Š grŘfontai olŞklhra kai Şti den upŘrqoun stadiakŚc prosjŠkec Š diagrafŚc apŞ autŘ, mporeŢ na prokalŚsei fragmentation sto dŢsko giatŢ den upŘrqoun mikrŘ kommŘtia gia na gemŢsoun ta mikrŘ kenŘ pou dhmiourgoŰntai me tic eggrafŚc kai diagrafŚc arqeŢwn.

♦ MŚgejoc AntikeimŚnwn WWW

To mŚso mŚgejoc twn antikeimŚnwn tou PagkŞsmiou IstoŰ pou apojhkeŰontai sth mnŠmh tou Web proxy eŢnai 3-5 Kbytes, enŤ to 74% twn antikeimŚnwn eŢnai mikrŞtero apŞ 8 Kbytes [58], [60], [90].

SqŠma 3.1 H katanomŠ tou megŚjouc twn arqeŢwn ston WWW. To shmeŢo pou eŢnai o kŰkloc (3-5 KB) eŢnai to mŚso mŚgejoc arqeŢou [58].

Ta 8 Kbytes eŢnai Śna polŰ sunhjismŚno mŚgejoc gia tic selŢdec leitourgikŤn susthmŘtwn, allŘ kai ta perissŞtera sustŠmata arqeŢwn twn leitourgikŤn susthmŘtwn Unix Śqoun mŚgejoc block Ţso me 8 Kbytes enŤ to mŚgejoc tou fragment touc eŢnai Ţso me 1 Kbyte. DedomŚnou Şti ta perissŞtera sustŠmata arqeŢwn eŢnai beltistopoihmŚna gia na apojhkeŰoun grŠgora pollaplŘsia twn blocks (8 Kbytes), enŤ gia ta fragments qrhsimopoioŰn pio polŰplokec mejŞdouc gia eŰresh qŤrou sto dŢsko (p.q. algorŢjmouc best-fit), eŢnai katanohtŞ Şti ta antikeŢmena WWW (pou sth suntriptikŠ touc pleioyhfŢa eŢnai mikrŞtera

KefŘlaio 3. To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

apŞ to block tou sustŠmatoc arqeŢwn) prokaloŰn megalŰtero fŞrto apŞ thn perŢptwsh Şpou ja Štan megalŰtera se mŚgejoc.

♦ KatanomŠ DhmofilŚsterwn AntikeimŚnwn H katanomŠ twn dhmofilŚsterwn antikeimŚnwn ston PagkŞsmio IstŞ eŢnai parŞmoia thc katanomŠc Zipf^1, Ω/i^α Şpou Ω = ( ∑_N i=1 1/i^α) kai i eŢnai to i-ostŞ pio dhmofilŚc antikeŢmeno tou PagkŞsmiou IstoŰ. Oi timŚc tou α kumaŢnontai apŞ 0.64 mŚqri 0.83, enŤ omogeneŢc koinŞthtec qrhstŤn (oi opoŢoi Śqoun pio koinŘ endiafŚronta) parousiŘzoun megalŰterec timŚc tou α apŞ Şti pio eterogeneŢc koinŞthtec [11].

PŘntwc ta dhmofilŚstera antikeŢmena se Śna Web proxy apoteloŰn Śna polŰ mikrŞ mŚroc tou sunŞlou twn antikeimŚnwn, enŤ sunŠjwc h pleioyhfŢa twn antikeimŚnwn prospelaŰnontai mŞno mŢa forŘ. AntŢjeta, oi anaforŚc pou gŢnontai sth sunhjismŚnh drasthriŞthta tou sustŠmatoc arqeŢwn Śqoun polŰ megalŰterh qronikŠ kai qwrikŠ topikŞthta apŞ Şti ta antikeŢmena WWW [58]. AutŞ shmaŢnei Şti qrhsimopoiŤntac mŢa krufŠ mnŠmh sto sŰsthma arqeŢwn mporoŰme na beltiŤsoume polŰ tic epidŞseic tou [70].

♦ TopikŞthta DedomŚnwn

O megalŰteroc arijmŞc istoselŢdwn tou PagkŞsmiou IstoŰ apoteloŰntai apŞ Śna arijmŞ enswmatwmŚnwn antikeimŚnwn, Şpwc eŢdame sthn parŘgrafo 2.3 ta opoŢa pŘnta anaktoŰntai mazŢ, Ştan zhthjeŢ mia istoselŢda apŞ Śna ExuphrŚth WWW Š Śna Web proxy. SunŠjwc mŘlista oi dieujŰnseic twn antikeimŚnwn thc Ţdiac istoselŢdac anafŚrontai sthn dieŰjunsh tou Ţdiou ExuphrŚth WWW. AutŞ to qarakthristikŞ eŢnai parŞmoio me thn paratŠrhsh pou Śqei gŢnei sta sustŠmata arqeŢwn Şti ta arqeŢa pou brŢskontai ston Ţdio katŘlogo (directory) teŢnoun na prospelaŰnontai mazŢ se mikrŘ qronikŘ diastŠmata. Ara an apojhkeŰoume ta antikeŢmena miac istoselŢdac se arqeŢa sto dŢsko, autŘ ja parousiŘzoun qwrikŠ kai qronikŠ topikŞthta. An jŚloume na meiŤsoume to qrŞno eggrafŠc kai anŘgnwshc twn arqeŢwn autŤn apŞ to dŢsko, eŢnai katanohtŞ Şti ja prŚpei na ekmetalleutoŰme th qwrikŠ kai qronikŠ touc topikŞthta.

♦ TopikŞthta MetadedomŚnwn

MetadedomŚna tou dŢskou gia Śna antikeŢmeno eŢnai ta dedomŚna pou perigrŘfoun th jŚsh twn dedomŚnwn tou antikeimŚnou sto dŢsko. To gegonŞc Şti ta arqeŢa twn antikeimŚnwn pou brŢskontai sthn Ţdia istoselŢda teŢnoun na prospelaŰnontai mazŢ se mikrŘ qronikŘ diastŠmata shmaŢnei Şti kai ta metadedomŚna

1H katanomŠ Zipf eŢnai Ω/i.

3.1. OrismŞc tou problŠmatoc thc DeutereŰousac MnŠmhc

touc ja anafŚrontai mazŢ sta Ţdia qronikŘ diastŠmata. SunepŤc kai ta metadedomŚna twn arqeŢwn twn antikeimŚnwn thc Ţdiac istoselŢdac ja parousiŘzoun qwrikŠ kai qronikŠ topikŞthta, thn opoŢa eŢmaste se jŚsh na ekmetalleutoŰme gia na beltiŤsoume to qrŞno eggrafŠc kai anŘgnwshc antikeimŚnwn apŞ/proc to dŢsko.

♦ AnalogŢa EggrafŤn / AnagnŤsewn

To posostŞ epituqhmŚnwn aitŠsewn se Śna Web proxy eŢnai thc tŘxhc tou 30- 50% [3], [34], [85]. KŘje epituqhmŚnh aŢthsh perilambŘnei mŢa anŘgnwsh twn metadedomŚnwn kai sth sunŚqeia twn dedomŚnwn enŞc antikeimŚnou. AntŢjeta, kŘje apotuqhmŚnh aŢthsh thc opoŢac to antikeŢmeno prŚpei na apojhkeuteŢ sto dŢsko perilambŘnei mŢa eggrafŠ twn metadedomŚnwn kai sth sunŚqeia twn dedomŚnwn enŞc antikeimŚnou sto sŰsthma arqeŢwn.

EfŞson oi apotuqhmŚnec aitŠseic eŢnai sunŠjwc perissŞterec (50-70%) apŞ tic epituqhmŚnec, eŢnai katanohtŞ Şti ja Śqoume perissŞterec eggrafŚc apŞ Şti anagnŤseic sto dŢsko. SŰmfwna me metrŠseic [79] h dhmiourgŢa kai to grŘyimo nŚwn arqeŢwn sto dŢsko antistoiqeŢ gia to 45-65% twn prŘxewn I/O tou dŢskou. To gegonŞc autŞ epibebaiŤjhke kai me metrŠseic pou perilambŘnontai sto [62].

AutŠ h analogŢa anagnŤsewn - eggrafŤn apoteleŢ mia entelŤc antŢjeth katŘstash apŞ Şti sumbaŢnei sunŠjwc sta sustŠmata arqeŢwn, Şpou Śqoume sunŠjwc perissŞterec anagnŤseic apŞ Şti eggrafŚc [70]. SunepŤc ta perissŞtera sustŠmata arqeŢwn eŢnai beltistopoihmŚna gia anagnŤseic, Şpou qrhsimopoiŤntac mia metrŢou megŚjouc krufŠ mnŠmh mporoŰn na meiŤsoun mŚqri kai 90% thn kŢnhsh dedomŚnwn proc to dŢsko [70]. Se antŢjesh, ta Web proxies kŘnontac sunŠjwc eggrafŚc sto dŢsko gemŢzoun grŠgora thn krufŠ mnŠmh kai den mporoŰn na apofŰgoun thn prŞsbash sto dŢsko. ParŘllhla, me tic suneqeŢc eggrafŚc kai diagrafŚc antikeimŚnwn sto dŢsko dhmiourgeŢtai fragmentation kai gŢnetai dŰskolh h eŰresh qŤrou gia kainoŰria antikeŢmena.

♦ ShmantikŞthta DedomŚnwn

Ta antikeŢmena tou PagkŞsmiou IstoŰ pou apojhkeŰei sto dŢsko tou Śna Web proxy apoteloŰn sŢgoura qrŠsima antŢgrafa twn prwtŞtupwn antikeimŚnwn me skopŞ thn paroqŠ kalŰterhc poiŞthtac uphresŢac stouc qrŠstec. KatŘ sunŚpeia h apojŠkeusŠ touc den eŢnai krŢsimh gia touc qrŠstec, giatŢ osadŠpote apŞ autŘ ki an qajoŰn apŞ to dŢsko tou Web proxy, mporoŰn pŘnta na anakthjoŰn apŞ touc arqikoŰc ExuphrŚtec WWW. MporeŢ na kostŢsei lŢgo se DiadiktuakoŰc pŞrouc, allŘ eŢnai pŘnta efiktŞ.

KefŘlaio 3. To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

AntŢjeta, ta dedomŚna pou apojhkeŰoume sunŠjwc sta sustŠmata arqeŢwn eŢnai polŰ megalŰterhc shmasŢac kai efŞson sbhstoŰn apŞ to dŢsko eŢnai mh anaktŠsima (ektŞc kai an Śqoume antŢgrafŘ touc se Řllo fusikŞ mŚso, Şpwc magnhtikŠ tainŢa, CD-ROM, ktl.). AutŠ eŢnai Řllh mŢa jemeliŤdhc diaforŘ tou rŞlou pou Śqei Śna sŰsthma arqeŢwn pou apojhkeŰei ta antikeŢmena enŞc Web proxy.

3.2 PROSEGGISEIS TOU PROBLHMATOS THS DEUTEREUOU- SAS MNHMHS

Oi proseggŢseic pou gŢnontai apŞ ereunhtŚc gia thn antimetŤpish tou problŠmatoc tou I/O twn dŢskwn eŢnai kurŢwc treic, oi opoŢec eutuqŤc mporeŢ na eŢnai allhlosumplhrŤmenec. Me Řlla lŞgia, mporoŰme na sunduŘsoume prosektikŘ epilegmŚnec proteinŞmenec lŰseic apŞ kŘje kateŰjunsh kai na broŰme Śna sunduasmŞ lŰsewn pou eŢnai kalŰteroc apŞ kŘje lŰsh qwristŘ. Stic epŞmenec treic paragrŘfouc, dŢnoume mia sunoptikŠ eikŞna twn proseggŢsewn proc tic opoŢec Śqoun kinhjeŢ oi prŞsfatec ereunhtikŚc prospŘjeiec.

’Opwc ja parathrŠsei o anagnŤsthc oi treic autŚc kateujŰnseic yŘqnoun gia lŰseic se treic anexŘrthtouc qŤrouc. AutŞ shmaŢnei Şti lŰseic kai apŞ touc treic qŤrouc mporoŰn na sunduastoŰn gia na Śqoun ajroistikŠ beltŢwsh twn epidŞsewn. Gia parŘdeigma, mporoŰme na qrhsimopoiŠsoume mia kalŠ politikŠ antikatŘstashc antikeimŚnwn pou meiŤnei ton Şgko twn I/O sto dŢsko se sunergasŢa me mŢa kalŠ politikŠ gia th beltistopoŢhsh thc allhlepŢdrashc me to sŰsthma arqeŢwn, enŤ parŘllhla ja qrhsimopoioŰme mŢa sustoiqŢa parŘllhlwn dŢskwn me Śna kalŞ algŞrijmo isokatanomŠc tou fortŢou anŘmesa stouc dŢskouc.

3.2.1 PARALLHLH QRHSH POLLAPLWN DISKWN

H Śreuna sthn kateŰjunsh autŠ strŚfetai proc th bŚltisth qrŠsh pollŤn dŢskwn parŘllhla (p.q. sustoiqŢec dŢskwn RAID), Ťste na mporoŰn na exuphretŠsoun to megŘlo Şgko twn prŘxewn I/O enŞc Web proxy. Ta jŚmata pou apasqoloŰn Şsouc asqoloŰntai me thn parŘllhlh qrŠsh dŢskwn, aforoŰn politikŚc bŚltisthc katanomŠc twn antikeimŚnwn stouc dŢskouc Ťste na meiwjeŢ o qrŞnoc eggrafŠc kai anŘkthsŠc touc, enŤ parŘllhla ja petuqaŢnoun isokatanomŠ tou fortŢou stouc dŢskouc.

Oi Soloviev kai Yahin meletoŰn [89], [90] lŰseic’ qrhsimopoiŤntac parŘllhlh qrŠsh pollaplŤn dŢskwn, pou Şpwc anafŚroun qrhsimopoioŰntai Šdh se arketŚc egkatastŘseic tou Squid. Gia parŘdeigma sto NLANR qrhsimopoioŰntai 5 dŢskoi, sto Surfnet qrhsimopoioŰntai 6 dŢskoi, kai sta Uninett, Ruu kai Mexcom

3.2. ProseggŢseic tou problŠmatoc thc DeutereŰousac MnŠmhc

apŞ 3 dŢskoi se kŘje proxy server. UpostŠrixh gia pollaploŰc dŢskouc upŘrqei Šdh sto Squid, Şpou to fortŢo isokatanŚmetai qrhsimopoiŤntac ton kuklikŞ algŞrijmo (round-robin) gia to moŢrasma twn arqeŢwn stouc dŢskouc^2.’Etsi isokatanŚmetai men o Şgkoc twn dedomŚnwn anŘmesa stouc dŢskouc, allŘ Şqi kai o pragmatikŞc fŞrtoc twn dŢskwn, enŤ parŘllhla dhmiourgoŰntai problŠmata Řnishc katanomŠc tou fŞrtou Ştan Śqoume Řnisouc se mŚgejoc dŢskouc.

H suneisforŘ twn Soloviev kai Yahin aforŘ dŰo fŘseic. Se prŤth fŘsh asqoloŰntai me thn isokatanomŠ tou fortŢou twn dŢskwn proteŢnontac kai dokimŘzontac arketŚc politikŚc topojŚthshc nŚwn arqeŢwn stouc dŢskouc, enŤ se deŰterh fŘsh meletoŰn thn idŚa thc katŘtmhshc (partitioning) gia na beltiŤsoun to qrŞno anazŠthshc jŚsewn tou dŢskou (disk seek time).

ApokleŢontac algorŢjmouc pou den mporoŰn na ulopoihjoŰn se epŢpedo efarmogŠc qrŠsth, oi Soloviev kai Yahin odhgoŰntai sthn epilogŠ tou algŞrijmou Earliest Last Response (ELR) pou Şpwc Śdeixan ta apotelŚsmata twn peiramŘtwn Śqei to mikrŞtero mŚso qrŞno apŞkrishc. SŰmfwna me ton algŞrijmo autŞ, Ştan to Web proxy apofasŢzei se poio dŢsko ja steŢlei mia aŢthsh gia dhmiourgŢa nŚou arqeŢou, sugkrŢnei tic ourŚc twn aitŠsewn stouc dŢskouc kai stŚlnei thn aŢthsh gia nŚo arqeŢo sto dŢsko me th mikrŞterh se mŚgejoc ourŘ. An dŰo Š perissŞteroi dŢskoi Śqoun Ţdio elŘqisto mŠkoc ourŘc tŞte epilŚgetai autŞc pou teleŢwse thn teleutaŢa aŢthsh pou tou dŞjhke sto mikrŞtero qrŞno.

To deŰtero zŠthma me to opoŢo asqoloŰntai oi Soloviev kai Yahin eŢnai h idŚa thc katŘtmhshc (partitioning) twn dŢskwn gia th beltŢwsh tou qrŞnou anazŠthshc (seek time). UposthrŢzoun Şti h katŘtmhsh twn dŢskwn bohjŘei sth meŢwsh tou qrŞnou anazŠthshc enŞc arqeŢou sto dŢsko.

Sthn ergasŢa loipŞn [90], asqoloŰntai me th sŰgkrish diafŞrwn algorŢjmwn katŘtmhshc ek twn opoŢwn epilŚgoun ton algŞrijmo Any Request (AR), efŞson ta peirŘmatŘ touc deŢqnoun Şti qrhsimopoiŤntac ton me 100 katatmŠseic sto dŢsko, parousiŘzei to qamhlŞtero qrŞno apŞkrishc apŞ touc upŞloipouc pou meletoŰn. KatŘ th leitourgŢa tou algorŢjmou autoŰ, Ştan to Web proxy apofasŢzei se poio dŢsko ja steŢlei mia aŢthsh gia dhmiourgŢa nŚou arqeŢou, epilŚgei mŢa aŢthsh apŞ autŚc pou upŘrqoun stic ourŚc twn dŢskwn allŘ den Śqoun exuphrethjeŢ akŞma kai topojeteŢ to nŚo arqeŢo sthn katŘtmhsh pou ja eggrafeŢ h epilegmŚnh aŢthsh.

Sth sunŚqeia oi Soloviev kai Yahin meletoŰn sunduasmoŰc algorŢjmwn isokatanomŠc fortŢou kai katŘtmhshc dŢskwn qrhsimopoiŤntac touc plŚon epituqhmŚnouc

2SugkekrimŚna o algŞrijmoc pou qrhsimopoieŢtai sto Squid eŢnai o round-robin allŘ me perissŞtera tou enŞc arqeŢa kŘje forŘ.’Etsi p.q. an to Squid Śqei dŰo dŢskouc, grŘfei ta prŤta 20 arqeŢa ston Śna kai ta epŞmena 20 ston Řllon.

KefŘlaio 3. To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

algŞrijmouc apŞ kŘje tomŚa me thn pro˛pŞjesh bŚbaia na mporoŰn na ulopoihjoŰn se epŢpedo efarmogŠc qrŠsth. H telikŠ touc prŞtash, pou sŰmfwna me ta peirŘmatŘ touc dŢnei ta bŚltista apotelŚsmata, eŢnai o sunduasmŞc twn algorŢjmwn ELR + AR, Şpou gia self-similar kŢnhsh (Pareto) Şpwc eŢnai sunŠjwc h kŢnhsh WWW [72], o mŚsoc qrŞnoc apŞkrishc mporeŢ na meiwjeŢ katŘ 30-40%.

H douleiŘ twn Soloviev kai Yahin, an kai katafŚrnei na meiŤsei to mŚso qrŞno apŞkrishc twn dŢskwn qrhsimopoiŤntac polloŰc dŢskouc kai meletŤntac arketoŰc algorŢjmouc, mac problhmatŢzei gia dŰo lŞgouc. PrŤta apŞ Şla lŞgw thc metrikŠc tou qrŞnou apŞkrishc pou qrhsimopoieŢtai gia Şlec tic sugkrŢseic twn algorŢjmwn. PisteŰoume Şti h swstŠ metrikŠ gia thn apŞdosh tou uposustŠmatoc dŢskwn se Śna Web proxy eŢnai o rujmŞc exuphrŚthshc aitŠsewn, giatŢ sunŠjwc o qrŞnoc apŞkrishc anŘ aŢthsh eŢnai amelhtŚoc mprostŘ sthn kajustŚrhsh miac aŢthshc tou PagkŞsmiou IstoŰ. An gia parŘdeigma Śna Web proxy exuphreteŢ 100 aitŠseic anŘ deuterŞlepto kai Śqei mŚsh kajustŚrhsh anŘ aŢthsh thc tŘxhc twn 30 msec, enŤ Śna deŰtero Śqei rujmŞ exuphrŚthshc aitŠsewn 50 aitŠseic anŘ deuterŞlepto kai mŚsh kajustŚrhsh anŘ aŢthsh 15 msec, eŢnai profanŚc Şti Şloi oi qrŠstec ja protimŠsoun to prŤto, giatŢ h megalŰterh kajustŚrhsh twn 15 msec anŘ aŢthsh ja touc eŢnai anepaŢsjhth mŚsa sta deuterŞlepta pou kratŘei sunŠjwc mia aŢthsh WWW. O deŰteroc lŞgoc problhmatismoŰ eŢnai ta montŚla kŢnhshc kai oi prosomoiwtŚc pou qrhsimopoiŠjhkan. SŢgoura mia melŚth me pragmatikŘ WWW traces kai pragmatikoŰc dŢskouc ja eŢqe perissŞtero kŰroc.

3.2.2 BELTIWSHS THS POLITIKHS ANTIKATASTASHS ANTI- KEIMENWN Se autŠ thn kateŰjunsh Śqoun gŢnei arketŚc ereunhtikŚc prospŘjeiec. H logikŠ twn proseggŢsewn autŤn eŢnai na qrhsimopoiŠsoume mŢa politikŠ antikatŘstashc pou ja eunoeŢ thn apojŠkeush antikeimŚnwn sto dŢsko kai parŘllhla ja katafŚrnei na Śqei Śna “arketŘ kalŞ” posostŞ epituqhmŚnwn aitŠsewn (Document Hit Rate) kai dedomŚnwn (Byte Hit Rate). Oi paradosiakŚc politikŚc antikatŘstashc antikeimŚnwn WWW eŢnai sqediasmŚnec gia apojŠkeush antikeimŚnwn sthn kŰria mnŠmh kai gi’ autŞ agnooŰn sunŠjwc ta jŚmata apŞdoshc pou Śqei h apojŠkeush antikeimŚnwn WWW se dŢskouc [78].

3.2.2.1 H POLITIKH “GREEDYDUAL-SIZE”

Oi Cao kai Irani sthn ergasŢa touc [15] proteŢnoun wc algŞrijmo antikatŘstashc antikeimŚnwn mŢa parallagŠ tou arqikoŰ algorŢjmou GreedyDual [106], [107] pou apo-

3.2. ProseggŢseic tou problŠmatoc thc DeutereŰousac MnŠmhc

teleŢ genŢkeush tou algorŢjmou LRU.

O paradosiakŞc algŞrijmoc GreedyDual sundŚei mazŢ me kŘje antikeŢmeno mŢa timŠ H pou antistoiqeŢ sto kŞstoc pou Śqei to antikeŢmeno na anakthjeŢ apŞ th mnŠmh. ’Otan loipŞn prŞkeitai na antikatastŠsei Śna antikeŢmeno, epilŚgei to antikeŢmeno me th qamhlŞterh timŠ tou H (min_H ) kai sth sunŚqeia meiŤnei Şlec tic timŚc H twn upoloŢpwn antikeimŚnwn katŘ min_H . O algŞrijmoc GreedyDual-Size apoteleŢ mŢa epŚktash tou GreedyDual, allŘzontac thn timŠ tou H, apŞ to kŞstoc pou Štan ston GreedyDual, sto phlŢko kŞstoc/mŚgejoc. Sthn ergasŢa [15], apodeiknŰetai Şti o algŞrijmoc GreedyDual-Size eŢnai bŚltistoc anŘmesa stouc algorŢjmouc pragmatikoŰ qrŞnou.

Me th boŠjeia prosomoiŤsewn pou odhgoŰntai apŞ sumbŘnta (trace-driven simulations), oi Cao kai Irani apodeiknŰoun epŢshc Şti o algŞrijmoc GreedyDual-Size sunduŘzei thn topikŞthta antikeimŚnwn mazŢ me to kŞstoc anŘkthshc kai to mŚgejŞc touc kai parŚqei uyhlŞtero posostŞ epituqhmŚnwn aitŠsewn, qamhlŞterh mŚsh kajustŚrhsh, kai dhmiourgeŢ th ligŞterh diktuakŠ kŢnhsh apŞ Şlouc touc upŘrqontec algorŢjmouc antikatŘstashc antikeimŚnwn.

3.2.2.2 OI POLITIKES “FUTURE-LOOKING” KAI “FREQUENCY-BASED CYCLIC”

Oi Maltzahn kai Richardson asqolŠjhkan [58] me to jŚma twn beltistopoihmŚnwn wc proc to I/O twn dŢskwn politikŤn antikatŘstashc antikeimŚnwn WWW. Sthn ergasŢa [58] proteŢnoun dŰo politikŚc, thn “Future-Looking” kai “Frequency-Based Cyclic” (FBC).

H politikŠ “Future-Looking” qrhsimopoieŢ Śna pŢnaka pou Śqei upologisteŢ gnwrŢzontac apŞ prin tic mellontikŚc aitŠseic sta traces pou qrhsimopoiŠjhkan gia tic metrŠseic apŞdoshc twn politikŤn.’Etsi mporoŰme na poŰme Şti eŢnai polŰ kontŘ sto bŚltisto algŞrijmo antikatŘstashc antikeimŚnwn afoŰ xŚrei apŞ prin poia akribŤc antikeŢmena ja zhthjoŰn. ’Opwc Şmwc eŢnai katanohtŞ h politikŠ autŠ den Śqei nŞhma na ulopoihjeŢ se pragmatikŘ sustŠmata kai Řra mporeŢ na qrhsimeŰsei mŞno gia na doŰme poio eŢnai to Řnw Şrio sth beltistopoŢhsh pou mporoŰme na kŘnoume se mia politikŠ antikatŘstashc.

ApŞ thn Řllh h politikŠ “Frequency-Based Cyclic” (FBC) eŢnai ulopoiŠsimh se pragmatikŘ Web proxies kai leitourgeŢ qrhsimopoiŤntac metrhtŚc suqnŞthtac gia Şla ta antikeŢmena pou upŘrqoun sto dŢsko kai Śna deŢkth pou deŢqnei to antikeŢmeno pou eŢnai upoyŠfio gia antikatŘstash.’Otan qreiasteŢ na antikatastajeŢ Śna antikeŢmeno, sugkrŢnetai o metrhtŠc suqnŞthtac tou antikeimŚnou pou deŢqnei o deŢkthc me Śna arijmŞ C_{max}. An eŢnai mikrŞteroc apŞ ton arijmŞ C_{max} to antikeŢmeno anti-

KefŘlaio 3. To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

kajŢstatai, alliŤc o deŢkthc metakineŢtai sto epŞmeno antikeŢmeno kai sugkrŢnetai k.o.k.

SŰmfwna me ta apotelŚsmata thc ergasŢac [58] kai oi dŰo politikŚc katafŚrnoun na meiŤsoun ton Şgko twn prŘxewn I/O sto dŢsko me thn “Future-Looking” na eŢnai fusikŘ arketŘ kalŰterh, afoŰ gnwrŢzei tic mellontikŚc aitŠseic. ParŘllhla kai oi dŰo politikŚc Śqoun uyhlŞtero posostŞ epituqhmŚnwn aitŠsewn apŞ thn klassikŠ politikŠ LRU.

3.2.2.3 H POLITIKH LDF

Oi Aggarwal kai Yu, sthn ergasŢa touc [4] proteŢnoun mŢa dikŠ touc politikŠ antikatŘstashc pou apoteleŢ mia genŢkeush thc politikŠc LRU (Least Recently Used), enŤ parŘllhla lambŘnei upŞyh thc thn apojŠkeush twn antikeimŚnwn sto dŢsko. H politikŠ autŠ qrhsimopoieŢ thn Śnnoia thc ElŘqisthc DunamikŠc SuqnŞthtac (Least Dynamic Frequency Š LDF). H LDF apoteleŢ mia antikeimenikŠ sunŘrthsh pou orŢzetai gia Śna sŰnolo antikeimŚnwn pou brŢskontai sth mnŠmh tou Web proxy kai basŢzetai stic qronikŚc stigmŚc eisŞdou touc sth mnŠmh autŠ. Sthn prŘxh prŞkeitai gia Śna mŚtro gia to pŞso epijumhtŠ eŢnai h ŰparxŠ twn antikeimŚnwn autŤn sth mnŠmh tou proxy.

’Estw Şti t_i eŢnai h qronikŠ stigmŠ eisŞdou (timestamp) tou antikeimŚnou i sth mnŠmh tou Web proxy kai t eŢnai h timŠ enŞc kajolikoŰ metrhtŠ tou qrŞnou. TŞte h dunamikŠ tou suqnŞthta (Dynamic Frequency Š DF) tou antikeimŚnou i orŢzetai wc 1/(t − t_i) kai sumbolŢzetai wc DF (i, t). H dunamikŠ suqnŞthta (DF) enŞc sunŞlou antikeimŚnwn S = 1, ..., k pou brŢskontai se suneqŞmena tmŠmata thc mnŠmhc tou Web proxy orŢzetai wc to Řjroisma twn dunamikŤn suqnotŠtwn twn antikeimŚnwn tou sunŞlou S. DhladŠ an t_1, t_2, ...t_k eŢnai oi qronikŚc stigmŚc eisŞdou twn antikeimŚnwn tou sunŞlou S sth mnŠmh tou Web proxy, tŞte h dunamikŠ suqnŞthta tou sunŞlou S th stigmŠ t ja eŢnai ∑ i∈S DF (i, t) = ∑_k i=1 1/(t − t_i). PrŚpei na parathrŠsoume Şti ta diastŠmata anŘmesa sta antikeŢmena tou sunŞlou S pou eŢnai Řdeia den ephreŘzoun th dunamikŠ suqnŞthta tou sunŞlou S.

QrhsimopoiŤntac th sunŘrthsh thc dunamikŠc suqnŞthtac, h politikŠ antikatŘstashc antikeimŚnwn thc ElŘqisthc DunamikŠc SuqnŞthtac (Least Dynamic Frequency Š LDF) Śqei wc exŠc:

AntikatŚsthse to sŰnolo twn suneqŞmenwn antikeimŚnwn me thn elŘqisth dunamikŠ suqnŞthta, Śtsi Ťste na dhmiourghjeŢ qŤroc gia to nŚo antikeŢmeno sth mnŠmh tou Web proxy.

3.2. ProseggŢseic tou problŠmatoc thc DeutereŰousac MnŠmhc

To meionŚkthma thc mejŞdou autŠc eŢnai Şti qreiŘzetai na diatrŚxoume tic qronikŚc stigmŚc (timestamps) Şlwn twn antikeimŚnwn sthn mnŠmh tou proxy gia na apofasŢsoume poia antikeŢmena ja antikatastŠsoume.’Opwc katalabaŢnoume autŞ eŢnai polŰ qronobŞro. Gia to lŞgo autŞ dhmiourgŠjhke h politikŠ TopikŘ ElŘqisthc DunamikŠc SuqnŞthtac (Localized Least Dynamic Frequency Š LLDF) pou proseggŢzei thn LDF yŘqnontac mŞno topikŘ se Śna mikrŞ mŚroc twn antikeimŚnwn thc mnŠmhc pou qrhsimopoiŠjhkan pio prŞsfata.

TŚloc, oi Aggarwal kai Yu orŢzoun kai mŢa politikŠ elŚgqou eisŞdou (admission control) antikeimŚnwn gia na apofasŢzoun an axŢzei Śna nŚo antikeŢmeno na eisaqjeŢ sthn mnŠmh. QrhsimopoiŤntac prosomoiŤseic pou kajodhgoŰntai apŞ sumbŘnta (event-driven simulations) deŢqnoun Şti h LLDF akŞmh kai qwrŢc thn politikŠ elŚgqou eisŞdou antikeimŚnwn Śqei uyhlŞtero posostŞ epituqhmŚnwn aitŠsewn apŞ thn FIFO, enŤ parŘllhla grŘfei seiriakŘ antikeŢmena sto dŢsko petuqaŢnontac kalŠ apŞdosh. H qrŠsh thc politikŠc elŚgqou eisŞdou antikeimŚnwn se sunduasmŞ me thn LLDF dŢnei akŞma kalŰtera apotelŚsmata.

3.2.2.4 H POLITIKH STAGER

Oi Rousskov kai Soloviev sthn ergasŢa touc [78] proteŢnoun epŢshc th nŚa politikŠ antikatŘstash antikeimŚnwn “static caching”, enŤ argŞtera sthn epŞmenh ergasŢa touc [77] beltiŤnoun ton algŞrijmo autŞ kai parousiŘzoun to nŚo algŞrijmo “Stager”.

O algŞrijmoc “Stager” apoteleŢtai apŞ dŰo mŚrh, ek twn opoŢwn to Śna eŢnai melethmŚno na douleŰei se nekrŞ qrŞno (dhladŠ mŢa forŘ thn hmŚra Ştan to Web proxy Śqei polŰ lŢgec aitŠseic, Şpwc gŢnetai p.q. argŘ to brŘdu) kai to Řllo se pragmatikŞ qrŞno. EpŢshc o algŞrijmoc autŞc pro˛pojŚtei thn Űparxh dŰo xeqwristŤn qŤrwn gia apojŠkeush antikeimŚnwn, Śnan sthn kŰria mnŠmh pou Śqei mikrŞtero mŚgejoc allŘ megalŰterh taqŰthta kai Śnan sto dŢsko me megalŰtero mŚgejoc kai mikrŠ taqŰthta.

Se pragmatikŞ qrŞno h politikŠ Stager exuphreteŢ tic epituqhmŚnec aitŠseic apŞ to dŢsko Š th mnŠmh (anŘloga Şpou brŢsketai to antikeŢmeno thc aŢthshc), enŤ tic apotuqhmŚnec tic diaqwrŢzei se dŰo kathgorŢec: sta “gnwstŘ” antikeŢmena pou eŢnai autŘ pou upŘrqoun Šdh sto dŢsko (Š Śqoun anagnwristeŢ Şpwc ja doŰme parakŘtw apŞ to deŰtero tmŠma tou algorŢjmou) kai sta “Řgnwsta” pou sunantŤntai prŤth forŘ. ’Etsi ta men “gnwstŘ” antikeŢmena ta apojhkeŰei sto dŢsko, enŤ ta “Řgnwsta” sto qŤro thc kŰriac mnŠmhc. TŚloc, to tmŠma autŞ katagrŘfei epŢshc Şlec tic aitŠseic pou Śginan sto Web proxy eŢte eŢnai epituqhmŚnec eŢte apotuqhmŚnec se Śna arqeŢo sto dŢsko.

KefŘlaio 3. To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

To megalŰtero mŚroc tou algorŢjmou “Stager” gŢnetai apŞ to deŰtero tmŠma tou se nekrŞ qrŞno kai perilambŘnei to diŘbasma tou arqeŢou me ta stoiqeŢa gia tic aitŠseic pou exuphretŠjhkan apŞ to Web proxy thn prohgoŰmenh mŚra kai ton diaqwrismŞ twn antikeimŚnwn se omŘdec pou Śqoun parŞmoia qarakthristikŘ. Ta qarakthristikŘ autŘ mporeŢ na eŢnai to mŚgejoc tou antikeimŚnou, o arijmŞc twn aitŠsewn gia to antikeŢmeno, o qrŞnoc thc teleutaŢac aŢthshc pou Śgine gia to antikeŢmeno, ktl. ’Olec oi omŘdec autŚc stoiqeiojetoŰn Śna uperkŰbo periŚqontac Şlouc touc dunatoŰc sunduasmoŰc qarakthristikŤn. Sth sunŚqeia, afoŰ enhmerwjoŰn, oi omŘdec autŚc diatŘssontai qrhsimopoiŤntac kŘpoio kritŠrio Şpwc p.q. to posostŞ epituqhmŚnwn aitŠsewn pou eŢqan (Document Hit Ratio) Š to posostŞ epituqhmŚnwn dedomŚnwn (Byte Hit Ratio). Oi plhroforŢec gia tic omŘdec antikeimŚnwn sullŚgontai se kŘpoio arqeŢo tou dŢskou kai enhmerŤnontai se nekrŞ qrŞno mŢa forŘ th mŚra.

To mŚroc tou algorŢjmou pou douleŰei se nekrŞ qrŞno, afoŰ diatŘxei tic omŘdec twn antikeimŚnwn, elŚgqei, arqŢzontac apŞ ta antikeŢmena twn uyhlŞterwn omŘdwn, an upŘrqoun sto dŢsko tou proxy. An den sumbaŢnei autŞ ta fŚrnei apŞ to dŢktuo kai ta apojhkeŰei sto dŢsko, antikajistŤntac ligŞtero “polŰtima” antikeŢmena.’Ola autŘ gŢnontai thn Ťra pou den Śqei fŞrto (p.q. argŘ to brŘdu). H enŚrgeia autŠ lŚgetai prefetching giatŢ fŚrnoume antikeŢmena sth mnŠmh tou proxy prin mac ta zhtŠsei kŘpoioc pelŘthc. H logikŠ tou prefetching eŢnai Şti autŘ ta antikeŢmena Śqoun megŘlh pijanŞthta na xanazhthjoŰn, kai Ştan gŢnei autŞ ja upŘrqoun Šdh sto dŢsko tou proxy.

H epidŞseic thc politikŠc Stager metrŠjhkan qrhsimopoiŤntac trace-driven prosomoiŤseic kai sugkrŢjhkan me ton paradosiakŞ algŞrijmo LRU-TH (blŚpe parŘgrafo 1.3.2). Ta traces pou qrhsimopoiŠjhkan proŚrqontan apŞ megŘla Web proxies Şpwc to DEC, RUU, ADFA kai to NLANR. Ta sumperŘsmata apŞ tic prosomoiŤseic deŢqnoun Şti o algŞrijmoc Stager mporeŢ na meiŤsei thn drasthriŞthta tou dŢskou katŘ 25-40%. EpŢshc deŢqnoun Şti qrhsimopoiŤntac sqetikŘ mikrŘ tmŠmata kŰriac mnŠmhc (p.q. 40 MBytes) gia thn apojŠkeush twn “Řgnwstwn” antikeimŚnwn mporoŰme na auxŠsoume to posostŞ epituqhmŚnwn aitŠsewn (DHR) kai dedomŚnwn (BHR) katŘ 1-2% [77].

3.2.3 BELTISTOPOIHSH THS QRHSHS TOU SUSTHMATOS AR- QEIWN H idŚa pŢsw apŞ thn prosŚggish autŠ eŢnai na lŘboume upŞyh mac ton trŞpo leitourgŢac tou sustŠmatoc arqeŢwn pou qrhsimopoieŢtai gia thn apojŠkeush twn dedomŚnwn sto dŢsko kai na beltiŤsoume ton trŞpo pou to qrhsimopoioŰme. MelŚth tou Śrgou pou analambŘnei Śna genikoŰ skopoŰ sŰsthma arqeŢwn Ştan qrhsimopoieŢ-

3.2. ProseggŢseic tou problŠmatoc thc DeutereŰousac MnŠmhc

tai apŞ Śna Web proxy, deŢqnei Şti diafŚrei se arketŘ shmeŢa apŞ to Śrgo gia to opoŢo eŢnai sunŠjwc sqediasmŚno kai beltistopoihmŚno Śna sŰsthma arqeŢwn.

’Ena basikŞ stoiqeŢo gia parŘdeigma pou eŢdame parapŘnw eŢnai Şti Śna Web proxy qrhsimopoieŢ Śna sŰsthma arqeŢwn kurŢwc gia thn eggrafŠ dedomŚnwn, enŤ sunŠjwc ta sustŠmata arqeŢwn kŘnoun ligŞterec eggrafŚc kai perissŞterec anagnŤseic dedomŚnwn apŞ to dŢsko. MŢa lŰsh pou ja mporoŰse loipŞn na protajeŢ eŢnai na kataskeuŘsoume Śna eidikŞ sŰsthma arqeŢwn pou ja Ślune to prŞblhma.’Hdh gia parŘdeigma upŘrqoun sustŠmata arqeŢwn Şpwc to LFS (Log-structured File System) [83] pou eŢnai beltistopoihmŚno gia eggrafŚc dedomŚnwn^3 [82]. H sugkekrimŚnh idiŞthta Şmwc thc beltistopoŢhshc twn eggrafŤn eŢnai mŢa mŞno apŞ tic epijumhtŚc beltiŤseic, sunepŤc ja qreiazŞtan pijanŞtata na kataskeuŘsoume mŢa parallagŠ tou LFS. H antŢstrofh analogŢa eggrafŤn - anagnŤsewn pŘntwc, Śqei odhgŠsei Šdh etaireŢec Şpwc h Network Appliance sth qrŠsh Log-Structured susthmŘtwn arqeŢwn Şpwc to WAFL.

ApŞ thn Řllh pleurŘ, mporoŰme[58], [62] meletŤntac thn exŘrthsh tou Web proxy me to sŰsthma arqeŢwn na qrhsimopoiŠsoume se epŢpedo qrŠsth Śna klassikŞ sŰsthma arqeŢwn me Śxupno trŞpo qwrŢc na anagkastoŰme na kataskeuŘsoume nŚo, eidikŘ beltistopoihmŚno, sŰsthma arqeŢwn.

Oi Maltzahn kai Richardson sthn ergasŢa [58] asqolŠjhkan me th beltistopoŢhsh thc qrŠshc tou sustŠmatoc arqeŢwn apŞ to Web proxy. Oi beltiŤseic touc sthrŢzontai kurŢwc sto Squid proxy. UlopoŢhsan kai prosomoŢwsan arketŚc politikŚc beltŢwshc oi opoŢec eŢnai:

♦ SquidL

H prŤth paratŠrhsŠ touc Štan Şti o megŘloc arijmŞc katalŞgwn gia thn apojŠkeush arqeŢwn den eunoeŢ thn topikŞthta twn dedomŚnwn sto dŢsko. ’Etsi h politikŠ SquidL dhmiourgeŢ Śna katŘlogo gia kŘje ExuphrŚth WWW me Şnoma to Şnoma tou kŞmbou tou ExuphrŚth kai skopŞ thn apojŠkeush twn antikeimŚnwn pou proŚrqontai apŞ autŞn ton sugkekrimŚno ExuphrŚth WWW.

♦ SquidM

Sthn politikŠ autŠ qrhsimopoŢhsan arqeŢa apeikonismŚna sth mnŠmh (memorymapped files) gia thn apojŠkeush Şlwn twn arqeŢwn tou Web proxy. Thn politikŠ autŠ thn onomŘzoun SquidM.

♦ SquidML

H politikŠ SquidML apoteleŢ sunduasmŞ twn politikŤn SquidM kai SquidL. Sto sunduasmŞ autŞ qrhsimopoieŢtai Śna arqeŢo apeikonismŚno sth mnŠmh gia

3O anagnŤsthc mporeŢ na brei perissŞterec plhroforŢec gia to LFS sta [83], [84], [69], [82].

KefŘlaio 3. To PrŞblhma thc DeutereŰousac MnŠmhc enŞc Web proxy

thn apojŠkeush twn arqeŢwn pou eŢnai mikrŞtera apŞ 8 KBytes (dhladŠ h politikŠ SquidM), enŤ gia ta upŞloipa arqeŢa qrhsimopoieŢtai h politikŠ SquidL.

♦ SquidMLA H politikŠ SquidMLA apoteleŢ sunduasmŞ thc politikŠc SquidML me Śna algŞrijmo gia thn eujugrŘmmish twn mikrŤn antikeimŚnwn pou grŘfontai sto apeikonismŚno sth mnŠmh arqeŢo sta Şria thc selŢdac mnŠmhc tou leitourgikoŰ sustŠmatoc. H teleutaŢa autŠ idiŞthta eŢnai epijumhtŠ diŞti se antŢjeth perŢptwsh to diŘbasma kŘpoiou antikeimŚnou apŞ to apeikonismŚno sth mnŠmh arqeŢo mporeŢ na dhmiourgŠsei perissŞtera sfŘlmata selŢdac.

Oi parapŘnw politikŚc dokimŘsthkan qrhsimopoiŤntac mia gennŠtria aitŠsewn sto dŢsko (disk workload generator), pragmatikŘ traces apŞ to Web proxy thc DEC kai to sŰsthma arqeŢwn UFS tou leitourgikoŰ sustŠmatoc Digital Unix 4.0.

Ta apotelŚsmata deŢqnoun Şti th mŚgisth beltŢwsh parousiŘzoun oi politikŚc SquidML kai SquidMLA, enŤ metaxŰ touc den upŘrqei megŘlh diaforŘ apŞdoshc. EpŢshc, qrhsimopoiŤntac th mŚjodo SquidL pou apojhkeŰei aplŘ ta arqeŢa apŞ ton Ţdio ExuphrŚth WWW se Ţdio katŘlogo diathrŤntac thn topikŞthta, mporoŰme na Śqoume 50% meŢwsh ston Şgko twn I/O dedomŚnwn proc to dŢsko. QrhsimopoiŤntac kai arqeŢa apeikonismŚna sth mnŠmh, h beltŢwsh autŠ mporeŢ na ftŘsei mŚqri kai 70%.

KefŘlaio 4

MŚjodoi BeltŢwshc thc ApŞdoshc Web Proxy

“We all agree that your theory is crazy, but is it crazy enough?” —Niels Bohr (1885-1962)

Sto kefŘlaio autŞ parousiŘzontai mŚjodoi gia th lŰsh tou problŠmatoc thc deutereŰousac mnŠmhc twn Web proxies pou apoteloŰn to jewrhtikŞ upŞbajro thc metaptuqiakŠc autŠc ergasŢac. H ereunhtikŠ autŠ douleiŘ anaptŰqjhke apŞ mŢa omŘda anjrŤpwn me prwtergŘth ton k. EuŘggelo MarkŘto kai sthn opoŢa summeteŢqe kai o suggrafŚac. H analutikŠ perigrafŠ thc ereunhtikŠc autŠc prospŘjeiac gŢnetai sth dhmosŢeush [62] kai Śqei parousiasteŢ sto sunŚdrio 2nd USENIX Symposium on Internet Technologies and Systems (USITS’99).

AxŢzei na anafŚroume Şti oi parathrŠseic pou odŠghsan sth sqedŢash autŤn twn mejŞdwn eŢnai se pollŘ shmeŢa Şmoiec me autŚc sth douleiŘ twn Maltzahn kai Richardson pou perigrŘyame sthn parŘgrafo 3.2.3. An kai h dhmosŢeush thc ergasŢac touc [58] Śgine lŢgo kairŞ prin th dikŠ mac [62], oi mŚjodoi anaptŰqjhkan parŘllhla kai apŞ tic dŰo omŘdec. Allwste, Şpwc ja doŰme sth sunŚqeia autoŰ tou kefalaŢou, oi mŚjodoi pou proteŢnontai apŞ autŠ thn ergasŢa proqwroŰn perissŞtero kai dŢnoun polŰ pio oloklhrwmŚnec lŰseic.

4.1 MELETH TOU FORTOU ENOS SUSTHMATOS ARQEIWN APO ENA WEB PROXY

Sthn parŘgrafo 3.1.1 perigrŘfhkan ta qarakthristikŘ twn antikeimŚnwn pou qeirŢzetai Śna Web proxy se leitourgŢa.’Eqontac upŞyh autŘ ta polŰ basikŘ qarakthristikŘ, meletŘtai o qeirismŞc twn antikeimŚnwn WWW apŞ ta shmerinŘ Web proxies, pŘnta se sqŚsh me to sŰsthma arqeŢwn.’Opwc apodeiknŰetai sthn parŘgrafo autŠ, to sŰsthma arqeŢwn parembaŢnei arnhtikŘ sthn apŞdosh enŞc Web proxy me sugkekrimŚnouc trŞpouc. Sthn epŞmenh parŘgrafo ja doŰme me poiouc trŞpouc mporoŰme

KefŘlaio 4. MŚjodoi BeltŢwshc thc ApŞdoshc Web Proxy

na meiŤsoume drastikŘ autŠ thn arnhtikŠ allhlepŢdrash.

4.1.1 DIAQEIRISH ARQEIWN

Ta perissŞtera kai dhmofilŚstera Web proxies anoiqtoŰ kŤdika sŠmera apojhkeŰoun kŘje antikeŢmeno tou PagkŞsmiou IstoŰ se Śna xeqwristŞ arqeŢo. PisteŰoume Şti h diaqeŢrish autŤn twn arqeŢwn apŞ to sŰsthma arqeŢwn apoteleŢ megŘlo empŞdio sthn aŰxhsh twn epidŞsewn enŞc Web proxy. Gia na epibebaiwjeŢ autŠ h arnhtikŠ epŢdrash tou sustŠmatoc arqeŢwn, metrŠjhke o qrŞnoc dhmiourgŢac kai diagrafŠc arqeŢwn. Gia tic metrŠseic qrhsimopoiŠjhke to metroprŞgramma (benchmark) latfs apŞ to sŰnolo metroprogrammŘtwn HBENCH-OS [12]. Sto peŢrama dhmiourgŠjhkan 64 arqeŢa diafŞrwn megejŤn kai sth sunŚqeia diagrŘfhkan.

Sta peirŘmata parathrŠjhke Şti o qrŞnoc dhmiourgŢac arqeŢou mhdenikoŰ megŚjouc eŢnai pŘnw apŞ 20 msec enŤ gia arqeŢo megŚjouc 10 KBytes qreiŘzontai toulŘqiston gŰrw sta 40 msec. AntŢstoiqa o qrŞnoc diagrafŠc arqeŢou mh mhdenikoŰ megŚjouc eŢnai perissŞteroc apŞ 20 msec. ApŞ ta parapŘnw noŰmera prŚpei na parathrŠsoume Şti efŞson o mŚsoc qrŞnoc dhmiourgŢac kai diagrafŠc arqeŢou 4 KBytes eŢnai gŰrw sta 50 msec, autŞ shmaŢnei Şti to sŰsthma arqeŢwn den mporeŢ na kataskeuŘsei pŘnw apŞ 20 arqeŢa anŘ deuterŞlepto. Ara, me lŢga lŞgia, an Śna Web proxy apojhkeŰei kŘje URL se Śna arqeŢo (Şpwc kŘnei gia parŘdeigma to Squid), den ja mporeŢ na exuphretŠsei pŘnw apŞ 20 aitŠseic pelatŤn gia URLs to deuterŞlepto lŞgw thc kajustŚrhshc apŞ th diaqeŢrish arqeŢwn. An skeftoŰme Şti to mŚso mŚgejoc arqeŢou ston PagkŞsmio IstŞ eŢnai 3 KBytes [79], tŞte to Web proxy ja mporeŢ na exuphreteŢ aitŠseic pou antistoiqoŰn se rujmŞ dedomŚnwn 3 KBytes anŘ 50 msec, Š perŢpou 60 KBytes anŘ deuterŞlepto, posŞthta dŰo tŘxeic megŚjouc mikrŞterh apŞ to rujmŞ dedomŚnwn pou mporoŰn na prosfŚroun oi perissŞteroi dŢskoi sŠmera.

Ta apotelŚsmata autŘ sumfwnoŰn me ta apotelŚsmata dhmosieumŚnwn peiramŘtwn me Řlla metroprogrŘmmata [63], [84], [82], [69].

4.2 BELTISTOPOIWNTAS THN DIAQEIRISH ARQEIWN

Ta perissŞtera kai dhmofilŚstera Web proxies anoiqtoŰ kŤdika sŠmera (Şpwc to Squid [102] kai to CERN [57]) apojhkeŰoun kŘje antikeŢmeno tou PagkŞsmiou IstoŰ se Śna xeqwristŞ arqeŢo. Ta arqeŢa autŘ apojhkeŰontai se mŢa rhqŠ (Şpwc p.q. to Squid) Š mia bajŰterh ierarqŢa katalŞgwn. GnwrŢzontac apŞ ta parapŘnw peirŘmata Şti to kŞstoc thc diaqeŢrishc pollŤn arqeŢwn meiŤnei polŰ to rujmŞ exuphrŚthshc aitŠsewn, pisteŰoume Şti autŞ to kŞstoc apoteleŢ to megalŰtero parŘgonta meŢwshc thc apŞdoshc enŞc Web proxy.

4.2. BeltistopoiŤntac thn DiaqeŢrish ArqeŢwn

4.2.1 O ALGORIJMOS BUDDY

Ta shmerinŘ Web proxies qrhsimopoioŰn sunŠjwc kŘpoion apŞ touc exŠc treic algorŢjmouc gia thn omadopoŢhsh twn antikeimŚnwn WWW se arqeŢa [58], [62]:

♦ “SIMPLE”: Ston algŞrijmo autŞ kŘje antikeŢmeno apojhkeŰetai se diaforetikŞ arqeŢo kai Şla autŘ ta arqeŢa brŢskontai ston Ţdio katŘlogo.

♦ “SQUID”: O algŞrijmoc autŞc, pou qrhsimopoieŢtai apŞ to Squid, kataskeuŘzei arqikŘ mŢa ierarqŢa katalŞgwn pou apoteleŢtai apŞ dŰo epŢpeda. To prŤto epŢpedo periŚqei 16 katalŞgouc (me onŞmata 0 ... F) kai to deŰtero 256 katalŞgouc (me onŞmata 00 ... FF) gia kŘje katŘlogo tou prŤtou epipŚdou. Ta arqeŢa grŘfontai stouc katalŞgouc me Śna kuklikŞ algŞrijmo (Round - Robin), dhladŠ to prŤto arqeŢo dhmiourgeŢtai ston katŘlogo 0/00 to deŰtero 0/01, ... mŚqri to 0/FF kai to epŞmeno sto 1/00 k.o.k.

♦ “MULTIPLE-DIRS”: Ston algŞrijmo autŞ kŘje antikeŢmeno apojhkeŰetai se diaforetikŞ arqeŢo, allŘ Şla ta antikeŢmena pou proŚrqontai apŞ ton Ţdio ExuphrŚth WWW grŘfontai ston Ţdio katŘlogo kai kŘje katŘlogoc periŚqei antikeŢmena apŞ Śna mŞno ExuphrŚth WWW.’Oloi oi katŘlogoi brŢskontai sto Ţdio epŢpedo.

Gia na meiwjeŢ to kŞstoc thc diaqeŢrishc arqeŢwn protŘjhke [62] Śnac nŚoc algŞrijmoc gia thn omadopoŢhsh twn antikeimŚnwn se arqeŢa o opoŢoc onomŘsthke “BUDDY”. H kŰria idŚa pŢsw apŞ ton algŞrijmo autŞ eŢnai h meŢwsh tou plŠjouc twn arqeŢwn me thn apojŠkeush perissotŚrwn tou enŞc antikeimŚnwn se Śna arqeŢo. ’Etsi ta antikeŢmena pou qwrŘne mŚsa se Śna block tou dŢskou (512 bytes) apojhkeŰontai Şla se Śna arqeŢo, autŘ pou qwrŘne mŚsa se dŰo blocks (allŘ eŢnai megalŰtera apŞ Śna block) apojhkeŰontai Şla se Śna Řllo arqeŢo k.o.k. TelikŘ loipŞn, kŘje arqeŢo periŚqei antikeŢmena pou qreiŘzontai ton Ţdio arijmŞ blocks sto dŢsko, opŞte mporoŰme na poŰme Şti kŘje arqeŢo apoteleŢtai apŞ mia seirŘ isomegŚjwn “jŚsewn” (slots). SŰmfwna me ton algŞrijmo, topojetoŰme kŘje antikeŢmeno sthn prŤth eleŰjerh “jŚsh” tou antŢstoiqou arqeŢou.

O algŞrijmoc BUDDY leitourgeŢ wc exŠc:

♦ ArqikŘ o algŞrijmoc dhmiourgeŢ Śna arqeŢo gia ta antikeŢmena pou qwrŘne mŚsa se Śna block tou dŢskou, Śna deŰtero gia autŘ pou qwrŘne mŚsa se dŰo blocks (allŘ Şqi se Śna block), k.o.k. mŚqri Śna “oriakŞ” arijmŞ apŞ blocks (threshhold). Ta antikeŢmena pou eŢnai megalŰtera Š Ţsa me autŞn ton arijmŞ blocks apojhkeŰontai to kajŚna sto dikŞ tou arqeŢo.

KefŘlaio 4. MŚjodoi BeltŢwshc thc ApŞdoshc Web Proxy

♦ Se mia aŢthsh eggrafŠc gia Śna antikeŢmeno dedomŚnou megŚjouc, o algŞrijmoc “BUDDY” brŢskei thn prŤth Řdeia “jŚsh” sto katŘllhlo arqeŢo kai apojhkeŰei ta dedomŚna tou arqeŢou sth jŚsh autŠ. An Śna antikeŢmeno eŢnai megalŰtero Š Ţso me ton “oriakŞ” arijmŞ (p.q. 256 blocks Š 128 KBytes) tŞte o BUDDY ftiŘqnei Śna arqeŢo kai apojhkeŰei ekeŢ to antikeŢmeno mŞno tou.

♦ Se mia aŢthsh diagrafŠc antikeimŚnou megŚjouc mikrŞterou tou “oriakoŰ”, o BUDDY shmeiŤnei Şti h antŢstoiqh “jŚsh” pou Štan grammŚno to arqeŢo eŢnai tŤra kenŠ. An to antikeŢmeno eŢnai megalŰtero tou “oriakoŰ” megŚjouc diagrŘfei to arqeŢo pou Štan apojhkeumŚno to antikeŢmeno.

♦ Se mia aŢthsh anŘgnwshc antikeimŚnou brŢskei thn anŘlogh “jŚsh” sto katŘllhlo arqeŢo kai diabŘzei to perieqŞmeno tou antikeimŚnou.

To megalŰtero pleonŚkthma tou BUDDY eŢnai Şti praktikŘ exafanŢzei to kŞstoc thc diaqeŢrishc apŞ th dhmiourgŢa kai diagrafŠ arqeŢwn. Ta antikeŢmena pou katŚqoun mŞna touc Śna arqeŢo eŢnai Śna polŰ mikrŞ posostŞ twn sunolikŤn antikeimŚnwn (Şpwc faŢnetai apŞ thn katanomŠ tou megŚjouc twn antikeimŚnwn WWW sthn parŘgrafo 3.1.1) kai Řra to kŞstoc thc diaqeŢrishc twn arqeŢwn autŤn eŢnai amelhtŚo. ’Ena akŞma pleonŚkthma tou BUDDY eŢnai Şti topojetŤntac ta antikeŢmena Ţsou megŚjouc sto Ţdio arqeŢo meiŤnei to fragmentation entŞc twn arqeŢwn, giatŢ kŘje antikeŢmeno katalambŘnei suneqŞmenec jŚseic sto Ţdio arqeŢo.

H Ţdia logikŠ pou qrhsimopoiŠjhke ston algŞrijmo BUDDY gia th meŢwsh thc diaqeŢrishc pollŤn mikrŤn arqeŢwn apŞ to sŰsthma arqeŢwn, brŢsketai kai pŢsw apŞ th qrŠsh arqeŢou apeikonismŚnou sthn mnŠmh (memory mapped file) sthn ergasŢa [58]. Sthn ergasŢa autŠ, oi Maltzahn kai Richardson qrhsimopoŢhsan Śna megŘlo arqeŢo apeikonismŚno sthn mnŠmh gia thn apojŠkeush twn antikeimŚnwn WWW pou Štan mikrŞtera apŞ 8 KBytes, enŤ gia ta upŞloipa Śftiaqnan xeqwristŘ arqeŢa. AntŢjeta, o algŞrijmoc BUDDY den stamatŘei sto mŚgejoc twn 8 KBytes. ’Opwc Śdeixan ta peirŘmata tou [62], upŘrqei beltŢwsh thc apŞdoshc tou sustŠmatoc arqeŢwn gia antikeŢmena megŚjouc mŚqri kai 128 KBytes. SunepŤc ta apotelŚsmata twn peiramŘtwn tou BUDDY eŢnai polŰ kalŰtera apŞ autŘ twn Maltzahn kai Richardson.

4.3 BELTISTOPOIWNTAS TO RUJMO EGGRAFHS STO DISKO

MetŘ th meŢwsh tou kŞstouc apŞ th diaqeŢrish arqeŢwn parathrŠjhke Şti to megalŰtero epŞmeno empŞdio gia thn aŰxhsh twn epidŞsewn Štan h kajustŚrhsh tou dŢskou apŞ tic eggrafŚc se pollŘ shmeŢa diaskorpismŚna se Şlh thn epifŘneiŘ tou. O algŞrijmoc BUDDY, an kai meiŤnei to kŞstoc thc diaqeŢrishc arqeŢwn, den kŘnei kammŢa

4.3. BeltistopoiŤntac to RujmŞ EggrafŠc sto DŢsko

enŚrgeia gia thn topojŚthsh twn dedomŚnwn sto dŢsko Ťste na auxhjeŢ h apŞdosh twn eggrafŤn (Š/kai twn anagnŤsewn).

GnwrŢzontac apŞ thn parŘgrafo 3.1.1 Şti o fŞrtoc tou dŢskou enŞc Web proxy kuriarqeŢtai apŞ eggrafŚc, eŢnai logikŞ na gŢnei mia prospŘjeia gia thn kalŰterh apŞdosh twn eggrafŤn. LambŘnontac upŞyh mac th leitourgŢa twn magnhtikŤn dŢskwn, h apŞdosh twn eggrafŤn ja eŢnai bŚltisth an grŘfoume sto dŢsko Şpwc ta Log-Structured sustŠmata arqeŢwn [84], [83], [69], [82], dhladŠ xekinŤntac apŞ thn arqŠ tou dŢskou na grŘfoume seiriakŘ prosjŚtontac suneqŤc dedomŚna mŚqri na ftŘsoume sto tŚloc. TŞte an jŚloume na prosjŚsoume ki Řlla dedomŚna epistrŚfoume sthn arqŠ kai xanagrŘfoume seiriakŘ.

H idŚa loipŞn pou proteŢnetai [62] gia th beltistopoŢhsh twn eggrafŤn eŢnai na qrhsimopoiŠsoume mia tŚtoia mŚjodo, Şqi bŚbaia ftiŘqnontac kainoŰrio sŰsthma arqeŢwn, allŘ se epŢpedo efarmogŠc qrŠsth kŘnontac to Web proxy na grŘfei me ton Ţdio log-structured trŞpo. O algŞrijmoc loipŞn pou epinoŠjhke [62] onomŘsthke “STREAM” kai h leitourgŢa tou eŢnai wc exŠc:

♦ To Web proxy apojhkeŰei Şla ta antikeŢmenŘ tou se Śna arqeŢo pou apoteleŢtai apŞ “jŚseic” (“slots”) stajeroŰ megŚjouc 512 bytes, Şso dhladŠ Śna block tou dŢskou. KŘje antikeŢmeno katalambŘnei akŚraio arijmŞ jŚsewn (p.q. Śna antikeŢmeno me mŚgejoc 1300 bytes ja katalŘbei 3 “jŚseic”). AutŞ gŢnetai gia na apofŰgoume to diŘbasma perissŞterwn blocks sthn perŢptwsh pou Śna antikeŢmeno pernŘei ta Şria tou enŞc block. Sto [58] pou qrhsimopoioŰntai arqeŢa apeikonismŚna sth mnŠmh, prospajoŰn na eujugrammŢsoun ta antikeŢmena sta Şria thc selŢdac mnŠmhc. ’Etsi Şmwc spatalŘne perissŞtero qŤro, giatŢ h selŢda mnŠmhc eŢnai sunŠjwc megalŰterh se mŚgejoc (8 KBytes) apŞ Şti to block tou dŢskou (512 bytes).

♦ Oi entolŚc diagrafŠc enŞc antikeimŚnou shmeiŤnoun to qŤro pou katalŘmbanan ta perieqŞmena tou antikeimŚnou san eleŰjero qŤro Śtsi Ťste na eggrafoŰn ekeŢ nŚa antikeŢmena.

♦ Oi entolŚc anŘgnwshc enŞc antikeimŚnou diabŘzoun, apŞ ta antŢstoiqa mŚrh tou arqeŢou, ta perieqŞmena tou antikeŢmenou kai ta epistrŚfoun.

♦ Oi entolŚc eggrafŠc tŚloc enŞc antikeimŚnou grŘfoun apŞ thn arqŠ tou dŢskou prosjŚtontac suneqŤc mŚqri na teleiŤsei o diajŚsimoc qŤroc tou dŢskou. Se autŠ thn perŢptwsh epistrŚfoun sthn arqŠ tou megŘlou autoŰ arqeŢou kai suneqŢzoun na grŘfoun prosjŚtontac dedomŚna mŞno ston eleŰjero qŤro pou Śqei dhmiourghjeŢ.

KefŘlaio 4. MŚjodoi BeltŢwshc thc ApŞdoshc Web Proxy

O algŞrijmoc STREAM Śqei th dunatŞthta na kŘnei megŘlec seiriakŚc eggrafŚc sto dŢsko, to mŚgejoc twn opoŢwn exartŘtai apŞ to diajŚsimo qŤro sto dŢsko, to opoŢo me th seirŘ tou exartŘtai apŞ to diajŚsimo qŤro pou Śqoume dŤsei sto arqeŢo. An den Śqoume dŤsei kajŞlou eleŰjero qŤro, tŞte ja upŘrqei suneqŤc mŞno mŢa eleŰjerh jŚsh sto dŢsko h opoŢa ja kineŢtai mh seiriakŘ kai ja prokaleŢ suneqeŢc kinŠseic thc kefalŠc tou dŢskou meiŤnontac dramatikŘ thn apŞdosh. H filosofŢa tou algorŢjmou STREAM eŢnai Şti oi dŢskoi prŚpei na douleŰoun se qwrhtikŞthta polŰ ligŞterh tou 100%, Ťste na upŘrqei pŘnta arketŞc eleŰjeroc qŤroc sto dŢsko. O qŤroc autŞc ja beltiŤnei thn apŞdosh epitrŚpontac tic megŘlec suneqeŢc eggrafŚc.

’Otan metrŠjhkan arqikŘ oi epidŞseic tou algorŢjmou STREAM [62] parathrŠjhke Şti an kai upŠrqe pŘnta eleŰjeroc qŤroc kai kajŞlou anagnŤseic sto dŢsko, o STREAM den Śgrafe sto dŢsko me to megalŰtero rujmŞ. To prŞblhma entopŢsthke stic mikrŚc eggrafŚc, dhladŠ sto Şti grŘfontan lŢga dedomŚna (512 bytes) kŘje forŘ me apotŚlesma na gŢnetai mŢa anŘgnwsh kai mŢa eggrafŠ sto dŢsko. O lŞgoc gia to fainŞmeno autŞ eŢnai Şti an graftoŰn sto dŢsko dedomŚna megŚjouc mikrŞterou apŞ mŢa selŢda mnŠmhc, to leitourgikŞ sŰsthma ja diabŘsei th selŢda autŠ apŞ to dŢsko, ja enhmerŤsei to kommŘti twn dedomŚnwn pou grŘfthke kai ja xanagrŘyei olŞklhrh th selŢda pŢsw sto dŢsko. Gia na meiwjeŢ autŞ to fainŞmeno twn mikrŤn eggrafŤn, epinoŠjhke [62] Śnac nŚoc algŞrijmoc, pou omadopoieŢ tic eggrafŚc se pakŚta kai onomŘsthke “STREAM-PACKETIZER”. O algŞrijmoc STREAM-PACKETIZER douleŰei Şpwc akribŤc o STREAM me mŞnh exaŢresh thn epŞmenh:

♦ UpŘrqei Śnac buffer pou Śqei mŚgejoc Şso mŢa selŢda mnŠmhc kai eŢnai eujugrammismŚnoc sto Şrio miac selŢdac. Oi eggrafŚc antikeimŚnwn den prowjoŰntai kateujeŢan sto sŰsthma arqeŢwn, allŘ sugkentrŤnontai mŚsa ston buffer se suneqŞmenec jŚseic to Śna apŞ to Řllo.’Otan o buffer gemŢsei, Š h jŚsh pou prŚpei na grafteŢ Śna antikeŢmeno den eŢnai suneqŞmenh, o buffer stŚlnetai sto sŰsthma arqeŢwn gia na grafteŢ sto dŢsko.

H apŞdosh twn algorŢjmwn BUDDY, STREAM kai STREAM-PACKETIZER metrŠjhke [62] san sunŘrthsh tou qrhsimopoihmŚnou qŤrou sto dŢsko. Ta peirŘmata Śdeixan Şti Ştan h qrŠsh tou dŢskou eŢnai megŘlh (perŢpou 95%) oi STREAM kai STREAM-PACKETIZER Śqoun parŞmoia apŞdosh me ton BUDDY. AutŞ sumbaŢnei giatŢ den upŘrqoun megŘla suneqŠ kommŘtia sto dŢsko Ťste na Śqoume apodotikŚc eggrafŚc. AntŢjeta, Ştan h qrŠsh tou dŢskou eŢnai mikrŞterh tou 72% o STREAM apodŢdei dŰo forŚc kalŰtera apŞ ton BUDDY kai o STREAM-PACKETIZER perŢpou 2.5 forŚc kalŰtera. Sthn prŘxh, to Web proxy qrhsimopoiŤntac ton algŞrijmo STREAM-PACKETIZER mporeŢ na anebŘsei to rujmŞ exuphrŚthshc aitŠsewn se perissŞterec apŞ 350 anŘ deuterŞlepto. BŚbaia, gia na petŰqoun autŚc tic apodŞseic,

4.4. BeltistopoiŤntac to RujmŞ AnŘgnwshc apŞ to DŢsko

oi STREAM kai STREAM-PACKETIZER qreiŘzontai perŢpou 30% epiplŚon qŤro sto dŢsko apŞ Şti o qŤroc twn antikeimŚnwn pou apojhkeŰoun. ApŞ thn Řllh Şmwc oi algŞrijmoi autoŢ, qrhsimopoiŤntac Śna mŞno arqeŢo, katafŚrnoun na meiŤsoun to qŤro twn metadedomŚnwn tou sustŠmatoc arqeŢwn kerdŢzontac qrŞno se sqŚsh me touc paradosiakoŰc algorŢjmouc SIMPLE, SQUID kai MULTIPLE-DIRS. SqetikŘ me ton epiplŚon qŤro sto dŢsko, eutuqŤc oi timŚc twn dŢskwn meiŤnontai sto misŞ kŘje qrŞno [27], enŤ Şpwc prŞsfatec metrŠseic anafŚroun [30], ta perissŞtera sustŠmata arqeŢwn douleŰoun me diajŚsimo to misŞ qŤro sto dŢsko.

4.4 BELTISTOPOIWNTAS TO RUJMO ANAGNWSHS APO TO DI- SKO An kai oi algŞrijmoi STREAM kai STREAM-PACKETIZER meiŤnoun sto elŘqisto tic metakinŠseic thc kefalŠc tou dŢskou gia eggrafŚc antikeimŚnwn, to Web proxy mporeŢ akŞmh na upofŚrei apŞ tic Ţdiec aitŢec lŞgw anŘgnwshc dedomŚnwn apŞ to dŢsko. ’Estw dhladŠ Şti h kefalŠ tou dŢskou grŘfei seiriakŘ kŘpoia antikeŢmena sth jŚsh Q kai lŞgw miac epituqhmŚnhc aŢthshc sto Web proxy prŚpei na diabasteŢ Śna antikeŢmeno apŞ to dŢsko. KatŘ sunŚpeia, h kefalŠ tou dŢskou prŚpei na metakinhjeŢ sto shmeŢo U pou brŢskontai ta perieqŞmena tou arqeŢou gia na ta diabŘsei kai sth sunŚqeia na epistrŚyei kai pŘli sto Q gia na suneqŢsei tic eggrafŚc. An kai oi anagnŤseic antikeimŚnwn eŢnai ligŞterec apŞ tic eggrafŚc, kŘje mia apŞ autŚc prokaleŢ sunŠjwc dŰo metakinŠseic thc kefalŠc prokalŤntac Śtsi megŘlh kajustŚrhsh.

4.4.1 O ALGORIJMOS LAZY-READS Gia thn antimetŤpish autoŰ tou problŠmatoc epinoŠjhke [62] Śnac nŚoc algŞrijmoc, o “LAZY-READS”. H leitourgŢa tou algorŢjmou autoŰ moiŘzei me autŠ tou STREAM- PACKETIZER me thn exŠc diaforŘ:

♦’Otan lambŘnetai mia aŢthsh anŘgnwshc, stŚlnetai se Śna endiŘmeso buffer.

’Otan o buffer gemŢsei me aitŠseic anŘgnwshc tic prowjeŢ sto sŰsthma arqeŢwn diatetagmŚnec anŘloga me th jŚsh (sto Śna arqeŢo pou periŚqontai Şla ta antikeŢmena) twn dedomŚnwn kŘje aŢthshc.

Sta peirŘmatŘ pou Śginan, me ton algŞrijmo LAZY-READS na stŚlnei anŘ dŚka tic aitŠseic anŘgnwshc sto sŰsthma arqeŢwn, parathrŠjhke Şti beltiŤnei thn apŞdosh tou STREAM-PACKETIZER katŘ 10%.

KefŘlaio 4. MŚjodoi BeltŢwshc thc ApŞdoshc Web Proxy

4.4.2 O ALGORIJMOS LAZY-READS-LOC

’Opwc parathrŠsame sthn parŘgrafo 2.3 kai 3.1.1 ta antikeŢmena tou PagkŞsmiou IstoŰ parousiŘzoun arketŠ topikŞthta [15]. Gia parŘdeigma ta antikeŢmena miac istoselŢdac anaktoŰntai Şla mazŢ. EŢnai loipŞn skŞpimo na apojhkeŰoume ta antikeŢmena autŘ se kontinŚc topojesŢec sto dŢsko Ťste mellontikŚc anagnŤseic touc (pou ja parousiŘzoun qronikŠ topikŞthta) na gŢnontai me th mŚgisth taqŰthta. AutŠ eŢnai kai h filosofŢa pŢsw apŞ ton algŞrijmo MULTIPLE-DIRS pou eŢdame parapŘnw. DustuqŤc ta perissŞtera apŞ ta shmerinŘ Web proxies katastrŚfoun thn topikŞthta twn antikeimŚnwn poluplŚkontac ta antikeŢmena apŞ polloŰc diaforetikoŰc se anŘmeikta arqeŢa kai katalŞgouc.’Etsi ta perieqŞmena twn antikeimŚnwn pou brŢskontai sthn Ţdia istoselŢda kai prospelaŰnontai mazŢ mporoŰn na brŢskontai ekatontŘdec KBytes makriŘ to Śna apŞ to Řllo sto dŢsko.

Gia na beltiwjeŢ autŠ thn katŘstash epinoŠjhke [62] o algŞrijmoc “LAZY- READS-LOC” pou apoteleŢ mŢa beltŢwsh tou LAZY-READS me thn exŠc diaforŘ:

♦ UpŘrqoun Śna sŰnolo apŞ buffers oi opoŢoi onomŘzontai “locality buffers” kai Śqoun stŞqo na omadopoioŰn tic eggrafŚc antikeimŚnwn pou proŚrqontai apŞ touc Ţdiouc ExuphrŚtec WWW. O stŞqoc eŢnai na beltiwjoŰn oi anagnŤseic twn antikeimŚnwn autŤn.

♦’Otan o Web proxy jŚlei na apojhkeŰsei sto dŢsko tou Śna antikeŢmeno yŘqnei stouc “locality buffers” tou an upŘrqei kŘpoioc buffer pou sugkentrŤnei antikeŢmena apŞ ton Ţdio ExuphrŚth WWW kai se tŚtoia perŢptwsh apojhkeŰei ta perieqŞmenŘ tou se autŞn. An den upŘrqei tŚtoioc buffer, epilŚgetai Śnac victim buffer ta perieqŞmena tou opoŢou grŘfontai seiriakŘ sto dŢsko enŤ sth sunŚqeia apojhkeŰontai s’ autŞn ta perieqŞmena tou antikeimŚnou.

KefŘlaio 5

SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

C isn’t that hard: void (*(*f[])())() defines f as an array of unspecified size, of pointers to functions that return pointers to functions that return void. — EŢdame sto kefŘlaio 4 arketoŰc nŚouc algorŢjmouc gia th beltŢwsh thc apŞdoshc twn Web proxies tŞso gia thn eggrafŠ dedomŚnwn Şpou o kalŰteroc Štan o STREAM-PACKETIZER, Şso kai gia thn anŘgnwsh me touc LAZY-READS kai touc “locality buffers”. Ta apotelŚsmata wstŞso pou eŢqame gi’ autoŰc proŠljan mŚsa apŞ prosomoiwtŚc pou, an kai qrhsimopoioŰsan pragmatikŚc anagnŤseic kai eggrafŚc sto dŢsko, den eŢqan na antimetwpŢsoun kai ta pollŘ Řlla problŠmata pou Śqoun na antimetwpŢsoun ta pragmatikŘ Web proxies. Ta pio shmantikŘ apŞ ta problŠmata autŘ eŢnai to Řnoigma kai kleŢsimo pollŤn sundŚsewn TCP/IP tŞso apŞ touc pelŘtec allŘ kai proc touc ExuphrŚtec WWW, thn diaqeŢrish twn metadedomŚnwn twn antikeimŚnwn kai to fragmentation pou proŚrqetai apŞ thn pollŠ qrŠsh mnŠmhc tŞso gia thn apojŠkeush tou perieqomŚnou twn antikeimŚnwn, Şso kai twn metadedomŚnwn touc.

Me skopŞ na meletŠsoume kai autŚc tic paramŚtrouc twn algorŢjmwn se Śna pragmatikŞ Web proxy, ulopoiŠsame sta plaŢsia thc metaptuqiakŠc autŠc ergasŢac touc algorŢjmouc pou perigrŘyame sto kefŘlaio 4. Sto kefŘlaio autŞ perigrŘfoume tŞso thn ulopoŢhsŠ mac Şso kai ta problŠmata pou antimetwpŢsame katŘ th diŘrkeia thc prospŘjeiac kai tic lŰseic pou proteŢnoume kai ulopoiŠsame.

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

5.1 PROSPAJEIES METATROPHS UPARQONTWN SUSTHMA- TWN H arqikŠ prospŘjeiŘ mac Štan na dokimŘ-soume ton algŞrijmo STREAM- PACKETIZER se Śna apŞ ta pio dhmofilŠ kai exeligmŚna Web proxies anoiqtoŰ kŤdika sŠmera, Şpwc to Squid Š o Apache.

5.1.1 METATROPH TOU SQUID

Oi prospŘjeiŚc mac me to Squid den odŠghsan kŘpou, giatŢ h ulopoŢhsh tou sugkekrimŚnou Web proxy sthrŢzetai ex’ oloklŠrou sthn Űparxh enŞc arqeŢou gia kŘje antikeŢmeno. To Squid qeirŢzetai ta antikeŢmenŘ WWW sth mnŠmh tou kalŤntac dikŚc tou sunartŠseic pou basŢzontai stic klŠseic sustŠmatoc open(), close(), read() kai write(). EpŢshc gia thn apojŠkeush metadedomŚnwn Şpwc h Ťra apojŠkeushc kŘje antikeimŚnou qrhsimopoieŢtai h qronikŠ stigmŠ (timestamp) teleutaŢac prospŚlashc tou arqeŢou pou apojhkeŰei ta perieqŞmena tou antikeimŚnou. TŚloc efŞson to Squid qrhsimopoieŢ Śna arqeŢo gia kŘje antikeŢmeno eŢnai polŰ pio eŰkolo na mhn qrhsimopoieŢ dikoŰc tou buffers gia kŘje antikeŢmeno pou fŚrnei apŞ ton ExuphrŚth WWW allŘ Şpoio kommŘti enŞc antikeimŚnou diabŘzei apŞ to dŢktuo na to grŘfei kateujeŢan sto arqeŢo pou apojhkeŰei autŞ to antikeŢmeno.

ExereunŤntac loipŞn th dunatŞthta na enswmatŤsoume touc algorŢjmouc sto Squid, eŢdame Şti autŞ Štan praktikŘ adŰnato qwrŢc na qreiasteŢ na allŘxoume Śna megŘlo mŚroc apŞ tic perŢpou 82000 grammŚc kŤdika tou. KrŢnontac loipŞn Şti autŞ den Štan sumfŚron apŞ pleurŘc qrŞnou, oi prospŘjeiŚc mac gia ulopoŢhsh twn algorŢjmwn strŘfhkan alloŰ. Oi upologismoŢ mac autoŢ apodeŢqthkan swstoŢ Ştan kai oi Ţdioi oi programmatistŚc pou anŚptuxan kai anaptŰssoun ton kŤdika tou Squid den mpŞresan na allŘxoun ton trŞpo pou grŘfei sto dŢsko ta arqeŢa kai sthn teleutaŢa Śkdosh tou, thn 2.3, anŚptuxan Śna eidikŞ “storage API” Ťste na mporŚsoun na qrhsimopoiŠsoun Śna epŢshc sŰsthma arqeŢwn Ťste na beltiŤsoun tic epidŞseic tou [103].

5.1.2 METATROPH TOU APACHE

H deŰterh prospŘjeiŘ mac Śgine me ton ExuphrŚth Apache (Śkdosh 1.3.6) o opoŢoc parŚqei kai Śna module pou leitourgeŢ wc Web proxy. To prŤto pou diapistŤsame dokimŘzontac ton Apache eŢnai Şti ustereŢ se epidŞseic apŞ to Squid mŚqri kai 50%. EpŢshc efŞson eŢnai kurŢwc kataskeuasmŚnoc gia qrŠsh wc ExuphrŚthc WWW kai Şqi wc Web proxy den ulopoieŢ arketŘ features pou ulopoieŢ to Squid.

O Apache qrhsimopoieŢ pollŚc jugatrikŚc diergasŢec gia na qeiristeŢ tic aitŠseic twn pelatŤn oi opoŢec leitourgoŰn entelŤc anexŘrthta metaxŰ touc qŘrh sthn

5.1. ProspŘjeiec MetatropŠc UparqŞntwn SusthmŘtwn

Űparxh enŞc arqeŢou gia kŘje antikeŢmeno. Se diaforetikŠ perŢptwsh, Şpwc autŠ pou jŚloume na ulopoiŠsoume emeŢc, ja qreiazŞtan epikoinwnŢa kai sugqronismŞc anŘmesŘ touc gia na apojhkeŰoun ta perieqŞmena twn antikeimŚnwn se Śna megŘlo arqeŢo (Şpwc upagoreŰei o algŞrijmoc STREAM-PACKETIZER), qwrŢc na upŘrqei poluplexŢa twn perieqomŚnwn twn antikeimŚnwn. Gia na to petŰqoume autŞ ulopoiŠsame mŢa xeqwristŠ diergasŢa “storage manager” me thn opoŢa sundŚontan Şlec oi xeqwristŚc diergasŢec tou Apache kai Śstelnan ta antikeŢmena pou Śprepe na apojhkeutoŰn ston dŢsko. Sth sunŚqeia Şmwc parathrŠsame Şti h diagrafŠ antikeimŚnwn apŞ to dŢsko tou Apache (dhladŠ h ulopoŢhsh thc politikŠc antikatŘstashc), ginŞtan me mia xeqwristŠ diergasŢa, h opoŢa analŘmbane na sbŠsei apŞ to dŢsko ta arqeŢa pou den qreiŘzontan. Gia na mporŚsei na doulŚyei swstŘ h ulopoŢhsŠ mac ja Śprepe na ulopoiŠsoume th dikŠ mac politikŠ antikatŘstashc ston Apache.

’Eqontac ftŘsei sto parapŘnw shmeŢo, apofasŢsame na mh qrhsimopoiŠsoume telikŘ ton Apache kai lŞgw tou Şti ja Śprepe na diajŚsoume Śna megŘlo mŚroc tou qrŞnou mac gia na kŘnoume autŚc tic megŘlec allagŚc se Řgnwsto gia emŘc kŤdika, allŘ kai lŞgw twn qamhlŤn epidŞsewn pou eŢqe. H telikŠ mac apŞfash Štan na anaptŰxoume Śna dikŞ mac Web proxy, to opoŢo den ja ulopoioŰse bŚbaia Şla ta qarakthristikŘ pou Śqei gia parŘdeigma to Squid (prwtŞkollo ICP [101], client access control, cache-digests, prwtŞkollo FTP ktl.), allŘ ja Štan exarqŠc sqediasmŚno na Śqei uyhlŚc epidŞseic kai ja Štan pio eŰkolo kai ligŞtero qronobŞro na ulopoiŠsoume touc algorŢjmouc mac.’Etsi dhmiourgŠjhke to FOXY.

5.1.3 H DHMIOURGIA TOU FOXY

To FOXY eŢnai Śna Web proxy sqediasmŚno me kŰriouc skopoŰc:

♦ tic uyhlŚc epidŞseic.

♦ thn autonomŢa twn tmhmŘtwn kŤdika (modules) pou ulopoioŰn tic diŘforec leitourgŢec kai thn xekŘjarh allhlepŢdrasŠ metaxŰ touc Ťste na eŢnai eŰkolh h antikatŘstasŠ touc me diaforetikoŰc algorŢjmouc.

♦ thn ulopoŢhsh tou algorŢjmou STREAM-PACKETIZER gia thn apojŠkeush antikeimŚnwn sto dŢsko Ťste na metrhjeŢ h apŞdosŠ tou se pragmatikŚc sunjŠkec.

DustuqŤc den upŠrqe o aparaŢthtoc qrŞnoc gia na ulopoihjoŰn Şlec oi dunatŞthtec pou prosfŚrei to Squid stic perŢpou 82000 grammŚc kŤdikŘ tou, allŘ prospajŠsame kai telikŘ katafŚrame mŚsa se perŢpou 8000 grammŚc kŤdika na prosfŚroume

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

tic anagkaŢec leitourgŢec gia th diexagwgŠ peiramŘtwn me polŰ gnwstŘ metroprogrŘmmata (benchmarks) gia Web proxy, Şpwc to Web Polygraph [5] ta opoŢa sumperifŚrontai akribŤc Şpwc exeligmŚnoi PelŘtec kai ExuphrŚtec WWW. TŚloc prŚpei na anafŚroume Şti to FOXY leitoŰrghse Řyoga kai me dhmofileŢc Web browsers (p.q. Netscape, Internet Explorer) me touc opoŢouc dokimŘsthke.

PisteŰoume Şti katafŚrame na petŰqoume touc stŞqouc pou eŢqame jŚsei, dhladŠ tic uyhlŚc epidŞseic, thn ulopoŢhsh tou algorŢjmou STREAM-PACKETIZER kai thn xekŘjarh allhlepŢdrash twn tmhmŘtwn kŤdika (modules). LŞgw tou stŞqou twn uyhlŤn epidŞsewn, h epilogŠ mac Štan na ulopoihjeŢ to FOXY se Śna leitourgikŞ sŰsthma apŞ thn oikogŚneia twn susthmŘtwn Unix.’Etsi to FOXY anaptŰqjhke sto leitourgikŞ sŰsthma Solaris 2.6 thc Sun Microsystems (dokimŘsthke Şmwc epituqŤc kai sto Redhat Linux Śkdoshc 6.1) kai apoteleŢtai apŞ perŢpou 8000 grammŚc kŤdika se glŤssa programmatismoŰ C.

5.2 TO SUSTHMA ENDIAMESHS MNHMHS FOXY

5.2.1 EXUPHRETHSH AITHSHS HTTP

Prin xekinŠsoume na perigrŘfoume analutikŞtera thn ulopoŢhsh tou FOXY prŚpei na doŰme pio afairetikŘ thn akoloujŢa katastŘsewn pou pernŘei Śna Web proxy gia na exuphretŠsei mŢa aŢthsh. H akoloujŢa autŠ apŞ katastŘseic paristŘnetai grafikŘ sto sqŠma 5.1 Şpou oi diŘforec katastŘseic Śqoun arijmhjeŢ. AnalutikŞtera kŘje mŢa apŞ tic katastŘseic autŚc perilambŘnei tic akŞloujec enŚrgeiec:

1. Sthn katŘstash 1 to Web proxy dŚqetai mŢa sŰndesh TCP apŞ kŘpoion pelŘth.

EŘn prŞkeitai gia kŘpoio pelŘth pou Śqei Řdeia na qrhsimopoiŠsei to Web proxy h sŰndesh gŢnetai dektŠ kai to Web proxy diabŘzei thn aŢthsh HTTP tou PelŘth (h morfŠ miac tŚtoiac aŢthshc faŢnetai ston pŢnaka 2.1).

2. Sthn katŘstash 2 to Web proxy apokwdikopoieŢ thn plhroforŢa pou upŘrqei sthn aŢthsh kai anakalŰptei katarqŠn ta aparaŢthta stoiqeŢa thc aŢthshc, Şpwc th mŚjodo HTTP gia thn anŘkthsh tou antikeimŚnou (sunŠjwc h mŚjodoc GET), to URL tou zhtoŰmenou antikeimŚnou (kai Řra to prwtŞkollo epikoinwnŢac, to Şnoma kai to port tou ExuphrŚth WWW ton katŘlogo kai to Şnoma tou arqeŢou ktl.) kai thn Śkdosh tou prwtokŞllou HTTP pou trŚqei o PelŘthc. EpŢshc mporeŢ na brei ki Řllec ligŞtero aparaŢthtec allŘ qrŠsimec plhroforŢec Şpwc to prŞgramma tou PelŘth, thn epijumhtŠ glŤssa gia to Śggrafo ktl.

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

SqŠma 5.1 DiŘgramma leitourgŢac enŞc Web proxy gia thn exuphrŚthsh miac aŢthshc.

Sto stŘdio autŞ to Web proxy kŘnei mia polŰ basikŠ leitourgŢa, thn anazŠthsh tou antikeimŚnou sth mnŠmh^1 tou. H anazŠthsh autŠ gŢnetai me th boŠjeia enŞc

1EnnooŰme to qŤro apojŠkeushc antikeimŚnwn tou Web proxy kai Şqi thn kŰria (dunamikŠ) mnŠmh tou. Sto exŠc Ştan anaferŞmaste aplŘ sth “mnŠmh tou Web proxy” ja ennooŰme olŞklhro to qŤro apojŠkeushc antikeimŚnwn tou, dhladŠ thn kŰria mnŠmh kai touc dŢskouc tou.

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

mhqanismoŰ eurethriasmoŰ (indexing) kai anazŠthshc twn metadedomŚnwn kŘje antikeimŚnou pou Śqei apojhkeuteŢ sth mnŠmh tou Web proxy. Ta metadedomŚna pou qreiŘzetai na kratŘme mporeŢ na eŢnai apŞ to Şnoma kŘje antikeimŚnou, to qrŞno thc teleutaŢac allagŠc tou, to mŚroc thc mnŠmhc pou to Śqoume apojhkeŰsei, to mŚgejoc twn perieqomŚnwn tou ktl. O mhqanismŞc loipŞn anazŠthshc apofaŢnetai gia to an to antikeŢmeno brŢsketai sth mnŠmh tou Web proxy Š Şqi. Sthn perŢptwsh pou to antikeŢmeno upŘrqei sth mnŠmh (dhladŠ h aŢthsh Štan epituqŠc) h exuphrŚthsh thc aŢthshc suneqŢzetai proqwrŤntac sthn katŘstash 6, alliŤc metabaŢnei sthn katŘstash 3.

3. Sthn katŘstash 3 (Şpwc kai stic 4 kai 5 pou akoloujoŰn) gnwrŢzoume Şti to antikeŢmeno thc aŢthshc den brŢsketai sth mnŠmh tou Web proxy. ’Etsi, arqikŘ gŢnetai mia anazŠthsh DNS gia to Şnoma tou ExuphrŚth WWW pou peri- Śqetai sto URL tou antikeimŚnou (kalŤntac thn gethostbyname())kai an eŢnai epituqŠc anoŢgetai mia TCP/IP sŰndesh me autŞn ton ExuphrŚth WWW (dhmiourgeŢtai Śna TCP socket me thn klŠsh sustŠmatoc open() kai h sŰndesh epitugqŘnetai me klŠsh thc connect(). Oi parapŘnw enŚrgeiec mporeŢ na diarkŚsoun arketŘ deuterŞlepta. EfŞson oloklhrwjoŰn h aŢthsh proqwrŘ sthn katŘstash 4.

4. Sthn katŘstash 4 Śqei dhmiourghjeŢ mia sŰndesh me ton makrinŞ ExuphrŚth WWW kai to Web proxy stŚlnei mia aŢthsh HTTP gia to antikeŢmeno. EfŞson h aŢthsh eŢnai epituqŠc to Web proxy anaktŘ to antikeŢmeno apŞ ton ExuphrŚth WWW Şpwc ja Śkane Śna prŞgramma PelŘth, kai metabaŢnei parŘllhla stic katastŘseic 5 kai 7.

5. Sthn katŘstash 5 to Web proxy apofasŢzei sŰmfwna me thn politikŠ elŚgqou eisŞdou (admission control) an qreiŘzetai na apojhkeuteŢ to antikeŢmeno sth mnŠmh tou gia thn exuphrŚthsh mellontikŤn aitŠsewn. EfŞson apofasŢsei Şti eŢnai skŞpimh h apojŠkeush tou antikeimŚnou, ta perieqŞmena tou teleutaŢou eisŘgontai sthn ierarqŢa mnŠmhc tou Web proxy, enŤ parŘllhla ta metadedomŚna thc eisagwgŠc tou eisŘgontai sto sŰsthma eurethriasmoŰ gia mellontikŚc anazhtŠseic.

EdŤ, me thn eŢsodo tou antikeimŚnou sthn ierarqŢa mnŠmhc tou Web proxy, gŢnontai pollŚc enŚrgeiec pou paŢzoun krŢsimo rŞlo sthn apŞdosh tou Web proxy tŞso Şson aforŘ to posostŞ epituqhmŚnwn aitŠsewn pou ja Śqei (kai Řra pŞso ja elattwjeŢ h kŢnhsh sto dŢktuo), Şso kai to pŞso uyhlŞc ja eŢnai o rujmŞc exuphrŚthshc aitŠsewn kai pŞso qamhlŠ ja eŢnai h mŚsh kajustŚrhsh twn aitŠsewn. TŚtoiec leitourgŢec aforoŰn thn politikŠ antikatŘstashc antikeimŚnwn,

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

thn politikŠ apojŠkeushc antikeimŚnwn sthn kŰria mnŠmh kai/Š sto dŢsko tou Web proxy kai ton grŠgoro kai (katŘ to mŚtro tou dunatoŰ) litŞ se mŚgejoc eurethriasmŞ twn metadedomŚnwn.

6. Sthn katŘstash 6, antŢjeta apŞ thn katŘstash 3, gnwrŢzoume Şti h aŢthsh gia to antikeŢmeno Štan epituqŠc kai to teleutaŢo upŘrqei sth mnŠmh tou Web proxy.’Eqontac loipŞn anaktŠsei ta metadedomŚna tou gnwrŢzoume se poia jŚsh thc ierarqŢac mnŠmhc brŢskontai ta perieqŞmenŘ tou ta opoŢa sth sunŚqeia diabŘzontai apŞ th mnŠmh kai proqwrŘme sthn telikŠ katŘstash thc aŢthshc, thn katŘstash 7.

7. Sthn katŘstash 7 ta perieqŞmena tou antikeimŚnou Śqoun anakthjeŢ eŢte apŞ to dŢktuo (katŘstash 4), eŢte apŞ th mnŠmh tou Web proxy (katŘstash 6) kai epistrŚfontai ston PelŘth. EfŞson h sŰndesh tou PelŘth Śqei gŢnei me thn Śkdosh 1.0 tou prwtokŞllou HTTP h sŰndesh termatŢzetai, enŤ sthn Śkdosh 1.1 mporeŢ na epanaqrhsimopoihjeŢ gia nŚec aitŠseic.

H parapŘnw apoteleŢ mia genikŠ eikŞna twn katastŘsewn pou mporeŢ na brejeŢ mia aŢthsh kajŤc exuphreteŢtai apŞ Śna Web proxy. SqediŘzontac Şmwc Śna Web proxy uyhlŤn epidŞsewn, prŚpei na lŘboume upŞyh mac kai touc parakŘtw parŘgontec:

♦ Se kŘje stŘdio thc aŢthshc mporeŢ na parousiasteŢ lŘjoc to opoŢo to Web proxy prŚpei na qeiristeŢ me ton kalŰtero dunatŞ trŞpo. Se merikŚc tŚtoiec periptŤseic lajŤn h mŞnh lŰsh eŢnai na epistrŚyoume ston PelŘth Śna mŠnuma Şti sunŚbh kŘpoio krŢsimo lŘjoc kai den mporoŰme na anaktŠsoume to antikeŢmeno. TŚtoiec periptŤseic eŢnai gia parŘdeigma sthn katŘstash 3 Ştan h anazŠthsh DNS tou ExuphrŚth WWW apotŰqei, Š Ştan h sŰndesh TCP me ton ExuphrŚth WWW den eŢnai efiktŠ gia kŘpoio lŞgo Š sthn katŘstash 4 o ExuphrŚthc WWW mac apantŠsei Şti to antikeŢmeno thc aŢthshc den upŘrqei.

UpŘrqoun Şmwc kai periptŤseic Şpou sumbaŢnoun eswterikŘ lŘjh sto Web proxy. An kai Śna swstŘ sqediasmŚno kai ulopoihmŚno sŰsthma den prŚpei na Śqei lŘjh, pollŚc forŚc autŘ eŢnai anapŞfeukta, lŞgw p.q. problhmŘtwn sto ulikŞ (hardware) tou upologistikoŰ sustŠmatoc sto opoŢo ekteleŢtai o Web proxy Š suqnŞtera apŞ lŘjh sto logismikŞ tou Web proxy Š sto logismikŞ tou leitourgikoŰ sustŠmatoc.’Etsi sthn katŘstash 6, mporeŢ men to sŰsthma eurethriasmoŰ na mac deŢqnei Şti to antikeŢmeno upŘrqei sth mnŠmh, allŘ na mhn mporeŢ gia kŘpoio lŞgo na to anaktŠsei. Se tŚtoiec periptŤseic Śqoume

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

thn enallaktikŠ lŰsh na fŚroume to antikeŢmeno apŞ to dŢktuo, dhladŠ na metaphdŠsoume sthn katŘstash 3.

♦ Gia na Śqei megŘlo rujmŞ exuphrŚthshc aitŠsewn, Śna Web proxy prŚpei na exuphreteŢ pollŚc aitŠseic tautŞqrona. ’Etsi Ştan gia parŘdeigma perimŚnei thn anazŠthsh DNS apŞ mŢa aŢthsh pou brŢsketai sthn katŘstash 3, mporeŢ na dŚqetai thn epŞmenh aŢthsh h opoŢa ja brŢsketai se mia diaforetikŠ katŘstash kai na thn exuphreteŢ. Mia shmantikŠ paratŠrhsh pou prŚpei na kŘnoume eŢnai Şti tŚtoiec periptŤseic Şpou to Web proxy perimŚnei kŘpoia stŘdia miac aŢthshc na ektelestoŰn upŘrqoun se arketŚc katastŘseic tou sqŠmatoc 5.1. Sthn katŘstash 3 qreiŘzetai na perimŚnoume arketŘ deuterŞlepta, tŞso gia thn anazŠthsh DNS Şso kai gia th dhmiourgŢa thc sŰndeshc TCP me ton makrinŞ ExuphrŚth WWW.’Epeita sthn katŘstash 4 afoŰ steŢloume thn aŢthsh HTTP prŚpei na perimŚnoume na metaferjoŰn ta perieqŞmena tou antikeimŚnou apŞ to ExuphrŚth WWW. TŚloc stic katastŘseic 5 kai 6 den qreiŘzetai pollŚc forŚc na perimŚnoume thn anŘgnwsh Š thn eggrafŠ twn dedomŚnwn apŞ/sth mnŠmh, allŘ mporoŰme Şsh Ťra gŢnetai autŞ na exuphretoŰme kŘpoia Řllh aŢthsh.

H tautŞqronh exuphrŚthsh pollŤn aitŠsewn mporeŢ na ulopoihjeŢ me touc parakŘtw trŞpouc:

▷ DhmiourgŤntac mia xeqwristŠ diergasŢa gia kŘje aŢthsh. H lŰsh autŠ

eŢnai asŰmforh lŞgw tou megŘlou kŞstouc thc klŠshc fork() kai epiplŚon giatŢ h epikoinwnŢa pou qreiŘzetai na gŢnetai anŘmesa stic diergasŢec eŢnai duskolŞterh lŞgw tou xeqwristoŰ qŤrou dieujŰnsewn thc kajemiŘc.

▷ DhmiourgŤntac Śna xeqwristŞ thread gia kŘje aŢthsh to opoŢo pernŘei

apŞ Şla ta stŘdia thc aŢthshc mŚqri ton termatismŞ thc. H lŰsh autŠ Śqei to pleonŚkthma Şti eŢnai pio eŰkolh sthn ulopoŢhsŠ thc kai prosfŚrei kalŠ katanomŠ tou upologistikoŰ fŞrtou se poluepexergastikŘ sustŠmata. ApŞ thn Řllh Şmwc upŘrqei kai h anŘgkh sugqronismoŰ twn threads metaxŰ touc Ştan prospelaŰnoun krŢsima tmŠmata, Şpwc to tmŠma eurethriasmoŰ metadedomŚnwn Š to tmŠma pou grŘfei ta antikeŢmena seiriakŘ sto dŢsko.

▷ QrhsimopoiŤntac non-blocking sockets (asŰgqronec klŠseic se TCP/IP

sockets) mporoŰme na qwrŢsoume kŘje aŢthsh se tmŠmata pou mporoŰn na exuphrethjoŰn asŰgqrona (dhladŠ qwrŢc na qreiŘzetai to Web proxy na perimŚnei thn oloklŠrwsŠ touc). Me th boŠjeia loipŞn thc klŠshc sustŠ-

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

matoc select() na epilŚgoume kŘje forŘ mia aŢthsh pou Śqei oloklhrŤsei to asŰgqrono tmŠma thc kai na thn proqwroŰme stic epŞmenec enŚrgeiŚc thc.

♦ ’Ena Web proxy mporeŢ pollŚc forŚc na dŚqetai perissŞterec aitŠseic apŞ Şsec mporeŢ na exuphretŠsei, kai h leitourgŢa tou na parousiŘzei problŠmata. Gia to skopŞ autŞ, prŚpei na eŢnai Śtsi sqediasmŚno Ťste na elŚgqei ton arijmŞ aitŠsewn pou dŚqetai, anŘloga me tic dunatŞthtŚc tou.

’Eqontac sto mualŞ mac to parapŘnw sqŚdio leitourgŢac kŘje aŢthshc sto Web proxy kai ta upŞloipa jŚmata pou prŚpei na frontŢsoume, proqwrŘme sthn perigrafŠ thc arqitektonikŠc tou FOXY.

5.2.2 PERIGRAFH THS LEITOURGIAS TOU FOXY

To FOXY eŢnai sqediasmŚno na exuphreteŢ Śna mŚgisto arijmŞ tautŞqronwn sundŚsewn. O arijmŞc autŞc orŢzetai apŞ to prŞswpo pou to egkajistŘ kai exartŘtai apŞ ton anamenŞmeno fŞrto pou ja Śqei to FOXY, allŘ kai apŞ tic dunatŞthtec tou upologistikoŰ sustŠmatoc sto opoŢo ja trŚqei. O mŚgistoc arijmŞc tautŞqronwn sundŚsewn, ton opoŢo sth sunŚqeia ja onomŘzoume “maxconn”, den Śqei Řmesh sqŚsh me to pŞsec aitŠseic ja exuphretoŰntai sth monŘda tou qrŞnou, allŘ shmaŢnei Şti an upŘrqoun “maxconn” sundŚseic pou brŢskontai se exŚlixh kŘpoia sugkekrimŚnh stigmŠ, tŞte ja prŚpei kŘpoia apŞ autŚc na oloklhrwjeŢ gia na pŘrei th jŚsh thc mia tuqŞn nŚa sŰndesh. H timŠ tou “maxconn” den prŚpei na eŢnai polŰ mikrŠ (p.q. kŘtw tou 50) giatŢ Śtsi ja meiwjoŰn oi epidŞseic, lŞgw tou Şti den ja mporoŰme na ekmetalleutoŰme thn kajustŚrhsh tou diktŰou gia na exuphretŠsoume pollŚc aitŠseic parŘllhla^2.

’Opwc eŢnai katanohtŞ, h Śnnoia tou mŚgistou arijmŞ tautŞqronwn sundŚsewn prostateŰei to FOXY apŞ epiplŚon fŞrto.

XekinŤntac th leitourgŢa tou to FOXY diabŘzei to arqeŢo me tic rujmŢseic tou qrŠsth (configuration files) pou sunŠjwc onomŘzetai foxy.conf. Tic epilogŚc pou dŢnontai sto arqeŢo autŞ ja tic perigrŘyoume parakŘtw sthn parŘgrafo 5.2.7. Sth sunŚqeia arqikopoieŢtai to sŰsthma diaqeŢrishc mnŠmhc, oi diŘforec metablhtŚc kai ta diŘfora uposustŠmata tou FOXY th leitourgŢa twn opoŢwn ja perigrŘyoume parakŘtw. TŚloc, to FOXY dhmiourgeŢ Śna socket sto port pou Śqei oristeŢ sto arqeŢo

2EnnooŰme Şti thn Ťra pou perimŚnoume na dhmiourghjeŢ gia parŘdeigma mia sŰndesh TCP gia mŢa sugkekrimŚnh aŢthsh, mporoŰme na kŘnoume mia anazŠthsh sto euretŠrio gia to antikeŢmeno miac Řllhc aŢthshc.

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

epilogŤn (configuration file) apŞ to qrŠsth (me thn epilogŠ foxy port num), Śtsi Ťste na dŚqetai sundŚseic apŞ PelŘtec.

GnwrŢzontac to mŚgisto Şrio twn sundŚsewn pou ja exuphreteŢ tautŞqrona, to FOXY epilŚgei to deŰtero trŞpo exuphrŚthshc aitŠsewn pou perigrŘyame sthn parŘgrafo 5.2.1, qrhsimopoiŤntac thn klŠsh sustŠmatoc select(). AfoŰ loipŞn gŢnoun oi arqikopoiŠseic, to FOXY mpaŢnei se Śna atŚrmono brŞqo Şpou se prŤth kaleŢtai pŘnta h sunŘrthsh foxy select fd() perimŚnontac sundŚseic. H sunŘrthsh foxy select fd() qrhsimopoieŢ thn klŠsh sustŠmatoc select() gia na diapistŤsei se poia sŰndesh (mŚsa se apŞ sŰnolo sundŚsewn) Śqoun ftŘsei dedomŚna gia anŘgnwsh Š mporeŢ na gŢnei eggrafŠ nŚwn dedomŚnwn. QrhsimopoiŤntac loipŞn thn klŠsh select() kai non-blocking sockets mporoŰme na ulopoiŠsoume Śna asŰgqrono trŞpo exuphrŚthshc pollŤn aitŠsewn tautŞqrona.

Gia na to petŰqoume autŞ, qwrŢsame th diadikasŢa exuphrŚthshc kŘje aŢthshc se katastŘseic apŞ sŰgqronec enŚrgeiec oi opoŢec prŚpei na gŢnoun apŞ to FOXY. AutŞ shmaŢnei Şti oi enŚrgeiec pou labaŢnoun qŤra anŘmesa sto tŚloc miac tŚtoiac katŘstashc kai sthn arqŠ thc epŞmenhc den exartŤntai apŞ to FOXY, allŘ apŞ Řllouc parŘgontec Şpwc to leitourgikŞ sŰsthma (p.q. gia mia anŘgnwsh dedomŚnwn apŞ to dŢsko) Š apŞ to dŢktuo (p.q. gia th dhmiourgŢa miac sŰndeshc TCP me Śna makrinŞ ExuphrŚth). Gia na diapistŤsoume pŞte oloklhrŤjhke mia tŚtoia asŰgqronh enŚrgeia qrhsimopoioŰme thn klŠsh select()^3. H ulopoŢhsh tou brŞqou autoŰ me tic katastŘseic twn sundŚsewn (tic opoŢec ja perigrŘyoume parakŘtw) kai thc klŠshc thc foxy select fd() faŢnetai se yeudokŤdika ston pŢnaka 5.1.

ParŘllhla, prŚpei na anafŚroume Şti h klŠsh foxy select fd() dŢnei proteraiŞthta stic enŚrgeiec twn sundŚsewn pou Śqoun Šdh xekinŠsei na exuphretoŰntai kai Şqi stic nŚec sundŚseic. ’Opwc Śdeixan peirŘmata pou kŘname autŠ h proteraiŞthta stic upŘrqousec sundŚseic dŢnei uyhlŞtero mŚso rujmŞ exuphrŚthshc aitŠsewn, giatŢ proqwrŘ me th mŚgisth taqŰthta tic Šdh upŘrqousec sundŚseic pelatŤn prin analŘbei kainoŰrgiec.

Oi katastŘseic autŚc pou perilambŘnoun ta stŘdia twn sŰgqronwn energeiŤn gia mŢa sŰndesh sto FOXY, Śqoun organwjeŢ sto diŘgramma katastŘsewn pou faŢnetai sto sqŠma 5.2.

Sto sqŠma autŞ, ta tetrŘgwna paristŘnoun tic katastŘseic stic opoŢec mporeŢ na brejeŢ mia sŰndesh enŞc pelŘth, enŤ ta onŞmata touc faŢnontai me kefalaŢa grŘmmata Şpwc akribŤc Śqoun oristeŢ ston kŤdika tou FOXY. Ta sŰnnefa perilambŘnoun enŚrgeiec pou gŢnontai sŰgqrona sto pŚrasma apŞ mia katŘstash sthn Řllh.

3An qrhsimopoioŰsame threads ja arkoŰse na kalŚsoume blocking read() Š write() sta sockets ta opoŢa ja mplŞkaran to thread mŚqri na oloklhrwjoŰn oi sŰgqronec enŚrgeiec.

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

SqŠma 5.2 DiŘgramma katastŘsewn tou FOXY gia thn exuphrŚthsh miac sŰndeshc PelŘth. Ta tetrŘgwna paristŘnoun tic katastŘseic, enŤ ta sŰnnefa perilambŘnoun enŚrgeiec pou gŢnontai sŰgqrona sto pŚrasma apŞ mia katŘstash sthn Řllh.

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

for (;;) { /* For ever ... */ connection ready = foxy select fd(); switch (connection ready.state) {

case FOXY CONN READ REQ: ... break;

case FOXY CONN SEND REQ: ... break;

case FOXY CONN READ RESP: ... break;

case FOXY CONN OPEN CON: ... break;

case FOXY CONN SEND RESP: ... break;

case FOXY CONN CLOSE CONN: ... break; } } PŢnakac 5.1 BrŞqoc asŰgqronhc epilogŠc sundŚsewn sto FOXY.

AnalutikŘ oi leitourgŢec pou energopoioŰntai stic katastŘseic tou sqŠmatoc 5.2 eŢnai:

♦ FOXY CONN READ REQ Sthn katŘstash autŠ Śqei mŞlic dhmiourghjeŢ mŢa nŚa sŰndesh apŞ Śna pelŘth. AfoŰ klhjeŢ h sunŘrthsh foxy register new connection() h opoŢa arqikopoieŢ tic metablhtŚc pou qreiŘzontai gia ta metadedomŚna thc sŰndeshc kai perilambŘnontai se dŰo pŢnakec domŤn tŰpou Foxy Connection t kai Foxy Connection Buffer t. Sth sunŚqeia kaleŢtai h sunŘrthsh read and parse http request() pou (Şpwc eŢnai profanŚc apŞ to ŞnomŘ thc) diabŘzei thn aŢthsh HTTP apŞ ton PelŘth, diaqwrŢzei tic qrŠsimec plhroforŢec kai tic epistrŚfei mŚsa stic domŚc thc sŰndeshc (Foxy Connection t

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

kai Foxy Connection Buffer t).

ProqwrŤntac, to FOXY kaleŢ th sunŘrthsh foxy index lookup object fill() h opoŢa anazhtŘ to antikeŢmeno thc aŢthshc mŚsa sto euretŠrio (index) kai, an to brei, epistrŚfei ta metadedomŚna tou se mia domŠ tŰpou Foxy Object Index t. An to antikeŢmeno brejeŢ tŞte diabŘzetai kateujeŢan apŞ thn mnŠmh, Şpwc faŢnetai sto sqŠma kai sth sunŚqeia proqwrŘme sŰgqrona sthn katŘstash FOXY CONN SEND RESP. AntŢjeta, an to antikeŢmeno den brejeŢ proqwrŘme kateujeŢan sthn katŘstash FOXY CONN OPEN CON. An tŚloc to antikeŢmeno brejeŢ sto euretŠrio, allŘ gŢnei kŘpoio lŘjoc sth diadikasŢa anŘkthsŠc tou, tŞte Şpwc faŢnetai sto sqŠma, metaferŞmaste sthn katŘstash FOXY CONN OPEN CON sumperiferŞmenoi san na mhn eŢqame brei to antikeŢmeno sto euretŠrio.

♦ FOXY CONN OPEN CON

Sthn katŘstash autŠ gnwrŢzoume Şti to antikeŢmeno den brŢsketai sth mnŠmh tou FOXY kai prŚpei na to anaktŠsoume apŞ to makrinŞ ExuphrŚth WWW. H prŤth mac enŚrgeia eŢnai na eisŘgoume to antikeŢmeno sto euretŠrio jŚtontac thn katŘstasŠ tou se FOXY INDEX STATE RETR pou shmaŢnei Şti autŠ th stigmŠ metafŚretai. AutŞ gŢnetai giatŢ mporeŢ kŘpoioc pelŘthc na xanazhtŠsei to Ţdio antikeŢmeno Şsh Ťra to metafŚroume, kai an den to brei eurethriasmŚno ja anoŢxei deŰterh sŰndesh gia to Ţdio antikeŢmeno. Gia na apofŰgoume tŚtoia problŠmata, Śqoume anaptŰxei sto FOXY Śna mhqanismŞ callback, ston opoŢo h deŰterh sŰndesh PelŘth (allŘ kai oi epŞmenec) gia antikeŢmeno pou brŢsketai upŞ metaforŘ jŚtei Śna callback sthn sŰndesh pou Śqei arqŢsei na metafŚrei to antikeŢmeno.’Otan loipŞn oloklhrwjeŢ h metaforŘ tou antikeimŚnou, h sŰndesh pou to metŚfere ja elŚgxei gia tuqŞn callbacks kai ja exuphretŠsei tic sundŚseic pou ta Śqoun jŚsei. Sthn ulopoŢhsŠ mac, gia na Śqoume kalŰterh diaqeŢrish mnŠmhc, Śqoume Śna mŚgisto Şrio sta callbacks pou mporeŢ na tejoŰn se mia sŰndesh, upojŚtontac Şti den upŘrqoun pollŚc prospŘjeiec gia thn anŘkthsh enŞc antikeimŚnou sto sqetikŘ mikrŞ qronikŞ diŘsthma pou diarkeŢ h metaforŘ tou.

Sth sunŚqeia thc katŘstashc FOXY CONN OPEN CON, to FOXY kŘnei mia anazŠthsh DNS gia to Şnoma tou ExuphrŚth WWW. H anazŠthsh autŠ gŢnetai sŰgqrona sthn paroŰsa ulopoŢhsh tou FOXY Şpou jewrŠsame Şti den ephreŘzei to qrŞno twn peiramŘtwn mac, lŞgw thc ulopoŢhshc miac DNS cache. H DNS cache mac epŚtreye na meiŤsoume sto elŘqisto tic anazhtŠseic DNS apojhkeŰontac tic teleutaŢec dieujŰnseic IP twn ExuphretŤn WWW. TŚtoiec

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

DNS caches qrhsimopoioŰn ta perissŞtera Web proxies sŠmera, sumperilambanomŚnou kai tou Squid.

MetŘ thn anazŠthsh DNS, anoŢgetai mia sŰndesh me ton ExuphrŚth WWW me klŠsh thc routŢnac connect(), kŘti pou mporeŢ na diarkŚsei arketŠ Ťra. Gi’ autŞ to lŞgo gŢnetai asŰgqrona, dhladŠ jŚtontac to arqikŞ mac socket non-blocking, h connect() epistrŚfei amŚswc kai mac epitrŚpei na frontŢsoume mia Řllh sŰndesh. Se mellontikŠ klŠsh thc foxy select fd() ja diapistŤsoume an h connect() epŚstreye epituqŤc, opŞte kai pernŘme sthn katŘstash FOXY CONN SEND REQ. Se perŢptwsh Řrnhshc thc sŰndeshc, epiqeiroŰme na xanasundejoŰme merikŚc forŚc (Şpwc orŢzetai apŞ th stajerŘ FOXY CONN MAX RETRIES). An apotŰqoume, tŞte epistrŚfoume Śna mŠnuma lŘjouc ston PelŘth (Şpwc faŢnetai sto sqŠma 5.2) kai kleŢnoume th sŰndesh.

♦ FOXY CONN SEND REQ

Sthn katŘstash autŠ Śqei oloklhrwjeŢ h sŰndesŠ mac me ton ExuphrŚth WWW, opŞte stŚlnoume mŢa aŢthsh HTTP se autŞn gia to antikeŢmeno, kai epeidŠ h apŘnthsh mporeŢ na kajusterŠsei epistrŚfoume sto brŞqo kalŤntac thn foxy select fd() h opoŢa ja mac eidopoiŠsei Ştan o ExuphrŚthc WWW Śqei steŢlei dedomŚna sth sŰndesŠ mac. Se autŠ thn perŢptwsh pernŘme sthn epŞmenh katŘstash, thn FOXY CONN READ RESP.

♦ FOXY CONN READ RESP

Sthn katŘstash autŠ diabŘzoume ta dedomŚna pou Śqei steŢlei o ExuphrŚthc WWW kai diaqwrŢzoume katarqŠn an h aŢthsŠ mac Štan epituqhmŚnh. Se perŢptwsh apotuqŢac kleŢnoume th sŰndesh me ton ExuphrŚth WWW kai afoŰ epistrŚyoume mŠnuma lŘjouc ston PelŘth, metabaŢnoume sthn katŘstash FOXY CONN CLOSE CONN.

AntŢjeta se perŢptwsh epituqhmŚnhc aŢthshc HTTP, metafŚroume to antikeŢmeno apŞ ton ExuphrŚth WWW se Śnan buffer sth mnŠmh tou FOXY. H metaforŘ gŢnetai sunŠjwc sigŘ sigŘ, eidikŘ gia megŘla antikeŢmena, opŞte afoŰ diabŘsoume kŘje forŘ ta dedomŚna pou mac Śqei steŢlei o ExuphrŚthc WWW epistrŚfoume ston kentrikŞ brŞqo kai afŠnoume thn foxy select fd() na mac eidopoiŠsei Ştan upŘrqoun nŚa dedomŚna sth sŰndesŠ mac^4. H epistrofŠ twn perieqomŚnwn tou antikeimŚnou ston PelŘth, gŢnetai epŢshc sugqrŞnwc me th metaforŘ touc apŞ ton ExuphrŚth. Den perimŚnoume dhladŠ na fŚroume Şlo

4An qrhsimopoioŰsame threads ja arkoŰse na kalŚsoume Śna blocking read() sto socket to opoŢo ja mplokŘrei to thread mŚqri na ftŘsoun ta dedomŚna.

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

to antikeŢmeno kai metŘ na to dŤsoume mazemŚno ston PelŘth, giatŢ Śtsi auxŘnoume th mŚsh kajustŚrhsh thc aŢthshc. EpŢshc me thn epanaqrhsimopoŢhsh mnŠmhc, glitŤnoume to qŤro pou ja xodeŰame gia thn apojŠkeush olŞklhrwn megŘlwn antikeimŚnwn.

Sthn exŚlixh thc katŘstashc autŠc kai afoŰ to antikeŢmeno Śqei epistrafeŢ ston PelŘth, apofasŢzoume an ja to kratŠsoume sth mnŠmh tou FOXY. Sthn paroŰsa ulopoŢhsh h apŞfash autŠ exartŘtai mŞno apŞ to mŚgejoc tou antikeimŚnou. ApojhkeŰoume dhladŠ ta mikrŘ se mŚgejoc antikeŢmena kai apofeŰgoume ta megalŰtera. To Şrio twn antikeimŚnwn pou ja apojhkeutoŰn sthn mnŠmh tou FOXY elŚgqetai apŞ thn epilogŠ maxim obj size pou orŢzetai sto arqeŢo epilogŤn qrŠsth foxy.conf. An apofasŢsoume na to apojhkeŰsoume sth mnŠmh, to eisŘgoume sthn ierarqŢa mnŠmhc tou FOXY pou mporeŢ na apoteleŢtai apŞ Śna Š dŰo epŢpeda. Sthn perŢptwsh pou Śqoume dŰo epŢpeda, san prŤto epŢpedo qrhsimopoieŢtai Śna mŚroc kŰriac mnŠmhc kai san deŰtero epŢpedo qŤroc sto magnhtikŞ dŢsko. Ta megŚjh autŘ orŢzontai epŢshc sto arqeŢo epilogŤn qrŠsth foxy.conf.

Se kŘje epŢpedo mnŠmhc upŘrqei mia xeqwristŠ politikŠ antikatŘstashc antikeimŚnwn, h opoŢa gia to prŤto epŢpedo mnŠmhc antikajistŘ antikeŢmena metafŚrontŘc ta sto deŰtero epŢpedo, enŤ Şsa antikajistŤntai apŞ to deŰtero epŢpedo (dhladŠ apŞ to dŢsko), diagrŘfontai. H politikŠ pou ulopoiŠsame kai sta dŰo epŢpeda eŢnai h LRU-TH^5 [15] (to threshold elŚgqetai sthn apŞfash gia eŢsodo twn antikeimŚnwn sth mnŠmh). PerissŞterec leptomŚreiec gia thn ierarqŢa mnŠmhc tou FOXY kai thn politikŠ antikatŘstashc antikeimŚnwn pou ulopoiŠsame sthn parŘgrafo 5.2.3.

♦ FOXY CONN SEND RESP Sthn katŘstash autŠ h anazŠthsh tou antikeimŚnou sto euretŠrio Štan epituqŠc to opoŢo shmaŢnei Şti to antikeŢmeno brŢsketai sth mnŠmh tou FOXY kai Şpwc perigrŘyame sthn katŘstash FOXY CONN READ REQ Śqoume Šdh diabŘsei ta perieqŞmena tou antikeimŚnou apŞ th mnŠmh. MetafŚroume loipŞn ta perieqŞmena autŘ ston PelŘth qrhsimopoiŤntac thn klŠsh sustŠmatoc write() kai efŞson den sumbeŢ kanŚna lŘjoc sth sŰndesŠ mac jŚtoume thn katŘstash thc sŰndeshc se FOXY CONN CLOSE CONN, kai epistrŚfoume ston kurŢwc brŞqo. AutŞ gŢnetai giatŢ Ţswc ta dedomŚna na qreiŘzontai qrŞno gia na metaferjoŰn mŚqri ton PelŘth. H oloklŠrwsh thc metaforŘc ja diapistwjeŢ me thn klŠsh thc foxy select fd() sthn arqŠ tou brŞqou.

5BlŚpe parŘgrafo 1.3.2.

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

♦ FOXY CONN CLOSE CONN Sthn teleutaŢa autŠ katŘstash, eŢte h aŢthsh Śqei exuphrethjeŢ kai ta perieqŞmena tou antikeimŚnou brŢskontai sto PelŘth, eŢte Śqei sumbeŢ kŘpoio lŘjoc kai Śqei staleŢ mŠnuma lŘjouc ston teleutaŢo. Se kŘje perŢptwsh, h aŢthsh Śqei oloklhrwjeŢ kai eŢmaste Śtoimoi na kleŢsoume th sŰndesh.

ProlabaŢnontac tuqŞn erŤthma tou anagnŤsth Şson aforŘ th qrŠsh mŞnimwn sundŚsewn Şpwc uposthrŢzei h Śkdosh 1.1 tou prwtokŞllou HTTP prŚpei na anafŚroume Şti sthn paroŰsa Śkdosh den ulopoiŠsame tŚtoiec sundŚseic, giatŢ de brŠkame kanŚna axiŞlogo metroprŞgramma (benchmark) gia Web proxies pou na tic uposthrŢzei.’Etsi tuqŞn ulopoŢhsŠ touc de ja Štan qrŠsimh sta peirŘmata. PŘntwc sthn paroŰsa ulopoŢhsh, h prŞsjesh tŚtoiwn sundŚsewn mporeŢ na gŢnei polŰ eŰkola, an den termatŢsoume th sŰndesh kai metaboŰme sthn katŘstash FOXY CONN READ REQ Şpou ja exuphretŠsoume th nŚa aŢthsh.

5.2.3 H IERARQIA MNHMHS KAI H POLITIKH ANTIKATASTA- SHS ’Opwc anafŚrame kai parapŘnw to FOXY mporeŢ na Śqei dŰo epŢpeda ierarqŢac mnŠmhc, to prwteŰon sthn kŰria mnŠmh kai to deutereŰon sto dŢsko, Š mŞno Śna epŢpedo sto dŢsko. H Űparxh tou epipŚdou kŰriac mnŠmhc epilŚgetai apŞ ton qrŠsth mŚsw thc epilogŠc FOXY USE MEMCACHE sto arqeŢo foxy.h. WstŞso h Űparxh tou epipŚdou kŰriac mnŠmhc den dŢnei uyhlŞterec epidŞseic, giatŢ ton Ţdio rŞlo mporeŢ na paŢxei h krufŠ mnŠmh tou sustŠmatoc arqeŢwn pou parŚqetai apŞ ta perissŞtera leitourgikŘ sustŠmata kai leitourgeŢ me ton algŞrijmo LRU.’Opwc Şmwc diapistŤsame apŞ ta peirŘmata pou Śginan me to FOXY pollŚc forŚc h krufŠ mnŠmh tou sustŠmatoc arqeŢwn den Śqei thn anamenŞmenh sumperiforŘ (dhladŠ se pollŚc periptŤseic den qrhsimopoieŢ ton algŞrijmo LRU), kai Řra tŞte to prŤto autŞ epŢpedo mnŠmhc mporeŢ na meiŤsei polŰ tic anagnŤseic sto dŢsko kai katŘ sunŚpeia na auxŠsei thn apŞdosh tou Web proxy.

H leitourgŢa twn epipŚdwn mnŠmhc eŢnai anexŘrthth kai sthrŢzetai sthn Űparxh dŰo oriakŤn arijmŤn, tou “uyhloŰ orŢou plhrŞthtac” (“high watermark”) kai tou “qamhloŰ orŢou plhrŞthtac” (“low watermark”). KajŚnac apŞ touc dŰo apoteleŢ Śna ekatostiaŢo posostŞ kai o orismŞc touc gŢnetai sto arqeŢo epilogŤn qrŠsth foxy.conf (parŘmetroi mem high wmark, mem low wmark gia thn kŰria mnŠmh kai disk hi wmark, disk low wmark gia to dŢsko. O algŞrijmoc leitourgŢac twn dŰo epipŚdwn mnŠmhc leitourgeŢ loipŞn me ton exŠc trŞpo:

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

♦ ArqikŘ, efŞson upŘrqei to epŢpedo kŰriac mnŠmhc kai h plhrŞthta thc mnŠmhc autŠc eŢnai mikrŞterh tou “uyhloŰ orŢou plhrŞthtac”, to antikeŢmeno grŘfetai ekeŢ. An den upŘrqei tŚtoio epŢpedo mnŠmhc, kai h plhrŞthta tou dŢskou eŢnai mikrŞterh tou “uyhloŰ orŢou plhrŞthtac”, to antikeŢmeno grŘfetai sto dŢsko.

♦ EfŞson upŘrqei to epŢpedo kŰriac mnŠmhc kai se kŘpoia eggrafŠ antikeimŚnou to Şrio plhrŞthtac xeperŘsei to “uyhlŞ Şrio plhrŞthtac”, tŞte kaleŢtai h politikŠ antikatŘstashc gia thn prwteŰousa mnŠmh, h opoŢa antikajistŘ antikeŢmena apŞ thn kŰria mnŠmh eisŘgontŘc ta sth mnŠmh tou dŢskou mŚqri h plhrŞthta na fjŘsei sto “qamhlŞ Şrio plhrŞthtac”.

♦ EfŞson tŚloc se kŘpoia eggrafŠ antikeimŚnou sto dŢsko to Şrio plhrŞthtac xeperŘsei to “uyhlŞ Şrio plhrŞthtac”, tŞte kaleŢtai h politikŠ antikatŘstashc gia to dŢsko, h opoŢa diagrŘfei antikeŢmena apŞ to dŢsko mŚqri h plhrŞthtŘ tou na ftŘsei sto “qamhlŞ Şrio plhrŞthtac”.

H politikŠ antikatŘstashc pou ulopoiŠjhke eŢnai h LRU-TH [15], kai ulopoiŠjhke me mŢa lŢsta teleutaŢac prospŚlashc antikeimŚnwn. H lŢsta autŠ enhmerŤnetai se kŘje prospŚlash enŞc nŚou Š paliŞterou antikeimŚnou topojetŤntac to sthn korufŠ thc. ’Etsi Ştan prŞkeitai na gŢnei antikatŘstash antikeimŚnwn, ta antikeŢmena proc antikatŘstash brŢskontai sto tŚloc thc lŢstac.

5.2.4 TO SUSTHMA EURETHRIASMOU (INDEXING)

To sŰsthma eurethriasmoŰ eŢnai upeŰjuno gia ton eurethriasmŞ twn metadedomŚnwn twn antikeimŚnwn pou Śqei apojhkeŰsei to FOXY. O kŤdikŘc tou periŚqetai sto arqeŢo foxy index.c. To euretŠrio Śqei ulopoihjeŢ me th morfŠ enŞc hash table me kleidŢ pou upologŢzetai (mŚsw miac sunŘrthshc) apŞ to Şnoma tou antikeimŚnou (dhladŠ to URL tou). Sthn paroŰsa ulopoŢhsh h sunŘrthsh autŠ upologŢzei to kleidŢ apŞ to Řjroisma twn qaraktŠrwn tou URL modulo ton arijmŞ twn buckets.

O arijmŞc twn buckets pou qrhsimopoieŢ to hash table orŢzetai sto arqeŢo foxy.h apŞ th stajerŘ FOXY INDEX BUCKETS, enŤ kajŚnac apŞ autoŰc Śqei qwrhtikŞthta gia metadedomŚna “FOXY INDEX ALLOC” antikeimŚnwn. EfŞson o arijmŞc FOXY INDEX ALLOC eŢnai stajerŞc, mporeŢ kŘpoioc bucket na gemŢsei. Sthn perŢptwsh autŠ qrhsimopoiŤntac thn klŠsh realloc() auxŘnoume to mŚgejŞc tou katŘ FOXY INDEX ALLOC.

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

5.2.5 ALGORIJMOI I/O STO DISKO

Gia thn eggrafŠ antikeimŚnwn sto dŢsko ulopoiŠjhke h politikŠ STREAM- PACKETIZER thn opoŢa perigrŘyame sthn parŘgrafo 4.3. Gia thn eggrafŠ sto dŢsko qrhsimopoieŢtai Śna mŞno arqeŢo kai ta dedomŚna omadopoioŰntai mŚsa se Śna buffer pou to mŚgejŞc tou orŢzetai apŞ th stajerŘ FOXY WRITE BUFSIZE sto arqeŢo foxy.h. PŘnta loipŞn grŘfoume (kalŤntac thn klŠsh sustŠmatoc write()) Śnan buffer kŘje forŘ sto arqeŢo tou dŢskou.’Otan ftŘsoume sto shmeŢo pou xepernŘme to “uyhlŞ Şrio plhrŞthtac” sto dŢsko, kaleŢtai h politikŠ antikatŘstashc pou diagrŘfei antikeŢmena mŚqri h plhrŞthta tou dŢskou na ftŘsei sto “qamhlŞ Şrio plhrŞthtac”. SuneqŢzontac na grŘfoume, Ştan ftŘsoume sto tŚloc tou diajŚsimou qŤrou (pou Śqei oristeŢ apŞ to qrŠsth me thn epilogŠ foxy cache dir sto arqeŢo foxy.conf) epanafŚroume to deŢkth arqeŢou (file pointer) sthn arqŠ kai suneqŢzoume tic eggrafŚc. O kŤdikac gia to qeirismŞ twn dŢskwn periŚqetai sto arqeŢo foxy disk.c.

H politikŠ LAZY-READS-LOC pou perigrŘfhke sthn parŘgrafo 4.4.2 den ulopoiŠjhke giatŢ h apŞdosŠ thc den mporoŰse na metrhjeŢ me metroprogrŘmmata. AutŞ eŢnai katanohtŞ diŞti h politikŠ autŠ qrhsimopoieŢ touc “locality buffers” gia thn omadopoŢhsh twn antikeimŚnwn pou proŚrqontai apŞ ton Ţdio ExuphrŚth. Ta metroprogrŘmmata Şmwc trŚqoun se Śna Š dŰo ExuphrŚtec kai oi aitŠseic touc den parousiŘzoun topikŞthta sta antikeŢmena pou proŚrqontai apŞ thn Ţdia istoselŢda. Ara h apŞdosh thc politikŠc autŠc mporeŢ na metrhjeŢ mŞno me prosomoŢwsh pragmatikŤn traces. TŚloc h ulopoŢhsh thc politikŠc LAZY-READS, an kai apoteleŢ sqetikŘ aplŠ prosjŠkh ston upŘrqonta kŤdika gia thn STREAM-PACKETIZER, den ulopoiŠjhke lŞgw Ślleiyhc qrŞnou.

5.2.6 DIAQEIRISH MNHMHS

H diaqeŢrish dunamikŠc mnŠmhc pou pareŢqan oi bibliojŠkec tou leitourgikoŰ sustŠmatoc dhmioŰrghse pollŚc forŚc problŠmata katŘ th diŘrkeia twn peiramŘtwn mac. EidikŞtera ta problŠmata ofeŢlontan tic perissŞterec forŚc sthn klŠsh thc realloc() pou qrhsimopoiŠjhke gia thn aŰxhsh tou qŤrou dunamikŠc mnŠmhc pou katalŘmbanan orismŚnec domŚc dedomŚnwn, Şpwc gia parŘdeigma oi buckets tou hash table sto euretŠrio. EfŞson oi prospŘjeiec pou kŘname me diŘfora teqnŘsmata apŚtuqan, katafŰgame sthn ulopoŢhsh enŞc dikoŰ mac uposustŠmatoc diaqeŢrishc dunamikŠc mnŠmhc pou qrhsimopoieŢ mŞno thn klŠsh malloc() gia na desmeŰsei arqikŘ kŘpoia mnŠmh apŞ to sŰsthma thn opoŢa sth sunŚqeia diaqeirŢzetai autŞnoma.

O kŤdikac tou uposustŠmatoc diaqeŢrishc dunamikŠc mnŠmhc tou FOXY periŚqetai sto arqeŢo foxy mm.c. H ulopoŢhsŠ mac diaqeirŢzetai th mnŠmh se morfŠ

5.2. To SŰsthma EndiŘmeshc MnŠmhc FOXY

stajeroŰ megŚjouc “keliŤn mnŠmhc” (memory cells) pou th jewroŰme san th mikrŞterh monŘda mnŠmhc pou mporoŰme na diaqeiristoŰme kai sthn ulopoŢhsŠ mac eŢnai megŚjouc 64 bytes. H diaqeŢrish tou sunŞlou autoŰ twn “keliŤn mnŠmhc” gŢnetai mŚsw enŞc qŘrth apŞ bits (bitmap) pou ulopoiŠsame. Gia th qrŠsh autoŰ tou uposustŠmatoc diaqeŢrishc dunamikŠc mnŠmhc apŞ to FOXY qrhsimopoioŰntai oi klŠseic foxy mem alloc(), foxy mem free() kai foxy mem realloc() antŢ twn antŢstoiqwn malloc(), free() kai realloc() twn bibliojhkŤn tou sustŠmatoc.

5.2.7 EPILOGES QRHSTH GIA TH LEITOURGIA TOU FOXY

Oi epilogŚc tou qrŠsth gia thn epijumhtŠ leitourgŢa tou FOXY dhlŤnontai se dŰo qronikŚc stigmŚc, th stigmŠ metŘfrashc tou phgaŢou kŤdika Şpou diabŘzetai to arqeŢo twn stajerŤn foxy.h kai th stigmŠ ektŚleshc tou FOXY Şpou diabŘzetai to arqeŢo epilogŤn (configuration file) foxy.conf.

To arqeŢo epilogŤn, Şpwc anafŚrame kai parapŘnw onomŘzetai foxy.conf, allŘ to ŞnomŘ tou mporeŢ na allŘxei metabŘllontac thn timŠ thc stajerŘc FOXY CONFIG FILENAME sto arqeŢo foxy.h. Oi epilogŚc tou qrŠsth sto arqeŢo autŞ eŢnai oi parakŘtw:

♦ foxy port num

OrŢzei ton arijmŞ tou port Şpou to FOXY ja perimŚnei TCP sundŚseic.

♦ maxim obj size

OrŢzei to mŚgisto Şrio megŚjouc twn antikeimŚnwn pou ja apojhkeutoŰn sthn mnŠmh tou FOXY. AntikeŢmena megalŰtera apŞ autŞ to mŚgejoc ja epistrafoŰn ston PelŘth qwrŢc thn apojŠkeusŠ touc sth mnŠmh tou FOXY.

♦ foxy mem size

OrŢzei to mŚgejoc se bytes tou prwteŰontoc epipŚdou kŰriac mnŠmhc (an upŘrqei).

♦ foxy num disks

OrŢzei ton arijmŞ twn dŢskwn pou ja qrhsimopoihjoŰn gia thn apojŠkeush antikeimŚnwn. O sugkekrimŚnoc orismŞc ja Śqei mellontikŠ qrŠsh, afoŰ sthn paroŰsa Śkdosh qrhsimopoioŰme mŞno Śna dŢsko.

♦ foxy cache dir

OrŢzei to mŚgejoc se bytes tou deutereŰontoc epipŚdou mnŠmhc dhladŠ tou dŢskou, Şpwc epŢshc ton katŘlogo kai to Şnoma arqeŢou sto opoŢo ja apojhkeutoŰn ta antikeŢmena.

KefŘlaio 5. SqediasmŞc kai UlopoŢhsh enŞc ExeligmŚnou Web Proxy

♦ mem high wmark OrŢzei se ekatostiaŢo posostŞ to “uyhlŞ Şrio plhrŞthtac” tou prwteŰontoc epipŚdou kŰriac mnŠmhc (an upŘrqei).

♦ mem low wmark OrŢzei se ekatostiaŢo posostŞ to “qamhlŞ Şrio plhrŞthtac” tou prwteŰontoc epipŚdou kŰriac mnŠmhc (an upŘrqei).

♦ disk hi wmark OrŢzei se ekatostiaŢo posostŞ to “uyhlŞ Şrio plhrŞthtac” tou deutereŰontoc epipŚdou mnŠmhc dhladŠ tou dŢskou.

♦ disk low wmark OrŢzei se ekatostiaŢo posostŞ to “qamhlŞ Şrio plhrŞthtac” tou deutereŰontoc epipŚdou mnŠmhc dhladŠ tou dŢskou.

♦ foxy log state

OrŢzei an eŢnai epijumhtŞ to FOXY na tupŤnei diagnwstikŘ munŠmata, kai me poia Śxodo (to termatikŞ, Śna arqeŢo Š kai ta dŰo).

♦ foxy log filen

OrŢzei to Şnoma arqeŢou se perŢptwsh ektŰpwshc diagnwstikŤn munŠmatwn se arqeŢo.

KefŘlaio 6

PeiramatikŘ ApotelŚsmata

The sheer volumne of answers can often stifle insight ... The purpose of computing is insight, not numbers. —Hamming

6.1 PEIRAMATIKO PERIBALLON

Gia ta peirŘmatŘ mac me to Squid kai to FOXY dokimŘsame dŰo polŰ gnwstŘ metroprogrŘmmata, to Wisconsin Proxy Benchmark [49] kai to Web Polygraph [5]. TelikŘ gia touc lŞgouc pou ja exhgŠsoume parakŘtw, epilŚxame to deŰtero gia tic telikŚc metrŠseic mac.

6.1.1 TO METROPROGRAMMA WISCONSIN PROXY BENCHMARK To metroprŞgramma “Wisconsin Proxy Benchmark” [49] dhmiourgŠjhke sto PanepistŠmio tou Wisconsin apŞ thn ereunhtikŠ omŘda thc Pei Cao me skopŞ th mŚtrhsh thc apŞdoshc twn Web proxies. MŚqri thn perŢodo ekeŢnh den upŠrqan axiŞpista metroprogrŘmmata kai to Wisconsin Proxy Benchmark apotŚlese Śna prŤto bŠma.

Ta dikŘ mac peirŘmata xekŢnhsan epŢshc me to Wisconsin Proxy Benchmark, giatŢ Ştan xekinŠsame thn enasqŞlhsŠ mac me to jŚma twn Web proxies den upŠrqe Řlloc axiŞpistoc trŞpoc mŚtrhshc. AfŞtou Şmwc arqŢsame na kŘnoume metrŠseic, arqŢsame na parathroŰme ta meionektŠmata tou Wisconsin Proxy Benchmark. To prŤto basikŞ prŞblhma Štan Şti to benchmark dhmiourgoŰse uperbolikŞ fŞrto sto upologistikŞ sŰsthma pou Śtreqe, lŞgw tou gegonŞtoc Şti oi ExuphrŚtec WWW pou pareŢqe, dhmiourgoŰsan mŢa kainoŰria jugatrikŠ diergasŢa gia kŘje aŢthsh pou exuphretoŰsan qrhsimopoiŤntac thn klŠsh sustŠmatoc fork(). Me autŞn ton trŞpo, o fŞrtoc tou sustŠmatoc apŞ to benchmark Štan perissŞteroc sunŠjwc apŞ autŞn tou Web proxy pou Śprepe na metrŠsoume.’Opwc eŢnai katanohtŞ, to gegonŞc autŞ ektŞc tou Şti meŢwne thn axiopistŢa twn metrŠsewn, meŢwne se megŘlo bajmŞ kai tic epidŞseic tou Web proxy.

H lŰsh mac sto prŞblhma autŞ Štan na metatrŚyoume emeŢc to Wisconsin Proxy

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

Benchmark Ťste na qrhsimopoieŢ xeqwristŘ threads antŢ gia diergasŢec gia thn exuphrŚthsh twn aitŠsewn. KatafŚrame Śtsi na lŰsoume se megŘlo bajmŞ to prŞblhma, par’ Şla autŘ antimetwpŢsame ki Řlla problŠmata pou eŢqan na kŘnoun me touc periorismoŰc sto upologistikŞ kai diktuakŞ ulikŞ tou peiramatikoŰ mac peribŘllontoc. YŘqnontac gia kŘpoia lŰsh anakalŰyame thn Űparxh enŞc perissŞtero axiŞpistou kai qrŠsimou benchmark pou mac Śdine polŰ perissŞterec epilogŚc sta peirŘmatŘ mac.

Ta kŰria shmeŢa pou mac Ťjhsan sthn antikatŘstash tou Wisconsin Proxy Benchmark me to Web Polygraph eŢnai ta akŞlouja:

♦ To Web Polygraph dhmiourgoŰse polŰ mikrŞtero fŞrto sto upologistikŞ sŰsthma afŠnontac sto Web proxy upŞ mŚtrhsh megalŰtera perijŤria gia qrŠsh twn pŞrwn tou sustŠmatoc. AutŞ Štan Śna krŢsimo qarakthristikŞ, dedomŚnou Şti jŚloume na metrŠsoume Web proxies uyhlŤn epidŞsewn.

♦ To Web Polygraph mac pareŢqe polŰ perissŞtera apotelŚsmata sta peirŘmata, Şpwc gia parŘdeigma to mŚso rujmŞ exuphrŚthshc aitŠsewn, th mŚsh kajustŚrhsh, to mŚso posostŞ epituqhmŚnwn aitŠsewn (document hit ratio) kai dedomŚnwn (byte hit ratio), thn katanomŠ twn megejŤn twn arqeŢwn kai pollŘ Řlla. AntŢjeta, to Wisconsin Proxy Benchmark tŰpwne se Śna arqeŢo mŞno to qrŞno ektŚleshc kŘje aŢthshc kai to mŚgejŞc thc. FiltrŘrontac emeŢc (me dikŞ mac fŢltro) autŘ ta dedomŚna, metroŰsame ta diŘfora megŚjh pou mac endiŚferan me prŤto to mŚso rujmŞ exuphrŚthshc aitŠsewn.

♦ To Web Polygraph mac epŚtrepe na orŢsoume Śna dikŞ mac workload gia to peŢrama dŢnontŘc mac pŘra pollŚc epilogŚc pou de mac Śdine to Wisconsin Proxy Benchmark, Şpwc th dhmiourgŢa fŘsewn tou peirŘmatoc me xeqwristŘ statistikŘ gia kŘje mŢa, ton orismŞ thc katanomŠc tou megŚjouc twn arqeŢwn (p.q. constant,exponential ktl.), ton orismŞ tou montŚlou epilogŠc twn dhmofilŤn antikeimŚnwn (zipf,uniform,ktl.), to montŚlo metabolŠc twn antikeimŚnwn sto qrŞno kai pollŘ Řlla megŚjh.

♦ TŚloc, to Web Polygraph anaptŰqjhke apŞ thn Ţdia omŘda programmatistŤn pou anŚptuxan to Squid kai Śqei Šdh kajierwjeŢ san ek-twn-pragmŘtwn prŞtupo (de-facto standard) gia th mŚtrhsh kŘje eŢdouc Web proxies, sumperilambanomŚnwn kai autŤn pou kataskeuŘzontai apŞ megŘlec etaireŢec [19], [80].

6.1. PeiramatikŞ PeribŘllon

6.1.2 TO METROPROGRAMMA WEB POLYGRAPH

Gia touc lŞgouc pou anaptŰxame amŚswc parapŘnw, qrhsimopoiŠsame gia ta peirŘmatŘ mac thn Śkdosh 2.2.9 tou metroprogrŘmmatoc Web Polygraph. Se autŠ thn parŘgrafo perigrŘfoume perilhptikŘ th leitourgŢa tou metroprogrŘmmatoc kai tic paramŚtrouc pou qrhsimopoiŠsame sta peirŘmatŘ mac.

To Web Polygraph metrŘei th swstŠ leitourgŢa kai thn apŞdosh enŞc Web proxy, dhmiourgŤntac dŰo diergasŢec, apŞ tic opoŢec h mŢa prosomoiŤnei th sumperiforŘ twn PelatŤn pou stŚlnoun aitŠseic sto Web proxy, kai h Řllh th sumperiforŘ twn ExuphretŤn WWW apŞ touc opoŢouc anaktŤntai ta antikeŢmena twn aitŠsewn autŤn. O trŞpoc autŞc leitourgŢac tou Web Polygraph apeikonŢzetai sto sqŠma 6.1, Şpou oi diergasŢec polyclt kai polysrv antistoiqoŰn stic diergasŢec twn PelatŤn kai twn ExuphretŤn antŢstoiqa, oi opoŢec mporeŢ na trŚqoun sta Ţdia Š se diaforetikŘ mhqanŠmata qrhsimopoiŤntac topikŞ dŢktuo gia tic aitŠseic sto Web proxy. ’Opwc eŢnai katanohtŞ me ton parapŘnw trŞpo, h mŚtrhsh thc leitourgŢac tou Web proxy gŢnetai se pragmatikŚc sunjŠkec, parŚqontŘc mac Şmwc parŘllhla th dunatŞthta na rujmŢsoume emeŢc ta qarakthristikŘ tou workload pou to benchmark akoloujeŢ.

SqŠma 6.1 DiŘgramma leitourgŢac tou Web Polygraph.

Ta qarakthristikŘ autŘ mporeŢ na eŢnai o arijmŞc pelatŤn, h katanomŠ tou megŚjouc twn antikeimŚnwn twn aitŠsewn, h katanomŠ epilogŠc twn dhmofilŚsterwn antikeimŚnwn, statikŘ Š dunamikŘ antikeŢmena, o qrŞnoc metabolŠc twn antikeimŚnwn ktl. Gia tic anŘgkec twn peiramŘtwn mac epilŚxame tic paramŚtrouc pou perigrŘfontai sthn parakŘtw parŘgrafo. PrŚpei na anafŚroume Şti h epilogŠ mac eŢqe to skeptikŞ thc montelopoŢhshc tou pragmatikoŰ fŞrtou pou dŚqetai Śna Web proxy sŠmera me tŚtoio trŞpo Ťste na mporŚsoume na metrŠsoume tic mŚgistec epidŞseic tou (kurŢwc to rujmŞ exuphrŚthshc aitŠsewn allŘ kai th mŚsh kajustŚrhsh anŘ aŢthsh).

MŢa pro˛pŞjesh gia na metrhjeŢ h mŚgisth apŞdosh tou Web proxy eŢnai na Śqoume arketŘ grŠgorh diktuakŠ upodomŠ, giatŢ an o rujmŞc aitŠsewn ephreazŞtan apŞ th qamhlŠ taqŰthta tou diktŰou, den ja metroŰsame to rujmŞ aitŠsewn pou exuphretoŰse to Web proxy, allŘ to rujmŞ aitŠsewn pou mporoŰse na uposthrŢxei to

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

dŢktuŞ mac. Gia to lŞgo autŞ, epilŚxame na trŚxoume ta Web proxy upŞ mŚtrhsh sto Ţdio mhqŘnhma me to metroprŞgramma Web Polygraph. ParŘllhla Şmwc Śprepe na epilegeŢ mŢa mhqanŠ me arketŠ upologistikŠ isqŰ, Ťste to metroprŞgramma na mhn aporrofŘ shmantikoŰc pŞrouc apŞ to Web proxy. PŘntwc, h sugkekrimŚnh pro˛- pŞjesh den eŢnai dŰskolo na ulopoihjeŢ afoŰ Şpwc Śqoume anafŚrei to shmeŢo sto opoŢo parousiŘzontai problŠmata apŞdoshc sth leitourgŢa twn Web proxies eŢnai to uposŰsthma dŢskwn.

6.1.3 PARAMETROI PEIRAMATWN

Gia th diexagwgŠ twn peiramŘtwn mac epilŚxame tic parakŘtw paramŚtrouc tou metroprogrŘmmatoc Web Polygraph:

♦ ArijmŞc PelatŤn : 100.

’Ena plŠjoc apŞ 100 pelŘtec eŢnai mia fusiologikŠ timŠ gia Śna Web proxy. EŢnai arketŞ plŠjoc gia na mporeŢ to Web proxy na exuphretŠsei pollŚc aitŠseic tautŞqrona, enŤ parŘllhla den eŢnai tŞso uyhlŞ Ťste kai mŞno o arijmŞc twn TCP sundŚsewn na fortŤnei to sŰsthma. O arijmŞc twn ExuphretŤn tou benchmark de mac endiŚfere, afoŰ akŞma ki Śnac grŠgoroc ExuphrŚthc ja mporoŰse na apantŘei Şlec tic aitŠseic apŞ touc 100 PelŘtec.

♦ PosostŞ EpituqhmŚnwn AitŠsewn 50%.

QrhsimopoiŠsame posostŞ epituqhmŚnwn aitŠsewn pou eŢnai Śna Śgkuro posostŞ se metrŠseic pragmatikŤn Web proxies kai eŢnai parŘllhla arketŘ uyhlŞ, Ťste na metrŠsoume thn apŞdosh pou Śqei h mnŠmh (h kentrikŠ mnŠmh kai o dŢskoc) Ştan diabŘzoume Š grŘfoume dedomŚna.

♦ KatanomŠ aitŠsewn pelatŤn : zipf(0.6).

H katanomŠ aitŠsewn pelatŤn aforŘ thn katanomŠ pou qrhsimopoieŢ to Web polygraph gia na epilŚxei poia antikeŢmena ja xanazhthjoŰn apŞ touc pelŘtec, Śtsi Ťste na diathrhjeŢ to posostŞ epituqhmŚnwn aitŠsewn pou Śqoume epilŚxei. H katanomŠ zipf(0.6) eŢnai h katanomŠ Zipf me timŠ α = 0.6 (blŚpe parŘgrafo 3.1.1). H timŠ autŠ tou α sumfwneŢ me metrŠseic ereunhtŤn [11]. H Ţdia autŠ parŘmetroc zipf(0.6) Śqei qrhsimopoihjeŢ kai se peirŘmata me emporikŘ Web proxies apŞ thn omŘda pou anŚptuxe to Web Polygraph [80].

♦ StatikŘ antikeŢmena kai PosostŞ ApojhkeŰsimwn AntikeimŚnwn 100%.

Sta peirŘmatŘ mac qrhsimopoiŠsame statikŘ antikeŢmena (dhladŠ antikeŢmena pou den allŘzoun Şso proqwrŘei o qrŞnoc Š pio swstŘ allŘzoun polŰ argŘ se sqŚsh me to qrŞno), giatŢ mac endiafŚrei na metrŠsoume tic epidŞseic pou

6.1. PeiramatikŞ PeribŘllon

mporeŢ na Śqei Śna Web proxy sto mikrŞ qronikŞ diŘsthma twn merikŤn wrŤn pou diarkoŰn ta peirŘmatŘ mac. EpŢshc Şla ta antikeŢmena twn peiramŘtwn eŢnai apojhkeŰsima (cacheable) Śtsi Ťste na mporoŰme na elŚgxoume to posostŞ epituqhmŚnwn aitŠsewn pou epitugqŘnei kŘje Web proxy se sqŚsh me to posostŞ pou prosfŚretai apŞ to benchmark.

♦ KatanomŠ MegejŤn AntikeimŚnwn exp(5KB).

To mŚgejoc autŞ eŢnai polŰ shmantikŞ giatŢ kajorŢzei pŞso megŘla ja eŢnai ta antikeŢmena pou zhtŘne oi PelŘtec tou Web proxy kai Řra th sunolikŠ kŢnhsh dedomŚnwn pou ja exuphreteŢ to Web proxy pou metrŘme. H katanomŠ twn megejŤn pou epilŚxame Štan h ekjetikŠ katanomŠ me mŚso mŚgejoc 5 KBytes, pou Şpwc Śqei metrhjeŢ eŢnai to mŚso mŚgejoc twn arqeŢwn tou PagkŞsmiou IstoŰ [58], [60]. H ekjetikŠ katanomŠ Śqei epŢshc epilegeŢ kai gia peirŘmata emporikŤn Web proxies apŞ thn omŘda pou anŚptuxe to Web Polygraph [80].

♦’Orio PeirŘmatoc h sumplŠrwsh 1000000 aitŠsewn.

JŚsame san Şrio th sumplŠrwsh 1000000 aitŠsewn apŞ to Web proxy, giatŢ to jewroŰme arketŞ gia thn katagrafŠ thc apŞdoshc tou. Sth diŘrkeia autŤn twn aitŠsewn ja Śqoun metaferjeŢ stouc PelŘtec perŢpou 5 GBytes dedomŚnwn (afoŰ to mŚso mŚgejoc antikeimŚnou tŚjhke sta 5 KBytes) kai dedomŚnou Şti Śqoume posostŞ epituqhmŚnwn aitŠsewn 50%, ja grafoŰn sthn endiŘmesh mnŠmh (cache) tou Web proxy perŢpou 500000 antikeŢmena pou antistoiqoŰn se 2 GBytes dedomŚnwn.

Sta peirŘmatŘ pou Śginan, o rujmŞc exuphrŚthshc aitŠsewn apŞ to Web Polygraph metabŘlletai anŘloga me thn apŞdosh tou Web proxy upŞ mŚtrhsh. Me lŢga lŞgia Ştan exuphrethjeŢ mia aŢthsh, kŘje pelŘthc tou metroprogrŘmmatoc xanastŚlnei amŚswc thn epŞmenh.

6.1.4 UPOLOGISTIKO SUSTHMA Ta peirŘmatŘ mac Śginan se mŢa mhqanŠ Sun Ultra Enterprise 450 h opoŢa diŚjete ta qarakthristikŘ pou perigrŘfontai ston pŢnaka 6.1.

CPU 2 x Sun UltraSparc II - 400 MHz L2 Cache Memory 4 MBytes Main Memory 2 GBytes

PŢnakac 6.1 QarakthristikŘ MhqanŠc PeiramatikoŰ PeribŘllontoc.

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

To leitourgikŞ sŰsthma pou Śtreqe Štan to Sun Solaris Śkdoshc 2.7 kai to sŰsthma arqeŢwn UFS pou to sunodeŰei. O dŢskoc pou qrhsimopoiŠjhke apŞ ta Web proxies pou metrŠsame gia thn apojŠkeush antikeimŚnwn Štan Śnac Sun 18G Disk Drive me ta qarakthristikŘ pou perigrŘfontai ston pŢnaka 6.2.

Model Sun 18G Disk Drive Interface SCA SCSI Capacity 18 GBytes Rotations per minute 10000 Rotational latency (average) 2.99 msec Single track seek (read) 0.8 msec Single track seek (write) 1.0 msec Average seek (read) 7.5 msec Average seek (write) 8.5 msec Maximum seek (read) 16 msec Maximum seek (write) 17 msec Interface transfer rate (synchronous) 10 to 40 MBytes/sec Interface transfer rate (asynchronous) 5 to 20 MBytes/sec

PŢnakac 6.2 QarakthristikŘ DŢskou PeiramatikoŰ PeribŘllontoc.

QrhsimopoiŤntac to metroprŞgramma lat fs apŞ to sŰnolo metroprogrammŘtwn HBench-OS, metrŠsame to qrŞno pou qreiazŞmaste gia th dhmiourgŢa kai th diagrafŠ arqeŢwn me th seirŘ pou dhmiourgŠjhkan sto dŢsko pou qrhsimopoiŠsame. Ta apotelŚsmata faŢnontai ston pŢnaka 6.3.

6.1.5 RUJMISEIS TOU SQUID H Śkdosh tou Squid pou qrhsimopoiŠjhke Štan h 2.2.STABLE4 kai oi parŘmetroi tou Štan oi Ţdioi pou Śqoun qrhsimopoihjeŢ kai se Řllec metrŠseic [80] kai jewroŰntai oi bŚltistec gia tŚtoiou eŢdouc peirŘmata. Pio sugkekrimŚna, ektŞc apŞ ton orismŞ tou TCP port sto opoŢo ja Śtreqe to Squid kai ton katŘlogo tou dŢskou pou ja qrhsimopoioŰse, kŘname tic exŠc rujmŢseic sto Squid :

♦ cache mem 128 MB

♦ half closed clients off

♦ memory pools off

6.2. PerigrafŠ PeiramŘtwn

File Size (Bytes) Number of Files QrŞnoc anŘ ArqeŢo (msec) 4096 64 11972.8125 4096 128 12076.1484 4096 512 8764.2910 4096 1024 8714.0635 5120 64 6228.2969 5120 128 12029.9180 5120 512 10638.953 5120 1024 8502.1104 8192 64 12066.7500 8192 128 12867.4844 8192 512 12249.8887 8192 1024 11823.4102

PŢnakac 6.3 DhmiourgŢa arqeŢwn sto dŢsko tou PeiramatikoŰ PeribŘllontoc.

Sthn ierarqŢa dŰo epipŚdwn katalŞgwn pou qrhsimopoieŢ to Squid gia thn apojŠkeush antikeimŚnwn sto dŢsko, Śmeine h arqikŠ timŠ tou, pou Štan 16 katŘlogoi gia to prŤto epŢpedo kai 256 gia to deŰtero.’Olec oi upŞloipec rujmŢseic tou Squid Štan oi arqikŚc thc egkatŘstasŠc tou, dhladŠ autŚc pou eŢqan diamorfwjeŢ apŞ thn omŘda pou to anaptŰssei [102].

6.1.6 RUJMISEIS TOU FOXY Sto FOXY qrhsimopoiŠsame mŞno Śna (deutereŰon) epŢpedo mnŠmhc (dhladŠ den qrhsimopoiŠsame kŰria mnŠmh gia thn apojŠkeush antikeimŚnwn allŘ mŞno to dŢsko). BŚbaia to leitourgikŞ sŰsthma qrhsimopoioŰse thn krufŠ mnŠmh tou sustŠmatoc arqeŢwn gia ta dedomŚna pou grŘfame sto dŢsko, Şpwc Śgine kai me to Squid. To “uyhlŞ Şrio plhrŞthtac” sta peirŘmatŘ mac Štan 70% (pou shmaŢnei Şti kaloŰsame thn politikŠ antikatŘstashc antikeimŚnwn Ştan o dŢskoc gŚmize katŘ 70%) kai to “qamhlŞ Şrio plhrŞthtac” Štan 50% (dhladŠ sbŠname antikeŢmena apŞ to dŢsko mŚqri na eŢnai 50% gemŘtoc). TŚloc, to mŚgisto Şrio megŚjouc twn antikeimŚnwn pou ja apojhkeutoŰn sthn mnŠmh tou FOXY Štan 64 KBytes.

6.2 PERIGRAFH PEIRAMATWN

Sta peirŘmata mac epilŚxame na sugkrŢnoume to Web proxy pou ulopoiŠsame (to FOXY) me to Squid pou Şpwc Śqoume anafŚrei eŢnai to pio exeligmŚno Web proxy

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

anoiqtoŰ kŤdika sŠmera.

Sta peirŘmatŘ mac dokimŘsame kai ta dŰo Web proxies (FOXY kai Squid) qrhsimopoiŤntac to metroprŞgramma Web Polygraph me tic paramŚtrouc pou anafŚrame parapŘnw kai gia trŢa diaforetikŘ megŚjh qŤrou apojŠkeushc antikeimŚnwn sto dŢsko : 1 GByte, 2 GBytes, 4 GBytes. Me lŢga lŞgia kŘname ta exŠc Śxi peirŘmata:

♦ FOXY me (1 GByte, 2 GBytes, 4 GBytes) Disk Cache.

♦ Squid me (1 GByte, 2 GBytes, 4 GBytes) Disk Cache.

Ta megŚjh qŤrou pou dŤsame eŢnai qarakthristikŘ gia na metrŠsoume th sumperiforŘ twn Web proxies upŞ diaforetikŚc sunjŠkec. An upologŢsoume Şti 1000000 aitŠseic me 5 KBytes mŚso mŚgejoc antikeimŚnou mac dŢnoun 5 GBytes dedomŚnwn kai dedomŚnou Şti Śqoume posostŞ epituqhmŚnwn aitŠsewn 50%, ja Śqoume Şgko dedomŚnwn pou ja grafeŢ sthn mnŠmh tou Web proxy perŢpou 2.5 GBytes (prosjŚtontac kai touc HTTP headers twn antikeimŚnwn pou eŢnai toulŘqiston 100 bytes gia kŘje antikeŢmeno Śqoume perŢpou 100 MBytes parapŘnw). SkeptŞmenoi thn kŰria mnŠmh pou Śqei to upologistikŞ sŰsthma sto opoŢo trŚxame ta peirŘmata, eŢnai fanerŞ Şti den qwrŘei Şla ta dedomŚna pou prŚpei na apojhkeŰsei to Web proxy, Řra ja prŚpei upoqrewtikŘ na katafŰgoume sto dŢsko. Ta peirŘmatŘ mac loipŞn meletŘne th sumperiforŘ twn Web proxies upŞ tŚtoiec sunjŠkec.

Me ta megŚjh 1, 2, kai 4 GBytes qŤrou sto dŢsko pou dŤsame mporoŰme na meletŠsoume thn sumperiforŘ tou Web proxy se treic diaforetikŚc periptŤseic:

♦ 1 GByte Disk Cache

Sthn perŢptwsh autŠ, efŞson grŘfoume perŢpou 2.5 GBytes sto dŢsko, ja qreiasteŢ na kalŚsoume 2-3 forŚc thn politikŠ antikatŘstashc antikeimŚnwn gia na antikatastŠsoume antikeŢmena afoŰ o qŤroc den eŢnai arketŞc. EpŢshc ja faneŢ pŞso apodotikŠ eŢnai h politikŠ antikatŘstashc antikeimŚnwn efŞson den upŘrqei arketŞc qŤroc gia Şla ta antikeŢmena.

♦ 2 GBytes Disk Cache

Sthn perŢptwsh twn 2 GBytes qŤrou sto dŢsko, ja qreiasteŢ epŢshc na sbŠsoume apŞ to dŢsko kalŤntac thn politikŠ antikatŘstashc antikeimŚnwn, allŘ autŞ ja gŢnei 1 Š to polŰ dŰo forŚc. EpŢshc skeptŞmenoi thn kŰria mnŠmh pou Śqei to upologistikŞ sŰsthma sto opoŢo trŚxame ta peirŘmata, se autŠ thn perŢptwsh den ja qwrŘne Şla ta dedomŚna se autŠn Řra ja prŚpei na grŘyoume upoqrewtikŘ sto dŢsko.

6.3. PeiramatikŘ ApotelŚsmata

♦ 4 GBytes Disk Cache TŚloc Ştan Śqoume 4 GBytes qŤrou sto dŢsko, den ja qreiasteŢ na sbŠsoume antikeŢmena apŞ to dŢsko kai Śtsi logikŘ ja Śqoume to bŚltisto posostŞ epituqhmŚnwn aitŠsewn. Par’ Şla autŘ, epeidŠ ja Śqoume megalŰtero qŤro na diaqeiristoŰme, eŢnai anamenŞmeno h apŞdosh na pŚsei lŞgwn twn perissŞterwn anagnŤsewn apŞ to dŢsko.

AfoŰ loipŞn ektelŚsame ta parapŘnw peirŘmata, dŢnoume ta apotelŚsmatŘ mac sthn epŞmenh parŘgrafo 6.3.

6.3 PEIRAMATIKA APOTELESMATA

Ta apotelŚsmata twn peiramŘtwn mac kajŤc kai metrŠseic paramŚtrwn tou upologistikoŰ sustŠmatoc (p.q. pŞsh mnŠmh Štan eleŰjerh, pŞsh upologistikŠ isqŰc qrhsimopoiŞtan ktl.) katŘ th diŘrkeia twn peiramŘtwn, faŢnontai sta sqŠmata parakŘtw. ’Opwc ja doŰme oi parŘmetroi tou sustŠmatoc ja mac bohjŠsoun polŰ sthn ermhneŢa twn apotelesmŘtwn mac.

XekinŤntac apŞ to sqŠma 6.2 parathroŰme thn exuphrŚthsh twn 1000000 aitŠsewn twn peiramŘtwn apŞ to Squid kai to FOXY se sqŚsh me th qronikŠ stigmŠ Śnarxhc kŘje peirŘmatoc. ParathroŰme Şti to FOXY apodŢdei polŰ kalŰtera kai katafŚrnei na teleiŤsei to peŢrama se qrŞno mikrŞtero twn 40 leptŤn gia Şla ta megŚjh qŤrou sto dŢsko pou qrhsimopoiŠsame. AntŢjeta, to Squid qreiŘzetai perŢpou 150-160 leptŘ se Şlec tic periptŤseic.

Sto sqŠma 6.3 parathroŰme to rujmŞ exuphrŚthshc aitŠsewn sth mŚgisth qronikŠ diŘrkeia twn peiramŘtwn. O Řxonac x ftŘnei mŚqri ta 160 leptŘ epeidŠ h qronikŠ diŘrkeia pou qreiŘsthke to Squid gia na oloklhrŤsei to peŢrama Štan megalŰterh apŞ to FOXY.’Opwc faŢnetai o rujmŞc exuphrŚthshc aitŠsewn gia to FOXY eŢnai arketŘ uyhlŞteroc apŞ to Squid, allŘ parousiŘzei kai megalŰterec diakumŘnseic. AutŚc ofeŢlontai Şpwc ja doŰme sta epŞmena sqŠmata sthn apŞdosh thc mnŠmhc kai tou dŢskou.

Sto sqŠma 6.5 faŢnetai h diakŰmansh tou posostoŰ epituqhmŚnwn aitŠsewn katŘ th diŘrkeia twn peiramŘtwn. ’Opwc parathroŰme se autŞ to sqŠma, sthn exŚlixh tou peirŘmatoc to Squid Śqei qamhlŞtero posostŞ epituqhmŚnwn aitŠsewn apŞ Şti to FOXY. EpŢshc parathroŰme Şti gia megalŰtero qŤro sto dŢsko, to posostŞ epituqhmŚnwn aitŠsewn tou FOXY anebaŢnei, enŤ gia qŤro 4 GBytes Şpou den sbŠnontai antikeŢmena apŞ to dŢsko, to posostŞ epituqhmŚnwn aitŠsewn diathreŢtai sto 50%, Şpwc dhladŠ Śqei tejeŢ san parŘmetroc sto Web Polygraph. AntŢjeta gia 1 GByte qŤro sto dŢsko, to posostŞ epituqhmŚnwn aitŠsewn eŢnai arketŘ qamhlŞ,

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

SqŠma 6.2 ExuphrŚthsh aitŠsewn apŞ to Squid kai to FOXY se sqŚsh me to qrŞno.

6.3. PeiramatikŘ ApotelŚsmata

SqŠma 6.3 MetabolŠ tou rujmoŰ epituqhmŚnwn aitŠsewn sth diŘrkeia twn peiramŘtwn. 89

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

diŞti o diajŚsimoc qŤroc den ftŘnei gia na meŢnei sto 50%. To Squid parousiŘzei arketŘ qamhlŞtero posostŞ epituqhmŚnwn aitŠsewn, Śna megŘlo mŚroc apŞ to opoŢo ofeŢletai stic lanjasmŚnec apokrŢseic ((blŚpe sqŠma 6.6 parakŘtw).

Sto sqŠma 6.4 faŢnetai h diakŰmansh tou mŚsou qrŞnou exuphrŚthshc anŘ aŢthsh katŘ th diŘrkeia twn peiramŘtwn. ’Opwc parathroŰme, to FOXY Śqei mŚso qrŞno exuphrŚthshc anŘ aŢthsh pou diathreŢtai gŰrw sta 200 milliseconds, enŤ antŢjeta o mŚsoc qrŞnoc exuphrŚthshc anŘ aŢthsh eŢnai sto diŘsthma 800 wc 1000 milliseconds.

Sto sqŠma 6.6 parathroŰme to sunolikŞ arijmŞ lajŤn katŘ th diŘrkeia twn peiramŘtwn (dhladŠ twn aitŠsewn katŘ th diŘrkeia twn opoŢwn parousiŘsthkan lŘjh). ’Opwc blŚpoume apŞ ta 60 leptŘ kai metŘ to Squid me 1 GByte qŤro sto dŢsko parousiŘzei megŘlo arijmŞ lanjasmŚnwn aitŠsewn, to opoŢo apoteleŢ kai Śna lŞgo gia th drastikŠ meŢwsh tou posostoŰ epituqhmŚnwn aitŠsewn (blŚpe sqŠma 6.5).

Ta epŞmena pŚnte sqŠmata perigrŘfoun me akrŢbeia ti sumbaŢnei katŘ th diŘrkeia twn peiramŘtwn tou FOXY kai giatŢ upŘrqoun oi diakumŘnseic sto mŚso rujmŞ exuphrŚthshc aitŠsewn.’Opwc blŚpoume sto sqŠma 6.7 perŢpou sta 10 leptŘ, Şpou pŚftei o mŚsoc rujmŞc exuphrŚthshc gia 1 GByte disk cache anebaŢnei o qrŞnoc pou h CPU den qrhsimopoieŢtai (idle time). AutŞ gŢnetai giatŢ Şpwc blŚpoume sto sqŠma 6.10 auxŘnontai oi anagnŤseic kai oi eggrafŚc sto dŢsko.

AntŢstoiqa sthn perŢptwsh twn 2 kai 4 GBytes disk cache, sta 20 perŢpou leptŘ auxŘnetai o arijmŞc twn anagnŤsewn kai meiŤnetai o arijmŞc twn eggrafŤn (sqŠma 6.10), enŤ parŘllhla meiŤnetai h qrŠsh thc CPU (sqŠmata 6.8 kai 6.9) diŞti to FOXY perimŚnei tic anagnŤseic apŞ to dŢsko. H kŢnhsh loipŞn thc kefalŠc tou dŢskou gia tic anagnŤseic kajustereŢ thn exuphrŚthsh twn aitŠsewn kai meiŤnei to mŚso rujmŞ exuphrŚthsŠc touc.

TŚloc blŚpontac to sqŠma 6.11 mporoŰme na aitiologŠsoume ton arqikŞ uyhlŞ mŚso rujmŞ exuphrŚthshc aitŠsewn parathrŤntac Şti arqikŘ h mnŠmh thc mhqanŠc eŢnai Řdeia kai ta dedomŚna proc to dŢsko grŘfontai ekeŢ, enŤ sth sunŚqeia gemŢzei kai h prŞsbash sto dŢsko meiŤnei tic epidŞseic.

6.3. PeiramatikŘ ApotelŚsmata

SqŠma 6.4 MetabolŠ tou mŚsou qrŞnou exuphrŚthshc anŘ aŢthsh sth diŘrkeia twn peiramŘtwn. 91

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

SqŠma 6.5 MŚtrhsh tou posostoŰ epituqhmŚnwn aitŠsewn sth diŘrkeia twn peiramŘtwn. 92

6.3. PeiramatikŘ ApotelŚsmata

SqŠma 6.6 MŚtrhsh tou arijmoŰ twn lanjasmŚnwn aitŠsewn sthn diŘrkeia twn peiramŘtwn. 93

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

SqŠma 6.7 MŚtrhsh thc qrŠshc thc CPU sthn diŘrkeia twn peiramŘtwn tou FOXY me 1 GByte disk cache. 94

6.3. PeiramatikŘ ApotelŚsmata

SqŠma 6.8 MŚtrhsh thc qrŠshc thc CPU sthn diŘrkeia twn peiramŘtwn tou FOXY me 2 GBytes disk cache. 95

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

SqŠma 6.9 MŚtrhsh thc qrŠshc thc CPU sthn diŘrkeia twn peiramŘtwn tou FOXY me 4 GBytes disk cache. 96

6.3. PeiramatikŘ ApotelŚsmata

SqŠma 6.10 MŚtrhsh thc qrŠshc tou dŢskou katŘ thn diŘrkeia twn peiramŘtwn tou FOXY. 97

KefŘlaio 6. PeiramatikŘ ApotelŚsmata

SqŠma 6.11 MŚtrhsh thc eleŰjerhc kentrikŠc mnŠmhc katŘ thn diŘrkeia twn peiramŘtwn tou FOXY. 98

KefŘlaio 7

EpŢlogoc

Life would be so much easier if we could just look at the source code. —Anon.

Sthn paroŰsa graptŠ ergasŢa asqolhjŠkame me to ereunhtikŞ jŚma thc apŞdoshc twn Web proxies kai estiŘsame eidikŞtera sto shmeŢo thc apojŠkeushc twn antikeimŚnwn WWW stouc dŢskouc pou apoteleŢ to megalŰtero parŘgonta meŢwshc twn epidŞsewn. H suneisforŘ thc paroŰsac metaptuqiakŠc ergasŢac aforŘ:

♦ Thn perilhptikŠ parousŢash mejŞdwn gia th beltŢwsh tou uposustŠmatoc dŢskwn enŞc Web proxy. MŚsa apŞ melŚth thc qrŠshc twn dŢskwn kai twn susthmŘtwn arqeŢwn parousiŘzoume apotelesmatikoŰc algorŢjmouc gia thn aŰxhsh thc taqŰthtac eggrafŠc kai anŘgnwshc twn dedomŚnwn apŞ touc dŢskouc. Oi algŞrijmoi autoŢ anaptŰqjhkan apŞ mia omŘda anjrŤpwn sthn opoŢa summeteŢqe kai o suggrafŚac kai parousiŘsthkan ektenŤc sto [62].

♦ Thn anŘptuxh enŞc prŞtupou Web proxy (to opoŢo onomŘsame FOXY) sqediasmŚnou Ťste na prosfŚrei uyhlŚc epidŞseic ulopoiŤntac touc parapŘnw mhqanismoŰc gia th beltŢwsh thc taqŰthtac eggrafŠc kai anŘgnwshc twn dedomŚnwn apŞ touc dŢskouc. To Web proxy pou anaptŰxame, qrhsimopoieŢ diadedomŚno ulikŞ (hardware) kai genikoŰ skopoŰ leitourgikŘ sustŠmata.

♦ Ton peiramatismŞ kai th sŰgkrish thc ulopoŢhsŠc mac me to Squid [102], pou apoteleŢ to pio dhmofilŚc kai prohgmŚno Web proxy anoiqtoŰ kŤdika pou trŚqei se genikoŰ skopoŰ leitourgikŘ sustŠmata sŠmera.’Opwc apodeiknŰetai apŞ ta peirŘmatŘ mac, h ulopoŢhsŠ mac Śqei apŞdosh toulŘqiston treic forŚc uyhlŞterh apŞ to Squid.

An kai pisteŰoume Şti h suneisforŘ mac autŠ proŘgei thn teqnologŢa twn Web proxies kai tic euergetikŚc sunŚpeiec thc sthn kajhmerinŠ qrŠsh tou PagkŞsmiou IstoŰ, jewroŰme Şti upŘrqoun akŞma shmantikŘ perijŤria beltŢwshc twn algorŢjmwn diaqeŢrishc tou dŢskou, allŘ kai thc ulopoŢhshc tou FOXY. AutŚc oi beltiŤseic

KefŘlaio 7. EpŢlogoc

mporoŰn na apotelŚsoun mŚroc miac mellontikŠc ereunhtikŠc ergasŢac. MerikŚc kateujŰnseic pou ja mporoŰsame na kinhjoŰme mellontikŘ eŢnai:

♦ H beltŢwsh thc ulopoŢhshc tou FOXY me melethmŚnh qrŠsh threads Ťste na Śqoume parŘllhlh qrŠsh pollŤn epexergastŤn. AntŢjeta, sthn paroŰsa ulopoŢhsh pou qrhsimopoioŰme mŞno mŢa diergasŢa qwrŢc threads mporoŰme na ekmetalleutoŰme thn upologistikŠ isqŰ mŞno enŞc epexergastŠ.’Opwc eŢnai antilhptŞ, h apotelesmatikŠ qrŠsh pollŤn epexergastŤn se mhqanŚc pou parŚqoun tŚtoiec dunatŞthtec ja beltiŤsei tic epidŞseic tou FOXY. PŘntwc h apotelesmatikŠ qrŠsh threads prŚpei na gŢnei metŘ apŞ prosektikŠ melŚth kai apofeŰgontac aplousteŰseic Şpwc p.q. th dhmiourgŢa nŚou thread gia kŘje aŢthsh, kŘti pou ja dhmiourgoŰse perittŞ upologistikŞ fŞrto.

♦ H sqedŢash algorŢjmwn gia perissŞterouc tou enŞc dŢskouc parŘllhla pou na sunduŘzei apotelesmatikŘ tic politikŚc STREAM-PACKETIZER kai LAZY- READS me skopŞ akŞma uyhlŞterec epidŞseic. EpŢshc ja Štan epijumhtŠ h ulopoŢhsh tŚtoiwn algorŢjmwn pollaplŤn dŢskwn sto FOXY kai h peiramatikŠ apotŢmhsŠ touc.

♦ MŢa parŘmetroc pou ephreŘzei shmantikŘ tic epidŞseic Şpwc eŢdame kai apŞ ta peirŘmatŘ mac sthn parŘgrafo 6.3 (sqŠma 6.10) eŢnai oi anagnŤseic antikeimŚnwn apŞ to dŢsko. EfŞson loipŞn mŢa beltŢwsh sthn perioqŠ autŠ ja prosŚfere shmantikŘ kalŰterec epidŞseic, eŢnai jemitŞ na exereunhjeŢ bajŰtera kai na protajoŰn nŚoi kalŰteroi algŞrijmoi pou ja beltiŤnoun tic anagnŤseic twn antikeimŚnwn apŞ to dŢsko.

♦ TŚloc, ja mporoŰsame na meletŠsoume apotelesmatikoŰc trŞpouc gia th metatropŠ tou FOXY se Śna “Śxupno Web Proxy”, dhladŠ Śna Web Proxy pou den ja leitourgeŢ mŞno pajhtikŘ exuphretŤntac tic aitŠseic twn qrhstŤn, allŘ Śqontac kŘpoia eswterikŠ “nohmosŰnh” ja paŢrnei kai prwtoboulŢec me stŞqo thn kalŰterh poiŞthta uphresŢac proc touc qrŠstec, allŘ kai thn kalŰterh exoikonŞmhsh DiadiktuakŤn pŞrwn. Se autŠ thn perioqŠ ja mporoŰsame na meletŠsoume idŚec prefetching antikeimŚnwn WWW, enallagŠ ekdŞsewn prwtokŞllou HTTP (1.0 se 1.1), sumpŢesh dedomŚnwn eŢte sthn cache eŢte pŘnw apŞ to dŢktuo, metatropŠ thc yhfiakŠc morfŠc twn statikŤn eikŞnwn se Řllh mikrŞterou megŚjouc (p.x. gif Š tif se jpeg), WWW content filtering, dynamic URL redirection ktl.

BibliografŢa

[1] Ghaleb Abdulla, Edward A. Fox, and Marc Abrams. Shared User Behavior on the World Wide Web. In Proceedings of WebNet97, Toronto, October 1997.

[2] Ghaleb Abdulla, Binzhang Liu, and Edward A. Fox. Searching the World- Wide Web: Implications from Studying Different User Behavior. In Proceedings of WebNet98, Orlando, November 1998.

[3] Marc Abrams, Charles R. Standridge, Ghaleb Abdulla, Stephen Williams, and Edward A. Fox. Caching Proxies: Limitations and Potentials. In Proceedings of 4th International World-Wide Web Conference, pages 119–133, December 1995.

[4] Charu C. Aggarwal and Philip S. Yu. On disk caching of web objects in proxy servers. In Forouzan Golshani and Kia Makki, editors, Proceedings of the 6th International Conference on Information and Knowledge Management (CIKM-97), pages 238–245, New York, November 10–14 1997. ACM Press.

[5] Alex Rousskov. Web Polygraph : Proxy Performance Benchmark. URL:

http://polygraph.ircache.net/.

[6] Jussara Almeida and Pei Cao. Measuring proxy performance with the Wisconsin Proxy Benchmark. Computer Networks And ISDN Systems, 30(22-23):2179–2192, November 1998. URL : http://www.elsevier.nl/cas/tree/store/comnet/sub/1998/30/22- 23/2053.pdf.

[7] Apache Software Foundation. The Apache Web Server. URL:

http://www.apache.org/.

[8] M. Arlitt, R. Friedrich, and T. Jin. Performance Evaluation of Web Proxy Cache Replacement Policies. Lecture Notes in Computer Science, 1469:193– 204, 1998.

BibliografŢa

[9] Martin Arlitt, Ludmilla Cherkasova, John Dilley, Rich Friedrich, and Tai Jin. Evaluating Content Management Techniques for Web Proxy Caches. In Proceedings of the Workshop on Internet Server Performance (WISP99), May 1999. URL : http://www.cc.gatech.edu/fac/Ellen.Zegura/wisp99/papers/arlitt.ps.

[10] D. J. Barnes and N. G. Smith. An Analysis of World-Wide Web Proxy Cache Performance and its Application to the Modelling and Simulation of Network Traffic. In Proceedings of the 4th International Conference on Telecommunication Systems Modeling and Analysis, page 9, March 1996. URL : http://www.cs.ukc.ac.uk/pubs/1996/184.

[11] Lee Breslau, Pei Cao, Li Fan, Graham Phillips, and Scott Shenker. Web Caching and Zipf-like Distributions: Evidence and Implications. In Proceedings of the INFOCOM ’99 conference, March 1999. URL : http://www.cs.wisc.edu/ cao/papers/zipf-like.ps.gz.

[12] A. Brown and Margo Seltzer. Operating System Benchmarking in the Wake of Lmbench: A Case Study of the Performance of NetBSD on the Intel x86 Architecture. In 1997 ACM SIGMETRICS Conference on Measurement and Modeling of Computer Systems, pages 214–224, Seattle, WA, June 1997. URL : http://www.eecs.harvard.edu/vino/perf/hbench/.

[13] CacheFlow Inc. Url: http://www.cacheflow.com/, 1998.

[14] Robert Cailliau. A Short History of the Web, November 1995. URL:

http://www.inria.fr/Actualites/Cailliau-fra.html.

[15] Pei Cao and Sandy Irani. Cost-Aware WWW Proxy Caching Algorithms. In USENIX, editor, USENIX Symposium on Internet Technologies and Systems Proceedings, Monterey, California, December 8– 11, 1997, pages 193–206, Berkeley, CA, USA, 1997. USENIX. URL : http://www.usenix.org/publications/library/proceedings/usits97/cao.html.

[16] Pei Cao, Jin Zhang, and Kevin Beach. Active Cache: Caching Dynamic Contents on the Web. In Proceedings of the 1998 Middleware conference, September 1998. URL : http://www.cs.wisc.edu/ cao/papers/active-cache.html.

[17] Internet Research Group Internet Caching Resource Center.

Caching 101 - An overview of Web Caching, 1999. URL: http://www.caching.com/caching101.htm.

BibliografŢa

[18] Internet Research Group Internet Caching Resource Center. Caching Success Stories : Caching with CacheFlow + SkyCaching = Manageable Bandwidth Costs , September 1999. URL: http://www.caching.com/casestudies.htm.

[19] Internet Research Group Internet Caching Resource Center. The Internet Caching Bake-Off: Lose a Battle, Win the War, 2000. URL: http://www.caching.com/internet caching bakeoff.htm.

[20] P. M. Chen, E. K. Lee, G. A. Gibson, R. H. Katz, and D. A. Patterson.

RAID: High-performance, reliable secondary storage. ACM Computing Surveys, 26(2):145–185, June 1994.

[21] P. M. Chen and D. A. Patterson. Maximizing performance in a striped disk array. In Proc. 17th Annual Int’l Symp. on Computer Architecture, ACM SIGARCH Computer Architecture News, page 322, June 1990. Published as Proc. 17th Annual Int’l Symp. on Computer Architecture, ACM SIGARCH Computer Architecture News, volume 18, number 2.

[22] Peter Christy. How Do Caching and Content Delivery Really Differ ?, December 1999. URL: http://www.caching.com/cachingvcontent.htm.

[23] Inc. Cisco Systems. Cisco’s Cache Engine. URL:

http://www.cisco.com/warp/public/cc/cisco/mkt/scale/cache/index.shtml.

[24] IBM Corporation. Ibm web cache. URL: http://www.ibm.com/.

[25] Inktomi Corporation. Inktomi WebMap. URL:

http://www.inktomi.com/webmap/.

[26] Paul Gauthier (Inktomi Corporation), Josh Cohen (Microsoft Corporation), Inc.) Martin Dunsmuir (RealNetworks, and Inc.) Charles Perkins (Sun Microsystems. Web Proxy Auto-Discovery Protocol (Internet Draft), 1999. URL: http://www.ietf.org/internet-drafts/draft-ietf-wrec-wpad-01.txt.

[27] Michael Donald Dahlin. Serverless network file systems. Technical Report CSD-96-900, University of California, Berkeley, April 1996.

[28] Peter B. Danzig, Richard S. Hall, and Michael F. Schwartz. A Case for Caching File Objects inside Internetworks. In Proceedings of the ACM SIGCOMM ’93 Conference, San Francisco, CA., September 1993. ftp://ftp.cs.colorado.edu/pub/cs/techreports/schwartz/FTP.Caching-PS/.

BibliografŢa

[29] John Dilley, Martin Arlitt, and Stephane Perret. Enhancement and Validation of the Squid Cache Replacement Policy. In Proceedings of the 4th International Web Caching Workshop, April 1999. URL : http://www.ircache.net/Cache/Workshop99/Papers/dilley-0.ps.gz.

[30] John Douceur and William Bolosky. A large-scale study of file-system contents. In Proceedings of the ACM SIGMETRICS International Conference on Measurement and Modeling of Computing Systems (SIGMETRICS-99), volume 27,1 of SIGMETRICS Performance Evaluation Review, pages 59–70, New York, May 1999. ACM Press.

[31] Fred Douglis and Thomas Ball. Tracking and Viewing Changes on the Web.

In USENIX Association, editor, Proceedings of the USENIX 1996 annual technical conference: January 22–26, 1996, San Diego, California, USA, USENIX Conference Proceedings 1996, pages 165–176, Berkeley, CA, USA, January 1996. USENIX.

[32] Fred Douglis, Anja Feldmann, Balachander Krishnamurthy, and Jeffrey Mogul. Rate of Change and other Metrics: a Live Study of the World Wide Web. In USENIX, editor, USENIX Symposium on Internet Technologies and Systems Proceedings, Monterey, California, December 8–11, 1997, pages 147–158, Berkeley, CA, USA, 1997. USENIX. URL : http://www.usenix.org/publications/library/proceedings/usits97/douglis rate.html.

[33] Fred Douglis, Antonio Haro, and Michael Rabinovich. HPP: HTML Macro-Preprocessing to Support Dynamic Document Caching. In USENIX, editor, USENIX Symposium on Internet Technologies and Systems Proceedings, Monterey, California, December 8–11, 1997, pages 83–94, Berkeley, CA, USA, 1997. USENIX. URL : http://www.usenix.org/publications/library/proceedings/usits97/douglis hpp.html.

[34] Bradley M. Duska, David Marwood, and Michael J. Feeley. The Measured Access Characteristics of World-Wide-Web Client Proxy Caches. Technical Report TR-97-16, Department of Computer Science, University of British Columbia, October 1997. URL : ftp://ftp.cs.ubc.ca/pub/local/techreports/1997/TR-97-16.ps.gz.

[35] Inc. F5 Networks. Building The Right Infrastructure for E-Commerce, 1999.

URL: http://www.f5.com/solutions/whitepapers/ecommerce.html.

BibliografŢa

[36] Li Fan, Pei Cao, Wei Lin, and Quinn Jacobson. Web Prefetching Between Low-Bandwidth Clients and Proxies: Potential and Performance. In Proceedings of the ACM SIGMETRICS International Conference on Measurement and Modeling of Computing Systems (SIGMETRICS-99), volume 27,1 of SIGMETRICS Performance Evaluation Review, pages 178–187, New York, May 1–4 1999. ACM Press.

[37] Shahrooz Feizabadi. History of the World Wide Web. URL:

http://ei.cs.vt.edu/ wwwbtb/book/chap1/index.html.

[38] Anja Feldmann, Ramon Caceres, Fred Douglis, Gideon Glass, and Michael Rabinovich. Performance of Web Proxy Caching in Heterogeneous Bandwidth Environments. In Proceedings of the INFOCOM ’99 conference, March 1999. URL : http://www.research.att.com/ anja/feldmann/papers/infocom99 proxim.ps.gz.

[39] The National Center for Supercomputing Applications : University of Illinois at Urbana-Champaign. NCSA Web Server Activity : Total Connections, June 1997. URL: http://www.ncsa.uiuc.edu/SDG/Presentations/Stats/WebServer.html.

[40] The National Center for Supercomputing Applications : University of Illinois at Urbana-Champaign. NSFnet Backbone Byte Traffic, June 1997. URL: http://www.ncsa.uiuc.edu/SDG/Presentations/Stats/NSFnetStats.html.

[41] Syam Gadde, Jeff Chase, and Michael Rabinovich. A Taste of Crispy Squid.

In Proceedings of the Workshop on Internet Server Performance (WISP’98), June 1998. URL : http://www.cs.duke.edu/ari/cisi/crisp/crisp-wisp.ps.gz.

[42] Michael A. Goulde. Network Caching Guide : Optimizing Web Content Delivery, March 1999. URL: http://www.inktomi.com/products/network/traffic/tech/CachingGuide.pdf, Prepared for Inktomi Corporation.

[43] CacheFlow Inc. High-Performance Web Caching White Paper, 1998. URL:

http://www.cacheflow.com/technology/wp/hp cache.html.

[44] CacheFlow Inc. Active Web Caching Technology, 1999. URL:

http://www.cacheflow.com/technology/wp/activecaching.html.

[45] Inc. Infolibria. Infolibria Dynacache. URL:

http://www.infolibria.com/products/dynacache overview.html.

BibliografŢa

[46] Inktomi and NEC Research Institute. Web Surpasses One Billion Documents, January 2000. URL: http://www.inktomi.com/new/press/billion.html.

[47] Inc. Inktomi. Inktomi Traffic Server. URL:

http://www.inktomi.com/products/network/traffic/.

[48] Shudong Jin and Azer Bestavros. Popularity-Aware GreedyDual-Size Web Proxy Caching Algorithms. Technical Report 1999-009, Boston University, August 1999. URL : http://www.cs.bu.edu/techreports/99-009-gdsp-web-proxy-caching.ps.Z.

[49] Jussara Almeida and Pei Cao. Wisconsin Proxy Benchmark 1.0. URL:

http://www.cs.wisc.edu/ cao/wpb1.0.html.

[50] Eric Dean Katz, Michelle Butler, and Robert McGrath. A scalable HTTP server: The NCSA prototype. Computer Networks and ISDN Systems, 27(2):155–164, November 1994. URL: http://www.elsevier.com/cgi-bin/cas/tree/store/comnet/cas sub/ browse/browse.cgi?year=1994&;volume=27&issue=2&aid=1384.

[51] Ken Starr. The Starr Report. URL: http://www.cnn.com/starr.report/.

[52] Balachander Krishnamurthy and Craig Wills. Proxy Cache Coherency and Replacement – Towards a More Complete Picture. In Proceedings of the ICDCS conference, June 1999. URL : http://www.research.att.com/ bala/papers/ccrcp.ps.gz.

[53] Thomas T. Kwan, Robert E. McGrath, and Daniel A. Reed. NCSA’s World Wide Web Server: Design and Performance. Computer, 28(11):68–74, November 1995.

[54] Thomas T. Kwan, Robert E. McGrath, and Daniel A. Reed. User access patterns to NCSA’s World Wide Web server. Technical Report UIUCDCS- R-95-1934, University of Illinois at Urbana-Champaign, February 1995.

[55] Ron Lee and Gary Tomlinson. Workload Characteristics for a Very High- Capacity Proxy Cache Design.

[56] Ari Luotonen and Kevin Altis. World-Wide Web Proxies. Computer Networks and ISDN Systems, 27(2):147–154, November 1994. http://www.elsevier.com/cgi-bin/cas/tree/store/comnet/cas sub/browse/- browse.cgi?year=1994&;volume=27&issue=2&aid=1380.

BibliografŢa

[57] Ari Luotonen, Henrik Frystyk Nielsen, and Tim Berners-Lee. CERN httpd :

Version 3.0A, July 1996. URL: http://www.w3.org/Daemon/.

[58] Carlos Maltzahn, Kathy Richardson, and Dirk Grunwald. Reducing the Disk I/O of Web Proxy Server Caches. In Proceedings if the USENIX Annual Technical Conference, June 1999.

[59] Carlos Maltzahn, Kathy Richardson, Dirk Grunwald, and James Martin.

A Feasibility Study of Bandwidth Smoothing on the World-Wide Web Using Machine Learning. Technical Report CU-CS-879-99, Dept. of Computer Science, University of Colorado at Boulder, January 1999. URL : http://www.cs.colorado.edu/ carlosm/CU-CS-879-99.ps.gz.

[60] Carlos Maltzahn, Kathy J. Richardson, and Dirk Grunwald. Performance Issues of Enterprise Level Web Proxies. In Proceedings of the 1997 ACM SIGMETRICS International Conference on Measurement and Modeling of Computer Systems, volume 25,1 of Performance Evaluation Review, pages 13–23, New York, June 15–18 1997. ACM Press.

[61] Carlos Maltzahn, Kathy J. Richardson, Dirk Grunwald, and James H. Martin. On Bandwidth Smoothing. In Proceedings of the 4th International Web Caching Workshop, April 1999. URL : http://www.ircache.net/Cache/Workshop99/Papers/maltzahn-final.ps.gz.

[62] Evangelos P. Markatos, Manolis G.H. Katevenis, Dionisis Pnevmatikatos, and Michail D. Flouris. Secondary Storage Management for Web Proxies. In Proceedings of the 2nd USENIX Symposium on Internet Technologies and Systems (USITS’99), pages 93–104, October 1999. URL : http://archvlsi.ics.forth.gr/papers/1999.USITS99.web proxy storage.ps.gz.

[63] Larry McVoy and Carl Staelin. lmbench: Portable Tools for Performance Analysis. In USENIX, editor, USENIX 1996 Annual Technical Conference, January 22–26, 1996. San Diego, CA, pages 279–294, Berkeley, CA, USA, January 1996. USENIX. URL : http://bitmover.com/lmbench/.

[64] Jeffrey C. Mogul. Speedier Squid : A Case Study of an Internet Server Performance Problem. ;login : The USENIX Association Magazine, 24(1):50–58, 1999.

[65] Jeffrey C. Mogul, Fred Douglis, Anja Feldmann, and Balachander Krishnamurthy. Potential benefits of delta-encoding and data compression for

BibliografŢa

HTTP. In Proceedings of the ACM SIGCOMM Conference : Applications, Technologies, Architectures, and Protocols for Computer Communication (SIGCOMM-97), volume 27,4 of Computer Communication Review, pages 181–196, New York, September 14–18 1997. ACM Press.

[66] Netscape, Inc. Netscape Proxy Server. URL:

http://home.netscape.com/proxy/v3.5/datasheet/.

[67] Inc. Network Appliance. NetCache Appliances. URL:

http://www.netapp.com/products/netcache/.

[68] Inc. Novell. Novell BorderManager. URL:

http://www.novell.com/bordermanager/.

[69] J. Ousterhout, M. Seltzer, and K. Smith. Ousterhout’s critiques of LFS and response by Seltzer and Smith, and reply by Ousterhout. URLS: http://www.sunlabs.com/people/john.ousterhout/seltzer93.html, http://www.sunlabs.com/people/john.ousterhout/seltzer.html and http://www.eecs.harvard.edu/~margo/usenix.195/ouster.html, 1995.

[70] J. K Ousterhout, H. Da Costa, D. Harrison, J. A. Kunze, M. Kupfer, and J. G. Thompson. A Trace-Driven Analysis of the UNIX 4.2 BSD File System. Technical Report UCB/CSD 85/230, University of California, April 1985.

[71] D. Patterson et al. RAID: Redundant arrays of inexpensive disks. In 19 ACM SIGMOD Conf. on the Management of Data, Chicago, June 1988.

[72] Vern Paxson and Sally Floyd. Wide-area traffic: the failure of Poisson modeling. ACM SIGCOMM 94, pages 257–268, August 1994. URL: ftp://ftp.ee.lbl.gov/papers/poisson.ps.Z.

[73] Oskar Pearson and Julian Anderson. Squid User’s Guide : Bottlenecks and performance issues, 2000. URL: http://squid.nlanr.net/Doc/Users- Guide/opt/performance.html.

[74] The Censorware Project. Size of the web: A dynamic essay for a dynamic medium, February 2000. URL: http://censorware.org/web size/.

[75] Michael Rabinovich, Jeff Chase, and Syam Gadde. Not all hits are created equal: Cooperative Proxy Caching over a Wide-Area Network. Computer Networks and ISDN Systems, 30(22–23):2253–2259, November 1998.

BibliografŢa

URL : http://www.elsevier.com/cas/tree/store/comnet/sub/1998/30/22- 23/2055.pdf.

[76] Luigi Rizzo and Lorenzo Vicisano. Replacement policies for a proxy cache. Technical Report RN/98/13, UCL-CS, 1998. URL : http://www.iet.unipi.it/ luigi/lrv98.ps.gz.

[77] Alex Rousskov and Valery Soloviev. Caching Policies for Reducing Disk I/Os in a Web Proxy, March 1998. URL : http://www.cs.ndsu.nodak.edu/ soloviev/paperSavingIO.ps.

[78] Alex Rousskov and Valery Soloviev. Eliminating the I/O Bottleneck in Large Web Caches. In Proceedings of the 6th NASA/IEEE Conference on Mass Storage Systems, College Park, Maryland, March 1998.

[79] Alex Rousskov and Valery Soloviev. On Peformance of Caching Proxies. In Proceedings of the 1998 ACM SIGMETRICS International Conference on the Performance of Computer Systems, pages 272–273, 1998.

[80] Alex Rousskov, Duane Wessels, and Glenn Chisholm. The First IR- Cache Web Cache Bake-off : The Official Report, April 1999. URL: http://bakeoff.ircache.net/.

[81] Richard Rubenstein, Harry M. Hersch, and Henry F. Ledgard. The Human Factor: Designing Computer Systems for People. Digital Press, Burlington, MA, 1984.

[82] Margo Seltzer. Clustering, Logging and Journaling: approaches to high performance file system design. Seminar Slides, available at ftp://virtual.harvard.edu/pub/margo/mar17.95.ps, March 17 1995.

[83] Margo Seltzer, Keith Bostic, Marshall Kirk McKusick, and Carl Staelin. An Implementation of a Log-Structured File System for UNIX. In Usenix Conference, pages 307–326, Winter 1993.

[84] Margo Seltzer, Keith A. Smith, Hari Balakrishnan, Jacqueline Chang, Sara McMains, and Venkata Padmanabhan. File System Logging Versus Clustering: A Performance Comparison. In Usenix Annual Technical Conference, 1995.

[85] The National Janet Web Cache Service. Toplevel Cache Server Survey, 1999.

URL: http://wwwcache.ja.net/Surveys/TopLevelCacheServerSurvey.html.

BibliografŢa

[86] Junho Shim, Peter Scheuermann, and Radek Vingralek. Proxy Cache Design: Algorithms, Implementation and Performance. IEEE Transactions on Knowledge and Data Engineering, 1999. URL : http://www.ece.nwu.edu/ shimjh/publication/tkde98.ps.

[87] Z. Smith. The Truth About the Web Crawling Through Eternity. Web Techniques Magazine, 2(5), May 1997. URL: http://www.alexa.com/company/internet stats.html.

[88] The Internet Society. Hypertext Transfer Protocol - HTTP/1.1 RFC, 1999.

URL: ftp://ftp.isi.edu/in-notes/rfc2616.txt.

[89] Valery Soloviev. Prefetching in Segmented Disk Cache for Multi-Disk Systems. In Proceedings of the 4th ACM-IEEE Annual Workshop on I/Os in Parallel and Distributed Systems (IOPADS’96), Philadelphia, PA, pages 69–82, May 1996. URL : http://www.cs.ndsu.nodak.edu/ soloviev/paperCacheDeclNew.ps.

[90] Valery Soloviev and Andrew Yahin. File Placement in a Web Cache Server. In Proceedings of the 10th ACM Symposium on Parallel Algorithms and Architectures, Puerto Vallarta, Mexico, July 1998. URL : http://www.cs.ndsu.nodak.edu/ soloviev/paperProxyDisk.ps.

[91] Alteon Web Systems. New Options in Optimizing Web Cache Deployment (White Paper), 1999. URL: http://www.alteonwebsystems.com/products/white papers/WCR/index.shtml.

[92] Igor Tatarinov, Alex Rousskov, and Valery Soloviev. Static Caching in Web Servers. In Proceedings of the 6th IEEE International Conference on Computer Communications and Networks (IC3N’97), Las Vegas, Nevada, pages 410–417, September 1997.

[93] Renu Tewari, Michael Dahlin, Harrick Vin, and John Kay. Beyond hierarchies: Design considerations for distributed caching on the Internet. Technical Report TR98-0, University of Texas, February 1998. URL: http://www.cs.utexas.EDU/users/dahlin/papers/tr98-04.ps.

[94] The ATM Forum. Asynchronous Trasfer Mode (ATM). URL:

http://www.atmforum.org/.

[95] The Gigabit Ethernet Alliance. Gigabit Ethernet. URL: http://www.gigabitethernet.org/.

BibliografŢa

[96] Graphics Visualization, Usability (GVU) Center, College of Computing, and Georgia Institute of Technology Atlanta. GVU’s WWW User Surveys. URL: http://www.cc.gatech.edu/gvu/user surveys/.

[97] WWW Consortium (W3C). A Little History of the World Wide Web. URL:

http://www.w3.org/History.html.

[98] WWW Consortium (W3C). Extensible Markup Language (XML), April 1997. URL: http://www.w3.org/XML/.

[99] WWW Consortium (W3C). HTTP - Hypertext Transfer Protocol, April 1997. URL: http://www.w3.org/Protocols/.

[100] WWW Consortium (W3C). HTML 4.01 Specification (W3C Recommendation), December 1999. URL: http://www.w3.org/TR/html401/.

[101] D. Wessels and K. Claffy. Internet Cache Protocol (ICP), version 2 (Internet Draft), September 1997. URL: http://ircache.nlanr.net/Cache/ICP/ICPid.txt.

[102] Duanne Wessels. Squid Internet Object Cache, 1996. URL:

http://squid.nlanr.net/Squid/.

[103] Duanne Wessels. Squid version 2.3, 2000. URL:

http://squid.nlanr.net/Versions/v2/2.3/.

[104] Stephen Williams, Marc Abrams, Charles R. Standridge, Ghaleb Abdulla, and Edward A. Fox. Removal Policies in Network Caches for World-Wide Web Documents. In Proceedings of ACM SIGCOMM, Stanford, CA, pages 293–305, August 1997.

[105] Roland P. Wooster and Marc Abrams. Proxy Caching that Estimates Page Load Delays. Computer Networks and ISDN Systems, 29:1497–1505, 1997.

[106] Neal E. Young. On-Line File Caching as Cache Size Varies. In Proceedings of the 2nd Annual ACM-SIAM Symposium on Discrete Algorithms, pages 241–250, New York, January 1991. ACM Press.

[107] Neal E. Young. On-Line File Caching. In Proceedings of the 9th Annual ACM-SIAM Symposium on Discrete Algorithms (SODA-98), pages 82–86, New York, January 25–27 1998. ACM Press.

BibliografŢa

[108] Robert H. Zakon. Hobbes’ Internet Timeline. URL:

http://info.isoc.org/guest/zakon/Internet/History/HIT.html.

EuretŠrio

ATM switches, 5 Aggarwal Charu, 46 Apache, 14, 20, 60

BorderManager, 15 Buddy Algorithm, 53 Byte Hit Rate (BHR), 44

CERN Httpd, 14 Cache Engine, 15 CacheFlow, 11, 15 CacheOS, 38 Cao Pei, 44 Cisco, 15 Client - Server model, 18

DNS, Cache, 71 DNS, AnazŠthsh, 30, 64, 71 Delegate, 14 Digital Unix, 50 Disk I/O, 37, 42, 45 Disk Partitioning, 43 Disk Seek Time, 43 Document Hit Rate (DHR), 10, 12, 44 Domain Name Service (DNS), 8

Electronic Commerce, 2 Engelbart Douglas, 1

FOXY, 16, 61, 67, 85, 87 FOXY, Callbacks, 71 File System, 36, 48, 52

Firewall, 14 FreeBSD, 35 Frequency-Based Cyclic Policy, 45 Future-Looking Policy, 45

Get If Modified, 28 Gigabit Ethernet Switches, 5 GreedyDual-Size, 44 Grunwald Dirk, 37

HBench-OS, 52, 84 HTML (HyperText Markup Language), 2 HTTP PrwtŞkollo, 18, 74 HTTP PrwtŞkollo, Pipelined Requests, 33 HTTP PrwtŞkollo,’Ekdosh 1.0, 7, 21, 30 HTTP PrwtŞkollo,’Ekdosh 1.1, 33 Hash Table, 75 HomeNet Communications, 11 Hypertext, 1 Hypertext, Documents, 1

IBM, 15 ICP PrwtŞkollo, 61 IETF, 28 InfoLibria, 15 Inktomi, 15 Internet, Backbone, 5 Internet, Service Provider (ISP), 3, 6 Irani Sandy, 44

LAZY-READS Algorithm, 57, 59

EuretŠrio

LAZY-READS-LOC Algorithm, 58, 76 Least Dynamic Frequency Policy (LDF), 46 Least Recently Used, 44 Least Recently Used (LRU), 12 Least Recently Used - Threshold (LRU-TH), 12, 73 Linux, 35, 62 Locality Buffers, 58, 59 Log-Structured File System, 49, 55

MOWS, 14 Maltzahn Carlos, 37, 45, 49, 54 Markatos Evangelos, 51 Memory Management, 76

NCSA Mosaic, 3 NetCache, 15, 38 Netscape, Proxy Server, 15 Network Appliance, 15 Non-Blocking Sockets, 66, 68 Novell, 15

Persistent Connections, 33 Prefetching, 13

Quality of Service (QoS), 4

RAID, 13, 42 Replacement Policy, 12 Richardson Kathy, 37, 45, 49, 54

STREAM Algorithm, 55 STREAM-PACKETIZER Algorithm, 56, 59, 76 Self-similar Traffic, 44 SkyCache, 11 Soloviev Valery, 42 Squid, 14, 36, 43, 49, 53, 60, 72, 84, 87 Sun Solaris, 35, 62, 84

TCP/IP, 20

Threads, 66, 72 Traffic Server, 38

URI, 19 URL, 19 User Agent, 20

Vannevar Bush, 1

W3C’s Jigsaw, 14 WAFL, 38, 49 WWW Cache Server, 9 WWW Caching, 7, 34 WWW Proxy, 9, 11, 25, 34 WWW Proxy, Transparent, 27 WWW Proxy, EgkatŘstash, 15, 26 WWW Proxy, EnhmŚrwsh PerieqomŚnou, 28 WWW, Browser, 3, 20 WWW, Page, 2, 30 WWW, DhmofilŚstera AntikeŢmena, 40 WWW, EnswmatwmŚna AntikeŢmena, 30 WWW, ExuphrŚthc, 20 WWW, MŚgejoc AntikeimŚnwn, 39 WWW, PelŘthc, 20 Web Polygraph, 80, 81 Web Proxy Autodiscovery Protocol, 28 Wisconsin Proxy Benchmark, 79

XML (eXtended Markup Language), 2

Yahin Andrew, 42 Yu Philip, 46

flash crowds, 6

’Ekjesh Starr, 11

DiadiktuakŞc kormŞc, 5

EndiŘmesh MnŠmh, ExuphrŚthc, 9 EndiŘmesh MnŠmh WWW, 8

EuretŠrio

EndiŘmesh MnŠmh WWW, PleonektŠmata, 7 HlektronikŞ EmpŞrio, 2, 5

IstoselŢda, 2, 30

MontŚlo PelŘth - ExuphrŚth, 18

PagkŞsmioc IstŞc, AŰxhsh, 3 PagkŞsmioc IstŞc, KŞstoc EŰrouc ZŤnhc, 6 PagkŞsmioc IstŞc, MŚgejoc, 3 PagkŞsmioc IstŞc, PoiŞthta UphresŢac (QoS), 4, 10 ParoqŚac UphresiŤn DiadiktŰou (ISP), 3, 6, 11 PolitikŠ AntikatŘstashc AntikeimŚnwn, 12, 64, 73, 75 PosostŞ EpituqhmŚnwn AitŠsewn (DHR), 10, 12 PrwtŞkollo TCP/IP, 18, 20, 62, 66

SŰsthma EurethriasmoŰ, 64, 75

TaqŰthta tou FwtŞc, 6, 7 TopikŞthta, 40