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Mepoc 1: Elocaywyn ota
2uotnuata OuoTipwyv
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ATTO cuoTnuara lNeAarn-EcuttnpeTntn
o€ 2uotnuaTta OuoTiywyv

* O1 TTEPIOOOTEPEC UTTNPECDIEC OTO AIAdIKTUO
aKoAouBouv 1o yovteAo eAaTn-

E¢uttnpeTnT (11.Xx. HTTP, FTP, DNS, POP3,...)
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Aoyol Avartrtuencg tou Peer-to-Peer?
(OTNV YoP®N TTOU TO OPICOUNE CrNEPQA *)

O peyaAog apiBpog PCs pe TOAU WnArn
UTTOAOYIOTIKI) IO0XU dlaB<oiua oTta akpa (edges)
Tou Internet.

« ETriong, utrapxel oAU wnAoTtepo bandwidth
dlaBeoiyo ota akpa Tou Internet (ADSL,
Satellite, Cable, Ethernet LANS, etc. )

o ETTOpEVWCG, VIVETAI EQIKTO VA ACIOTTOINOOUNE TO
Storage, Cycles, Content kal va €XOUME
aAAnAetTidopaon H/Y ota akpa (edges) Tou
Internet, Xwpic TNV Xpnon KEVIPIKWYV Servers .

e ¥ 2NUEIWOTE OTI TO AAAa Internet Services aTro
10 1980- 11.%. DNS, BGP, Usenet etc, opiouv
Kal auta Eva P2P povteAo avTtaAAayncg
TTANPOPOPIWYV

AAAAAAA
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XOAPOKTNPIOTIKA CUCTNHATWYV
[leAatn-EcuttnpetnTn (I/E)

[MAgovekTAMATA
« KevTplKotroinuEvN Olaxeipion 0EO0OUEVWYV
* Ao@QAAEIa OEOOPEVWIV

 AUTA TO XOPOAKTNPIOTIKA €ival 10AVIKA YIdA
TTOAAEC AladIKTUOKES EQapuoyEC (ZuoTripaTa
TpatmreCwv, HAekTpovikoU Tayxudpoueiou, KTA.)
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XOAPOKTNPIOTIKA CUCTNHATWYV
[leAatn-EcuttnpetnTn (I/E)

MeiovekTApaTa

XPEIGCOVTal aKPIBES UTTOAOYIOTIKES UTTOOOWEG (TT.X., TO
Youtube.com avaAwvel 25TB — 250TB ava yiva kai
TAnpwvel $5M/uriva R $170K/uépa yia To bandwidth)

2.€ TTEPITITWON BAABNG TOU EGUTTNPETNTY XAVOUUE TNV
uttnpeoia (single point of failure).

Xpeialovtal ouvexn dlaxeipion (administration).

MT1TOpOUV va AoyokpiBouv (censorship) Kai va eAeyxBouv
(10 KABeOTWTA, KTA) TT.X., TO ATTOTEAEOUOTA AVAGATNONG
uNXavwyv ava(mnong a)\eyxovmu aT1TO TO KPATOC OTNV Kiva.

Ta P2P Systems mpooTtrabouv va CeTEPACOUV

_OUTA T TTPORARMATA.

IIIIIIIIIII 7
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T1 eival Peer-to-Peer (P2P);

AAAAAAA

vvvvvv

®oitnTAG: “Online Gaming” ka1 “Multimedia
downloads”

YmraAAnAog Etaipeiag: “Instant Messaging”

Warner Bros: H @0nvn (yia Tnv eTaipgia) diavoun
TaIVIwV o€ TTeEAATeC. Sony: ®OnvSd Online Gaming.

AAAo1. ATTod0TIKO & PTnNVo VOIP (Skype)

Aiagpopol Opiouoi @aiveTal vo CUMPWVOUV
OTO TTIO KATW:

— O Aiapoipacuog MNoépwv (Resource Sharing - CPU
cycles, DISK, Bandwidth, etc.)

— AtreuBciag Emrikoivwvia (Direct Communication)
METACU Towv (peers)

— Atrokévipwon (decentralization) & autopaTn
opyavwan (self organization).
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T1 eival Peer-to-Peer (P2P);

OOOOOO

O1 XpNOTEC TOU OUCTAMATOG £XOUV OITTAG POAO: dnA. gival
MNMeAaTteg kal ESUTTNPETNTEG TNV idIO OTIYUN).

KaBwcg o xpnotng A ecutrnpeteital atrd Tov xpnotn B,
KATTOI0G XpNoTtng I uTropei va ecuttnpEeTeiTal atro Tov A.

Agv UTTAPXEI KEVTPIKOTTOINUEVN DIAXEIPION...TO OTTOIO
dnMIoUpPYEi Eva aiocBnua eAeubepiac.

...MNapadAAnAa 6uwc dnuioupyei kal TTOAAG TTpoARuaTa
(OTTWC AUTO TNG TTaPAvouNS avTaAAayng Tpayoudiwy)

EEEEEEEEEEE
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[TAeoVEKTAPATA 2uoTNUATWY P2P

Edge-Computing

— Aglotroinon axpnaipotrointou bandwidth, storage, processing
power oTa akpa (edge) Tou Internet

Scalability

— Aev uttapyxel oup@opnon (bottleneck) o€ KATTOI0 KEVTPIKOTTOINUEVO
KOMBO. ETTONEVWG Ta CUCTANATA AUTA JTTOPOUV VA HEYOAWVOUV
‘atrepiopioTa’.

— Oct 12" Gnutella (Limewire.com): 2,219,539 képfol

Reliability (AglomrioTia)

— No single point of failure, N'ewypa@iki Katavour) lNepiexouévou
(CDNs)

Ease of administration

— O1 KOuBOoI opyavwvovTal JETAEU TOUuC auTouara (self-organization).

— Autopara eTriong yiveral To replication kai 1o load balancing kaBwg
TETOIO ouoTAuaTa TTapExouyv fault tolerance.

Anonymity — Privacy
— ...KQTI TO OTT0i0 OEV €ival EUKOAO O€ £va KEVTPIKOTTOINMEVO OUCTNUA
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E@apuoyeEc ZuoTnuatwy P2P

OOOOOOO
nnnnnnnnn
KKKKKK

AvtaAAayn Apxeiwv (Napster, Gnutella, Bittorent, ...)
AladikTuakn TnAepwvia (Skype)

Aladiktuaka MNaiyxvidia (Playstation Online Gaming)
[Taragn Tou Spam (SpamNet)

Instant Messaging (IRC, MSN & Yahoo Msgers)
Content Distribution Networks (CorelCDN)

P2P Web Caching (Squirrel)

Application-Level Multicast (Narada)

MIO 11
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P2P 2uotiuara kail Overlay Networks

« P2P XuoTthparta gival dopnuéva TTavw atro Overlay
Networks (xpnoigoTtroiouvTal Kol o1 duo 6poil).

 AnAadn ol peers, eykaBidpuouv TCP r} UDP socket
connections pe aAAoucg kOuBouc. Autd dnuioupyEi Eva
vonTo “virtual” ypa@o dilacuvdeonc.

« O ypagpoc autdc dev avTITTPOOWTTEUEI TIC TTPAYMATIKEC
OUVOEOEIC METAEU TWV KOUPBWV.

tual P2P topology

— The V'P;
°°°°°°°°°°°° The physical topology 12
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Kartatacn P2P 2uoTtnuartwy

(Baon tou BaBuou AtrokeEvTpwaong)

A) Centralized
«  Kevrpika Eupernpia Avalnrtnong . x., Napster, Bittorent

B) Purely Distributed

«  Aevumdpyxouv Eupernpia Avalntnong m.x., Gnutella
C) Hybrid
. Karroiol emmiAsyuévol peers (n emmiAoyn viverar Baon rou
diabéoiuou bandwidth, Tn¢ wpa ouvdeong, KTA) Exouv UEPIKQ

EUPETNPIA YIA TA TTEQIEXOUEVA AAAWV KOUBwV, TT.X., FastTrack
(KaZaA), Limewire's Ultrapeers (Superpeers), Skype

13
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Centralized P2P 2uoTtnuara

Napster: File Sharing

— Anuioupyeital To 1999 atro £va 18-xpovo eoitnti.
— O KaBe xprioTNG eKTEAEI TIC AKOAOUBEC TPEIC

O1adIKACIEC
ATtrooToAR AioTag Avadntnon AvdkTnon
Tpayoudiwv Tpayoudiwv Tpayoudiwv
i) ) i)
napster.com napster.com napster.com
] ‘ EpwTtnon:
REM? Atmravrnon: B
- Ping/Download
—»
Peer A Peer B Peer C Peer A Peer B Peer C Peer A Peer B Peer C
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[Tap&Bupo Avalrnitnong Napster

® Mapster v2OBETA 7
File  Actions Help

3} Home | & Chat | &1 Library ” L Search Hat List I & Transfer al' Dizcover | (2] Help I
Aurtisk: Iartist.mpS Find it |
Title: I Clear Fields |
b awx Besultz: |1 1] Advanced > |
Filenarme | Filezize | Bitrate | Freq | Length | IJzer | Connection | Fing | :l
®incomplete_other_artizthTito Puentes Gaolden Latin Jazz Allstars - Ove Coma ... 3,696,640 128 100 5 bdenzler DsL 343
®incomplete_other_artizts[Marty Fobbing] The Faztest Gun Around.mp3 R42.304 128 44100 039 bdenzler DsL 43
® incomplete_other_artist\Flavi Shankar - Chants OF India 04 - Asato Maa.mp3 2449 403 128 100 235 bdenzler D50 43
® other artistE ngelbert Humperdinck - White Christmas. mp3 9,277.648 320 44100 0 ZE2 bdenzler DsL M43
® other artistGrateful Dead - Franklin's Tower - Feggae Style.mp3 4 635,458 128 44100 448 bdenzler DsL 343
® Unknown Atist - You seiously have to listen to thiz.mp3 462,848 e 16000 017 =am113.. Cable a3
® P32\ artist - 'The “Way Life |s' By Drag-On featuring Case.mp3 4,726,734 128 4100 454 burgEa1 Cable a6
® P32\ artist - 'Opposite OF H20' By Drag-On featuring J adakiss. mp3 3,540,992 128 44100 24 burges1 Cable 386
% arious Artist - Perfect Day 97.mp3 722344 128 100 363 falkztad [SDIM-1 28K 398
® | jzzttLizzt - Etude 'Un zospire’ - Cziffra-artist. mp3 2.752 812 128 4400 253 lskjdrlkjl.. ko a04
O Music\waiting To Exhale - Original Soundtrack Album - Yarious Atist - Count.. 3,199,083 96 44100 426 Jzfork3 REE. a1
® Track 03_artist. mp3 4,054,332 128 4400 413 immusic... Cable q14
® Track 02_artist.mp3 6228974 128 400 B2 immusic.. Cable 514
Track 01 artist.impa3 . 454 imrnusic... 514
® Track 04 _artist.mp3 4,514 505 128 4400 441 immusic... Cable a14
® Track 05 _artist. mp3 4,108,323 128 44100 416 immusic... Cable q14
® iver in brack 01_Atist_ 0721011750.mp3 180,686 128 400 017 immusic.. Cable 514
2 AlbumReflex - Keeo In Touch-frtist mod 7041024 160 44100 549 rotimca AEE. h27 LI
RFeturned 100 results,
et Selected Songz | Add Selected Uzer to Hot List |
Anorx |Online (keyscreen): Sharing 491 files, \Currently 740,043 files (2,991 gigabytes) available in 5,873 libraries, y
MANERTETATO
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Purely Distributed P2P Systems

Gnutella: File Sharing

— To (apxikO) Napster kAcivel To 2001 peTad atmrd aTOPACT TOU
OIKAOTNEIOU VIA TTAPAVOUN aVTAAAQY apXEiwV.

—  ZTiIc apx€c Tou 2000 dnuioupyeital atrd TOUG KATOOKEUAOTEG
Tou Winamp, €va vEo oUCTNUA OTO OTT0I0 OEV UTTAPXEI
KEVTPIKOTTOINUEVN dlaxeipion TNG AiOTAG TWV ApXEiwV.

— Meg auTto Tov TPOTTO ONMIOUPYEITE Eva EVTEAWG KATAVEUNUEVO
ouoTnua (TTou BewpnTIKA dEV PTTOPEI VA KAEIOEI KAVEIC...)

2uvdeon

AvalAtnon

AvdakTtnon

Epwtnon  Amavtnon

—=p
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[TapdBupo Avalntnonc Gnutella

ANOIKTO

(Limewire)

& LimeWire: Enabling Open Information Sharing

LimeWire [ ©,
Size Type A Path Uploads Hits Locations

O Soved Fles @) Alfie_Zappacosta_Start_Again 4,358¥8  mp3 C:APrograe FlesiLime... 0/ 0 0 0

) Incomplete Files @) American_Analog_Set_The_Only_One 2,131 kB mp3 C:\Program FlesLime... 040 0 0

@) ogreat speaches - football - vince lombardi speech  2,149kB mp3 C:\Program Fles\Lime... 00 0 0

@) Great Speeches - Makom X - Black power 1,188%8 mp3 C:\Program FiesiLime... 040 0 0

@) 3John_Yandershce_Amiriptyine 5,786 KB mp3 C:\Program Fles\Lime... 00 0 0

@) TheQuickFixkils_Pick_Your_Poison 4,178¥8 mp3 C:\Program Files\Lime... 0/ 0 0 0

[ %
- & e E X o &
Refresh Explore
193 Playtist
Name Length Bitrate

great speaches - football - vince loenbardi speech.mp3 217 128

Great Speeches - Makcom X - Black power, mp3 1:16 128/

John_Vandersice _Ameriptylne mp3 3:44 211

Alfie_Zappacosta_Start_Again.mp3 3:43 160

lfl.o Lj m Play Options: [] Continuous [] Shuffle

Qualty: TuboCharged

=Dﬂﬂﬂ Sharing 6 files

MaANENIZTHMIO
Kynpoy
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Hybrid P2P 2uothuarta

» Fasttrack: File Sharing
Avalitnon Apxeiwv o€
éva SuperNode AikTuo - metac

Peer 2: Object2

Peer 3: Object3 |

Object

upload
<o | @
Object metadata
upload

(.,
O$'1,
ég % Peer 3
E eer 3:
@ Object3
GET Object2
@ Peer 2:
Object2

ANOIKTO
= MaANENIZTHMIO 18
Kynpoy
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http://www.kazaa.com/index.htm
http://images.google.com/imgres?imgurl=http://digital-lifestyles.info/copy_images/grokster-logo.jpg&imgrefurl=http://digital-lifestyles.info/2005/11/08/grokster-u-turns-and-closes-service/&h=133&w=200&sz=8&hl=en&start=11&um=1&tbnid=_WAB2shxtGiBoM:&tbnh=69&tbnw=104&prev=/images%3Fq%3DGrokster%2B%26svnum%3D10%26um%3D1%26hl%3Den%26rlz%3D1T4ADBF_enCY229CY231%26sa%3DN
http://www.imesh.com/
http://www.imesh.com/
http://www.imesh.com/
http://www.imesh.com/
http://images.google.com/imgres?imgurl=http://www.imesh.com/images/logo.gif&imgrefurl=http://www.gatcity.co.il/Downloads.asp&h=73&w=92&sz=2&hl=en&start=2&um=1&tbnid=8L7djkQqfpwWhM:&tbnh=63&tbnw=79&prev=/images%3Fq%3Dimesh%2Blogo%26svnum%3D10%26um%3D1%26hl%3Den%26rlz%3D1T4ADBF_enCY229CY231%26sa%3DN

Hybrid P2P 2uoTtiuaTta

« Skype : Aladiktuaki TnAspwvia SKvpe;
— Awpeav oguvouiAia ue GAAOUC XpPNOTEC OTTOUDNTIOTE
OTOV KOOMO.

— AnuioupynBnke atrd Toug IDPUTEC TOU EPYOAEioU
avtaAlaync apxeiwv KaZaA

— H Apyitektovikni T/T1 XpnOIUOTTIOIEITE yIa va
OPOMOAOYEI ECUTTVA TA TTAKETA PWVNGC PETALU TWV
dlapopwyv leAatwyv

To TTPWTOKOAAO
ETTIKOIVWVIAG TV
superpeers givai

KAEIOTO (proprietary)

o
Skype Test Cal
S anden =
ANOIKTO = P 3,254,893 Users Orire
MANERIETHMI o 19
Kyneoy
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Centralized P2P 2uoTtnua

BitTorrent: File Sharing

‘Eva TTPWTOKOAANO HETAPOPAC
dedopEVWY (Ox1 avalnTnong
OEQOUEVWIV)

c) Inform peers about
available pieces

c) Inform peers about

seed e available pieces
v
o ~
‘t Thracker thep T p——. .torren‘t . ith;;%ﬂ:y
[Fiome T b) Upload .torrent c) Inform peers about
. — available pieces
a) Create .torrent ‘

ANOIKTO
MANERIETHMI o 20
Kyneoy
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Centralized P2P 2uoTtnua

BitTorrent: File Searching

{E BitTorrent 6.0 - 0O] x|
! File Options et Stuff  Help
= — o =
TW¥ o S PUIEIAY B [Frame 2
| N o -
300w luading (2) 1
/= Download music, movies, games, software! The Pirate Bay - O peyaAuTepoc BitTo P =] 3] B3 Complezed (0) Y rartal.rar 2 1.06MB 0.0%  Downloading oo [iFki] 3 0.01
& - [E mpinthepratebay.oral =42l x| [ e @active (1)
File Edit ¥iew Favorites Tools Help Dinactive (1)
Google [Cl~ ~leo s B - | €% Bockmarks~ &Sz blocked > (@) settings~ Mo Label (2)
Links ¥l HOME & HOME@UCR & Home@OUC &) eClass eclass CARDS & | MARIECURIE 4 | LeonardoDavinci &=
e < @~ B - dwh - [ZrPage - G Tools - @ &L
Ul | i
@ Geneal i Fears |FE Pieces | [Z] Files | # Speed | \ ) Logger |
jigd | Clicnt | Flags | % | Drown Spocd | Up Spood | Mogs | Uploadzd | Cownloaded | Mecr dl, |
EE10.159.52.0% sta, plorrent 1Ab Hi LU /UL Kejs 422 M 24,9 ktifs
[ Bhosti34-210-dyna...  AlPeers0.70.1rcl7  DIX 942 zlo
) ) ) ) ) e xdel-7915 jgora,dia... pTorrent 1,7.5 OH 100.0 1.9 kBjs 1|0 32.0kE 25.5 kB
Ebpeon Torrent | Avalirnon Torrent | I, Torrent | Zsipsc T | Top. 100 || o ABTS mMp-dynamic-...  PTOMEnt 17,5 Hx 142 4.2 kBfs
[ TR 551 3-65-711-38-n09... pTarrent 1.6.1 OH 100.0 z|n 5.5 kB/s
W oha [T Hxog I Bivreo [T E@apuovic I Naigvidia [T asha I (search titles only)
Avagfmen oro Pirate | NidBuw 1uyepég
MNaog kateBalm?
|1 caal threats | Rlna =
otected Mode: OFF 100% ~
Avagntnon
| | [pHT: &4 nodes (Undating |2 [p: 63.6 kets T: 4.3 MB s 0.2 kBt T1 46,9 kB A

Avaktnon 256KB a1rdé kaBe Peer puéxpl va
avakTnBei OAo To apxeio. Ta KOPUATIA TTOU
avakTouvTal yivovTtal TTapdAAnAa diaBEoiua

Aworkro OTOUG UTTOAOITTOUG JECW Tou tracker

Kynpoy
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Kataracn P2P 2uotnuatwy

(Baon tng Aouncg AiKTuou)

Baon Tou TTw¢ ol kGuPBol ouvdEovTal HETACU TOUC

A. Adéunta P2P 2uotiuara (Unstructured P2P)

« A&V UTTAPYXEI QUOTNPA OPIOHEVN DOUN TOU OIKTUOU

« [Mapadeiypata: Gnutella, FastTrack/KaZaA, BitTorrent,
Freenet, Overnet/eDonkey

B. Aopynuéva P2P 2uotnuara (Structured P2P)
* H 1OoTTOAOYIO €ival QUOTNPA OPICHEVN

* [Mapadeiypata : CAN, Chord, Tapestry, Pastry, Kademlia,
Viceroy

ANOIKTO
. MANERIZTHMIO 2 2
Kyneoy


http://www.ouc.ac.cy/index.php?lang=gr
http://www.ouc.ac.cy/index.php?lang=gr

Kataracn P2P 2uotnuatwy

(Baon tng Aouncg AikTuou)

A) Unstructured P2P Systems

lMAsovekTnuara:

+ EUKOANn dnuioupyia, ouvrnpnon Tou OIKTUOU.

+ KaraAAnAa yia avalitnan dnUoQ@IAwWY aVTIKEIUEVWV.
Meiovekrnyuara:

- H rorroAoyia dev givail BEATIOTN uE aTTOTEAEOUQ OI
avalntnoeic va unv givar arrodorikés (1r.x., Gnutella)

B) Structured P2P Systems — Distributed HashTables (DHTSs)

lMAsovekTnuara:

+ KaraAAnAa yvia avalitnon OUYKEKPIUEVWYV QVTIKEIUEVWV.
+ I priyopn avagnrnon O(logn)

MeiovekTnuara:

- O1 ouyVvéc agiéeic Kal avaxwpnoeic KoUBwyv (churn) dev
EMITPETTOUV OTO OUOTHUA va PTacEl Eva steady state.

NOIKTO
IIIIIIIIIII :2:3
Ynpoy



http://www.ouc.ac.cy/index.php?lang=gr
http://www.ouc.ac.cy/index.php?lang=gr

[Tapadeiyua Structured P2P
O AAyopiBuoc Chord

OOOOOO

Baoikn 10éa. TormobErnoe ra dsdouéva o OUYKEKPIUEVO
KouRBo rar worte n avalntnon va givai arrodorikn O(logn)

AAyopIBuo¢ o€ wnAo errirredo apaipeTIKOTNTAC:
—  T1a kGBe peer Kai avrikeiuevo data dnuioupynaoe 10
hash(peerID) kar o hash(datalD) ue ro SHA-1.

—  AvabBeoe o€ éva vonto dakTuAio kaBe hash(datalD)
orov peerlD ue 1o emouevo UeyaAuTEPO
hash(peerlD)

— Av waéer karroio¢ 1o hash(datalD) Ba ¢€per akpiBwe
oe o peerlD Bpiokeral To datalD (@a Bpiokerai
oro hash(peerlD)).

EEEEEEEEEEE

YYYYY
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[Tapadeiyua Structured P2P : O
AAyOp1Buoc Chord

hash(datalD) lookup(54)

/
K54 '
N14
N48 ¢
PN2T——

Hash(peerlID)
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Baolika ©<uara TTou atracXoAouv TNV
EpeuvnTikn Koivotnta Peer-to-Peer ?

1. Data Placement: I'lou trpETTel va
TOoTT00£TNBOUV TO dEDOEVA

2. Search Mechanisms: Mg T
unxaviououcg Ba Bpouue TNV
TTANpoOPopIa b

3. Overlay Structure: lNwc¢ Ba
OpPYAVWOOUNE TNV doun Tou P2P
overlay OIKTUOU, £T0I WOTE va
UTTOPOUME VA TTETUXOUME TO 1-2 TTIO
ATTO00TIKA (XPOVOG, XWEOC,

TP QVWVUMIA, KTA)

A
. MANENIZTHMIO 2 6
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MéEpoc 2: Information

Retrieval in P2P Systems

ANCIKES.
< MaANENIZTHMIO
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Information Retrieval in P2P

Problem:

“How to efficiently retrieve Information in P2P systems where

each node shares a collection of documents?”
5

keywords x__

S

=

e
£
Documents consists of keywords.

 We are not only interested in “Rem.mp3” but in Go gle-
like keyword searches: “annual growth report cyprus”

 “Information retrieval (IR) is the science of searching
iInformation in documents (e.g., text, sound or images).

ANOIKTO
h MaANENIZTHMIO 28
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Search Technique 1 - BFS

Breadth-First Search (Gnutella)

« ldea: Each Query Message is propagated along all
outgoing links of a peer using TTL (time-to-live).

TTL is decremented on each forward until it becomes O
Technique for I.R in P2P systems such as Gnutella.
Highlights

— The physical network is overloaded (even with TTL=7)

— Long Delays for search results.

P2P Network N

°
.......
L eeeeeee ettt A
e0® °
P REL R g .
28RpeRRRsReARes ARA RRRR
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Search Technique 2 - RBFS

Modified Random BFS
[V. Kalogeraki, D. Gunopulos, D. Zeinalipour-Yazti . CIKM2002]

 |dea: Each Query Message is forwarded to only a
fraction of outgoing links (e.g. 7z of them).

« TTL is again decremented on each forward until it
becomes 0.
« Highlights
— Fewer Messages but possibly less results
— This algorithm is probabillistic.
— Some segments may become
unreachable

o000
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Search Technigue 3 - RANDOM

Searching Using Random Walkers
[Q. Lv et al P. Cao, E. Cohen, K. Li, and S. Shenker. ICS2002]

 |dea: Each Query Message is forwarded to 1 neighbor

« With k walkers after T steps we reach =the same nodes
as 1 walker after kT steps. (They use 16-64 walkers)

« Highlights
— Network Traffic reduced (from BFS) by 2 orders of magnitudes

— Increases the user-perceived delay (from 2-6 hops to 4-15 hops)

— This algorithm is probabilistic and the likelinood to locate the
objects depends on the network topology.
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Search Techniqgue 4 - >RES

Directed BFS and the >RES Heuristic

IIIIIII

HMIO

>RES: The Most Results Heuristic.

Idea: Forward the query to your neighbors based on

aggregate statistics (e.g. num of results a peer returned,
shortest queue, shortest response time)

>RES works well because:
It captures stable/large network segments.
Potentially less overloaded peers

Drawback: >RES doesn’t route queries to the most

4

relevant content
QUERYHIT -,

32
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Search Techniques: Remark

. On 1st June 2004 we crawled the Gnutella P2P Network for
5 hours with 17 workstations.

. We analyzed 15,153,524 query messages.

. Observation: High locality of specific queries...similar to
the WWW.

. We try to exploit this property for more efficient searches

— ———
- -~

# | Query ,1’?'(:'1]]'["'-]]("' S| # | Query Occurrence
. ) I
1 | divx avi ,/ H8S, 146 | 3,887 \\11 divx 24,363 | 0,16%
1 . ) - . o
2 | spiderman gvi RO, 1TH | 0,339 !ng spiderman 23.274 | 0,15%
3 Pe— mpg ‘\ 39, 168 | 0,25% ,’13 XKXK avi 22,408 | 0, 14%
A - cor | : . :
4 star wars avi N A%,04T3 | 0,259 | 14| capture the light 21,651 | 0, 14
N 7
5 avi SL20011 1 DA19% 15| buffy mpg 2008365 | 0.13%
6 s mpg 27.805 | 0, 18% 16| g mpg 20,251 | 0, 13%
T Eminem 27,440 | 0,18% 17| buflv avi 19,874 | 0, 13%
fal eminem mpa 25,603 | 0, 16% 18| t— mpg 19,492 | 0,12%
9 | dvd avi 25,105 | 0.16% || 19| seinfeld vivid 18,809 | 0,12%
ANOIKT(
' MaNent: _ : - 33
Kyneovl 70| b—__ 24,753 | 0, 16% 20| xxx mpg I8, 686 | 0, 12%
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Search Technique 5 - ISM

Intelligent Search Mechanism (ISM)
[CIKM’02, IS’05]

Query GUID Connection & Hits Timestamp

Atlhens 2004 Olympics G439ID (peer1,20), (peer4,50),... 100002222

VLDB Canada 2004 F549QL (peer2,10) 100065652
*%% **k% *k*% **k*%

Florida storm PN329D NULL 100022453

IL|-dim space: {athens,2004,0lympics,vldb,canada,florida, storm}
e.g. If g="athens olympics™ => q (vector of q) = [1,0,1,0,0,0,0]

b) Cosine Similarity — The Similarity Function

(G *q;)
VI E(F)’
c) RelevanceRank — Ranking Neighbors by similarity

RR(peer;,q) = S sim(g;, q)* = results(q;)
q; = "Queries answered by peer;”

sim(q, q;) = cos(q,q;) =
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Search Technique 6 - PlanetP

Using Randomized Gossiping to Replicate
Global State [F.m cuenca-Acuna, Thu D. Nguyen HPDC-12]

 Idea: Advertise a summary of a Peer’s content to the
neighborhood (using Bloom Filters).

« Bloom Filters are used for Membership Queries
PeerA: Does PeerB maintain “rem.mp3”?
PeerA: lookup_locally(BloomfilterB, “rem.mp3”)

PeerA: Answer NO (definite) or MAYBE (False Positives
are possible)

 Highlights
— No Data Replication Required

— Fairly Scalable (Works well for <10000 nodes)
Rem.mp3 H .

7
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2uputrayeic KaraAoyol (Compact Membership
Directories - Bloom Filters)

MpoBAnua

 ‘Eotw o1 0 A B€Ael va oTeilel oTov B pia ouAdoyn
D={d1,d2,...,dn} a1 n oToIXEiq.

* AUTA N OUANOYN PTTOPEI va gival yia TTapAdEIyua Ta
ovopaTa OAWV TWV APXEIWV TTOU £XEl 0 A, €101 WOTE VA
cEpel Kal o B 11 apyeia £xel o A.

* Avri va oteilel OAn Tnv Aiota o A oTtov B (10 otroio €ivail
akpI0), o A utropei va OTEIAEl Eva ouPTTay KATAAOYO
(Bloom Filter)

Bloom Filter: eival éva diavuopa V (vector) atmdé m bits, o1o
OTTOIO JTTOPEI VO CUUTTEPIANPOEI TO TTEPIEXOMEVO TNG
oUAAoyn¢ D, ue Tov akbAouBo TpOTro:

ANOIKTO
. MANENIZTHMIO 3 6
Kyneoy
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2uputrayeic KaraAoyol (Compact Membership
Directories - Bloom Filters)

Bloom Filter
1. @€ToUpE O¢€ £va dilavuoua V peyeBouc m OAa Ta oToixeia ioco pe «0».

2. Xpnoipotroiwvtag K diagopeTika hash functions, kavoupe hash 6Aa Ta
n groixeia TnGg cuAAoyng D={d1,d2,...,dn} .

3. Otrou yiveral hash 6€toupe TNV TIPA TOU TTiVOKA i00 PE «1»
4. O A amrooTtéNAel o V (Ox1 To D) otov B.

5. Av 0 B B¢€Ael va del av 0 A €xel Eva apxeio «test.c», TOTE XPNOIMOTIOIE TA
idla K hash functions Tavw oT1o Ovoua TOU apXEiou Kal EAEYXEI av OAA
TQ gTolIXEia Tou dlavuopaTtog V gival ioo pe “17”.

AV

Av OxI TOTE 0 A giyoupa dev €XEI TO APXEIO,

D={dyds,..da} | |™ A

Eid’ aANiw¢ TTOAU mIfavov o A 10 £xell

1 | o

hi(d1) 010

* ['a peyaAeg mipéEG Tou m kail K ta bloom filters o1l

. . . ha(d1) m

OOUAEUOUV TTOAU aTTOOOTIKA 1 | 100
« ‘Exouv epappoyéc oe Kataveunuéva ouaTripaTa (web ha(dl)\ 101
caches, p2p systems, etc) 1 | 1m0

ha(d 1)
T —C
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Search Technigues: Remark

« All techniques discussed so far do not
take into account anonymity.

 While A downloads (or conducts queries)
through B, B knows exactly what we are

looking for

* Freenet
— Designed to provide anonymity.
— ...although it is not widely used today.

ANOIKTO
. MANENIZTHMIO 3 8
Kyneoy
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Search Technique 7 - Freenet

Depth-First-Search and Freenet
[I. Clarke O. Sandberg, B. Wiley, and T.W. Hong, LNCS 2009 ]

ldea: Looking for A? Search for hash(A).
Queries are routed based on the “key
closeness” in a DFS manner.

Highlights:

— Uses caching of key/object for future requests.

— Data Replication along the QueryHit path provides
availability

— Anonymity of Searcher and Publisher.
— Drawbacks:
1) Searches ONLY based on Object Identifier.

i ) The user-perceived delay is high
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Search Technique 7 - Freenet

Search: Queries are routed based on the “key closeness”
In a DFS manner.

K514 NO1

K124 NO2 | ~
K317 NO8
K613 NO5

AAAAAAAAAAA
YYYYY

40
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Search Technique 7 - Freenet

K514 NO1

\ TTL=6
K124 NO2 |,
K317 Nog | “w |117
K613 NO5 \
K117 NO7 |
K100 NS [z
K222 NO7
K617 NO5
ltem Found:

« The key K117 is added to the key table of NO8, while
the answer is routed back.

anenizrumio « Document 117 is replicated along the Queryhit path 41
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Search Technique 7 - Freenet

* pros:
e complete decentralization
« fault tolerance/self-organization
* anonymity
 scalability (to some degree)
* Cons.
 questionable efficiency & performance
 rare keys disappear from the system

AAAAAAA

IIIIIIIIIIIII
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Network-Efficient Topologies

« P2P Networks are usually network-agnostic. Therefore
they don'’t take into regards the efficiency of the overlay
topology.

Example

« Assume that we have a US Newspaper Agency that
makes its news scriptsavailable in a P2P distribution
network.

Tofbledeslly |
Naiaoek ~
Network

O Network Mismatch => Excessiv ource Consumption
ANOIKTO
% MaANENIZTHMIO 43
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Open-Source Software

Source Code {Linux [/ win. FULL Dataset
Includes makefile which campiles the syiem + Classified Reuters-21578 Text Categorization J Source Code
Partial Classified Reuters-21578 Text Test Collection (hased on country — Documentation
Categorization Test Collection (hased on countrnd Manuals favadac - in
@Send us an email here so that we can progress
@ Send us an email here so that we can send you the password
ANOIKTO " send you the passward v|
MANENIZTHMIO &1 o bl [ [ [ [# internet =

Kyneoy

The Peerware system:
http://www.cs.ucr.edu/~csyiazti/peerware.html

An open-source Distributed Content-Retrieval System)

[ Peerware - P2P Information Retrieval System ] - Microsoft Internek Explorer — 1ol =]
|

File Edit ¥iew Favorites Tools  Help

(P Back - ) - Iﬂ IEI _;‘, | /'f ) search '\:j\'/ Favorites

Address [&] heip: /v os. uer . eduf-csyiazti/peerware. html =183 ==

Peerware

A Real P2ZP Information Retrieval Testbed

[ Owverview :: Download :: P . Outline ;. People ]

Overview

Feernvware is a the prototype of a Real Peer-to-FPeer Information Retrieval system which can be
deployed on a MNebtwork of WWorkstations (e 9. Instructional Labs, Clusters, etc). Peernware allows wou to
wvalidate wvarious ideas and algorithms in a real setting . It consists of the following modules

Modules
1. A FPZF environment written in Jarx A (Java Middleware)

Z. The Lucene Information Retrieval IR AF| used by each peer to locally lookup queries
2. A set of shell scripts which can be used to deploy the Java hMiddleware.

Peerware Modules can be extended in order to simulate different realistic environments. For example
somebody can substitute the local IR index with a Postgres database and perform SCQL queries. Or
somebody can replace the random graph generator by a powerlaw graph generator and still have
then rest of the system unaffected. Peenware has been tested with 1000 peers over a LAMN of 75
machines {in 2 subnets), butin practice it could also be deployved in much larger environments (e.g.
WA

Peen~vare currently supports popular query routing algorithms such as BFS flooding, RBFS, ISM
and =RES. For details please refer to the overview in Elsevier IS Journal paper (see publications)
You can also add synthetic failures (churn), perform bulk queries (automatically query a whole list of
gueries in Lucene Query Syntax (Boolean Queries, Fuzzy Searches, Proximity Searches,
Range Searches, Term Boosting, Wildcard Searches stc)

Download Now!

=14
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Open-Source Software

Publicly-Available traces from Gnutella:
http://www.cs.ucr.edu/~csyiazti/cs204.html

e Analysis of the Gnuk Network Trafl - II:II XI

[&] hiepe e cs.uer eduf~csyiaztifcsz04. heml =] | #2 || > | [sooa= 2 |-

Eile Edit W¥iew Favorites Tools  Help

S o - - B - d=h - b page - {GFTook - @~ &L

A Quantitative Analysis of the Gnutella Erirt this Page |
Network Traffic

Demetrios Zeinalipour-yazti Theodoros Folias
Department of Computer Science
University of California - Riverside, CGA 92507, LISA
{csyiaztifoliash@cs. ucredy

[ Abstract :: Paper ;. Presentation ;. Reading & Resources ]
Instructor: Michalis Faloutsas

CS204 - Course Webpage: hitp i cs. ucredul~rmichallsicOLURSESIZ04-025204 . hitrl

Important Dates: Project proposal : Thu 25 April 2002

Literature Survey: Thu 3 May 2002,
Project presemtation: Thu 13- Fri 14 June 2002
Final project paper: Mon 17 June 2002,

Abstract

Peer-to-Peer (P2P) file-sharing systerms such as Gnutella, Morpheus and Freenet have recently attracted a ot of interest from
the internet community because they realized a distributed infrastructure for sharing files. Such systems have shifted the Web's
Client-Server model paradigm into a Client-Client model. The tremendous success of such systerms has proven that purely pro
distributed search systerms are feasible and that they may chandge the way we interact on the Internet. F2P systerms uncover
many nevy exciting features such as robustness, scalability and high fault tolerance but with & price. Most research concentrate:
on optimizing the communication and data model of such systerms but inadequate work has been done in area of analyzing
such systems. Most approaches tend to use as their basis simulation models which can lead to wrong observations and
solutions. In this projectwe investigate the behavior of the Gnutella systemn by analyzing large log traces thatwe have obtained
with gnuDC, our Distributed Gnutella Crawler. YWe describe anuDC design and implementation choices and we then describe
its architecture. We make an analysis of 56 million messages that we obtained with 17 workstations in a 5 hour interval. We
have also done an extensive analysis on IP addresses ohserved in the gnutella network. Wie believe that our study will facilitate
the design of new more efficient communication algorithms between peers

gz

Download Now!

#* Sample from Trace

Gnutella IP/DNS Dataset n172.175.191.118 ACAFBF76.int aol cam
This is a real dataset of IPs/DMNSes obtained from the Gutella [N 172182133223 ACCO35DF.ipt acl com
on June 1st, 2002 n172.159.168.72 ACIFA848.ipt aol com

n172139.228.245 ACSBE4FS.ipt aol com

@ Send us an email here to receive the password
{please mention University + Project RMame)

# Sarmple frorm Trace
FTimestamp, Query hash, Hops, Query

MEw 1022923082988 1034225212 B basketball mp3
Gmutella Query Dataset 1022923082992 1353386410 6 07 schiller zeitgeist
This is a real dataset of Gnutella queries obtained fromthe 1022923082995 1087244513 6 sepultura mp3
Gutella network on June 1st, 2002, 1022323082997 1055852157 6 karaoke mp3
i S e i i B e b b i s il 1022923083000 1588070977 6 de nalmas mp3 | _|—I
4
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2 XETIKO EpeuvnTikd ApBpa

"pFusion: An Architecture for Internet-Scale Content-Based
Search and Retrieval" by

D. Zeinalipour-Yazti, V. Kalogeraki, D. Gunopulos, IEEE
Transactions on Parallel and Distributed Systems, (IEEE TPDS),
accepted, 2006.

"Structuring Topologically-Aware Overlay Networks using
Domain Names",

D. Zeinalipour-Yazti, V. Kalogeraki, Computer Networks
(Comnet), Elsevier Publications, Volume 50, Issue 16 , pp. 3064-
3082, 2006.

"Exploiting Locality for Scalable Information Retrieval in
Peer-to-Peer Systems", D. Zeinalipour-Yazti, V. Kalogeraki and
D. Gunopulos, Information Systems (InfoSys), Volume 30, Issue
4, Pages 277-298, 2005.
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“Peer-to-Peer Systems: Introduction
and Challenges”
“2oornuata Ouotipwv: Eioayoyn kai
[IpoxAnoeg “

Anpntpng Zeivaiumoop

Agxktopag, Avowkto Iavemotipio Konpoo

BiBAioypagia

* Eng Keong Lua et al. "A Survey and Comparison of Peer-to-Peer
Overlay Network Schemes," IEEE Communications Surveys and Tutorials,
Vol 7, No 2 (Second Quarter, 2005), pp. 72-93.

* D. Zeinalipour-Yazti, V. Kalogeraki and D. Gunopulos, "Information
Retrieval Techniques for Peer-to-Peer Networks", IEEE CISE Magazine,
Special Issue on Web Engineering, IEEE Publications, pp.12-20.,
July/August 2004

http://www.cs.ucy.ac.cy/~dzeina/
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