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2uoThpaTa OpoTipwWY
(Peer-to-Peer Systems)




A1GpBpwon

Kivntpo

Totro1 OUdTIHWY ZUoTNPATWY
— YBp1dika

— ATTOKEVTPWHEVQ

— lepapxika

— Aounuéva

Ala@opeEg ue Karavepnuévn Avaktnon

OuoTiya ZuoTtriuata kal Avaktnon NAnpo@opiwv
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OuoTipa ZuoTtiuarta: Kivnrpo

» AZloTToinon Twv €AeUBEpWV TTOPWYV OUCTNPATWY TTPOCRACIHWY
Méow Internet yia TNV €TTiAucn peyaAwv TTpoBANuaTWY  (TT.X.
SETI@home)

* OnMIoupyia cCUCTNUATWY TTI0 KAIJOKOOIUWY

* OnuIoupyia cuoTNUATWYV PE peyaAutepn d1aBeoiudTNTa

e KATAPYNON JOVOTTWAIWY oTnV d1G00n TG TTANPOPOPIag

*  QUTG-0PYAVWON AVTi KEVTPIKNAG dlaxeipiong (kal eE00wV AuTAG)
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P2P: E@apuoyég

Peer-to-Peer Applications

o

Instant
Messaging

Bandwidth

Storage

File Sharing

Napster
Kazaa
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OuoTiya ZuoThparta 1ng Meviag: YRpIdIka
Napster

Ovouddovtal kai YBp1dika OuéTipa Zuotiuara (Hybrid P2P systems) 3167
UTTAPXEI EVOG KEVTPIKOG ECUTTNPETNTAG

Napster (1998-2001): diapoipacuog MP3

Napster server

1: register *30
Wmmﬂ/ \ g

3: peer 1 has x

4: download x.mp3

MrtropouUpe va Ta douue wg publish-subscribe systems: o I810KTATNG £vOG apxeio To dIOBETEN YE
éva Ovoua X, ol AANOI XPrOoTEG JTTOPOUV Va avaldnTAoouUV TO X, va Bpouv £va avTiypago Kail va
TO KATERACOUV
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Google (Client-Server) vs. Napster (P2P)

Go ug[e D B

* Kal o1 duo epapuoyEg €xouv Tnyv idia KAiparta
— EKATOMMUPIO avalnTnoEIS NUEPNTIWG
— Terabytes dedopévwv
» Google
— 2tnpicetal o€ TepiTrou 100.000 pnxavég
— TO OTHAOIYO MIAG TETOIA EQAPHOYNG EXEl HEYAAO KOOTOG (MOVO HIa HEYAAN
ETIXEIPNON PTTOPE va KAveEl TETOIA €TTEVOUOT)
* Napster
— 0 server XpnoigoTrolei povo 100 pnxaveg

— TO KOOTOG aTTOBRKEUONG KOl JETAPOPAGS TWV HOUCIKWY APXEIWV XPEWVETAI
OTIG MNXAVEG TV XPNOTWV TOU CUCTANATOGS (VI auTtd ovoudadleTal P2P)

— MIKPO KOOTOG
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Ta lNAeovekTpaTa Twv OPOTINWY ZUCTNPATWY

AlQuEPIOUOS TTOPWV
— ATTOBNKEUTIKWYV
* 0l EKaTOMMUpIa XproTeg Tou Napster atroBnkelouv Ta apyeia, Ox1 0 EEUTTNPETNTAG
— ETMIKOIVWVIAG

* TO KOTERACHO APXEIWV YIVETAI JETAGU TWV XPNOTWYV, O ECUTTNPETNTAG dEV
TTapeUBAAAETaI

— EI0AYWYNG OTOIXEiWV
* o1 xprioteg Tou Napster eicdyouv Ta apxeia oto cUOTNUA
* 01 xprioteg Tou Napster 1a karnyoploTrolouv

Aidayua:
H amrokévrpwaon emTPETTEI TH dNUIOUPYIA EQAPLOYWV TTAYKOOUIAS
KAiuakag xwpic tnv avaykn UEYAAwV TEVOUCEWVY AAAG ue Tnv
aélotroinon Twv TopwV TouU HON UTTApXOUV
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OpoTmipa ZuotAuata Inc Meviag: YRpidika
Napster

A central point of failure
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OpoTmipa ZuotAuata Inc Meviag: YRpidika
SETI@home

2KOTTOG: AIGMOIPACTHOG UTTOAOYIOTIKWYV TTOPWV
(a&lotroinon Twv TTEPIGdWYV adPAVEIAS TWV eyyeypaANPEVWY HY)

upload results B Etregepyaoia dedopévwv

/ otav o HY egival adpavnig

Download raw data

0

upload results

]

Download raw data

‘f; —

— Emegepyacia dedopévwv
o6tav o HY eival adpavig

]

2
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The Seasgh for Extratemp@strial Intelligend
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OuoTipa ZuothpaTa Ing [Meviac: ATTOKEVTPWHEVA
GNUTELLA

* Agv UTTAPXEI KAVEVOAG KEVTPIKOG EEUTTNPETNTAG

*  Ovopdlovtal kal Attokevipwpéva (Decentralized P2P systems), Adounta
(Unstructured P2P systems), Pure P2P systems

« Gnutella (1999-now):

. . . . B
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OuoTipa ZuotApaTa Ing Meviag: ATTOKEVTPWHEVA
GNUTELLA
*  Agev UTTAPXEl KOVEVOG KEVTPIKOG ESUTTNPETNTAS

*  Ovopdlovtal kal Atrokevipwpéva (Decentralized P2P systems), Adounta
(Unstructured P2P systems), Pure P2P systems

» Gnutella (1999-now):

B
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OuoTipa ZuotApaTa Ing Meviac: ATTOKEVTPWHEVA
GNUTELLA

KatakAuopog Mnvuudatwy (Message Flooding or Gossiping)
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OuoTipa ZuotApaTta Ing eviac: ATTOKEVTPWHEVA
GNUTELLA

KatakAuouog Mnvuudtwy (Message Flooding)
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OuoTipa ZuotApaTa Ing Meviac: ATTOKEVTPWHEVA
GNUTELLA

* Ta puvApara éxouv éva TTL (time-to-live) tag

TTL =2

Etriong, Ta pnvuuata €xouv éva ID yia TNV atroTpoTr KUKAIKWY ATTOOTOAWY
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GNUTELLA: Sketch of the protocol

* Ping
— Used to actively discover hosts on the network. A servent receiving a Ping descriptor is
expected to respond with one or more Pong descriptors.
* Pong
— The response to a Ping. Includes the address of a connected Gnutella servent and
information regarding the amount of data it is making available to the network.
* Query
— The primary mechanism for searching the distributed network. A servent receiving a

Query descriptor will respond with a QueryHit if a match is found against its local data
set.

* QueryHit
— The response to a Query. This descriptor provides the recipient with enough
information to acquire the data matching the corresponding Query.

* Push

— A mechanism that allows a firewalled servent to contribute file-based data to the
network.
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GNUTELLA: The protocol

Query Push
[ —_—l
-.—
Que $ | H'tH“ Hit $ ‘ Que = Push $ Push
v | v ' ‘ Y a Y
1Push
File

Example 2. Query/QueryHit/Push Routing

* 2UvABwC KABE KOUBOC TTpowBEi pia eTTepwTnon o€ C yeiToveg
(ouviBwg C=3)

e TumkA iy TTL=7
— (TreipduaTta £deigav ot n diaueTpog Tou Gnutella dikTuou gival ocuvnBwg 7)
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Napster vs. Gnutella

* Napster (UTTAPXEI KEVTPIKOG EEUTTNPETNTAG)
— single point of failure
— OTOXOG VOUIKNAG £TTiBEONG
» Gnutella (dev UTTAPXEI KEVTPIKOG ECUTTNPETNTAG)
— Oev uttdpxel “single point of failure”
— Ogv PTTOPEI Va Yivel EUKOAQ OTOXOG VOUIKAG £TTIBEONG
— Ogv atraItei Kapia eTévouan
— Ogv £xel KOOTOG dlaxeipiong (administration)
— “self-organizing system”
* however, “free-riders” may occur
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GNUTELLA: Emdooeig

Emddoeig

«  Xpovog avalntnong: ZXETIKA PIKPOG

* [1ARB0¢ MnvupdaTwy: MeydAo

» KdoTog atmobrkeuong: Mikpo (kabe KOPBOG yvwpilel povo Toug dITTAavVOUGS TOU)
+ Kobotog evnuépwong: MIkpO (YEITOVEG)

*  AvOekTIKOTNTO 0 opAApaTa: MeydAn

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete 19

OuoTiya ZuothuaTa 2n¢ eviag

MPWTOTUTTA €PEUVNTIKA OUCTANATA:
Chord (MIT), CAN (Berkeley), OceanStore/Tapestry (Berkeley), Farsite (MSR),
Spinglass/Pepper (Cornell), Pastry/PAST (Rice, MSR), Viceroy (Hebrew U),
P-Grid (EPFL), P2P-Net (Magdeburg), Pier (Berkeley), Peers (Stanford),
Kademlia (NYU), Bestpeer (Singapore), YouServ (IBM Almaden),
Hyperion (Toronto), Piazza (UW Seattle), PlanetP (Rutgers), SkipNet (MSR),

Mrropouue va diakpivoule 2 UEYAAES KATNYOPIES

* lepapyika OuoTipa 2ucTtriiuata (Hierarchical P2P systems)
— MN.x. To ovotnua Kazaa

* Aopnuéva OpoTiya ZuoTtiuata (Structured P2P systems)
— M.x. 7o ototnua Chord
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lepapyika OuoTiya ZuoTAiuarta
(Hierarchical P2P Systems)

suotpuata: Morpheus, Kazaa, Limewire, JXTA Search, Gnutella 0.6

Hubs

= \ (or SuperPeers)
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lepapxika OuoTiya ZuoTriuarta
(Hierarchical P2P Systems)

2 UvOuaouog Napster kal Gnutella

-
-
-

—
— —

Napster-style Napster-style

Napster-style
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lepapyika OuoTiya ZuoTAiuarta
(Hierarchical P2P Systems)

* Searching relies on message-passing between nodes.

* A query generated by a client node and is routed to a hub, from one hub to another, or
from a hub to a leaf node.

* Aresponse message (“queryhit”) is generated by a leaf node and routed back along the
query path in reverse direction.

* Messages also include a TTL tag

'peer18haSX§ /
/I]\l/ _—
~

B
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lepapxika OuoTiya ZuoTriuarta
(Hierarchical P2P Systems)

Emddoeig

+  Xpoévog avaldntnong: TloAU pikpog

* [1ARBog¢ MnvupdaTtwyv: Mikpo

+ KdoTog atrobrikeuong: Mikpo ota @UAAA, MeydAo oTouG EUTTNPETNTEG
EUPETNpPioU

+ KooTtog evnuépwong: Mikpd

*  AvBekTIKOTNTO 0€ o@AApaTa: Mikpn
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Aopnuéva OudTiya 2ZuoTAUATA
(Structured P2P Systems)

2KOTTOG:

["priyopn €Upea TOu KOPPOU TTOU TTEPIEXEI Eva KAEIDI XWPEIC TN Xpron
KEVTPIKOU £CUTTNPETNTA KAl avTaAAdooovTag Aiya unvuuara

— EUKOAO KOPuATI:
* KATOVOUNA EUPETNPIOU 0€ OAOUG TOUG KOUBOUG
— AUOKOAO:

* KATOVOUNA EUPETNPIOU 0€ OAOUG TOUG KOUPBOUG HE TETOIO TPOTTO WOTE VA
éxoupe ypiavopn avalitnon

e 2UuCThMaTa
— Freenet, Chord, CAN, Pastry, Tapestry, FreeNet, P-Grid,
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Aopnuéva OuodTIua 2ZuoThuaTta

* Koiva XapakTtnpIoTIKA TwV OOUNHUEVWY OUOTIMWY CUCTANATWY
— KABg kKOuPog diarnpei Eva PIkpO TUAPA TOU KOBOAIKOU EUPETNPIOU (TTIVAKAG
dpopoAdynong)
— ol avadnTAoEIg yivovTal ue TTpowbnon UNVUUATWY TTPOG TN «CWOTA»
kateuBuvon

* AlagpopeTikEG [Npooeyioelg
— FreeNet: caching TTAnpo@opiag eupeTnpiou KATA YAKOG TWV POVOTTATILOV
avagntong
— Chord: KaTaoKeuA VO KATAVEUNUEVOU TTIVOKA KATOKEPUATIOPOU (Distributed
Hash Table, DHT)

— CAN: ApouoAdynon Bdaoel d-01G0TATOU XWPEOU
— P-Grid: katavopn evog duadikou dévdpou avalntnong
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To MpdéBAnpa Tou Evrommouou MNMoépou
(Resource Location)

121.111.86 P k d
121.111.86  ”Singing in the Rain” | SR.mp3
121.111.86  «YTapxw» stelios.mp3
PN 222.18.78  “Singing in the Rain” | SingRain.mp3
”Singing in the Rain” SR.mp3 292 18 78 ‘
«YTTapxw» stelios.mp3

=2

’ “Singing in the Rain” SingRain.mp3 ‘

‘EoTw peer pe dvon p TTou ammobnkeuel oToixeio d TTou xapaktnpietal atro 1o KAEIOi k

Zntouuevo: AoBEvTog k (1 ouvBnkng Tavw oT1o K) evidTtioe TOV peer TTou €xel To d,
dnAadn Bpeg 10 Ceuyog eupetnpiou (k,p).
(Gpa 1o eupeThpIO Pag aTroTeAEiTal atrd Ceuyn TNG HoPPNS (K,p))

Kpioiuo epwrnua: Nwc¢ urmmopouue va (a) eriaéouus, (8) ouvrnpnoouus kai (y) va
XPNOIUOTTOINCOUNE £VA TETOIO EUPETHPIO XWPIC KEVIPIKO EAEYXO;
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Freenet:

* 2U00Tna yia dnuoacicuon Kal avakTnon 0edOPEVWY UE EUPOAOT OTNV QVWVUUIa
(KaI TwV CUYYPAPEWY KOl TWV avVAYVWOTWYV)

* Ta kA&1d1a kal Ta dedopéva aTToBNKEUOVTAI KOUTTTOYpa@nuéva

Moiddlel ue: Gnutella + cache at each node
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Freenet: Cache

Ve k
121.111.86  "Singing in the Rait\
121.111.86  «YTapxw»
222.18.78  “One” U20ne.mp3
131.161.86 "Dog song”
131.111.86  «YTpga»
122.118.73 “Pop2”

144.44.46  ”Singing in the Rain’,

.155.11.86 «YTapyxw»

SR.mp3
stelios.mp3

AvTiypaga K&TTolwv
TuAPa Tou KABOAIKOU gupeTnpPiou QAVTIKEINEVWV
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Freenet: Tpotrog Evromiopou Népou

‘EAguon emrepwTtnong k

— Av n éyypaen (p,k,d) gival otn Kpu®n pvAun eTéoTpewe 70 d

— AMNIWG TTPpOWBNOCE TNV ETTEPWTNCN OTOV KOUPBO TToU £XEI TO TTI0 do10 KAEIDI
H diadikaoia auti cuveyiceTal e AuTOV TOV TPOTTO £WG OTOU
eupebei To avalntouuevo ) 1o TTL @Tacel Tnv 1iwA 0.
‘EAeuon atmravrnong (k,p,d)

— H 1p1ada eicayeTal oTnNV KpUen Pvrun

— H moAaiétepn eyypaon (least recently used) diaypdageTtal amrd TNV Kpuen)

MVAUN
MapaTtnpnoeig
— O1 dpopoloyioeig TTou KAvouv ol KOPPBOoU BEATILUVOVTAI TUV TO XPOVO

— O1 kK6uBoI TEiVOuV va £XOUV OTNV KPUQI TOUG JVAMN EYYPAQPES UE TTAPOUOIA
KAEI0IA (Apa eTTITUYXAVETAI £va €iD0G OPAdOTTOINONG)
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Freenet

k2 ? I/ dist(k,k2)= low
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Freenet: Eicaywyr) Néou Nopou

* Y1roAoyiCoupe TO KAEIDi TOU VEOU TTOPOU

« OTIAYVETAI N EYYPAPN EI0AYWYACS Kal OTEAVETAI OTOV YEITOVA UE TO
M0 KOVTIVO KAEIDI

* Kabe kOuBog Tou AauPavel 1o vEo KAEIDI, EAEyXEl av TO KAEIDI auTO
UTTapxEl NON

* Qv val, €Xxoupe ouykpouaon (collision), kalr Gpa o apxIKOG KOUPOG
TIPETTEI VA TTPOTEIVEI Eva VEO KAEIDI

* av Oxl, OpopoAdynon oTov ETTOUEVO KOUPO PE ToV idIo TPOTTO

* Av TTL=0 ka1 d¢ev eixaue kKapia ouykpouan, TOTE N TpIAdA
atroOnkeveTal o€ GAOUG TOUG KOUPBOUG TOU HOVOTTATIOU TTOU
akoAouBnBtnke
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N1
K54
M51
M14
M4
NZ21
N38
N3Z2
K30
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Chord (Distributed Hash Tables (DHT))

N1

Kartakepuatiopgog (Hashing)
KA€18IWV (K)kal dieuBuvoewv (p)
o€ OUadIKA KA€IDIA e m-bits

— m.X. m=6, h(«umdpyw»)=11, N56
— K10
h(196.178.0.1)=3 10 peers P={p1,...,p10} -

5keys  K={k1,...,k5}
m=6, mod 2™ = mod 26 =[0..63]
{ h(pi) | pi € P}={1, 8,14, 21,
32, 38,42,48,51,56)
{h(ki) | ki € K} = {10, 24, 30,
38, 54}

Ta duad. kKAeIdIG ToTTOBETOUVTAI
o€ £€vav KUKAo modulo 2" m

— Ta m=8, KukAIKf didTagn Twv
apiBuwv 0...255

MN14

N21

‘Eva kA1di k ekxwpeital aTov

TTPWTO KGURO p T.w. h(p) >= h(k) N42

AUTOG 0 KOUPBOG AéyeTal N38

N32
successor(k) K30
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Chord : ATTAGG TPOTTOG EVTOTTIOUOU KOUPBWV

‘EoTtw 611 KABE KOUPBOGS p EEPEI TRV dvon Pévo Tou
emmopevou Tou (Tou p° pe h(p’) > h(p))

N1

lookup(K54)
N&

N56
// ask node n to find the successor of id
n.find_successor(id) N51
if (id in [n,successor])
return successor;
else
// forward the query around the circle N21
return successor.find_successor(id);

N14
N48

N32

=> Number of messages linear in the
number of nodes !
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Chord : ‘Evac 1o ypriyopog TpOTTOC EVIOTTIOHOU KOMBWYV HE
[Mivakeg ApouoAdynong

« EmmimrAéov TTAnpo@opia dpopoAdynong yia emTaxuvon
* KdabBe KOuBOoG n £xel évav Trivaka OpOoHOoAOYNo NG LUE M EYYPAPES

— Ol m auToi KOJBoI £€xouv eKBETIKA augavouevn atréoTacn aTrd Tov n

* Hieyypaen Tou Trivaka €xel TNV dvan Tou TTPWTOU KOUPBoU pe
KAEIDI pEYaAUTEPO 1 io0 pe n+211

fingerfi] = successor (n + 21)
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Chord : lNapadeiypa Mivaka ApouoAdynong

Finger table:

Finger table

fingerfi] = successor (n + 2-7)

NB + 1 |[N14

NB + 2 |[N14

NB + 4 |[N14

N5 NB + 8 |[N21

NB +16 | N32

NB +32 | N42

N48

N42

n=8
finger[1] = succ(n+1) =succ(9) =14
finger[2] = succ(n+2) = succ(10) = 14 N32

finger[3] = succ(n+4) = succ(12) = 14
finger[4] = succ(n+8) = succ(16) =21
finger[5] = succ(n+16) = succ(24) = 32
finger[6] = succ(n+32) = succ(40) = 42
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Chord: Evromoudcg MNMopou ue lMivakeg ApouoAdynong

‘EoTw pia emepwTnon k 1Tpog €vav KOPPBo n

O n koitélel Tov TTivaka dpOUOAOYNONG TOU Kal €TTIAEYEI TOV HEYOAUTEPO peer [E
KAEIDI MIKPOTEPO AUTOU TNG ETTEPWITNONG.

Av dgv UTTApPXEI TETOIOG peer, TOTE 0 idI0G gival UTTEUBUVOCS YIa TO K (Kal dpa To
{nTOUpEVO BPEBNKE)

AMNIWG TTPOWOBEI € AQUTOV TNV ETTEPWTNON

A@ou o1 eyypa@EéC TWV TTIVAKWY OpooAdyNonG ival eKBETIKA aUEOUOEG, N
avalAtnon (Me peyaAn mBavoTnTa) AauBavel AoyapiBuIkKo Xpovo.
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Chord: INARBog unvupdTtwy: O(log N)

N1

lookup(54) N8 N42
e

N5E NS Finger table Finger table
NE+ 1 |N14 M42+ 1 (N48
N51 N8+ 2 |MN14 MNA2+ 2 (N48
N14 NE + 4 |[N14 N42+ 4 |N48
N48 N8+ 8 |M21 MA2+ B [N51
MNE +16 | N32 MNAZ+16 [ M1
NE +32 | N42 | MNA2+32 [N14

N21
N42

EUpeon Tou kdPPBou TTou €€l TO avalnTOUPEVO KAEIDI
3 ME avTaAAayn TPIWV INVUPATWYV

» Search in finger table for the nodes which most immediatly precedes id
* Invoke find_successor from that node
+ => Number of messages O(log N)
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. Chord: Eicodoc véou kéuBou

* O véog KOUBOC TTPETTEI VA PTIALEI TOV TTiVOKA OPOUOAOYNONG TOU
* To kKOOTOG KATAOKEUNG TOU €ival autd TnG avalntnong
*  O1 GANoI KOUBOI TTPETTEI VO EVIMEPWOOUV TOUG BIKOUG TOUG TTIVOKEC

® N21
-' N2 1

successor(N21)

| P N26
s

" S N32

NeZ K24
K24

K30
K30
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Chord : lNepiAnyn

Baoikd onpeia:
Kd&Be kOupog atmobnkeuel TTAnpo@opia yia pikpd aplBuo KOpBwy (m)
— KdaBe kOuBog Epel TTEPICOBTEPA YIA TOUG KOVTIVOUG TOU OPOUG (aTT’OTI yIa TOUG

MakpIvoug)

Emddoeig
Xpovog avacitnong: O(log n) (e peydAn mOavoTnTa)

MARBog¢ Mnvupdtwy: O(log n) (eTTIAEKTIK) dpOUOAGYNCN UNVUPATWY)
KdoTog ammobrikeuong: O(log n) (Trivakag dpouoAdynong)

KooTtog €106d0ou/e¢ddou kduBou: O(logh2 n)

KooTog evnuépwong: WIKpd (TTepiTrou oav 1o KOOTOG avalATnong)

Chord software

— 3000 lines of C++ code, Library to be linked with the application, provides a
lookup(key) — function: yields the IP address of the node responsible for the key,
Notifies the node of changes in the set of keys the node is responsible for
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N1

N21

N28

N32

K30
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Aopnuéva OpdTiya ZuoThuaTa
CAN (Content Addressable Network)

* Baoiletal oTOV KATOKEPUATIONO KAEIOIWV OTOV K-O1ACTATO
KapTteolavd xwpo (torus) (ocuvnBws k=2-10)
— KA&1di = onpeio Tou K-01A0TATOU XWPEOU
» K dlaoTdoeig, Hash(key) = (x1, ..., xk)
— Kd&B¢e kOuPog eival utteubuvog yia Eva KOPUATI TOU XWEOoU, Hia
Cwvn
* ATTOBNKEUElI TO EUPETAPIO TWV QVTIKEINEVWV TWV OTTOIWV O CUVTETAYUEVEG
EMTTITITOUV OTNV {Wvn TOU

— KdB¢e kOupog ammobnkeuel TG dIEUBUVOEIG TWV KOPBWY TwV
dImAavwy {wvwv

— EUpeon mmépou = dpouoAdynaon oTiG (WVEG

http://mathworld.wolfram.com/Torus.html
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Aopnpéva OpdTiya ZuoThuaTta
CAN

*  [lapdadeiypa diapépiong Tou diodidoTartou Xwpou [0,1]1x[0,1] o€ 4 peers A, B, C,D

B (0-0.5,0.5-1)| C (0.5-1, 0.5-1)

A (0-0.5,0-0.5) | D (0.5-1, 0-0.5)
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Aopnuéva OpdTiya ZuoThuaTa
CAN

» Eioodocg evdc véou kéuBou E

1
C (0.5-1, 0.75-1)
B (0-0.5, 0.5-1)
E (0.5-1, 0.5-75)
A (0-0.5, 0-0.5) | D (0.5-1, 0-0.5)
0 1
CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete

Aopnpéva OpdTiya ZuoThuaTta
CAN

* O E B€Ael va avoKTAOEl TO QVTIKEINEVO PE ouvTeTayuéveg (0.2, 0.2)

1
C (0.5-1, 0.75-1)
B (0-0.5, 0.5-1)
E (0.5-1, 0.5-75)
< A 4
A (0-0.5, 0-0.5) | D (0.5-1, 0-0.5) -
0 1

'Start Zone
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Aopnuéva OpdTiya ZuoThuaTa
CAN

* Augavovtag TIG OIACTACEIG
— MEIWVETAI TO YAKOC TOU POVOTTATIOU avalnTnong

— augaveTal To TTANB0C TWV VEITOVWY TTOU TTPETTEI KABE KOUPBOGS va
aTTOONKEUEI .

oo B CHT

* [loAuttAokOTNTO AvaldnTNoNG av £Xw n KOPPBOUGS Kal K dIACTACEIG:

O(k¥/n)
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Aopnpéva OpdTiya ZuoThuaTta
CAN [llepiAnyn

Baoikd onueia:

* Kabe KOuBoG atrobnkevel TTANPOQOpIa yIa €va TURPA TOU
JlIaVUOHATIKOU XWPEOU KAl yVWpEICEl TIG DVOEIG TwV DITTAAVWY TOU
KOMBWV

Emoddooeig

« Xpovog avalitnong: O(k n'k) (ue peydAn moavoTnTa)

« [ARBo¢ Mnvupdtwy: O(k n'k) (etmAekTIKr) dpopoAdynan
MNVUUATWYV)

+ KooTo¢ atrofrikeuong: O(K) (trivakag dpopoAdynong)

* KOOTOG evnuépwonNg: MIKPO (TTEPITTOU oav TO KOOTOG avalnTnong)
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[MepiAnwn OPoTIHWY 2ZUCTNUATWY

‘EoTw 611 0TV EAAGSa KaTtoikouv 1000 dtopa Kal KABe £vag Toug €xeEl £va Tn

TpoTToI EUPECNG TOU TNAEPWVOU £VOG KUpiou X
* Napster-style
— EUpeon TnAepwvou TnAspwvwvtag oto 11811 Tou OTE
* Gnutella-style
— EUpeon TnAepwvou pwTwvTag 61Toiov BPOoUpE UTTPOOTA PO (K.0.K)

+ Kazaa-style
— Aev umtdpyel OTE yia 6An Tnv EANGSa, aAAd kGBe voudg €xel évav Totmkd OTE.
TNAEQWVOUPE OTOV TOTTIKO KAl AV AUTOG OEV TO £XEI, ETTIKOIVWVEI JE TOUG UTTOAOITTOUG

Tommkoug OTE

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete
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[MepiAnwn OPOTIHWY 2ZUCTNUATWY

[

* Freenet-style
— Kdbe évag €xel pia atdévra replopiouévou peyéBous. Eupeon TnAepwvou
TNAEQWVWVTAG O€ AUTOV TTOU £XEI TO TTANCIECTEPO Ovoua (TT.X. Ae€Ikoypa@ikd), K.0.K.
Ortav TeAIKG Bpebei, evnuepPWVOUNE TNV atlévia Pag.

» Chord-style
— Kd06e karoikog éxel pia atgévra pe 10 TnAépwva (10 = log 1024)
— H eUpeon Tou TNAE@WVoOU Tou Kupiou X Ba yivel ye 10 TnAepwvAuaTa (Katé péco 6po)

* CAN-style

— KdaBe évag E€pel To TNAEPWVO TwV YEITOVWY TOU
* av 0Aol ol ' EAANveEG Couv O€ HOVOKATOIKIEG TOTE KABE €vag £xel 4 yeitoveg (Bop,NoT,A,A)
* av 6Aoi o1 'EAANveG Couv o€ 1 TTOAUKATOIKIO TOTE KABE €vag €xel 6 yeiToveg

— o va TNAepwvAoW O€ KATTOIOV TTPETTEI VA {EPW TTOU Eival TO OTTITI TOU KAl TNAEQWVW
OTO YEITOVA JOU TTOU €ival TTPOG EKEiVN TNV KaTEUBUVON (K.0.K)

— Av 6ol pévouv og povokarolkieg ToTe 2 * SQRT(1000) = 64 TnAcpwvAuata

— Av OAol pévouv og pia TToAukartolkia t1oTe 3 * CubicRoot(1000) = 3 * 10 TnAspwvnpaTa

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete
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MavemoTtAuio KpAtng, TuAua EmoTtAung YTToAoyioTwv
Avoitn 2008

HY463 - ZuoTtiuatra Avaktnong NAnpogopiwv
Information Retrieval (IR) Systems

Avaktnon NMAnpo@opiwyv
& ZuoThpara OpoTipwy
(Peer-to-Peer Systems)

)& R
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Mavvng Titdikag

Nidheén 1 18-19
Huepopnvia :

T1 dlagpEpel N AvakTnon o€
P2P cuothuata atd 1nv Kataveunuévn Avakrnon;

H avaktnon TTANpopo@Iwy o€ CUCTANATA OUOTIMWY Eival Pia
TTEPITITWAN KATAVEUNMEVNG AVAKTNONG

IO1aITEPOTNTEG TWV OPOTINWY CUCTNUATWV:
* YTepPBOAIKA YEYAAOC apIBUOC TTRYWV (peers)
* MeyaAUTtepn autovouia Trywv
* ‘EAM\eiwn 21aB6epdtnrac, EAEyxou, MpoBAswiudTnTag
— (not stable, controllable, unpredictable)
« EmTOKTIKA avaykn yia Ygiwan ToU KOOTOUG ETTIKOIVWVIAG
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ApPXITEKTOVIKEG ONOTIMWY ZUoTNHATWY

server

Napste
1: register i
=— Il —~—~— &9
3: peer 1 has x
pedl Peer 2
4: download docx.mp3
nutella-style .
g‘
= [
<\ = =
n 5 = /D
- L
() ) N
[ ] s
H ([ ==
Napster-style e Napster-style
apster-style
able Network)
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P2P and IR: Tllepitrtwon:
Katnyoplotroinuéva ‘Eyypaga

‘EoTtw 611 KABE £yypa@o gival TagIvounuévo o€ Pia
Katnyopia evog eAsyxopevou eupetnpiou (ODP,
Yahoo!). O xproTtng kavel avalntnon divovtag pia
KaTnyopia

éyypag@o =~ mp3 apyeio
KaTnyopia eyypd@ou =~ TiTAOG TOU mp3 apxeEiou

Apa ptTopouue va TIAEoUNE £va OuOTINO oUCTNUO
« TUTTOU Napster (Hybrid P2P)

* TUTTOU Gnutella (Pure P2P)

* TUTTOU Kazaa (Hierarchical P2P)

» TUTTOU Freenet (Structured P2P)

* TUTTOU Chord (Structured P2P)

* TUtTOU CAN (Structured P2P)

BéBaia €101 Ba ytTOpOoUE va KAVOUUE avakTnaon Povo BAacel Tou
TiTAOU (K1 OXI PACEI TOU TTEPIEXOMEVOU).
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P2P and Statistical IR

Tutmko Eupempio P2P P k d
\ 121.111.86  ”Singing in the Rain” | SR.mp3
121.111.86  «YTapxw» stelios.mp3
Tutnikd EupsTr']plo IRS 222.18.78  “Singing in the Rain” | SingRain.mp3
(document partitioning)
P1 P2 cold P3
P i
ot hot  — <515 | <6.1> |
0
. "
cold ot not

o ,

pease —{ <525 | <6.1> |

pease 4>| <1,1> | <2,1> | porridge 31 W) porridge _’| <5.2> | <6.1> |

porridge | 1> [ <2 | ||L_P* pot
the 21 | the
CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete
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P2P and Statistical IR

Tutmko Eupempio P2P p k d
\. 121.111.86  "Singing in the Rain” | SR.mp3
121.111.86  «YTapxw» stelios.mp3
Tutrikd EupsTr']plo IRS 222.18.78  “Singing in the Rain” | SingRain.mp3
(term partitioning)
cold | —[ 1> || w1 |[ <15 |
| PL | hot _’l <11> || <4,1> || <5,1> || <6,1>
in ] a1 || <61> |
not —’| <4,1> || <5,1> |
| P2 | pease —>| <1,1> || <2,1> || <3,1> || <4,2> || <5,2> || <6,1>
porridge —_ <11 > ! (Q’1 !! Aigx |! L'.gs |! (R!E
pot —> <31> <6,1>
[Pl %™ | [es e
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P2P and IR:
AveoTtpaupéva Eupetipia (Napster-style)

* 'Evag kevtpIkOg EUTTNPETNTAC aTTOBNKEUEI OAA TO AVECTPANUEVA
EUPETAPIA TWV KOUPBWYV

1: register
(user, fil

=

Local Invert. Index (1)

Local Invert. Index (2)

Local Invert. Index (3)

Local Invert. Index (4)

Global Index

Local Invert. Index (1)

5

200 n

il

CS463 - Information Retrieval

\,\‘\apster SM

3: peer 1 has x

peer 2

W

Yannis Tzitzikas, U. of Crete

adUVaiEG:

0 €EUTTNPETNTAG
XPEIAZeTAI TTOAU XWPO
xpovoBoépo upload Twv
EUPETNPIWV OTOV
eEuTTNEETNTA,
TO KOOTOG ATTOTIUNONG
ETTEPWTACEWY TTAEI €’
OAOKApou  oTov
eCUTTNPETNTNA
~ Google, XWpPig TO
crawling (cuAAoyn
oeAidwv) Kal €xovTag
ETOINO KOPUATIO TOU
gupeTnpiou
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P2P and IR: (Gnutella-style)

» Kdabe KOUBOC ouvTnpEi TO AVECTPAPMUEVO EUPETHPIO TWV EYYPAPWYV

TOU.

e ATTOTIiMNON ETEPWTACEWY PE KATAKAUTUO HNVUUATWYV

Local Invert. Index

Aduvapigg

— Local Invert. Ind

Local Invert. Index

* TTOAAG pnvupara

- IDF = ?

CS463 - Information Retrieval

Local Invert. Index

Local Invert. Index

Yannis Tzitzikas, U. of Crete

\
[ ]

Local Invert. Index
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P2P and IR: (Gnutella-style)

MapaAlayég Tou KatakAuopou unvuuaTwy
* BFS: Breadth First Search (=Gnutella)

* RBFS: k&8¢ kOupoc¢ Tpowbei Eva pAvupa o€ éva Tuxaio TTooooTo
(1.X. 20%) TWV YyVWOTWV TOU KOUPBWV
— + mMBOavoKPATIKOG aAyOPIBUOG
— - MTTOPEi TO YAVUMA va unv TTAEl 0€ KOUPBOUG TTOU £XOUV OUVOQPH QVTIKEIMEVA
* 1-Random Walker:
— KA&Be kOpPog Tpowbei Eva uAvupa o€ évav Tuxaia eTTIAEYPEVO KOUPBOo atrd
TOUG YVWOTOUG TOU
* k-Random Walkers:

— KA&Be képPBog Tpowbei Eva uAvuua o€ K Tuxaia emAeypévoug KOPBoUS atrd
TOUG YVWOTOUG TOU

— + AiyoTepa pynvupata a1ré o RDFS
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P2P and IR (Freenet-style)

« Kdabe képpoc:
— (a) ouvTnpEi TO AVECTPANPEVO EUPETAPIO TWV EYYPAPWY TOU.

— (B) @Tmidxvel éva TTPO@IA TwWV YEITOVWY TOU BACICUEVO OTIC ETTEPWTHOEIG TOU
TTaPeABOVTOC

EMIAEKTIKA SpopoAdynon

Mpo@IA CerT.

Local Invert. Index

Local Invert. Index

Moo T, [Mpo@IA lerT.
Local Invert. Index Po® 1
= Local Invert. Ind ‘
P Local Invert. Index

Local Invert. Index \

Local Invert. Index Mpo@IA Ter.
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P2P and IR (Freenet-style)

Mpo@IA lerT. Mpo@IA lerT.

\ Local Inve] Local Invert. Index

Local Invert. Index | -

Mpo@IA elT. =
Local Invert. Index R
= Local Invert. Ind ‘
‘l_%m Local Invert. Index
Local Invert. Index \
Local Invert. Index Mpo@IA Mem.
Local Invert. Index
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[Mpo@il NeITévwy Pacel Twv TTPONYOUUEVWYV ATTAVTACEWY

p q [ans(q)| | LRU (Least Recently Used)
121.111.86  ”"Singing in the Rain” 4 deletion policy
121.111.86  «YTapxw» 12

222.18.78 “One” U20ne.mp3 6
131.161.86 "Dog song”
131.111.86  «YTpga»
122.118.73 “Pop2” 12
144.44.46  "Singing in the Rain”
155.11.86 «YTTAPYXW»

~N O oo AN

P
Local Invert. Index

— To wpo@iA givai TpIadeg TG HopPS (pj.4g, [ans(pj,q)l)
* OTTOU pj évag yeiTovag, q YIa ETTEPWTNON TTOU OTTAVTNOE aUuTOG O YEiTovag, Kal
|ans(pj,q)| To péyeBoG TNG aTTévTnong
* LRU update policy
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Mpo®iA MeIrévwy Kal ApogoAdynon:
>RES (mmepiooorepa arroreAéouara)

p q lans(q)|
121.111.86  ”"Singing in the Rain” 4
121.111.86  «YTIapxw» 12

222.18.78  “One” U20ne.mp3 6

131.161.86 ’Dog song’ 2kop(121.111.86 )=16

131.111.86  «Y1p&a»

|/ Skop(122.118.73 )=8
122.118.73 “Pop2” 12

144.44.46  "Singing in the Rain”
155.11.86 «YTTApXW»

~N ool N

P
Local Invert. Index

— [a Tnv dpopoAdynon HIAg ETTEPWTNONG ETTIAEYOVTAI EKEIVOI OI YEITOVEG TTOU
€XOUuV dWOEI TA TTEPIOOOTEPA ATTOTEAEOUATA OTO TTAPEABOV ( € OU Kal TO
ovopa >RES). Zuykekpipéva OTIG TTPONYOUUEVEG M ETTEPWTHOEIG.

— To okop €vOg yeitova pj givai

» Score(pj) = Z {|ans(pj,qj)| | qgj answered by pj in the past}

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete

Mpo@iA IeITévwy kar ApopoAdynon:
>RES kal opgoIoTNTA ETTEPWTACEWV

p q [ans(q)|
121.111.86  ”"Singing in the Rain” 4
121.111.86  «YTapxw» 12

222.18.78  “One” U20ne.mp3 6
131.161.86 "Dog song”
131.111.86  «YTpga»
122.118.73  “Pop2” 12
144.44.46  "Singing in the Rain”
155.11.86 «YTTApXW»

~N o o0 AN

T
Local Invert. Index

— Ta Tnv dpopoAdynon HIag ETTEPWTNONG g ETTIAEYOVTAI EKEIVOI OI YEITOVEG TTOU
E€Xouv dWOoEl Ta TTEPIOOOTEPA aTTOTEAEOUATA OTO TTAPEABOV ( >RES) o¢
ETTEPWTNOEIC TTOU Eival KOVTIVEG UE TO g

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete
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Mpo@iA IeIrévwy kar ApopoAdynon:
>RES kal opgoIoTNTA ETTEPWTACEWV

To okop gvég yeiTova pj doBeiocag eTrepwTNONG g, Eival:

>RES
Score(pj) = 2 { |ans(pj,qj)| | qjanswered by pj in the past}

>RES Kal opo1dTNTa ETTEPWTATEWV
Score(pj,q) = Z{ |ans(pj,qj| gj answered by pj in the past}

* sim(qj, q): T.x. ogoidGTNTA CUVNUITOVOU
* Q: TTOPAPETPOG YIa TO KABOPIOUO TNG OXETIKAG OTTOUdAIOTNTAGS TG OCUVAPEIQG
€vavTl TOU pey€Boug atrdvinong
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[Mpo®iA ['eITévwy kal ApopoAoynon:
>RES kal ogoIoTNTA ETTEPWTACEWV

p q [ans(q)|
121.111.86  ”"Singing in the Rain” 4
121.111.86  «YTTGpXw» 12

222.18.78  “One” U20ne.mp3 6
| 131.161.86 "Dog song”
131.111.86  «YTpga»
122.118.73 “Pop2” 12
| 144.44.46  "Singing in the Rain”
155.11.86 «YTTAPYXW»

g1 =Singing

g2 = Special Dog Song

N oo B~ N

P
Local Invert. Index

» [16T1e autr) N TTPOCEyyIon €ival KAAR;
* At Otav 1a £yypaga Tou KABe KOUPBOU gival onUacioAoyIKA KOVTIVA
— [oia n diagopd ue 1o Freenet ?

« EmedA autd opwg dev ouuBaivel TTAVTA N TTEPWTNON TTPOWOEITAI KAl 0€ £vav
TUXOiO ETTIAEYUEVO VEITOVA. // auTod eTriong oupBAAEl 0TV KOAR EKKIVNON TOU GUOTAPATOC
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Avaktnon Keipévwy o€ lepapyika Ouoriya Zuornuara
(Kazaa-style IR)

Fevikn 10éa: KAVOUE O,TI KAI OTNV KATAVEPNUEVH, ATTAQ £DW €XOUNE TTOAAOUG PETITEG

KdaBe peaitng (edw super-peer) €xel hia TTEQIYPAPH TWV TTEPIEXOUEVWIV
TWV UTTOKEIMEVWY KOUPBWV

*EmiAoyn MNnyng
*Evotroinon AtroteAeopdaTwy
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EmravaAnun:
EmAoyn MNnyng e Atavoopata NMnywv

*IRS1=<0.4,0.3, ..., 0.8>
*IRS2=<0.1, 0.9, ..., 0.4>
*IRS3=<0.8, 0.5, ..., 0.2>

*  BA&mToupe KABe ocuAAoyn WG Eva PEYAAo Eyypago
*  Omndyvoupe éva didavuoua yia kaBs cuAdoyn (Tutrou TF-IDF)
— tfij: ouvoAikég epgavioelg Tou dpou i oTn CUAAOYN |

— idfi: log(N/ni), 6trou N 10 TTA}B0G TWV GUAAOYWYV, Kai ni TO TTARBOG TWV CUAAOYWV
TTOU €XOUV TOV OPO i

* YtoAoyiCoupe TO BaOUO opoIdTNTAG KABE VEAG ETTEPWTNONG ME TO diIdvuoua
KA0g ouAAOYNG (TT.X. OMOIOTNTA CUVNMITOVOU)
*  AlgTrdoooupe TIGC OUANOYEG KOl ETTIAEYOUE TIC KOPUQPAIES

EvaAAakTIKG: AvTi yia €va, uTTopoUpe va Treplypd@oupe KaBe TTnyA pe K diavioparta
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Avaktnon Keipévwy o€ lepapyika Ouoriya Zuornuara
(Kazaa-style IR)

[Meprypagn TWV TTEPIEXOPEVWYV TWV QPUAAWV
Avaykn yia PEiwaon Tou atmoBnkeuTIKoU Xwpou oTta Hubs

Hubs

-
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Avaktnon Keiyévwy o€ lepapyika Ouoriya Zuornuara

EtmiAoyEg
1/ Ne€INOYIQ TWV UTTOKEIPEVWY KOPBWY +
OUXVOTNTEG EPPAVIONG TOUG

— (Oev E€poupe TO KABOAIKO ACINGYIO yia va
PTIALOUNE TO BIAVUCUA TTNYNG)

2/ Ne€INOYIQ TWV UTTOKEIMEVWY KOPBWV

3/ N\éEeig TTou gp@avicovral TTavw aTo 1
Popa + OUXVOTNTEG TOUG
— Aéyw Tou vopou Tou Ziph, o amaiToupevog
QATTOBNKEUTIKOG XWPOG PEIWVETAI OTO MICO
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Avaktnon Keipévwy o€ lepapyika Ouoriya Zuornuara
(Kazaa-style IR)

[Mepiypagry Twyv XOMEVWV TWV AAAWV :

HUBS Desr ? =

Leaves Descr.

Hubs

-

Leaf nodes

* H mepiypagn evog HUB cival n évwon Twv TTEPIYPAPWY TWV UTTOKEIMEVWY TOU KOUBWY
(Mpo6BANua: xwpog)
*  Kataypa®r TponyoUdEVWY ETTEPWTACEWYV TTOU €XOUV OTTAVTNOEI

— 11.X. >RES Ka1 opoiétnTa emepwtno
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AvakTtnon Kelyévwy o€ lepapyika Ouoniua 2uotnuara

+ AClient node sends its query to each of its connecting hubs.

* A hub that receives the query uses its resource selection algorithm to rank and select
one or more neighboring leaf nodes as well as hubs, and routes the query to them if the
message’s TTL hasn’t reached 0.

+ Aleaf node that receives the query message uses its document retrieval algorithm to
generate a relevance ranking of its documents and responds with a queryhit message to
include a list of top-ranked documents.

« Each top-level hub (the hub that connects directly to the client node that issues the
request) collects the queryhit messages and uses its result merging algorithm to merge
the documents retrieved from multiple leaf nodes into a single, integrated ranked list and
returns it to the client node.

+ If the client node issues the request to more than one hub, then it also needs to merge
results returned by multiple toplevel hubs.
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P2P and IR: To cuoTtnua PlanetP

I Mpo@IA TelT. |

Mpo@IA erT. | Mpo@IA lerT. l/ -
|| ||

B | E: Local If Local Invert. Index
I Local Invert. Index Lo
- Mpo@IA leiT
Local Invert. Ind MpoQIA et p ;

Local Inve|

> - Local Invert. Index I
W\| Local Invert. Index |
I Local Invert. Index I Mpo@IA TerT.

I Local Invert. Index  /

Mpo@IA OAwv
| MpogiA OAwy |_— [
[ |

| MpogiA OAwv |

Mpo@IA OAwv

PlanetP
S Local Invert. Index 1
I Local Invert. Index I | Mpo@IA OAwV |
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P2P and IR: To cuoTtnua PlanetP

AO0AIKO ? OXI.
AveoTpa O eUPETNPIO O AvdAykn yia Jia TTI0 GUVOTITIKI TTEPIYPA®PN
OU[3
Mpo@IA OAwv
Mpo@IA OAwv Mpo@IA OAwv .
TN

Local Invel Local Invert. Index

Local Invert. Index
. Local Invert. Index | -

y Mpo@iA OAwv = -
Local Invert. Index [pERL 1Y | | ] = | FEEE
- = Local Invert. Ind g = ‘
9 P o) ocal Invert. Index

(B Local Invert. Index \

Local Invert. Index

Mpo@IA OAwv

[ ]

I Local Invert. Index I
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P2P and IR: To cuoTtnua PlanetP
EmAoyn lnyng ?

OupunoOeire:

Karavoun Zuva@wyv Eyypdaewv
(Relevant document distribution (RDD))

Alavoopara NMnywv

« 2710 ouoTnua PlanetP 10 AggIAGYIO TOU KGOBE KOUBOU (OXI 01 AioTEG
TWV EPPAVICEWV TwV OpwV ) TTEpIypageTal e éva Bloom @iATpo

* Ta @iAtTpa Bloom opoiddouv Pe TNV TEXVIKN TWV ApXEiwV
utToypa®wyv (signature files).
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EtravaAnyn: Apxeia Ytroypagwv (Signature files)

b=3 ( 3 words per block) B=6 (bit masks of 6 bits)

Block 1 Block 2 Block 3 Block 4
Text |Thisis a text.|A text has many|words. Words are [made from letters.

N 4

Text Signature [ 000101 110102 [100100 [101101 | 1

h(text)= 000101
Signature Function | h(many)= 110000
h(words)=100100
h(made)= 001100
h(letters)=100001
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Bloom filters [Burton Bloom 1970]
2uutraync Kwdikorroinon 2uvoAwv

‘Eva ouvoAo kwdlkoTrolgiTal o€ éva duadikd dIdvuoua Twv m-bits

K OUVAPTACEIC KaTakEpUaTiopou h1, h2, ..., hk, ye edio Tipwv 10 {1,..,M}

KwdIkoTroinon oTolxEiou:

BF({a}) = diavuopa pe doooug oTig Béoeig h1(a), h2(a), ..., hk(a)
Kwdikotroinon ouvoAou:

BF({a1, a2}) = BF({a1}) BITwiseOR BF({02})

Mwg Bpiokw av €va oToixeio b aviikel oto ouvoAo A ?
1/ Y1roAoyilw 10 BloomFilter Tou b

2/ Koitalw av o1 doool Tou BF(b) uttdpyouv o1o BF(A)
Av 6x1, 161 oiyoupa 10 b dev avrikel 010 A
Av val, T0Te avAkel aAAG uTTopEi Kal va unv avrkel (false positive)
Oaoo peyaAlTepo gival To m, T6G0 PIKPOTEPN N MOavoTNTa Yia false positives
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Bloom filters: MNapdadeiyua

m=14, k=3 00000000000000

hash1("apples") = 3
hash2("apples") = 12
hash3("apples") = 11

{apples}= (T TTTTT T

hash1("plums") = 11
hash2("plums") = 1

hash3("plums") = 8
{apples, plums}= | ® 0000 00 00
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[Mepiypan Twyv Ae€ihoyiwv pe Bloom filters

P1: 0001010011

P2: 0101010011

P3: 0101010011

PL | — P2 || [ cold <] | P3
— hot <51> | <61> |
- in <6.1> |

cold ot not  —| <51>
hot —.E pease pease — <525 | <g1> |
pease <1,1> | <2,1> | porridge porridge '| <5.2> | <6,1> |

\ porridge <1,1> | <2.1> | pot pot <6.1>

the \ the / <6.1>
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P2P and IR: To cuoTtnua PlanetP

P1: 1011010011

Kd&Be pi kataokeuddel To bloom
filter bi Tou dikou ToU
Ae€IAoyiou kal 0TO OTEAVEI OTO

——

UTTOAOITTO OIKTUO HE TEXVIKEG

P2: 1101010011

HE

flooding/gossiping

P1: 1011010011

P1: 1011010011

P2: 1101010011

P2: 1101010011 OAWV TwV AAAWV KOUBWV

KdaBe pi ¢Epel Ta bloom filters

‘ETo1 KGBE pi ytTOpPEi Va Bpei TOUG KOPPOUG TTOU £X0UV £vaV OUYKEKPIPEVO
Opo (Gpa PUTTOPE va TTPOOEYYioel TO KOBOAIKO EUPETAPIO)
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Bloom filters in PlanetP:
[16o0 peydAa eivai;

AP89 Collection (Associated Press articles of 1989 from TREC):
84,678 documents, 129,603 words, collection size 266 MB

Num. Peers Memory used (MB) % of collection size
10 0.45 0.18%
100 1.79 0.70%
1000 4.48 1.76%
—
\ e z
MNari To péyebog
1000 Nodes: => about 4500 terms per peer QuéQvel pe To TTARBOC
Bloom filters with less than 5% false positives => TWV KOUBWV;

Bloom filter size for the vocabulary of one peer: 4.6 KB
Total size of bloom filters of peers : 4.6 MBytes
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PlanetP: Tpotrog evnuépwoncg Twv kKOuPwyv (Gossiping
algorithms)

* H peradoon Twv Bloom filters o€ 6Ao 10 dikTUO KOBWG KAl N
evnuUéPWon TwWV KOUBWV (yia véa dedopéva, ic0d0/EE000 KOUPWV)
MTTOPEI VA Yivel JE TTOIKIAOUG aAyopiBoug gossiping:

— rumoring algorithm
— anti-entropy algorithm

— partial anti-entropy algorithm
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(Gossiping algorithms)
Rumoring (@nuoAoyia)

O p1 €xel yia aAAayn: EXw pia aAAayn!

*  KAOe X deuTepOAETTTA, 0 p1 OTEAVEI Eva
MAVUPQa hE TNV aAAay o€ Evav Tuxaia
ETMAEYHEVO KOUBO p2

* Av o0 p2 dev A&epe auTrv TNV TTANPOYPOPIQ.

<
Q
TOTE ApXiel va Kavel O,TI kKal o p1

* O p1 otauatdel va oTEAVEI ynvopaTa Jévo av
N guveXOUEVOI KOUBOI TOU TTouV OTI TaV 10N

EVAUEPOI TNG AANAYAG.
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(Gossiping algorithms)
anti-entropy

« KdaBe X deutepOAettta, KGBe KOUBOG
. C . : . E' pull
eMAEyel TUXaia évav dAAo képBo (atod 1o J
KABOAIKO TOU EUPETAPIO) KAl TOU {NTAEI VO T

TOU OTEiAEl pia TTeEpIAnNYN 1O dIKOU TOU
KaBOAIKOU €UPETHPIO.

* Av diatmioTwoel OT1 eV gival EVNUEPWUEVOG,
TOU ¢NTAcl O,TI XPEIAZETAl.

* Purpose: The algorithm allows to avoid the
possibility of rumors dying out before
reaching everyone global
index
summary
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P2P and IR: To cuoTtnua PlanetP

P1: 0001010011
P2: 0101010011

P1: 0001010011 P1: 0001010011
P2: 0101010011 P2: 0101010011

Pn: 1101010011

P1: 0001010011
P2: 0101010011 Pn: 1101010011 Pn: 1101010011

- — Local Inve] Local Invert. Index
P1: 0001010011 dq
P2: 0101010011 [2€X -

Local Invert. Index -

Pn: 1101010011 ] | e

Pn: 1101010011

Local Invert. Index

Local Invert. In Local Invert. Ind ‘
‘ { Local Invert. Index
S P1: 0001010011
Local Invert. Index P2: 0101010011

Local Invert. Index

Pn: 1101010011

]

Local Invert. Index
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PlanetP: EmAoyry KéuBou

P1: 0001010011 ) , )
q S oo 1/ BaBuoAdynon Koppwyv Bdaoel Tng
TOavATNTAG Va £XOUV £yypaga ouvagn
Pn: 1101010011

2 ME TNV q

2/ EmiAoyn Twv KOuBwv 1T0U Ba
ETTEPWTNOOUV Kal EVOTTOINON TWV

Local Invert. Index QATTOTEAECUATWY TTOU Ba £TTIOTPEYOUV

Inverse Peer Frequency (IPF) of atermt =
IPF(t) := [total number of peers| / |peers that contain the term {]

Score(pj,q) = Z{IPF(t) | t € q, t e Bfilter(pj) }
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PlanetP: AmroteAsopaTtikotnta & Emdooeic

* H ammoteAeopaTikOTNTA TTPOCEYYICEl AuTAv TTOU Ba gixape av KAOe
KOMPBOG €ixe OAOKANPO TO EUPETAPIO

* Ta ynvupara @ravouyv o€ 20%-40% TTeEPIOCOTEPOUG KOUPOUG O€
OXEON UE TNV TTEPITITWON OTTOU KABE KOPBOC yvwpIle akpIBWS TO
KOBOAIKO EUPETHPIO

» Gossiping rate 1/second => PlanetP can propagate a Bloom filter
containing 1000 terms in less than 40 secs for a community of
1000 peers. This requires an average of 24KB/s per peer.
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Avaktnon MNAnpogopiwv o Aopnuéva Op. Zuo/Ta
(Chord-style)

Finger table

NB + 1 |[N14
N8 + 2 [N14
NB + 4 |[N14
NB + 8 |[N21
NB +16 | N32
NB +32 | N42

N51

N48

N42

N32

* [lola gival edw Ta KALIOIA ?
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AvakTtnon MNAnpogopiwv o€ Aopnpéva Op. Zuo/tTa
(Chord-style)

Mepitrrwon (1): KaBe 6pog eival éva KA&Ii
— To eupeTApIO KaTaVEPETAI BACEl TWV OpWV
* (Gpa €xoupe term-partitioning: BuunBeite TNV TTAPAGAANANn A.l. )
— Aduvapia: H evnuépwon Twv eupeTnpiwy gival akpiBn:
* Eioaywyn evog véou eyypagou:
— [Na kGO AEEN TOu eyypaPou, TTPETTEI VA BPOUNE TOV KOUBO TToU ival

UTTEUBUVOG yIa auTrv TNV AéEN Kal va TOU OTEIAOUME TNV AVECTPAUMEVN
ANioTa

cold [—[ 215 [ <415 [ <515 |

|P1| hot  |—»[ 11> [ «ca1> [ <515 [ <g1

in__ |7 310 [ cg1o |

not _’|_<4,.1>_”45,_1>_,

[ ]| pese |—[ci1s Il oo I <azs [ <aos I <525 [ <g1>
44 5g

porri — Eage 1caoe oo 1l oy

pot L <31 6,1
| P3 | the — _<31> <6.1>
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Avaktnon lNAnpogopiwv oe Aopnuéva Op. Zuo/Ta
(Chord-style): K&Be 6poc gival Eva KAEIOI

[ peese |z I co1s I css I <caze L <n2s Il <s

N56

[ —lanllent/
N51

pot | <1 Il <g1> In4s

not _’|_<4,_1>_“45,.1Lh38
NS e | ] |
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AvakTtnon MNAnpogopiwv o€ Aopnpéva Op. Zuo/tTa
(Chord-style)

— ATTOTIiNON ETTEPWTNONG q
* Bpiokoupe KGBE KOUPO TTOU £XEI TOUAAXIOTOV £vav OpO Tou g (XPNOIUOTTOIWVTAG TOUG
TTivakeg SpopoAdynong)
* 2evaplo 1: KGBe évag atmd autoug TOUG KOUPBOG UTTOAOYICEI Ta JEPIKA OKOP Kal TA
OTEAVEI OTOV EPWTWVTA (APOU TOU OTEIAOUME KaI TNV ETTEPWTNON)
* 2&evApIo 2: KABE €vag atrd auToug TOUG KOUPBOUG ETTIOTPEPEI TIG AVECTPOAUMEVEG NIOTEG

* [-] AvtaAAayA TTOAAWYV PNVUPATWY YIa ETTEPWTNOEIG HE TTOAAOUG OPOUG

cold [—[ 215 [ <415 [ <515 |

|P1| hot  |—»[ 11> [ «ca1> [ <515 [ <g1

in__ |7 310 [ cg1o |

not _’|_<4,.1>_”45,_1>_,

[ ]| pese |—[ci1s Il oo I <azs [ <aos I <525 [ <g1>
44 5g

porri — Eage 1caoe oo 1l oy

pot L <31 6,1
| P3 | the — _<31> <6.1>
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Avaktnon MNAnpogopiwv o Aopnuéva Op. Zuo/Ta
(Chord-style)

Ymé6eon: Eotw 611 TO ouoTnua AauBaver oAU ouxva ETEPWTHTEIS UE 2 OPOUS

Mepimrrwon (11): Qewpoupe WS KAEIDi KABE {euydpl OpwWV

* Av n €TEPWTNON €XEI 2 OPOUG, TOTE EVOG MOVO KOPBOGS Ba £xel OAO TO KOUPATI TOU
EUPETNPIOU TTOU XPEIalOPaoTE
* Apa €101 £XOUME Aiya pnvuuarta

* [1.x. g= Hotels Crete

— Z€pw OTI UTTAPXEI EVOG KOWPOG TTOU £XEI TIG AVECTPAPUEVES AIOTEG Kal Twv dUO
Opwv, dpa o KOUPOG auTdS UTTOPEl va aTToTIUACEI TTAAPWG TNV ETTEPWTNON

« Aduvauia: |V|* (JV|-1) kAeidid, dpa n aveaTpappévn Aiota KGBe AéEng sival
atrobnkeupévn |V|-1_@opég

P1 Hotels [ ....inverted list for Hotels .... ]
Crete [ ...inverted list for Crete ... ] H eiooB0g evog véou
o] |Hotels [ ...inverted list for Hotels ....] EYypagou eival
Cefalonia [ ...inverted list for Cefalonia ... ] aKOMO TTIO aKPIPN
Crete [ ....inverted list for Crete ....]
Cefalonia [ ...inverted list for Cefalonia ... ]
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AvakTtnon MNAnpogopiwv o€ Aopnpéva Op. Zuo/tTa

* [epitrrwon (1) Qewpoupe WS KAEIDIG Ta S1aVUOUATA TWV
EVYPAQWV
— Ep: MNoia Tpooéyyion dounuévwy ocuoTAPATWY Eival KATAAANAN yia Tnv
TTapdoTtaon dlavuopdtwy (Chord i CAN) ;
— Amr: H mpooéyyion Tou CAN d10TI BAETTEI TOV XWPO TWV KAEIBIWV WG £va K-
OIA0TATO XWPEO

— Apa dlauepifoupe Ta £€yypaga oTous KOPPBoug Baoel Twv dIaVUCUATWY TOUG.
* (apa document-partitioning (Buun@eite TV MapdAAnAn A.l.))

— Ep: Ti kepdiCoupe diauepifovrag Ta éyypaga oTTwg 10 CAN ?
— Amr: Ta KovTIva (Wwg TTPOG TO PJETPO CUVNUITOVOU) £yypa@a ToTToBeToUvVTaAl
oTovV id10 A o€ KOVTIVOUG KOPPBOUG.
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Document Partitioning: O utroAoyiopdg Twv KaBoAikwv otaTtioTikwy (IDF) atraitei emmkoivwvia

o
I
el

x
P1 P2 cold 51> g
i
<4,1> .
"
ot
o e s [« |
<1,1> <5,2> <6,1>
pease <3,1> <4,2>
id
pease <1,1> <2,1> porridge 31 4.2 porridee
- ot
porridge 1> 21> pot P
the 31 the <6,1>
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AvakTtnon MNAnpogopiwv o€ Aopnpéva Op. Zuo/tTa
(CAN-style)

Ep: MNooeg dlaoTdoelg €xouv Ta diavuopuaTa Twv eYypAQwV;
ATr: ZuvhBwg TTOAAEG (11.X. 10.000)

Ep: MNoooug yeitoveg €xel pia Tepioxn k-didoTatou Xwpou;
ATr: KaTG NECO OpO 2K
o Nak=1€&xw 2

* [ k=2 éxw 4
o Na k=3 €&xw 6
* MNa k=10.000 £xw 20.000 ! —

—O0—e—0—

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete 95

Avaktnon lNAnpogopiwv oe Aopnuéva Op. Zuo/Ta
(CAN-style). To ouoTnua pSearch

* Meiwon Twv dlIacTACEWY TWV BIAVUCUATWY VIO

— (1) Meiwon ToUu APIBPOU TWV YEITOVWYV TTou TTPETTEl Va YVWPILE
(atroBnkevel) €vag KOUPBOG.
— (1) OpadoTtroinon eyypdapwv

+ Aglotmoinon cuvwvUPwY, CUVENQAVICOUEVWV AEEEWY, pEiwan Bopuou

« Tpotrog ueiwaong diaotdoswyv: Latent Semantic Indexing
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EtravaAnyn: Latent Semantic Indexing:

t: total number of index terms
d: total number of documents

documents Singular Value Decomposition
ermg X = To
mxd
< > .
documents rst k (<m) singular values

D

terms Sz - T

kxd
P —
—( txd ) tx Kk
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EmavaAnwn LSIl: Paper example

Index terms in italics

Titles:

cl: Human machine interface for Lab ABC computer applications
c2: A survey of user opinion of computer system response time

c3: The EPS user interface management system

c4: System and human system engineering testing of £PS

cS: Relation of user-perceived response time to error measurement

m1l: The generation of random, binary, unordered frees

m2: The mtersection graph of paths in frees

m3: Graph minors IV: Widths of frees and well-quasi-ordering
m4: Graph minors: A survey
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EtravaAnyn LSI: term-document Matrix

Terms Documents
cS ml m2

o
[um—Y
e
o)
o
3¢}
o
s
B
9]
S
s

human 1 0 0 1 0 0 0 0 0
interface 1 0 1 0 0 0 0 0 0
computer 1 1 0 0 0 0 0 0 0
user 0 1 1 0 1 0 0 0 0
system 0 1 1 2 0 0 0 0 0
response 0 1 0 0 1 0 0 0 0
time 0 1 0 0 1 0 0 0 0
EPS 0 0 1 1 0 0 0 0 0
survey 0 1 0 0 0 0 0 0 1
trees 0 0 0 0 0 1 1 1 0
graph 0 0 0 0 0 0 1 1 1
minors 0 0 0 0 0 0 0 1 1
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Emavainyn LSI: T,,S,,D,

TO 0.22 -0.11 0.29 -0.41 -0.11 -0.34 0.52 -0.06 -0.41
0.20 -0.07 0.14 -0.55 0.28 0.50 -0.07 -0.01 -0.11
0.24 0.04 -0.16 -0.59 -0.11 -0.25 -0.30 0.06 0.49
0.40 0.06 0.34 0.10 0.33 0._38 0.00 0.00 0.01
0.64 -0.17 0.36 0.33 -0.16 -0.21 -0.17 0.03 0.27
0.27 0.11 -0.43 0.07 0.08 -0.17 0.28 -0.02 -0.05
0.27 ©0.11 -0.43 0.07 0.08 -0.17 0.28 -0.02 -0.05
030 -0.14 0.33 0.19 0.11 0.27 0.03 -0.02 -0.17
0.21 0.27 -0.18 -0.03 -0.54 0.08 -0.47 -0_.04 -0.58
0.01 0.49 0.23 0.03 0.59 -0.39 -0.29 0._25 0.23
0.04 0.62 0.22 0.00 -0.07 O0.11 0.16 -0.68 0,23
0.03 0.45 0.14 -0.01 -0.30 0.28 0,34 0.68 0. 18|
1.64
1.50
1.31
0.85
1]
-0.06 0.11 -0.95 0.05 -0.08 0.18 -0.01 -0.
0.17 -0.50 -0.03 -0.21 -0.26 -0.43 0.05 0.
0,13 0.21 0.04 0.38 0.72 -0.24 0.01 0.
-0.23 0.57 0.2 -0.21 -0.37 0.26 -0.02 -0.
0.11 -0.51 [ 0.33 0.03 0.67 -0.06 -0,
0.19 0.10 0.02 0.39 -0.30 -0, 34 0.45 -0,
0.44 0.19 0.02 0.35 -0.21 -0.15 -0.76 0.
0.62 0.25 0.0l 0.15 0.00 0.25 0.45 0.
0,53 0.08 -0.03 -0.60 0.36 0.04 -0.07 -0,
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EmravaAnwn LSI: SVD with minor terms dropped

T S D

0.22 -0.11 I: E.:(n 0.61 0.46 0.54 0.28 0.00 0.02 0.02 0.08 :I

0.20 -0.07 0.06 0.17 -0.13 -0.23 0.11 0.19 0.44 0.62 0.53

0.24 0.04

0,40 0.06

0.64 -0.17

0,27 0.11

0.27 0.1l .

EH TS define

0,01 0.49

(].(]:1 ().6; .

coordinates for
documents in latent
space
CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete 101

Avaktnon lNAnpogopiwv oe Aopnuéva Op. Zuo/Ta
(CAN-style). To ouoTnua pSearch

* AidoTtaon dIavUOUATWYV PETA TNV epapuoyn LSI: 50-350

* O1iayxvoupue éva CAN ue diaoctaoelg 60€g Twv dIAVUOUATWY (META
10 LSI).

* Eiocaywyn evog véou eyypagou:

— ®rnidyveral 1o «semantic didvuouay Tou eyypagou (Bacel Twv dlaoTACEWV
TTOU TTPOEKUYAV aTTd TNV £appoyn Tou LSI) kal eiodyeTal 0Tov KATAAANAO
KOupo

* Eioodocg piag véag eTepwTNONG

— ®rnidyveral To semantic diIdvuoua TNG ETTEPWTNONG Kal dPOPOAoyEiTalI OTOV

KaTtaAANAo KOuBo

— MOoAig Trdoel otov KOUPO, d1adidETAI OTOUG YEITOVEG OE ATTOOTACH P
* To p ytropei va didetal padi ue TNV aApxIKnA ETTEPWTNON
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Avaktnon MNAnpogopiwv o€ Aopnuéva Ou. Zuo/ta
(CAN-style). To cuoTnua pSearch

« Emepwtnon

C (0.5-1, 0.75-1)
B (0-0.5, 0.5-1)

A (0-0.5, 0-0.5) | D (0.5-1, 0-0.5)
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AvakTtnon lNAnpo@opiwv o€ Aopnuéva Ol. Zuo/ta
(CAN-style). To cuoTnua pSearch

* O utroAoyiopog Tou LSI atraitei KaBoAika otatioTika (IDF)

» ETTiong 6Ao1 o1 kbuBor TpétTel va yvwpilouv Tnv Aon Tou
ONUACIoAOYIKOU XwpEou (yia va uTToAoyi(oOUpdE Ta onPAcIOAOYIKA
OIaVUOHATA TWV VEWV EYYPAPWY).

* Ta mapatravw TTPETTEN va d1adoBouv o€ OAOUS Toug KOPBOUG.

* To mpbBAnpa Twyv dIaCTACEWYV

— 300 LSI diaotdoeig. Av £€xw Aiyoug KOPPBOUG TOTE N TTPAYHATIKY d1IdoTAON TOU
CAN eival pikpotepn yiaTi dev uTTApXouV apkeToi KOUBOL. 'ETol TTOAEG
OI00TACEIG TTAPAPEVOUV AdIAUEPIOTEG, HEYAAWVOVTAG £TO1 TO PNKOG TOU
MovoTTaTiou avadntnong.
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CAN & Multiple Realities

» ‘Evag 1poT1TOC aUENONG TNG EUPpWOTIOG / avBEKTIKOTATAG Eival va
Bewpnooupe MoAAaTTAEC MpaypaTtikdTnTeG (Multiple Realities)
— Aev €xoupe 1 aAAG m dIAQOPETIKA CUCTAPATA CUVTETAYHEVWV
— Kd06e képpog éxer pia Cwvn yia KABE cUCTNUA CUVTETAYUEVWV
— 'ET01 £0UE M avTiypaga eupeTnpiou
— Meiwon Tou Prikoug Tou PovoTraTiou avalATnong (ETMIAEYETAI TO oUCTNUA
OuVTETaYHEVWY BAOEl TOU OTTOIOU N avadnToupevn Cwvn €ival eyyuTepQ)
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AvakTtnon lNAnpo@opiwv o€ Aopnuéva Ol. Zuo/ta
(CAN-style). To cuoTnua pSearch

* AIQUEPIONOGC TWV dIAVUOUATWY O€ TTOAAG dlavUuouaTa JIKPOTEPNG
d1doTO0NG
- (X1’ Tt Xn) => (X1’ Tt Xn1), (Xn1+1, Tt an), (Xn2+1’ T Xn)
— Ta mpwrta diavuoparta atmmobnkevovtal o€ éva CAN1
— Ta deutepa o€ éva CAN2, K.0.K
— To didvuopua piag eTEpWTNONG £TTIONG dlauEPICETaI O€ dIAVUCUATA
MIKPOTEPNG dIAOTAONG
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Avaktnon MNAnpogopiwv o€ Aopnuéva Ou. Zuo/ta
(CAN-style). To cuoTtnua pSearch: Zuvoyn

»  OTIGXVOUUE £va EUPETHPIO OTTOU KABE £yypago dev TTEpIypAPeTal TTO TO
d1dvuoua Tou, aAAdG aTTd TO dIAVUCUA TTOU TTPOKUTITEI AV TTPWTA EQAPPOCOUNE
Latent Semantic Indexing

— dlavuoparta PIKpOTEPNS didoTaoNnG, OpNadOoTToiNCoN EYYPAPWY
* Ta eupetApio autd dlavéuEeTal 0TOUG KOUPBOUGS. To KAEIdi Tou KABE eyypd@ou ival
T0 dIGvuopa Tou (UETA TNV e@apuoyn Tou LSI). // Autd Ba TotroBeTro€l aTov idlo
KOUBO evvoloAoyIKA cuvagn Eyypaga

* O uttoAOYIONOG TWV BIAVUCUATWY OTTAITEI KABOAIKA OTATIOTIKA (Apa UTTAPXE!
avaykn €TmKoIvwviag). Etriong pétrel va cup@wvnBei N Baon Twv diavuoudTwy.

« Mrtropei va xpnoigotroinBei kai yia moAupéoa (BuunBeite Feature-
based Multimedia Indexing).
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Evotroinon AtroteAeopdatwy & OudTiya 2uoTruara

* Texvikég Evotroinong ATToTeAeOuATWY
— Round Robin Inter-leaving
— Score-based (~ merge sort)
* KOoAA av Ta okop uttoAoyifovTal BAocel Twv KABOAIKWY OTATIOTIKWV
— Weighted-score based
+ '‘Eotw di TpogpxOuEVO ATTo pia TTnyn Sj
» score(di) = score(Sj,di) * score(Sj)
AapBdavovtag uttown Povo TIG DIATALEIC Kal OXI TO OKOpP (EVOTToinon
dlaTagewv)
* Borda, Condorcet, Kemeny, Arrow’s Impossibility Theorem
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EvoTtroinon AttoteAeopdatwy o€ OudTIHa ZUOTHHOTO
(I): O1 k6upor dev £xouv 0TN dIGBE0N TOUG KABOAIKA OTATIOTIKA

Mpo@IA CerT.

Mpo@IA leit. Mpo@IA leiT. LJ L
MpopiA e = I Local I Local Invert. Index I
= Local Invert. Index
S Lo ‘ - B
TMPo@IA Ter. Mpo@IA TerT. =
Local Invert. Inde:
Local Invert
h 3

Local Invert. Index

Local Invert. Index
Local Invert. Index

Mpo@IA lert.

Local Invert. Index

— Gnutella-like systems (document-partitioning):
« Evotroinon: Round-robin interleaving, Score-based, Rank-Aggregation

— 2uoTAuarta Baolopéva o€ TTPOIA yeItovwy Kal >RES
» Evotroinon: Weighted score-based
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Evotroinon AtroteAeopdtwy o€ OudTINa ZUCTRUOTA
(I1): O1 k6uBoI UTTOPOUV VA TTPOCEYYIOOUV Ta KABOAIKA OTATIOTIKA

P1: 0001010011
P2: 0101010011

P1: 0001010011 P1: 0001010011

P2: 0101010011 P2: 0101010011 BT 0101001T
P1: 0001010011 N
P2: 0101010011 Pn: 1101010011 Pn: 1101010011 /
n:£1101010011 = = Local In} Local Invert. Index
- [PL-_o001010011]
- p2: 0101010011 ['9€* Local Invert. Index - -

Local Invert. Index I‘P": 1101010011

- Local Invert.

Local Invert. Index

P1: 0001010011
P2: 0101010011

Local Invert. Index
Local Invert. Index

Pn: 1101010011
SN

Local Invert. Index

* [1.x. PlanetP (kaB¢e kKOuPBog ptropei va Tpooeyyioel To KABOAIKO
EUPETAPIO)

— Evotroinon: Weighted score-based
* (KaAUTEPO aTTO TO TTPOPIA YEITOVWYV, AlyOTEPA PNVUUATA)
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EvoTtroinon AttoteAeopdatwy o€ OudTIHa ZUOTHHOTO
(l1): O1 k6uPoI £xouv aTn d1ABE0N TOUG TO KABOAIKA OTATIOTIKA

[ peese | —cs I cots I caas I caze L asze coan
N1

not |l <a1s [ <51> Ne —
the > <31 <61

* [l.x. Chord-like (term-partitioning)
— 0 KOUBOG TTou €ival UTTEUBUVOG yIa £vav Opo YVwpPIZEl TIG TUXVOTNTES EUPAVIONG TOU
KaBwg Kail To TTANB0G TWV KOPBWYV TTOU £XOUV £yypa@a TTOU TTEPIEXOUV QUTOV TOV OPO
— Evotoinon: amrAd Score-based civail pia xapd
* KGBe kOPPOG utToAOYICE! partial scores, 0 epwTwv Ta aBpoilel kal TTapdayel TNV TEAIK didTagn
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EvoTtroinon AttoteAeopdatwy o€ OudTIHa ZUCTHHOTO
(l1): O1 k6uPoI £xouv aTn d1IABE0N TOUG TO KABOAIKA OTATIOTIKA

* ‘Eotw ovotnua émmwg 1o Chord, oto o1roio Ta KA€I8IA €ival o1 6pol Kal TO OTToi0
ouvoAIKa €xel 100.000 éyypaga
* H aveotpaupévn Aiota evog 6pou £xel To TToAU 100.000 avagopéc o€ Eyypaga
(€0TW OTI KOTG PECO 6p0 €xel 10.000 avapopEq)
* ‘Eotw 611 0 p AapBaver erepwtnon g pe 5 6poug. Kabe 6pog Tng q (padi pe
Bapog Tou aoTo q) Ba TTPpowBNBEei oTOV UTTEUBUVO KOUBO YyIa Tov OpO auTo
+ Kdbe évag atrd Toug 5 kKOuPBoug Ba diatdagel Ta Eyypaga Baoel Tou Gpou auTou
Kal Ba ETTIOTPEWE YIA AiOTA HEPIKWYV ATTOTEAECUATWY
— 710 oAU 100.000 TPI100EC (P, docld, score) kata péco 6po 10.000
* O p Ba AdBel auTtég TIG 5 AioTeg kKal Ba aBpoiocel Ta PEPIKA OKOP
— score(doci) = score1(doci) + ... + score5(doci)
* Apa 5* 10.000 Tp1ddeg akepaiwv TTPETTEI VO HETAPEPBOUV OTO DIKTUO
— TotalBytes = 50K * 3 * 4 = 600 KB
* Epwtnon: Av o p BéA&l va Bpel poévo Ta Kopu@aia K (Tr.X. K=10) éyypaga.
NMwg PTopoupE va eEAAXICTOTTOINCOUHE TRV TTANPO@OpPIa TTOU TTPETTEI VA
METAPEPOUNE;
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Evotroinon AtroteAeopdtwy o€ OudTINa ZUCTRUOTA
(l1): O1 k6uPoI £xouv 0Tn O1ABE0N TOUG TO KABOAIKA OTATIOTIKA

‘E0TWw ouoTnua 61Twg 10 Chord, oTo oTToio Ta KA€IBI& gival ol pol Kal TO OTTOI0
ouvoAIka €xel 100.000 £yypaga

H aveotpaupévn Aiota evog dpou €xel To TTOAU 100.000 avagpopég o€ Eyypapa
(EoTw 6T KOTA pECO 6po €xel 10.000 avagpopiq)

‘E0TW 0TI 0 p Aaupavel eTTEPWTNON q ME 5 dpoug. Kabe 6pog NG q (padi ue
Bdapog Tou oTo q) Ba TTPpowBNBEi oTOV UTTEUBUVO KOUPO YyIa Tov 6pO auTo

KdaBe €vag atrd Toug 5 képBoug Ba diatagel Ta €yypaga Bdacel Tou 6pou autou
Kal Ba TTIOTPEWE! JIa AIOTA HEPIKWYV ATTOTEAECTPATWV

— 10 oAU 100.000 TP13dECS (P, docld, score) kata péco 6po 10.000

O p 6a AdBer autég TIG 5 AioTeg Kal Ba aBpoioel Ta pepIKE OKOpP
— score(doci) = score1(doc1) + ... + score5(doc1)

Apa 5* 10.000 Tpi1adeg akepaiwv TTPETTEI VO HETAPEPBOUV OTO DIKTUO
— TotalBytes = 50K * 3 * 4 = 600 KB

EpwTtnon: Av o p BéA&l va Bpel poévo Ta Kopu@aia K (Tr.X. K=10) éyypaga.
NMwg pTopoupEe va eAAXICTOTTOINCOUME TRV TTANPO@OpPIa TTOU TTPETTEI VA
METAPEPOUNE;
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Alag@opéc pe Kataveunuévn Avakrtnon
Napster-style
Gnutella-style (local inv. Index)

Freenet-style

- (p.a.lans(q)l), >RES

- (p,a,lans(q)l), >RES * sim(q)

Hiearchical

PlanetP (Bloom filters)

Chold-style: key=1 term, a term pair, ...
— term partitioning z oot
CAN-style: key = LSI vector pSearch (LSI + CAN)

— document partitioning

— Result aggregation  Tevikd: P2P & IR = avTikeipevo épeuvag orjuepa
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Ava@opEC

D. Zeinalipour-Yazti, Vana Kalogeraki, Dimitrios Gunopulos, Information
Retrieval in P2P Networks

+ Text-Based Content Search and Retrieval in ad hoc P2P Communities,
Francisco Matias Cuenca-Acuna and Thu D. Nguyen

« Jie Lu, Jamie Callan, «Federated Search of Text-Based Digital Libraries in
Hierarchical Peer-to-Peer Networks», SIGMOD’04 workshop

» Fagin, Lotem, and Naor, Optimal Aggregation Algorithms for Middleware (PODS
2001)
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