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u AlapBpwon u Ouotiya ZuotipaTta: Kivntpo
* Kivntpo + Aglomoinon Twv eAelBepwyv TTOPWYV CUCTNPATWY TTPOCRACINWY

* TUmrol OPoTIHWY ZUCTNUATWY
— YBp1dik&
— ATTOKEVTpWUEVA
— lepapyika
— Aopnuéva

* Alagopég pe Kataveunuévn Avaktnon

* OpuoéTipya ZucTtAuaTa Kal Avaktnon MNAnpogopiwv
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péow Internet yia Tnv emiAuon peyGAwv TTpoBANpdaTWY  (TT.X.
SETI@home)

* OnuIoupyia CUCTNUATWY TTIO KAINAKOTIUWY

* dnuioupyia ouCTNUATWY PE peyaAuTepn diaBeoiudtnTa

* Katdpynon povommwAiwv oTnv didBean TG TTAnpogpopiag

* auté-opydvwaon avTi KEVTPIKAG dlaxeipiong (Kal e§6dwV auTtAg)
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u P2P: E@apuoyég

Peer-to-Peer Applications

-

Instant

Messaging

[File Sharingj [ Others ]

Napster
Kazaa
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u Ouétipa ZuotApaTa 1ng Mevidg: YRPISIKA
Napster

OvopddZovtal kai YRpISika OpoéTmipa ZuotApara (Hybrid P2P systems) 8161
UTTAPXEI EVaG KEVTPIKOG EEUTTNPETNTAG

Napster (1998-2001): diapoipacudg MP3
Napster server

1: register

2: lookup (x)

\

3: peer 1 has x

4: download x.mp3

MmropoUpe va Ta SoUpe wg publish-subscribe systems: o 1810KTATNG £vOg apxeio To SIaBETEl e
£va dvopa X, ol GAAoI XprOTEG PTTOPOUV va avadnTAoouV TO X, va BPOUV €va avTiypa@o Kal va
To KateRdoouv
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Google (Client-Server) vs. Napster (P2P)

Ta MAgovekTAPaTA TWV OPOTIHWY ZUCTNHATWY

Google <— E

» Kai o1 duo e@appoyEg Exouv Tnv idia KAipara
— EKATOPPUPIO avadnTACEIG NUEPNTIWG
— Terabytes dedopévwv
* Google
— Znpi¢etal og epitrou 100.000 pnyavég
— TO OTACIYO HIAG TETOIO EPAPHOYAG £XEI HEYAAO KOOTOG (MOVO pIa HEYAAN
ETTIXEIPNON UTTOPEI va KAVEI TETOIO ETTEVOUOT))
* Napster
— 0 server xpnoiyotrolgi uévo 100 pnxavég
— T0 KOOTOG ATTOBNKEUONG KAl JETAPOPAG TWV HOUGIKWV APXEIWV XPEWVETAI
OTIG UNXAVEG TWV XPNOTWV ToU cuoTAPaTog (yI' auté ovouddetal P2P)
— MIKPO KOOTOG
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Alapepiopdg TOpWV
— OTTOONKEUTIKWV
ol ekaToppUpIa XproTeg Tou Napster aroBnkevouv Ta apxeia, Ox1 0 EEUTTNPETNTAG
— ETMKOIVWViag
* TO KATEBAOHO apXEiwV YiVETal HETAGU TWV XPNOTWYV, O EEUTTNPETNTHG dev
TrapepBaAeTal
— E1I00YWYNG OTOIXEIWV
+ ol xprioTeg Tou Napster eiodyouv Ta apxeia 0To gUCTHPA
+ o1 xprioTeg Tou Napster Ta kaTnyopioTrolouv

Aidaypua:
H amrokévrpwaon emTPETEl TN dNUIOUPYIa EQAPUOYWYV TTAYKOOUIAS
KAIHaKag xwpic v avaykn peyaAwv emevouoewv aAAd pe tnv
aélomroinon Twv mépwv TouU NON UTTGpYOoUV
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Ouoétiya ZuotApaTa 1ng Mevidg: YRPISIKA
Napster

Ouoétiya ZuotApaTa 1ng Mevidg: YRPISIKA
SETI@home

A central point of failure
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ZKOTTOG: AlIAMOIPACHOG UTTOAOYICTIKWV TTOpWV
(aglotroinon Twv TePIGdwY adpAavelag Twv eyyeypappévwy HY)
L]

L]

Emegepyaaia dedopévwv
otav o HY eival adpavrig

upload results

= Download raw data

Wm/ Ni\resuns
Download raw data Q Emegepyacia dedopévwy

érav o HY eival adpavrig

i

S

|

)

i
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OpoéTiya ZuotApaTa 1ng Mevidg: ATTOKEVTPWHEVA
GNUTELLA

Ouoétiya ZuotApaTa 1ng Mevidg: ATTOKEVTPWHEVA
GNUTELLA

+ Aev uTTdpXEl KAVEVOG KEVTPIKOG ESUTTNPETNTAG
»  Ovopddovrtal kai Atrokevipwpéva (Decentralized P2P systems), Ad6unTta
(Unstructured P2P systems), Pure P2P systems

* Gnutella (1999-now):
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+ Aev uTTdpxel KAVEVOG KEVTPIKOG ESUTTNPETNTAG
+  Ovopdgovtal kai Atrokevipwpéva (Decentralized P2P systems), Ad6unta
(Unstructured P2P systems), Pure P2P systems

* Gnutella (1999-now):
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Ouétiga ZuotipaTa 1ng Mevidg: ATTOKEVTPWHEVA
GNUTELLA

KatakAuopég MnvupdTtwy (Message Flooding or Gossiping)
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Ouétipya Zuotpata Ing Fevidg: ATTOKEVTPWHEVA
GNUTELLA

KaTtakAuopég Mnvupdtwy (Message Flooding)
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Ouoétiya ZuotipaTa 1ng Mevidg: ATTOKEVTPWHEVA
GNUTELLA

* Ta puvApata €xouv éva TTL (time-to-live) tag

Emiong, Ta pnvipata €xouv éva ID yia TNV aTroTpoTTH) KUKAIKWY OTTOOTOAWY
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GNUTELLA: 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

Uuery Push

-—
Hit i
lHit Hu”‘lchr‘; — Push |

]

Example 2. Query/QueryHit/Push Routing

Query r

File

* ZuvnBwg KaBe KOPPBOG TTPpowOEi pia eTTepwTnoN o€ C yeiToveg
(ouvABwg C=3)

o Tumkn iy TTL=7
— (meipdpata édeigav 6T n didueTpog Tou Gnutella dikTUoU gival ouvABwG 7)
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Napster vs. Gnutella

* Napster (uTT@pXel KEVTPIKOG EEUTTNPETNTAG)
— single point of failure
— 0oTOX0G VOUIKNAG £TTiBEONG
» Gnutella (dev UTTApXEl KEVTPIKOG EEUTTNPETNTAG)
— dev umtadpxel "single point of failure”
— Oev uTTopei va yivel e0KoAa 0TOX0G VOMIKAG £TTiBEONG
— Oev aTraiTei Kapia eTévouon
— Oev £xel kOOTOG Slayeipiong (administration)
— “self-organizing system”
* however, “free-riders” may occur
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GNUTELLA: Emdooeig

Emddoeig

*  Xpovog avalntnong: ZXETIKA MIKPOG

* TAARBog Mnvupdtwy: MeydAo

+ KoéoTtog amoBrikeuong: Mikpo (kd0e kOuBog yvwpidel pévo Toug dITTAavoug Tou)
» KoéoTog evnuépwaong: Mikpo (YeiToveg)

*  AvBekTIKOTNTO O€ OQAApaTa: MeyaAn
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OuoéTiya ZuoTtApaTa 2ng evidg

MpwTdTUTTA EPEUVNTIKA CUCTANATA:
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 diakpivouue 2 pgydAeg karnyopieg

* lepapyikd OpoTiya ZuoTtrpara (Hierarchical P2P systems)
— N.x. Toovomua Kazaa

* Aopnuéva OpoTmiya ZuaTtripata (Structured P2P systems)
— MN.x. 10 obotnua Chord
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lepapxikd OudTipa ZuoThpaTa
(Hierarchical P2P Systems)

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

Hubs
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lepapxikd OudTipa ZuoThpaTa
(Hierarchical P2P Systems)

>uvduaopog Napster kai Gnutella

nutella-style

Napster-style Napster-style

Napster-style
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lepapxikd OudTipa ZuoThpaTa
(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

4: peer 18 has

3: peer 18 has x
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lepapxikd OuodTipa ZuoThpaTa
(Hierarchical P2P Systems)

Emdéoeig

+  Xpoévog avadriitnong: oAU pIKpOg

* TAARBog Mnvupdtwy: Mikpd

+ KoéoTtog amoBrikeuong: Mikpd ata @UAAa, MeydAo oToug euTTNPETNTEG
EUPETNPioU

+ KoéoTtog evnuépwaong: Mikpo

*  AvBekTIKOTNTO O€ oQaApaTa: Mikpr
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Aopnuéva OudTipa ZuoTrpata
(Structured P2P Systems)

>KOTTOG:

"priyopn €Upeon Tou KOPPOU TTOU TTEPIEXEN Eva KAEIDI XWPig TN Xpron
KEVTPIKOU £EuttnpeTnTA Kai aviaAAdooovTtag Aiya unviuata

— EUkoAo koppdri:
aravoun eupeTnpiou oe dAoug Toug KOuBoUG
— AuokoAo:
aravoun eupeTnpiou oe GAoug Toug KOUBOUG PE TETOIO TPOTTO WOTE VA

€xoupe ypiyopn avalitnon

e ZUuoTAuATO
— Freenet, Chord, CAN, Pastry, Tapestry, FreeNet, P-Grid,
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Aopnuéva OpoTiua ZuoTApata

* KoIva xapakTnpIoTIKA TwV SOUNPEVWY OUOTINWY CUCTNUATWY
— kA0t kOuPog diatnpei éva pikpd TuAUa Tou kaBoAikoU eupeTnpiou (TTivakag

SpopoAdynang)
— ol avadnTAoelg yivovTal JE TPoWwBNaN PNVUPATWY TTPOG TN «CWOTA»
KaTelBuvon

» AlagopeTikég MNpooeyioeig
— FreeNet: caching TTAnpo@opiag eupeTnPiou KAt UAKOG TWV HOVOTTATIWV
avagrimong
— Chord: kataokeur evég KATAVEUNPEVOU TTivaKa KaTakeppaTiopou (Distributed
Hash Table, DHT)

— CAN: ApopoAdynon Bdaoel d-01doTaTou Xwpou
— P-Grid: katavopr evég duadikou dévdpou avalntnong
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To Mp6BAnpa Tou Evromiopol MNépou
(Resource Location)

121.111.86 P k d
121.111.86  "Singing in the Rain” | SR.mp3
D 121.111.86  «YTapxw» stelios.mp3
222.18.78  “Singing in the Rain” | SingRain.mp3
"Singing in the Rain” SR.mp3 ‘ 292.18.78
«YTTapXw» stelios.mp3

il
‘ “Singing in the Rain”  SingRain.mp3 ‘

‘EoTtw peer pe dvon p TTou atmobnkevel aToixeio d TTou xapakTnpietal atd 1o KAIdi k

Zntolpevo: AoBévtog k (1) ouverikng avw oTo k) evidTrioe TV peer Tou éxel To d,
dnAadn Bpeg 10 Ceuyog eupeTnpiou (k,p).
(dpa To eupeTrpIO pag atroTeAeiTal atrd Zelyn TG Hopdng (k,p))

Kpioiuo epwrnua: MNwg pmopouue va (a) eria§oups, (B) ouvrnpriocouue Kai (y) va
XPNOILOTTOINOOUNE £va TETOIO EUPETAPIO XWPIC KEVIPIKO EAgyxO;
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Freenet:

* Z00Tnua yia dnuocisuon Kal avakTnon 8eSoPEVWY PE EUOOT OTNV QVWVUia
(Kal TWV CUYYPAPEWY Kl TWV QVOYVWOTWV)

* Ta kAeid1d Kal Ta dedopéva aTTobnKelovVTal KOUTTTOYpagnuéva

‘ Moidgel pe: Gnutella + cache at each node ‘

222.18.78 “One” U20ne.mp3
131.161.86 "Dog song”
131.111.86  «YTmpga»
122.118.73  “Pop2”

144.44.46  "Singing in the Rain’
155.11.86 «YTTapXW»

T Avriypaga Kammoiwv

TuARpa Tou KaBoAIkoU eupeTnpiou QVTIKEINEVWV
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Freenet: Cache Freenet: Tpo1mog Evromopou MNopou
e a 7 * ‘EAeuon emepwtnong k
121.111.86  "Singing in the Railk’ SR.mp3 — Av n éyypaen (p,k,d) eival oTn KpUPR PvAPN eTTECTPEWE TO d
121.111.86  «Ymapxw» stelios.mp3

— ANIWG TTPpowBNaCE TNV ETTEPWTNON OTOV KOUPBO TToU €XEl TO M0 o010 KAEISi
* H diadikacia autr) ouvexietal ge autdv Tov TPOTTO £wg OTOU
eupebei T0 avadnToluevo i 10 TTL @TdoEel TNV TIuA 0.
* ‘EAeuon amavinong (k,p,d)
— H 1pI16da elodyeTan GTNV KPUPH MVAUN
— H maAaiétepn eyypaen (least recently used) diaypd@eTal atd TNV KpUen
pvAun
* Mapatnproeig
— O1 dpoporoynaeig TTou kKdvouv ol KOuBou BEATILWVOVTAI CUV TO XPOVO

— O1 k6pBol TEiVOUV Va €XOUV OTNV KPUQPHA TOUG PVAMN EYYPAPESG PE TTApOUOIa
KAeIdId (Gpa eTTITUYXAVETAI £va €id0G opadoTToinang)
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Freenet

k2 ? Il dist(k,k2)= low
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Freenet: Eicaywyn Néou MNépou

* Ymrohoyioupe To KAEIBi TOU VEOU TTOPOU

o OTIAXVETal N EYYPOPR EI0AYWYNAG KOl OTEAVETOI OTOV YEITOVA UE TO
IO KOVTIVO KA€IBI

» Kda0Be kduBog mmou Aappdvel 1o véo KAEIDi, EAEyXEl av TO KAEIDi auTo
UTTAPXEl A0N

* av val, £xoupe alykpouan (collision), kal dpa 0 apxikdg kOUBOG
TIPETTEI VA TTPOTEIVEI éva VEO KAEIDI

* av 6xl, OpopoAdynon oTov eTTOUEVO KOURBO pE Tov idlo TPOTIO

* Av TTL=0 ka1 dev gixaue kapia cuykpouan, TOTE n TpIGdA
atoBnkeUeTal 0€ OAOUG TOUG KOPPBOUG TOU PovoTTaTIoU TToU
akoAouBnBnke
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N2g

N32
K30
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Chord (Distributed Hash Tables (DHT))

KarakeppaTiopdg (Hashing) N1
KAeBIwV (k)kal dieuBuvaswv (p)
o€ BUAdIKA KAEIBIA e m-bits
— T.X. m=6, h(«umdpxw»)=11, N56
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. kAeIdIG ToTToBETOUVTAI
oe évav KUKAo modulo 2"m
— a m=8, kukAIkr didTagn Twv
apiBuwv 0...255

‘Eva kA€1di k ekxwpeital aTov

TPWTO k6RO p T.w. h(p) >= h(k) N42

. . . K38 [N38
AuTAG 0 KOBOG AéyeTal - N2
successor(k) K30
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Chord : ATTAOG TPOTTOG €VTOTTIONOU KOUBWY

‘EoTw 611 KAOE KOPPOG p EEpel TRV dvon POVo Tou
ETTOUEVOU TOU (Tou P’ HE h(p’) > h(p)) U

lag

// ask node n to find the successor of id
n.find_successor(id) N5
if (id in (n; successor])
return successor;
else
// forward the query around the circle
return successor.find_successor(id);

N32

=> Number of messages linear in the
number of nodes !
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kup(K54)

Chord : 'Evag 1m0 ypAyopog TPOTTOG EVTOTTICHOU KOPPBWY UE
Mivakeg ApopoAdynong

« EmmAéov TTAnpogopia dpopoAdynong yia ETTITAXUVOn
» KdaBe kduBog n éxel évav rivaka SPpodoAdynong e m eyypagég

— oI m auToi KOOI £€XOUV EKBETIKG augavopevn amdéoTaacn aTé Tov n

* Hieyypagr Tou Trivaka £xel TRV dvon Tou TTPWTOU KOUPBoU JE
KAEISi peyaAUTEPO A i00 e n+2-"

fingerfi] = successor (n + 2-7)
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Chord : TMapdadeiyua Mivaka ApopoAdynong Chord: Evromopog Mépou pe Mivakeg ApopuoAdynong

Finger table:
fingerfi] = successor (n + 2-7)

‘Eotw pia emrepwtnon k 1mpog évav K6uBo n

O n KoITagel Tov TTivaka dpouoAdynong Tou Kai

Bpiokel Tov pIKPATEPO peer Pe KAEIDi HEYaAUTEPO aUTOU TNG ETTEPWTNONG.

Av dev uTTGpXEl TETOIOG peer, TOTE 0 id10g eival UTTEUBUVOG yia To K (Kal dpa To
{nTouuevo BPEOnKE)

AMIWG TTPOWBET TNV ETTEPWTNON

A Finger tuble

A@oU o1 yypagég TwV TTIVAKWY dpopdoAdynong gival ekBeTIKG al§ouoeg, n

n=8 avagntnon (Je peydAn mBavotnTa) AapBdaver AoyapiBuikd xpovo.
finger[1] = succ(n+1) =succ(9) = 14
finger[2] = succ(n+2) = succ(10) = 14 N3z

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: MNARB60og pnvupdtwy: O(log N) Chord: Eicodog véou kéupou

N1

loshup(s4) N8 N42 * O véog kOuPOG TTPETTEN va GTIGEEN TOV TTiVOKG dpOoPoAdynong Tou
= (s Finger table Finger table * To k&OTOG KATAOKEUNG TOU €ival auTd TNG avadATnong
Na 1 Nta | || a1 | NaB »  O1 dAAol KOpBoI TTPETTEI VO EVIMEPWOOUV TOUG OIKOUG TOUG TTIVOKEG
N5, N8 + 2 [N14 N4+ 2 [N4B
N4 NE + 4 [N14 N42+ 4 [N4B
N4a N8 + 8 [N21 N2+ B [N51 |
N8 +16 [ N32 NA2+16 [ N1 . -
N +32[N42 N42+32|N14 % e /’ N21 -
nar . Vi
EUpeon pe aviaAAQyr TPIV UNVUPATWY succassor(N21) /7 /‘/
N32 - o X'/; Nz6
g Nge‘_" g
» Search in finger table for the nodes which most immediatly precedes id N32 o Ngz K24
* Invoke find_successor from that node | K24 | K30
« => Number of messages O(log N) | 0 | K30
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Chord : MNepiAnywn

Baoikd onueia:
»  KdBe k6uBog amrobnkelel TTAnpo@opia yia HIKpd aplBuo kOuBwv (m)
— KdBe kO6pBog EEpel TTEPITTOTEPA VI TOUG KOVTIVOUG TOU 6poug (atr’dTl yia Toug
Hakpivoug)
Emdooeig
»  Xpoévog avagitnong: O(log n) (ue YeydAn TBavoTnTa)
* MARBog Mnvupdtwy: O(log n) (€TTIAEKTIKR) SPOUOASYNON PNVUPATWY)
» KoéoTtog amobrkeuong: O(log n) (trivakag dpopoAdynong)
+ KoboTtog e106d0u/e§ddou kduBou: O(logh2 n)
« KboTog evnpépwang: HIKPO (TTepiTrou oav To KOOTOG avadnTnong)

» 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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Aopnpéva OpodTIa ZuoTAPaATA
CAN (Content Addressable Network)

* BagileTan oTOV KATAKEPUATIOUO KAEIDIWV OTOV K-3140TATO
Kapteaiavo xwpo (torus) (cuvABwg k=2-10)
— KA&1di = onpeio Tou K-01A0TATOU XWPOU
« k dlaoTaoeig, Hash(key) = (x1, ..., xk)
— KaBe képPog eival utrelBuvog yia éva KOPPAGTI TOU XWPOou, pia
{ovn
* ATTOBNKEUEl TO EUPETAPIO TWV AVTIKEIEVWY TWV OTTOIWYV Ol GUVTETAYUEVEG
EUTTITITOUV OTNV {WVvn Tou
— KaBe képPog amodnkelel TIg BIEUBUVOEIG TV KOPPBWY TWV
SImAavwy (wvwy

— EUpeon mépou = dpopoAdynon oTig {wveg

http://mathworld.wolfram.com/Torus.html

-
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Aopnpéva OpodTIpa ZuoTAPaTa
CAN

* M.x.yia 2D, 4 peers A, B,C,D

1

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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Aopnpéva OpodTIa ZuoTAPaTa
CAN

» Eiocodog evog véou koppou 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)
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Aopnpéva OpodTIpa ZuoTAPaTa
CAN

» O E BéAe1 va avakTroel TO avTIKEigeVo pe ouvTeTaypéveg (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)
I_..J
A (0-0.5,0-0.5) | D (0.5-1, 0-0.5) i—l
0 1
Start Zone
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Aopnpéva OpodTINa ZuoTAPATA
CAN

* Augdvovtag Tig dilaaTdoelg
— MEIWVETAI TO YAKOG TOU YovoTraTiou avalAtnong

— augdavetal To TANB0G TV VEITOVWY TToU TIPETTEI KABE KOUBOG va
aTroBnkeUvel

B =

* [MoAutrAokdéTnTa avadnTnong n KOUPoI, K dIaoTACEIG
k
o(k¥/n)
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Aopnpéva OpodTIpa ZuoTAPaTa
CAN [MepiAnwn

Baoika onueia:

» KdaBe k6uBog armobnkeuel TTANpogopia yia £va TUAPA Tou
BIavVUOHATIKOU XWPOU Kal YVwpilel TIG dVOEIG TwV BITTAAVWYV Tou
KOMBWV

Emddoeig

« Xpovog avaZitnong: O(k n'k) (ue peydn mOavotnTa)

« TMARBog Mnvupdatwy: O(k n' ) (etmiAekTikr dpouoAdynon
MNVUPGTWY)

» Kéotog amobrikeuong: O(K) (Trivakag dpopoAdynong)

» KdéoTog evnuépwong: PIkpd (TTEPiTTou gav To KO6OTOG avaliTnong)
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MepiAnwn OUOTIHWY ZuCTNPATWY

‘EoTtw 611 0TNV EAAGBa kaToikoUv 1000 dTopa kal KABe £vag Toug €Xel €va T,

TpdTrol elpeong Tou TNAEQUIVOU EVOG Kupiou X
* Napster-style
— Eupeon tAepwvou TnAepwvwvtag oto 11811 tou OTE
+  Gnutella-style
— EUpeon TnAepwvou pwTwvTag 4troiov BpoUpe PTIPOCTE Pag (K.0.K)
* Kazaa-style

— Aev umapxel OTE yia 6An Tnv EAAGSa, aAAG kGBe vopdg éxel évav Totmiké OTE.
TnAe@wVOUUE GTOV TOTTIKG KaI AV AUTOG DEV TO €XEI, ETTIKOIVWVEI JE TOUG UTTOAOITTOUG
Tommkoug OTE

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete, Spring 2006
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MepiAnwn OudTIHWY ZuoTNUATWY

* Freenet-style

— KaBe évag éxel pia atgévra Treplopiopévou peyéBoug. EUpeon TnAepuwvou
TNAEPWVWVTOG OE AUTOV TTOU EXEl TO TTANOCIECTEPO Avoa (TT.X. AECIKOYPAPIKE), K.O.K.
‘Otav ev TéAel BPedEi, EVNPEPWVOUE TNV ATEVTA HOG.
+ Chord-style
— KaBe karoikog éxer pia argévra pe 10 TnAépwva (10 = log 1024)
— H eUpeon Tou TNAe@wvou Tou kupiou X Ba yivel ue 10 TNAepwvApaTa
» CAN-style
— KdBe évag &€pel To TNAEQWVO TWV YEITOVWY Tou
« av 6hoi ol EMnveg Jouv o€ povokaToikieg TOTE KGBe évag £xel 4 yeitoveg (Bop,Not,A,A)
« av oMol ol ‘EAnveg fouv o€ 1 TToAuKaTolkia TOTE KGBE £vag éxel 6 yeiToveg
— Ta va TNAEQWVAOoW O€ KATTOIOV TIPETTEN VA EEPW TTOU €ival TO OTTITI TOU KOl TNAEQWVW
OTO yeiTOVa JOU TTOU €ival TIPOG EKEiVN TNV KATEUBUVON (K.0.K)

— Av 6)ol pévouv o€ povokartolkieg T6Te 2 * SQRT(1000) = 64 TnAspwvipaTta
— Av 6)oi yévouv oe pia rohukaToikia T6Te 3 * CubicRoot(1000) = 3 * 10 TnAspwvrpaTa

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete, Spring 2006
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Avaktnon MAnpo@opiwv
& ZuotApara OuoTipwy
(Peer-to-Peer Systems)

&R

Yannis Tzitzikas, U. of Crete, Spring 2006

Lecture : 17

CS463 - Information Retrieval

Ti dlopépel n Avaktnon o€
P2P cuoTtipata atd tnv Kataveunuévn Avaktnon;

H avdaktnon TTANPopoQIWY 0€ CUCTAUATA OMOTIMWY gival Jia
TTEPITITWAON KATAVEPNMPEVNG AVAKTNONG

181aITEPATNTEG TWV OPOTINWY CUCTNPATWV:
* YmepBoAika yeyaAog apiBudg Tnywv (peers)
* MeyaAUTepn auTovouia TTywv
* ‘EMewn 21aBepotnrag, EAEyxou, MpoBAewipotnrag
— (not stable, controllable, unpredictable)
* EmTokTikA avaykn yia geiwon Tou KOOTOUG ETTIKOIVWVIAG

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete, Spring 2006
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APXITEKTOVIKEG OPOTIHWY ZUoTNUATWY

sl server

1 reglsler M%
3:peer 1 hasx
d'l—p!erz

4: download docxmp3

Chord (Dis

Yannis Tzitzikas, U. of Crew, opring Py

ed Hash Table -DHT)
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P2P and IR: Mepimrrwon:
Katnyopiotroinuéva Eyypagpa

‘EoTw 611 KGBE €yypago eival Tagivounuévo og pia
KaTnyopia evég eAeyxduevou eupetnpiou (ODP,
Yahoo!). O xpAoTng kdvel avagitnon divovTag pia
Karnyopia

éyypago =~ mp3 apxeio
KaTnyopia eyypdpou = TiTAog Tou mp3 apxeiou

Apa UTTOPOUNE Va PTIAEOUNE £va OPOTINO oUOTNUA
« T10TOoU Napster (Hybrid P2P)

« T10TTOU Gnutella (Pure P2P)

« T10TTOU Kazaa (Hierarchical P2P)

« T10TTOU Freenet (Structured P2P)

« T10TTOU Chord (Structured P2P)

« T10TOU CAN (Structured P2P)
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P2P and Statistical IR P2P and Statistical IR
Tumkd Eupetrpio P2P P k d Tumkd Eupetrpio P2P P k d
\ 121.111.86  "Singing in the Rain” | SR.mp3 \, 121.111.86  "Singing in the Rain” | SR.mp3
121.111.86  «YTapxw» stelios.mp3 121.111.86  «YTapxw» stelios.mp3
TuTTikd EUPETﬁPIO IRS 222.18.78  “Singing in the Rain” | SingRain.mp3 TutTikd EUpETﬁpIO IRS 222.18.78  “Singing in the Rain” | SingRain.mp3
(document partitioning)\ (term partitioning)
o ey [P [ [P
e w0 | on L wn | ov ]
<51> | <6,1>
hot [ og ] - ot | —[ ar [ an [ s ][ <61
in _@ n " .,
: not [l g15 ] <5.1> not | —|_<41> 51>
hot pease 21 10 pease <52> | <6,1> pease  |—»[ 1> |[ <215 [ <s1> |[ <a2> |[ <525 ][ <61>
pease 1> | <21> porridge ™ " porridge porridge v Lo [ cais [ caos [ coon [ ooy
- pot —| <31> <6.1>
porridge | 11> [ <215 pot_ |-l a1>] pot ]
the {<a1>] the | —{ 61>
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P2P and IR:
AveaTtpappéva Eupetripia (Napster-style)

P2P and IR: (Gnutella-style)

* 'Evog KevTpIKOG £GUTINPETNTAG OTTOBNKEUEI OAA TA AVECTPAUPEVT + KdBe kOuBOG OUVTNPET TO AVECTPAUUEVO EUPETAPIO TWV EYYPEPWY
EUPETAPIa TWV KOUBWV Tou.

Local Invert. Index (1)
Local Invert. Index (2)

Local Invert. Index (3)

aduvapiec: *  ATTOTINNON ETTEPWTACEWV WE KATAKAUGHO INVURATWY

* 0 egumnpETNTAG
XPEIGeTal TTOAU XWpPOo

*  ¥povopopo upload Twv
EUPETNPIWY OTOV

Global Index

Local Invert. Index (4) eCuTINPETNTA,
* TO KOOTOG ATTOTIUNONG T i
) apster serve £MEPWTATEWY TIGE! €€ oca’ Tvert, ‘ndex Local Invert. Ind
1: register = oAokAjpoU  aTov Local Invert. Index

w g ‘w) €guTINPETNTA

» = Google, Xwpig TO

P
Local Invert. Index (1) B 3: peer 1 has x crawling (ouMoyr Aduvapisg
o< pegr 2 oeAIBWY) Kal £XOvVTag AAG .
. < * MOAAG pnvopara —
£TOINO KOPMATIO TOU Hnvo Local Invert. Index
T X.mp3 €UpETNPioU *IDF=?
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P2P and IR: (Gnutella-style) P2P and IR (Freenet-style)

» Kdabe kéupog:

MapaAdayég Tou KatakAuopou pnvupdtwy f ] , .
— (a) ouvTnpei TO AVESTPAUHPEVO EUPETAPIO TWV EYYPAPWY TOU.

 BFS: Breadth First Search (=Gnutella) — (B) @TIGxvEl éva TIPO@IA TWV VEITOVWY TOU BACITUEVO OTIC ETTEPWTATEIS TOU
+ RBFS: kaBe kduBog mpowbei £va privupa o éva Tuxaio TToo0oTO TapeABovTOg
(11.X. 20%) TWV YVWOTWVY TOU KOUPBWY — (y) éxe1 pia @SppouAa BaBuoAdynong KOUBWY TTOU T XPNOILOTIOIER

Mpo@IA Tet.

EMIAEKTIKA SpopoAdynon

Mpo@IA Term.

— + mOavokpaTikdg aAydpiBuog
— - MTTOPEi TO uAvuPa va Pnv TTdel g€ KOPPBOUG TTOU £XOUV OUVAPT) QVTIKEIJEVA
* 1-Random Walker:

— KGBe KOPBOG TTPowOEi £va pfvupa o€ évav Tuxaia emAEYUEVO KOPRO atrd
TOUG YVWOoTOoUG TOU

» k-Random Walkers:

— KGBe KOPPOG TTPowWOET £va pfvupa o€ K Tuxaia eTmAEyUEVoug KOPROUG atrd
TOUG YVWaoToUG ToU

Mpo@IA e,

Local Invert. Indj

— + Aiyotepa pnvopata ammé 1o RDFS

» APS: Adaptive Probabilistic Search
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P2P and IR (Freenet-style)

Mpo@IA Cer.

MpoA Cer.

Local Invert. Ind

Local Invert. Index

Local Invert. Index
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Mpo@iA MeIrévwy Baoel Twv TTPONYOUREVWY ATTAVTHCEWY

p q lans(a)l | LRU (Least Recently Used)
121.111.86  "Singing in the Rain” 4 deletion policy
121.111.86  «Ymapxw» 12

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

~N oo s

=T
Local Invert. Index

— To wpogil eivai 1pIGdeg TG Hop@Pris (pj,a, |ans(pj,a)l)
+ OTT0U pj évVag YEITOVAG,  PIO ETTEPWTNAN TTOU OTTAVTNOE AQUTOG O YEiTovag, Kal
|lans(pj,q)| To péyeBog TNG amrdvInong
* LRU update policy
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Mpo@iA Meirévwy kai ApogoAdynon:
>RES (mrepioodrepa amoreAéouara)

P q lans(a)|
| 121.111.86  "Singing in the Rain” 4
121.111.86  «YTdpxw» 12

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

Tkop(121.111.86 )=16
Tkop(122.118.73 )=8

~ ofo|s ~

FE==E
Local Invert. Index
— Ta v 8popoAdynan pIag £TTEPWTNONG ETIIAEYOVTAI EKEIVOI OI YEITOVEG TTOU
£x€l dWoel Ta TEPIo0oOTEPA ammoTeAéopaTa aTo TapeABdv ( >RES)
(OUYKEKPIPEVA OTIG TTPONYOUHEVEG M ETTEPWTAOEIG)
— To okop gvog yeiTova pj gival
« Score(pj) = Z {|ans(pj,qj)] | qjanswered by pj in the past}
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Mpo@iA MeImévwy kal ApopoAdynon:
>RES Kal opoIoTNTA ETTEPWTHOEWV

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

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

~N oo s

M\x
Local Invert. Index
— o Tnv 8popoAdynan pIag ETTEPWTNONG q ETTIAEYOVTAI EKEIVOI OI YEITOVEG TTOU

£xouv dWaoel Ta TEPICOOTEPQ ammoTeAéouara aTto TTapeABov ( >RES) o€
ETMTEPWTNOEIG TTOU Eival KOVTIVEG PE TO g
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Mpo@iA MeImévwy kal ApopoAdynon:
>RES Kal opoIoTNTA ETEPWTHOEWV

To okop €vOg yeiTova pj dobBeicag eTepwTNONG g, Eivai:

>RES
Score(pj) = X { |ans(pj,qj)] | aqjanswered by pj in the past}

MpoiA TeIrévwyv kai ApopoAdynon:
>RES Kal opoIoTNTA ETTEPWTHOEWV

>RES Kol ogoIoTNTA ETTEPWTACEWV
Score(pj,q) = Z { |ans(pj,q| gj answered by pj in the past}

« sim(qj, g): .. ogoIdTNTA GUVNUiTOVOU
* O TTAPAUETPOG YIa TO KABOPIOUS TNG OTTOUBAIOTNTAG HETAEU CUVAPEING Kal
ueyéBoug atrévTnong
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P q lans(a)|
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”
137.111.86  «YmApga»
122.118.73  “Pop2” 12
144.44.46  "Singing in the Rain”
155.11.86 «YTTapXW»

A q1 =Singing

g2 = Special Dog Song

~N| oo N~

FE==E
Local Invert. Index
— Mote autr n TPooéyyion gival KOAR;
— Am: Otav Ta éyypaga Tou KGO KOPBOU gival GNPACIOAOYIKE KOVTIVG
« [Moia n diagopd pe 10 Freenet ?
— Emeidn autd 6pwg dev oupBaivel TTEVTA N ETTEPWTNON TTPOWOEITAI KaI O

évav Tuxaia eAEYUEVO VEITOVA. // £TTIONG YIA TV EKKIVNON TOU CUGTARATOG
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Avdktnon Kelpyévwy oe lepapyika Oudripya Zuortiuara
(Kazaa-style IR)

Tevikn 16éa: Kadvoupe 6,TI Kal 0TNV KaTavepnuévn, atmAd edw £xoupe TTOAMOUG HETITEG
Kd0¢e peaitng (edw super-peer) €Xel PO TIEPIYPOAPH TWV TTEPIEXOUEVWV
TWV UTTOKEIPEVWV KOPBWV

*EmmiAoyn Mnyng
*Evotroinon AmoteAeoudTwV
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EmavéAnyn:
EmiAdoyn Mnyng pe Alavioparta Mnywv

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

g

*  BAémoupe kdBe ouAAoyn wg éva peydAo éyypago
+  ®mndxvoupe ¢éva Sidvuoua yia kdBs ouldoyn (TUTTou TF-IDF)
— ffij: ouvoAikég eppavioeig Tou 6pou i aTn GUAAoYN j

— idfi: log(N/ni), 6Trou N T0 TTA80G Twv GUAAOYWYV, Kal Ni To TTAAB0G TwWvV GUAAOYWV
TTOU £X0UV TOV 6pO i

* Ymroloyifoupe 10 BaBuO OpoIOTNTAG KABE VEAG ETTEPWTNONG HE TO SIAVUOHA
KaBe oUAANOYNG (TT.X. OMOIOTNTA CUVNUITOVOU)
« Alatdoooupe TIG CUANOYEG KOl ETTIAEYOUUE TIG KOPUPAIES

EvaAAakTIkG: AvTi yia éva, JTTOpoUlE va Treplypdgoupe kaBe Tnyn pe K diavioparta
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Avdktnon Kelpévwy oe lepapyika Oudripya Zuortiuara
(Kazaa-style IR)

Meprypa®n Twv TTEPIEXOUEVWY TWV QUAAWV
AvAyKn yla Jeiwaon Tou atmoBnkeuTikoU xwpou oTa Hubs

CS463 - Information Retrieval

AvdakTtnon Keipyévwy oe lepapyika Oudripa Zuotiuara

EmmiAoyég
1/ Ne§INGyIa TWV UTTOKEIPHEVWVY KOPPBWYV +
OUXVOTNTEG EPPAVIONG TOUG
— (dev &€poupe To KaBOAIKO AegIAdyIO yia va
@TIGEoUpE TO BIdvuopa TTNYAG)

2/ Ne§INOYIQ TWV UTTOKEIHEVWV KOPBWV

3/ N\é€gig TTou epgavidovtal TTavw aTo 1
Popa + ouxvoeTNTEG TOUG
— Adyw TOU VOpou Tou Ziph, 0 aTTaIToUuEvog
ATTOBNKEUTIKAG XWPOG PEIWVETAI OTO PITO
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Avdktnon Kelpévwy oe lepapyika Oudripya Zuortiuara
(Kazaa-style IR)

Meplypagn Twy XOMEVWV TWV GAAWV

Leaves Descr.

HUBS Desr ?

Leaves Descr.

* H mepiypagr) evog HUB eival n évwaon Twv TTEPIYPAPWV TWV UTTOKEINEVWY TOU KOUBWY
(MpoBAnua: xwpog)
*  Kartaypa®ri TTponyoUHeVwY ETTEPWTATEWY TTOU £X0UV aTTavTnoei

— 1.X. >RES Kkal opoiétnTa £mepwng!
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AvdkTtnon Kelpévwyv oe lepapyika Ouoriua Zuothuara

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

« Ahub 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 ouotnua PlanetP

~ = Mpo@IA e,
Mpo@IA e, \
3
W [

———
roooaror | 8.

Local Invert. Index l

PlanetP
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1 Mpo@IA OAwv | o
<

P2P and IR: To ouotnua PlanetP

KaBoAIKO ? OXI.
QVECTPAPPEVO EUPETHPIO OAWV
TWV KOPBWY

Mpo@IA OAwv

Avdykn yla Jia TTI0 CUVOTITIKN TTEPIYpA®R

Mpo@IA OAwv

Mpo@IA OAwv

-Lccal Invert, Ind—

Local Invert. Index

Mpo@IA OAwv
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Local Invert. Index
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P2P and IR: To ouotnua PlanetP
EmiAoyn lNnyng ???

Oupneeire:

Agviopara Mnywy

Karavour Zuvaguwv Eyypdguwv
(Relevant document distribution (RDD))

EtmravdAnwn: Signature files

* To AggIAbyI0 KaBe KOUBOU (OXI OI ANIOTEG TWV EPPAVIOEWV)

TTepIypageTal pe éva Bloom @iATpo

» ~ SIGNATURE FILES

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete, Spring 2006

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

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

Text Signature | 000101 [110103 [100100] [101101 | /

hitext)= 000101
Signature Function | h(many)= 110000
h(words)=100100
h(made)= 001100
h(letters)=100001
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Bloom filters [Burton Bloom 1970]
Supumrayng Kwdikorroinon ZuvoAwv

‘Eva oUvoAo KwdIKoTTOIEiTal O€ £va dUadIKO SIAVUOHA PE TwV m-bits

K OUVaPTACEIG KatakeppaTioyou h1, h2, ..., hk, ye medio Tipwv 10 {1,..,m}

KwdikoTroinon oToixgiou:

BF({a}) = didvuopa pe doooug oTig Béoeig h1(a), h2(a), ... , hk(a)
Kwdikotroinan ouvéAou:

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

Mwg Bpiokw av éva aToixeio b avrikel oto olvoho A ?
1/ YmohoyiCw T0 BloomFilter Tou b
2/ Koitddw av o1 doool Tou BF(b) utrdpyouv oto BF(A)
Av 6x1, Té1E oiyoupa To b dev avrikel oTo A
Av vai, To1€ avrikel aAAG pTTopei Kai va pnv avrikel (false positive)
‘Ooo peyahiTepo gival To m, 1600 pIKPOTEPN N TMBavoTnTa Via false positives
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Bloom filters: MNapdadeiyua

m=14, k=3 (00000000000088]

hash1("apples") = 3
hash2("apples") = 12
hash3("apples") = 11
{apples}= IETITITITENT]

hash1("plums") = 11
hash2("plums") = 1
hash3("plums") =8

{apples, plums}= &
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Mepiypaon Twv Ae€idoyiwv pe Bloom filters

P1: 0001010011  [P2: 0101010011 | [P3: 0101010011 |
] 2] [ Nise] [3]
hot <51> | <61>
hot | ;i i;
iz E‘ in —" <6,1>
cold <2,1> ot @ not —f <51>
hot —.E pease = - pease <505
pease <11> | <21> porridge 31 4.2 porridge <62>
porridge 1> | <21 pot pot
the the /

C™&3 Hformation Retrieval

~vannis Tzitzikas, U. of Crete, Spring 2006ae”"

P2P and IR: To ouotnua PlanetP

Kd6¢e pi karaokeuddel To bloom
filter bi Tou dikoU Tou
Ae€ihoyiou kal aTo aTéAvEl OTO
UTTOAOITTO BIKTUO WE TEXVIKEG
flooding/gossiping

P1: 1011010011

[

—

P2: 1101010011

P1: 1011010011 P1: 1011010011 |  K@6e pi Eéper Ta bloom filters

OAwV TwV AWV KOPBWV

P2: 1101010011 |72 SRITGIGE |

!

‘ET01 K&O€ pi pTTOPEi Va BpEi TOUG KOPPBOUG TTOU £XOUV EVAV GUYKEKPIPEVO
6po (Gpa YTTopEi va TTpoaeyyioel To KaBoAIkG EUPETAPIO)
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Bloom filters in PlanetP:
Méoo peydAa civai;

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

Num. Peers
10
100
1000

Memory used (MB)
0.45
1.79
4.48

% of collection size
0.18%
0.70%
1.76%

1000 Nodes: => about 4500 terms per peer
Bloom filters with less than 5% false positives =>
Bloom filter size for the vocabulary of one peer: 4.6 KB

Marti To péyebog
augdvel pe 1o TTAiBog
TWV KOPBWY;

Total size of bloom filters of peers : 4.6 MBytes
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PlanetP: Tpdtmog evnuépwong Twv KOPPBwy (Gossiping
algorithms)

* H perddoon twv Bloom filters o€ dAo 10 dikTUO KABWG KAI N
EVNUEPWON TwV KOPPBWV (yia véa dedopéva, €icodo/EE0d0 KOUBwWV)
JTTOpEi va yivel pe Troikihoug aAyopiBuoug gossiping:

rumoring algorithm

— anti-entropy algorithm

partial anti-entropy algorithm
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(Gossiping algorithms)
Rumoring (gnuoAoyia)

O p1 éxer wia ahAayn:

*  KA&Be X deutepOAeTTTa, 0 p1 OTéAVEI éva
dAvupa pe TNV aAAayn o€ évav Tuxaia

€TTIAEYpEVO KOUBO p2

* Av 0 p2 dev &epe auTrv TNV TTANpoopia.

TTE apxiel va kavel 6,Ti kal o p1

* O p1 oTapartdel va oTéAvel unvipata pévo av
n guvexouEvol KGRl Tou TTouv OTI ATav AN

EVAMEPOI TNG OAAYAG.
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(Gossiping algorithms)
anti-entropy

* Kdabe X deutepOAeTITa, KABE KOUBOG
€mIAéyel Tuxaia évav dAAo kéuBo (atmd To
KaBOAIKS TOU EUPETHPIO) KaI TOU {nTdEl va
Tou aTeiAel pia TrEPIANYN TO BIKoU Tou
KaBOAIKOU €UpeETApIO.

pull

* Av diaTToTWOoEl OTI deV gival EVNUEPWHEVOG,
Tou ¢nTdel 6,11 XpeIddeTal.

* 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 ouotnua PlanetP

P1: 0001010011
P2: 0101010011

P1: 0001010011
P2: 0101010011

P1: 0001010011
P2: 0101010011

PPn: 1101010011

]

P1: 0001010011
P2: 0101010011

[Pn: 1101010011 PPn: 1101010011

PP 1101010011

P1: 0001010011
P2: 0101010011

B

Local Invert. Index

Pn: 1101010011
—
Local Invert. Index

Local Invert. Ind

Local In:

Local Invert. Index

PPn: 1101010011

Local Invert. Index
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PlanetP: EmiAoyr KéuBou

PL: 0001010011
q P2 0101010011

leﬂomon

Local Invert. Index

1/ BaBuoAdynon k6uBwv Bdaoel Tng
mOaveTNTAG Va £X0UV £yypagpa ouvagr

2 HeTNV q

2/ EmiAoyn Twv KOuBwv TTou Ba

€TTEPWTNOOUV Kal EVOTTOINON TWV
aTroTeAEOUATWY TTOU Ba ETTIOTPEWOUV

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

[ Score(pi.q) = Z {IPF(t) | teq, te Bfiter(p))} |
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PlanetP: AtroteAeopaTtikoTnTa & ETddoEIg

* H amoteAeopamikdTnTa TTPOCEYYICEl AUTAV TTou Ba eixape av KABe
KOMBOG €ixe OAOKANPO TO EUPETHPIO

* Ta pynvupata @Tavouv og 20%-40% TrepIoodTEPOUG KOUBOUG O€
Ox€QN PE TNV TTEPITTITWON OTTOU KABE KOPPOG yVWPIe akpIBwG TO
KOBOAIKO UPETPIO

» 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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AvakTtnon MNMAnpogopiwyv o Aopnuéva Ou. Zuo/ta
(Chord-style)

A Finger table

* [Moia gival €dw Ta KAEIOIG ?

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete, Spring 2006 88

AvakTtnon MNMAnpogopiwyv o Aopnuéva Ou. Zuo/ta
(Chord-style)

Mepirtwaon (1): Kd&Be dpog eival éva KAeIdi
— To gupetrpIo KaTavéueTal BACEI TWV OpwV
* (Gpa éxoupe term-partitioning: BuunBeite TNV TTAPAAANAN A.T. )
— Aduvapia: H evnuépwon Twv eUPETNPIWV gival akpIBn:
« Eloaywyr| evog véou eyypdagou:
— INa k8O AEEN Tou eyypagou, TIPETTEI va Bpoue Tov KOBO TTou gival

UTTEUBUVOG IO QUTAV TNV AéEN Kal VO TOU OTEIAOUME TNV QVECTPAUMEVN
AioTa

ol | —[ s o]

hot_ | = e s e
in | ey <61

not | —ea1e Lo |

pease  |—»[ g1 [ Pl 1> L2 \@ <61>
i —» [ [ 1l |-

%E —lanlwgnl

the |3y 6,1
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AvakTtnon MNMAnpogopiwyv o Aopnuéva Op. Zuo/ta
(Chord-style): KaBe 6pog eivail éva KA£ISi

1> L cars leazs les2e 1l <a1
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AvakTtnon MNMAnpogopiwyv o Aopnuéva Ou. Zuo/ta
(Chord-style)

— ATtotipunon €mePWTNONG q
* PBpiokoupe KGO kOPPBO TTOU £X€I TOUAAYXIOTOV évav OPO TOU g (XPNOIMOTTOIWVTAG TOUG
Trivakeg dpopoAdynong)
+ Zevdpio 1: kaBe évag amd autoug Toug KOBOG UTToAOYiIlEl Ta HEPIKA OKOP Kal Tl
OTéAVEI OTOV EPWTWVTA (aQOU TOU OTEIAOUPE Kal TNV ETTEPWTNON)
* Zevdplio 2: kGBe évag atmd autoUg Toug KOUPBOUG ETTIOTPEPEI TIG AVESTPAUNEVEG AIOTEG

* [-] AvtaAAayr TTOAWY JNVUPGTWY YIia ETTEPWTACEIG e TTOAAOUG OpOUg

cold | —[ops 1 <ars [ <nts |

hot —a1s T les1s 1M1
in__ | 31> [ <p1s |

not | —laats Tasis |

pease | —>[ 195 I co1s [ <a1s Il ca2s [ <52s 1l <g15 |
porridge —»] [ 1[ [ ] [
pot |l <ai> [l <61a |

the |3y 6,1
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AvakTtnon MNMAnpogopiwv o Aopnuéva Ou. Zuo/ta
(Chord-style)

Ymé6eon: Eotw 61 1o oUotnua AauBdaver ToAU ouxvd emepwTNOEIS UE 2 6pOUS

Mepirtwon (Il): Oewpolpe wg kAeISi kEBe {euydpl Opwv
* Av n emepwTnON €XEl 2 6POUG, TOTE Evag MOVO KOUPBOG Ba €xel GAO TO KOPPATI TOU
EUPETNPIOU TTOU XPEIAJOPAOTE
« Apa €101 £Xoupe Aiya pnvipara
* I.x. g= Hotels Crete
— Zépw OTI UTTAPXEI Evag KOUPBOG TTOU £XEI TIG AVECTPAUMEVEG AIGTEG Kal Twv dUo
6pwyv, apa 0 kAUPOG auTdG PTTOPET va aTTOTINACE! TTAPWG TNV ETTEPWITNON

o Aduvapia: |V|* (JV|-1) kAeidid, dpa n aveaTpappévn NioTa KGBe AéEng eivan
armoBnkeupévn |V|-1_qopég
Hotels [ ....inverted list for Hotels ....]

Crete [ ...inverted list for Crete ... |

Hotels [ ....inverted list for Hotels ....]
Cefalonia [ ...inverted list for Cefalonia ... ]

H eicodog evog véou
eyypdagou eivai
aképa 1o akpIpn

Crete [ ....inverted list for Crete ....]
Cefalonia [ ...inverted list for Cefalonia ... ]
Yannis Tzitzikas, U. of Crete, Spring 2006
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AvakTtnon MNMAnpogopiwyv o Aopnuéva Op. Zuo/ta

* Mepimrwaon (lll): Oewpoupe wg kAedId Ta diIavUCUATA TWY

EYYpAQWv
— Ep: MNoia rpocéyyion dounpévwy cuaTnUdTwy gival KATGAANAN yia Tnv
TapdoTacn diavuopdtwy (Chord rj CAN) ;
— A H mpooéyyion Tou CAN 816TI BAETTEI TOV XWPO TWV KAEIBILWV WG éval K-
d16oTaTO XWPO

— Apa diapepifoupe Ta éyypaga oToug KOUBoUG BAoEl TwV dIAVUTPATWY TOUG.
* (dpa document-partitioning (Bupn®eite TNV MapdAAnAn A.T.))

— Ep: Ti kepdifoupe diapepidovTag Ta éyypapa 6Trwg 10 CAN ?
ATr: Ta KovTIVa (wg TTPOG TO PETPO CUVNUITOVOU) Eyypaga TOTTOBETOUVTaI
aTov i8I0 1} o€ KOVTIVOUG KOUBOUG.
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Document Partitioning: O uttoAoyiop6g Twv kaBoAikwv oTaTioTikwy (IDF) atraitei emkoivwyvia

P1 P2 cold P P3
-
the. 31> the <6.1>
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AvakTtnon MNMAnpogopiwyv o Aopnuéva Ou. Zuo/ta
(CAN-style)

Ep: Noéoeg dlaoTdoeig éxouv Ta dlavUouaTa TWV EYYPAPWY;
— A ZuvnBwg TTOAAEG (Tr.X. 10.000)

— Ep: Noéooug yeitoveg €xel pia TrepioxA k-81G0TaTOU XWPOU;
AT KOTA p€CO 6pOo 2K

o Mo k=1 éxw 2

o Mo k=2 éxw 4

* Mo k=3 éxw 6

* Mo k=10.000 éxw 20.000 !

—O0—@—0—

5
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Avdktnon MNAnpogopiwyv oe Aopnpéva Op. Zuo/Ta
(CAN-style). To oUuoTnua pSearch

* Meiwon Twv d100TACEWV TwV SIAVUCHATWY IO
— (I) Meiwon Tou apIBPOU TwV YEITOVWY Trou TPETTE va YVwpilel
(atrobnkevel) évag kduBoG.
— (Il) OpadoTroinon eyypaewv

» Aglotroinon cuvwvipwy, ouvep@avi{opevwy AégEwv, peiwon BopUBou

+ Tpomog peiwong diaotdocwv: Latent Semantic Indexing
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EtmavdAnyn: Latent Semantic Indexing:

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

Singular Value Decomposition

*

1a*§’D)

mxm mxd

txm m=min(t,d)

Select first k (<m) singular val

T

ues

EtmravdAnwn LSI:  Paper example

Index terms in italics
Titles:
cl: Human machine interface for Lab ABC computer applications
¢c2: A survey of user opinion of compuiter svstem response time
3: The EPS user interface management system
cd: Svstem and niman system engineering testing of EPS
c5: Relation of user-perceived response time to error measurement

ml: The generation of random, binary, unordered nrees
m2: The intersection graph of paths in frees
m3: Graph minors IV: Widths of #rees and well-quasi-ordering

kxd mé: Graph minors: A survey
txk
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EtmravdAnwn LSI: term-document Matrix EmavaAnwn LSI: T,,S,,D,
Terms Documents
cl c2 c3 c4 c5 ml m2 m3 md
human 1 0 0 1 0 0 0 0 0
interface 1 0 1 0 0 0 0 0 0
compuiter 1 1 4] 4] 0 0 0 4] 0
tser 0 1 1 0 1 0 0 0 0
svstem 0 1 1 2 0 0 0 0 0
response 0 1 0 0 1 0 0 4] 0
time 0 1 0 0 1 0 0 0 0
EPS 0 0 1 1 0 0 0 0 0
suIvey 0 1 0 0 0 0 0 0 1
frees 0 0 0 0 0 1 1 0
eraph ] ] ] 0 ] ] 1 1 1
minors 0 0 0 0 0 0 0 1 1
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. . . Avdktnon MNAnpogopiwv oe Ao éva Op. Zuo/ta
EtmravdAnwn LSI: SVD with minor terms dropped non1Anpogop HAK H
(CAN-style). To oUuoTnua pSearch
* AiGoTaon SIaVUOPATWY PETA TNV e@apuoyn LSI: 50-350
» Ondyvoupe éva CAN pe dI00TACEIG O0EG TWV BIAVUCUATWY (UETA
1o LSI).
T 5 n: - < z <
» Eioaywyn evig véou eyypagou:
|: E. e eton o ik akos ot R0 s Roite Rotss :| — ®ndyvetal To «semantic SIGvuoua» Tou eyypa@ou (BAce! Twv dIacTAcEwWY
TIOU TTpOéKUYav aTré TNV epappoyr Tou LSI) kai eiocdyetal aTov KatdAAnAo
KOuBO
TS define » Eiocodog piag véag emmepwtnong
. — OmidyveTal To semantic SIGvuoua TG ETTEPWTNONG Kal dpopoAoyeiTal aTov
coordinates for KaTEATAG KOUBO
documen'fs n IGTenT — MoAig @Tdoel oTov k6RO, dladideTal OTOUG YEITOVEG O€ OTTOOTACH P
* To p ptopei va dideTal yadi Pe TNV apxIKr ETEPWTNO!
space p HTOp pagi pe TV apxikr emepwTNON
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Avdktnon MAnpogopiwyv o€ Aopnuéva Op. Zuo/Ta
(CAN-style). To ouoTnua 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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Avdktnon MAnpogopiwyv oe Aopnuéva Op. Zuo/Ta
(CAN-style). To ouoTnua pSearch

* O utroloyiopog Tou LSI atraitei KaBoAikd otarioTiké (IDF)

» Emiong 6Aoi o1 k6pPol TpéTTel va yvwpidouv Tnv Bacn Tou
OonNUAaIoAoyIKOU XWpou (yia va uttoAoyi(oupde Ta onUacioAoyIKa
SIavUoHOTA TWV VEWV EYYPAPWY).

* Ta mapatavw TpéTTel va dladobolv og GAoug Toug KOUBOUG.

* To mpoBAnua Twv dIaoTACEWY

— 300 LSI diaoTaoeig. Av £xw Aiyoug KOuBOUG TOTE N TTPAYMATIKK dIGOTACH TOU
CAN eival pikpdTepn yiaTi dev UTTApXOUV apKeToi KOBOI. ‘ETol TTOAAEG
OI00TACEIG TTAPAPEVOUV ODIAPEPIOTEG, HEYOAWVOVTOG £TC1 TO MAKOG TOU
HovotraTiol avagitnong.
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CAN & Multiple Realities

» ‘Evag 1pd1m0G augnang NG eupwaoTiag / avBekTIKOTNTOG gival va
Bewpriooupe MoAatTAég MpaypaTikdtnteg (Multiple Realities)
— Aev éxoude 1 aAAG M JIAPOPETIKG CUCTANATA GUVTETAYUEVWV
KdBe kduPog éxel pia duwvn yia KGBe oUGTNPA CUVTETAYUEVWV
‘ET01 £€X0UpE M avTiypa@a EupETNPiou
— Meiwaon Tou prikoug Tou povoTraTiol avagnTnong (ETAEyeTal To ocUOThUO
ouvTETAYHEVWY BACEl TOU OTToioU N avadnToupevn dwvn eival yyoTepa)
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Avdkrtnon MAnpogopiwyv o€ Aopunuéva Op. Zuo/Ta
(CAN-style). To ouoTnua pSearch

* AlapepIoP6G TwV dIAVUCPATWY O€ TTOAAG BiavUiopaTa HIKPOTEPNG
digoTaong
= (Xp s X)) =2 (X o Xag)s Kngets oo Xng)y (Xngers -0 Xn)
— Ta mpwTta diavuopata atmodnkevovTal o€ éva CAN1
— Ta deltepa o€ éva CAN2, K.0.K
— To didvuopa pIag eTTEPWTNONG £TTioNG dlapepideTal o€ dlaviopuaTa
HIKPOTEPNG BIdOTAONG
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Avdktnon MAnpogopiwyv o€ Aopnuéva Op. Zuo/Ta
(CAN-style). To auoTnua pSearch: Z0voyn

*  OTIGvoupE éva EUPETAPIO OTTOU KABE £yypago Bev TrEPIyPAPETAl ATTO TO
didvuopa Tou, aAAG aTTé To dIAvUo A TTOU TTPOKUTITEI AV TTPWTA EQAPUOCOUNE
Latent Semantic Indexing

— diaviopara piIkpdTEPNG SIdoTaoNG, OJadoTIoINGT EYYPAPWY

*  Ta eupetApIo auTd dlavEéETal GTOUG KOPPBOUG. To KAEIDi TOU KEBE eyypagou gival
70 JIAVUG A TOU (META TNV e@appoyr Tou LSI). // Auté Ba ToroBeTrioel oTov idlo
KOUBO evvoIoAOYIKE Guvagr £yypaga

* O uTTOAOYIONOG TWV BIAVUCHATWY ATTAITE] KABOAIKG OTATIOTIKA (dpa UTTAPXE!
avaykn eTmKoIvwviag). Etriong pétel va ocup@wvnBei n BEon Twv dIavUoPATWY.

» Mmopei va xpnoigotroinBei kai yia ToAupéoa (BupnBeite Feature-
based Multimedia Indexing).
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Evotroinon AmmoteAeopdtwy & OudTiya ZucTripaTa

=—" answer = ?

» Texvikég Evotroinong ATroTeAeopdTwyY
— Round Robin Inter-leaving
— Score-based (~ merge sort)
« KaAr av Ta okop utroAoyiovtal BAoel Twv KABOAIKWVY OTATIOTIKWY
— Weighted-score based
« ‘Eotw di mpoepyduevo atmd pia nyn Sj
« score(di) = score(Sj,di) * score(Sj)
— NapBavovrtag utréywn pévo Tig SIaTAEEIG Kal OxI Ta OKop (evoTroinon
dlaTagewv)
« Borda, Condorcet, Kemeny, Arrow’s Impossibility Theorem
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Evotroinon AmroteAeopdTtwy oe OpdTipa ZuoTripaTa
(1): Or1 k6pBoI Bev £xouv oTn BIGBECT TOUG KABOAIKG OTATIOTIKA

Evotroinon AmoteAeopdTtwy oe OpdTipa ZuoTrpaTa
(I1): Or kéuPol uTTopPoUV va TTPOOEYYIoOUV Ta KABOAIKG OTATIOTIKA

Mpo@iA e, .
L ¢ =

] { roopnrn =8
B e 3w
-
= T

Local Invert. Index

— Gnutella-like systems (document-partitioning):

« Evotroinon: Round-robin interleaving, Score-based, Rank-Aggregation
— ZuoThuata Baciopéva o€ TTPo@iA yeIrovwy kai >RES

« Evotroinon: Weighted score-based
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T 0001010011

PL_0001010011]
Pn- 1101010011
—

m
e [e
L [ o o e |
= e conioiooiif

lp2 0101010011
 —
fow T1ioz0011

Local Invert, Index

* [.x. PlanetP (k&8¢ k6uPog ptropei va Trpooeyyioel To KOBOAIKO
EUPETNPIO)
— Evotroinon: Weighted score-based
* (kaAUTepo aTTd TO TTPOPIA YEITOVWY, AlyOTEPA pNVUpaTa)
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Evotroinon AmroteAeopdTtwy oe OpdTipa ZuoTrpaTa
(I): Or képPoI £xouv oTn BIGBeOT TOUG Ta KABOAIKA OTATIOTIKG

Evotroinon AmoteAeopdTtwy oe OpdTipa ZuoTrpaTa
(I): O1 képPoI £xouv 0Tn BIGBeoT TOUG Ta KABOAIKG OTATIOTIKG

[[peme |~ s s W aon W asn e
-

T e e N, )
s R ey wryen
* T.x. Chord-like (term-partitioning)
— 0 kOpBog TToU gival UTTEUBUVOG Yia £vav 6po YVWPIlel TIG CUXVOTNTEG EUPAVIONG TOU
KaBwg Kal To TTARB0G TwV KOPPBWYV TTou £XOUV £yypa@a TTOU TTEPIEXOUV QUTOV Tov 6po
— Evomoinon: ammAé Score-based gival pia xapd
* K@&Oe k6uPog utToAoyilel partial scores, 0 epwTWV Ta aBpoilel kal TTapdyel TNV TEAIKr diIGTagn
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* ‘EoTw oloTtnua émwg 1o Chord, oTo otroio Ta KAIDIA gival o1 6pol Kail TO 0TToi0
OuVvoAIKa €xel 100.000 éyypaga
* Haveotpappévn Aiota evog dpou €xel To oAU 100.000 avagopég o€ £yypagpa
(é0Tw OTI KATA PECO Gpo €xel 10.000 avapopig)
* ‘EoTw 611 0 p AapBavel emepwTNON q He 5 dpoug. Kabe 6pog TnG g (padi pe
Bdpog Tou oT0 q) Ba TTPowBNBEi oTOV UTTEUBUVO KOPBO YIa ToV 6Po aAuTd
+ Kd6e évag atd Toug 5 kduPoug Ba diatagel Ta £yypaga BAcel Tou 6pou autol
Kal Ba emoTPéWEl pia NiOTa HEPIKWV ATTOTEAETUATWY
— 710 TTOAU 100.000 Tp1adeg (p, docld, score) kdra péco 6po 10.000
* O p Ba AGBel auTég TIG 5 AioTeg kal Ba aBpoiocel Ta pEPIKG OKOpP
— score(doci) = score1(doci) + ... + score5(doci)
* Apa 5* 10.000 Tp1adeg akepaiwy TTPETTEI VO pETaPEPBOUV 0TO BiKTUO
— TotalBytes = 50K * 3 * 4 =600 KB
* Epwtnon: Av o p 8éAel va Bpel pévo Ta Kopu@aia K (T.X. k=10) éyypaga.
Mwg propoUpe va EAAXICTOTTOINGOUNE TNV TTANPO@OPIa TTOU TTPETTEI VA
METAPEPOUNE;
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Top-k Rank Aggregation

AMO éva TTapddelypa e@apuoyng

* ‘Exoupe N avTikeiyeva kal Toug BaBuolg Toug BAcel m dIaQOPETIKWY KPITNPIWV.
* 'Exoupe évav TpOTTO va OUVOUAZOUPE Ta m OKOpP KABE avTIKEINEVOU OE Eva

EVOTTOINUEVO OKOP
— T.X. min, avg, sum

*  2T10X0G: Bpeg Ta K QVTIKEIYEVA PE TO UWNABTEPO EVOTTOINUEVO OKOP.

E@appoyég:
* YTToAOyIOPOG TWV KOPUPAiWV-K OTOIXEIWV TNG aTTAvTnong
— evog XAl Tou BacideTal aTo dlavuoHaTIKG HOVTEAO (T M KPITAPIA €ival oI m
&poI TNG ETTEPWTNONG)
— &vog PeaiTn TTAvw atmdé m ZuoTApara Avaktnong MNAnpogopiwv
— MIOaG £TTEPWTNONG O¢€ pia Bdon MoAupéowv
* KPITAPIO: XPWHA, HOPQH, UK, ..
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+ Evotroinon amavticewv o€ MegohaBnTég (middleware)
— €0TW PIO UTTNPEDIa EUPEONG ECTIOTOPIWY BATEI TPIWV KPITNPIWV:
* TIUA yEUPATOG
* amoéoTaon atmé éva onueio
* Kardaragn eoTiaTopiou
— OTToU 0 XPAOTNG MTTOPE] VO Opicel TOV ETTIBUPNTO TPOTTO UTTOAOYIOHOU TOU
£VOTTOINKEVOU OKOP EVOG EGTIATOPIOU
* T.X. Zkop= TiyR*0.5 + Stars*0.25 + 0.25*DistanceFromHome
— 1 UTTNPECIa auTr) UAOTTOIEITAI HE XPAON TPIWV OTTOPOKPUTHEVWYV UTTNPECIWV
* (a) getRestaurantsByPrice
+ (b) getRestaurantsByStars
* (c) getRestaurantsByDistance
— Nwg propw va eAayIoTOTTOINOW TO TTARBOG TWV OTOIXEIWYV TTOU TTPETTEI VA
S10BAoW ATré TNV ATTAVTNON TNG KABE UTTNPETIAG, TTPOKEIPEVOU Va Bpw Ta
Kopu@aia 5 gaTiaTépla;

CS463 - Information Retrieval Yannis Tzitzikas, U. of Crete, Spring 2006 114




EUpeon Twv K-kopu@aiwv
ATTAOIKOG AAYOPIBUOG

1/ AvékTnoe oAOKANPEG TIG M AioTeg
2/ YTTOAOYIOE TO EVOTTOINHUEVO OKOP TOU KABE AVTIKEIUEVOU
3/ Taglvopnaoe Ta avTIKEiEVa BATEI TOU OKOP KOl ETTEAEEE TO TTPWTA K

Mapatnproeig
*  KooTog YPOpUIKG WG TTPOG TO PAKOG TwV AITTWV
» Agv aglotolei To yeyovog o1 o1 NioTeg gival TagIvopnpéveg
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EUpeon Twv K-kKopu@aiwv

Mapddelypa: ATTAOIKOC TpAOTTOC
S1=<A09, C08, E0.7, B05 FO05 GO05 HO05>
S2=<B1.0, E08, F0.7, A0.7, C05 HO0J5, G05>
S3=<A08, C08, E0.7, B05, F05 GO0.5 HO05>
O AtAoikog TpdTTog

Score(A)= 0.9+0.7 +0.8 =24

Score(B)= 0.5+1.0 +0.5 =2

Score(C)= 0.8+0.5 +0.8 =2.1

Score(E)= 0.7 +0.8 +0.7 =2.2

Score(F)= 0.5+0.7 +0.5 =1.7

Score(G)= 0.5+0.5 +0.5 =15

Score(H)= 0.5+0.5 +0.5 =15

Tehikn diaragn: < A, E, C, B, F, G, H>
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EUpeon Twv K-kKopu@aiwv
Mo AtrodoTtikoi AAyopIBuol

o Teviki 1déa: Apxioe va diapadeis 1ig diaraeis amo tnv kopuen. lpoomabnoe
va KaraAdBeis moTe MPEMEl va OTauATIOEIS.
« AAyopiBuol
— Fagin Algorithm (FA) [Fagin 1999, J. CSS 58]
— Threshold Algorithm (TA) [Fagin et al., PODS’2001]

YTobéoeig
* YmoBétoupe o1l €xoupe oTn S1GBeaN Pag 2 TPOTTOUG TTPOORAONG OTA ATTOTEAECUATA HIAG
™yng:
— Zaipiakn TpéoBaocn oTig daTdgelg: eOivouoa wg TTPOg To GKOP
— Tuxaia wpootéAaon: Auvatétnta eUPEONG TOU OKOP £VOG VTIKEINEVOU WE Mia
mpdoBacn
ZuvapTroeig BaBuoAdynong (okop)
— Ta okop avrjkouv aTo didotnpa [0,1]
— H ouvépTtnon evotroinuévou okop eival povoTovn
* av 6Aa (m) Ta okop evOG aVTIKEIPEVOU A gival HEyaAUTEPQ 1) i0a TWV AVTICTOIXWV OKOpP VG
avTikelpévou B, T6TE oiyoupa TO gvoTroinuévo okop Tou A gival peyaAUTepPO I icO TOu OKop
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EUpeon Twv K-kKopu@aiwv
O AAy6pi8pog Tou Fagin (FA) [1999]

1.0/ Kdve ggipiakn avakTnan avTiKeIuévwy aréd kaBe AioTa (apxiovrag atro tTnv
KOpUPN), £wG GTOU N TOWN TWV AVTIKEIUEVWYV OTTO KABE AiOTa VA £XEI K AVTIKEIUEVA

1.8/ MNa kGBe AVTIKEIMEVO TTOU AVOKTABNKE (OTO 1.0) GUVEAEEE Ta OKOP TTOU AgiTrouv
(UE XPARON TOU UNXAVIOPOU TUXAIOG TTPOCTTEAATNG)

2/ YTTOAOYITE TO EVOTTOINUEVO OKOP TOU KABE AVTIKEIYEVOU

3/ Tagivopnaoe Ta avTIKEipeva BACEI TOU EVOTTOINUEVOU OKOP KAl ETTEAEEE TA TTPWTA K

ZxoAia

Aglotrolei (a) To yeyovog OTi ol AiaTeg €ival Tagivopnpéveg kai (B) 0TI n guvaptnan
€VOTTOINONG €ival povoTovn

[-] To TTARB0G TwV avTIKEINEVWY TTOU Ba avakTnBouv PTTopEi va ival peyaAo
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EUpeon Twv K-kKopu@aiwv
Mapdadeiypa: AAv6piBuog Tou Fagin (FA)

S1=<A09( CO0.8 @)).7, B0.5 FO05 GO05 HO05>
§2=<B1.0, @.8 F0.7,] A0.7, C05 HO05 GO05>
83=<A08) CO0.8 @)).7, B0.5 FO05 GO05 HO05>

Eotw 611 6éAw 10 TOpP-1

To E gpgaviCetal og OAeg
(povoTovia => Bev ptropei kdTrolo 5£§161Ep0 Tou E va givan kaAUTepo Tou E

To E dev gival oiyoupa 0 VIKNTAG.
Ymowneiol vikntég = {A, B, C, E, F}. K&voupe Tuxaieg TpooTTeAdosig yia va Bpouue
TA OKOP TTOU PO AgiTTOUV
getScore(S2,A), getScore(S1,B), getScore(S3,B), getScore(S2,C), ...

Mpdyuar, top-1={A}
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EUpeon Twv K-kKopu@aiwv
O AAy6pi18pog TA (Threshold Algorithm) [Fagin et al. 2001]

16¢a:
YTToAGYIOE TO PYEYIGTO OKOP TTOU PTTOPET VA €XEI VA QVTIKEIPEVO TTOU OEV EXOUME
QUVAVTAJEl OKOUQ.

1/ Kave geipiakr avaktnan avTiKeipévwy armo kabe AioTa (apxifovrag ammoé tnv
KOPU®R) Kal JE Xprian Tuxaiag TTpoatréAaang Bpeg OAa Ta akop KABe
QVTIKEIYEVOU

2/ Tagivopnoe Ta avTikeipeva (BATEl TOU EVOTTOINUEVOU GKOP) KAl KPATNJE TA
KaAUTEPQ K

3/ ZTapdTnoe TNV GEIPIOKN AvAKTNON OTAV TA GKOP TWV TTAPATTAVW K AVTIKEIMEVWV
Ogv PTTOPE va gival HIKPATEPA TOU PEYIOTOU TTIBAVOU GKOP TWV ATTAPATAPNTWY
avTikelgévwy (threshold).
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u EUpeon Twv K-kopu@aiwv
Mapadelypa: AAyépiBuog Tou Fagin (FA)

(Bo.5,|Fo5 GO05 HO5>

A0.7,({C05 HO05 GO05>

.5, F05 GO0.5 HO05>

Eorw o1 OéAw 10 TOpP-2

s1=<A09] cog (En7,

s2=<B).0((Eps| FO7,

S3=<A08] C0.8 @)0.7,

To E, B (kai o A) epgavifovTal o€ OAeg

(povoTovia => Bev ptropei kdTrolo 5e§16TEpo Tou B va gival kaAUTepo Tou B

CS463 - Information Retrieval ‘Yannis Tzitzikas, U. of Crete, Spring 2006 121

u EUpeon Twv K-kKopu@aiwv
Mapadelypa: AAvopiBuog TA:

S1=<A0.9,
§2=<B1.0,
S3=<A0.38,

c08, EO07, B05 FO05 GO0.5 HO05>
E08f FO0.7, A07, C05 HO05 GO05>
Cc08 EO0.7, B05 FO05 GO0.5 HO05>

Eotw 611 6éAw 10 TOpP-1

Score(A)=09+0.7+08= 24

Score(B)=0.5+1.0+05=2

UpperBound = 0.9 +1.0+0.8=2.7
agou 2.7 > 2.4 ouvexilw

Score(C)=0.8+0.5+0.8= 2.1
Score(E)=0.7+0.8+0.7=2.2
UpperBound = 0.8 +0.8 +0.8=2.4

apoU 2.4 dev eival peyaAdTepo Tou 2.4 (Okop Tou A) oTapaTaW.
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u 2Uykpion: Fagin vs. TA

* O FA mrot¢ dev TepuaTiCel evwpitepa Tou TA
* O TA xpeiaZerar pévo évav pikpo (k) evrapieuTr (buffer)
e O TA ptropei WG va KAVEI TTEPITOOTEPEG TUXAIEG TTPOOTTEAACEIG

O TA civail BEATIOTOG yIa OAEG TIG HOVOTOVEG OCUVAPTATEIG OKOP
— Zuykekpipéva, gival "instant optimal”: eival kaAUTepog TavTa (61 pévo oTnv
XEIPOTEPN TTEPITITWON 1) GTNV YEON TTEPITITWON)

» Emextdoeig

— AAyopiBpog NRA (Non Random Access)
« '‘Ekdoon Tou TA yia Tnv TEPITITWON TTou N Tuxaia Tpéofaacn eival aduvarn.
Emiong “instant optimal”.

— Do sequential access until there are k objects whose lower bound no less than the upper bound of
all other objects

* AAyopiBuog CA (Combined Algorithm)
— 'Exdoon Tou TA TTou Bewpei TIG TUXAiEG TTPOTTIEAATEIG OKPIBOTEPES TWV TEIPIOKWV.
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u Evotroinon AmoteAeopdTtwy oe OpdTipa ZuoTrpaTa
(1): Or képPoI £xouv oTn SiIGBEON Toug Ta KABOAIKG GTATIOTIKA

* ‘EoTw oloTtnua émwg 1o Chord, oTo otroio Ta KAIDIA gival o1 6pol Kail TO 0TToi0
OuVvoAIKa €xel 100.000 éyypaga
* Haveotpappévn Aiota evog dpou €xel To oAU 100.000 avagopég o€ £yypagpa
(é0Tw OTI KATA PECO Gpo €xel 10.000 avapopig)
* ‘EoTw 611 0 p AapBavel emepwTNON q He 5 dpoug. Kabe 6pog TnG g (padi pe
Bdpog Tou oT0 q) Ba TTPowBNBEi oTOV UTTEUBUVO KOPBO YIa ToV 6Po aAuTd
+ Kd6e évag atd Toug 5 kduPoug Ba diatagel Ta £yypaga BAcel Tou 6pou autol
Kal Ba emoTPéWEl pia NiOTa HEPIKWV ATTOTEAETUATWY
— 710 TTOAU 100.000 Tp1adeg (p, docld, score) kdra péco 6po 10.000
* O p Ba AGBel auTég TIG 5 AioTeg kal Ba aBpoiocel Ta pEPIKG OKOpP
— score(doci) = score1(doc1) + ... + score5(doc1)
* Apa 5* 10.000 Tp1adeg akepaiwy TTPETTEI VO pETaPEPBOUV 0TO BiKTUO
— TotalBytes = 50K * 3 *4 = 600 KB
* Epwtnon: Av o p 8éAel va Bpel pévo Ta Kopu@aia K (T.X. k=10) éyypaga.
Mwg pIropoupe va EAAXICTOTTOINCOUNE TNV TTANPOPOPIa TTOU TTPETTEI VA
METAPEPOUNE;
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u Opotiya ZuoatApata (P2P) kai AvakTtnon MAnpogopiwy

* Alagopég pe Katavepunuévn Avakrnon
* 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
» CAN-style: key = LSI vector pSearch (LS| + CAN)
— document partitioning
— Result aggregation  Tevikd: P2P & IR = avTikeipevo épeuvag orpepa
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u Avagopég

« 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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