S

AT L‘L:’%:"?

BILH HERIE (2)

TH 5T,

sbdong@sc

A M

ut.edu.cn

TR B TR TH R L 2B
JUIRAE TSN 4% E SR
Communication & Computer Network Laboratory (CCNL)
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XE

t

® %/\é:nkm
o HEFHEIE
o THEG|%E




BRI ZRHE

=)

e z N
lf\ ==

4T (Embarrassingly parallel)

> ToIRA (Stateless)
> RER)HiE (Read-only) #1E

i AR K KA
R 2 HITH 5
e 2 DR REL F) ] S Y [R]



WAFAE R G5 1

o RGRIVITBIR: BEFE/D. 1
> EER PCERH

b b)
and
[y
A
(A
g
b

o AT EEME

> X% (Fault tolerance)

J
i o |

o MRRTTR:

replication)

=HEREH (High degree of



KA R 5 Z—Google

e Google: 10, “IKILTAFEEW LEEREBK
vy N =P

o GoogletZ UL Tt BMR A vHENLE M B —#2, ik
BT —HEEEERTE
> 802K 5| T H Market share

> 10 R 3R S DO
N H =
> MBS aooe| 001 Seodle
> 112 NME bR Tt 7| R S U —
A M SN
10% [~~~ ——-""TTTTTTTT T TeET T
09 LAOT——— AltaVista

2001 2002 2003 2004
Source: WebSideStory



Googlefk RG] (1998%

Implemented in C and
C++ on Solaris and
Linux

25| 2400 5 W T

“ Anatomy of a Large-Scale

Hypertext Web Search
Engine”, Brin & Page, 1998.




Googlefs 2451 (1)

HATIBITEZ A crawler, —Ik K

IR BT SRR %1300 E 8 Jis 45 A O TR

URLs

ﬁ'ﬁ%ﬁjl\%ﬁiﬁl %ﬁ . :. g
R 1 ;

BAEXT SR B URLs 8
#4530 B 42 URLSs.

FEE— I MIEPHTML, 81
JEZEFREMT SCRY . REERE (ink)fE SCRYHTE N SC kR iR (docI D),
B ES (anchor) XXt A4 K (length)#1 URL

=



Googlefhs R4 (2)

fEpTAE A R (hitlist), MR
R T R ZEEXE TR

M. FERPRNEERES

B4 B2 FIURLSE SN docIDs, FfifE S
£4& 5| (Doc Index), ¥4 CARIEEAE

B8, FoKkE “barrels”, ,

~ A LldocI DHEF AT 5]

“barrels”, ERLINk#HEEE (doclds{EXf)—

#docID X5l M & 5] #47#o
HF. 8 barrelfffii—E G
B W BwordID B 5lE

Ik B N F K hash 25 18] Bt N
wordlds, FHEEFEH barrel

i doclistft#e4t

BIZEEHRS], FEES
docIDFIhitlisti) Xk %) F A7)
PLEFword I D3R EX

#DoclDHLRKIZES], B Erepository TXXREMER, 03 R STRYHY
a4, BIA (checksum) , 4iHER, WEE, BEFURLFKER.




Googlefk 3%

=M (3)

:i 3 :‘ | ’ ei i 3

Bt lexiconiZ wordID
HEF, BIHER XRS5 #%
docID#HEF,

PageRanks—& k[
ZHRPEH

P Kbarrels, &
barrell REF title 5
anchorffihitlist, i
barrell&& Br& hitlist.

SearcherF|fSorter 4
wordlds%|Z®Rfl Indexer
4 Blexicon Bl & 5T i)
Lexicon . Lexiconf#f
T 140054




AGTEEY A

o MALHIEIES M), R E T LB H4
WINEL. R5IFmER
> A4 & GibigFiles
> M E (Repository)
> W% 5| (Document index)
> A 4 (Lexicon)
> R (Hit lists)
> BiMZ& 5| (Forward index)
> {8l1HEZ 5] (Inverted index)

10



A% &R GiBigFiles

o BERAARMENXGRABEARHEE R
5| Ay B X
o BigFiles X4 % 4
>ERBEEZNMNXHZ G2, e B3 #H4TF it
HE M X R SR
> XHRAZEN LB E R R E 30 5% R
> —RBERALRBERBAHRFT T, BTt
?ﬁtﬁﬁ%ﬁiﬁaﬁﬁiﬁﬁﬁﬁ%ﬁm
> BigFiles X % 4t 18 H 8 37 XA 19 & 48 0 6k

11



A 7

1E (Repository)

o MW E (Repository) 2 7+
AN T4 2 2lib 3 AT 45 B

HTML X A%, 1

/P T Y SR

(EREESFRAFEMER)

o XA docID, KEFURLENTEK, — A #

— /N AE

Repository: 53.5 GB = 147.8 GB uncompressed

Sync

Length

Compressed packet

Sync

Length

Compressed packet

Packet(7Erepository F & 45 77 50D

Docid

Ecode

Urllen

Pagelen

Url

Page

3

12



V%25 (Document Index)

o MHRI|IEE—EMNKFRIREXRTENIEHELR, B
e fZdoc DAL, BNKHEE
> T8 M repository+ SCAS I FE £
> R A (checksum)
> GitE R
> JHEIHEAITE R
> URL¥4t

- WMRZMITEEHITTRT, MWELBEE—NIEE, HR—A0
BFEE . B Adocinfot) XX, Z 3 HEE XTI URL X bR
o IR ZMNTURBLINEL, 84 R 248 F— MU E & URLAFURLIist

o TEUCTHRY, Z35 SR8 B4R P> 174k




1A H (Lexicon)

o NAEZRTIZERXRHAKHEBEAN—F, E£Googled, 7/ HA] P
NS, HRZ256MATE, 514,000,000 517
(— A B RIR A AR E ) , BB A:

> H—RIEI T2 B EIEZE (alist of the words, concatenated
together but separated by nulls)

> R Rl AR REFIZR ( a hash table of pointers )
o NTRREMRE, B EXRER, BMEKIEF (indexer)
EAE — NI SO

14



PR (Hit Lists)

o MFPRIE—IESFRELCETHLINER:
> ME
> RN
> KINEREREF
> FIRFRE! ( descriptor type ) , Hltitle. anchord¥

o TR G T BT FAMEIHRSI LR ZR, E

e[ LRI EA TR — MR EE K 7] &
Hit: 2 bytes
plain:[cap:T T imp:3 position: 12

fancy:|cap:1 | Imp =7 [type: 4 | position: 8
anchor:{cap:1 [ Imp =7 [type: 4 [hash:4 |pos: 4

~J|

15



B Z 5| (Forward Index)

TR ZR G| R BE MRS, £Googlet, R 5| FEHFE64)
TR (barre) #, BNMEEP—EEE AN PwordID, WR—
MBS EE (AwordIDER) BTEMERIE, Az
BHGIEXZ X docdD, HEREERLZ X R —8 Bia. Xt
T 1% L8 B ] )y R B 3R

Forward Barrels: total 43 GB

docid] wordid: 24| nhits: 8] hit hit hit hit
wordid: 24| nhits: 8] hit hit hit hit
hull wordid
docid] wordid: 24| nhits: 8] hit hit hit hit
wordid: 24| nhits: 8| hit hit hit hit
wordid: 24| nhits: 8| hit hit hit hit
hull wordid

16



{FlHEZ 5] (Inverted Index)

b
o XIR
Fa8 m B ZworlD A

k1

N

R SR R O, B N SRR )
i BHER S B S SR R —

F— N E M FIwordID, A E—AMHEE

> ¥8 7] HdocIDZH % I doclisys PA Sz #H B A Ay HH &
> DoclistsZZ 7~ FrA X IR I g R

Lexicon: 293MB  |nverted Barrels: 41 GB

L' wordid] ndocs] 94— docid: 27] nhits:5

hit hit hit hit

P wordid| ndocs| - docid: 27| nhits:5

hit hit hit

“wordid ndocs| <] ™ docid: 27] nhits:5

hit hit hit hit

hit hit

----------- \ docid: 27] nhits:5

17



Googlef)

FEHY

B 45 1) I

Hit: 2 bytes

Plain: Cap:1 Imp:3 Position:12
Fancy: Cap:1 Imp=7 Type:4 Position:8
Anchor: Cap:1 Imp=7 Type:4 Hash:4 Position:4
B 7] Barrels: & 1143G
Docid Wordid:24 nhits:8 hit hit hit hit
Wordid:24 nhits:8 hit hit hit hit
Null wordid
A 293MB B HEBarrels: &2 i141G
Wordid ndocs | ——» Docid: 27 nhits:5 hit hit hit hit
Wordid ndocs | —. Docid: 27 nhits:5 hit hit hit
~ Wordid | ndocs T Docid: 27 nhits:5 hit hit hit hit
Docid: 27 nhits:5 hit hit hit

A




Googlefu %= B %

1. fEAT &

2. A K 17 323 b wordID;

3. F| F Lexicon, 7% W FEAE T N8 T HKAEZH
S CEVIE A oh R

4ﬁ%iﬁﬂ%,ﬁﬂ£%ﬁ—4iﬁﬁéﬁﬁ%ﬁ%
1

5. }ZEE I H XA &R

6. MRAEENHFHRAL, H LKA T R W
ZR, AEAAEKNFER R IR T RERLE
L8, Hi3 PR,

7. WRARA DA XEF RNE R, %3R4,

8. ¥ Xt ¥, &AM N WK HPageRank|F L AT HE
F, 3R B & R A AN

19



AR AR B R

o

Stk

REATH %1% (Hitlist)

B L2 R JUMRE Y —: JH, #3CA,
URL, KF&, NEEFE

AR T — 2RI E

KA —REHHR—PMERIRE (weight vector)
ﬁ/l\g’%ﬂfﬁ PN E, FHFHBIERE (count
vector

P NRER SR (dot product) FRiITFHEIR (

Information Retrieval) W54 (NAMHRE)

lI;J{ﬁ:}?:}ff'—3PageRank (MIREEWN) geikitEE)E
15

20



2R R N E WA

o SEANRRIEMAFRELL, RV Hrid
It (proximity)

0 TEEBI_J@J%JE, PR

o FNLBILRAPIAT1EI10HI4LE
%%» %IJ zcﬁ%%%»

o XFEEANREL fy FRAIAR L R TH B Y B IREK

, M “i2H

lu.uu

21



¥R

o XHE Y ERIERZEN, HFT (1998
F) .

> KZ12400 75 X8, E—NERRAESIER
>R B T RASL 2 5

>4 crawlers B PP FNEL100)™ LAY

22



REEHIIEAL

PR

AN

N crawlerZ4E 7 — N H S DNSEIRZEF

Fflex3kr2 4 1815450 HT 8% (lexical analyzer) AT CAY

HATH R T
N FE

P T2 ) s

¥ (In-memory lexicon)

YHEZRG|#EREHr (updated in bulk)

P EAE

2RISR BT, AT HERE A

J 45 R IBAE A H 18

Ex3

45 (Compression of repository)

St Chitlists) K251
=5 AL RIBEF, Hicerawler®B&iR, [&

S 48 AT A R K7 =2 8]

I crawler 2 i 20

ki

23



A EOR

o Uit (1998), GoogleXT MBI = RN T

Storage Statistics (Values in GB)

Links Databaze, 39, 4%

Document Index, 9.7, 9%

Lexicon, 0.293, 0%

Compreszed Repositary,
53.5, 49%

Inveted Index, 41.3, 38%

24



/NEE: Google

H v 'legx\é:nb*@

o BrinfllPagelJi2 3 “ Anatomy of a Large-Scale

Hypertext Web Search Engine” (1998%F)

> IR

S E]

HIe X2 —

> PageRank #7717 ﬁ/ﬁ%ﬁj‘ﬁ: H i s i B H.

i

> GoogleH] BT 2
o XTHISEIBL (4

HEEREX

X WO IR I
/) HERRGIZERG]

25



ILEGoogle 1T HAK R 45

o KRZJB00FNGHEBR S AEZNERE, BIE
A 2000 4 FH 28
e HH AR%t:
> X864 TS . IDERELL, Ethernetilif{z
> B LR M E B RA A S
o N TAEMERIEH
> BHE (data) « M. K5I 459ABN RS -
> e (Function) : FEINEL. RIIEM, RIlK
R XHERE, | EHBE (Ad placement) &5

Barroso, Dean, Hoélzle, Web Search for a Planet: The
Google Cluster Architecture, IEEE Micro 2003

26



Ak 55 23R 1Y

Web Servers
Data-gathering servers
Index servers
Document servers

Ad servers

Spelling servers

:

Google Web server

Spell checker

Ad sarver

\

RN

N

il

Index servers

LY I
\\".\‘i II

Document sarvers

27



Web k5555

o Webfksr25 1AM P MIAEHEINAT, REH

2 RHAL NHTMLI [

PATEREEHEBERIESE R T RFE 2 (index

servers) , B4R, 1HSL %ﬁF?: l_LjC
AR5 2: (document server) FERNrH X

MRRE, (ERPFERSE: (spelling servers
) BN, MW EMkF4 (adserver) /[EI
=ik

28



BE

IR S5 AR AR 5] AR 55 4%

IRF7EWeb I EFE, FH5

wE, M
rank/{g

RS R5%2s (Index servers) &5 — &7
Z5|# A (index shards) , ftfl1iR ][R

EHERT

AR 55 25 (Data-gatherlng servers) &

A EL

JPageRankH %EAE

I

THI T, T

oA

WH] ) SO ID (“docid”). R 5| AR 55 2% X i
IR ERAE, HE glﬁﬁﬁﬁCPU

i

29



MRS R 55 4%

o i*ﬁﬂﬁ%ﬁ% (Document servers) 174 XY
o TN HREEINCRARS 28

o SR,

B

o WIFE, TiR
o XULHRSS 2T EIRZ A

H

— NGRS B X B
TEWHIE KR E

S SOHEIR

B (P TURARD

L_‘I'_‘.IE_'J

30



[ -5 AR S5 A TS Ak 5548

o | H5HRSZE (Ad servers) B H AdWordsHl
AdSensefR LR 5 RS

o BtE RS 23 (Spelling servers make) X} 2 if )
PrE R E I

31



Al 55 4% XA 4

P

o RSB XHARNKIx86 PCs, i24T7H FH K Linux &
4t
o Hix: WLAEBENERPRESEMEEFICPU
, TIARZXTTERE

o Googlezl I BB KT EH 2 feFE (power

consumption)

32



Google R Gt i1 2HE

o £ T2004F4 H KA HIGoogle IPO S-13%,
Googleti A :
> T19MH1ZE (racks)
> 63,2726 M55
> 126,544/ CPUs
> 253 THzH I Ab L fE
> 126,544 GBHIRAM
> 5,062 TB HE £ %5 [H]

o MEZANMEIL, GooglefR 724 5 T HF L&
PR KA R H A

o T HE 8 /1 7£126-316 teraflops, 12 Y4 T Blue
Genely1/3

33



— R BERRRY LE... ..

Google

Advanced Search

Iﬂulan Turing Advances S
I Google earch I'm Feeling Lucky Language Tools
> 200+ AbHE8S

> 200+ TBEUIE EE

> 1010 = BB £ A 1
> 017015 DB [A]
>5¢ T HIA



XT.MZl:/ \/IZI*/] E/J:EISE&

o RGLWTT
> EREATT E LR
SRR PRER: AT

) . A[EEME (Reliability) .

. 7 (Consensus)

o qﬁﬁ’l‘ﬁﬂ”
>R T E A

E?I

2

ﬁmﬁﬁ QEKJ\ é)%*ljl.:%

= (Scalability

‘Z4 (Security

35



=1t # (Cloud Computing)

o F

5 Bk 2 i)

- F

10 A0 AR 55 2 1t

FREHE. EEERERSERN

0/1\

H,

T DA I LT FE ML

> EER T RPERMR S A X H S,

> 10 PLZH 2R N 2

>

B

Ny

R TIEL —,
- LY R A L O SR

A7 LA K 7 (8 B VB R8I R AE AR 50

36



B TT R

o AR MHRSG
> Google File System (GFS)

> Hadoop Distributed File System (HDFS)
* http://hapdoop.apache.org

3

o JmAEALTY
» Functional Language

* MapReduce, HadoopMapReduce

» Column oriented database
* BigTable, HadoopBase

37



Googlels R4

Froduct

MapFeduce, BigTable

Google File Zystem

s

s

Hardware

Hardware

Application Layer

Middleware layver

Computing Flatform

38



BREIZEXN R AR H R

EGRETEFNAMENTE LI CHRS
%%Ei#ua R S P s

4 ™,
%ﬁﬁéﬁ%?x# ﬁﬁﬁ%mnﬁﬁ

ﬁ%ﬁ%i%&%?ﬁﬁ%ﬂ%@&%ﬁgﬁ
AR e i kA
Fiﬁ’lﬂb&ﬂl)\ﬂ_fﬁaﬁ - B AL E B LK E3E

S
~A—
ﬁﬂ&%ﬁﬁ&%“ RE R BEiEE LU
ﬁ%%%#ﬁF NIXEHTE—IRHNGE

% &% PRAIE 22 1~ % 7 S BE A L [A] — 4~ 3CAF
] 18]

SRR
AYRULCEHREE, L EUSRET,

= &

1.[._

&

e N R RS- S
Rr O EaE peeh o
mﬂﬁsﬁﬁ&mW%H&%

et

39



GFSE RS54

o EHEHAH —IEAHmasterfl1iF 22 chunkserver. N 5 B master . 5 5k

B, Google L —NMNGFSEREHAH £/ backup masterf£7E
o EFTREBEXHRZNMELHEEE, AFwmaT

8], ViR, 3

#iﬂﬁ%ﬁﬁﬂﬁ%ﬁ]‘% RN B, ERIFER S R A2 RTERE

° HEEE H]L:L_:L_'UEJM = & Schunkserveri# T2 B, KX FNKE
ﬂ%ﬂ&%%& Eﬁ’{j“b‘ 'Z(ILL\

Application

i file name, chunk index)

GFS client [

ich

{chunk handle,
chunk locations)

unk handle, byte range)

GFS master

’

. ¢
File namespace
4

[
’
i
.
¢
’
.
x
2
"
-
-

w [foo/bar

chunk 2efl

L

¥

Instructions to chunkserver

Chunkserver state

]

Legend:

mmmp  Data messages

—= Control messages

P |

ch

unk data

GFS chunkserver

GFS chunkserver

Linux file system

Linux file system

98 —

9'0 -

Sanjay Ghemawat, Howard Gobioff, and Shun-Tak Leung, The Google File
System, 19th ACM Symposium on Operating Systems Principles, 2003.
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Chunk &2 Chunk Server

o TEGFSF, B— AR EE 2 KD (
64MB) Hjchunk (3)

> F— N Hmaster (R IE LB R FIRT B =4 — A2
A ME—H64/ . chunk handletr &
o ChunkserversfE A A Linux X 4 &4t
RAEFXEE, JHMRPEchunk handlefl1Z 75 [X
8], EITLinux3 4 RS 3E 5 X H ) HE

o HTHEMERIFERE, BPMIESHEANRR
chunkserver ERTFEZAT (replica) . SREHHL
s BRI &

41



=

=12 (Client Read)

2 i R IETE K A master:
» read(file name, chunk index)

Master[B] WV :

» chunk ID, chunk version number, locations of replicas

=P

Chunkserver/|=

%1 'l chunkserveriZreplica:
» read(chunk ID, byte range)
> R TR LR N N SR BT HLE TP

N, ARIEBE

42



gy==!

MapReduce: KAEEEALE

o WEMEFMTFEMNHBZHIHIE, FERHIIME L
FHICPUs
¥ o BHARG
o MapReduce2 —PNmfEEA], R4
> BTN AR
> R
> VOB
> RS
o BATH RGMHMALRBEHIRNIAF] PATHE., LM
PLasilfE, DLRE A 7R RUALES N 3085 40y
> REREAREMAFITHSMARRERIIIEF REEBE 5 H
FHA— N KBS M ARG RIE

Dean & Ghemawat: “MapReduce: Simplified Data
Processing on Large Clusters”, OSDI 2004
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MapReduceft: 55 A B FE

PR E — S R (Map) AFE—AM8E/MEXT (key/value pair) K
FPEEPRAREREXNES, BfEE —MMEHEE (reduction) KA AT
A 15 [F — rFr [a) g AH 5< B P TE) B

» map (in_key, in_value) -> list(out_key, intermediate value)

» reduce (out_Kkey, list(intermediate value)) -> list(out_value)

Input map tasks reduce tasks output
split 0 |
split 1 N part 0 N
split 2 y part 1 y
split 3 N part 2 N
split 4 |

44



MapReduceZR 25+

LS

& AN H BRI IR

map(String key, String value):
//key: document name
//value: document contents
For each word in value:
Emitintermedicte(w, “1”)

reduce(String key, Iterator
values):

//key: a word

//values: a list of counts

Int result = 0;

for each v in values:

result += Parselnt(v);
Emit(AsString(result));

K8-5

http://code.google.com/edu/parallel/mapreduce-tutorial.html
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Input

© G © © ¢

'

¥

Intermediate | kl:v kl:v k2:v

k3:v l<4‘qr

kd:v k5:v

kd:v

kl:vk3:v

Grouped

Qutput

[[Gmup by Keyjjj

kl:v,v,v,v

ka‘»

kd:v,v,v

k5:v

ééééé

46



___________________ —_ —_—— e — _ -
IF Map Task 1 -: Ir Map Task 2 | Ir Map Task 3

| Lo L

| L L

| L L

| L b

| L b

| L b

| klwvklw k2w klav ] [| k3w kdw kdw ks || | ked v klov k3w

| Partitioning Funetion I | Partitioning Funetion | | Partitioning Function

Sort and Group
kd v v k3w

Sort and Group
klwvwvvy [ k3wvy

(Xx 5o

Reduce Task 1 . Reduce Task E_I




BigTable

o 7EBigTableH 7% &t {bEiE
o BigTable 2 — M KB EGAEN BRI

ARG

> BEAFETB (terabytes) EZ1 A FMPB AT

ek 2 [H]

> R PAACE LB RS

o BigTable2 — /T

FGFS2Z b

> K 53 2B L] SE
> EAR—ANREABIEE, AFSQLRAE ]

> Rt ERAE, 7T PLEE AR5 17 5 M40 B

Fay Chang, et al., “Bigtable: A Distributed Storage
System for Structured Data”, OSDI 2006
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XE
t

P
L1

® ﬁixxé:nb*@
o HEFFEIE

> Lucene
» Nutch

o TLIEEG|E

49



Luencef&d /)

— NI Apache PRI H ;
RN AR G| R Java 2K
®HThii4~2.4.1

HWHECIES
http://lucene.apache.org

| -

LN



Present
Search
Resulis

Application

Index Search
Documents Index

org.apache.lucene.index
org.apache.lucene.search
org.apache.lucene.analysis
org.apache.lucene.document
org.apache.Lucene.queryParser
org.apache.Lucene.store
org.apache.Lucene.util

Lucene

51



Lucenef5 7 &%

o REMINEITH
Z(Wk,i ><Wk,q)

k=1
t

Sim(dwq) =

\/ZWk,i2 X\/Zwk,qz
k=1 k=1
w, ; =tf, ; xi1df, w, , = boost, xidf,

HE i FrE R PR SE, ) T L7300 PRWE, df, Tk
FEie) & TERDOER R RNESOEE,  boost, FTTFRERE. ¢

e S |
B R I SR AL

tf, . = IR KT SO P B

idf, =In 1

52



B3~ NF I

B F # R

it in d) SO I E TR

iaf(o) A TEEHES T T AR

fieldBoost(t.field in |3 H AL E F (boost) , THEARY TEFH

d) TIRE

fieldNorm(t.field in | 3% 47YE ¥ & (normalization value) , X tb-F X

d) —i & 5| A ¥ (fieldLength) &-F 74k, #%
ER5| T EZEF LR R F

Doc.Boost XA E, 8 doc.setBoost)7E & 5| B #HATIXE

coord(q, d) 18 B F (Coordination factor ) , 1% -FHy{EA
F X% A2 2 1 B TR N3

queryNorm(q) BANEEHTENE, BENEETARENT S M

53



AN

TermQuery 18§45 /A T

\

o TermQuery ¥ Lucene X {0 &k H LWy &g F X. &

RA—ANK#E1dk. TermQueryHy it E /A=,

L]
L]

score(d;,q)=tf > idf *boost, * fieldNorm

t _ . doc.Boost* fieldBoos
\/Zwkf = |/ fieldLength fieldNorm

= ~[TieldCength

o B Wi IR E
idf,faboost 55 X LK, FRHHE4
fieldBoost, doc.Boost;e N AR T ZI{E, &N

EWHEL BT of / sqri(fieldlength)
> ALK R W SO 2 i R B R AN T T AR

fieldlength R T~ EH T EENBHNKE, REFHEERAERE XL+ EH

1.0
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BooleanQuery

o BooleanQueryﬂz—ﬁ’ ReaAE&#H, XFZMHA
& HEREEAH S

o BooleanQueryW%

> +HEZ R B BfE —RE

>+ (P8 RE) Bt Fr

o B] PLXTAS[E] B2 15 R A [F] B boost{E
1017 7E

> 4.

¥/ BooleanQuery*

11

BREH73.0 ZTein2.0 Z4F1.0

1 RRE

RN
i3

55



BooleanQueryH) 1873 /A T

—

b

Ly

T H A AN 1 IR koA T L A B e

score(d. k) =weight, = fieldWeight, * queryWeight,
= (tf, ; x1df x fieldNorm )* ( Boost, x Idf, x queryNorm)

oo

queryNorm =

1

t
\/ > _idf,*boost,’

k=1

MNER X EE B/
score = coord x Y weight,

H.

k=1

JL i in 5L 2

coord =-

S TR T
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TermQuery#|+

o A=RXHEHAEWT
documentl.txt: | MEFE T KEFAIER —R K
document2.txt: | JAERGHE T K&
document3.txt: | MEEFEE T RKEIFENR 2SS TESR

o X;ﬁz%ﬁ&%%%ﬁ%?%liﬁ, RER “KRFE” —@E2HHE
n i



TermQueryH| Ff#Z:

BN X EHIT R, BRRNERE:

documentl: | M %5 BT K% 4] BxR — K%
document2: | J 4Ep5 BT K&

document3: | M EF§ BT K2 HEYL B TE %05k

A-fieldBoost=1, boost=1, =& Sd‘%? E!'\JﬁeldNormé?*}'ﬂJ YL 40.3125,
0.5, 0.3125 (& fieldNormZE L IE R TINF T, BRERERK)

BANRN:
socre = tf, ; x1df, x fieldNorm

SEXAWEL R 1414, 1, 1, idf3H20.7123, Bl =& XA
W58 Z0.3147, 0.3561, 0.2226.
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BooleanQueryW'J%

o A=RXHEKNBUT:

Documentl: | MAEFH T KEHCER —HKF

Document2: | M4EFRE T K5

Document3: | MEFE T RKREHENEZEE TE

o XIX=FXHEE T LuceneR 5|5, KR “RE” .

THHEHL” WER 2R

P

é

59



BooleanQueryfi| F#£2& (1)

COOrQ,cumentt =
COOrQ, .ument2 =
COOrQ . iments =

o gocuments = L1414
tfj(%,documentz =1

tf =1

K&, document3

idf . =0.7123
idf ,,,,, =14055

queryNorm =

tf
tf
tf

1

1+ H1,documentl

151, document 2

1+ #H1,document 3

=0
=0
=1

\/ idf .." + idfﬁﬁmz

=0.6346
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BooleanQuery#| 2 (2)

o =LK IfieldNormiK SR 43 51°50.3125, 0.5
, 0.3125, FrDA:

SCOre, . meny = 0.0711
SCOI€y, . mento = 0-0805
score =0.4923

document3

e FFPL, BHMFHEFERMNM1ZAZ: document3,

document2, documentl
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XE
t

P
L1

® ﬁixxé:nb*@
o HEFFEIE

» Lucene
» Nutch

o TLIEEG|E
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Nutchfaj 4

o Nutch &3 T Lucenef ] FFIE# & 5| 2
> http://lucene.apache.org/nutch/
> HHETsHThR40.9
o GHN T THI M web 1) A HAE B
» crawler
> 52 & (link graph)
o BT
o« B
» HTMLAN AR SR A% 2 B VR 79 A AT
> IBE . FRERRMNALHE
> 7 R RS AR I Ee
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NutchZE )

web db indexers

[ 5

fetch lists updates

indexes

fetchers Cﬁnt j

-
m searchers

i

web servers

S ot
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Nutch T/ERAE

................. .
I | |
| (|
i 5 HH L 1 R ™ Web DB |
| 1 |
I | I |
I |1 |
| | I s 51 4T I
] | I |
1 h 4 ! I ; |
I Fetchlist I I .
. - Content | |
| ([ | I
I o
- - | Fetcher |
i I > |
! I I | Parse text I— |
| (|
| 1 |
! I | | Parse Data | |
[
: P g gl |
! I Segment AR ARG I|
| [ P S .
' A BT S ] :
i i i
— I .
e i i
! Internet - |
i g B
e =)
L .. [ i
——————————————— - fi5 22
" [+ G 4 | I
L. - . |
_______________ - i
r 4 5 b F i |
L. — . — . — e I
!l_ Far a2 i 5% v i
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DR

BPEAE £ A
Web DB TR T A AECA A U W T 09 A5 8 o 2 2 o i 345 B
Fetchlist A TR A7 3R Z B P T B URLAE
Fetcher F T ARG INBUE 89 P g 2R A2 B AnEE Nz P T B9 P A2 &
Parse data R T RA 2 W TURT A R R R
Parse text A THRAFIZM T E4 P ARG 6 X F1E 8
Content BT HRAZ P T R 4 HTMLA 25
Segment Nutch#y — /> T{E E 5%, J Tk fFFetchlist. Fetcher. Parse data. Parse text.
Content X {4
Index i 1T SegmentZE 3L B &K 5| X1
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Web DB ZH E%

o MITEIEE (Page Database)
> TIMBUAE (fetch scheduling)
o %@%#{ A FE (Link Database)

> RaNERERERE (link graph)
>ﬁ’—ﬁ%'ﬁ R RERRI XA (anchor text)

, ~

%%ﬁ’*ﬁ (Link analysis)
» 85 AZEF| (Anchor text indexing)



NlltChiHF/?ﬁiyﬁ

score = score(url) + score(anchor) + score(title) + score(content)

score( field) = weight( field)
= fieldWeight( field) x queryWeight( field)

field e{url,anchor,title, content}

A FR Ui BH WE
url 417 % 5T ur 4

anchor B 7] 2 117 OB AR DO AR 2
title YR 99 T AR Titledsn 25 i i S0 A 1.5

content YT R T EBEHTMLFRZS 5 S0 A 1
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NutchHfF &% (2)

[ doc.Boost .
e e ———— field = url
fieldLength
_dOC'BOOSt ....................... field = anchor
_ In( fieldLength +e)
fieldNorm =+ doc.Boost
PRSPPI field =title
|/ fieldLength
dOC'BC_)OSt ............ field = content
|/ max(1000, fieldLength)

o doc.hoostit XN E, R XHENEER, CHENAIEWEEXRE
*x, AR E WL K
doc.boost =1 doc.Boost?

queryNorm =
doc.boost \/Z (idf * fieldBoost*)

doc.boost = In Count(inlink)
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(=

sports.html:

<html>

<head>

<title>Sports Page</title>

</head>

<body>

THIS IS THE SPORTS PAGE FOR TEST <br>

<a href = "football.html"> FOOTBALL </a> <br>

<a href = "basketball.html"> BASKETBALL </a> <br>
<a href = "golf.html'"> GOLF </a> <br>

basketball.html:

<html>

<head>

<title>BASKETBALL Page</title>

</head>

<body>

THIS IS THE BASKETBALL PAGE FOR TEST <br>
<a href = "football.html'"> FOOTBALL </a> <br>

<a href = "golf.html'"> GOLF </a> <br>

<a href = "sports.html"> SPORTS HOME </a>

</body> </body>

</html> </html>

football.html: golf.html:

<html> <html>

<head> <head>
<title>FOOTBALL Page</title> <title>GOLF Page</title>
</head> </head>

<body> <body>

THIS IS THE FOOTBALL PAGE FOR TEST <br>

<a href = "basketball.html''> BASKETBALL </a> <br>
<a href = "golf.html'"> GOLF </a> <br>

<a href = "sports.html"> SPORTS HOME </a>
</body>

</html>

THIS IS THE GOLF PAGE FOR TEST <br>

<a href = "football.html'"> FOOTBALL </a> <br>

<a href = "basketball.html'"'> BASKETBALL </a> <br>
<a href = "sports.html"> SPORTS HOME </a>
</body>

</html>
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TR IR

Sy

b

o UlfootbalLhtmU A% %, Xifootball 2D
1Tt
> url: http http-127 127 0 0 1 8080 football html
> title: football page

» content: football page this is is-the the the-football
football page page-for for for-test test basketball
golf sports home

» anchor: football
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TR HEARidf(E

35 B R football ¥ Ei & tf
url 1 1
Title 1 1
Content 2 1.4142135
Anchor 1 L
B | BSOS football TR | idf
url 4 1 1.6931472
title 4 1 1.6931472
content 4 4 0.7768564
anchor 4 1 1.6931472




& queryNormFlfieldNorm

queryNorm = doc.Boost*
V> (idf * fieldBoost?)
B 1
B \/1.69314722 x 4°+1.6931472% x 2°+1.6931472% x1.5°+0.7768564° x1°
=0.124622196
fieldNorm
1, Doc.boost | EHFEILHIE= HSTHE SERREAL
url 1 9 0.11111111 0.109375
title 2 0.70710677 0.625
content 17 0.031622775 0.03125
anchor 1 0.76146287 0.75
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AT RS ET (1)

score(url) = queryWeight(url) x fieldWeight(url)
= fieldBoost(url) x idf (url) x queryNorm(url)
xtf (url) xidf (url) x fidldNorm(url)
=4x1.6931472x0.124622196 x1x1.6931472x0.109375
=0.1563014

score(title) = queryWeight(title) x fieldWeight(title)
= fieldBoost(title) x idf (title) x queryNorm(title)
xtf (title) x idf (title) x fidldNorm(title)
=1.5%1.6931472x0.124622196 x1x1.6931472x 0.625
=0.3349316
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ARSI ET (2)

score(content) = queryWeight(content) x fieldWeight(content)
= fieldBoost(content) x idf (content) x queryNorm(content)
xtf (content) x idf (content) x fidldNorm(content)
=1x0.7768564x0.124622196x1.4142135x 0.7768564 x 0.03125
=0.003323854

score(anchor) = queryWeight(anchor) x fieldWeight(anchor)
= fieldBoost(anchor) x idf (anchor) x gueryNorm(anchor)
xtf (anchor) xidf (anchor) x fidldNorm(anchor)
=2x1.6931472x0.124622196x1x1.6931472x0.75
=0.5358905
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GG R

s

score = score(url) + score(title) + score(content) + score(anchor)
=0.1563014 +0.3349316 +0.003323854 +0.5358905
=1.0304474
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RS R

faotball E=dren

HL4E g 4mERER)

FOOTBALL Page
FOOTBALL Page THIS IS THE ...
hitp/1127.0.0.1:3080 o otball html (P TR G2 1ERD (anchors)

Sports Page
LPAGEFOR TEST FOOTBALL

htl:p f127.0.0.1:8080/sports himl (F R (FF01FE) fanchors)

BASKFTBALL Page
. PAGEFOR TEST FOOTBALL
htl:p f127.0.0.1:8080/b asketball html (7 T ERD GES1ER (anchors)

GOLF Page
LPAGEFOR TEST FOOTBALL

htl:p 127.0.0.1:28080/z0lf hitrl (P IR B GFEIFRED (anchors)

a4



| 1 amnd

Nutchf5

N

0%
93 3¢

. 1.0304474 = sum of:
. 0.1563014 = weight(url:football*4.0 in 3), product of:
e 0.8440149 = queryWeight(url:football™4.0), product of:
» 4.0=boost
= 1.6931472 = idf(docFreq=1)
= 0.124622196 = queryNorm
e 0.18518797 = fieldWeight(url:football in 3), product of:
= 1.0 = tf(termFreq(url:football)=1)
= 1.6931472 = idf(docFreq=1)
= 0.109375 = fieldNorm(field=url, doc=3)
. 0.5358905 = weight(anchor:football*2.0 in 3), product of:

e 0.42200744 = queryWeight(anchor:football*2.0), product of:

= 2.0 =hoost
= 1.6931472 = idf(docFreq=1)
= 0.124622196 = queryNorm

e 1.2698604 = fieldWeight(anchor:football in 3), product of:
= 1.0 = tf(termFreqg(anchor:football)=1)
= 1.6931472 = idf(docFreq=1)
= 0.75 = fieldNorm(field=anchor, doc=3)

. 0.003323854 = weight(content:football in 3), product of:

e 0.09681355 = queryWeight(content:football), product of:
= 0.7768564 = idf(docFreq=4)
= 0.124622196 = queryNorm

e 0.03433253 = fieldWeight(content:football in 3), product of:
= 1.4142135 = tf(termFreq(content:football)=2)
= 0.7768564 = idf(docFreq=4)
= 0.03125 = fieldNorm(field=content, doc=3)

. 0.3349316 = weight(title:football*1.5 in 3), product of:

e 0.31650558 = queryWeight(title:football*1.5), product of:
» 1.5=boost
= 1.6931472 = idf(docFreq=1)
= 0.124622196 = queryNorm

e 1.058217 = fieldWeight(title:football in 3), product of:
= 1.0 = tf(termFreq(title:football)=1)
= 1.6931472 = idf(docFreg=1)
= 0.625 = fieldNorm(field=title, doc=3)
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BE . FMHEEFF IR R

o HE:

VVVYV VV VVVY

T THI A 2 F UG FE A 2R 1] AN 3
UL A i8] F 4R I FE
TA]7E T AL B

FE R EtaglIAL B, 0 <title>, <hl>, LA (link text) ,
IEXA (body text)

T8 7] 2% T FR) 8 SC A

ERHEF HEMPRRFERR, UEAKRRFREBENMESHHIR
B2 (TF*IDF)

BERE T WIRLL T T 48 [F) % U H
R % TR U A AR
I “2r8r” TEE

0 &1+’BZ%'<‘E’J/\EH%H ESRREZEER
o MENMERIIEMNT, ERIHFFFEIEAZRE RIS
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.3

XE

t

® %/\?ﬂbm
o HEFHEIE
o THEG|%E
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,f_

AU RG[ZE ?

o LERIFIZBIRKH M BEHRINZIER

5% (SE) Rm&5RIBEED

o TERIF/UE—AG KO, FHHF
WA RZA S M EREIE, FHFHERU
i — IR [

o LRI WebM T, GIERTIH
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LRG| %

" 2
s

Search
Engine

N‘

Search
Engine

Search
Engine

I
Gluery

CMeta Search Service )

$ v I

Search using

multiple

search engines

Search
Engine

Search
Engine

Search
Engine

Search using a

meta search engine
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LA LR R 5 2

Dogpile (http://www.dogpile.com/)

> R RRITTE RS EZ—, E5TRZRUE
Vivisimo (http://www.vivisimo.com/)

> FIAREEAR, BIAHERER, LT EESE
Kartoo (http://www.kartoo.com/)

> TR uE R 5%, HA AR mind map /R4 R
Mamma (http:/www.mamma.com/)

>1§9Iz£$ﬁi$ﬂ:—%5ﬁ:l:i@i, AREEE IR

SurfWax (http://www.surfwax.com)

> F “SiteSnaps”##{%, F P A LLEREHFARGE
ZE R
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Vivisimo

Y Vivisimo cancer

Bio MetaCluster M Pubied @NIH M MerckManual M Google W Harrisan

¥ TRIPDatabase

Clustered Results

»» cancer (571)

"'* Breast cancer (129)

= v Celerectal cancer (62}

-» Early Detection (19)

-» Colorectal Cancer Screening (9)

-» Predictors, Colorectal adenomas (5)

¥ Advanced colorectal cancer (5)

"* Chemotherapy For Advanced Colorectal Cancer (2)
"P Guidance, Irinotecan, Oxaliplatin & Raltitrexed (2)

E""@T lymphocytes isolated from patients with advanced colorectal c:

Category cancer > Colorectal cancer > Advanced colorectal cancer contains 5
documents.

1. Combination chemotherapy for advanced colorectal cancer.  [Mew Window] [Full
YWindaw] [Preview]

Eritish Journal of Cancer (2003) 88, 1152-1153. doi 10 1038/5] bjc 6600848

W Djcancer com

Authors: Mason, M- Johnson, P - Rudd, R -

URL: wwny nchi nlm nih gow: 80/entrez/query fogivemd=Retrieve&db=Fu. ..
Source: Pubbleddhl 41th

2. Comparison of intermittent and continuous palliative chemotherapy for

-» Risk of Colorectal Cancer (5)

“» Screening for colorectal cancer (3)
‘» Liver metastases (2)

‘» Ursodeoxycholic acid {2}

“» Colonoscopy, Neoplasia {2)

-» Nice, Reply (2}

-» Other Topics {13)

" Lung cancer (34)

-» (3astrointestinal Tract (31)

- Prostate cancer (30)

-» Jvarian cancer (19)

- Cervical cancer (19)

-» Principles Of Cancer Therapy (18)
- Cancer Institute (16}

-» Mortality (16)

L J

advanced colorectal cancer: a multicentre randomised trial [Mew Windaow] [Full
Window] [Preview]

URL: wownwy tripdatabase com/iredirect cfm?id=181233&criteria=cancer. .

Source: TRIPDatabase 91th

3. Full guidance on irinotecan, oxaliplatin & raltitrexed for Advanced Colorectal
Ccancer [Mew Window] [Full Window] [Preview]

URL: wwnwy tripdatabase comiredirect. cfm?id=181100&criteria=cancer. .

Source: TRIFDatabase 7th

4. T lymphocytes isolated from patients with advanced colorectal cancer are
suitable for gene immunotherapy approaches. [Mew Window] [Full Window] [Preview]
Despite improvements in treatment, the S5-year survival for metastatic colorectal cancer
remains poor. Novel approaches such as gene immunotherapy are being investigated to
improve treatment. Retroviral gene transfer methods have been shown to transduce
primary human T lymphocytes effectively resuling in the expression of therapeutic
genes. However, a number of defects have been identified in T lymphocytes isolated fror
patients bearing tumour, which may have critical implications for the development of
gene-targeted T cells as an anticancer therapy. To address this issue, primary T

| lymphocytes were isolated from patients with advanced colorectal cancer and tested fo
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TUE R 5 ZER LR A

o fLR:
> B UES M ER G| Bz T

>R R & TR TR

1, LHEABENSE

> BIFRIRR AR : WA R RISEZREUHRE B i TH ) 3

=

=
> E L FGASE R A

> TEFR: RERSANSER AT

=)
T
&
e}
v
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REFIA

o 9%’{5‘&*‘&*

> BER G RIIEER

>HER4E R
>R HRSE (7]

o WA &I

- AN [l R [

Lk e

NESE SN &

5| R F LRI L 17 7

> & (Rank Aggregation)
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HEFF

o FEFERE: HMAFRSERIF
HIHEF 3R & H S s
HIHEFF 513

o RIFIZFEHIL (social
choice theory) ZEMRHRH A

i
o HFFERETE:
> 18/RiXiT# (Borda count)

» Spearman’s Footrule
» Kental’s Tau

Rank Aggregation —
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H 2R

o Z‘i

YAy
=

SE*L‘IT?

EFE
e

. WFI B — 4
iy =

4T

—

B — MR (agent) 45, Flan

voters

> 3T A

—

=

(3% B Calternatives ) A

(allocations, outcomes)

o UNfA]PEAR IX Heik FE 5

>HERE S —Byvoter ) R 2
Jﬁé*ﬁ)ﬁ

=]

] H 463 =]

FE B e HIERSE ?
L, AL
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R (Group Decision)

o WMATREATRELLIR?
>33 (Flip a coin) ?
> #E (Dictatorship) ?
>RF (Democracy ) ?

o FERSKAMM ( Group Decision Rules )
> % 3 AN (Majority rule )

« 3L.% #%# (Condorcet paradox )
> 18 /R 1+ ¥ (Borda count)
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BUAE R

o —RINFEE (voters) , V={V ,V,,V3.oinV.}

o —RIEi%EZ (alternatives) ,
§={8,5,,5,,...S}, |S|=m;

o —RIWIFFZAR ( preference relation ) ,
P={R,,R,,R;...R}, , TR AIRUIFHEZE (preference

profile )

> BNMREF PRG-I AR, for ZSH— (iiF) B
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PEEFFEINT (Maiority Rule)
A AXN/YUN] \1ViAajuiity INUlT )/
o 3B AR {(x,y} A A BRI EEE
erson |1 2 3
Pref.
15t X Y X
2nd Y X Y

e HTAHER VA ZEXTARE Y

WX AR EXTT A Y
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FLZ E1FE L (Condorcet Paradox)

¢ iltl %ii:f%ﬁﬂ— :

Al

erson
Pref.

1

lst

2nd

3rd
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X H EE 3

o XTT(x,y)

o Hh, T (Y,2), ALUHEE Y>Z; xtF

1: X>Y
2: Y>X = X>Y
3:X>Y

(Z,X), AJ u?%l‘ é” />X.

o NI
o 18

;. X>Y>Z>X (B , AEH

N

423, % £ (Condorcet) {Fi#:
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{iAF (Borda Rule)

BN

o X &}

>

3 /\&
> X

N2, AT

SRR A TR T R

H

\

o O RIEE N EALE L, 25 IR

MEEERT — N EUE, F-

eyl

.
.

EH A




Borda#i M 1141+

erson |1 2 3
Pref.
1st X (1) Y (1) X1
2nd Y (2) X (2) W (2)
3rd 7 (3) W (3) Z (3)
4th W@) |Z@4) Y (4)

o ¥ LL7RE|:
> X: 1+2+1=4
> Y: 2+1+4=7
> 7.: 3+4+3=10
> W: 4+3+2=9

=2 X>Y>W>Z
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] Bordaili Nl #&EF:CondorcetiZ it

~“/\1§i§'@.%ﬁ'@ﬂﬁﬁﬁ

erson |1 2 3
Pref.
1st X (1) Y (1) Z()
2nd Y (2) Z(2) X ((2)
3rd Z (3) X (3) Y (3)
2| A Borda%)J”J




— ATy

o B HFMFKZL (relevant scores)
> BN R GRS R E 53

o IIELHIBorda#il] (Weighted Borda-rule)

> B REEN RAE R IR

> WU REHF ARSI T E L KN E

=X
=
—
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Her R &5

o BN~ HB/NHFIYERA (Min, Max and
Average Models )
» |Fox and Shaw,1995]
o MRS A (Linear Combination Model)
> [Bartell 1995]

o MR ZENHTFRE

Cynthia Dwork, Ravi Kumar, Moni Naor, D.Sivakumar, Rank
Aggregation Methods for the Web, WWW10, 2001
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=
&

R B/ NS (B AR

o XWHEHINRATHEHNMEEGZE (BEEH) N

B KNMES w/ME FPIRIEBPAES
meHiE | R4E&0¥%
CombMin | B4 AH X & By & /ME
CombMed | BT A AH x & By H L 4K
CombMax | B4 AH X & By i AAE
CombSum | FirA A0 x B By & Ao
CombANZ | CombSum / FEF M X E ¥ E
CombMNZ | CombSum * JEF A X ¥ E
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SR = R

Sic(d) = Zaisi (d)

o XHRTH ¥R T B X RAd WA K B AR F, B b X
LR P

o LCEAWHEMWERAERE. XAEZHEHEHE—FK
R, B, RAMRERARLS, BARETHIT
iiﬁ‘%fé%@ﬁ*xi, LCH A 0, 7] DU 1R A2 i 1] 6y
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LR ZENHFRETA

EAIE R
> AFEHERFIZERER ( coverage) BAFEH]
> R A S B SO A Be VR A A — B R 5 AR

> B, BNERSIZEARRAF 7 EaixiasR (
partial candidate list)

il izn

12 M

Imll

o
/

£

{0 22 5| R AT 100755 R

Z. :[:/}j

T dh2o ANN11
jLylltilla 4UV1]

> HZEG|ZE: Altavista (AV),Alltheweb (AW), Excite (EX), Google
(GG), Hotbot (HB), Lycos (LY), and Northernlight (NL).

# engines 1 2 3 + D 6 7

# pages | 284.5 84.0 27.2 129 81 47 1.8
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1IN

N _a

o %55 — M universe U, — N 5UMKHIH

¥

ﬁJi%T, iEUH,]% SEI/J:JE"E/%’ ﬁ[l —CT_ [x>
X,> .. 2xyl, » X By, eSS, A >xESEI']—

AR 2

O ﬁﬂ%f 3/\
>UTHIFTA TR, WARAESIEE (full list)
> B WFRAE 752K (partial list)
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HHHIHEF R &

o BX: 1,,7y,...7y MIRILHEF RS (
optimal rank aggregatlon) o, r&— A

/ML Y d(o, t)RIHERF

d: HE 8] i) 2 25 B
e Kendall taufE &S
« Spearman footrulefi 5
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Kendall TaulfE &

o Kendall taufF & (bubble sort distance) : 5
£ A SHH < I AN 451 22 1Y 2R 2

o THHEMFIRBIAULHCHT K%L
o JEXN:

K(o,7) :}{(i, Dir< J,o@)<o()),but (1) > r(j)}{

o Blm: K((abed),(adcb)=0+2+1=3

104



KemenyLit. R &

o [H]/EH:
U (AR FIE T, T, ety B0

R o5 1,7, ,... T ITLRHEMHKHETIR ,
M Hom/Mb:

K(o,7,,7,,..., 7, )

> Bt KendallEE B 15 2B R SF 8 KemenyfiAb R
& (Kemeny Optimal Aggregation)
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Kemeny LA 5 & 115+

o 2 HEFF 513K, =abe, 7, =bac
» K(z,,t,) =1 (r; :a>b, r,: a<b)
> KemenyLHLE A : REFIR r=argmin X K(z, 1)
> RARRESIIR?

o X k>=4, itHKemeny{L{bFEE 2 —"NP-hard
A (FEZ IR H &)

> ] LLFSpearman footrulefE B RKiEiL KendallfE &
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Spearman Footruleff &

o M NEYN|FReMT, Spearman Footrulefll
& X

F(o,7) =" o) - =(i)
o flt: F(@abecd),(adch)=0+2+0+2=4
o Spearman’s footrulef & M1 KemenyE & KR R -

K(o ,7)<F(o,7)<2K(0o,7)
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o BHRIINEIIRT, Ty 4...T)y TEIHIFTEAL A
FootrulefE B an T 31

Flo,7,7,,....7,) = 1/ k)z:ll F(o, 1)

o —MIALEISpearman’s footruleff BHof# 15 1
% /M

| -
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FETREC L5225 5

o TRECH]Data Fusion Track

o HEF R A HITERE

REGE

Y& 1) ) ~F ) precision

o ﬁﬂﬂﬂ']bordamiAScore-based borda-fuse
HE 2L Fborda R ¥ FH L HITFH)

° L—A&ﬂﬂﬂﬁ

£ (INTREC3, TREC5) L

R B e B 5 45 SR e B — R

ARG
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o KIBERERGIZAARREH (7.5)
>BESEHETE (7.5.2)
>GFS (8.1.4)
»MapReduce (8.1.3)

o HEF HI%
»LucenefffFHiE (7.4.1)
»NutchFFfFHIE (7.4.2)
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Introduction to Information retrieval
» Ch19: Web search basics
» Ch21: Link Analysis

Welcome to Nutch, http://lucene.apache.org/nutch/
http://code.google.com/
http://hapdoop.apache.org

S. Brin, L. Page. The anatomy of a large-scale hypertextual web search
engine. In:7th International World Wide Web Conference Proceedings,
Brisbane, Australia, 1998:107~117

Barroso, Dean, Holzle, Web Search for a Planet: The Google Cluster
Architecture, IEEE Micro 2003

Sanjay Ghemawat, Howard Gobioff, and Shun-Tak Leung, The Google
File System, 19th ACM Symposium on Operating Systems Principles,
2003

Jeffrey Dean and Sanjay Ghemawat, MapReduce: Simplified Data
Processing on Large Clusters, OSDI'04, 2004

Cynthia Dwork, Ravi Kumar, Moni Naor, D.Sivakumar, Rank
Aggregation Methods for the Web, WWW10, 2001

112



