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[ ST Ta = Qi Because you enjoyed:
Shutter Island 35y Because you enjoyed:
z Slumdog Milionaire L Touching the Void
s o = sl 5o nto Brotnels
I\ "‘

e QQ The Battls of Algisrs.
-

=1 That 70s Show

Because you enjoyed:
)| Futurama

wRRRY
Hot Interested
Children & Family Movies Seeall >
i’- ' | Phineas and Ferb M Lemonade Mouth . Good Luck Charlie
| oo -_;_'_"":“& Because you enjoyed: | Because you enjoyed:
9l The Karate Kid Tangled M The Karate Kid
4 (O ‘“ z
P, L o Onli
R Y O i Ae A
NEW EPISODES L &w EPISODES
Fiay
wRRKI KRR HRRRT

Not Interested Not Interested Not Interested

EE Netflix Bk, Bl rRH5E NA M ETERUE FEE BRI R
El1-9  Netflix (1 HL s HERE R G H 7 AL

@ %W,http:// netflixprize.com/,
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MNetflix FHEFZIL RS, EANTREIEFNE St SRR, d BB T i eaak, |
25 F P HEAE RIS S B R AR U L R . 2 THEE R S AENetlix P 2 FEH, Netflix7e
HAGGRI P ERR, 560% B il AR R GE AR B [ OB ) H 5 R

YouTubef A3 E KRBT 2, $0A K P SRR N2 . B TFIEIER R, H
JUE YouTube I I 25 7™ B A5 Bk 2R ml . AWk, YouTubefEAMEALHERZ AU L LA T T IR AT
5%, 2 TARZH . 78 YouTubeli B e o, MbAT1HRIFST A 53 2 BRAE T F It 2 364 i
MR A S . N TUEBA AR R G S, YouTube s 20— 5286, Hoi TR
SRR TN R s 3, SCIRZE AR R MR E ) i o R P TRIS T R A R A

FYouTubeZS M), FIE F—FKE 4 A M vl Huluth A A O - DU . anE 1-10
Ji7R, HulofEJRRHEA LS RS T OUARRE . ZEms Il . A 3445 . e i A P
TR,

Video Type: Filters:
TV Shows & Movies v Captions Free
Top Recommendations 1] of 4

Only Thrill

The On

bookmal age

Are you interested?

Are you interested? Are you interested? Are you interested?

The Final Cut

From Beyond

yes no I've seen it yes no I've seen it yes no I've seen it yes no I've seen it
Science Fiction 1] of 4
o _ "
4T IFINALCUT CAPRICA
o | : |
oA Li; dv
And You Thought Your i

Parents Were Weird!

stin Trading

Are you interested? Are you interested? Are you interested?

Are you interested?

yes | no | I'veseenit yes | no | I'veseenit yes | no | I'veseenit

yes | mo | I'veseenit

WA Hulus, B A ARSE N A RS ERUA BB TR TR
FI1-10 WA sl Hulu AP Al St

(D £ Whttp://cdn-0.nflximg.com /us/pdf/Consumer Press Kit.pdf, Consumer Press Kit,

@ KT 60% AT FIFT RN 19 5 1 Sith A O AI30% , FoA AR S HH A2 A 2R Rl HiA R G EAR L
FCIBAEE O, IRAXA LB AR S (ARZEENR, TP ZEMu PR THER RS, 0T Ll R s
HSRAAT A CEGBE R, IBATEX3FIr =0, WA R R G LB IA E130% ~ 60%, i SEAEAE IR
WA RGN RNE . 2K, MR ERIEVIX AN, HERRE IR G R0, SR LA R R G M Al
B RGP BN, SRS IIGE N 2 R A

(® 2 ihttp://dl.acm. org/citation. cfm?id=1864770, The Youtube video recommendation system,
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123 MEUERMNERS

AEACHERE LD N AT A 56 56— BAAE R a2k, ol T DAAREE 5 b
B R B SR B, SORTE EEAEAGHERE T o 55 R P S S B A R W A
K, PR P IRAT B A RE K, 1T DL B A R T | R BB SER

FERXPAN 2T, AR L HL B TCBE R i Al A = . B, B ARRZE, AP
AT REMT 7E FIr A & SR B e A 2T A4, T LA Bt 2 AR PR S BE i, P
FICEEmIGE (5 S 3 A, U, AT AR, — e e SR Ve — s 5ok, R
DA NZWT R R AR R T O UL, T A AT LA, HEERRAEAT S A TS B A0
TERATLAT o Ik, MRS R M GR35 & AR AR 7 i

HHETARZ A S RN G . EPR E 34 14 Pandora ( ZULEI1-11) FlLast.fim
(ZWHE1-12), ERNARENDE GBS (SILE1-13 ), X3RN EREE MM &,
HE G EARFAR—FE.

DID YOu You can get a station to play a more specific & - ——
KNOW? sound. show me | | share | 1l | |»1|
— |
| Create a New Station... | | &, ) &,
L ol | - Calypso + I'll Never Get Out 3
Your Stations b | [Unplugged) {Live) Of This World Alive
I R = by: John Denver by: Hank William...
st Ll Sl i | on: Unplugged I... on: Your Cheatin...
e == =1
Secret Garden Radio

PANDORA

t :'/_'t QuickMix . | J ﬁ * I-:'l:'- “

r ‘ Hank Williams is the father of contemporary country music. He was
Pl

a superstar by the age of 25; he was dead at the age of 29. In
those four short years, he established the rules for all the country
=40 performers who followed him and, in the process, much of popular

Ir:_ﬂ music. Hank wrote a body of songs that became p...

full big...

#H [ Pandoralii, [ FpAESE N AR TEARUA R EETE RN T
BEl1-11  PandoraMPEAL LS HL & 14 FH - A1
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Loreena McKennitt 5

Clannad — Newgrange
# 8 Magical Ring

01:23 02-40

Clannad
24 5,116,358 3T ( 365,747 {Flf)
celtic, folk, irish, new age, female vocalists = e ghe -

B mFELRERS

I E Last.fm5G, B H SR AR TERUR FZE BN Bl
FE1-12  Last.fm/MEALRILE L G 1% - 5

I K
- < EEE > 1994
. E_. R RTEE
ﬁ -
E
E: -
¥ T »

A TR G, B S NI ERUR AT
KI1-13 SR 2% AL 65 B9 - S

AT AR EE, X3S BARERL BT R P Gk, RS P LR
BT A——5E 0 AR . Zeid P — e TR A B s, HL ST UM P B B s Ay o
S B GEAEEY DTS FH P FRR 8 ) R A AT P st 18 X

Pandora ¥ Ji5 A ¥ AR S0 2Ok [ T — S IS AR TARE R H o X0 H R i T
20004F1LH 6 H , E MM R LG AR AN & AR A 4R T AR . Pandorafy ik ERFETNA,
HEE RN R AW T _EJ7 R AR RT3, AR5 X AN R C He e, 19
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Z= . SRR SE ) A TAR I, XUEARTERRCA B AR L . SRS, Pandora 234l & S AR
SRR AR RS, IF4h P A R 2 B =R 9 5 AR A R PR AR L A o
Last.fm T20024F7E9E E 0T o Last.fmic sk 1 B FH P 9 sg DA SO P o st i e s, 78
X —FE At b AN ] P ARt s AR RIS, DA 45 P P A At A A R R vy At
P ER . R, Lastfmt &7 T — 408 M4%, 1EH P RERE A HARH P disr B R, [RIAsS
g A A B C 2R A . APandoraffl b, Last.fmPA L Zbri:, Wi FEE
R AT At St A AR R
T ARMEEA I R 0 AR W PR I AT 20 1 14E i Recsys K& % [ J#41# T PandorafifF o8 A b
X AR T TR PR ARG, T AR N R AT
QY@RZTEKX PHEIRZ, Wi EARR, X FEERA T HBHEZINNE .
O HBREERRNRAD X TAELE RV, SRBERTEN, NHZEA,
QYEMEFEE HRFEER, ARZMIK.
O r—EHREMRLY  r—EE RO ARIL, AR Bye, mE P RHER
fEE RVE R R, [RIAT R T A T A
OYRERAERE BETHPSWRZHE, XAEMAD AR, P ASREE—
MR, AERE KA,
O ARPrERE HPRAME, —TMHPSWRZE K.
O ETFxX#Ex HA ORI S8 FTFSCsgm, i B B SC 288 P ST 0
15 CHeAniH 2 A B B T e Al ) AT ARSI ( HE AN R vE 1 = Xk T 8 2 4K Do
O RFREE HAWE R BEER—ENRT— 8 — BT,
O REBRIIREE REMAP SRR A NI
O REFEEAPLWETE SRATEHP2MTEMmIT, BEHPBE RERT S5 S
O sE4SE HPWE R EARBMESRE, RIS ATZ=ACLE
I R o
R S POE T AR RS S HRIERER Y . I, RS IR ZHEAE R G
SENE R — AR RAFAEF s, ARSI B () R 72 AN etlix A FLRA AR, MEA & SRR T DA
SCHEPMST BT HESE NG, b AllPandora. Last. fm Al S RIS HL &

124 XML

IESAE, B Ml A0 1977 i S5 T L Facebook Fll Twitter AU R A4 3 28 i o 7
FAZRZE Y, AT LA AR G355 AR R o 4128 26 rp A PEA R RO 0 FITE3 A 5T

Q FIFH P A S M 28 45 2 P e T AL A A

Q 5 BB 2 A 5

Q SRR A

(D PPT &Music Recommendation and Discovery, JLhttp:/swww.slideshare.net/plamere/music-recommendation-and-discovery.,
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Facebooklf i Ht FRLIRAT B~ , — MR Z IR AE 4 S 3R | F— AN P B IR 2 .
I, Facebookdfe T — MEFEAPI, PR NInstant Personalizationo 1% T EARYEFH P i & Bk =
B, G P T AR S B i o AR Z2 s &R T Facebook 4 APISI S B ) 2l fr 4~
k. FE1-19 208 F T Facebook ¥ Instant Personalizationf) G RFEERI MG . K 1-14 2 41
PREIHEZEM 3 Clicker it F Instant PersonalizationZf 1P 4 7 A PEAL UATHFERE ) L1 -

#1-1 {EF T Facebook Instant Personalization T £ f4 F u4”

Wk P 2B
Clicker AL AR
Rotten Tomatoes anaTty
Docs.com e SR g
Pandora LT R RS
Yelp AHhiFE
Scribd fanyiaiaiES

What's On For Xiang: Tuesday, December 13, 2011

All TV Movies = Music Trending Recommended %¥-

The Big Bang Theory: The
Speckerman Recurrance

Season 5: Episode 11 Date: Dec 08, 2011

Leonard has to face his old high school bully, while
Penny thinks she may have been a bully herself

Available at: Clicker | CBS | VUDU

Jocelyn Wang and 12 other friends like The Big
Bang Theory

e k.

A Clicker i, & rpAEI N A AR R EERON TR
E1-14  Clicker M FHlf A& BI4T R 45 P LA AR

B TR A S st (44 52 W 288 5 .25 TP HERA AR B A 2 R i, #ESS It AR Bt 2 1]
FHAEAZ 4 25 TP e AR P FER S R 205 . AnET-15 0778, B TP 7EFacebook B> A
B UURRRER BIAF A A AP, O HLAEXH X L8 TS . B0 e R TA PR —
A adE , QT2 S 2t HE PR At 52 Rk 5T A — S H A AR I, Facebook JT % T EdgeRank
AR, ] RE R RGBT A ok 21

Dk £ W35 A AN B UL http:/www.facebook.com/instantpersonalization/
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| Sy OE A 2 AR RIRISTHIE .
©! "Linsanity” touches down in star-struck Canada
W HIV AIDS soon to become history

©! Google offering to pay web users to track t

B s adi

- e

o {0 Mg 75103 Happy Grad Students,
Happy Research, Happy Hour(s) -

(2] Ask to Join Happy Grad Students, Happy Research, Happy Hour(s) * 23
UR:EET

Happy Grad Students, Happy Research, Happy Hour(s)
40 fIphR

vy
FISEIEREEEE, 4B http://t.co/SGPI6aDb

» E - EE on Twitter * E#A= 10:13 k8 Twitter - @
) 4 4 AEPREIRELEEA -
@ Wleng 5H T
EH7= 13:36 - 3%
REHEID...

HH [ Facebook, [ AH3E AR TEAUA SRR BT
K1-15 H )" 7EFacebookf = B

B T HRE P B S R 2% LS A7 R 2 P AR NS, HEAE I stadedl i AR IR 55 45
FPHER A BT-1607R 1 3 4152 Wl B Jp ACHER 25

E1-16

PREJEEAZMIA ET2%  People You May Know
So—t— W W, Product Managerat X
12 M ERARR Douban
@ bR © connect
Py Sy, Programmer at x
= Netease
16 # ERIARR © Connect
S hAkEE M, Director, Development x
Dept. at NCsoft China Co. Ltd.
- - “1 © connect
10 M ERRER See more
- S AR *
Who to follow - refresh - view all ARERESKEMA H—ih
(G T @ - Follow ’
) Promoted - Followed by @seotoppage and - +h5E
others SPEHEETA &
v Follow EXEMAR ¢
I write code for Twitter, profess to know very little... als BBV . e
g9 53 - Follow v W Seane V8
Followed by @blankyao and others AFEE T

A I [ Facebook, Twitter, LinkedInFlriRfais, & rhHE3ENEIZIER

AN BT

AN TR 52 P i v 4 A HEAE AR GE R LD (/2 B Facebook, 2T b Twitter,

# I ALinkedIn, #5 T AR )
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1.2.5 MELFISE

I 12 S SR AR 22 BB  FH P As RAR 2B e o IR A B B2 [RTRE AT FT TR 422 Hh i 7 2R A
R PR B, BRI ERSCRIER 2, P minE B 8y He, JHRRZ
I I A e A SCRE R, AT S R ek P B3R o U 14 SCRE T Mtk S 45

HHTEIR I A3 T HARZ , ERRHIZ 1A Google Reader, [E A i SR 935, W],
WEE R Sh i s O IRAT , Bohiess BAr XML B BRI AR 2, ok BT ARERIERY A Zite Al
Flipboard,

Google Reader & — @A THYFE 2L BE TR o B ARV OGTE A RGN, S8 F I pT
FKEM P ERSCE . WE-1707R, AR AEZE M FPeople you follow (/RSGTERIA ), HLrTLL
BB A P2y SRS

Google reader All items - || Search
E3 Add a subscription Machine Learning (Theory) » Show: Expanded - Lig
Alllitems/(18005) Show: 2 new items - all items | Mark all as read | - | Refresh || Feed settings . ~ show detail
People you follow (1000+) =]
ey -~ A paper not at Snowbird - Unfortunately, a scheduling failure meant | missed all ~ Apr 19, 2011

1 7em9 (10) = )

Eviding Tang (36) = A paper not at Snowbird

B3k THE (1) -/ bvi

Sharing seftings » 6 people liked this

Explore

Subscriptions Unfortunately, a scheduling failure meant | missed all of AlStat and most of the leaming workshop,

= ¥ recommender system (20) i otherwise known as Snowbird, when it's at Snowbird.

Machine Learning (The... (2) || At snowbird, the talk on Sum-Product networks by Hoifung Poon stood out to me (Pedro Domingos
Blog of Collective In... 4| is a coauthor.). The basic point was that by appropriately constructing networks based on sums
Amancio Bouza's Resea._. and products, thg normalization _prublem in prubab_\listic models is e_limiﬂalgd,_ yielding a highly
tractable yet flexible representation+learning algorithm. As an algorithm, this is noticeably cleaner
than deep belief networks with a claim to being an order of magnitude faster and working better on
[ Geeking with Greg an image completion task.

Strands Blog

Daniel Lemire's blog (7)

Snowbird doesn't have real papers—just the abstract above. | look forward to seeing the paper.

Social Media, Data Mi... (added: Rodrigo points out the deep learning workshop draft )

Y4 Data Mining Research (3)

= The Long Tail Add star (Z]Like  Share Share with note Email - Sendto
Business Intelligence. . Edit tags: recommender system
collectivae.net The Heritage Health Prize - The Heritage Health Prize is potentially the largest Apr 11, 2011
B8 Vector M COLT open questions - Alina and Jake point out the COLT Call for Open Apr6, 2011
Beyond Search <

A Google Reader, & ARG A HIETERUAIRE ZERAFTH
El1-17  Google Readertt 24k [

HGoogle Reader AN [fl, M Bl 32 T H Zite MR SCHE FT P X SCE A fi 4715 2L o NI 1-18 7

TERHR SCRAM, Zite# P ALVFH P 45 I BN BRI S5, SRR a4 P B B e A 15
WHHH P AL SCES R . ZitedfE S 3RS TE KRB, J5 B CNNIE



16 %1% FaiHi%

10:01 AM

Bl The Atlantic

Did you enjoy reading
this?

e vES | NO

Google+: In Praise of Starting Over

Give me more from...

| joined Facebook in 2004 and Twitter in 2007. Over the years, | built up a lot of Bl e anantic
connections on these networks, and | get a lot of value out of at least one of them.
But with all the friends and followers and followed comes noise, Much as |'ve tried Give me more about...
ta tame my network, it feels more like a hydra or the carniverous plant from Little
Shop of Herrars than the calm and orderly information drag net that | thought | was
weaving.

Metwork Effect
Somehow, though, the idea of unfollowing or unfriending everyone and starting
fresh seemed impossible to execute. It might take a long time, | told myself. | might Netwarks
hurt feelings, too. And my Twitter network, at least, is still pretty functicnal, more
feral than wild. So I've been stuck, unable to restart my networks, but unable to
manage the infarmation coursing through them, | needed a greenfield in which to
grow a different network.

This is one reason that I've loved Instagram, the IPhone-only photosharing app. |

decided on a whim early on that I'd only connect with pe

the network that sprouted there is small and manageable M¥ Twitter i facebook
persenal friends' travels and dinners and that all feels go

Instapaper &= Email

Yesterday on Google+ when a small group of friends wen

the system, tech journalist Chris Mims pointed out this is ¥ FRead it Later B vinkedin
Google's new social service, "Also it's a chance for a restzs

everyone whose name | don't recognize, simple as that. § .q Delicious g Evernate

HELA Zite, B FFEIRANAEREERURFEERNTA
BE1-18  ZiteMAEAL I s AL

5 — 4 W T e 52 M S Digg AR B 223k T HERE RS0 "Digg ey JeARYE S I Digg s
TR P 2 () B 28R LR, SRS 205 P HERE AN Al SR ARRL A F P 0 ) SR . ARAEDigg F 2 1)
giit, TEMAIERSE, M Mdigeld T I B HINTEER, digg AR T 40%, P A AL
SR T 24%, PFEETEIN T 1%,

126 ETREMRS

FEH SRS IRAER, BEFR T, $TIHFFHL, Z L AR T LR P A AN R, %
R MRS FRERARAT I, XLl 23 FACE N I R R R s T BEER
AR AR, AP MM EFERCAIEE AL IR, M &R —MREZEN LT XER, &
T B 25 P A i H B SER IR S5, F P A AT BE R 2

BT B RS A At Ae MK SE A —i . HiNFoursquaredfi T ¥RRIIAE, 44 HiE#
U AAERE AT CInE-197R ).

@ HW.DigeE FIH% FAYCE “Digg Recommendation Engine Updates”, #iifil mhttp://about.digg.com/blog/digg-recom-

mendation-engine-updates .
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il Carrier =

il EXPLORE

=
— @ Q gluten-free
E Cﬂ!ﬁ W?Iii g ALE

Ialian Grocery Supermarket Coffee Sh

Trending places within 5 mi (30 places)
Recommended within 5 mi (30 places)

Grand Central Terminal
87 E 42nd St 14 friends have been here,
1.8 miles L 25 pacpla
Otto Enoteca Pizzeria
E Apple Store 1 Fifth Ave (at 8th St)
787 Sth Ave (btw 58th & 59th St) T 0.3 miles
2.6 miles L 19 people

Starbucks
13-25 Astor Pl (at Lafayette St)
21 miles & 10 people

m Marriott Marquis Hotel

L FourSquare, & AR N 2 HYEVERUA SR EHER N TR
E1-19  FoursquarefJiF R I A1

1.2.7  MECEr

FNTEERAMEBIEERYIEIE, X LEHRFA SO FA TR E 2 (L anai S 32 AL 55 BUHIRLT ),
AL URRED (HEI B LY AT ER BRI ), AT SE BRI RAF o BB AT LA i 457 5
PEEIEARERR, SR— LT IREOUR, XA T EEERAERIET, aRAEE )
Xt B RER AL E R L SEINE , JCBE S KRR R ™ 8 AR

FLz, HBETESCHR T RE S 2 B 38— AR R G Tapestry Ve — M MELIBIHERE R S, ©
A 3T P B B R B 13 S AT S AT BN T S E A T BT HE R, TR P B ARG

A AWTFEN SR AR BT TIRADISE, T20104E4EH T Ise gl AR hRE . nlE]
1207, %™ bl oA FH P SRR DTS2 AT o, SREN P BOGER AR, R fE— LT T
WePFAR L. P BRI AT LASEI0 Y IR FEL A, 00 B AR R

AHRIGBFFE R, 20 T LA B F P 5 206 % BT . ZEAnA- ik A RD R A BRI AEAR
6% 1Y LI TCEERE— Kt

@ 383 Pl R

@ 2 WS MY’ E Google Says Priority Inbox Users Spend 6% Less Time on Email(So Are You Using 1t?) ( http://www.
readwriteweb.com/search?query=google+says-+priority+inbox-+use&x=0&y=0 ) i # %+ X 118 3 The Learning Behind
Gmail Priority Inbox ( http:/static.googleusercontent.com/external-content/untrusted_dlcp/research.google.com /zh-CN

//pubs/archive/36955.pdf ).
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> .
( . [\4 | I Search Mail and Docs  Search the Web
Mail
mi; Archive Reportspam Delete ® | = Movetow Labelsw  More actionsy  Refresh

Contacts
Tasks = Important and unread -
= 1 s Anna Bolotovsky * Flight info for this weekend

ompose mail y

Pierre Bernard * Photo of your baby niece

Priority Inbox (3) ! Jason Toff * Urgent: need your address
Inbox (5) - Starred ~
guzz Qr | 71 Nick Foster * Paris Hotel

tarmed 5 ] . L
Sent 1 "‘I‘( | 7% Arielle Reinstein * recipe for no knead bread

ent Mai

=/ Everything else -
Drafts (9) ) B
Joe Shme » Save on car insurance

Famil
H.!::” Y ::; Jason Toff » When you get a chance...

ikin: —
To D: Google Voice * MNew voicemail from (408) 327-5505 at 4:10 PM

r 13 morer ! Bear, me, Alex (3) * Buzz: Anyone know what kind of dog this is?
| Crain Walker MY | gy Ouer

BB Gmail, B HAHIE NATEERUIR R Z RN BTE
E1-20 Gmail L SEHIREH

1.2.8 M=

R T HENA B A AR AR 2 BRI A B A RIS R JE T 451, i) 5 i CPC.,
CPM B0 E TARZ HIRM A w MR . BT, RZ) EEGERENLBORAT, BTk T, B
BLERE AN Bt o XA A8 W ARARAIG, L angs BPEBO et it ) B0 45 Lo PR
PG 222 e — R O . L, IRZARIEREC T € m 4508 ( Ad Targeting ) FIBFSE,
BRAnfarfs ) S B0 A B RIBTER P RE . DR S B B AT C 2808 T — 1 1 i R——i 5
(RN RGAAR Z A BRI 7 V5 _F AR AT, L e 10 H AR 2 R H
PR, FURTE AR, i)
AVEAL BB S HEACHERE 1 DX, SRR A 813 B P 2 38 7] RE A Tk
DR, T T BT S AR BT REXT e B SER A L , Bl — A2 LU P oG,
M5 — LA &S A% R S AR R E 291 375,
Q ETxxr& s P EER S DTN ES, BB T N ARG . IUER R
GE AT K Adsense .

Q#R& WA PRSP RISk, AW PSR AR, BRI
H BRI o

O MERERITE RIMNSFERZMNEERIRRRR) S CGREIRER#ERE ), &
MTRARE P B9 268, XEANE P BCR R B s )% . e X ks k.

I A M BOEOR IR BRI A BRI OROR , IRZ RIS INANG . Ak, HERA
ARSI, AR T KA TR S,

TEAEALS 5 T T e 25 5 A S 1) Je B & Facebook , KA EIIA KB A A NEERE, W]
VIR 2y AR O P 2468k, 1B ik 4 B O A BT R S P, Bl1218R T
Facebook 1)) RELSALHT, ALV SRR A CAEM AP RE, SRS Facebook AR 4
R AR TR X SRR 551 T T i s i P e .
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L= Estimated Reach
= = 541,800+,
= [EfiTEE
O prEhE = {E7E C;lﬁfc;rn?é:l
@ 2 = age 20 and older
—ES . M
BT = who are in the category
© By Zip Code Cooking or the category
Fca\rforma Tt
At
w20 [o] - 2]
]} Require exact age match
Hal © =& @ Bl O xit
Interests

Broad Category (21 | b s » = [l Mobie (AD)

Interasts [T Android
= Y iPad
obile
[l iphone
Movie/Fim ] £

=| [ rimyBiackperry
[C] windows Phane

»
»
b
Music L4
b
»

Retzi/Shopping
Sports

ERE2MH% - Show Selected
#UH Facebook, B FHARSE N AT HIE R A BEE TR T
K1-21  Facebookil:)" # i e s [0 B4 Y H AR T P

1.3 HEFERGITN

T 2ARAFIHERER G RS RGP 5 2 DR 2 D, — S8 B R G — i
FAAE3NZ 5T CANE-22078 ). L Wil AR AU R G n Mt . LIRS A1,
B, M RGREW R IR, AP AR AN TR A . K, HEFE R G
LEAS R L ) -BARRERS BAERA 25 X RO T, AN R L KRB At 150 B
U RGBT, RS LT R G B B S B S i5t, AN e A B, 3
PP ARG 528, B PRI o POTERTIN — MERRAR 5 2RI 5 18 =7 RO 2
—MEFRHER RGUERES & — T BRI R SE

K122 RGNS EHE
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TEHERE R G IR TS, AR 2 RS AOHHER: R G0 SO RERG AT H MERR PTIN AUHfERE R e 1
wn, —AEAERE R G — A PR MR (C++ Primer HSCRR ) JXAS, 1P s et 52
WK T, IR AR e — IR 00N TN AEfe R Ay AR S U B R bR (B2 — ).
XA RYLFAL R, AT L R o) hidad B2 7 2T ok, AT (EDFFE N DL DR e
BRI, . (U, RETFRY, R B ARSI e . Ve, %
FER L (CH++ Primer SRR 1T, TR MAETE, MBARMERIE, IR A RS R BAR
JEAREF, PO EFEARM P ST 0945, A SURIT 8P K — A A SR v 2R 145
2, XTI R, M2 X MEGERARAER, AR . [, XF ( C++ Primer
HRSCRR ) B RS R UL, X B RERS I AR B e S B BT, e — A E B ER
4, (EHSCERARMG RS o 28— RSB )5, SN SR GE 0 W R P MATT TS,
SRITIM R AIE100% , FJ2— A 2 SCRY TR .

FTLL, S HOHERE R GEA DU RERS MER BN T BT, Tl ELREREY TR pLEEF , B
KBUIBEEABATI] B2 GHR, (HEUARIS A 5 IR o RN, HHEFE R GEd R T i 50K
AR IR AEAR R AP AYLF R T 2 AR AT RE O EA VRS AT o X bt (RS ) AIfEE
TEA PRIBAR I R R G B

N T AT RGO =5 MR BRI, ARFER AR EE A, Sl AR AR . X ik
EAREARMER L . BRI . BBUE | B (RIERE . YIS s, ALen] AT
B, AL AR A BT, AL HBEE T ISR . B WA TR 2RO 41X LE R BR e i
Kerin 3, VLRSS RARIH Rk

131 HERZIRAZE

TEA A R G NARPRZ T, B 8F — IR Sea bRy E 2L 5 . TEHEE RS0
o, FEEAAIFIEINHERFRCR Y SE T, RIVESZ S5 ( offline experiment ), 1P I4F (user study )
FIFEL LS (online experiment ). | THPKE 437714 13X 3R S50 ik A DL B o

1. BN

BRI e — B AT LA BRI A -

(1) 83 H BRI P A7 0 8dE, IR IR — e U E MR EE 45 5

(2) P ESCE A i B — 2 R 43 N R S R AR 5

(3) TEVNZRSE EINGRIT 26 AL, FElli e b AT i ;

(4) 8L S W AR AR PPN AR ISR A 45

M PR LIS, HEE RS R B AR R e R AR Eoe iy, Wl il AT 2 —
A SEBRARGERME T S5, A — PR RS0 H S A SR A AL BRI AT XA SR
A RAT LA P2, il L ARG ok, D76 | PR iR s AN [ 330

(D % iL.Sean M. McNee, John Riedl. Joseph A. Konstan[Ji 3 “Being accurate is not enough: how accuracy metrics have

hurt recommender systems” o
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B FEEH RIS RE R ESCTEREAR, Wi FARAE, MHRBI AR AR IR R
FHRH L FEAR UL AR N AR Fo 1 . 120/ B B2 T RSB i Ll A

F1-2 BLEIEMNRS

" = ® =
AN BEAT X B AR G I Tk AR L ESRORIHAR
TREMF25RE B SR AR L HE AR AT AE 22 RE

B, AT R R

2. ARiAE

TR, B FEAR I SE PR A R R PR A AE 2200, Lo an T v wf R AT P i R R = DA
FEARK 225, SR A S TR P . I, W RPN — Nk, TN
L= ROMESEZ N & 3 A R 1ot 3= R = e/l e L1 N Fa WA | S ¢ 0 0 = R ey N (2 AR S AN
AR, LM A XU, B LAFE L 2R i — B 7 ZE A — oAk o P 4
ESNIFZ

PR T EA — e S P, LR e T ZE R R G e R — AT 55, 7R 8 Ak
RGBT, BATHEEEANCRAATAAT R, IR —Le a8, e, FRATTH 2558 L bl
TIAT R AE L T i R G R

FH PR A R RGN — A T H, AR 2 B 2R BAT Ik EIN i 5 F P 08247 ¢
FIFEFRER AT LU I F P PR AT . Hean, QRFRATREUAE A R AR A P s, IRFRA
WEBRRA P . ), FAP A -l B, AP RERARmEs, W2
AR SE B — AT S, FF MR IR, A LemtE, A THFZARER NP . ik, k2
BUEBL T ARMEEA T AU A A, TS S A A, S AR 2 A H A
BWAGTE S, Wik, AW AR, — i E skl pAR, 55— i BRI SR S5 T
e

BEAN, W P AR BE B . T B CREI U P 118 43 FECSE P 8 o0 A A T
LB 42, DISARRE | 6 BREE B A A BB RN LS P A A R A [|) . s, R P A 2R R
UERSUE S, ANELLESCE A G A P e iE i BAR, LG P i [l 2 s s A B3 ik
Z E AT TR

FH PR e s AR B s, & BPIE s 2 TT ASRASAR AR P WU SZ (6 5, A RS
SR KUESARAR, ARG IRES 2 kb o SRASURAR S P AT R, ARMELH SRR 4 I3
HP, HIE SRR RS U, AL, TERZ AR SRR H R, i LA P
FEMRRIASE T B4 T A N ELSEEREE T AT Mol BB BTN IA], DRI PE DU Wi B I b T
FEESIABE N CIR E B,

3. AL

FESE LB RS A B PR IS, TR R G0 L ZBABIR, & IH MRk
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1TH#

ABIMR R — PR H H 7RISR i SE 50 7 vk o el — s AP FH P B AL 53 BULA.,
FXTAS RN B P R SR B8, AR5 38 BT AN [ AL P B 2R AN [ 8 PR g A HL AN [R] 55
B, BT AGETHARRIA R P iR, il s R AN R A e . X ABINIRUB SR 1Y
BEF AT LA YE— " M3k http://www.abtests.com/, 1 P 25 T AR 2238 15 SEBR ABI R /=g Xl i P
R EIT, FRIRATAT L2 S B an el i1 74 B ABII L

ABI AL s AT LA ARAF AN [ AL S PRAE LR i O RE TR bR, LA R L S48 o
ABMRR A 5 2R S LK, AT TR IR SE g0 A ReAS BT SR A 2551 . I — R
ABII AT A, R e I S 7E 2 2 Sy MR Pl A v R BRI A Sk . Hak,
— AR A ABIIA 2R Ge i T 02— IR 4 T AR o — AT I 3l 1 4 43 i it 1 i
TG R s 265 F P 0 ST B i Je R 502, TR IR T 2ead TARZ 2, X S8 24148 fi A [m] A9 AT BAEE
il i HARA T BEAABIIA . WA AN )20 ABIA R S, IR AR ABINAZ 8]
ESEARTHL. e, MIATHE T D5 S HEERIE R ABIA, [R5 AT PAFEASHERE 0 T A
FEABIIA, ARSI AR AT AL FJE F CRIE RO, I S 0 el AR 3 i
B Pk, VI ABMAh Y OCHE, AR B2 DL R i 26 22 1 AT BA RG22 A —1~ 58 — Y HhL
AT HCABI &, AN [R)2 Z [ B i A i 1IR3 1Y

1232 — R ABIA RS . P AN, WS o B RGP H PR 2ipk it
TTABIMIA, WARTFEMIE, MRl RAESAH AT LRSS S T A0 @ Mbe%s . SREH
P TL, TR A YE R DR A TR s aE A H AR R SR S B H ARSI . BeRE,
KA PAMH RS, IBAZRE B SR BEGEIEE. FE6, LRARN TIEE R
BlE M E A ELRSGE, JoE AT AR AP St 260, 2k, SCse N s Z2geit 0
B e A R, B PRI R S R R U P SR, O EE AT S B A

F1-23 ABIIX &S
—IBRL, — RO AR A LR, B SERL I T UL 3 S
Q HJt, WEE AL AR E B assbr LI FIA Rk
Q RJ5, TP RS E PR AT A I E L.
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SIHRAT LA

SEIRN ML TIEG, TR IR AR R G SRR
TGS ASTT A A 3R SR T SRS

1.3.2 {FMEHR

ARATKGEA PP R G IEIITE AR . X SEIEFE AR T TP R R G4 b RE . X
BEFRRRAT SE T LUE T, A7 LR E M, A7 n] DGl AR S A7 s gl
VAR, G HAEFELIEI . X FEEAENS bR, 5 LR S hs e e,
AT LA MFEARAE S o AR F— LB R B AFE bR, ARTEAEL e SR [ Bfth 2 UfE §F8 — T R %
PR CIEY o AP N DI S R 8 5 2211V 7 -7 N i [E9F =7 778

1. AREEE

HPENEERGENERES 5%, Kl B RIFIEE RS0 i e hR . A, e
FEBAT INEBLATR, HAGE A s B e RS

FH P RIS DRAS I P 0 5 R S B A [l TR X o P X R B T 2 B o M AR TR Y
JZWK ., GroupLenst Z it — NG SCHESE R G TR AT [, 12 0] 3 e el 2 ) S0 2375 ) e WOR /g
HRERER R R AL R Bz 7 @

Q HEAE IS SCE TR AR H B 1

Q RIS SR ZIREE L T, IRATA IR S,

Q HEAZ IS SCRIFR AOIFIT D4R AR, (HIRIEAEIK

Q ANHBE WA SRR SIS, BRI L Z R LR

AT DA, 33 I [ 3 AN 2 FAT B ) ) F P X 4 SRR i, T A [] (4 v ) ]
FH PSR RERAZ . Hean, WSRO PR SR, P Tae0 YO R, (H2x)
FATT A AT, DRI AT REARME [ 2555 A TR A, PRI AR TR 117 45 o o 2% S 8 FH P 45 T 1)
JREZ, KRR P A BRET SRS A CER Y [R5

TEER ARG, T i il — 2t P AT G S 3. FLnge s F R 45 Ml o
FHP QSR IGSE TR R A, R n A T/ — e R L. PR, FRATT AT LA FH A S e 8 1t
FURTHERERE o Ab, A Se st 23l e BT — S P S0 A ISR FH P i R B o EL e A3 R
Huluf#EfZ T (ANE1-24007 7 ) FUGIRMZSH & (INE-2507R ) Y, #A XSS S ek
BN SUSHEHL, 3B GE T PR Y S T DU vT DA i R L P i 8 . T — e
BUT, FRATT IR s 45 B B (R A AR SR b B 1 FH P TR R

(D % lLSean M. McNee, Nishikant Kapoorfll Joseph A. Konstanf#i£ 3  “Don’t Look Stupid: Avoiding Pitfalls when Re-

commending Research Papers”

BJE, e ABIAT & S AETR A5G 0 BFS AR EAETEUA R _
AR
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STARHURNTCER

=={0]0’
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Starhunter 2300
Recommended because you
have shown interest in Total

¢ Biidoitvi RoCES [
Brooklyn Rules
Recommended because you
have shown interestin One

Recall 2070 Eyed King

Are you interested? Are you interested?

yes no I've seen it yes no I've seen it

L Hulu, EIHAESEN R TR R E R T
F€1-24  HululbJH P EHHERERIEAT RS, DU RE i P i s

The Cranberries
= Beneath The Skin: Li... = 2001

Dying In The Sun
308 o

® T »

e ek L EP QR SOE S (R Ve S (S ONE S
125 AR Z8 R e 20 AL SRR ) BRI T

2. TR E

OO o e — A AR G AR AL T P AT N I RE T o XA AR e B A HERE
ARG ELVFMTERR , MHERE R G TR — KA, JLF-99% 5 HEFEMI DL SCAREETHE X MR R
X BB R bR 0] LB B IR, Ol TARZ 2 AR B N IS

FETH LA T B — A R BE4E . B S T T 27 ek, RE, i
Kt A3 o A R A NGRS AN AE o FJi, A e ZRAE b s P A AT R RN A 78 Tl
FUEIAEE ERAT R, IFHE UM AT A A b SR T A A A AR R TR VR

AT B LRI B A AR IR AR FE 7 ), DRI TR TS [ OB 7 [l A 28 2 A1 TG i o
WHEEHE bR
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® it TR

TRZ P BEHERE IR 55 9 b R — LD 480 3T 0 i e CInPE 126877 Do B4, I
A T AP XS Py ah B D3 52003, AT LA I 450 P A B, STt i T P ARk R 21—
fBA S BRIy, SR WATEZ D0 TP X AR B9 FT I RR O o o TR

T

Mot Interested

“our Match: Log in to see yours 65
b5 %
(7] £ 03

43 BIEHL A Netflix, G, YouTube, Jinni, DiggfiPandoralifliifi, &l rAHE N2 ERUE R ER TG
B 1-26  ANIaE] RRb g FH P P4 i A T
P4 P00 1) P AE A B — Bl o Y iR 22 (RMSE ) FREEZa xR (MAE ) 1H5E. X F
MEASE R B — A P u i, 2rge Pt s SEhRyEsr, 7, SEHEER 4 i 0 T
53, IR ARMSEIE SN

TE i g | R

A N2
z u,ieT (rui - rui)

RMSE =
7]
MAERHXHEI R IRZE, ErE X8
MAE = Ezuﬁrih'_ai
|T

AT — 19K recordsfFHUN PP EHE, S records(i] = [u,i,rui,puil, H
trru i P R L SEBRESY, pud RS TON HR B AP o ) A IS, IR AT T RIAR
3 BSZEL T RMSEMIMAER 3 72

def RMSE (records) :

return math.sqgrt (\

sum ([ (rui-pui) * (rui-pui) for u,i,rui,puil in records])\
/ float (len(records)))

def MAE (records) :
return sum([abs(rui-pui) for u,i,rui,puil in records])\
/ float (len(records))

FTFRMSEFMAEX H M EFRIIESL S, NetflixiA IRMSENII T % ASAE 1 FH P 4 5 iE
STRIAEST CERRAEST ), PIXT R A Inwr %), AFogRM, WRIFS R R 5 T
AL (R AT AR A H0 ), IR0 T 25 S BUE S TR IMAE AR 22",

(D Gabor Takacs. Istvan PilaszyFll Bottyan Németbf¥i£3C “Major components of the gravity recommendation system”
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® TopNiE#H

W RSP RS B, — R A P — ARSI 3R, X Fh 77 MY A TopNHERE
TopNHEFA I T R R — Bl HERR R (precision ) /A [FIPR (recall ) &,

A R(u) AR FH P AE N8 L AT R 4 P VR HERES 3%, I T(u) & F P AE A B9t T
HHNFE, IBA, HEARLERAE BRE N

Recall = 2 v REONT ()|

z uelU T(H)|

HEAE LS R A HERA 20 SR
2 ol ROONT @)

2 v R@))
APy thonf G [RI A IH5 T — M HEFE A L A HERR R AL ] 8
def PrecisionRecall (test, N):

hit = 0
n_recall = 0

Precision =

n_precision = 0
for user, items in test.items():
rank = Recommend (user, N)
hit += len(rank & items)
n_recall += len(items)
n_precision += N
return [hit / (1.0 * n_recall), hit / (1.0 * n_precision)]

S, R T 2T TopNAEZERHER R A 1R, — St BN [F S R KN,
T — 2 HERR R/ 1R, AR5 R R/ R 2R (precision/recall curve ),

® X TiF 4 Fm FeTopNaf 7 69 31 &

PR3 P00 — ERAERE R G R, 4 R 2B RG22 T P PR B I vF
PN, X FEUR R, — Ty R R SR EANESY 4 GroupLens W HFFY 22t R 3L T U PE4)
i EMovieLens#F 71, FHK, Netflix KFE F 2 f [m 4 TR, PR, AR Z 058 A\ GRS
SR 15 AR AT 3 T A RMSE L

YT, Wb ETRA K Greg Lindenf ANEIFUE . 20094F, i Communications of the ACM
Wt A 2 T —Fa SR, F5 B AR R B SRR B P B T REEOGER A FRE IS N
B THERSH A AFERTTES . B, TopN#E#E AT &SR AT K. WiFH —5BH
PR T 2ZIESSRE NS5 B P E AT RerEIEE /N Bk, T H PR aSE —iBH R,
MAZ T P& TR SS A AT ENEE, K, A4 FEA R THE TopNH#ETE .

(D “What is a Good Recommendation Algorithm? ", £ il http://cacm.acm.org/blogs/blog-cacm/22925-what-is-a-good-

recommendation -algorithm/fulltext,
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3. BEX

% (coverage ) iR —MEH RGN KB LA . B 55Ra AR E Xk,
e AT B A8 SONAERE R GRS e R B 5 7 B SR S R HL . B RGP SEA& U,
Het7 RA B P HEE— K ANEI ) SRR () o AR AERE R G0 78 250 DL 3 F T Y
ARIHE

|UuEU R(M)|

Coverage =
u

MR E TR R, Bt — AR R G LI R . LIRIAHER o, Hh it
A RESARS AT BAT BEAT BAE LA T P o B 530N 100% HIHERE R GEAT LURE B W)l R A7

DAL BSh, M ETEOE SALTTRURS), 200 TR R R R R AT, &
MR IS 00, IS S T 8 B — SRR TR G (U S84 M

MR ERE, BB R,

(B LA A9 5 S TR . 55 5O 100% Y Z 58 AT LIAT TR AT BE A3 AT o R 1 S
HOWA RIS R G KRR IIRE ST, W GRS R AP AN R D i B G041 o QSR BIT AT 1Y)
YrahER B SR, HINBRIRBZEAZ , IRAME R G R B RE TR . I,
A LA i T AR S 3 BRSO A il iR R R G KRR AYRE ST o AR A0 H
BV, B AL RGBSR B, AR AR BEN , IR R G R i R
TEfR BARMZTE 2 P I 2 Bs bRl LUTRE B R . SB— 25 B

H=—ip®mgmn

X ()W b i A T EEBR AT AT W0 i A TRE 2 1 o
55 T ANEPR SR 240 (Gini Index ):

I &, .
G —z;(zj —n=1p(i;)

XL, iR BN T BEp O M NEIRHE R O i 51 3 R S i o R IRERA RS T LA
LR E W A TAT L 0 A B S AR A

def GiniIndex(p):

j =1

n = len(p)

G =20

for item, weight in sorted(p.items (), key=itemgetter(1l)):

G += (2 * j - n - 1) * weight
return G / float(n - 1)

(D £ WL.Guy Shanifl Asela Gunawardanaffj “ Evaluating Recommendation Systems”,
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HEERHMITERIE 100%

PR B G B R R B AN I T %ol S I TR AT FE S RS EL A5
W, XS A= TR, i B FIy=xih S/
(0,0)F0(1.1),

A SAZARIEFR, SBREBIIHEIF, IBLHEE R MR E X
WEAESA/ (SA+SB), M SCr[4n, HRAFUBRTXIH[0,1],

MR AGRTEREY, IBLSARSR/N, Nmikfe &
BAR/ N AR ARG TRAT B 4 BEARAS I 2], WA SABRSTRK,
DN e R B SR K 100%

FEE2R U — N A B S RN, BPFTIESRA 595 RN . R — RGN
I T S AR TS A TR 250, LRI TR AT, NI S I ATT, AR
LA RGN DR . e, ORI THE TR S RN . R AHE TR AT T
i, AHEATEA B i U HE TN A T B2 ML S, TSN T, M, At
AHA T A A B R, BB AIN] . 35 %1 PageRank 1k L HA — & 19 5 KB,
USRI 0T A I SR HE R AR i, IR R RS RS — 2%, IBA BS54
HZRITE, MRS L ME, PageRankHEA ke

B4, WAERGREEA DRNE? WA RGP R IEA BB DR, 454 i #l
BB R R AR E AT B OGR I E— 2R A (2, TR ZAT9E R IIAE 9 A8 ( eanbilalid
DESE ) AT TR o PEREE ZR G A5 HAT T R A5ON; 1 fa S A s L e 288
RGUE WG AT i A s A T B R 3 e R B, G2JE MHEEES R ih i3 1 A it
TR 250, IRAMNSRG2 > G, s HE#A A v B H KRR

4. ZHEM

PGS 20, FE— MG, P TRERR R (I REE L) —2i shim
WERBERIRINER - IBA, A TR IZ R4, s £ T 2 Re s 35 T P R R 1)2%
MR, WS R TR 2L A SR . SRS R DA H — A s 3R e ANTE— R
AL, A P 4R K B ) B R — R, (B ERB P U R R S — 41
HOGEBIEAE SRR —1Y, AR ARSI HREE 35 P A — A D8R, T A48 5 N2 X
AN 2 24T, SRR S PR, X, MRS R R 2R, EE T4k
SRR, IR 2SI PR BB AR . IS B P 3RS St 7 200 2
FITIZ 4R, B HAT 2R

ARG THEEAN R PSP Z B AR E . R, ZREMERFI IR N Y, Bk
s(i, )€ [0,1] 78 XL T W hifj =z [l AR, AR P ufHERES R R (u) I Z2REM 2 SCUNTR -

z i,_/eR(u),#jS(i’ J)

Diversity =1— 1
E|R(u)| (R@w)|-1)
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TR 2R GE B R AR AR T LUE SON BT TP HER 9 R 2R R 351 -

1
U

M BT R E SCRTLAR B, AR B0 AR B BE 1 pR A s (7, /) AT DA e SURTRI 206 . ansR N
FEARURE R AR b ] R ARRUEE , FRATTER AT LIS 2 N 22 AR eR 85, SR R D )3k 8 f4) AL BE PR R
FERY LA ARRLEE , B mT LA B P ] 8 i 2R R 2

KT RGN R R B AR, T Lhid o —N ] S A -1 o R P =i sh e
FrRshimE R, B 80%ME HEBSIER, 20%ME A1 7EE s F o B4, Al LIFRAtARAS[E )
HEFEDN R AR08, Befshmf; BYIRTA 105shim f, WA ER; ChlEd
A 8HRBNAE i F2¥ sl Jy 5 DINRATSHAE R fsEshm . FEXAFFH, —BaAhCoIRE
AP, PO ERA —E M RE, BXEIER TP EZGER, AR TP 2,
AEDZHPE, DINRE T2ME, A% IERI A EE268, BYIRAIA Z B P i 2%
B, WA, IR 2E0 .

5. #hatE

B HERE SR A8 25 T P IS S AT LA A W ibdaasd A it o 76— I sl o S R8s M ) e
TR BT, FEARLE HT P Z A AE Wt o A AT B i A HERE S R rh o s, L AandE— R
AT, R A AN N 45 P HERE IR A T B 1 . 4T3 43 B0 T Yk it . (HE
AT RESE P AER M B o, SR TEA AR, PRI G B A )l o P 2k
TR B b iR AN RE 58 4= SEHUBT A

O’scar CelmafE #1183 “Music Recommendation and Discovery in the Long Tail” “Hilf5% T
SBIRTEE PN TN 00 2 7 B 87 By R R FHHERESS SR A TRE , DR AN T 40 i
ATRELE P A, R, QRS SR b i ) P X 3R TR BRI, IR A 45 R vl g
LA s BT

{EE , MRS SR B30 T R B S Ak LU ORELgS , PRA AR [ P AN HE ) AR VE AN R A o
PRI, BEAER b GE T RT B R 2O R A

BT JUARE G T ZREPERUE A R BT R B2 BIHERE RGN LR OGTTE . ACMIHERE &R
i WAR20 1 VAR — 8 T TR S e R SRR E R i . iR S8 S, 8
TR B2 R4 v AP RGBT 2 AR A 2 1), T R %) 2 T NP B2 A I 100 T 4 e 224
PEFGETEIME . SO PR BRI T LG — T X M S R A R R IR S,

6. IREE

TR (serendipity ) /AT JUEHERE R GG TR, AR EE, B
SRR EA T A X B e f 2T RE I R, X NSt s B R R e s

> Diversity(R(u))

uelU

Diversity =

D &L “Music Recommendation and Discovery in the Long Tail”, i}l Ahttp:/mtg.upf.edu/static/media/PhD_ocelma.pdf,
@ £ “International Workshop on Novelty and Diversity in Recommender Systems”, i}l http://ir.ii.uam.es/divers2011/,,
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FRTER X RG], A Rk AT E A S B & X PREA X PR Rl e S Iml B >k
I LA AT A SC L) B SCIXBI R SCan) ) & SCIX BIIEASARIE] ), I AFRAT T Se 2Eaht s R ¢ T
XA RITE SO A SEA S S

AT DAZE— MU X AR AR 9 DXl i — 2 F P B B SR R 52, SRS FRAT45 flutfe
FE T —HRIAE CImIEL ) RLSE XU IR 19834E I XIAEAE | Ji Aot . Sl 1R e, RAA
N FNIE AT JR 2 R HL R ), T2 P AN A X AR RS , I8 AT DA N HERE BAT Bt .
B, XA NS, FONMZA P —B T T 0, A S5 R ml A
THASRIRATZA ] Pk 2 T (2nms), xS P A /X, IBafhF
R G T RE S AR AT RS, PO SR 52 A0 2488 — s G R WBAT , (HURH A B 5
JE AT IR ARG, IR 20T LASEX M L E PR s . XM 7 1 s oA ok 3 T
Guy Shanifi 3", AAIEA IR, SRRSO P D7 S0 268 AHRL, (R 3
PR L, B2 AT LAURHERESS R n bt BEAR i, A Bl (S SO T P A W 135 i
WA s H .

HHTIBA 2N S B e bne O, X RGH —FoEtEm B . B,
A TP B WSS AR T P DD s BB Rt AR, (B P e A e . B4, &
SRR BT S HERESS AR P Dy s B ) B ARBLRE , HOR 5 2 S P SHHERESS
SRR o AT G P23, AP i R Re il i (M A5 A s FE S g AR A, 4 R A
FA T S R A et AR RUEE — T A AR BE 28 o B2, WRRAT T — P A
SR, R R O SRR A, RSP — DR TR A AR S R E 5
BIVERH R, AP FRAEF IR, SRS T — = AR m e . PR S e A e
T B LS R P R, (R  BRAI 2 SR FF P g s XSBR A AR B

150 B 1 () U TUAR RS T2 AR B —E O, (HX 5 T TAEIR A ZAR B, A TAE
A A3 % Yuan Cao Zhang%5: 116 3C® FllTomoko MurakamiZs (i85 3CY, Al AXTiZ )ik — A
e T

7. EEE

WERARAEWADAE,, — D NRIREE, — DAL E YR KL, IR AWSRAR G A
PREFEA M7 iE , VRARAE T RENT LA HESE , (B an SR 2 IR0 M 0 K A T A HERA VR 2 [RIAE 1Y
M7 RIS, RARTREA L . XD AT LB MERER S, AT ESS A0 R, (B
FIHIATRE A AN R SN, 3SR PR ok P R T AR S AT

XFFRET AL =T W A ShErE RS, FINAFEGIERE (trust) RYMIEE, WERHI P EIEHERE R
gr, MRSy P MR RGNS B, Rl R e PRI SR G, L P XA ™

(D £ W.Guy Shanifll Asela Gunawardanafij “Evaluating Recommendation Systems”

@ %Il Yuan Cao Zhang , Diarmuid O Séaghdha, Daniele Querciafll Tamas Jambor[¥] “Auralist: introducing serendipity into
music recommendation.” ,

(® £ W.Tomoko Murakami, Koichiro. MoriffIRyohei Oriharaffj “ Metrics for evaluating the serendipity of recommendation

s
lists” o
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{FHERARE HZN . R ZE A, DAL PSR 0 s A T P s B L L P 7 AR ISR,
AR5 X D7 A 25 T P ol vT BEARME LE FH P = A M SR R

JE R RGN EAEE R S A 7=, A PR B S R GRS R
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iR, X HL, WS AT EE A X W e AR AT M B P B, Bl 2-4 7R T Delicious 1
CiteULike 5 op P 16 BREE (9 40 A i<k o B AR ArJe F P OTEBRE K, S\AR bR 2 6 BRI A KA FH
U, XHL, P IS BREE R PR A A TR B A R

(D 2 Whttp://www.dtic.upf.edu/~ocelma/MusicRecommendationDataset/lastfm-1K.html
@ 2 lLhttp:/metflixprize.com/,
@ U IR T Power LawPl %", #bdik Ahttp://mmdays.com/2008/11/22/power law 1/,




40 %2%F AARPATARSE

10 000 000 |

1 000 000

100 000 -

10 000 "

\’ + Delicious

1000 CiteULike

100

10

1 T 1 | H Nwese ¢
1 10 100 1000 10 000

Kl2-3 Wk AT K RO A

100 000

h 4

10 000 +—

1000 -

4+ Delicious
CiteULike

100

10

*

b
A

T T 4 A ’ ml

1 10 100 1000 10 000 100 000

Fl2-4 PGB M
X PR PR RO Bt 2, TR R oA 7 SO S 2 1 x5t B2k o X i P v i e
IR EZAIEAR, AITUERIANE 2 B TA T REE 2 AR BRI, AR TR M, Feile
Prahim AT R RO R 2k, AR R HAR




2.3 I A F R 41

222 RBAPEREFMYSERITERXER

— BRI, AEERAY P ZEARF P, EaR PR M — R . IRA, ANFTE
BREE B P B At B RA T B A AT 22507 — oA, A P e -0 S AT TR, DR At
XS R A, R BB E TR T8, Mg BRI S TRl . [K12-5/%
78 T MovieLens 54k o F P G BRE RS AT BE Z M) OC &, P ARAR R G BREE, A
o BAT FANE BREE B A P i o B B FERATRE o AnfE2-5, R iR B T
WEREEF, IR P MGE IR, i o] T30 B T TR

1400

1200

1000 ~

800

600 -

Tk E

400 +

200

0

0 500 1000 1500 2000 2500
A s

[#12-5 MovieLens¥ 44 - - 16 BREE AW S IRA T BE SR 2R

AT FH P AT B e BT i HEE 3 — PPk R D IR B AR, o 2 AR X b ) el i s
AT TWRAMGY, 8t TIRZ ik, Hn& F4R3%69 7 % (neighborhood-based ), &% X AEA
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AR I GroupLens# fiE i MovieLensEiiE 5V 44 FIPEM 4 #3375 . MovieLens3dE A 31
ARIBRA, A Bk T AR/ NI o IR B2 6 5 600022 1 1 XF4000 22 FRHL S 1 1007 4%
oY o RBEEEE e — PR EdELE , TP T LA RS AR S /8 (1~ 507 ), ARFEEH
WFFE B S B A TP ) TopNAFEFZ I, R I 2208 T 85 4 P i iPoric s . & iit, TopNAfERE
HAE S5 2 TN P S AN S X SRR B S 143, AN A2 0 FH P AR HE A X R B S0P A I R4 T 20
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PRl R RA R B L e g — e P H O, R AT B R A B 2] o A B0 M
iy (ARFEERM=8 ), Peie— 0 fE IR, FR T RIM- 1R85 . SRETEIIZREE Bt F P
PGB, AR EXS P AT A T I, SRR B PEINAE bR . O T BRIEPEIE AR A
St U A AR, W T MRS, JF BAERUCERA AR AR o SRR MU SRR S A
DFEARI P BN iR B PR A

N Pythonf Ui 1K K 42 BEAL 0 BN ZRAE AN IR i e -

def SplitData(data, M, k, seed):
test = []
train = []
random. seed (seed)
for user, item in data:
if random.randint (0,M) == k:
test.append([user,item])
else:
train.append([user,item])
return train, test

X, BRI POR R Ak (0<k<M-1) FIAAFEBIFEYLBRT T seed, #EATMIR SRR
IS BIMA AR AU ZREE RS, SRS 0 A TS, T MU SE R i~ B Dy dee Je T i
bro AR EOERT IR SR A AR S AR Cover fitting ), (HUREHEIEE A, KR
BRI, Sy 7 PR i B RS AP e S, T L T — S

2.3.3 FM4ERR

X P AEREN DA (IERR®w) ), A ud EASE EE R PIAE5  T (), AR5 AT L
TR [ IR 0 RS B

Y |R@)NT ()

Recall = MZW

O BHRAETEANME B UL http://www.grouplens.org/node/73
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def Recall(train, test, N):
hit = 0
all =0
for user in train.keys():
tu = test[user]
rank = GetRecommendation (user, N)
for item, pui in rank:
if item in tu:
hit += 1
all += len(tu)
return hit / (all * 1.0)

def Precision(train, test, N):
hit =0
all = 0
for user in train.keys():
tu = testluser]
rank = GetRecommendation (user, N)
for item, pui in rank:
if item in tu:
hit += 1
all += N
return hit / (all * 1.0)

B TP B R B, ARSI TRE R iR, BRSO T R A KR
BTy, b, SRR SRR K R i s T P o X B, JRAT R Bt B Y
|UueU R(”)|

1]

B RN IR R R Al & Z2 R LR o ISR A i i R i 4 2 D — A
FHF, B2 100%, W N ARES AT AR A A Y A 1 %

def Coverage(train, test, N):
recommend_items = set ()
all_items = set()
for user in train.keys():
for item in trainluser].keys():
all_items.add(item)
rank = GetRecommendation (user, N)
for item, pui in rank:
recommend_items.add (item)
return len(recommend_items) / (len(all_items) * 1.0)

Coverage =
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5, FATET EPEMAEE R, X BT S) R b ) -1 0 A T B R B 2 2R Y
BIAIRE o QNIRRT A A BRI T, IR BRI B IG5 DU A 4 2R LB

def Popularity(train, test, N):

item_popularity = dict ()

for user, items in train.items():

for item in items.keys()
if item not in item_popularity:
item_popularity[item] = 0

item_popularity[item] += 1

ret 0

n =20
for user in train.keys():
rank = GetRecommendation (user, N)
for item, pui in rank:
ret += math.log(l + item_popularity[item])
n +=1
ret /=n * 1.0
return ret

DHL, FETTRF 04 T BE I B A 7 BEBORT R, o2 DR DA i BRI 7 B A il 2 1
For i, O ES , AT R A E AR

24 ETLEEIEE

T B A AIL B RGP RIEA I, ZEEAMUE AR TSR] TIRARISE, i HAE
W AAREN TR BT ARSI RS, — IR T P R R g s, 2k
FTWy B O EE IS . R LR X AP EIE A TR A AL, W BT TR LSRR R
HITE

241 ETRAPMEZIERZ

FT P B PR DR AE e RS P il B I . T UAS sk, XN AEAYHE A= bR
BT RS o IZBEAE 19924 pdR T, TR THRIFLIE RS, 19944-8%GroupLens/]
THEEIE . 7R )5 EFI20004F, IXFIEHCURES: RGUOIEERE 4 L . AR Ik
AR, N AR A, ARG TEAERE B3R AR et T, JF i S 8ol
ATV

1. BREZ

BRI AR, WIS 2 4 D S 2 TR AR LAY IR R, AR “FRREZ R A ALl A5 |
“TNOZF AT AR A5 XA, IR AT — SR . X R B S R A
EAER)—FBIT o TR, DB AT RESTHBARZ N, SRS U e BT s 2 e LA
WL, —Jr e PO T2 R, EAREASAEXTT, (EH 32 A0 S PR il L Fi
A IR PTG AR . A4, TE— DR RS, D HP ATR ZA e
i, AT RASEHRBIABAT R GER AR T, SRR AEARLE ] - B | T AT W it 94
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mnfEAEZE A XFIOTEFCA R TR P e R e ok,

M BT RER AT LUER], BT P PR A R AR

(1) FENFH bR P 248 H P 4E 6.

) B ESTRH A ERA, HBHP A i a4 B P

BRI RS TR H P A 2S8R RURE o X L, DR IR]a U 0A Tk 3R A T A AR DL
TG AL . 25 E -l ufIE v, 2 Nw)ERA ol 28 3 ERBYMES, SNO)
APV A IE RS . B4, FRAOTATLLE A a0 B Jaccard A X 7 BT 5 u vy
LB «

, =|N(u)ﬂN(v)|
" IN@UN®)
B A AR XA LR
y _IN@NNE)|
IN@|[N )|
T AP 2-6 P 0 P AT A i ], 26 G UserCEF SR P4 BRI L T E %
Wi, JHPTARHD S {a, b, dY AT FPBRER (a, AT, R SKAIRLE AR S
FTAFIFH P B SSHRAHBLRE S «
_ abdiNfael| _ 1
Jla.b.d3] |ta.c)] J6

AB

K2-6 A7 g0
1B, FATRT AT AR C. DAL -
fabdiNtbel] 1
l(a.b.d}] [{b.e)] 6
_ [{a,b,d}N{c,d, e} 1

Jla.b.dy| |te.d.eff 3
PAARSZARLEE 9], SEBZ AL AT AR A0 T i D .

def UserSimilarity (train):
W = dict()
for u in train.keys():

WA D
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for v in train.keys():

if u == v:
continue
Wlul [v] = len(train[u] & train([v])
Wlu] [v] /= math.sqgrt(len(trainfu]) * len(train([v]) * 1.0)

return W
AR X A P P R AR XA BE ST B AR BAE o M7k B ) S22 BEJEO(JU*|U)), XA
F P AR AR R RERS o F50 1, ARZ P Z M A X R R = A7, RIARZ R
BN NNE)| =0 o ERIFEEARZ I RTR S AE T TSR Z M ARRUE B i —
AR, RATATLAE SEi R [N@) NN )| = 0 B P X (u,v) SR FEF R % B0 I DL 43 B

JIN@|[NO)|

Sitt, TLAT e B BV P A BEIHER , XET R RO AEX I e A A T R P
G, AREHEFECulvI= [N@)NN)| o T4, R oFI = vIF i TR HER T KA~ ot
N INER, A Clullvi=K. M, AR EHER th R st e g P g2, 3]
I PR Clu] VN, B2t mT LIAS 2 ETA P Z 8 0 Clul[v]e T T HA RS S
b 11/ SN = A7

def UserSimilarity(train):
# build inverse table for item_users
item_users = dict()
for u, items in train.items() :
for i in items.keys():
if 1 not in item_users:
item_users([i] = set()
item_users[i].add(u)

#calculate co-rated items between users
C = dict()
N = dict()
for i, users in item_users.items() :
for u in users:
N[u] += 1
for v in users:
if u == v:
continue
Clul] [v] +=1

#calculate finial similarity matrix W
W = dict()
for u, related_users in C.items():
for v, cuv in related_users.items() :
Wlul] [v] = cuv / math.sqgrt(N[u] * N[v])
return W

[FIRELAI2-6 P P AT o B R BRI S . B o, WSl - P g EHIER (Al
2-THR )o SRIG, HESL—4 x AR TP AMUBERERE W, XETW0kha, B WIAIBIRIWIBIATNL, I
THrdhb, K WAICTMWICIATNL, DI, S sS i Yah ), FATnT LIS 22 m Wik .
X W ARSEAMAEE R 737008, SRR WER LA BT LIS e A Y - B AR BLEE
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Hrf, S(u, KA S M PGB REZEE KA, NGO A 7 AP ES, wa
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AN AR SEEE T T ) UserCRAERE T «

def Recommend (user, train, W):
rank = dict ()
interacted_items = train[user]
for v, wuv in sorted(W[u].items, key=itemgetter (1), \
reverse=True) [0:K]:
for i1, rvi in train[v].items:
if 1 in interacted_items:
#we should filter items user interacted before
continue
rank[i] += wuv * rvi
return rank

A RS, W LA - AT ABE T HERE . JEIK=3, I AXWdhe. elefidds i,
P A] PSPPI HERE G T Ao R UserCFRI, P AXTHIdhe, ef4HERIE -
p(d,c)=w, +w, =0.7416
p(4,e)=w,. +w,, =0.7416
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F2-4iE it MovieLensBE4E I Y B 2R 5208 SR P SEAHE 1 O RE . UserCF R — N EHE S
BK, BYRAEAS P BE KA R SR AT LB T P, SRIGHEEEIB KA P OSBRI P i o PRI S
LRSI T AEKIE T UserCFR LM REFS b o

#2-4 MovieLens#HiEE P UserCFE A ERRIKS T RYTERE

K W Ox A B % B 5 X% woiTE
5 16.99% 8.21% 51.33% 6.813293
10 20.59% 9.95% 41.49% 6.978854
20 22.99% 11.11% 33.17% 7.10162
40 24.50% 11.83% 25.87% 7.203149
80 25.20% 12.17% 20.29% 7.289817
160 24.90% 12.03% 15.21% 7.369063

R T R WEZEAEAE F R A AR, R2-54 T R REARHERE L R . R,
Random Bk R AR BEALPEIE 10 P A 7= AR A o0 ) A AERE SR ST Y, MostPopularfii
DNIF2 R ot B DA T BE 45 T P HEAE A 7 A b A T A )t P e AT TR L0 i o K I A A A
MBI, (HEN MR TG, WNF2-50178, MostPopular®- 75 IR A1 A 1]
i TRandom B9k, (HEMEERAEFAL, SRR AT, 7T, Random$ik 13
G ERRARG, (HAEEER S, AT R,

F2-5 FMEREETEMovieLens#iEE T HI % #E

oW X a2 B % B XK w7 E
Random 0.631% 0.305% 100% 4.3855
MostPopular 12.79% 6.18% 2.60% 7.7244

InZR2-4FZR2-577, UserCFRYUERA AN A 1] AH X MostPopularf ke =y 1R 1% [RIAT,
UserCF Y74 55 R L (2 T MostPopular, $#EF745 A MostPopularAS KT, [A]E AT LA & IS HK
JEUserCFIY—NHESE, BB A L I & R e PRl 2 A — g 1 52
O EMEMZEE WUES, HEREINEETE (EFRMA R ) RSN
PR . TEMovieLensEHEEE T, BEFEK=807: 17 2 3) A5 FL B iy O UERR SR A [m1 %, At ik
FEEIE KX T AT R AR RGNS B LU, YR, AR 2 R 0 B Kt A 2R 1)
UK, BT —E BN, SEAT AR AN RS B
QRATE LRSI, 7E30ERE BRI UserCFHEFES R g T B2 K E
T UserCFTEZRBAEREIT 275 Z2 /D FWRDGERAR R AR TP 192488, IR 2 WRKER, 2
FiNZ, ZER ORI T 2RI TR i

O B=X WLUFER, E3MEEEE L, KR UserCRHETELS R I0E TR 8N, iR
AR R R IRA T RE B3, BEE AT RERS N, UserCFBOR AN [a] FHELZIN TIPS,
X Y ROk R PR s T 7 5 R A A
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2. A FHRUE T E R

BTG TR D SRR iR T A AT CRIZAREAZD), HXAAad TH
i, AR AT Bt i 8 ORI R User CR IR RE .

B, VBB, RPN RS 23l CHrtey i), X 22 2 ARE I TR,
DA A 2R 22 b TR /N RS CRr e it )o (RS PAS FPRSd CBis a2 i 18 ), ARnT
PITA R AT TH) 8 FL AL, R FOA P B2 A S Sk AR A5 o i, P 4
VI 19 R B [RIRE AT SE REBEARAT LGB AR UL . R, John S. BreesefEi 3C i T
WA, HRAEH P AT TR P SR «
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Z EN NN () m
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NGV

T P R PSR DR T R T
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ARAPEEIET IR P AU A A UserCFA 10 A User-IIFR . N AUICISSCEL T iR
PRI A

def UserSimilarity (train):

# build inverse table for item_users

item_users = dict ()

for u, items in train.items():

for 1 in items.keys():
if 1 not in item_users:
item_users([i] = set()

item_users[i].add(u)

#calculate co-rated items between users
C = dict()
N = dict()
for i, users in item_users.items():
for u in users:
N[u] += 1
for v in users:
if u == v:
continue
Clullv] 4= 1 / math.log(l + len(users))

#calculate finial similarity matrix W
W = dict()
for u, related_users in C.items():
for v, cuv in related_users.items():
Wlul [v] = cuv / math.sqgrt(N[u] * N[v])
return W

D £ W.John S. Breese. David Heckermanfl Carl KadiefJi 3 “ Empirical Analysis of Predictive Algorithms for
Collaborative Filtering” ( Morgan Kaufmann Publishers, 1998 ),
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[FRE, AR S User CE-IIF AR RE , T4 HAMUser CR#EATRS L. 72 B —T7 1Y)
SR, K=80HTUserCFRYPERERAY, PRI HL (1 SE 56 (AR e LK =80,

WN522-6F775% , UserCE-IIFFEASTMERE FISAL T UserCF ., 3% 156 B AETH FH P 24k BE I % 18
W R IRA T BE XTSRS ALY BT i AT 1 B

%2-6 MovieLens#iE & hUserCFE £ fNUser-IIFE LB LE

RS & B X g = X w7 E
UserCF 25.20% 12.17% 20.29% 7.289817
UserCF-IIF 25.34% 12.24% 21.29% 7.261551

3. KIRFEL RSt fE FUserCFRI I+

AR EIRATE e BT 5 i PR E I8 5L (TtemCF ), UserCFAE H AT AYSEBR H H il
FIAZ, Hh R4 HE EDigg, BTE20084EMHHER RS AT T 24", Diggfdi Fife
HRGEREFAWRG RS, B ARG SIT B, R RESA 15 000555 1 SCE, i
BSOS TR A R, 1 H 24822 5IAR K. Rt Digg e A NZis i A R G P NiX 4 £
T SCEE PR RN EE A AT TBOSER I N2, TRl A SRR A LSRR A

DiggfEtE R G Vi BT . P EDigeH B 25l “Ti” M “BR” (W2-8f, Ml
FIPIFIEU T A “BR” B9 ) PR T AERE A O SCER AL . YR T—
SCEE, DiggA iz B P X SCEEA 24, i BRI SCRErE s A P . 285, Digg
BN I AR IZH P IS R Z Hr T 13X SCEE R A P, SR 28 b A IS e N\ et Tt ) HCAth
EE, IR AR T IE ], Diggfli A2 UserCFE- B 1 AL RAS

DiggfE & A TR RS G IR, FEREPR TR,

Q M sEsm. /P T R “BRT BIAT RN T 40%.

Q F R PR 34 AR ) 45 A8 ) LARAS 200 55 HE A 45 4 o

Q R A B3 G BRI RSN T 24%

Q P PFEHEm 7 11%.

MR, L R T R R G AVl I R AT, HAEABIIK SR,
WA SE 2 BA U T, HISEHuE B TR RS A Rk

D £ . DigghY B J7 1 % http://about.digg.com/blog/digg-recommendation-engine-updates, < Digg it HE#2E 15 A TEAN
%112 Whttp://vimeo.com/1242909?pg=embed&sec=12429094 A1k
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ved Stories Find People

w
W

My News  Trending ~

152 Germany s President Steps Down &

a0 online.wsj.com — German President Christian Wulff resigned , bowing to enormous
pressure in the wake of a string of disclosures over his personal financial dealings

NewsMeBack > World News

50 ¥ 81 10 Comments  (#] Comment
106 Apparently there are truffles in Amsterdam that make you
g o trip as hard as mushroom &
vice.com — In the bucolic pastures of Hazerswoude-Dorp, nestled in verdant fields of

ruminating Holsteins, lazy windmills, and pert tulips, lies a quaint Dutc

El30: W45 6 Comments |#/ Comment

203 This Is The Best Car Under $20,000
@/ (3 autos.aol.com— So, we are sticking to sedans priced legitimately under $20,000 by the ‘
|

tm]e you dn e them away. And we have applied come up with a Top-Five
Sponsored by AOL Autos

449 Moochers Agamst Welfare
€ (3 Nyt com — There is a strange redness to America's safety net. Why do the regions
that need the hn\plng hand elect politicians who want to tear it down?

philperspective Politics

Essk ¥ 12K 194 Comments  [#] Comment
B A DiggMuli, & rPAHSC N A I EMERUE JFEE A T

[#12-8  DigghMy NewsF[fi

242 ETFYSEBhEHIEES X

TR IE (item-based collaborative filtering ) .73:42 H Ak S0 R 2 1
TCIR W iR, i jENetflix. Hulu, YouTube, HAEFFIERIAA XL A0 AL
BRI, SRR ARG T, i SE PR AR I 0k

1. BRNEE

FEF P R PRl I A A — e W (WNDigg ) A3 TR, (HiZE A —Leliul . Bk,
Bifi 7 DR 3t P FH P 5 H RS, T 2 @*ﬁur%ﬁl@ﬁtﬂé@[ﬂﬁ, iz ) 2 A B s
)42 2% 8 A R PR G LT O e & o R, JEF P O Ub IR e ARME X HE #2455
R, Bk, FA MW TR S A RS T 50— R T W e  E uE Es .

LT B PR AT B A R PR ItemCF )25 FH P HEFAARSE AT ] =2 T2 X (%) 40 db AR LU O 90 i o
retn, A RIS CBARIZIE IR ) Mg RHErE (PLgs~d ). Aid, ItemCFHETTE
ASHF b B N S SRR Z B AL, & R 2@ AT P AT e S 2 TR Y
FBLEE o AN, W AR i BELA AR R B AFARLE 2 PR A X 0 s A T P RIS 3 4
B, [EI2-9/@/R T W Hifh 7E iPhone i i F T b #2411 5 iPhone H G A R &, 17T AH OC 7S it A2 3K

(D £ lLLinden Greg , Smith Brentfll York Jeremyfi¥] “ Amazon.com Recommendations: Item-to-Item Collaborative Filtering.”
(IEEE Internet Computing, 2003 ),
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iPhone 1) FH P A28 i A SE 118) LA 7l ot o

LT B EI Rk USRI AT LUK P A D0 o A7 R 2 R 2 SR AR AR R, L an 2 FH P
12 (K e /\EB ) MR T LUZ A P Z ik CSTRESCAEAS ). Wn2-1017%, HulufE A
WHHEAA R temCF 25 B MRS R UL T — D HEFERRRE 101 T R HLARR J2 FH P 2Z i 5
MO A

Customers Who Bought This Item Also Bought Page 1 of 19
[ -
Em a b
e e
J:.i o £
TAEY tEze - c
= —
(< >
A Apple iPhone 4 16GB IPHONE 4 16GB GSM by Apple iPhone 4S5 16GB - Micro SIM Cutter,
Smartphone Black Apple AT&T - Black by Apple Converter with 2 SIM
(AT&T) Fodedcdery (43) Fododereyy (14) adapters
Yrirdndnlr (12) £729.99 $580.00 Frirdnkyy (147)
$520.00 $4.85
(« >
Apple iPad 2 MC769LL / iPhone Sim Card Tray iPhone 3GS 16 GB Black Apple iPhone 3G 8GB -
A Tablet (16GB, WiFi, Open Eject Pin Unlocked by Apple Unlocked by Apple
Black) by Apple _(Compatible for All Yolrtreyy (9) odededeey (77)
Fedctcders (615) iPhones) $409.95 $285.00
Yolodroly (20)
50.59

HRIE LY Z s, R ARSE N A B ERUR S BT
F2-9 S Thifh f LA FH P I S iPhone i i 23 W 5K FCAL R

Recommended for You

Click here to see all recommendations. If you are not Liang, click here.

The Universe MasterChef Haven Hidden Potential
FhAokd *hAk Fokdk 3 ¢ 3 g

HEERE
WAL HuluBs, - (TR SE N A I 2 VR SV A

F2-10  Huluf)/MHEAL SR
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FT Wi i p Rl g E R A

(1) B Z AR LR

(2) AR b A AEARLEE R P 8 D3 s AT R 25 P A HERE S 3

129 1V Shifh g /s AH W) b A2 AR RSE: “ Customers Who Bought This Item Also Bought”
(VST 2 ot O P P U 28 W) S R AR o ) I RDTE 1 SCH &, FRATTAT U T TS A X
S AL «

_INONNG)|
W, =—-
NG|
B, AMBENG)Z ER A PR ST [N Q)N NG| S RIS B R i i FE
Bo PRI, b 3RO TRAT LRI g B ity P P e 22 /0 L P X
FIRARBRFERAAA G, (LRI —DIE, RS, R AR,
MW FR SRR, a1 P, AT i AT T4 s 2 A T S A AR AL, X
X TEON TAZHR K R A B RGO B IR AR — MFIRRE . S TR AR T
AL TR E AR
INONNG)
INGNG)|
BANATET] TR , DRI T 3T S RIAR S ML T Bl
AT E SCAT AR S, ZEDH i A AR U2 O A TR R AR 2 P
W, LR P T LB A T 5 s 24 B e < BTk MIBLEE o 3 L T2 —
AMBEBE L B RAEA P 9 2680 R BRAE R TL AN T T, R I A SR 8 F— A P %881 3%
A2 KAt ] B T BRA LA, T QSR AP 0 TR P 24881 2%, IR AE
fTRE AT BRI T [ — N5, PR A AR BRI
FUserCFH M0, FTtemCF3 B340 MBLE It T LA Sl S P~ e (1D
SRR S, — ML S B IO B 2 ), SRIG X TAAN R, KAt i 91 2 v 1 i
WIS BURE ECHM ., PEARFRAS AT s «

def ItemSimilarity (train):
#calculate co-rated users between items
C = dict()
N = dict()
for u, items in train.items():
for i in users:
N[i] += 1
for j in users:
if 1 == j:
continue
Clil (3] += 1

Wij=

#calculate finial similarity matrix W
W = dict()
for i,related_items in C.items() :
for j, cij in related_items.items():
Wlul[v] = cij / math.sgrt(N[i] * N[j])
return W
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P 2- 11— R L T A R PP 34 St RRRURE () R B8 1 PR R e 22 2 3 AR FH P A5 R
Sk, H—ITRE—NH PSR ES . R, MTFEANES, TRAOTE B &
n—, B —AERE, ORI S A INAS B T g R . o CL e % T RIS B0 i
AP P8 Bn, B CHFRIE—ErT LIA B8 6h 2 0] B A s AL EE R R 7

alb|c|d|e
a 1 1
b1
& h,
di1
le
alblc|d|e
a
b 1 1
C 1
] a|lblc|d]|e
a,b,d /e1
a 1 2
albjejd]|e
b,c.e 3 b |1 2 1
b
c d - C 1 c 2 2
d 1
b,c,d El d| 2 1 2
alblcld|e
a,d \a : 1
b 11
C 1 1
d
B

1

olalo|o|o
Ty

B2-11 — AT AL Y T R 1

F2-T/R T 1EMovieLens a4 b b 10 BOFR P13 f S Z [ARUURE RO ZE 2R . Anserh 4521
JR, RASTETH S AR rp B A AUEMT N A JE Y, (ER I temCFIS AL R AR T LAANNE &
AR R . —BokUl, FRIIMERE . FEMBEE . RIXASHERE | R E SN X
AT HUBCRAYARLRE o

%2-7 F|FltemCF7EMovieLens#iE & i+ 5 Ay B 4R E

B O® B O® \oME
Aladdin (1992) Lion King, The (1994) 0.5685
Aladdin (1992) Beauty and the Beast (1991) 0.5634
Aladdin (1992) Toy Story (1995) 0.5292
Aladdin (1992) Little Mermaid, The (1989) 0.5227
Aladdin (1992) Forrest Gump (1994) 0.4589
Drunken Master (1979) Akira (1988) 0.2086
Drunken Master (1979) Hard-Boiled (Lashou shentan) (1992) 0.2058

Drunken Master (1979) Rumble in the Bronx (1995) 0.1942
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(%)
B B B E
Drunken Master (1979) Police Story 4: Project S (Chao ji ji hua) (1993) 0.1917
Drunken Master (1979) Jackie Chan’s First Strike (1996) 0.1911
Toy Story (1995) Groundhog Day (1993) 0.5373
Toy Story (1995) Toy Story 2 (1999) 0.5314
Toy Story (1995) Aladdin (1992) 0.5291
Toy Story (1995) Matrix, The (1999) 0.5012
Toy Story (1995) Back to the Future (1985) 0.4980
Sixth Sense, The (1999) Silence of the Lambs, The (1991) 0.5499
Sixth Sense, The (1999) American Beauty (1999) 0.5466
Sixth Sense, The (1999) Fargo (1996) 0.5250
Sixth Sense, The (1999) Being John Malkovich (1999) 0.5242
Sixth Sense, The (1999) Usual Suspects, The (1995) 0.5231
Matrix, The (1999) Terminator 2: Judgment Day (1991) 0.6691
Matrix, The (1999) Total Recall (1990) 0.6282
Matrix, The (1999) Men in Black (1997) 0.6210
Matrix, The (1999) Jurassic Park (1993) 0.6130
Matrix, The (1999) Star Wars: Episode IV - A New Hope (1977) 0.6008
Forrest Gump (1994) Groundhog Day (1993) 0.5568
Forrest Gump (1994) Men in Black (1997) 0.5067
Forrest Gump (1994) As Good As It Gets (1997) 0.5026
Forrest Gump (1994) Ghost (1990) 0.5020
Forrest Gump (1994) Toy Story (1995) 0.4948

TEAFENWy it Z WA AR AL, TtemCFad i 4 R 28 S5 P ust— AW i 2%

P, = z Wil
iEN@ONS(/.K)

KNP BRSSO R Ay AR KA RS, wio el
PRI, ro P XS D) ahif % R . (F TRUBRRSR , W u b i i A5, Binl4
ri=1o ) AT SO, AP D s EEOGERA Py BT LA ah, B 0] RELEHT P BHER 2]
KPR R AR o 2 AR S BUS an F BR

def Recommendation(train, user_id, W, K):
rank = dict()
ru = trainfuser_id]
for i,pi in ru.items():
for j, wj in sorted(W[i].items (), /
key=itemgetter(l), reverse=True) [0:K]:
if j in ru:
continue

rank[j] += pi * wj

return rank
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FE2- 12— T b HERR R R 0B 1 B 7, P EK (C++ Primerd SCHR) AT (4
22D PIART, SRIGTtemCFE X iAo i3 A E AU 3R, SRJE A e
SCHBEH PR A5 BB OSEBRFERE o FL AN, TtemCFZ5 FH P R (LS8 ), SR X AR A1 C++
Primer™ SCRR ) AL, AL 0.4, 1 HXARFUAMA (it 3E) ML, MRS, % iEE
FAPX { C++ Primer SCHR ) AYMGBREIEL.3, X (238 ) MUNLBRESR0.9, ABA X (5
ERI) B2LEEEELS3 x 0.4+0.9x0.5=0.97,

CHufe HAR 1.3%0.7=0.91
C++PrimerHr Rk 1.3%0.4+0.9x0.5=0.97
©
fRAD K 4258 —hi 0.9x0.5=0.45
0.9
e Effi"f,ﬁ)‘fmicﬁ 1.3x0.6=0.78
RFEERIL 0.9x0.6=0.54
TS CHEREMA Bt SRR Rk 2 —HR

Fl2-12 — AN RS TPt i 7
MEAMF AT LA 2, ItemCFAY—MIEFit e vl AR AR AR, BRI - b s 80
Yyt AR HEELS R T RS . S AU SEBL 1l iR A9 Ttem CFARLY: -

def Recommendation (train, user_id, W, K):
rank = dict ()

ru = trainfuser_id]
for i,pi in ru.items():
for j, wj in sorted(W[i].items(), /
key=itemgetter (1), reverse=True) [0:K]:
if j in ru:
continue
rank[j] .weight += pi * wj
rank[j].reason[i] = pi * wj

return rank
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#2-881 i T fEMovieLensByii4E | ItemCFRA A B L IR I A ML RESEAR I PRINZE R . %R
FEEETEARIKIE T RIPERE . MRAER2-8 P A EHEFRATTAT LIS tH AN T 4518 .
QBE CEMEMBEE) 0 LIA B TtemCFHER S5 R ARG AR AN KR IE AR X5 51 AH
SRR, PRIHCE A 3 ) KOV 3RA B A B R 2
QRATE  FUserCEAIR], ZHKA ItemCFHERZ5 3 GAT A2 A2 58 42 IEAHSCHY o
BEH KOs, S5 RmATRE i ey, (H K e —E R, AT A 2 AT W]
A

QBXEEX KUINSHRAZNELZR.
$2-8 MovieLens##E&EhltemCFE E B4R ML R

K ;R A [ X B = X woIT B
5 21.47% 10.37% 21.74% 7.172411
10 22.28% 10.76% 18.84% 7.254526
20 22.24% 10.74% 16.93% 7.338615
40 21.68% 10.47% 15.31% 7.391163
80 20.64% 9.97% 13.64% 7.413358
160 19.37% 9.36% 11.77% 7.385278

2. APIERE SR N

AHTTE F e rT LA B, 78 PR I8 A ™ AR ARURE 2 R o e 3R ) BAEAR 2
HRERFN T, BATTE L, B HP B 2488 R AT Y AR LB P2 A= BTk, B A, AR
FH P DR AT [ e 2

A X 24—, EIFER, JEEHET MW E80% M Fi& kA 2. B4,
L A A B 2 X N 80% Y F5 o BB YA 1007 A4S, & Uitk T80T7 4%, MR
X ItemCFRJ B AT LI 2, X ERE FENETEIX A4— D, A 80T AT Z [t £k 1 AH{RL
B, U, A R E A — 18077 80T HY R A5 M

THNATLES], SN P BEARTEER, (R e IR T A B a4k, i Hix e 457
o 1202 K B AAR 22, T DA AS PO AT I K A5 (%) T AR ML RE Y ST RN T /N T —
ASHEET LA A O3 15 S0

John S. BreesefE i 3C " T — MR NIUF (Inverse User Frequence ), RV 7 BREE X540
B, AAIA A G BRH P X5 900 et ARRLBE ) BTRRA 12/ N TANTE BRI P, A4t B %38 inTUF
SHCRAE IE D b AL T334 3K

1
Z ueN(i)ﬂN<.f)m
w,; =
y \/| NO|ING)|

(D £ WLJohn S. Breese, David Heckermanfil Carl KadiefJ “ Empirical Analysis of Predictive Algorithms for Collaborative
Filtering” ( Morgan Kaufmann Publishers , 1998 ),
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%, ERAYAZ FROHE RS — R, X TARZ A TIEERR S, ten
HPIRAEE T4 2 R80% A5 A P, O T kS A DL R P TR, AT eI PR R —
TR DRI FE , A AN A BIAR PR A e S

def ItemSimilarity(train):
#calculate co-rated users between items
C = dict()
N = dict()
for u, items in train.items():
for i in users:
N[i] += 1
for j in users:
if 1 == 3:
continue
C[i][J] += 1 / math.log(l + len(items) * 1.0)

#calculate finial similarity matrix W
W = dict()
for i,related_items in C.items() :
for j, cij in related_items.items():
Wlul [v] = cij / math.sgrt(N[i] * N[j])
return W

AN L AR M ItemCF-IUF, T IIFRATH B LS Pl A . 7EX BIRATA %
JESEIKIIFER , TR KE A 76 11 T S5 56 B S U vl 6 R AR A (B0,

WNZR2-9f7R, ItemCF-ITUFZEHERG R AN B R A8 45 _ L A ltemCFAHGT, {HItemCF-TUFH &
P TR R E R, FRIK T RS R . WX A B, TtemCF-TUFRfSEGHE T
ItemCF 255 RE

%2-9 MovieLens#E&E B ltemCF & % FltemCF-IUF & X B X Lt

#om X a2 B X g 5 ¥ woTE
TtemCF 22.28% 10.76% 18.84% 7.254526
ItemCF-TUF 22.29% 10.77% 19.70% 7.217326

3. ¥miE A AT — 1k

Karypis/ERFFE o & B AN SR IemCF AR (LB A MR F e e BT — 1k, T DA S HEER R 2,
HAFR R, RO 2] TR AR w, AT DU N ARS2IH—e 2 J5 AL
FEFEw':

Wi

HEIXV%

HASL, A— AR AP THOMAER B ERR R, B vl AR e i B s R A A
—ROokUL, BidhEeE TIREARME, KPRk R IR EE . 22— M1, Bide—

Wy

D 2 ILGeorge Karypisfi X “ Evaluation of Item-based Top-N Recommendation Algorithms” ,
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AEFE M, A PR ——22 5 M3 o R4, TtemCFR R AU — &40 5% o f
e A REARLBE B3 i R sy i) AR LB R T4 s R RN gl R ARMBLEE o fHR 28 5%l 22 [B) A
AEBLEE R 2 8] PR AR ARLEE EIAS — e AR TR] . (BRI 7 A I 2E——AFIB, AZEW i 22 [] () A B
FER0.5, BAYZ BRI AHLE 0.6, 1T AZSY St RIB2EA i 2 o] B AR URE J20.2 . FERX RO,
WER—ADFH PSR T S AZY S ABEY A , AlltemCFZA A THERE , HEE ST E B A
KB S Z [ AR U R, (HAnRIH—1bZ )5, AP 2Z BIAAEAE R T 1, BIYMhZ
[ AR R, ARAXMIEOLT, AP AR SRS A IS B, IR A M HESE51)
T AZEY) S FIBIEY) AR B A NZ R KRB SRR . XA AT LAE AR A A —4E T
IR S 2R

WA, SFPAARFERZLE, AN Z AL S, T AFERZEHZE Y
AHABEAR W — kUt AT TRYZEHZE N AU — M LR . WA T IH—Ak, S asfiErs
FEAEHAT TR BRI i, T K 2 it 2 BRI TR o DRIt RO 38 0 LI . A,
WA TAUBE B IF—1k, IRl DR SR RSN E R

F22-10%F o T TtemCF 7% AlltemCF-Norm 874 1 B ZR 5L g0 M RE . LI &5 ST LIE 3], H—
fEHf SCRETE = LtemCRI M RE, Hh SIS PR ERA T HA I B 4 = o

%2-10 MovieLens##E & 1 ltemCF & ;% F01temCF-Norm & ;X By X Lt

Eom X a2 B % g = X w7 E
TtemCF 22.28% 10.76% 18.84% 7.254526
TtemCF-Norm 22.73% 10.98% 23.73% 7.157385

2.4.3 UserCF#OltemCFHI%Z & ELER

UserCF 2 #E 75 2 G0 S0 B4 My Z B YL, 19924 5k © 2 A L T 2E i YL HERE R 5
Tapestry A2 TR, 199444 GroupLens” F SR SEBUH [ A9 M EALHERE , 5 kbl 35 44 B S0 43
LW Digg K28 FH AR S PEAL A 46 3035 TtemCFIIE AR HUESH A, 1EE 4 BH TR
55 W3 3. 5 s FTD VDAL 5% M 3 Netflix FP A58 17732 i . 2

M2, M 4Diggfdi FHUserCF, i 7. b M F TtemCFWE 2

B S W Jii— T UserCFRE MlltemCFA 1 YRR IR B . UserCF44 i P HEFAAIR e A fih A 3 [R] %
BB G B4 R P B, 1T TtemCF45 FH P SR S8 At 2 BT B0 B 2R i o MG AL
R EERT DIE B, UserCF I HERAZE 25 5T S WA P D4R AR U/ NEEIAR 385,, MiTtemCR
R ESS SR T T 4R 2 0 B S0 0, B, UserCFRYHERE AL 2Mk, [ T FH ™ FRAE (Y
INEUSCERRER R ) B TAREE , i TtemCRIMHERE T INAMPELL, Tme 7 I [ 2 2% L K

@ —rIRD 8 P4 7 1 (T IR A
@ £ llLLinden Greg, Smith Brent filYork Jeremyf{J “Amazon.com recommendations: item-to-item collaborative filtering”
(IEEE Internet Computing, 2003 ),
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FEHTIE WIS, P SRS R Bl 48 R ZH0T P AR E B I TAHT I . B
b, R BRR Y, FUnA Se P S IR B, A Bk S i, AR AR 1
—RAEAER . LT, R P REREERHT e, 2R X NS SR ] BEARUE
B RARA B, XN PR A KRR B 0 . BRI, ANPEAR B I A s R 4
AR, AT TR B R R AR AR AR R E S, AP A T3 e i R, [
U, UserCFA] LAZS P i At A AR 22 g i) — FRE LA T P A ARTE B RO ], X AR FE TR A
SR RCE BRI, ARE T — R B A AL . 3 & Digg 78 37 1 77 Hh 6 UserCF 1) i 22
BRI

UserCFidi 3 T8 MIHERE R 5 — AN IR R AR A BE 5 1 o DR ARy —Fin i, Bl i B
FrAEEOL, BRHEZEA N A B, i TtemCFF B4 —3k ) A CEE A, ISR i R
P, IBAX kR TFEAR PRI, XAEFAR FARMESCI 46 250 A DG B =90 L R A — K
— R, AR AR T LU AZ A . T UserCF R 5 I FARRIPESS . B4R UserCERT Tt
P BT ZEE RS, (A8 55, 0 0 SR B e e 1 P R i AGELBE, i L
YT, e n UMt i TR HT i, I UserCR AR 2RI T35

B2, 745, BT RS MM, , iy Sk . Gk, Netflixth, TtemCFIGER A H %
FEARH, 1o, (EXSeut, F A48 HUE [ 2 AEE AR . — AR B T REFR A K
AR EEA, 1w HA TSR TR A RIS A SR, T F R WIRE AR NG, ITE
F DB T REANERI T AR, 32 R G P 1 FH P R AN TR B0 TR A A Bh AT 10— it )
AR, T T DG OO ARSI A R A ORI R . PRI, XS R s A AR Y
55 2 B P % BRI ARF 98 ST A SC AP o TR, TtemCFAE I A 17 30 6 903 Y 1 BE B3
BEAR 34 A 3l 14) 47 it B B AN SRR IR, — R — W T BT b AR B S B X A IR 1A 2 B
KRR, S&rTLIFEZ

[FEE, MEEAR %18, UserCFEZE4Ey—AFH P AU AR RE, MiltemCFRg Z4Ed— 9
AR . MWAFRERI MR, QSR IR, IR AL P DA B S P B AR R 2 ]
L, WSRPIRZE, IS AZed AR R AR M A K

IR o, R N AR LD B P S R A S AT, ARG ST
FINGERIE . AR A, XEFALATIRGE, AR, T P 4R A LRE 2 o R 2 de 1] B
B L. (BAESEhRA BRI R, PR AR ek, miEE . T RIS Musd, Y
BEHNRLEDE . BEAh, W5 BARBLURE AR T B 48— b ke, TR il Ttem CF /&
FLARUF e . 48R, i AN EIoL, ZEARL, Wb AARRIE AR IR, Prdn i E ek,
AH S P X4 BRAE X (2B R AT ), BT LAHT 35 AP A A 42 User CF A7 19
W,

F2-1INAFIBY AR EEXT G T UserCFANItemCFR-% o (RIS, FRAT UL AT TR LY A9 B8 4 S i 4 2R
JERAERE2-13, F2-14F12-15%, MEHAT UL, TtemCEH AR T8 bR LI T-#R A U UserCF,
IR AR 2 SR B o R G T UserCF, 3% — S BRI T2 R HE A KA 4
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%2-11 UserCFfAltemCF {5k S5 B9 %F bt

UserCF ltemCF
PR EHATHPRANSE, R RE, RS SHTREWE/ NS A, i
ARCLBEAEPEAR TR K R (W) , HHE SRR R K
Lk WA, F P AP SHRAS K 2 1 45Tk KEMSFEE, HIAAET KR 2 4

SRR RPEHATHR, A—Eil e RS A RPEITHh, —E S SEHEAE A R K Z

% A5 FERTR PRI =R AT AR, ARESLRR b B RS — AN A AT A BT LA f A
BEATASEALHERE , BCA AR R B — B A S AR SR HAhA
Il B LY
Wi LGB, — B oA BB INE A BT R S AR SR DL
by BERTLARET AR A R B AT AR P IR SR A
SLEAR U b T

A E ARER A T R IR AR F P00 5 S0 A7 R 4 PP R e, mT L4

FHP A R
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—&— UserCF ItemCF

E2-13  UserCFMItemCFREEAEARFKIE T 14 1R {2k
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50.00% \

45.00% X
40.00% \
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15.00% i

10.00%
0 20 40 60 80 100 120 140 160 180

—&— UserCF ItemCF

E2-14  UserCFMItemCFEIETEARFIKIE T 07 TR 14k

i)

7.4

—

7.3

72 i

7.1

6.9
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6.7
0 20 40 60 80 100 120 140 160 180

—@— UserCF ItemCF

El2-15  UserCFAlltemCFRAILZEA R KIE T WA T 2.

HCEAR IR, AR PR RETE R P AR A B IE R o B e RTZE R Y
ok, HCANAR T B AR, B A T REAS e BEltemCFAEIE . K, WA IR, Hodn
AHPRZ, AT AR, XM REA T A UserCFRE . fm, BEARIR
R RS AR R A —EUE L. T H., X B A R R AR i User CFAllltemCF R, JXPIAT



2.4 A FARReg Ek 63

SRR AT AT A A AR ekt . — ok, X PIRRA S LIS, AR LI RE i

Iy .
T4 A4 R A Ttem CF 1 1Y 7 56 28RN i AN i o
& F) 38 4 1] B

7 757 O BIFSE A B AE 3 TtemCF 1% 24 % B Item CR AL I 1 (9 P 540 0 1 —
WL, B SRR BRI M. “UBLEEE, WSEAET A B AL T2 (g
FIBEAS Yo JERANTRRIE KB, EEREN (RFEAE) KBTT, SRS — AT A
JURERAIEE

15— TeemCFHFL49) AR B 2 A 2

W - INONNG)
T NG| NG

AT, WAGAER T, IR B AR T |NGONNG)| HES B MESE N6 . R
BT A R4 L 2 I8 T IVEATRE . (EAESERRBLI o, 0 TSR 235 e i A
IR

PRI LR R T 2

R A EING, FRATAT LA S A 45 BT, LR R R AR

v, = INONNG)
OIS

Hrae[0.5,1] . il e, ST ARSI/

F2- 1205 T EEAR ] 1S ST TR . TtemCFBERE HOSEAEMERE . I, e = 0.5%K
SRR TemCF R . N BSLESTISS BT LIS, o LA 7EBI A0, 5 74 2 SR v 2 A
B, MiJita <0.58Ha> 0. SHRLHAK PRI BERT . (2, WA %R
TR LRI, oblik, BESERBURES,  HLESRAOTAOM TR SV, I, Bty
R T LA 7 R 4 o S F 0 B T SR T AR e R AeA TRE ER
THEE ).

FR2-12 ESRITERItemCFA R L Bt A
a 3 N Z B = B £ X% ERITRE
0.4 21.94% 10.60% 13.39% 7.4584
0.5 22.28% 10.76% 18.84% 7.2545
0.55 21.71% 10.49% 20.61% 7.1891
0.6 20.32% 9.82% 22.78% 7.0688
0.7 15.19% 7.34% 30.18% 6.6117

(D £ WLGreg Lindenfy1# S http://glinden.blogspot.com/2006/03/early-amazon-similarities.html,,
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s, IR TR AN B Mg DR WA AR (RIS A5 TP — AT 2 AN [ A A e —
. LIRS, BRI R AR R A MBIR, M RIEA R P IBcHs , 1 LA
RAFERHE, PG X —FHE. W, MIMREHE B RE, #aH R — B8Ry
il AB2, B4l RS B A I T P L AR R R IR RE AL , - T P B R HC A 19 ) AR
JEARAE.

T TR AT AR, AN R A R T 2 AR A FEB e AR R o XA
P, AR TP AT A RE S AN REAR DRI AN ALY, DR TP B4 S s i Rl it 2Z [R5 1A B
FEAR G o MU, FRATHBEAKEES | A Y B N AR PRI A IR, LA AN [R5 i 49 ol PR AR
A XA PR e 1T T .

25 [RIEXNRE

H MNetflix Prize b 382465 LA, LFM (latent factor model ) et AR B8 il M HESR 22 G40
WHARBTER 217 o HSOZA AR AR ORI I8 Ui 4t 1, PR BISCAR B & o AR
WA LSL, pLSA. LDAFITopic Modelo 7% 198X g 3 i AU AE Top-NAEAE P B o FH A 7140
A, IFAE SR B PRI A A

251 HMEZX

Bt SRR f i JLARHE SR R G U AT TR ST, B A% O AR 3 B & R
(latent factor) ik 3 FH F* 24BRFIH) it
B — M TR B — T X MR, E2-16/8R T AN FE SRR 581 36
MAATTAY IS R T LR TP AR SRS ST/ INGE . R B DA R — 28 LR 3
T P BIR 248R LA AR 2 AL A 27 2 7 T
TR il 45 AFIBHERF 50 7
Q Xf TUserCF, /o ZBNFUATE T RAERRHABT P (OGEARRIB TP ), A5 21l
MTHEFEAREE P s i) =t 45
O % FltemCF, 25T 1 C £F B BEME S, WiEEBE TIRZ T E
RS, T AR AR ENL RS 2% 2] s S T 45
A I, AL FAY) ) G T 402 . XTSI, B A B DR,
SRIE M3 2 R Bk A AT BE =0 i o
ST, AT GRS O 1 R RS ZE 3 (R
1Y (0 R T o s e
O dnfef o P XTI S ) TSR, LR B SER ) R B 7
Q X TF—1AEME, EREMLLRE T XY A, DL o s ey i 7E
— P RAE ?
XoF T8 [0 L ) 5 FRLAR TR SR AR AR 2 W it o 2 o AR A, AR5 s RIS, B4R
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B N THEBAZE, R E T E R R, AR ARSR
HIEFR, GRERLS I IR A LU Bl

U CIeR N U EPS R N (R Ve S ONT <
K2-16 WA 7E G 3215512

O i B AR B, i, X7 CREEC:) Mg THan%, A
NN K RZIE TEE:, AN RINZE TIHEIL. NWANEER, XABRL T,
EMWHPE, EARBIERE T EMOTEILL B . a2 e BRI 2
K, MASEMNBIEE R K o

Q G ARMEE B 2R AURLEE . FRATRE 2SI A AR R, (BZHE 518 ) TERDRIRE Y
ST REIE TR, (EAEAR ) 726 T BEJR TRz . X T AR,
AT RETT A FIAORRE o HLANXE F—figai, FATHURLRE 28 A= st T LA T,
X T —ZBERUFFEA DL, FAT Tl A BERA S M AR 20 70 ) S50 fl Bl PP AR

Q RS — I 2 2. ARBRAUR Tk, Mg fes TIRZH.

Q GRAEARAMELS I S AR 2. TATHIIE, IR LIARZARER), AR RS 32k
M M2 WA FR AT A (R ) IR TREARTR, AL

(D 2 Whttp://kkb.hhu.edu.cn/ztfl/zhongtufenlei.htm,
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NEF AT REE TR BT UAFR, WA Z R E R RITKnuth VR DA%
F, HTEARR AR XA E AR,

O FaiBARMESE — DA — P A . HAngmiE nT IR S b e CEURAZ 3
T JR TEIHZEEE A, (HXABEX PR AR, iR S
—MERR R R RN

AT RO BRI, A AR A ATRITAMESE 1 &, B shibREIRESs, K5

AR HERR . T8, Bl WrHHi AR (latent variable analysis ) HBL T, Fad&id XadrHAR
HEORRBGE TP TR G R A SRS, B fipre 7 _Ei$e th g5l

O M ENARRARRSFH P WEN, AREE SO AR 22k AXT P17 5
i, REFETHPXYR RO ELE . BEE X HrER fltemCEAEY) i 4325 7 T ) AR
AL, RPN AR Z P RN E R, IRA X A~ it SR AT e e T R — 12

O G ARMERE T 3 AR T, (AR TE i AR R iF 18 € & 202, XA~
BB, SRR SR S, SOIE S B Ok

O B ARMELS — DS 228, HRREE SO R SR R YR TR 2 RGE

BB AR AS SR AP b o B S — A2

O Y RXEL 25325, (HBR ST ST HTH R 25 B S0 SR A R R — B Y
R T H A RS RE DSE A SRR, W P R R R, IRALFMZ,
R AR R A 4

O e ARXESE — Y AE R — D b AR, HER S SO EOR AT DGR R S
TTRYCEY S AE AP A, W SRR PR E R, B4
Wi e A T RE L

B il AT HTH AR HEAE: 214 KA T IR 2226 44 ISR 5 s, L R R AR 56 H H-2A g

TR 1A pLSA . LDA | FatrZSifAY (latent class model ). Fate T MUY (latent topic model ).
JERF 3 (matrix factorization ), X SEHGAFN I IEFEA T L RAHE R, HARZ LA LT
ML RS . AT LILEMA I B0 & v TR TEERE R G i H

LEM# i 40 R 225 P o 42 il 178 4585 -

F
Preference(u,i) =7, = p. q, = Z Purli
=

EAATS p,, Fl g, BRI SH, HorT p, T P ul SR RIOC R T
g, T AR R W R . TR, F RS AT B 28

SRS SR LA ST B T R, TAEX TS P2 O LTS .
A BB IHCRAE TR ORI, BRI SR, TE—AIIGE, XTaA, I1%
L A T u B R B SHR W T2 3 5 MR . AT LA b T R
RIBH,

WEts RGP0 0 M S R E R . LEME S IO, (MLt isnis )
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AR VT S S0 (B IR B) TARGFAAE BE o AN AT F 2 e R BRI S R S, XA RN
FRme DA IEREA (HPERA2900), A fEEA (P20 AN SR ),
B4, TEBVE B BRI FLEM# D TopNAHEAF 10 55—~ 56 5k [R50 sl 2 Q] 45 44 i P
AR
X} F XA, Rong PanfE 3CE U hiifT TIRARRT . M HE T 4n R LR s
Q X1, BRSSP E R A
Q XA, WA 178 B b A A R A — S i VR AREA
Q X F—HFP, MBS AT R bR th— 2o SRR TREAS, (ERFERT, fRIUE
BAH PR EAREAZE Y,
Q XF—AHFP, MBS AT R iRt — e R REAS, (HRAERS, iR
KA TP
XTFE M, BN EERSR A RS, IERFEARS BRI, NiHEE R

T, AR EWRZE ., ST RSN, Rong PanfE Ui Fh 3R =R T45 —Fh, 1M
R AR AR

JEok, iT20114FKDD Cupif) Yahoo! MusicifitE RGTLLFE, FRATAIUXS FUREASSRAFRT WV i
TEAE LA )
Q XA, EAEIE AR CECE AR,
Q XA P REEAREART, BORBUIREARIAT T, i P 208CA 1T R
—MIA, AR T P JBCE AT A AR PO XA AN BSER . ARTYR TTR )
FH AT RESE AR BEAE Wty b A B A, TR T2 5 i
Y Pythonf RIS T SRR AR R AR
def RandomSelectNegativeSample(self, items):

ret = dict()

for i in items.keys():

ret[i] =1
n =20
for i in range(0, len(items) * 3):

item = items_pool [random.randint (0, len(items_pool) - 1)]
if item in ret:

20

continue
ret[item] = 0
n+ =1
if n > len(items):
break
return ret

T LA, i tems_pool 4P T RIEY) T HIFIEE, TEIXDFIET, Pyiitith SASUCEAN
Pt i FRATERUE I . itemsi— N dict, E4EP TP ESA S v ES . ik,

D £, “One-Class Collaborative Filtering” .
Q@ RIYHATIHER LR R len (items) * 3, FERNMIEE. AFFEAEEHDL.
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T AR F B A B RA T BESRAE T AREERNT TR | EJH P BB AT N . SRR, W]
DAFEI— P -t K = {(u,0)y . PR, fibmiAs, W7, =1, &7, =0, )5,
s 2N AR PR BRI B 5 1S 1 2 Hp g -

2
= -7 )= (r—qu] +2|p. [ +4la
k=1

(e K (e K
XH, /1||pu||2 +/1||‘],» * R PSRBT kA A B TE LI, ART LA 5 S0 3k . B ME [
HORA S R, T AR — B BR R BEALER BT FE VI Tk o 2 e A 3e B i Sk mt ) e Ak
B, EE SRS IR B B Bl TR 1, SRR AR A B A S T
AT R BUEAHES:
T E SRR B B S p Mg, BERLBERE T BRI 2818 X BT iR e 5k
CIpYYEER

oc =-2q, +24p,,
apuk
_aC =-2p, +24q,
aqz‘k

SRIG, MRPERENLAER B NI, W B S BONE Bl N7 ) a FiEe , D] DA S0 an R s 4
NG
puk = puk +a(qik _ﬂ’puk)
9y =y t APy —Aqy)
Hidp | o 2] 3% (learning rate ), B A BEHUTT ZhH i I & S E0 KA .
i B Python RS SE L 1 X — At 72 -
def LatentFactorModel (user_items, F, N, alpha, lambda):
[P, Q] = InitModel (user_items, F)
for step in range(0,N) :
for user, items in user_items.items():

samples = RandSelectNegativeSamples (items)
for item, rui in samples.items():

eul = rui - Predict(user, item)
for £ in range(0, F):
Pluser] [f] += alpha * (eui * Q[item][f] - \
lambda * Pluser][f])
Qlitem] [f] += alpha * (eui * Pluser][f] - \

lambda * Q[item] [f])
alpha *= 0.9

def Recommend (user, P, Q):
rank = dict()
for £, puf in Pluser].items():
for i, gfi in Q[f].items():

(D 2 Whttp://en.wikipedia.org/wiki/Stochastic_gradient descent.
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if 1 not in rank:

return rank

rank[1i] += puf * gfi

FATFEIFE I B LS PHNLEMAYPERE . 5, FATIEMovieLensi gl - HILFMIHH
FOGER I p R i g, SRJE X TR R IR SRR . INER2-13F7R, RBJEAR T
AN I (qui ) B—LEHRE . SRR, —RRRALE SR, #RART —
TP BB R . NI B LEMAE 52 ] LA B i A5 ks i RIS e .

#2-13 MovieLensH#EEPRBELFMItE LM AR R ERNERS ISR

1 (BE&T. 1RO

3 ek

4 (REE)

5 M. TRI%D

(Fa % N» (The Invisible
Man, 1933)

(KkBEEY (Jaws, 1975)

(101 E ) (101 Dalmatians,
1996)

(AT 3 /RY (The Blair
Witch Project, 1999)

CRF2 BN KRR ADY
( Frankenstein Meets the
Wolf Man, 1943)

Gritds) (Lethal Weapon,
1987)

CEFARHKH (Back to the
Future, 1985)

(kR B % ) (Pacific
Heights, 1990)

CEFREY (Godzilla, 1954)

(&M EILY (Total Recall,
1990)

(+#R 2 HY» (Groundhog
Day, 1993)

(RRGE2ZERARD
( Stir of Echoes: The

Homecoming, 2007)

CRERARKI: RELEMD
( Star Wars: Episode VI -
Return of the Jedi, 1983)

(7% 7k #1) (Reservoir Dogs,
1992)

(Z&11) (Tarzan, 2003)

St bk #h oF- 2% ) ( Dead
Calm, 1989)

(#4453 (The Terminator,
1984)

CEIFAY (Donnie Brasco,
1997)

A JL Do B e
Aristocats, 1970)

( The

(%)%» (Phantasm , 1979)

(BE & #+) (Village of the
Damned, 1995)

T#rRIEY (The Fugitive,
1993)

(FRHMEF2) (The Jungle
Book 2, 2003)

(i) (Sleepy Hollow,
1999)

(Y (Alien, 1979)

€ Z¢ % 37 =3 ) (Indiana
Jones and the Last Crusade,
1989)

CUPEFLEBAHD (When
Harry Met Sally---, 1989)

MW A& A
Faculty, 1998)

( The

(HIE2) (Aliens, 1986)

CROM2 4E45) (Menace 11
Society, 1993)

CICEFIE(EY (Antz, 1998)

{4y (The Fly, 1958)

R BE 24D
Omen II, 1978)

( Damien:

€ B F pl D
shentan, 1992)

(' Lashou

/b 5 Ry (Lady
and the Tramp, 1955)

(5 (The Amityville
Horror, 1979)

CBE LYY (Rosemary’s
Baby, 1968)

CEL® 2 43)
Romance, 1993)

( True

(KRR EY (Flubber,
1997)

(DY (The Abyss, 1989)

Hk, FRATMEL IR T LFMAE TopNIfE#E PP BE . 7ELFMH, SRS E 41

Q BRAHEAS N

Q 2% HFalpha;

Q FfkZs%1ambda;

Q FREAREFEA S ratios

WL KB, ratioBHOLEMBYERERE Wik K. KL, FEEF=100. alpha=0.02 .
lambda=0.01, SRIGHFFEAFEAMEFEA L Flrat i oXWHHEEEE RAERERT S
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WMZ2-14f1 75, BEEAFEARRCH MBS0, LEM B HERE R 10 24 ] 48w . Ry
ratio>10LAG, MEMIZME BIRIA ARE T [FnY, FE GREAE H s, B3R
WA, TS S AT BE AN, i rat i oS5l T HERF S e R e K R AV RE 7. I
PHLFMIISE 5 5382-6., 32-9. 22-10%TtemCF M UserCFEVEMIEREFI L, 7T DL & BLFMAE Fr G
Fabs_E AL T UserCFAIItemCF, 244K, X HZfEMovieLens— MG FaOgs S, ATH LI,
WRHREAEF R, LEMAERES I W TR, £ 2 AR UNUserCFAlltemCFPERE . O TiX— 44
e AT LA S8 [ ST o

F2-14  Netflix iR hLFME EE REIFS 8T Aol 4t

ratio i S A B % B = % w7 OE
1 21.74% 10.50% 51.19% 6.5140
2 24.32% 11.75% 53.17% 6.5458
3 25.66% 12.39% 50.41% 6.6480
5 26.94% 13.01% 44.25% 6.7899
10 27.74% 13.40% 33.87% 6.9552
20 27.37% 13.22% 24.30% 7.1025

252 ETLFMBYERRARZRBIF

MRS AR —ME FHLEMEEA TR B2 1 TR BB T Y. ATPEE AT B 24
B He AT T 5o

FE2-17)@/R T HERS B UL AL, i 0 G AN R s, e anZe Ml sy Sz & . himlid
THIESNE  AMAEAEIAT TE 8 3R o HERR IAFSE A SO X 3 EEER o] LA T — 2 A
PEA, T LIRS P B 48R 45 TR AR TR A P 25 o

HE P AOFFE A ICTRAE M4 B AR, FIFHLEMR TR P2 7 2 Bl — ANk, I,
AR R P D s X O BRI T e SR IR . Jrp, WA e s, B A
FERE X (u, DJEIEFEA, Bir,= 1. WREEREE/RGH Pu, (B uOREA S, IBasteE
M (u, JETREA, Wir,=-1. SRJE, HERRABFIE SR RTSCHRE B A LEM BN A o2 5 2 il
Bk

fui = puT "q;

MR, MRS R AR T ORI R T T — ek, R T — SR A LEMAR A

IXELRRY TR F Netflix Prize tb3€, FIILIRATS7EHF ST TEANITEIX LEAY

(D £ W.Bee-Chung Chen, Deepak Agarwal, Pradheep ElangoflIRaghu Ramakrishnanff) “Latent Factor Models for Web

Recommender Systems” .
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MITTLEMAE RN GE PR A FH P AT A 8978 £ S s b R 35 2 245 SR K i J2 FH P Sl 19470 o FE 8T el 4
i, YRR ShIREEE R IS . BRI S S T I o X S I S AEAR S Y B ] N SRAHR 22 )
T, W SERE R N E R P e, Wik, e Aar MR, e L 2iE
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HRGHAREEE N T RIUEGLFMASRE SR, 1072 s B ER o &, R IBFR A 5L
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AT TR iR 7 22 AR . B e, AT TR AR s e i N S e e ( SeBin] JRA155 ) 15
FIBEALR N R )ty HOR, AT 2 S2is HuSCER T P R B4 T8, I ELF X S e A5 31
AR BRI g, RIS, TSR AN 2 00 A P w5 2 e

e =XVt D, g

Hdr, y AR IEY SN BB B A W, xd TP ut PR AR DGR AR, P )
x, 1] LIRS 7 S A7 Al st peAs, i HAR R B A —IK, TMip,. g R 3 S2mt &2 i) P flt
JWINEF AT R INZELEMBRAS I . BRI, XF—ASEmA R i, ol Ll x” -y Al H P okt 9
rif R, SRIG G ILAN NS, ST LGS p! - g, 520 B 0 0 TR o

TS FUR R AR T HEFE FT R i, TR BARE i T LIS A TR
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2.5.3 LFMFNEF 4RI A /75580 LS

LEMJE—FhIEFHLERF 2T 5, B A Be 3Eat . XN iRk 4RI vk (e
WUserCF ., ItemCF ) AHLL, #ZAREE . T HRE MR B 5 D EELEMAISEE 2R3 771k

0 FigEM LFMEA WIS, ER—M¥ 0k, s iib— 3 ighs
AR, ST AR A E 2R TR, AR R

O B&ITEMTEERE LTI kT EYe — kBRI R . fEBLITRAMIE
R h, R REIRZ , o SIRRR N, BaAMA P RN,
TETFEARSCR R, RATATRES IR — TR LLER B I i A Oe 3R (A TR AT TR
B RO KA oA C R i, (A () R 23 AR A R AN TT e ) ),
A LMRBE P A, WITFZLOM* MR 2SR, T iAo, MITFZOWN* N2
[, MLFM7EEALS R, R RPN, IBAETHERAHAGEE HROF*(M+N)), X1E
MFNINAR K AT AR G715 48 B e 5 N AE . 7ENetflix Prizetr, PR P8R DK
(40£277), RPH ANEAUserCFA: (PEUETEZE30 GBAEAIPAE ), HMLFME FRETY
BTGB N (HF24 GB ), MIMACANetflix PrizeH i 105

0 B&iItEREERE BXEMMNHM . NS KSR i st B4,
UserCF i3 PSR I B 24 EJEO(N * (KINY2), TiTtemCF i34 i AH 5 2R 1 B[]
FAREEROM*(KIM) 2), THiXFFLEM, WSRAF RS, ERASK, IBAEiTRE 4R
EOK * F* 8), M4, WRKIN > F*S, WARFEKUserCFRYMT ] 22 B TLEM, Qg
K/M>F*S, Wy ItemCF ] 52 24 FEAIRFLEM,, ZE— A& R, LEMAY R a5 2%
T F UserCFAItemCF, X FZEF IR BIETRE L2 UGEN, A, XPIFE L
TEMHA A B E 3 TR 2251

O LKA UserCFMIltemCF7EZR R 55 F A TG B A R BAAAE WA, SRIG T LITE
LRIEA TSR TN . LATtemCFRE I AH], — B P S0 T H Ay, T L Ak iy
FEH AR DGR FNZ ) AL o s P . R, — B PR TN,
I HAZA T AR b iC S 25 S I EBARE R G, s Rt & & A28 4k T ALFM
PFIN A AT AR S, LEMAES P A BUERE S R0, S 235 FH P 0 B ) a0 2%
B, RIGHES, BRIERER KNG R4, TEDEBIRZR, X —id f YA
B EARE E, TAOM*N*F), ML, LEMAKIES HTFYEARE ERM RS, W
REH, BATBTFE A BRI G H F SeHa—A B N e 51 3%, SR)5 1
LFMEHHES o 53 —J7 1l , LEMAEAE B — A P25 i) iR K0, IS REAE SR 5
BFTEAAL, T 2 B 2 A P A SR R e AR R b . I, LEMOR
RETEATAE S SCR RS, WUl , M P THIAT NG, MRS R—A S KA AR,

O EFMRE  [temCFRESCRARIF MR, 0T IR P D5 5247 M R s 2
(HLFMIGIE IR X RE R RS, BT R IR B R AETE X SR T — 2Ry i
HIARME B AR1E T iR I AR iU R I AE P
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26 ETEREE

MPAT ARE S =0y s, INIARZ PR SREER nT U BIHER: RGEH . AR The
nfepRe FH AT RS, FERUTTIE Bk 20 T P BEA T MR AfER s

26.1 RAPRTAHEENZSERT

FETFEIRBR (graph-based model ) EHEFE RS PIIEE NS . HL, REMTTAGILRET
[ BR B AROY L TR, PRy Al DI TR s i A1 7 O T IR R R R f] BB 5

TEWFFEHE T FRIRIBE B Z /T, B 5 208 P A7 B 2o - i a0 AR rher mm 1
Bl 2 i —F5 e AR, Herh A ZIesH (u, )FR TP o i AR AT o R
IREGN—A "3 R

LG (v, E) IR0, oy =v, Uv, AP TUSREES v, FPi TS LS v,
Ao X TEARE P D "I, o), P —EX R e(v,,v,) , Hbv, eV, ZHFu
XEREA TS, , v, € V, S Shixt R A T o PE12- 18— AT B A P i — o PR, HErp I Y
ARG, I AR, [R5 SR s Z I BRI X B4R o LA
R AR LT e, by dAE, WP AR dha, b, 7R TN,

° -

_ JOQE o
—> :
@LIC o

K2-18 ¥kt — Ay KA Al

[
on
o

(e}
o
o

26.2 ETEMHEEFEER

BP0 — oy BB, AR 55 i /e — 0 18 25 P S E AT PR Aa R . i
B AR R o IR |, AR A L8 TP ot it BT 55 0 T ABF A D 8 P P T A,
Vi FI15 v, BT T EL AN RO b 9 R A P AR, RSP BE = 1 ) dl FE AR 2812 P RO R EE
o

JE R PR A T Z AR E AR Z , (H— Bk L 1A P T A A S 32 MO T THI3

D 2 Whttp://en.wikipedia.org/wiki/Bipartite_graph,
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MHE:

Q PN TOAS 22 (] P AR

Q AN TS 2 R AR B

Q PN TS 22 ) ) AR 22t i T

T A SR 1 114 — X T o5 — P LA A

Q P TS 2 (B A AR 2 AR A I 5

Q A2 T 05 22 ) 18 AR B L e

Q RPN T S 2 0] B AR AN 2 28kt JBE U R B T

ZE— ARG, ME2-1900R, P AR S, A DME, (B AMY) A
SRS RBIMBRARANE, P AR S e i PIAC K R3S ARAHIE . B4, T ASeZ IR
PEE R T IS A S e, FIY s ete P ARHEES R T R ZHE Y e 2 0, BEATIS A S eZ A
Pkt e—— (A,b,C,e) 1 (A,d,D,e). Hr1, (A b, Ce) HAELITMTSAHE R (3,2,2,

E2-19 FTEPHEEE RG]

S FEBAEENE, BTG TREH R b S 2 AR ik AR A4
—Fp 3L FBEHLIEE (1) PersonalRank 742

(D £ WLFouss Francois , Pirotte Alain, Renders Jean-MichelflSaerens Marcofij “Random-Walk Computation of Similarities
between Nodes of a Graph with Application to Collaborative Recommendation” (IEEE Transactions on Knowl edge and
Data Eng ineering, 2007),

@ £ Il Taher H .Haveliwalaff] “Topic-Sensitive PageRank” ( WWW 2002, 2002 ),
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TRBCEE 25 TP ud AT PEAHERE , TT LM P a5 v, JFARTE T P W it — o3 181 b A TR
PLBFE o WPERUEM— DT R, E R IR o U RIRSEHE ,, B ILIXRAE I My, 15
MITHREDETIEE o WARPLEARSETHE , A8 A0 1Y 56 13 57 s H B 20 o A B L e —
AT RAERIEE T IRGE BT R XRE, SR RBENLIE S, B0 R s R 2 AR R

SR A SR TR ARG T R R T R u
AR Er R RR AR, TSRS AR
PR(v')
vein(v) 011t("")| = Vu)
PR(v) = PR(Y)
\4
(1-alpha) + az() out() v=v,)

N Pythonf AL ] FRLSEBE 1B A9 23K

def PersonalRank (G, alpha, root):
rank = dict ()
rank = {x:0 for x in G.keys()}
rank[root] = 1
for k in range(20) :
tmp = {x:0 for x in G.keys()}
for i, ri in G.items():
for j, wij in ri.items():
if j not in tmp:
tmp(j] = 0
tmp[j] += 0.6 * rank[i] / (1.0 * len(ri))
if j == root:
tmp[j] += 1 - alpha
rank = tmp
return rank

AT L p A% # T — N 22009611, 8 A A THERE . I2-2145 T AR IR
JEEA T BT . IR IS, AT U5 AR AR OUE AU R A Bt T
TEXAGITh, P ABAXN YD, At . 7ef/a ik REas R, diTiRBERK T,
2 ARHER BN FE {d, b} o

[%2-20 PersonalRankH¢ f&j B4 1
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FE2-21  REREAR FRASE] T 5 B A R
AATEMovieLens BRI T PersonalRank& 1k, SZEG4E RANFE2-157 o

#2-15 MovieLens#iE 4 i PersonalRank & % B B 4k SLIh 45 5

O OE a B X qE XK wofTE
0.8 16.45% 7.95% 3.42% 7.6928

SR PersonalRank 576 1] DL o BEMLIEE 54T LR AT O BRIS Al RS, (HZ e M R 242 I
AR RSl o RURAE R R P S TR, ARAE BRI B kAR, B
A IR TS PRIEINSY . X —i R AR (R R AR B R &, AMUTCIEAE LR LS i HERE
LB B A AR A SR ARFERT

AT fif i Personal Rank 3 AR T 2 7E 4= AT R b i 18] 52 2 BEAR s i [l R, 3 FRLZ5 1S
MR 2, SRR SR, SRR EARREL, RS AT b . e S A
FEEE, (H— RV A SRR . 7 —F o B2 MAERRS 1 &, R HA .,

Kot S [ i B SR B 1T LU A B Personal Rank B4 AL MR FEHITE R . M P #1ih —
3 IR AR R, B

, 1
M@,V = m

WA, BARA AT -
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r=(I-ar, +aM’r
X FEFFE RS e R e E A0 T LUt BT AR, 155
r=(-a)1-aM™)'r,
i, RREE—KA-aM")", XE1-aM" EREHME . T QI ari 7 s 5 e PR,
T LAS AR R BRI S, AN T . u

D HthnSong LifY) “Fast Algorithms For Sparse Matrix Inverse Compuataions” (2009 ),
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3.2 FAR P IEMEE 81

IS ) — R AR PR S, — s LEREALRE R B S i s 3

FTHEME B AR AT «

(1) ARBUH P AN E R

(2) ARG P B B L 20265

(3) L PR I 2 26 L B R B b

F13-30E— TP A D GE SRR HERE A 1) 500 -0 AN, S — ST 5
IRIHERE RIS, FATE e I M S A Al (5 S Feanl&l3-3mh T, 3k
IAERIMRE 288 BB, YWY R. Rn, ER3KELITRIIHEER: —KENE
B-ALRIARDCE , AT AAS A B P e B R AR s — SRR AR - R AR O, b T DL
WEI288 I s A LR s — KR - A RIASE R, AT DLAE A B B~ 5 e B U FL A
Wil SRJE, FATAT LUK Ak 35K ARG A ity Hh i) L DURI B S B — @ ACEE AR, A9 2025 TP i fie
LD

<
8 A PEMER
567

FAMb-e iR B
b

Fir-Ba
HXRFE

P27 B
TEXR

KNC’:ﬂh UNIVERSE .
[ - osmic
- ournheys

Known Universe Naked Science Cosmic Journeys

COSMOS

CARL SAGAN

Cosmos

i e Aok ik 18 8 8 3
AR S L AP . "
SOM | ARl | ciPrica
1 SANCTUARY II* i
Stargate Atlanus Ark Sanctuary Caprica

IR Hulu 3, (BT R SN A 3 VAU AR
F3-3 AT A GEr SRR Y ) 2 )
IR, BRI ] LA AL S AL, FEARREAF IR — AL, sl PR AT
R RIE o AR TR 85 ETE B P A — BAT I RARAE (LA e i - e Ol A5
B0, PUOA— AN R G A SR P 35S A T




82 % 3% HEHERELRBIHFA

H PE3-3 P R - R, TP P UM B HERE A A O R U TR AR R R T P
Pt WHLEDEL, XFTRRRAES, THEBAXFERER P 2P i S AR EEp(f, 1)

p(f i) T LA bt e SR i /e EA MR AR A P A TR S

p(f>)=|NONU)|
Hob NG 2Bt RS, U() R BAREAM P &S .

T AR E SOAT DA RS IO A SRR A T PR S E R B, TR E
ST AEAER ) 0 it 2322 FRFAE (9 FH P o B L e AR o st 2 U8 ELAT LU AR R 1 [N )|
P S A — 2R P R LU R p(f,0) o ST PRI TR O AR A R SR E2UE
%, WA RGNOZHE B P R AT TIAREE S B . BRI, FRATRTLLKE p(f,0) & SR ERY)
A P R BAT R AE A e 41 -

L _INONU)
p(f.i)= W

X B R IS A o 1Y B R MBI P, A — i RS B
XA P WA FRES, IRARA p(f,i) =1 (B2, XRMEBIFBASTE S, HIIRAThY
IR BN HERORBYEL, AT DA S AR A it A OO A

A AR R GRIEERE T AR E 8, — A /EBookCrossing 5l 4", ) — 12
Lastfm#E 4>,

BookCrossing i AL & F A X A5 AT (5 8., &34 30

O BX-Users.csv, &P ID, & FAFER

O BX-Books.csv, & EFAISBN, frfil, 1E#& . KFREAL. BRI

O BX-Book-Ratings.csv, 7% F X EASPEME B

T FRA TR X A BRI 5 — T AR P Bk B A s, AT -, —2K 2
INF25B Y, —FERRTS05 1.

B, AR p(f,0) = [NGONU)| Geit TR P 2w B4, I —Km P
BRI AN Bt . WA p(f.0) = —|]V|§;)(Q|Zg)| HRE T AR L
T SAS AR AE P Ho OB B S AR 1S (INER3-2073 )o FRATATLAE 2, R3-1hARERH P R AR
PR TRSA A 3AZMF R, EEERR, X3IARHHISEEDWER . EFER A=K
BB, Jf CBRIBRERIEE A ) ( Harry Potter and the Sorcerer s Stone ) Fl { 2 H HLF)SFEE )
( The Catcher in the Rye ) J& AT G ALY o TAEZAEH P B i, IT-3A R e
R PRSI AT . BRI, p(f,0) = [N NU O ARMEFISE S5 T PHREREAT A AT TREAE
e/

Ihttp://www.informatik.uni-freiburg.de/~cziegler/BX/

D %
@ £ Whttp://www.dtic.upf.edu/~ocelma/MusicRecommendationDataset/lastfm-360K.html
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A EF3-2800T UKL, SR P HEE G R R A IS HOR A A AR R DGR N, THERES
NN R A2
R3-1 FRAPMZEMREEENEBHTIR

FBAN NF25%)
Wild Animus, Rich Shapero, 2004, Too Far

The Lovely Bones: A Novel, Alice Sebold, 2002, Little, Brown
Harry Potter and the Sorcerer’s Stone (Harry Potter (Paperback)), J. K. Rowling, 1999, Arthur A. Levine Books
The Catcher in the Rye, J.D. Salinger, 1991, Little, Brown
The Da Vinci Code, Dan Brown, 2003, Doubleday
Z2EAN (KF50%)
Wild Animus, Rich Shapero, 2004, Too Far

The Da Vinci Code, Dan Brown, 2003, Doubleday

The Lovely Bones: A Novel, Alice Sebold, 2002, Little, Brown
A Painted House, John Grisham, 2001, Dell Publishing Company
Angels & Demons, Dan Brown, 2001, Pocket Star

#3-2 FRAPILHIRSHISABEIZEALHIRSHISKS

FRAN hF25%)
The Perks of Being a Wallflower, Stephen Chbosky, 1999, MTV

The Catcher in the Rye, J.D. Salinger, 1991, Little, Brown
And Then There Were None : A Novel, Agatha Christie, 2001, St. Martin’s Paperbacks
Chicken Soup for the Teenage Soul (Chicken Soup for the Soul), Jack Canfield, 1997, Health Communications
The Giver (21st Century Reference), LOIS LOWRY, 1994, Laure Leaf
ZEAN (XF50%)
The No. 1 Ladies’ Detective Agency (Today Show Book Club #8), Alexander McCall Smith, 2003, Anchor

A Painted House, John Grisham, 2001, Dell Publishing Company

The Da Vinci Code, Dan Brown, 2003, Doubleday

Deception Point, Dan Brown, 2002, Pocket

A Thief of Time (Joe Leaphorn/Jim Chee Novels), Tony Hillerman, 1990, HarperTorch

Lastin Bl de & TR AN DGt 8, A Bt | AR AIERS . 1413-445
TIZRAEE T P YERE A o TR, BEAE TP B TR (RZ53/4 ). 1A
3555 T BRI P AR B 20 o IR, 28R 20 ~ 258 BT o T 4 R4
o E3-645Hh TiZEWRE P P EZ R A . R, Z8dEgE PSR | 8 E RIS AR P
b TR
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T THER FZEARERT He— N FASRN A DV GE A A 000 A5 RS X B, FRAT)
W Hys £ 10 o 0, o AE M UINZREE , 1R INAE . SRS, FRATAEIINZR4E A H]
p(f,) =|[NONUO| R P XGRS p(f,0) o SRIGENE R A — 2P
HERE p(f,0) BI04, I3 3 VR 2R [ A RO e . [R]i, FRA T i RiaErs
PR ol AR IR 45
FAHEIRARIRRL LG T P 328, WL T 4R [ 33k
Q MostPopular £ F P e B TI0ICT
O GenderMostPopular 45 H1 P #E2F TFL [R50 B9 FH P St TS, X BLIRATTR
P B Pz
0 AgeMostPopular 25 H P HEFEXT TR R — RIS B P St 19T, X B IRATRE
10 E R — AR EE, BT PR IR AR I B b2
O CountryMostPopular 5 JH F 40 T U [E] —A~ = 200 P e AT TR AT
O DemographicMostPopular 5 PR TRIMR RG] . AR08 B . BRI P Shal 1Y
BT
MBI HGR T, X4FhE B A ANFE AR E, H quostPopular*ﬁE‘fH%*ﬂ , T
DemographicMostPopularfik R FE e 4, —Meisicke, RiFEMAn, HEREAE s Rt ilim
F3345H T HRLER MZERFT/R, #192ZDemographicMostPopularfi ik I HERfR . 1 [ 5
MERRE S XU, FRBH A N OGP, SRR TERR L TI0 T o 4 8 [RI, 45
IR
DemographicMostPopular > CountryMostPopular > AgeMostPopular > GenderMostPopular >

MostPopular
#R3-3 AMARREFEZNEEE. EHEMBER
BOE d B X OB OE B = X
MostPopular 4.81% 2.36% 0.018%
GenderMostPopular 4.95% 2.43% 0.027%
AgeMostPopular 5.04% 2.47% 0.062%
CountryMostPopular 5.58% 2.73% 0.80%
DemographicMostPopular 6.00% 2.94% 3.85%

X LA LE TP 5 AR A GRS, IR AR | PRI R X — U AR, H
G ) A A AR S T A AP N A 3 AR 2 S AR R

3.3 R‘ESEMYIMEIMHFRNE

igp LR JHL P V& JR Bl IR 53 — AN D5 SR SR A B P 28— R RIS R GEIT , ASSz BIVZS P s e
AR, ML P PRt —2e Wi, LR R BSOS XTI L6 dh SRR, ARJEARIE T R e
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PEAVEACHERE . ARZHER? R GERIC T X A7 SR AR J5 Bl R
FHERE RGN, B M —2nil, Fon P B4 Z TR A REPIBUE 25 2R (AN 3-7
FR Do MR BA L R, Jinni sy 1 o /R— Ul L E P s B A =
(ANE3-87 ), M P e 73— U5, Jinnigs s 58 = A FHm LA P s d s ale T st (

F3-9F77R ),

X TR LG i L S St AT PR SR T P %8R, Xt P A TR IR B R S, BT

o reculike

Recommendations | WishList | Favorites | Ratings | Pulse | People

Rate atleast 10 movies to jumpstart your recommendations! Your recommendations update with more titles
once each day you sign into Jinni.

F13-7  JinnifEH7H B SRR RGN P 75 245 2R Hsg 1T 43

To jumpstart your recommendations and Movie Personality profile, rate movies for
one of the 12 types of movie watchers below. You'll probably find a few types that fit.
-
-'l‘r.‘-
The Intros pector The Hero
£ &) $
e - o= .
| — T AE
m E___ !". o
The Drama Addict The Social Animal The Extremist

I Jinni P, P AR SE A A B A SR A T
3-8 Jinniik P SR A CERGRLEE S

i LR 1 ) A T e i L P A T R A
— Bk, RES IR IE S P XGBR A H hh ms ZE R DL N A
Q BT ARESEAI P X — b T RO, BRI HE X A
VAL ], AR —IF Rt P A7 R At A e s ARV 1T, i P AN R
TIRINES, WHTCEN EA S R B S 5t

PAJinnig 91, 4380 P

BB R 117



S 1AL v S = D \
3.3 RBFLENY B I PSR
Love Actually Ordinary People Jules And Jim
—— =
. £ ‘-;:I‘x l
Rate it Rate it Rate it Rate it
I I I I
ot 13 13 11 ¥
BLikelyto see Blikelyto see Blikelyto see Blikelyto see
#hot for me # Not for me # Mot for me # Mot for me
Harold and Maude American Beauty The Squid and the Whale The Ice Storm
e ‘ :
el
% v ¥
Rate it Rate it Rate it Rate it
I I I I
ot 13 1y 5 11 3!
BLikely to see Blikely to see Blikelyto see Blikely to see
# Mot for me # Not for me # Mot for me # Mot for me

I Jinni 3, PR E A A ISR A AT
13- JinnitkH O LR HERT RO B ST

0O BERFTHEMXSME S 2LRY) S ABERIARSCE DR, BRI
X 2S8R AT DX o o 3B LAHSE A 8], R — B AR e HL) 320G () s AU 2 i
TG B SE LTI P BB S B R HRE , IRTTIGIE o P M AR 48R
O BHYIREEFTEGSHMN ARRINT, FRATAHGER P 0248, 1 P 48R0 AT g
PAEW £, A TVCECZFEM R, IROTHZ AR E R R E Y ES, XL
Yy BERE S5 LT T A0 P %k LATEI3-8 900, JinnifE Lk FH P R B oA S
AP RS, M2 T 124 g 2 (IR LR T H R e g 28 ), 1B
FAPCTE PR E R AN SR, SRR AR A PRI T s SR A AR
T S R R AR PR S I R B IR, (BT — R S R A R S
WE? Nadav GolbandifFie ¢ FFHRIF T3 AN I, 48 H AT LU — PR SR AR A ) 51

B, HE—BEHT, Nadav Golbandi FHIXCHE T PGl P43 1 5 26 B H O IEFH P 4 ) —
FORERE . W7 2R K, DX — B P A 2G8AN K—3, S 2 DU o B P A 4 L e — 38
Ao, e U WP EG U BTA D722, Nadav Golbandif{ 57 AR i i n K 7 s —A>
Y1 R X 53 BE D)

tO0 N (i)

D@i)=0

ue N* (i)
Her, NT() REXDIAPES, NGO RAERYSI AP ES, NG) 2BE X6
PP &EE. o Je B P HABY) PP i T 22, o AN iy

ueN" (i) ueN" (i)

+ O-ueﬁ(i)

(D “Adaptive Bootstrapping of Recommender Systems Using Decision Trees”, Nz biik & http://research.yahoo.
com/pub/3502,
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PR FABYIR YT 22, 0, 5, A BCA XTI ahiPE I IR O A i PP 07 22 . AR
Ui, XTI, Nadav Golbandil I P43 B3ZE——E xR YIibif P . NE Xk Shir F P AR A
EYHIR P RIS AP AR ) WSR3 P42 P B9 P 5o LAl ) 40 it 4R AN —
2, VYA B R IX AT

Nadav Golbandif) 55 g o2 WA P ik B1LEA e KA EE I i, SRS P 4 13
2. BRIGTEREZE P R R R L X B B, SRIE R R — 2 P A A 32, RN
SAFR0ZS, RIFXREARSE N 25, Ben] LIE i x— RIS 0B B P e f T4y e
B Ia gk, FATMARAT SOFAG 8] FH P T S s R, SRS AR FH P s 2 P ilcsAs
[P A, ELEIHE ARG BN 1 05, DR FRATERCE 2% P 48 T LR BIE 28R 1T #f, AT
AT LAFFRAXT P 004 T He s v mf A P A

%] 3- 103 12—~ 7 B4 5] 1% BN adav Golbandifg Bk, WK/, RS o4 P 8
AT (IR ) A X . MiFE R CARIEAN) B P IR ) el X0 EE, R
HE (IR B9R P (R IEAS ) A XA, Ak (4N BT (RBRE W
) ARG, HE—arHr, ATRIAER (IEER]) HER (ZEeses ) AP,
CANRIERT ) A X4, IBA, Bk T8, RaaEtiminfbhxs CEE4AND) 1
Fik, WRMREAER, AT (FREET0) SHEE, R MbiER, Fistsnib
X CNBIERT ) BB, WA P a1k TR0, IR A RE I8 125 v] REXT 2 1%
A HR LR, WRILT R 2R K

I IMDBR3 , - [ AR SN A 2 VR BUH ECE VRN
13-10 25 10 7 ey ot AR RV 3 Sl Il 1)
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34 FHYRHABRER

Y1 i Bh T B 1) BB QAR I A RO R 45 06 ISR L P o 08 I shi7E
S Ve PO s A5 P R AR i %) Doty A T, DR A IS S sl o S N Z0 R I AR T ELA
AT TRENE AR SR — I R B FH P, AWt — Bl W R RN T .

2B T WD A i ——UserCFltemCF# s . 15077 B8 MY J2, UserCFH
BEXT RS RS B IR AR R U RN, UserCRTEZS P SHEATHESRZE I, 28 SR B0 2%
AL —BEF T, SR 2 P X — B P Bk i o TEAR Z sl vh, R AR 44
FUBRNAEIME—F3, A2 S— MRS, B2 P DR B ey i, XX
sy A RS A, AP S A RS, DT S 4R AR A A
FEINF A T RE X — &, DT 22 A& XX ANt e S i, 808 Z2 09 AR
IFErh & X —ih, RIGZY S BE AW Y Bk, MITTE AL R /R B 2 B4 FH 7 A 4
G

{HR, AUl s R AT RE P AR EUE B 2GR, Mg, Iax T
UserCFRE LT ZMUss —Hesh J1i s, WS — NP IR L& BUBH 9 i R —/NlR oy
NGBS & BB WHT B, UserCFAL: SR K X 2oy i 9 WO 2 1 F v SRS — sl
T 7 B B D S BE DL R 28 P, (ERE SRS KA, PRI RT )2 B8 4 1
AR, B SOy 3 S B WG M e WA AU AL S P o ST R NS
B, ABEREAH.

X FltemCFHA KL, P1Ehd& I8 sl & — A SR T R TtemCFAL L 0 B 25 P
PR 2 10 =0 ) 0 AR LR 0 o TtemCF A 23 BB — Beis )R FH R P45 580 d AR R
F (=W — T —K), TELIRSS I TtemCFRE 208 2 A4 0 S DG BE R MO A7
BRI, H s AR, PR A R AN SRR . N TtemCFRE TCIEMEA BT
It o SRR — [P R I i A B TR T S AR RLRE 3R, (R P AT AR R L B R
FERT IR, FEFEER ST HEAER R mH, BN RaRG T, P stek
XFEFEAAT R, AT H SRR RN AL B S A DGR . ik, FRATT I BERI
iR BT RS A SEER, JF BRSO (Han 2/ N —k ).

VIR N S B2 M2k, NRIZSAINYIS A RFRPNEFER . MR, BANEER
— AR L AL . R . KU ER . ARG RRERA, NG E A
AR, EE . MR IESC. AR R3AERT R W R N E R .

*3-4 BRMRHARER

45 PRE, PR, MR, HRRAEMR, MAAL B, IEX
w3 PRE, TR, TRERLL, ST, 2%, WHE. EX
LT PRAB, SE. TG e B RN, RATA
Hl P, IE3C. SRIR. 1EE

(2% e, W%, TPk
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— R, W N A AT LA [ 1S (R VRO, IR R ) B R B 1)
o WA A AR —SETE AN T 5 SR SRS, AT DL R X S SR O S A . (E A
RNFIRICARRIER, MFFEET A —LER g [ ARE A EOARNBOCH . #3- 1R T M SCAR
RS [ ) R RO RR . TR SC, E R SO TR, AR BRI, SRS R
KA SR (A4 . M4 | A5 ), X Se SRR — 6 HA B B2 i 2 O R R AR
HRJE X R TR, TR SRR, AT AR O B i) )

el E — Xl — xRS Rt

B3-11 SCHtin] ) i A pliid 72

XEhd, BRI NERR AR [ AT
di = {(el’wl)’(e27wz)""}

Horb, e MUR RS, w, JESCHETAN I AORCE . AR AR SOAS , BATTaT U B R

4 B TF-IDF2 258008 B A
THG)
W' =
" logDF(e)

SRR, T IR PR G e R ) BRI A AR ) s R AR a5 R AT
WS RER T —EE, HWESCHA Z M R IE B . A TEL IR EZHN Y, w5 s [
RINHFSORISS . BE. HEITEE AT IA HA N EE R,

TELEY) T NI B [ 5, 0 B P 25 AL mT i aed [ 22 R R A% 2 AR LRS54

d,-d,

W, =—F—
 ladle)]

FERARTH R it 2Z ) ) P 2 AR BLRE A, 5 87 B 3 2 SR X6 P P 0 ot R P T ) A 5% A
RUEEATTAARUEE , P A AT BRI T A i
function CalculateSimilarity (D)
for di in D:
for dj in D:
wl[i][j] = CosineSimilarity(di, dj)
return w

XL, DRESCHIES

RN E R S AR . RBEA NP, B fm D IARIOR, IRAXA
BRI IR O(N*m) .

FESEPRIL A, T DU Sel i gy S -l A R I X — R AR, TR 5k

D & 43 B Bl Vector Space Modeli) 4%,
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O A TERT A 28 UserCERltemCEE BB EAR A3 T, BT DAak B 424 i o

function CalculateSimilarity (entity-items)
w = dict()
ni = dict()
for e,items in entity_items.items() :
for i,wie in items.items():
addToVec (ni, 1, wie * wie)
for j,wje in items.items():
addToMat (w, i, j, wie, wje)
for i, relate_items in w.items():
relate_items = {x:y/math.sgrt(nifli] * ni[x]) for x,y in relate_items.items ()}

RENAEZ S, TR E—2 2 8] i ltemCFAE AR EA, 25 F P EEffb Dy s
HAIH L NSRRI

WIFAEEE R, BESRNAARRUEE THR BT, AW S0, i H AR iR g s n) it
B2 I 238 T L Rt S8 A AL . o T U NS R 8 SEE A Rl e Bk L g, AT TE
MovieLens FIGitHub P45 54T T 59255 . MovieLensBa4E  —ZHELHMN AT, Bk
WTHRMNEGE, FERAFEEZAIGIEL (IER . BHERERA)), GitHubBREE S
FRASTF KB % IR H A 2485 0E, B BT, P e IR TR, R -8y o
FEAFE TR, Mo —Frmidst. ZEdRE b =20 A EEE— IR H A # 4 .

F3-5HHE T N2 8 B ContentltemK NN A1 3] i 318 .72 Item CF £ MovieLens M1 GitHub%{
PadE b Sc R, M T XTI, FRATIRIA A T RandomMIMostPopular P51 JEA AL A HERE
AR SEE

#3-5 MovielLens/GitHub#{#E & fr /LIt E A 1 RERT AT LE

B ;- A @ X 2 E X woiT B
MovieLens
Random 0.631% 0.305% 100% 4.3855
MostPopular 12.79% 6.18% 2.60% 7.7244
ItemCF 22.28% 10.76% 18.84% 7.254526
ContentltemKNN 6.78% 3.28% 19.06% 5.8481
GitHub
Random 0.000985% 0.00305% 84.18% 0.9878
MostPopular 1.18% 4.36% 0.0299% 7.1277
ItemCF 2.56% 9.44% 33.71% 29119
ContentltemKNN 6.98% 25.75% 34.44% 1.7086

MMovieLensEHi4E I 1945 50T L& BE, ContentltemK NN AR 2 H1 43 [0 RV T-Random
s, W22 FPltemCFR ¥, H ZF W MostPopularB i iR B 2 . ANId 7 15 R AR ATE f84r b
ContentltemKNNAIL TItemCF . X FESEPR AN S U8B L2 T P40, 20 174
s AT EE A SR AT A s T R, T LB PR EUERAIG, (B2 SR A At v o

it , FUERRLTH . AR EGItHubBARE AR, A4 R 5E2AH R IS5 ——Content-
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TtemKNNYE A #5453 LA TltemCF, 3% FEEEH I GitHub it T— M ER RN A, #ETF
U85 H VEH o TEGitHubH, BRIP4 SXER —MEEWAREH , X — 5 & GitHub%
S B B AAFAE o ITEM RIS U 53 f TR % 52 i, ANREMH P AT sh g 40 T X —4F1E,
T AP Rl S Sk BOmAS AR T e 50 M5 B N A i85k o X — S i, WS P AT
FUZ R — N EER R, ARA N R A A vl LATERS BE R P )i e R i . ASadix
TR 4 P 2R AE AN B A R ELA 1, T LT B3 A IR R A B RS, T LR i Py 25
IR AR AR R LU R e Ak 25 . i, R EEIRATT, WURAENSKX A LR S, —ERE
f5 354 Eb B (5 FH ok P A Bk A P R

ECML/PKDDZE20 1 14F2 Ipad — U FH ) i N 2515 B Dy i sh i) B LB . 1 L FE 4RIt
TYERMAEGEE, fEESTEE R X L N A5 B 8 i P R i3 th A AR LR 3R . %)
N A IO 5 1] DA STE 1 HE B AT 563830

I 15t 2 [A]AR AU AE P 250 ~F 1 I T DUARAR FL A AP I RICR o DASCAR i), A PR SR iy
AFMBLEE , 1) s (A AR ) FH DG i) 3 AR DL BE L 28] IR AR iR RS A R (ELJE:, SR SOARR
i, CEEAARA s AR AR T R AR . 280, B IR SC, BT
FIRRAEA A “HERE RGBSR A ST HE AP R IE SRR AT ", ISR S HEE R
GUAREAGE: , T LUHITE X P SCEE ABIFSE 7 2 28 RUY , (R B T IRR A v 8 — A i k] o HLsi,
EATR R AR AR, (HEEAARIAY . “BhaS” R “FETub” & SRR, “OhlRlid g J& <
TERG” W—FP ko W)U, 3K S SCEE Y SCBE TRl ER AR R[], E DGR T I 1 3k A A ) Y
TERXFMEOL S, B e 1A SCRE TSRS AT, AR5 A BEMERR M T3 SR AR RLEE . Anfar g ay ST
T ORI CER R Y 6 R SR TE RS (topic model ) WFFYAYEE A5 .

REHERTEEFARIALDA . AL TZHER N EIECRE AR L T, A RAESTHERZ K
Brep i, Frox BUE S TIE L 0TE 5/ 43— FLDA, I TREMAR A D 1 i N X AN
KT LDARTEZRIEA 4] U2 % DM BleiffJi& 3¢ “Latent Dirichlet Allocation”

TEABERIER AT — AR5, LDAYEN—F A iR, X — % SO ™A B Redh AT T A, 7%
IR (R R ASBARSE . — N ATES — 8 SCRY B, &7 oA s SO B e IR g L, SR
SO X e BN % AT AT, MRS l—R . Rk, SCRRIAE 2 (R E ad ih
PN

LDAA3FIICER, BISCRY . i AIAE . A —i SRR S R BT AR A, PR R 39 S At
A (bag of words), B MAIFE—FE CFEHE T—MEM, DR XCHIES, DIPES i SR . wlill/]
SR ORI S IA]. Z[ [ A i SR AR T TR R

LDARIHH S B FEWI AR A FE AR 2 o B Bz TR ia Ak, T in A iR T 2
s —3a KNG, B2 5 i SCE R B SN, AT LABEALS, & T — G, Rk,

(D £ Whttp://tunedit.org/challenge/VLNetChallenge .
@ £ W.David M. Blei, Andrew Y. Ng. Michael I. Jordanft¥j “ Latent dirichlet allocation” ( Journal of Machine Learning
Research 3, 2003 ).
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NWZ(w,2)ic R IAwHIR T35 Sz 8, NZD(z,d)ie 58 3R d AT 15 iz 18] 145

foreach document 1 in range (0, D) :
foreach word j in range (0, [D(i)]):
z[1][J] = rand() % K
NZD[z[1]1[3j], D[i]]++
NWZ[w([i] [3], z[i][3]]++
NZ[z[i1[31]1++

TERIRAEZ )5, B kA A ) o A B — S B A b2 o DR R s -

while not converged:

foreach document i in range(0, [DJ):
foreach word j in range(0, [D(i)l):

NWZ [w[il (31, z[i1([31]1--
NzZ[z[i]1[31]1--

NzD[z[i][J], D[il]--

z[1]1[J] = SampleTopic ()

NWZ [w[i] [3], z[1][3]1]++
NZ[z[i][J]]++

NzD[z[1][3j], D[i]]l++

LDAR] LUAR G HLRE A ZH 5 AN R TR . i L3R AT | F David M. BleiE18 3045 th i — 5%
WA AR T — Bl SR B dE L, BRI 16 33350, 3123 075 AR
i), JEILDA, Al 100D HAER SO g T A4 NG RHEY fe (WEtEp(wlz)
R ) BI15ANT) o IEB-128 7R B ERZEE R AT LI R, LDAW] LIBT3, $eF454
AR

“Arts” “Budgets” “Children”™ “Education”™
NEW MILLION CHILDREN SCHOOL

FILM TAX WOMEN STUDENTS
SHOW PROGRAM FPEOFPLE SCHOOLS
MUSIC BUDGET CHILD EDUCATION
MOVIE BILLION YEARS TEACHERS
PLAY FEDERAL FAMILIES HIGH
MUSICAL YEAR WORK FUBLIC

BEST SPENDING PARENTS TEACHER
ACTOR NEW SAYS BENNETT
FIRST STATE FAMILY MANIGAT
YORK PLAN WELFARE NAMFPHY
OPERA MONEY MEN STATE
THEATER PROGRAMS PERCENT FPRESIDENT
ACTRESS GOVERNMENT CARE ELEMENTARY
LOVE CONGRESS LIFE HAITI

&3-12 S LDAXA S TR IR 45 2R

P HLDAT P40 6 0P FERIARE IS, Tl AT B3 He A A 15 . SRR
AR SRR . HA, AP R AADL, KA 6
AHRSHIHIE 2 MK AR BN 40 RS T L FAIK L

D £ Whttp://en.wikipedia.org/wiki/Kullback-Leibler divergence.
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D _ i 28
@) Zp(l)nq(i)

Herbp Mg A~ o34, KLU ORI 0 A AR BEAA

3.5 REFERMIEM

IRZHERE R GRS, BEBCA T BOAT s, B 78 AL B il A SR T HER )
Yy RIS . B4, A THEMERE RGN S P 13 2 LU BT IR, 1R Z RETHFI L 565k
FrbRidie XTI AR R GE 2 PEALIM 25 H 5 Pandora FlTHL SZHERE 9 4l Jinni .

PandorafE— 25 B CE SR BOMEAL L S BT AR, 3155 AR Z T AR RLEE 2 LE
BINMER) . oG, SRR, WRME BT A TS0 2 [ AR LS , AR T THEAR &5
1 HABARMET A AT . HaR, USRI IR AL | TS8R (5 BARMERR TS & AT
WA ISR, FOA—R T . — B U — W . O T tkiX AR, Pandora i
T — L& AR AT T — IR A S AR SRR I H Y o 10T T LT 2 3T R3, JFxT
PSR AR TR . B2, MBI 74002 M 4HIE® ( PandoraFRik SEAFAE N A E ), b5
TESETA BRI, B B AR AT AR g — 1 4004E Ry a4, SR 5 38 ik DL A 1) AR LURE S0k vl
PATHERE ARt A ARALURE

APandoraZS{BL, Jinni thA A CARIAE Be it T USRI AR 4, kL X4y iU IEITARIE - Jinni
W3 % P LRI I H AT T 2R BI3-13 2 0inni P & 584 (TIIRAEM ) ARyt

“ Mood: l“' Audience:
Feel Good = Humorous ~ Exciting ~ Stylized Family Quting = Kids
L) prot ! Praise:
Anti Heroes = Goofy Hero = Master Warrior Award Winner = Blockbuster ~ Critically Acclaimed
Heroic Mission ~ Danger ~ Heroes et Style:
Master Villain ~ Good Versus Evil = more Martial Ats = All Star Cast
@ Genres: (] Aftitudes:
Animation = Comedy = Family ~ Hollywood Tone Semi Serious ~ Fantastic = Fast
Action = Adventure /‘ Look:
@ Time/Period: Computer Animated
Ancient History @ Flag:
. Place: Violent Content
Asia ~ China

P Jinni 2k, P AP OC A A B AR R AT A
KI3-13 JinnitP& 4% (DIRARM ) ARiERIHREN

(D £ W “About The Music Genome Project”, ik Fhttp://www.pandora.com/mgp.shtml,
(@ £ Whttp://en.wikipedia.org/wiki/List_of Music Genome Project_attributes,
(3 £ Whttp://www jinni.com/movie-genome.html,
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ATUES], X AR OREIN 2.
Q 0fE (Mood)  FrRHF WAL, HlnxdF (TRAER ) WA DT R HABR
RM475

Q BItE (Plot) 3G RIE FIbR%

Q %5 (Genres)  F/RHEAZIN, EEMEESNE R . BRIA . IERESI

Q B}iE (Time/Period) S R BT

Q #s (Place)  HEHME A4S .

O WA (Audience)  HLFEAY FEMARE

Q 3%% (Praise)  HGZAIREFENE N .

QO Mg (Style) iRk . HAEMFEAES,

0 75E (Attitudes)  HEHIAMEI AT,

Q B (Look)  FLINFASEAYI EH A, Hoan (ThIAEM ) J2 FH A i shimi 4 A

Q #riE (Flag)  FEFREHAERAZSIMOHENE,

JinnifE LRI TSR TR AT, kA=, B\, Bib gt rinic, 4
ASHEHA RS0 LR, 3L SR [ R A1000 M F P, KI5, fEEFhric—EREARS,
Jinni 2 (i B SR 5 PRARADLAR 4 ST AR, a0 P X i 52 (R R RIS 1 — 6 Py 28 1 o)

(RS HSE ) T A CMFRC, R, Jinnite et 171k P b AT S B A, Ay
SH P ROSR TR B  SE R B
Mz, Jinni L F ARG AL ST i T R G S shin) i,




o
1k

PRI b 25 2

WA RS B R R P 2468 A, PR R TR R . GroupLensfE—
T SCEE O RN BRI T IR R GE A b ad 3Ry s R P 248 o i 4-18R, 4R
— R ORI P =0 i, 2 P S A s 0 A SRR L P i, 3K A i T 4 1)
HSE Tt O AEE o 58 ROy OB A FTRH P XS8R AR, 25 P HERE IR SE A A%
F AR A FH P SR b, R RTTRIEE RN ST P L. B TR L, 55 =R
By AR E T —SERHIE (feature ) BRRF P AIWIS,, 25 P AR S B H P B R IE RS 4
fio X BLAERIEA AR, bannl LRI E HEE S CHenxd TR, JErEES
WFEVES . WL . EEURSCHRSE ), tn] LIRBERIE X H i (latent factor vector ), X AJ DA

TH R T S A R SRR S 15 8] . AT THE —FhEZE R RHME R X —HR %
B . FATEL
o Lo W — ik p
Wik
e P

AEMRYE “Tagsplanations : Explaining Recommendations using Tags” —3CH1 A9
FAEER S, AR AR R EERN A

[&14-1 it RGUER R P il ) JLRh& AR

RIEAEIE E RO E L, WFEE—F 2L . FRIGRE BR8], &nl UFA%
AP HE S WBIES YT TR NAE, PR H— 8B s —FEiEE %
REWIFTRRE ;. —F R E P A ThR%, WiJEUGC ( User Generated Content, i
FUERRBINES ) BIRRZEN . UGCHIFRSE R G0 & — 3R F P 248 FY) i il U B2, 2 —
M= AT E— DR, AT — 5 TR TP B4R, 53— TR T8
WL, MR P AR TRk, AR FZHEUGCHIARZEN H , WF5E P S5 Ths
ZEAT R, TR UMRLSE A A BT R TR 25 P A TR AR

D XFEAJE “Tagsplanations : Explaining Recommendations using Tags” .
@ £ http://en.wikipedia.org/wiki/Tag_(metadata).
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4.1 UGCmERZHKENHA

UGCHRZ RS ITRZ Web 2.0/ 35 B AR 73, AR el HUGCHR % R AR RN
Wi——UGCHZ& RS & mewmsmi% 3l CiteULike . 35 4= P Last. fm . #0455 M35 Hulu
PR RV Wl A . T TR B A X e N

4.1.1 Delicious

Delicous ] B JEAR%E R 40 HLAYHF L&A, & ARVFR P 45 B ARSI T ThRZs, M
it *?K£¥EQEQE{%/I\Eﬂ3€ M, [El4-2)&DeliciousH 8% H 74T - recommender . systemﬁﬁﬂig E‘J H
T, XL TR T PG H AR R G AR M DL, [K]4-3)&DeliciousH “HARHLA” X

W IT R R 2 B4, AT LAR B Se bR e A A F BEHERR L FA T “ Tl 57 JX/I\
%r‘ﬁljt)

o delicious e

results for 'recommender’ and 'system’

tags recommender x system X typeatag related tags

system
recent | popular
recommender

recommendation

Recommender system - Wikipedia, the free encyclopedia research
http:#/en.wikipedia.orgiwiki/Recommender_syster reference
recommendation  recommender  recommendations  system  wikipedia fecommendations

wikipedia
collaborative_filtering
Duine Framework - Recommender Software Toolkit java

recommendation Java opensource software duine
xlvector - Recommender system

blog  recommendations  datamining  technology  system
Design of recommender systems

recommendation  design  recommender  presentation  research

ACM Recommender Systems 2008 -- Home

conference recommendation recommender research acm

LA Delicious, BRI N A EVERUE JEZAERA TG
[Kl4-2  DeliciousH#%$]_I"recommenderFlsystem#r2s 1 ¥ 71

Siksms

music radio douban =il =30 web2.0 BE china community fm music douban webapp
A Delicious, AR P92 1 B AU BRI A
[§4-3  Delicious " “ZHRHE G MITHH FATHIBRZ KPR
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4.1.2 CiteULike

CiteULikes&—>35 44 B SCH A MG, B ARV SRS 80H IS0 A OB SGERY1R SO T
HEGW TR, IS B P B8 4-4b 2 SR ) ST SRR SC AR F5 08 50 FRATTNIE, RN
FUEE A ORGSR NESS % S SO R R 3 I TAE, WiCiteULikeil i AR RE, 114
AFFEAGIR A C T RS SCHA TR, (5 I HS B A A ST A D S b & B F OB
. El4-4J/R T CiteULikeHh—J A SHERE R GE TN 1 SCR LS P 453k O SO Tk e 2 AR 2%
ATLAR IR, B Z P HR% 2 collaborative-filtering ( #p[RIiEUE ) Mlevaluate (PFM ), #H5% A HE
WML SO, T X e SO FEEENES

Evaluation of recommender systems: A new approach

by: F. Hernandezdelalma, E. Gaudioso

Expert Systems with Applications, Vol. 35, No. 3. (October 2008), pp. 790-804. doi:10.1016/j.eswa.2007.07.047
Key: citeulike:2944736

Find related articles with these CiteULike tags

= collaborative-filtering, evaluate, evaluation, findpdf, framework, journal, metrics, no-tag, rec, recommendation,
recommender, recommender system, recommender systemns, recsys, receys evaluation, resys, rs, system

FREL [ CiteULike 3, TR SE N 28 BV ERUR R AR BT
El4-4 CiteULikeH—f5 i SCRUBRES

4.1.3 Last.fm

Last.fmJ&—%¢ & 24 1 e ARl , B3l ok 20 P B W A 7R 00 P X SR A %R, AT 25
HPHEE AL S Ko MERZIUAR, & RAMESCRIBRETT ARy M T N5 B . i THEAS
AT EZE AT L R A RN EE B, Lastfm5| A TUGCH& RS, 1HH P iR
FRCTH SRAT . Bl4-5/85 T #k R Last. imH 0FR 2 = (tag cloud ), MIXMRZE 1] L)
F 3], Pk R0z — I E british ) LS FETR SR BA( classic rock ), JiEAT 201 2260418( 60s ).

Music » The Beatles » Tags

Tags

608 70s acoustic alternative alternative rock awesome beat beatles bestband

ever blues british british invasion british psychedelia british rock britpop

classic classic pop classic rock classics england english

experimental favorite favorite artists favorites favourites folk funk funky genius
groovy hard rock indie indierock jazz legend legends liverpool love male vocalists
merseybeat metal oldies overrated pop poprock pop-rock progressive rock
psychedelic psychedelic pop psychedelic rock rock rock and roll  rock n roll

rock'n'roll singer-songwriter soul the beatles the best uk

oo
FRICA Last. fm M3, A SE 2 BB MEBUE RV A
KEl4-5 Last.fm 8k ARAIIRE =
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414 Tk

L A PR RIS Rl Rttt o A U A S Al 2 — o B
A EGUREAT T2 20K, AR RS RH A — . B AP P XA AR AT
P&, (RIS E R B N A S BARE S, IR R E RSGEERCR . F4-0fm T (K
A8 T8 ) (A P A THR RIS O AT, B2 W LARREE i B2 4 | THRL
TRARR . B ITEHE TS . LA LS T XA BN AER.

FARFZ I S

{E#: Pang-Ning Tan/ Michael Steinbach / Vip wwrwEir 8.9

i|1 Kumar @A)
T R
R A FFERE AR
WERE 201041210 o
Ti#h: 463 .
sEfT 69.007T et 0.0%
i

ISBN: 9787115241009

SHFEAEREEEE197)

FARIZIR32) WENG) WENHZM) HRHR3) tEHEG17(2) 2011(2) DataMining(1) @2011(1)

HHCA S, B ASC N R EERUR AR T A
Kla-6  SkArh CBARZIR e ) —Bmw ilbnss

415 Hulu

Huluf2 56 5 2 2 U8 Rl , B —Fh ol B2 Z2 1A, JREUE M 205 B i R XE
B, KStHulut A T PR 2GR 1EH P AR AT 2 2 AR . BI4-TRR T 3R (3
WreeE) By AR, FTLAES], HuludhRZ 720 RoR T8 — 2R TRIAnE . IS
(Genre) &, (ZEEA ) E—iRE# A (medical ); MIFIEE , XEREITFLET20044E; MAYIE,
XHRIE WA F 1 S hugh laurie, A7E R A8 A9 A\ 42 greg house.

Tags (94) Search with tags a
Genra: T M 5
Tiri: ¥ 2004
People:
Place:

Language:
Awards:

Details:

I A Hulusl, - AR SE N A B B ERURE AR BT
Fl4-7  Huluh (SE0ERA ) BH bR

MHTET AR FR ] AR 2, AR RGeS PR (B 2R . DU SES5 ) sl R A5 2]
TR o AR%E R G EBRHATE T AT LU FERER BRI BE, D0y i N A0 R LB if ) 5
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BRI, TAERR 0 N AR BRI AR R S Re n EE TR

KTERGVEH, GroupLenf#)Shilads Wieland SenfEMoveLensHL 2R R G0 A T 8 A
AR . ETREEENIE . EEES O, i THERGEIARFEIER, DLEFEN
REfESEI Z2 K AHE, W R B,

O Fix RERGH IREEXY B, (30%H P FRE. )

O 4AZR TR BIFRAL R ERMHEE . (23% M FRE, )

Q%3 FTPREEHR B IRIE IR Tt (27%B9H P R, )

O %M HRERGMHERELEZ KHEREF . (19% AP RE.)

O RE WERGEHRAEERELTHE. (4% RE.)

L E MR UER , bR RGHSEREE TS B P R BERT BE BRI HLEY , X E S MR R
Gz —. B, AT AT & AR AE AR TP VR A IR AR -

4.2 FREZRGHBIHETR O

FIRREEAE D —FVEZ R AT, 2 TIRZ P 2G8E R, N IRABIZEFIA AT P ThR
BT T LIRS st 15 S A TR AT E R SR i TR, R RO JE AR
i FARZ AR B

PR&E R G B R R AT DU A

Q Wl A S TR AT o A e b (R TARZERIERE ) 2

Q AT L R A TARSE N g HAERA I8 S i) b AR (AR2EHETE ) 2

TR B PSR, FATE e A T 3R

Q oA A TR

Q AP EAFThR?

Q AT H AR AR 2

421 RPATtAREITIRE

TEBCHT R TARSE B M HERE R GE 20T, FATHRERA TR P bR TR (RIETHRZE 1T
H), FUERPCOAH AR, P E AT, RARA TP, BATA BT X7
R A AT R A HERE RS

Morgan AmesfIF5¢ ] 732 W o FH FbRIE R ZIALIRNEL, I AN EEE TR . 2B Sesett:
ST, AL AR RANE HEEMTN (BT HEEHLS A CRER), M bR
) KA PR (E TR PR EIE R Do 75— DEREZ I RELERE , A SR T 54
LN, TR AR, 115 —Lbmid TR RAME R, Ll B AT BBt () 5 55

@ 1+ “Nurturing Tagging Communities”
@ £ W.Morgan Ames#l Mor Naamanf#) “Why we tag: motivations for annotation in mobile and online media” ( CHI 2007,
2007 )o
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4.22 FPWMATHRE

FEHER T, AR AT N B R ERELAY , (FHOX e R m RN T N R Ao
REMAE, X— 7 FEE 5T Delicious BG4 M8 I P AR A T A A — B 50 A

FEEBFE N R A — MR PE K DeliciousBEEE" , %A 46152003429 H 312007412 H
Delicious ] 14 2AC S5 FREEAT I8 o AT FZEHR A 20074 —A A W8 21 1081, *Hzdis
LG TR SE

FTAJLEEARER R, P AT B 4 v P 6 BRBE RN A T A 40 A R AT K 2 4311 ( Power
Law/3 i )o I, FRATH B — FTARZERATEE MG . BATE L — PR —A FH P il i 7
— A, ERRATE R — . W RS T A RS AT

def TagPopularity (records) :
tagfreqg = dict ()
for user,item,tag in records:
if tag not in tagfreq:
tagfregltag] =1
else:
tagfregltag] += 1
return tagfreq

EA4-8fi7, BARARZAT Lk, YA bR 2 B A vh AT BE AR A n(k) o AREE I
TR At SR AL R oA, BRSO B & LT 2 — A
logn(k) = aclogk + B =logk® -&”
nky=e? -k* =y-k“

1 000 000

4

100 000 *

10 000 LN

1000

100 ~

10
*

1 T T L e @ ense sseiev o i
1 10 100 1000 10000 100000 1000 000

Kl4-8  FRZERATEE KM

(D £ L http://www.dai-labor.de/en/competence_centers/irml/datasets/.



102 % 4% FRARAPAREKIE

4.2.3 RMPTH ARRIERE

FEH P E R — sy, FoA0 A BB AT TR PR 2 2 BRI HERA R AR i N 25 T8 1k ) ot n) , (HH]
PR R IR T ERAE, MR RS AW T L& R &SRR T ST R R R4
Scott A. Golder &.4% T Delicious I i9Fr2%, B EA159 Man F L,
O &ZPYR=2TA WE—HY, MaAeS” XNAMRE; EERNE I, A —1
PR&En G BRI ETE I, S MR TR
O RPYIGRBIFZE L ATEDeliciousf 1525, FoR— AW 0120 AR 3 article ( 3CH ),
blog (#% ). book (K4 ) %,
O R|IEWEMSR  LWRZEEIRE T SEIEEEESSE R,
O FXZEAPBMSE WP ARG, o] B funny (A8 ), IAHRTCHN,
BLAFT FAs%boring ( TTHN ),
O APHEXBRE U my favorite ( FEEXKE ). my comment (FRAGITFIL ) 5.
O AFPMES i toread (RPKEEHIEE ). job search (R TAE) %5,
REARRMP SRR T H RS E RS, UTHuluX U PR 2 g 15325, &14-9
EEAWER (FEMEA) bR, WTUES], Hulwl BAOURIFRZ >0 T I L2,

Genre: medical (360) [ drama (301) [ mystery diagnosis (185) [ mystery (127)
[ comedy (33) [ psychology (28) [E horror (11) [F] medical drama (8)
[F] comedy-drama (8) [EF] psycological t... (5) [F] mysteries (5) [F] dramedy (4)
[F] science (2)

Time: 2004 (9)

People: [E] hugh laurie (201) [F] greg house (121) [F] omar epps (59) [F] sherlock holmes (37)
[E] lisa cuddy (23) [F] lisa edelstein (20) [F] cameron (15) [E] wilson (15)
[ olivia wilde (14) robert sean le... (13) jennifer morrison (7) [E] jesse spencer (6)
kal penn (4) [F] mpeter jacobson (3) [F] johnny depp (3) [E] manner(3)
[ hugh lurie (2) E reno (1)

Place: [ suburbia (2)

Language: [ english (56)

Awards: [E] award show (19)

Details: [E] house (237) [E] humer (159) [[] diagnosis (139) doctor (36)
disease (34) [ human interaction (55) [ series(51) [ specialist (50)
[E] aregory house (45) [F] chase (41) [ fox(35) [E] foreman (32)
[F] criminal minds (20) [F]  witty (16) [F] sexy(15 [F] procedural dra... (12)
[F] csimiami(11} El tv(@) [[] sarcastic (8) [E] biography (7)

A Hulusl, - IR SC N A I AV ESUR VR A
K4-9  EASER (SEHTEEA: ) 7EOUBIM s Hulu b RYBREE 7226

O X8 (Genre)  FEFR/ARXAHEMEIAIES], i (EEHEA ) J& T EXEE A
(' medical drama ),

O EtE (Time)  FEAFEEMEILZAAMIER], AW afEBEIlm b g, b
m20tH22904Et
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O A4 (People)  EZALFGH MR S8 . 3 BRI EEAYE,
Q A& (Place)  FIMEEARHS, sE TSRS S5,
Q55 (Language) XEBELAUEIEHAYES .

Q &I (Awards) X FBHLALRIZAS A S I0

0 Eft (Details) A& ANREIHZES] b4 28 b iy A A bR

4.3 ETHRENEFRER

FH P FIAREERAA XTI A B, DRIRRZE K 2 FH P A S ALty , e S I P 48R 1)
BRI, WA P B R ZEBE AR I A A AR 4 R ) R R ST I ) EE R

IR A TR, ERARERGERMA R T A =M, 5, TEEAN TR
I, IR T — A SRR R AR IR, B T XA P TR
[, 72 PO, SIRESIEH P BRSBTS &5, TR EIIETELS R,
IR FARZERE P AOHERESE A T B2, WR TR IRIARSE T P MO HERESS 0, DT i 1 4k
TR 2 REVE AT R o

— AN PAREEAT N B — I — A = e S R, Hdig sk (u, 1, b) FoaR T udh )
inifT B TARSE b, 48R, I B SEAREA TN BRI t = e BRI B s, HL I TR
FIRFTE] . P SRR . R S5 . (AT TP hehn 8l , H5 R Lime
S = oedE AR EdE . RUA P B8R TR T B — = Jcd] (P . #0358 ) 91,

AT RN [R] B S PRI 3 FARZE ) i e A2 3 . — A& DeliciousdE4E, 75—
A~ ECiteULike ¥l 5 . DeliciousEda & H a0 & F P Xt W i bR ic 5t . BR—1TH4MR a4k,
REEtiE] . FHAID, MGTURL A4 o ACEs FAhIC T HoA P 6 — 2628 24 T I3 ) 51 ( Wordpressss
BlogSpot. TechCrunch) FFR%IE5% . CiteULike A & P XS SRS, ERTHH
4N, RIYEID, HPID. BFE, AR%E, ARTEEEECT A Sy, AR
GtE BAnR4- 1R, AT THI20 28 I 364-2,

F4-1 Delicious#nCiteULike B EHNEKRIER

A R % m om w ¥ W i ® %
Delicious 11200 8791 42233 405 665
CiteULike 12 466 7318 23068 409 220

%4-2 DeliciousFNCiteULikeHiE & & I THI20 MR E

Delicious CiteULike
wordpress review

blog network

blogs bioinformatics
design evolution

google networks




4% AARPARERE

(%)
Delicious CiteULike
howto tagging
plugin software
web2.0 sequencing
plugins social
tutorial genome
blogging genomics
tips statistics
art ngs
music folksonomy
linux human
photography mirna
webdesign microarray
themes expression
ubuntu clustering
software metagenomics

431 ZEigE

AT BRI 1003 o X B EIR SR P P, ANEFERES . WatEu, HP
X 2 AR e SR B A N 254, BE AR A S , N — o TEIZREE, J—
WA FENIRSE T, SRS, TRk LR IASE , R oV RN 2r4E , it 2z T ZREE b iy
FH P RZEE A B IGASE _EH P S A A T2 . XFHPu, 2R RSP K EIN
AR, RS ROTIH P SFTRZENYE . 2 Tuw) 24 i o SEPr_E AT e %
B S . R, FATFIFHUERIR (precision ) FIE IR (recall ) WHMAPEALHERE R AORE E .
|Ru)NT ()|

R

| _[R@ONT@)
I7w)
W B TH P SEIHEAT 1000, BREEEA R AYIIRALE , SRR AR S B TERR 3R A [ 3R 1 F-1
EAE N BB PR A5 5
AT AN e RE , FROTIRIB PRI T HE S A 5% (coverage ). ZFEME
(diversity ) FUHTAE
BRI AT

Precision =

Recal

Coverage =

KT ZHAE, BATES 1T R TRET, SHPERE SCROR TR #E Lo fEARTET, Fil]
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Hﬂ%uﬁ:ﬁ%ﬁﬁﬁﬁ%é‘%ﬁ{u*Wi%&ZI‘EﬂE’H‘EUTEOX]‘ﬂ:ﬁ:/\%éﬁ:i item_tags [11FFff Y

rni bR, Hifitem_tags[1] [b] &XTYIMTFTFRZEDIIREL, B4 %unlfﬂjﬂﬁ%‘?ﬁ*ﬁur
] LGE A IR

def CosineSim(item_tags, 1, J):
ret = 0
for b,wib in item_tags[i].items():
if b in item_tags[j]l:
ret += wib * item_tags[j] [b]
ni

0
nj 0
for b, w in item_tags([i].items():
ni +=w * w
for b, w in item_tags([j].items() :
nj += w * w

if ret == 0:
return 0
return ret / math.sgrt(ni * nj)
TEAF NP Z [ AL FE i 0, FRA T A N ARG — DM HERESI R 2 _
> > Sim(item _ tags[i],item _ tags[ j])
Diversity = | — SR /S0

|R(w)|
2
USRSz, U AT .

def Diversity (item_tags, recommend_items) :
ret = 0
n =20
for i in recommend_items.keys():
for j in recommend_items.keys() :
if 1 == j:
continue

ret += CosineSim(item_tags, 1, 7J)

n += 1
return ret / (n * 1.0)

HetE RGN AR TR P HEE S R 2RI

BFIEARLE R A HANE, FRATT R S PSS RS TR ( AveragePopularity ) B,
XTI, SCERRATEE i tem_pop (1) A MYIMATARE R 8 mixtEE RS,
1€ SCE AT TEEIR

> > log(1+item _pop(i))
u i€R(u)
IPIN

u i€R(u)

AveragePopularity =
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432 — M mERAEX

SR T P AREAT A, AR KRGS AT LIRS — N e R i PR . AR Y
AR PR

Q gt P e bR

Q X TR, Gt T X MRS R EURZ Y

QX T, mRREME PR, ARG RS EA X SR 1 i A 1) i A 453X

M
P B, Pkt i 248 A S
pu,i)= Znu‘bnb!i

X, B P ud T MbR2 RS, BO) YR BHT I KSR RS, n 2 P ud Tidhrsb
BIREL, ny SEW) T T I AR bR AL . AN I SimpleTagBasedbriciX ~E1% .

fEPython 1, FRATTREIEUN T 297E «

Q i records AR =04, HPrecords[i] = [user, item, tagl;

a ﬁﬁuser_tags ﬁﬁﬁnu,b, E'-Jljuser_tags[u] [b] = n,y,

O M tag_itemsfEfifing, HHtag_items[b] [1] =mpi0

ﬂﬂ?ﬁzf?ﬂb\l}%records 'fljﬁﬁﬂ‘y':ljuser_tagsﬂ]tag_items :

def InitStat (records):
user_tags = dict ()
tag_items = dlCt()
user_items = dict ()

for user, item, tag in records.items():
addvalueToMat (user_tags, user, tag, 1)
addvValueToMat (

(

addvalueToMat

tag_items, tag, item, 1)
user_items, user, item, 1)

GiitHuser_tagsflitag_itemsZ /i, FATATGE AN REFFXH P 7 M PEALESE «

def Recommend (user) :
recommend_items = dict ()
tagged_items = user_items[user]
for tag, wut in user_tags[user].items():
for item, wti in tag_items[tag].items():
#1if items have been tagged, do not recommend them
if item in tagged_items:
continue
if item not in recommend_items:
recommend_items[item] = wut * wti
else:
recommend_items[item] += wut * wti
return recommend_items

AT Delicious 45 _FXF b i B A T, 45 R an4-3 7 .
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F4-3 ETHRENE RHEFE EEDeliciousiiF & LAITNER

8 | X EOHmOE g E X EZNE =3 FHRIEE
CiteULike 745% 2.25% 49.79% 0.7088 333
Delicious 7.19% 1.24% 19.05% 0.6073 5.22

4.3.3 HiEH#

PR [ — LT A TR, R I A s S P o i 2%

pu,i)= Z T, p M i

FEANRE L TG ST DL G BRSO , TR 6 DB A 8 .

1. TF-IDF

T AN 2] T 25 20 TRRZE XTI A ER T 1) AR R AUA R, PRl s it iHE A T P i 25
FHF, T BEARHERESS AT . S35k, AR P bR 28 1) doxt P D4R gepss, b
BRSSP AR, bR A EE 2 B P (0 bR 2 B o X AR Jr ik A i
SELAT IARZE R R AUAEE , NITASGE S P A PEAR R 48R . 3X BLFRATTAT DA S TF-IDF A AR,
X3k — A A Tk

N n,,
plusi)= z log(1+ nlg“)) P

b
X, "0k TARZ&be 2 DA AN P . X AR %10 ) TagBased TFIDF .
F4-445 1 T TagBased TFIDFAE Delicious FCiteULike i B HE 4 U BS LR 52U MERE . FI4-3
RYSZIGEE AT e, W LUE 3B A A F5 65 _LAH e Simple TagBased B #4425 o

F4-4 DelicousFACiteULike#7 55t TagBased TFIDF A9 14 BE

7 B % - T B = X EZNE - FH#RIiEE
CiteULike 11.02% 3.32% 63.92% 0.7469 3.20
Delicious 8.33% 1.43% 23.95% 0.6455 5.08

[, FRATTH AT A S TF-IDF B AR B 19 S A TR, miAs 24 R A=K
N nu,b
pln) = Zb: log(1+ 1) log(1+n)
Hrr, et T Wi 2/ DA R FI P AT bR . X ARk 10 TagBased TFIDF++,
F4-5F/R T TagBased TFIDF++7k Y B4 U0 M B . M TagBased TFIDFRALAALL, BR T 24
PEA B NI, HAFEPREA DR E . X —Z5 R, 18 YIRS AR AR T, FEs A
FEGE AP R A SRR HERESS SR A B LA B

ny;
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F4-5 DelicousFACiteULike##E & L TagBased TFIDF++HY 14 &E

ERCEES RS B & X EE FHRIEE
CiteULike 11.79% 3.56% 75.68% 0.7346 2.83
Delicious 8.88% 1.53% 36.98% 0.6338 4.83

2. BRI

TERTT A, FP GER AN AR 02180 B(u) N BG) FHAIARZ SR . (EUZ, X T8
PRI, XES (BN BG) ) PRRELERSRA . 8 THREHEZMERR, A
A REE XIS S R, LA P B RS XA, AT ORI PR Y
CiER (DR i | WANEEVAE Dk 7 St S o 1 i i £ N ) PO /R 38

HEATAREY AR Z Ik, o i HIRA TR (topic model ), ANid i HLIBEAIA (] 5L A4 Jit
WIS 4 — Pl B T4 T 1

PR T AR B X A MRS AR BRI E AU AIARAE , Wl e AR Z M AR o fe ] 5
BRAFBARE T IR R] SR o ARy — [ SCRli) i, 3t il LIRS I NI SR TAR 280 i o An2RBEA
XA, FRATTAT UMK P ST AR RO AR BLRE

IRV R — By L BN FRR 2 BAT SRR UL, 82 SR 28 Rkt BRAEAR Z W i Y
PREESEG T, AT LUA N IX MR8 HA BRI . X TAR%b, Nb) A FREEbHY
Prah S, n_{b,i} AAWATT EAREDII AR, FeA 1ol LU a0 R A g AR A SR aE
bFIFRZED AR -

sim(b,b") = Z ieNNNG) il
\/z ieN(b) n;,,— z N ) n;l
Fa-oJE s TR ERAKXITH A . CiteULike X £ Frecommender_systembr%s A AH &R
2 T LVE B, M OCHR A R e — AR S I RO, T T bRt E A 4 S recsys |
collaborative filter ( #Jp[a]3E3E ), #BS&Frecommender systemFF A2 —SehR%s . [RIRE, F4-7
J&7R T A DeliciousBHE 4R A5 I FIAR 2 google AHOC PR Z: . TR TR, X EEAHCARZE A 5 an
search . indexingiX$& I A 55 A EIFRZS

%4-6 CiteULike##E & Frecommender_systemBE 4R %

rE HoEE
recommender_systems 0.558 394 161
recommender 0.415 820 788
recommendation 0.387 596 911
recsys 0.351 025 321
cf 0.328 168 796
multidimensional 0.324 232 233
recommend 0.318 880412
collaborative_filtering 0.318 210 024
music_recommendation 0.305 214 504

recommenation_systems 0.281 284 339
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#F4-7 Delicious¥#E & " googleHIHE KR %

[T | E
search 0.533 522
searchengine 0.458 06
robots.txt 0.394 027
indexing 0.391 894
googlebot 0.382 861
search_engines 0.379 196
indexation 0.375 179
bots 0.375 179
opt-in/opt-out 0.375 08
web_index 0.375 08

N T BAUEHA TR Y R R RES L ey ROTIVERE, AT RIREEAT 17528 X T 24T
FIPRER T20R P, FATHRBNH P THR S ROMI GRS, SRR X SEpRZE IR A HET , e 4s
RAPHR20 R P ARSCRIARS: . RA-8JIR T 5 IEFREY TG O S ERE . Fik4-341
P, BEATRRAEDT R SRS S i TARAE O A AT O MR A 4 [l 3R, (F T RE SR I AR A
SER AL R B o

R4-8 EEREY RERIMEFIERE

A B X RS g = X E FHRIRE
CiteULike 12.38% 3.74% 74.60% 0.7133 2.92
Delicious 9.04% 1.55% 37.09% 0.6261 4.85

3. IRE B

AT A PRZEAFRE SN P 268, tean, FE— s, P AT REXT— T T —
MFRORIEENRZ, e R, BRATABEHBLUCH P X R A%, I HSH
PR HA A AT XAPRZER, A, AR PO T RO X MR, TR
ATRT LA A Ry P X 80 B8 S TR, T 26 FH P e e A s o IR, R4 R gE
2% MBREASTA] | 18] SCAHTRIARSS, E fllrecommender system fllrecommendation engine’gfi e Hi 1>
[F) SiA]

B2 1 BRI o — > E SR SUTE TR BV R R o R IRA TEAEAR S R I I, B
VER 2 PR — D S R, SRS T 2R AR B . B 7%, XU ARRRE &I &
SO LRI B FRoR B A R], HLUGR SeHE B BN e A1 S AR 22 i SCRA R i3 o

— A TAT AN AR H Tk

O L BRIAR & 45 1k 1) ;

Q FBRHIRMRAN A E B[R] SCiR],  FE 4l recommender systemfllrecommendation system;

Q EBR BT E AT [ iE],  EL AN collaborative _filteringflcollaborative-filtering .
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R TR R, RZ MR TR P S T R R B AR, B P SRR G AR
B IR . MovieLensESLI R Ge R FH T X FP vk o S&F3X 7 1l B AIESE 7T A2 % GroupLens
f*)Shilad Wieland Sen[rl*#ytH 18 3C", BAL, HEZHEFER G Tinnith R A T XA =X (anfE4-10
B Do 44K, JinnifNJE FUGCHIARE RS, EARENBRERERZW TN, WILE it
ST RS IRAR R G L R KA P R AR,

‘5 Mood:

Feel Good = Humorous ~ Exciting = Stylized
@ piot

Anti Heroes = Goofy Hero = Master Warrior

Does this gene fit Kung Fu Panda? "

@ Genres:

Animation = Comedy ~ Family = Hollywood Tone
Action = Adventure

@ Time/Period:

Ancient History
A Jinni 3k, AR DG 2R I VAR B E VR T
[14-10  Jinnii P ghids 45 BOARZE3HEA T I 15t

4.3.4 ETEmEFSL

I THE R B RRRRA i, WA S SCm, (HE iR R b fmiiefe, K, 7EX—
A7 R AT S ] ] P AR AR A AR 1 A A

HE, BRIMNTFEHPITFRZ R T AR —kE Lo FRATFGEE, BUEm TS . i -
BCEASR . MAEF P AREEIRE L, A3FAFEPITE, AP ihfsgs. FHik, 3"AT%
BB SCMANEA TS, BV P TS P S MR TN . SRS, ARk 81— Fu
BWET T ARZEDII T FARZEAT R (u,inb), A4t AR AR S RAE I N3 453, B eie e
FH P sl o7 A8 T00 e v (o) R0 %o 7 A TR v (i) 2 (I3 i — 2%y ( ARk TS A I AHIE , IR
QRRZARF AN ), [FJHE, FEv(u)FIvb)Z 0] BRI — 4530, v() Rilv(b) 2 8]t 75 Z i A
LN

FEl4- 12— B P - i 7. ZEE &3P (AL B C), 3101 (a.
b. ¢) A3 MRZ (1, 2, 3),

TEE SO P -1 525 U, FRATRT LU 28 235 $2 5] () Personal Rank 3292 45 i A 40 i 19 25

(D £ Il Shilad Wieland SenfJ “ Nurturing Tagging Communities”
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AR T 24 Ji T 5 s A B AOAR SN, SRS AR BRI SCHE MR B NI HER , 48 F P R HE 24 B Y
NIy

ow>»

sp o=
W = NN

@ e @

Kla-11 s P -y - 5

P ER 2L AR AR i A B B K
TESTE T BIRYR , FATTnT LA T IR R Eh i R 5wt S 2 i) ey 805905 o 7E AR keh,
FUORE) At ) 4R A KATF
P(iu)=) P(i|b)P(b|u)

XA UEE P X 90 i B 4808 bR 2 A%, PRI AN A 20T DIl o —A U AT i T A 27
P4y e O 7 B T AR (2R SimpleTagGraph ). 4528 U FRZEAT AIE 5% (u,i,b), SimpleTagGraph%:
HOMPI AT 03, — 4 P v F8 AR ZE 1T b)), J1— 4R HBRZETT siv(b)F8 1719 i 19
v(i)o MIXANE XA LLE S, SimpleTagGraphaf X i i 42 2 FH =i AR 25 B /D 1 P9 SR
U R = [E1] 19574 8
4-12 5t J& — 1~ 1] B 1% SimpleTagGraph i 7~ . 7E 44 & T SimpleTagGraph /& , F| F ij 1 ()
PersonalRank 7%, 2K =1, 4 HEARRIMIAENE L, SN TR S 0 R R R,

A, a, DA ¢ 2)A4, ¢ 3)
(B, a, 1)(B, b, 3)(B, ¢, 3)(B, ¢, 4)
(C, a, 1)(C, b, 2)(C, d, 4)

(D, b, 3)(D, ¢, 2)(D, ¢, 3)

[¥l4-12  SimpleTagGraphiJfi ¥



112 % 4= FRAPAREIIE

4.3.5 ETIRERMETFRR

L TARAE AER AR A AR J2 T UM AR MR R, 3K 77 T PR QA IO P e g1k
WHERR R GE . B4-13J87R T SR g A S

SRR
23 FHEE RE Fx sz B UBEFE e

HE ErRs ey He® 28 ge ggpn gEm e
wx =@ Eif B T winoows EE suemm L

- =t
P

| - —— L
Fattern Recognition Graphical Models, Large-Scale Inference A Probabilistic Theory
And Machine Leamnind  gyponential Families,  Sradiey Efron of Pattern Recognition
and Variational kxEET 7.8 (1) (Stochastic Modelling
Christopher M. Bisho...  |nfarence ' and Applied Probability)
kekkdk 05 (255) Martin J Wainwright ...
xkkxR 97 (12) Luc Devroye / Laszlo...

kxxER 100 (5)

Statistical Language
Models for Information

Retrigval

: ChengXiang Zhai
Learning to Rank for T . — | galang

earning with Kernels " S~
Information Retrieval o Statistical Learning kkkxd: 8.4 (4)

. X Bernhard Schikopf/ ..
Tie-yan Liu i Theory
krEEE 93(5) 93012) Viadimir N. Vapnik
’’’’ 9.1 (11

A T, B AN BRI ERUH RO T
K4-13 GRS 95

W 4-137R, SR BIEREL R AR PR . LR — MRz, Fom P B,
PREEBIRGTBOR , S7m JHP XAARZE RIS Y [ g6 . N BT RIRRE i AE R, &
AR FRT “GifE” . Bl " IR B, RN R TIRZITH AT A,
SREA TR IREF AT BOGER, RRNIRE T UABEER NG, TR R TR AR
FEUEOGHR, BTG NI, “feie” . 3" ARG hns = P —MR%E,
T LUAERRE 2 B IR BIADE R EE A SC I P 5 4fr , HLAnI&] 4-13 50 bR % = T iR 1 Hlds~#
2RISR AP P o

XA SURE AR AR Z AL, E TR TR 2k . JATE, —4
FHP B G I (] POURAR 2 9, (EAERE— KA LB R DR, A TAn R AR E R — Kt ]
FURRIGER, BART RMER) . M EREE RS, R TP FTA 2GR, RIS A OAR
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Pl A KA DGERVEREAR PR, AR AE R, MR e i TS R 2R, (1
THIR B D P 2R 4R
[, bWt iR BE . AP ks A S n] DUANE i 4s A O R —A
PRSI T BN A CX ARG, WX T4 r%E, HIP ARGl R A 2 Z T4
I H O A5 B AR O R
FAVAE, ZIEF P B RS HERA S R TE SR AR RIMER , 107 AR AR 2 R vl i Rk
Peor i 7Sy, B S L P R R R A BB, SRS L P e AR R B A
W AE B o PR A i P A5 A 3 PR A BR 2 25 He AR JLE P A5 A 10 A 1 5 S
B, FREMBRSCRIUEA S b P S B, AT P S A R i -t 2 AR A 1
ERY
GroupLensfHF5E N b Jesse Vight 5 FARZE BB T TIRAWIGE . VR4.3. 27 H i ik
L, Jesse VightH P At Z M1 R AR T F P XIARZ 2488 (tag preference ) IR S50
PUAHOCIE (tag relevance ), SRR TR —FHERSL LG P Y &, (BT T AFMRZ MR
FA) R 718 B 1
O RelSort XAy b MM T 12 F P LAR s A Bl B RObR%s, Zath T
XIBRAE B ANBRZE S YT BIAROCRE , (ERRAEFE A RO AR S BEHE Y
Q PrefSort X 47549y it AU B i e P B0 2 PP AR P Lt B ROBRAZS, 25 T
FORBREE B PGB FIAR S S ORI OCRE , (EARG IR P G AR B HET
O RelOnly %4 it i R P A2 P ARG R I Bl B RIPRZS, 25 THR%E
Syt iARSCRE , HARS RO it AR SCBEHET
Q PrefOnly X474y it Al A st (5 T A9 2 T P AR T3 Bt B R9pR%E, @Atk T
FOBRE R PGERTREE, HARS IR B G AR EHRY
RIE, AFEXTI P T3 AR . BCR R TR AR A R4S, VR 1R T R 3
AN ]
O HEF e 10 3 B A I AR P AT A BE R 2 e XX AN A1 P A A RelSort>
PrefOnly>=PrefSort>RelOnly,
O HET i RS B FE N B B S WHERE A IR - X T3 A 1) 38U 7 Al RelSort>PrefSort>
PrefOnly>RelOnly,
O i i BT B3 2 LA I B L 2 T AT B FRILAE A 2680 . X T A~ R HT PR
RelSort>PrefSort>RelOnly >PrefOnly,
R, MEEAE TP XEARIZEBIARAE BB 1 o A2 f b s oy EWEE CLeanxt i iR,
WN3R4-9F7R ) FIZMZE (LLanxf i N RUAIE, A1R4-107R ). MEE XA B OAR 2[RI RE
5] 7 _F A3/ R)E,

(D 2 WlJesse Vig, Shilad Wieland Senfll John RiedIf¥] “Tagsplanations: Explaining Recommendations Using Tags” ( ACM
2009 Article, 2009 ),
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Q XAREEE DY BB X FR R A A ST TP U AR T A%
Q XAMARZEH IR HNE R BRI . A SR T R4
Q XA B A E MBI T R R AT S FRBE R G . TP YO BRI T
PUES T
M BTSSR AT UL B, B HE SRR T R R 28
B, AEE IR T P 0 AP [R) PR A e T ) B B2, 452R 7R PrefOnly > RelSort >
PrefSort > RelOnly,

49 10MAPRHENERLEFE"

[ INAX AR LFHI AR & ELf)
great soundtrack 90.9%
fanciful 90.9%
funny 90.0%
poignant 88.9%
witty 88.0%
dreamlike 87.5%
whimsical 87.5%
dark 87.3%
surreal 86.7%
deadpan 84.2%

#4-10 10MAPBRBENENLIRE"

OF INA X AR LT B AR & Lefl
afi-100 100.0%
fantasy world 100.0%
world war ii 100.0%
sci-fi 95.2%
action 94.4%
psychology 93.8%
disney 91.7%
satirical 88.5%
drama 87.5%
satire 86.4%

BEEMERERER, FEHEH TIN5,

O FH P AR B B 5 M FH - B DA 2 28 A A 0 S A 1D 5

Q JHP R AREE GRSl R AT SCBEXS T BT A A S5 E R i AT A
FERTET;

D %5 H FJesse Vig. Shilad Wieland SenfllJohn RiedIfi3C “Tagsplanations: Explaining Recommendations Using Tags”
@ [k,
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Q Py A FRBER S REXS T35 B P 5 WA ) S A A A BT B S A 6 B 5
Q F SR e MRS AR X - A 1R

4.4 HRPEERE

S RERA PR, b2E RGARE A B BRSSO AORRSE , XA
RESEHEPRAE RGERY RAYEIERR . NI, IRZHRZE RGEAR BT T ARSI P RS o (1414
JRIR T 5 P Last. fm AL IR BAERE RS

Add tags o | i Bt B it

Secret Garden SR ERIE? (R1E): WO W hE
(1995 — present) LB RER TR
' |

T NBEY ATER HE HEEE HE¥ BE PR R
- EZF FEEE d= i AR Gt =55%HA B
P P = A HE EE EER
Suggested tags: new age * celtic * instrumental * ambient * fclk‘ ERRE: ﬁiﬁigﬁ 'H'Hjtﬂ. H)‘i Data-Mining éﬁiﬁ}gﬂﬁ%@ W%Wiﬁ
ATHEE AENEE T EE

ELD em

AR A Last. f AU, B A AR N2 BBV ERUR R EERU T
Fl4-14 Lastfm (£ ) MEE (F) WFRESHER RGN

441 HHLEBLBPHEERE

FELTE T PR 20, B SERSE T (A PHERERRAS . — A, A
PR AT DL T AL

O FEAARARE I WL AR TEEE S P TR IORIE, SERFRZ
PORISTEAIITIRS , (RT3 3 — Y T NP TR 01, T
FiHHPTR 105 5 1.

QO RERERE [ MR RN TR AR . el Xl 207
ARV, T EL 2SR R AR . TR PERRAENE, el TT LA i
FALATEHE, HERIEIR B BUR Z00I Xl IR 000 i 4 g
EREIC SN

4.4.2 A4S PHEFRS

TP aZa Yy hbid ThRAE I, JAT AR 2205 15 0T LAZA P EAE A it SC AR A5 o LB B O
EATARN
ORI IERUE L T P ol A RS RN TRAR4E (X LR IXANRL PR S PopularTags ),
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Z IR ORR, RPUEA LR R T, PR T AN — MRS RE . S rags(b)
NBRZEDRIATRERE , AR AEANARER BN T -

def RecommendPopularTags (user,item, tags, N):
return sorted(tags.items(), key=itemgetter(l), reverse=True) [0:N]

AR LRSS e L TR (X BB X AN EEFR M TItemPopularTags ).
Aitem_tags[i] [b] NPT EARZDRIREL, IRAXNFILMSEARMA ., BRI PR

def RecommendItemPopularTags (user,item, item_tags, N):
return sorted(item_tags[item].items (), key=itemgetter(l), reverse=True) [0:N]

SRR RS T ol A © 2R M R0RRSE (X B IX DA K UserPopular Tags ),
“user_tags [ul [b] HH ol IARZEDRIUEL, B 2K H M T PR

def RecommendUserPopularTags (user, item, user_tags, N):
return sorted(user_tags[user].items (), key=itemgetter(l), reverse=True) [0:N]

IR PR AT IR AYELS (X HLid M HybridPopularTags ), %5 id— > RECR LA
WERFLE REMENAL, ARG A MU AL R o XA SRS T T
def RecommendHybridPopularTags (user,item, user_tags, item_tags, alpha, N):
max_user_tag_weight max (user_tags[user] .values())

for tag, weight in user_tags([user].items():
ret[tag] = (1 - alpha) * weight / max_user_tag_weight

max_item_tag_weight = max(item_tags[item].values())
for tag, weight in item_tags([item].items() :
if tag not in ret:

ret[tag] = alpha * weight / max_item_tag_weight
else:
ret[tag] += alpha * weight / max_item_tag_weight
return sorted(ret[user].items (), key=itemgetter(l), reverse=True) [0:N]

TERAE LA SE B, JATTER PSS RN EA ISR P31 e fe e R AE A T IH—1k, 3%
T BRSPS S RS B A SR B, T AN 22 PR R 0t Al A T TR 9 P X
SIS, B DR P AR R BRI B i S HER R 4 R 5

443 LHRE

FTHTE OS2 50—, FRATHIFEAE I il B s a4 RO« 143 I ZRBE Fnilit AR , SR ity
SRR P BRI AL, TR RN E, X B EEE AN TIE Duser , item b 5, T2 L)
user. item. tag A FiE. A T HEAFHFE AT EEESE, WES% T H Y Pythonftiid .

def SplitData(records, train, test):
for user,item, tag in records:
if random.randint (1,10) ==
test.append([user,item, tag])
else:
train.append([user,item, tag])
return [train, test]
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XTI P A — N P A (), BATTER AN R ST P ufF S % . 2 R(u,i) K
IZE R ufEr2 R R AE D) EFTRIRRAE SRS, 2T ) W P oS PR ihid TIbRE i &, 3
ATTT LA PR AN [ R PR AR KT E -

Z (u,i)e Test R(uﬂl) mT(u, l)
Z (u,i)eTest R(u,i)

Recall = Z (u,)e Test R(u,i)ﬂT(u,i)|
z (u,i)eTest T(uﬂ l)

Precision =

FIER
#24-11%51 1 T PopularTags., UserPopularTags. ItemPopularTags 3FEILTEN = 10 B A%
A [l

411 SHIREHFELAEN=100F O ERREIB @ =R

Delicious
PopularTags UserPopularTags ItemPopularTags
R 7.32% 11.84% 23.80%
PEAEI B 19.88% 32.16% 64.63%
CiteULike
R 2.21% 10.85% 12.94%
Al 7.75% 38.00% 45.33%

mFEPEER TR, ItemPopularTags BA F - A UERR R IS [0, 33X — SR EDWAR A7 S
KA P B4 T2 ), AR P o g R e NI 48R, IS4 P e — AR ML T
Zwl, HEASSH O REBITRS, MaE 2% 0T R/NMNL RS, Hit
ItemPopularTags 5 & b UserPopularTags HR5 B 5 i

N IERFE— T HybridPopularTags 1, #4-1245 11 T HybridPopular Tags 5. 7E AN R £k MERl&
R o T BIHERR RN [l 5

#F4-12 HybridPopularTags B A E AR & MRS R o TRERHEFI B R R

Delicious CiteULike
a HEBE BEE HERE AREIR
0.0 11.84% 32.16% 10.85% 38.00%
0.1 15.27% 41.48% 12.71% 44.53%
0.2 16.71% 45.39% 13.82% 48.42%
0.3 18.93% 51.41% 14.85% 52.04%




118 % 4% HAMPHEHE
(%)
Delicious CiteULike
a AR BAEE AR BEE
0.4 21.14% 57.42% 15.57% 54.55%
0.5 22.74% 61.75% 16.01% 56.07%
0.6 23.99% 65.15% 16.24% 56.90%
0.7 24.82% 67.42% 16.07% 56.29%
0.8 25.15% 68.30% 15.45% 54.12%
0.9 24.95% 67.77% 14.60% 51.15%
1.0 23.80% 64.63% 12.94% 45.33%

WNF4-12078, 1F a=0.814HE, HybridPopularTagsHUi5 T el MvERIIE (HERI%8=25.15%,
3 11%=68.30% ). 1M HLIX A B E T #1009 ItemPopularTags fllUserPopularTags B vA RS E . %
JEENET0% MR TSR T, IR 2 0 ARS8 P HEAR bR 2 i 25 ELHE 45 Hh FH P S5 R A
2, IR AT IR . LG (& 4-1587R ), 7EFRNYE (MongoDBAUEFEF )
— A0, BRRIEEARE N, — BB, IRZ A0 HRE, vRE X —2
AL S AN L. L1055 FiMongoDB2E T X R IWARZ: . Uy — R W Mbn%s, R P 4
MongoDBF iR Z FR%:, 1T LLA 23X B T A AR ER 2 FiMongoDBAH XY

S| E{E& Mongo
{E&: [E] Kristi
FE ERE
i A R
R 20114
T 172
EfT 39.007
— My R
ISBN: 9787115

w|miE | EE | R

FEER SEEE ¥hANEE

MongoDB#Y Bk 15 B
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2 £ L Neal Lathiafj “Evaluating Collaborative Filtering Over Time”, i SC## # M http://www.cs.ucl.ac.uk/staff/n.
lathia/thesis.html,
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1. L&A

TEBAT I A BB b, FRATAT LAZE TP R D s B dsctA Tt o IR ATESAF I P AT
I TAME B, Bl e M A AR U 25 T P A B A T 1 2R eI T,
Yy ihids I WA T RE n, (T) AT LAE L

1
n(T)= (u,i,t)ETZrain,KT l+a(T -1)
XH, e EEL
T ) PythonfUAS SEEE T _E AT HA A

def RecentPopularity (records, alpha, T):
ret = dict ()
for user,item,tm in records:
if tm >= T:
continue
addToDict (ret, item, 1 / (1.0 + alpha * (T - tm)))
return ret

2. Bf[E_E T3 XA ItemCF & %
T (item-based ) WA R BT HIERER G P W SR iZ 0y, MRTTLE R
Ve LAE S, %530 O A s«

Q FHH P T &R Z AL ;

Q MRS P B AT A AU R R, 25 R P e A

T s ool T R 9 1 o 12 S AN S W o 2 2 1 61 5 A e

O M&EIBEE P EARRRAR A A ] o o0 1 it EAT SRR AR ARLEE o DAL R 441
HP 4 RERH A P IERE B ARG T L ERZ KR TP S RERHE
M P —AFER0E 1 R AL

O E&EE M AP IRAZEINAT A, BEReRSH P IAE R 2480 A
TOOIF F ERAE A DSERET , ROZNEE P AT AR, LSS S FHP I R bt
EWHY AR
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zuezv(i)mv(i)l
INGD|NG)|
MAEZE P ofSHEERT , FHP w4 i i 2% 88 p(u, )i i an AT
p(u,i)= z sim(i, j)

JEN (u)

sim(i, /) =

AEAH BRI B TP =7 5 ) )5, Fe AT LA R A R AR A T 157+
D e/ (=)
ING|[NG))

PR, RRRARTES T AT AR A X BT (|, 1,
PRAA IR Ti] o fERECR S SR, TP AR R 3 i, 0
RATAT LUV HeE s, A1 M T e

q

sim(i, j) =

t,—t

), o, P
by =t ) B/

t

ui uj

1
)= 1+atm.—tuj|

N

o RSB, BRI R R W15 G s (AR, o
BB @, R EER s MY @ . u
PO S5 TtemCF A AR, EE AT DL o 4 AR S22 .

def ItemSimilarity(train, alpha):
#calculate co-rated users between items
C = dict()
N = dict()
for u, items in train.items():
for i,tul in items.items():
N[i] += 1
for j,tuj in items.items() :
if 1 == Jj:
continue
Cl[il[3J] += 1 / (1 + alpha * abs(tui - tuj))

#calculate finial similarity matrix W
W = dict ()
for i,related_items in C.items():
for j, cij in related_items.items():
Wlul [v] = cij / math.sgrt(N[i] * N[J])
return W

R 125 R Tl BN AR DGR A2 ), FRAT T 0 325 RS ) B F A =AY 52 ) , — ek it
FHP BAERAT R A P O AT RO R TR, Rt FRAiTa) A i n ks 75 =08 e 22X
p(u,i)= Z sim(i,j)1 !

JEN@NS (LK) +p |fo -1,
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def Recommendation(train, user_id, W, K, tO0):
rank = dict ()
ru = trainluser_id]
for i,pi in ru.items():
for j, wj in sorted(W([i].items (), \
key=itemgetter (1), reverse=True) [0:K]:
if j,tuj in ru.items():
continue

rank[j] += pi * wj / (1 + alpha * (t0 - tuj))

return rank

3. Bfi8) £ T3 HE KB UserCFE 7%
FlltemCFREE—AE, UserCFRIE[RIAE AT LRI R B 42 m SO s R . 12, [mlii— T
%ﬁ%?wmm%%%%ﬁ%ﬁ.@mﬁmrﬁmA@wMMEmmF%M%%moMﬁ¢%$
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DX FH P B2 AT SR A 2S8R AR BLEE o B AN FH P ATE20064F X CHHESHR , #E20074F-X ] Java
R, P BTE20064F X TavalB ik, 20074EX CH+E%HR, 1 F P CRIA—AKE, 1E2006
AEXFCHHERR4ER, 7E20074F X  JavalB sl B4, MHESITENE X, FHF AR B2
BRARARLRE S5 F P AR P CROSBRABUE o (R AR, TESCPRtSE, AT AP ARIC
[ 48R A (RS B2 F F P AFIB

Q BOGEBRA PRISRIETA  EREURCY R OSBRI —d P S, XA P G
DR b SRAF S 2 P AR K 2 G S R S I F P u s KA 2480, st e il , BATNIZ
25 F P AR A S8R A AU FH SR 8 B 0 i o

TR R g, B E B AEUserCF P /E AR ® B E . B IRATS RE 4 — 1 NBATE
BRIRHEFERT I . B0, FRATTEZHRE — RO —FERINBARE , AR5 4% B HE A TE 2 A7 i 2 3 )
Bt 2 AT AL MmO, A RO N 2 4E 2 A R4 SR FH P, O] 254F
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1

ZieN(u)ﬂN(v) 1+ tui —t

IN@)|UINW)|
AR A T PR P v RV E U B I T — AN SR, PR
VAT TS A AT R A TR IR 233 A P (AR R e 2

def UserSimilarity (train):

# build inverse table for item_users

item_users = dict()

for u, items in train.items():

for i,tul in items.items():
if i not in item_users:
item_users([i] = dict()

item_users([i] [u] = tuil

uy

#calculate co-rated items between users
C = dict()
N = dict()
for i, users in item_users.items () :
for u,tui in users.items():
N[u] += 1
for v,tvi in users.items():
if u == v:
continue
Clullv] += 1 / (1 + alpha * abs(tui - tvi))

#calculate finial similarity matrix W
W = dict ()
for u, related_users in C.items():
for v, cuv in related_users.items () :
Wlu] [v] = cuv / math.sqgrt(N[u] * N[v])
return W

LERESI P PORILEE I . UserCES@ad 1R 2SSt Bu Fi 1 3y i £ 2%
p(u5 l) = Z Wuv rvi

veS(u,K)

Hr, ST MR o8R8 Kl . R AP v ire A D178, R4
r, =1, %§muni=()0
VSRR PSR O 48, el T LIS F A
paiy= Y o ——

veS@K) I+a(t, -t,)

def Recommend(user, T, train, W):
rank = dict ()
interacted_items = train[user]
for v, wuv in sorted(W[u].items, key=itemgetter (1),
reverse=True) [0:K] :
for i, tvi in train[v].items:
if 1 in interacted_items:
#we should filter items user interacted before
continue
rank[i] += wuv / (1 + alpha * (T - tvi))
return rank
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(D £l Liang Xiang, Quan Yuan, Shiwan Zhao. Li Chen, Xiatian Zhang, Qing YangflJimeng Sunf¥j “Temporal
recommendation on graphs via long- and short-term preference fusion” ( ACM 2010 Article, 2010 ),
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FRAERA AN IR T I ER T A R A, N A Pythonf UA faT BRI 1 BR AR Rl
AR,
def PathFusion (user, time,G,alpha)
Q = 1[I
V = set()
depth = dict()
rank = dict()
depth['u:' + user]
depth['ut:' + user _' + time] = 0
rank ['u:' + user] alpha
rank ['ut:' + user + '_' + time] = 1 - alpha
Q.append('u:' + user)
Q.append('ut:' + user + '_' + time)
while len(Q) > O:
v = Q.pop ()
if v in V:
continue

0

I+
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if depthl[v] > 3:
continue
for v2,w in G[v].items():
if v2 not in V:
depth[v2] = depth[v] + 1
Q.append (v2)
rank[v2] = rank[v] * w
return rank
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%A T, Travelpenalty (u, i) Fm T WabifALE X Fuf . iR Travel-
Penalty (u, i) BYFEABAZE XS T Y805 H P 2 BT PES 19 BrA 9 i 047 B 1A 0 2 0~ 294
(BHFIMA )o ST ANl B b I WS B, T i R 3 FRGRIE Y, 4R, WRaUHE B
AR RE, B AT AT RENT & MK E 0 B2 B N —sUE B ) — i e r By

(D £ W.Gisli R. HjaltasonfllHanan Sametfj “Distance browsing in spatial databases” ( ACM 1999 Article, 1999 ),
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ORI RS 25, B AT SR 7 B A o J B s 1 A B s i

N TR R P R E YIS i TravelPenalty, LARSTE A FH P Xl ¥ 5 i D480 )5
RecScore (u, i)}, R E— G200 (—BOREN . RE . Sa8), &3
fFE B/ NF—A BB T A A, SRR X e i AR AR A RS, AR5 AR LT
/z}iti‘f%ffiggﬁ"JReCScoreo

XS = MEdiE4E . LARS—SCIRAMIRATHE . Aad, WS =g e XaTLLE S,
BARXS TR AR AR I T R P YR E X B MRS TX—(FE )G, AR IR
AF ) o 2 FE P B BT , AR SR A e P i B s AT A 2 P e B AT HL
M2 BB P i o

R TR B 2SR A H A R S AR AL PRSI, V3 7E FourSquare fliMovieLens P54 45 -
AT TSRS . AR H TopNHESE Y PrecisionfE A P F5 45 o

YE# B SeTEFourSquare Bi 4 FXT L T TtemCFA3. 12 F1 2% [ 1 TravelPenalty 2 Ji5 (8L (f&#K
HLARS-T ), Z554IFH % & TravelPenality iy SC RE A5 2 = TopNHEFE Y B L HERG R, LARS-THVEM
B FItemCFE .,

SRIG, VEHEFEFourSquare 55 4E FliMovieLens % 45 [ XT Eb 13838 ) Item CF -6 125 JE ]
B 1A TSRS FLARS-UR L o[RS, FEE XS TR RITREEXTLARS-USR A 520 . SE5
LKW, EEEAIENREXLARS-URIERE S, A4 R ZEIRE %S T, LARS-URIETE
PN EIEEE BT830 1) TtemCFAE
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IFE] R SCfE BENetflix Prizeth 7533 12 0T, RESFREAVIIE T WA X —1F B
X T B 44 B SCEE 0S8 JEKoren i) “collaborative filtering with temporal dynamics”, %3 RSG5
ST S TR B =, ISP AT s, 25 RN ) % el S 1 2

e G R 1 Neal Lathia?E i3 {8 BRI R)_E R SO(E B DL SHERE R GE A I T8O 647 T
WAWSGE . fiBIE “Temporal Diversity in Recommender Systems” — 3CHR AT T B (8] 245X}
W RZR . MRS 1183 “Evaluating Collaborative Filtering Over Time” 1834 T 4$FhAN[H]
HEFE SR Qo] AR ] A Y

AR RGOS R SCHERE AR OG0 AR, 7T L2 % Alexander Tuzhili (4% i1 T/
( http://pages.stern.nyu.edw/~atuzhili/ ), AERIT JUAEFIZEA XS B R SCHERR IRV T T RAESR .

(D £ lLJie Bao, Chi-Yin Chow, Mohamed F. Mokbel fllWei-Shinn Kufi¥j “Efficient Evaluation of k-Range Nearest Neighbor
Queries in Road Networks” ( MDM, 2012 ),
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FRN RIS HRAL 2% . 4R 2 /R AR20104F 094y, P HE BRI 1 22% 0 B [A] A6 DR AE A1 28 3
Tt AZ iR 1V Facebook Ml TwitterfF: Jy PHANAS[RIZEAUA T2 2% (AR 2, & B AT EECI B 78 L
B AFIMAHIEG, ELEEL TR 24347 5 ( BuzzFGoogle Plus ). [ PN A ELIE R LLHT
IR ER, Wls| TIRZ ABIHIRER

FEFAEAC 2% O HEEE AT ARG BTl B S A 25 0 FEBLSCAE S, IR Z AR ATT#R EE i I &
A . S 44 058 = AT WA JE /R ZR AL 152 F P ARG ST IR 82, A g I
SR, 90%AY FH P ARAE IH A AT TRHER R, 70%04 ARSI At R P X6 T 45 B S S . A
AT LIER], G AR TR P X HEE S SR G AT B R

R T ARSI AT P R, JE R AR FlFacebook A VEHEAT T — R4 4558
55 o JRIRARMEK T Rl —A i A 3R IR B o SR RS R R R R T,
EWE LR AR, BRSO ERERRE A E R, (R ERIZMEZE T
51 930N P ST, IEE )5 AU f 2 P R G A O TR . 3 =R
FCARER], BRAE AP I A IR IR T, e P B B PIMA—4ME R, HURR i
HAFR T — 5 R ABIMNK, JE/RARAZIEE =) 5 MR B & 5 —F, 1fi
55 AP IS S TR, TR T4k S AR AT T3 6 Y BN G RN 3K
JEEA AR R EIVEF o AR, 12556 0 I T (0 H A RS X S8 AR HERE R G b T e A T E .

AFVGTEA S AT R P2 28 BE 45 FH P A T AR E o AR B A GSHE anfal A R 28
W26 25 P A2, T ELER e Al 1 A SE I 2% 25 F P AT A o

6.1 IRENFLZ MK HIFERIIREZ

BUEEIR M S 7 B A TR A A S PR Rt o R4, A2 07 T T RL3RASA 58 R 2% K
Wawe? —mokUd, Ak

D £ W “Social Media Accounts for 22% of Time Online”, http://blog.nielsen.com/nielsenwire/onlinemobile/social-
media-accounts-for-22-percent-of-time-online/,
@ £ “Global Advertising Consumers Trust Real Friends and Virtual Strangers the Most”, http://blog.nielsen.com/nielsen-

wire/consumer/global-advertising-consumers-trust-real-friends-and-virtual-strangers-the-most/,,
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6.1.1 HBFmHiE

HLFHBCEIEAE T 19714F, DRIMCE B4 D S LU PR R B AIIE o (AR o EL IR o FEL ol 200 114 )37
M, SRR TR . TR LA A7 AP R ASI3R T P Ba AR R, i EL T L
200 S IF ST A 2 ) 18 B AT 5 e B A T B R L

Aid, RTHRFE— DB RGE, —RAIPTTEN GARRMER 2P BER R AR 22 (8]
FRISRAEAR 1 o BT AR o7 B A SO0 RO TE B e — S8y B LTI E RGE R 28 /] o B,
AIRTE20104F FYKDD 2 AR T — RS, HAhi s 1 afalid i Gmail REEH | —LEARE
B RAPIMSCAR S T P Z RN AL SC R, DI ZS T P A A A s

HIL, A2RFATARAS T P BOMEA , L nT LU A 5 285 8] — E RSO R 5 B — ok
Ui, A 44 SEname@xoxx. xxx AUAR o AR TR A RIARA , AR AFRATAT LIRSS 5 28 s B
BeI PR Rl —Z AR o [ —Z 8 ml R P AT REE AR, DRIMTRA T il LASRAS — R B #5256
Fo ERHBTHTFMARGAS TR ER, MEHAMEG (dnEe-1R ) #7EMH P
CEM R TR R IR RN P S AL AR R B INRE, JHRAR DAL 5SS M2 B v sl Il

¥H2 ¥HE3
FhOARE AR
=4 Windows Live Hotmail
RAIL T HBRE <
&9/ vahoo! #ImE
AOL EFE
@ Comaast w3
. \(,} skype W
(54e) sbeglobal.net WIE
\sen Verizon.net HFHE
™M cmai e
HABBPERRS s
A0 wen L

HHL I Facebook Wiy , I AH G N2 I A ERUR RV EALA BT A
[€l6-1 Facebook#AL (1) 5 A HLF-HB 4T A& 77 =

(D £ W.Maayan Roth, Assaf Ben-David, David Deutscher, Guy Flysher, Ilan Horn, Ari Leichtberg, Naty Leiser, Yossi
Matias, Ron Meromf) “Suggesting Friends Using the Implicit Social Graph” ( ACM 2010 Article, 2010 ),
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6.1.2 BAFREMREER

A S o T T PR TR S — S A ) L SRR EE A (NEI6-205 ). A T X E(EE,
J5 . FRATR T LA R R 8 22 e Rl — N A T A, BB A P s 2 e [ — e it i
STl A P 4 B

[Z3ia g @A~
H: A~
#A: | B[]

[l Fegepai- A ST TR B
#H: |1985[=] |7 [=] | 11[=] #*

T A PR RS Ao (=]

ma: R [+

HEgte: COxi D8 -
- a-
aikEt a~

P

FRHX H Facebook Wi, B HAHIE N2 BB VERUR IR EAEAA T
[l6-2  Facebook?E FH J1 ML P #24LH—R 405 B

6.1.3 FRPBIEREE

TEM T 1 e 25 5y & R L AR B2 P hE . X T AR g st , AT LA R
HGPSEE . (B AF B —Fh S AR B . — ok, EREMEFRRER,
VASE i A8 R RTE - U5 IR A Ik o SR kA FELE M ART R, HBERTER R 901, (B AE
A BB T LUK 2 2A 15 A AR T B AR B K A ml o R4, Fef Tt ] LA BB AR B[R] —#
A — R A FRI P AT REA U AR AR

6.1.4 EIzFAiTiRLA

WiZEWeb LOKY™ A, BRI PAE—MHe DO — AT ihe . e, S B
TRZ/NH, HA/ NI S — SR FE SR . RPN P IR I TARZ AR /N, F-AT]
AT LA X A TP AR AT RE AR 1 i sl B AU D4R . AR PSP FE e 2 18 e —
AL R T TRE, ARFE AN 6] A A R R SO AU AR &
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6.1.5 BRIFPIXIHR

AL FHEE—FE, RO T Bt/ — > T Facebook Ml Twitter Y L L HK 4132 i o &
AT LALE AP A b S I SO TR R A T A T S . AR 2 R IR T HAEA AR A
THEERGERBEEA AL, AIMSN | GTalk#RHCHT [ C A fL 5 lECE R SE, 1 )™ ) RIS R T
HQQJF K WA T QQIRIF RSt .

LT IR R G, FIPTERI IR TR B —PIRR SIS, M AR 2RI A
N7y X ABIRM P AE R, BATHEAT UIE ] A g 28 5E 2, it Seit i
Z IR AR EARSE , w] LU P Z ) AR AR

B, RO T RN T HRE—FE, e —DEMARRSE, JIBOH BRI AE SR
WRMER), XA AEERZ AR . — BRI, AR A S AT TR R S A
HRicx.

6.1.6 XMk

IR FIRIH P48 R R IR AR, B2 R B RA AR MESR I, B AR BIRE S 3R
W, [AEER R A S O R B, ARMEHEWRT P 2 [ Y A58 R o 7EFacebook Al Twitter i
HEZHET, RSN (TGS TR R G 2 BB IR R4 ) #hid FEF . P HEEf A CH
WA TACHL, MG T BN ar A R LAAM RS, i B P Z AS i N SRR R E R 1, K
B H P A ARVE BTV EHAL A%

{H ) Facebook fll Twitter A # (8T — 043 48 280 T X A, BT RiF AP algE—2A
FHTTEAA A O, I HERANATF P B 503 (YR AP AT LAg ARG SR Le iy A T, (Hn
RHPATEE, BIAEATE), MHPETENThe G EEAR DWW LA NBERL, KEETHE
— et SPOR B S L B AR RIS

FE2E MR ) 55— AN R [ SRS T (5 S BRI A At M, AT LE L b 2
OGS an, FRATHOCHEBLEIRAISEAR I L A, R 1= 5 B, AT
DL G SR 22 A A O JE R ME B o M PEARHERE R 58 v] LUR A28 Wt A T P At 38 I 28 FlA T
B, GBI P A SE pE B IR AR SS , EAFHAR BR[O 2S8R L A, SRR R
F ORI N2

1. # S EEGEBEE

Facebook fll Twitter{F Ay 4158 Wl th I MGER, BTSSR T AR #3248 254 . 78
Facebook HL, MM —REAR R A OB SAE 2P UGRAY, Feanseml. Rl . [EER4E, i
HFacebook 1 I & K R S Tid TR HIARY o TETwitter B, AMTH AR EI P HE A

(D £, “Friends & Frenemies: Why We Add and Remove Facebook Friends”, ik Hhttp:/blog.nielsen.com/nielsenwire/
T online_mobile/friends-frenemies-why-we-add-and-remove-facebook-friends/, J& /K Zk X 7% & 2 BA 82%AY FH 1 2
FTEI At 2RI 7EFacebook g /4 .
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VR, TR TXIX T TR AR R R, R RRWIRR I RERR, U
Facebook A1 HHE2E WS FR A4 3 B3 (social graph ), 1M LA Twitter A3 fIFE28 MIZEFR A 5%
# A% (interest graph ),

KT X PSS 48 19 53 200 A 1 9t 0 sk e d k22 it 10 1914, fEE &5
Wil g - e (Ferdinand Tonnies ) A AT SR A PR, —FPEid AMTZH A9 3L [E 2%
FUE I, Ml it 2 BEAFR I Gemeinschaft, 11 Gemeinschaftix il 5 A4k B 136 B 15 5l
JEcommunity, BIDUEFHHX 53 —Fidt SEHANE R TANZEFREXR, TEXLRNE
HY, MR N Gesellschaft, JE3CHIPF Msociety, BIVUEF “fhe”. Hit, Ehipg - BT
Ui Gemeinschaftifl &4 BRIEE , M Gesellschaftifl 21t 23 K15

A, B AR A i+t S TS B 248 R 3 . — Ak, Facebook H 48K
ZHH PRI TSRS, i Twitter 19 246 R 25000 P IR I T 248 5. A2, 7ETwitter
SCE I, FRAT S X F IR SR IR A&, TEFacebook 3R AT T2 1 —FF 434 A A TRl FE /Y
24k

6.2 HIRXMEEIFEE N

A2 E SCT P Z RIBGHR AR, PRIt T DU SCHAS 4 . AT GV.Ew)E L—A>
g, K vETGES, BITERE—NHT, EBRES, MR v My A5 R 2%
KA, WL —2i e(v,,v,) TP, T w(v,,v,) €L TR, P F A PFPE S
A EE RZ% . —FfidFacebook fUEE, BRI G RIS T ZE XU BHINAY, PRI 2SR 2% 1
ARV R E A S M LR P o 55 —Fh A Twitter A0SR, BRIITASCRZ R, A
BERT LUHA i AR AL 2% BRI P SE R

BEAh, MEGHR T, E Lout(u) A Tt udig 10 A TGS (WEREHIMIEH AR,
out(u) &M P wCIERMM S ), & Lin(u) A48 B TR uf TS (RBLESCE M Faii P

Ao A4, fEFacebookik Ffi G [ 4152 W 2% b 2 SR AT out(u)=in(u) o

— B, A 3FPA R A S 25 R

Q W E AR ZMEEHRE 76 LIFacebook FIA NP AR+ MZgHr, I ARIBZ[H]
TE U AR AT Zm BT BN . IR, SRR A2 R 28— e n] DLd e JG ] B2 o

O BREXFEMHZMEEIE 75 Twitter MR BT RIS MAE P AR
P BN EAF B A B RLVF, PUHGX R 28 h 5 P SC RS2 e i, T LA
A EFER

O EFHRXBHZMERIE S ML, TP Z DR e R, HE
AR S TP R TR RS . IS N, 8 TR — A/ N ATRERR T
PP GEREIARINE . BB TEE SRR, TR —F SCRE R A R EE WA —E 1428
KF o MERAEF—FAF TN, SRR — 2L A
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HRZME KR OKESf

ARV TR 55 2% i 31 4 FH P 358 BR RS A AV il i A7 BE e A 2L, s g e T P A (in
degree ) FIHHBE (out degree ) A4t /2 2 KB

AFTFIH T Slashdotf 458 W 8 B A Ve b 7 FH P ABERIH BE Y 4347 o Slashdot 14138 N 4%
T Twitter, E— A MG, Bk, AP RARERB T PR, mEe-3prR,
PRI RS RE0 A, 3X BEITE— g IS s o i P B2 i 4
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6-4 F:A2 ™% (Slashdot ) T & L BE AY S0

O #HE4EHK A Stanford Large Network Dataset Collection, 2 liLhttp://snap.stanford.edu/data/,
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6.3 ETHIZMEHHER

AR Z Mol #R A I Facebook HUAEAZ M 45 Kt 2 T P S bt AL dins . anl&le-sfn , MRS

Wi Clicker 1] 1] 1 P 7EFacebook B F 2 5 B2 TP HEFEAF A B A, 5 H A AFACEA T 1 4R
fifE ke, WNEI6-65T7R, I Thith WA FH FH 7 #E Facebook I 47 A (5 L 45 FH P A 4 A s X R i, TR
UL S A AT T HER AR

Family Guy: Lottery Fever

Season 10: Episode 1(21:36) Date: Sep 25, 2011
The Griffins strike it rich
Available at: iTunes | Hulu Plus

Joel Resnicow and 4 other friends like Family Guy
A ClickerF3fi, [ AR N A B2 AU SRR BT AT
FEle6-5 AT P ik ClickerF FHFacebook i A {5 B.25 FH - HEFZARA

The Beatles 1 ~ The Gone with the Wind Inception (Two-Disc Michael ~ Michael

Beatles 75th An... by Margaret  Ed... Blu-ray ~ Jackson
Mitchell Leonardo DiC..
Yool (1,195) s‘rﬁ*ﬁi (368) §10.98 Aoicdoks (936) $14.69 Fofodois (236) $8.95
i
EEE + A0 Lm0 THe
> See more > See more See more > See more

WA W SRR, P AR A A 3 VR BUR R R BT
FEl6-6 I Hh3gb il il Facebook i A B4 T P 47 i i

FESACHERE Z T LASZ 2R Z Ml B AR, SR T U AL .

O FREEFETLUEMEFENEEE AR REEN . AP EER—E G
MU RE, (BRI A ERE . [RIRER S P HERE (RJE/\ER ), RS T4
an PR PSR S U O P 2 A i CHTBESEREAL ), ar A Ui R F P
A 8ANUF A AR H B CRIB/NEB o KT LK PIFPAR RS, 25 Fh A e — ML RE LE L P B0y
g, ML s E WA K Ie /B ).

O # X MERNARRAL BRI 8 H i i el & Facebook K55 53 [ i i
FRATTRT LAMATAE Wl HPR IR P A7 3036 , SR 46 F P HERET A AE Il s kR0 s o
MTTFRATTRT LAZEBA T AT R e S i i 25 P S A i o P AR 25 5L, S Al 14
HRG W RS,

MR, A iR — BT, o i RE A HUE AR Z A —E B A I
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YNGR (HEFRR A A FR ), FRlE e T4 BS SR i R b, B P R R RAN
FEIET IR G 1, B LU P A SRR T P B 4RI A —2, Hen, AT E A
FERDGEME S 2Z BRI . Ak, A SRR — e AR B 4G B, i HLA 4t 5e M
RGN P AT AR B EEAR R Z , RIAR B AN 2 38 e B 2 S e I - S A HERR B L34
20104F, ACMMESE R GRS — TR 2H CAMRARG 228 fpast — 6 T A MR I E R 58
FEBEY, e S FEERE R FH P Z R e R R P iR, I ELR ARG AT G
FIFEAR PN S FEE T o XAt SR B SER A15238 T LA — T S A SR S

6.3.1 ETPFHBHSUEFEE

MR LG E — DA S R —0y P AT B . Hrp b sg I ST P Z [ i A O &, i
FAT RS ST AR RL P B9 05 52 AT R ISR o B A FRATTAR 2 ) o 7 BRI 28 FH P R
WA E RIS . BV P W i 2488 p,, AT LB A0 N AT

P = Z Vi

veout(u)
Herbout@uye [ FubiF A e, AR P vEYD M, Wr=1, =0, Aid, RIS
P B A, ANRBE AR P i) 2GS B FGEARRLUE tR AR R o D, FRATTRZAE
SR TR AR P AR E LA R G AR L -

pui= Z 1/Vuv’/‘vi

veout (i)

XH, w, AP R, —EBA 2P oM P vIiRGRRREE , 5 —ERsr e P ufi i
FIVEDSERAIRUE . FH P oA P v BGEAERE (familiarity ) $d T FHPwR P VvEBLSEAE 2
PR . —ORUL, TP HNANE A QR A IR, IR T/ 255 TE ] P Z (R 2%
Ji o BEFETT LT P Z ) i 2 [l A e ke s o st B iR AT P o fil FH P vIRBGE IR 4—
MR A TN A AR 2 W 4 A
|out(u) N 0ut(v)|
|0ut(u) U 0ut(v)|

bR TGRS, TG P Z R GRS o FRATERFIACRHR G, (HAR Z I T A
FSCEERIDGERENAARML, PRI A S B AT Ao PR, FERE S HT P AR BE I I 7528 2%
JEXSERAILEE (similarity ), 124 8RAHRURE W] LU S FUser CFAALL A 7 i B o, BV SR w4~ FH
RIS EA AR, P RS8R
IN@)NN)|
|N(“)UN(V)|

familiarity(u,v) =

similiarity(u,v) =

HPNu) P uE Rk 4 .

O Z Whttp://www.dai-labor.de/camra2010/,,
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T HE D SE I S HERE I Z 8, 7RIS, familiarity i T8 P EAKRIIK
G AR BGRTREE , similarityfPff 1 RMEAS F P DSHR R A OG0 KA A AT T 4B AR A
B, trainit s TEANHPATAIESE, Hitrain tulidst 7P uE RS,

def Recommend(uid, familiarity, similarity, train):
rank = dict ()
interacted_items = train[uid]
for fid,fw in familiarity[uid]:
for item,pw in train[fid]:
# if user has already know the item
# do not recommend it
if item in interacted_items:
continue
addToDict (rank, item, fw * pw)
for vid,sw in similarity[uid]:
for item,pw in trainlvid]:
if item in interacted_items:
continue
addToDict (rank, item, sw * pw)
return rank

6.3.2 ETERMHAZLEEFERZX

B LEARGE R T A 7EfErE R G A HTRRERL,  Lan P it — o181 . P -0 - 25 P A
TUEE . BT LE A 23 T IR 5, IR HIE s 2 ] UK 2 Rh A A58 SR 2l 18] B2k o 1
ARG PAFAE IR G AR, —FIE P XA B GERC R, — TR P Z R A S 28 e 2 0 A
RIERAA N VIR LB e T LD e v | kit AN SO DR Dl (UK X i

PP EFEAZ 28 AT AR At s M2 18], P X 9t 945 v LA 8 TP it — 3 L, i
KPR AT AZS il — A o B6-T— a5 T AL 2 A it — o R B 7o 18 B
AP T CEE ) i Tis (J58e) PR, AR ot itir=Ead 478, IRAmAS T
RZIAATIIAE . teamz P AN Biha, e Aad ATy IR P oM P vi2di A, R4
WA —ZRMEHX AP, Az E P AT B DA

o2
(8K 8
Q (4]
N

Kl6-7 HAZMZ A P ¥dh — s &
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PEE G EIP TS AL G, 752 SGH AR o o P R P 2 (A1 A R T D Sk
P Z R o £ (AUFGPARAREE RIS ARLLEE ), 1M R i 22 (B) A ] A SO
PO BRI B 5. o F BT EARYE N T SR80 o WnSRIRATT A B P 4 A A T R %ot
WEFELE A e R s, AR AR LA LK o o M, WARIFRATIA R S 0 T 247 R
IR ELE A R I sg ], T LR LR B o

TEE LRI TS SR AR f5, FRATTtmT LA T A 7 LEE 452 3] 1 Personal Rank 5] HE
FPRE AR A eSS

FEALZE S, bR T LR . PR P Z B EEEAE RS M R, A —F kR, RIBA
8 FIRl— . Quan Yuan%ETEAIMISY Tk At M4E R, Ml PR SR —Fpatsg 4 ¢
ZFR HMfriendship, TMPRFER Ak 38 4% 56 R R membership, Q05 278 i 1 42 21 19 55 7483801
SRR A 25 fEmembership4E 22 KR &R, 0 IR FIBAS P I A 4L X A BT
FRLEE , SR J5 205 P e A AR LA T P SR i o ER, A SRA AR, AT A S
] Bt X} friendship flmembership &A% . An& 6-8FT 7, 1T LU —FP5 i R st B (Fefe i —3)
BT A5, AR P s TR — bR, Bk — 2 dn 6 R FH P R I A A ORI X L 1 4 85
FEE SERIALS , FRATTHEAT LA o 5 R 2 0 3 TR AL ( FlliPersonalRank ) 45 1] )
HEFED I

fakid AR 7l

el
n

o

l6-8  Fle P S I 265 £ B B TR Y

6.3.3 ERAZPHHIUHEFEZ

6.3. U1 H H AU TRkt (e FOA R BAAR R i o, (BAE PR R G h R ARMERR A
f, X R OISk B B P B AR 1 LA T R, X — B E S PR R G P L

(D £ IL.Quan Yuan, Li ChenflIShiwan Zhaofj “Factorization vs. regularization: fusing heterogeneous social relationships in
top-n recommendation” ( ACM 2011 Article, 2011 ),
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U NSO L (CRPS SN e SRR A S E 07 NI DA S0/ TE S B DS TRe S (L | o ) 5w N N D W N N |
REKE P T AT N ERGAFAENAE T, R R R — IR 1 A7 o T an SRR Fe 2t
ARSI R 3% R B L A T, DR S R TR R A A AT A,
B A — AR A, FRAEET X T AR Z R PR A, BTRL, MR — AN RE RS —A
FH PSRN , T B AT S A W D3 S AT il S 7E PR BREE 2 LA TRIMERY
AR [ A8 — T ItemCF AT L& IR, TtemCFH- VL HFT 20 Y /T P B9 D7 5B AT R8s F i (R A e 3%
AT DA BHEER S S X T BN SE  Z2 O Ry, T LAAR 25 5 MUK 0 i AR S R B AT AE A
PR A S A ARARS T LA TtemCFE AR 25 50 75 SEBRIRE T St
WER, FATTAT AN LAN 5 T ek 3 AR IR A A AR E A Tk, 1B RE s AT LB DA i 10 At
] o SCHER T A PR, —FURIAPRANIAA I i o (AT, R T AP A AR . S — AR
Wit BAE A P i R A B IS P IrA A AF A, e g R P AR ARLRE S s NN A o
X HNAT DU BB /N B DT 442 R P SO s T LR A NG R 2 D SR A T4 . Ak,
TEAT AN T DT s A7 R, o] RLSGR R P el 1A H AT R, SRR ] DLTE P A T GeA7
HHEAF I 2 F P D0 AT B, NI i) B P D s AT oM TR . IeAh, 34 mT I —
FEMSERTE, FRARZEAE R TP AT 8 Fead AR
126 A 7 58 e B B A e o Sl iy i AT T LAUR B, A e e OGR4
YERZE R P A I A AT N EEE, RFH—E R ARG . WX R — s, &
AR AT LA K A AN F PR — A5 B, XN L SE R 35 P T I T 4 A 1 5
o b, RS SCIIXAME BB, BEA %kﬂﬁA%ﬁTﬁ%oﬁmmm%&ﬁ%%%
A P P —A14 BUBAFI ( message queue ), 24— & Fe— SRR, BT S Y
TH B BRI R 2 I A A5 T . XA SEBR 0 s 2 P AR S8 e 0T DL B B BB, B
L2 FH P BSER EAR R . AN XA S B A Bl M— P AR T —40E, staizR
ZEEAE, OB A ST A T BB, R S — A AR 2 A TR/, wh e
KB HEAE . TwitteriB il Kot BUZEAFARIR T 3X — ), HARAAITT 7] LS InfoQX Twitter 4244
E]/J/\Qﬁl
WA Twitter Y ZRAN IR BIHE S HERE R Gorh, FRATTHEAT AR B an T o ikt R 4e
Q B/, MNP — A, TSRS
Q Y —MHPAER D5, S (PEID. F P IDAIEE] ) X405 E AT P
FIHEEES e TE B BA G Hp
Q MR RGN, S AR RIS R BAF XX ANTE S BAF i B
FFH Y A . T A R B IR A BAS R s BB, PR
FURPY R P RGRFREEE . WS e . [, ST R A e IR e A
FHIR L5 AR i W HERE A R

D &0 “Twitter, an Evolving Architecture”, Hilil Mhttp:/www.infoq.com/news/2009/06/Twitter-Architecture,
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6.3.4 HISWEFRFEMINELEEZFRE

T TS HER R R GBS &P E 7] L 2% Georg Groh MChristian Ehmigf) TAE S, Aidtt
SACHERE R G R RCR AR AR M T B 4 SC B PFI ,  PR Rk e A2 ) DL AN TE 348 Jon 153000 o4
&, TRAE T3 HP 098 A G P XA S5 SR S AR R, DT P s AR ARV 1) 4R
i, A, RZAAE M, CRERREIE T4 A B A2 Pt ) R A G A SR A P AR —E
FAAILA SR . Pk, R A OC R A B I AN RESS N 25 Za 0PIl i vERf R R E %, ik, B2
FE N GURI L P JRA FIAE e S50 1 =P AR R 5

Xt At R G T P A AR M AR B J&Rashmi SinhaflIKirsten SwearingenX b
FEEAHERE R G MPNRL IEHERE RGP X —TT R A R — N AT TAE D g

— 19D NS T 525, AATERR B KRR se R, AR 20~35% , Hdhe 4 Btk
138 2cPE, 94452560 A b3 NFE R EE ARG TAE, 1) T 1002 A EE 1 TAEF BRI AR TE K .

Sinha# JeiEAA T TR — I 55 . PR3 LS LEHERE R 48 ( Amazon., MovieCritic |
Reel.co) FI3 P ESLHYEIFBHEFE RS ( Amazon.com, RatingZone. Sleeper ), FEVEINE—ANELL
WeAE RGN, Sl E TG 2 A 0y 52 iS5

Q FIH— R BRI MHEAE RS, DO ORIEX L3 K- A (A D 52454 o

Q FAHBEM S A . BT

Q &FENESIER.

Q QR TR SR TP BA A P 2SE Y, PR Mz Ml rh 4 R 3

D A AATTBSGER P i, AR SRR R, TS IEE R

Q [ R

TESE M SIHMERE RGPS5 )5, SR 07 B AU R S SCRAPIRINT .

Q BADSIE T BRI TN TR 4 A BIRAS -
Q S A BRI I, BRI S A3 AR B3 A, JF HEORIX L4
FHEABERSIAE ZATFA T e i, BRBERZSE Z i S IR RR 3
Yo
Q ZHAE R 2B B AHELE BB AT R RO 4 LS — BT i 4
Q [N
VR i oA P S ) i R AR 28 11 24 B PR A RIS IR R, A e Aty R GTHEA A5 SR A
R W T R T RS IR AR LA SRR R S . BARB IR TS B AR i8530
3o HLAS S | TSI T i 1o ) P -F A R AR E R A5 SR HE o 60% IS AR T Eh b I 14 11 A5 475
SERFROIERE, 32%MZARE A T Stk B 9 P e AT TR HER Y . 5 B IR HE RS2, 90%HY
SARE VU S P BAHEAA SR AP BOHERE , T8% ISR E WU A PP I A TSR . X

(D &L “Recommendations in Taste Related Domains: Collaborative Filtering vs. Social Filtering”, 20074,
@ & “Comparing Recommendations Made by Online Systems and Friends”, 20014F,
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ANEAETTLAE 3 AR LS S0 P i 7 5 G s T3 T O Rl g 00 S MR E R B
AV EF AN LI AFAE— 2, AP B R ZE A SN
Q REIE LK, Sl ME ARk AR TR IE R RS, ARk Ak
PIHERE 5
Q SAE AL P AT A T RE AT ) B S A T AT
BEAh, BRSSO A X194 P R A, REACE /N, L, X B s R T T
OYFEE, MIENIZTE A O RGEH I TABIIK, S8R EINE L.

6.3.5 (EEIER

R BRI SR S A E TR A B 6T, & 3 B4 X Twitter HIFacebookiX PRt 52 R .
TEXPRPFEAS s, RSP EE — MR RS CAnEe-9. K6-108 ), JBn 1 4 Al
IS XME BT C 2 MEIe Yy, (HUE RS SE I s TARZHIE R . X EERP NI
TPFA RGN RIE ML ARITA FIE, M ASSUBITI e A A CARSCRRR > . BARFRA 1E
BEFRRTER T I8 T REXT RN [ 2GR AL , R IRFATICIER BN [ % 2 —3

I PRI, A5 SR B P R it e 4 T Tl A i — 20 B DA s b Pk ey Y
2

F.cvo

Networks Deploying Dual-Stack IPv4 and IPv6 Networks: Doing an

' The Network Gang  Thellet +=E e Wi - R
IPv6 implementation project does not involve tea... bit Iy/ADEZXO

) papermag.com papermagazine
I See what @alexa_chung and @DerekBlasberg reveal as their most

important #NYFW survival tips bit ly/zipgE1

Mounia Lalmas alalmas 1043
Don't underestimate the power of good taste - wp.me/pTmSA-rT (via

adamnash)

papermag.com pa az 1143
When we asked folks @VICE party to say what dog theyd be we had

no idea they'd look so much alike! bit.ly/xKOmOp
pic.twitter. com/djT4J12d

Gregory Piatetsky inuggets 124
Report on New England Victory for #BigData - top presenters at New

England DB Summit vsb.liffW6BgV #analytics

Florent Maurin = ThePixelHunt
La nouvelle campagne d'affiches d' #actessud est un jeu.

gamification du quotidien. pic.twitter.com/MnwEYwDC
31T yceli Blasi 448

WA Twitter, T UG A A BB EAUA SR T
El6-9 Twitterf FH P 5 B
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| B T 4 EES
‘ ©! Apple to reveal latest iPad in March: report

! Xbox 360 Kinect Star Wars game and console finally given a releas

©! Censored Chinese artist's photos coming to NYC
©! Yahoo's New Visualization Beautifully Shows What's Happening on

% =8

30 W ;7 0F| S00 Startups @ SXSW
2012 .

500 Startups @ SXSW 2012

S 0 7 Lights 'N Night 1BM8:5E0 T 4 3kER8BE .

@ % EE 45
(4] SH1h 408 - AEBTHEIRRIREAY -

L BEMH 69 ke

I H Facebook, FHIAHIE N4 B VEAUR I EVEAN T A
Kl6-10 Facebook i {5 A7

AT T B A7 0 S Facebook U EdgeRank , X HIALE A % & T (5 B P A~ 2l
FRIINFTR] | <5 P P 4R AIRUEE . EdgeRank 3k HLEHIAL , BEA AR SC, ANid TechCrunch
B 28 N T3 B B BEARY . Facebooke oA P P % 247 I P 435 SR P 253 72 A 3 AT M AT A
i Hedge, M—SSTEREE LN .

Z uewede

edges e
Hr
Q u, 87 ﬁ%ﬁFﬂﬁu%F%ﬁUx,LE%ﬁU RS M 2 A T AR L 5
Q w, T AR, XHRAT AR, TR, like (EXR ). TTHRESE, ANFEMITHA
AR AL

(D £ “EdgeRank: The Secret Sauce That Makes Facebook’s News Feed Tick”, bl Mhttp://techcrunch.com/2010/
04/22/facebook-edgerank/
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Q d, FEAT IR SEL, R AT T A A R B R
ML TR T AR AN R 4538 MR — SRR A A Bl p= A i AT
LA L A E
Ak, EdgeRank Bk AL R AUSUR A A BGERE, B A 5 IR T AR P 2%
FIAILE . T AEdgeRank (N IE T “F” JE B it S 248, msaEM IR A
PEALDGHR, M, GroupLensHIHFSE A GiJilin Cheni® ABIFSE T 15 B HERE it 2 DO AN Ak 2%
WIS R . " THES B IE TINFINE .
O SEMKE BRANSTHEEFEEREZNEL,
O EBAAXME R T S B P 2 2 R A e . X BLilin Chen ] T A 5
[ TE-IDF &7 7 H s R %) S i) [ R 24 Rl 236 0 S Bl 1) i, SRR X A 1) 1
FAFEABLE B et i R S
O AAREEE FEERETSEPWRWHP (HinSiGralidEs . THeESE ) fYar
FHP B RGRRRRE o X el B8 & P BB RRE T — BN 4. TR AR R 8L
SRR R P 2 8] B3 R A B
FT EUEE LR MERE, Jilin Chen[RAEL BT T — AP A . 4G, bl B P 40 i
PIFPZEAL S5 —FhSE AL P (5 Twitter 1 H 92 405 B, WEE DA TR Twitter B i —FP {5
SR AR . AIEE R e Twitter ) B AR T RIS A BERoHT shZS LA AR o 4%
J& , ABLESR RN SRR I HETE LS SR8 1 1~543B9TE4Y, HrP 1 R AR, 59 3Rk,
O Random #3H F BEHLIfERE 2315 -
O Length 25 I P #ERE LR K I 2300
Q Topic %5 HERE RN DLHRAR S A 2310
Q Tie ZAHEFERRCR I A S 5020
O Topic+Tie LG5 EATEAF 248G DL P U R S5 2GR
ISR P R, Jilin ChenZ B (WNEI6-11FT 7 ), T Fra F P AN )3 0 44500 2«

Topic+Tie > Tie > Topic > Length > Random
T 2 AR FHRERRE, RRBESE 2

Topic+Tie = Topic > Length > Tie > Random
TR HRRASARI T, AREERE

Topic+Tie > Tie > Topic > Length > Random

SEGHIRUIY , Zr5 75 AT BOFE 2 8 NGO T3 8 F P I R A R Y . P
BIANTIE— DAL B HER RGN, TTRIZRE B X R, B A RS 280k
RS P BORE 2GR A AR, T2 P SR e A T R AR 4 2R

(D £ WJilin Chen, Rowan NairnfllEd H. ChiffJ “Speak Little and Well: Recommending Conversations in Online Social
Streams” ( ACM 2011 Article, 2011 ),



6.4 4R PIRFIFA

159

3.5

= TopictTie

= Tie

= Topic
Length

| Random

B SHREREES kiR
[€l6-11 Jilin Chenf FH F 628 2 ge 45 10

6.4 HHPHEFIFR

U A R JEA T AR Rl () BB R4y, AR P B A ARRR D, AR IR IR Bt SR 4F
ko PRSI A AR AT A BB 2 — o WA RGN H BRI P A a4
FHP AT R0 s 28 P BT R g A, DTS5 oA ek 5 Do) 4% 174) 0 288 A AR 5 I3l FH P )3 B
JE, Ee-12., KE6-13F1E 6-14535l 7R T 343 24138 M Twitter . LinkedInflIFacebook 4 A 4

TS . AT A, S AHEAA AR L O A S Rt AR R 2 —

Users you may be interested in

Find On Twitter Browse Interests Suggestions For You Find Friends

Sy 8w — ‘A follow
@

@

Location:

Bio: evolutionizing software.
Followed by: @pa a, @pankaj, and @r

A ety ‘2 follow
@, v
Location: San Francisco, CA

Bio: | like playing with all sorts of nifty things.
Followed by: @jkakucki, @wwimer, and @¢

L L *2 follow
@
Location: San Francisco

Bio: san franciscan, portlander. explorer of things. product
manager @twitter.
Followed by: @r , @mm, and @dougw

Invite By Email

I A Twitter, B HRAISE PN AW ZERUES FEEERNTE
El6-12  Twitterf i A Hid7 Fiii

@ A5 A Jilin ChenfJi X “Recommending Conversations in Online Social Streams” ( CHI 2011 ),
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People you may know

Lymn Clasys X

Student at Katholieke Hoge
Mechelen Don't show me this person...

e beose e | don't know them

Office Manager/Marketing

at Pan American Broadcas | don't know them well enough
Seth Yoo b on

Animation Professional

| prefer not to connect

Other reason

WL LinkedIn, P G N 2R A VERUA S AL BT A
[§16-13  LinkedInf94f- i 47 S

.’
— - _— -

58 mutual friends 43 mutual friends

Hometown
O indianapolis, indiana

Enter another city

Current City
O indianapolis, indiana

Enter another city 36 mutual friends
mutu; rien

Employer

41 mutual friends 12 mutual friends 54 mutual friends

. L Add Friend & Add Friend @ Add Friend &L Add Friend &\ Add Friend €&, Add Friend
High School

[ North Central High School

Enter another high school
Mutual Friend

u

College or University - - -~ p— —

O Martin University 90 mutual friends 15 mutual friends 110 mutual friends 26 mutual friends 21 mutual friends 2 mutual frrends
Enter another college 4 Add Friend 4, Add Friend 4 Add Friend &, Add Friend 48} Add Friend 48 Add Friend

) ARIES GRAPHIC DESICN

Enter another employer

.

- - . — - . - -
39 mutual friends - 2 mutual friends 64 m al friends 143 mutual fr
<3 Add Friend 51 mutual friends  4g% Add Friend €, Add Friend 40 Add Friend 61 mutual friends

&\ Add Friend <& Add Friend

-

‘

¢

FRHL A Facebook, [EIHAHSC 28 B MERUA IR EVERUA BTl
[€16-14 Facebook L /7 #E47 At i
W AT A AEAT S M4 OFR M BERE TN ( link prediction ), & FHEHE N 058 U4
2 F & Jon Kleinbergf) “Link Prediction in Social Network” . 1% 3645 i FH P -/ 5 22 B 00 5
RUET T RGHFFTRINS L ARTEFRAT PR 21 b — 28 P LRI f] B A A

(D & Il Learn more about “People You May Know”, H#idit Ahttp://blog.linkedin.com/2008/04/11/learn-more-abou-2/,,



6.4 ZA PIRGEIFA 161

6.4.1 ETHABAICTHE

FATRTLgs LS E Al A A AR LN AR YER I P AR i CUnl6-15f7R ). RIRZa i T
RN R,

Q P ARgEitambE, ARmER . Mol Bk Ep A RO T AR A AR

Q JHPGER, A0 P B RN A AT 1 B 5 145

Q PR EER, AP AL TP AR SS o
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HuluzEEE BEFE
NUIU 8 §sEsR #Het2sh

HUBCEBRR S, P ARG A I AT A T
Kle-15 FrRMEH P 2R A6l (08 ARSI

FHNAAE B TR D BOAR U AN FRA TR e A N 285 ST i B AL RSB

6.4.2 ETHREBMIFRIES

TE Twitter AL A A QM LUDSER IS A F 43 M5, P AR G OX F— N AR TE
ISR, RS BB AT SR 268 2 0. I, ZEXRh It hig 2245 FH P s
Fifth A L[] 48R () HA H P VR s Ao

BATAEFITEA BT F AP E I8 (UserCF ) BFE G404 1 Q] 3144 7 22 1)
HX4BRAILEE, H G B AR SR AN SR P S AR R B9, DUISE B A AT T LA AL A 48R . FEBTTR
i, AT LUK A, RS P R B B B A R RO SR, AR T B A
HY2%8R ., fEFacebook™, A KM FLike (=X ) M%dE, L2 5 FUserCFA LR
FURGEFRLRE . T 07 ISR T IS 5533,

AR, A AT LIRS FH P AE A28 W28 i) & 75 SR U P () 48R 28, RTS8 AR DL
KF AT AT Z T NES . SRIBCCAR SR | THRSCARARIE, TS84,

6.4.3 ETit3MEEMIFLIEE

FEALZE M, SRR P 2 R BIAESC S 18], SR AT LR T3 B I 44 45 1
FHERERTINA A, LA mT LAZS T P SR 4 AR A2

AR AP AP R R P MERF L AR A o TEANIR, FRATTZ2 vl L i ik 4> D e R
P2 A C iR NPT AR, RAOTRBEIMAA RN A, ROARATCE NG A
R BARFATHBEICH LA, (EIRSe ) )REICAE LA R Ry, ZEXRREALT, FRATR]
PAE i A2 BRI A 4R BB 2 3R A TR
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BT A AHERE S AT LURDR 28 F P A A T E I Sk 2 vh BAHZAE , T 2 iTAt 22
AR HABR o R R 3R T A A 28 A A A HERE R

XTI P, FATTA] DA G A e S A B A AL
B |out(u) N 0ut(v)|

ou :7) |0ut(u)| |out(v)|

A S T X R AR -

def FriendSuggestion (user, G, GT):
suggestions = dict ()
friends = Gluser]
for fid in Gluser]:
for ffid in GT[fid]:
if ffid in friends:
continue
if ffid not in suggestions:
suggestions[ffid] = 0
suggestions[ffid] += 1

suggestions = {x: v / math.sgrt(len(G[user]) * len(G[x]) for x,y in suggestions}

w,, (1,v) 2> K out(ue) & 7E AT 3Z W 45 P v o i) A Al A2 R o FRATTE T RLRE Yin(u)
SETEAAS MG B g I Prar P AR G o FETCIA S M I, out(u) Fllinu) 2 AH R S
{BFEREX R At Ag M gg b, XAMESBURIR T, BRI AT DL i in(u) i 55 —FIARBLEE «
_ lin(u) Nin(v)|

i t6¥) [in(u)[in(v)|

def FriendSuggestion(user, G, GT):
suggestions = dict ()
for fid in GT[user]:
for ffid in G[fid]:
if ffid in friends:
continue
if ffid not in suggestions:
suggestions[ffid] = 0
suggestions[ffid] += 1

suggestions = {x: y / math.sgrt (len(GT[user]) * len(GT[x]) for x,y in suggestions}
X PIRARBLEE 1€ A AR SC, FATH AR b A SC TR A R R ARBLEE o AR
wkiE T HPY, IBAvEE Fout(w), MuitE Fin(v). KL, w,, (u,v) 8KERH P ufvIEER
PG EG R, 11w, (u,v) BRSO P ufO&GE P v I P ARG G R OR
FTTET PR (BLBE R X ARG, A2 w, (u,v) = w, () s Wy, (,v) = w, (V) o [, FRAT]
AT DASE SCER = A ] R AEABUEE
B |0ut(u) ﬂin(v)|
|out(u)|
AU Y & SRR PGB v, A 2R SCTE T v, B2, XU A
— AR, WERTEIZARBLE A 5E SO B NERFI 48 N TR AR o X2 PR i S AL BE 7E 57

w

out,in (M, V)
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BERIER P BA H IR in()[F /N PRt, FRATTaT RIATAR T 22 2ok b 1 a AL -
_ |out(u)ﬂin(v)|

/’

Wout,in (u9 V) -
out(u)|[in(v)|
def FriendSuggestion (user, G, GT):

suggestions = dict ()

for fid in GT[user]:

for ffid in G[fid]:
if ffid in friends:

continue
if ffid not in suggestions:
suggestions[ffid] = 0

suggestions[ffid] += 1
suggestions = {x: y / math.sgrt (len(GT[user]) * len(GT[x]) for x,y in suggestions}

T T2 A SRR AR A I T — S A B A U HE 1 o S SEARRL R A3 TG It ) 52 2%
JER 7S () 2 2 BE AN AR R, AR RS A AEZen I A

BT

AR A A A — S B 2 S0 PN AR T R A JLAREARURE , S0 IRl A L) P A B e b T 0
ZIRIMEF R R R o BN AR A2 A8 R AR , T LA 24 R AR R 2 1 S RIUAE o 4%
BIEEE"  ZBIR A SRS RS MBI AE , IR MRS | I R S B B 4
AL . AT R s M, X B, IR HIZSE & P4 1) Slashdott: 38
WREEIEAE . ZB IR R — A A, 1582 168/ T & F1948 4645514 .

R VIS R AHEFER D PERE , AT B AR H BRO: 1 N B A . K5, 46
EHFu, AT RHINGREE 138 W2 25 P A2 i BE R 100 B A 429 6 R(w), HoP R(u)
H P AN S L P u e I GREE R A A . 326- 1B/ T AN AR Sk B 43 [l SRR R

#R6-1 SMARFREFEENE B RFERZE

Slashdot Epinion
BAREE ERE BEE HERE
Wi 14.09% 3.63% 7.40% 1.87%
w, 12.32% 3.17% 7.20% 1.82%
Wintin 8.62% 2.22% 11.94% 3.02%
9.12% 2.35% 8.77% 2.21%

MEREER AT LR, AREESE LA RRIERTEREI A fESlashdotBididl - w, WAy
THERUFRIPERE, TEEpinion AR b ow,, BT TIRAFRITERE. FEL, 1ESCPR RGP IRATH 2 AE
A O A g b HORRIRS., Bkl & A BRI ARk

(D 2 WLhttp://snap.stanford.edu/data/,
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6.44 ETHRPETTFEEFE AL

X FRTE 3T R LROR R g A e A, L —7 28] AYGroupLenidJilin Chenth #f47 T
W5 A F P PR b T SRR R P B, bk (X IR T AR 44 )
mr,
O InterestBased 5 ] HEFE RSB AR A LA P VR Wi A2 o
O SocialBased H:TF4E 38 W45 25 P AL AT A I A A N i
O Interest+Social # InterestBased &7 442 14 /& FllSocial Based Bk HERE (1 4F A 3% B —E
WG -

0O SONA  SONAZIBMNHERIHER B, AR A K= E B TIBMAL T2
FEAZ 4% X S B AR TR L FemZ R CE . AT I Wiki. IBMP RS
S ) SN S S (i DR L

SRJ5 , Jilin ChenfEIBMEHE (1) 3Lml - F IR B IREd ARNAS R I AR R BE, SRR 4R
SR R P R HE 2RSS R, P B N R T 3RS AR . R, SE A
HITE R4k AN, SR, Tilin CheniE Bl X AR AN HERR 45 5 M1 LA R 440 TR)

O REFIAX A2
O PREEEAFX ST — U RHEAE LS R 7
O RS SIS EE F REAS S IR 3R 7
Q BRI ML G R g T LU WEF T8 ((HBE ):
m EEAX A A
n AR X AN HAC
n fFAHAT,
FELERINZR6- 20 /R . e, MWESIRATLUE B, XHEELS R AEAR R BIRAHES T .

InterestBased > Interest+Social > SocialBased > SONA

62 FRFRAEFEENISAEER

N i} ~ N "
17 r 5 17 r 5
InterestBased 19.5% 3.0% 30.1% 41.5%
SocialBased 55.4% 5.2% 23.8% 15.5%
Interest+Social 31.8% 4.4% 24.9% 38.9%
SONA 75.9% 10.0% 6.6% 7.6%

SONAPUNHIEN 7B R . JEREIRSCARCRIAEE., BrLAER (0 A R R

(D £ WJilin Chen, Werner Geyer, Casey Dugan Michael Muller, Ido Guyf# “‘Make New Friends, but Keep the Old’
Recommending People on Social Networking Site” ( CHI 2009 ),
@ W1 A Jilin Chenfiig 3L
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FUAIRRY, UGB AN i

Hk, SPRBRPIMAR AP OBHEER P RN, IR AL R PR s i s — A
AR, MR A NPHEGZEIR RN, RN A R AT

MR HER A R R AR LE R, A FRSRERHES AT -

SONA > SocialBased > Interest+Social > InterestBased

SONAFEZ AN RRN N ELEE THEZMEL.

6.5 # A%

A28 TR B AR AR DTS2 1 o o oe TAE S M S de L N HSARE PR S 1E il
ANEEIREL, o BRI AL S R P AT LUE S AN 6 AR AR AN EAIR, AR
AR, WA S RIS B EAR N6 ANidh B U R AR TR) R AR — R e 7N 8 B Y T
PEo ANEIFIERSIFEPLE EE G2 T 58 IEN], X IHECGERI B2E W] LI Random Graph
—45. IRZRHAL LS BIWTFAR AL T RHLE PSR, DRIIR AR AT S 25 WA 25 S 4 AL 1] 2
UL TP SN AR

AR TS A A e 24 B TR o S — A U] R N EE B, AR S R 45 T
AL EE (centrality ), 55 AN AU Qi) BE At S8 28 s AFINZ MG G 2R, sl 241l
XA TR RS AT B R 2 SEBn a5, DAR B TV I AR SR )2 5T o R IX P[]t
JEOGERIY L FT AS B AL 4 BT T 157

X FEETHAM A MR RE , O EAREA RS, b BT TR LR T Epinion i ] (51T
PIZ% Y. Ma HaofEEpinion¥dla 4k L3 TR L T K I i) Ak 2 AR08 1 R Mgt P23 i
IRV, G 32 R A AR P A A P I AE I AR, LE A 43 OC R I T P i B S )
HA R BB o

ACMAERE RGERAE20104F8G 2228 it — A 2o AR LUFE”, % LU PRHA LS K Rl —Fh
BRI, ABEBIEE BRI S M2 5 BAR M REERIPERE . SIS AHERA A1 T AR
E— TR R RSk

D tedn ( Social Network Analysis: Methods and Applications ) Fl ( Social Network Analysis: A Handbook ),

@ £ liLHao Ma , Haixuan Yang . Michael R. LyufllIrwin Kingf¥j “SoRec: Social Recommendation Using Probabilistic Matrix
Factorization” ( ACM 2008 Article , 2008 ).,

(3 HICAMRa201: Challenge on Context-aware Movie Recommendation.,
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def RecommendationCore (features, related_table):
ret = dict ()
for fid, fweight in features.items ()
for item, sim in related_table([fid].items() :
ret[item] .weight += sim * fweight
ret[item] .reason[fid] = sim * fweight
return ret
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def ReasonDiversity (recommendations) :
reasons = set()
for i in recommendations:
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if i.reason in reasons:
i.weight /= 2
reasons.add(i.reason)
recommendations = sortByWeight (recommendations)
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EORKE TR &R BLXR WXL KIEFHF BEEFEE
A 1 ? 5 4 5 ?
B 4 2 ? 3 ? 5
C ? 4 ? 3 ? 5
D 5 ? 5 ? 2 ?
E ? 5 ? ? 4 4

ARFERG EEGHE I TN X — s SU g 2 L RIS R OR sk — [RRR I SE d rp e R SR,
PAAS BRI 2 LB A, X T TR 2% 2 2t i — 26 20 U B Y 1he
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8.1 BE&LIWAHE

P T (] R AR i B2 SCI RTINS o R E TP B AR IS , WS N A2 s
At M — 2 1977 o BN ZRAEFIIRAE | SR e AR oA a7 P P MBI R e il Ik 48 v 4
FAEsr o A FIERAE R — X P AW Cu, i), TP ISR LSS r, , TR SRE T
MBS P oS ahif i 7, AR A—ReaT LU 75 AR IR 25 RMS ERE £ Tt A4 2 -

Z(u,i)eT(er - ’ﬁui)z
| Test |

P TN A 4R B R AR L MBI SE FRMSE .

KT IS N ZRAE A , AR AN (] JC A FEMAE 55, ol LA 2350 A1 BERLA 736
Pae, BIXRET, BN — LG i R oA, R AIC A IS . S A
IFASCHIAESS , IR AT ZR I BIIEAT I EREE R0 BB T A o I o Netflixad i
WA RS, ek A T P BT SR AR IR B EA T HERS , SRR R P R 10%
PP SRAE AN, HT90% M IESr e AR A IR

8.2 1FoFMEE

FI A\Netflix Prize RFELIK, AFEZEAFDITEN AR E TRZPEBEAE, MiNetflix
Prize PRI R T AN R BB A U 1T R 2B B o AR MR B3 B2 2 A 4
AREIERRIL, IR M ENTENetlix Sl ErRCR.

8.21 FiH{E

S TR B AR P53 PREIN 12 AR ISP (RS0 P P 6 0 i ORI T T 2% 194 20 S R A TS
[7] (-7 24 {H

1. 2/HTFHE

TP A ] B e R, B SO NGRS T A PEME SR AP35 (E -

RMSE =

Y et
(u,i)e Train
T 2 OO BT S S0

;M[. :ﬂ

2. APES F19E

Pl F- B8 7, 7€ SO TP o eI ZREE o B A P23 17 218
ZieN(u)rui

ZieN(u)l

7=
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T 524 R R0 R ST LD SR
”i«i = Fu
3. Y&t s FHE
Y- I(E 7 SRS itE VI GRE e s2 i) I v 1 P Y1
7= ZueN(i) T
l ZueN(i)l
1T e 28 A8 T pR AT LASE S -

~
rui -

o

4. AP ENMRST LR THE

B PIIERE, — I 2R g, — R 2ERE g o gu) ST I u
BIgrIZE, @) & X Tt IERZE . IR, FATAT IR ISR T RIS XS R 268 dh v o)
BRSPS (LT P P % bt 0, B

r.
7= Z(V,j)eTrain,!I)(M):!P(V)Jﬂ(i):(ﬂ(j) v

ui

Z (v, j)e Train, ¢ (u)=¢(v),p(i)=¢(j) 1

ATAAR A 2SR X (E, P Do S X (R A P50 Y (BTS2 2 24 ) —F 51

Q WRE X p(u) =0, p@)=0, W47, W PHE,

Q WRE XL du) =u, p(i)=0, IBA 7w FH(E.

Q WRE L du) =0, (@) =i, A7, BEYIE- I,

B T X 3FMRRIR I F-2IME, ZER P R8s ik vl LUE AR Z AN [R] 1 73 25 iR 88

Q BRSBTS S TP HP, TR PE 5. SRIEH A 8
WA FE15 WONEIRHET , IR P4 R34 50 35 20 VS . vt T DA TR 9 7 =X
5.

O AREREMYSRITE T —PHP, Brary il Eos e SO TERE . 15
FIHPIGEREEZ )5, o7 LR Pl 6 BREE MBI RHEY , RGNS, Wi it
FTEERE SRR P B, Pt n] DL B A T BE I 5153 BN

Y Python RIS 45 T VA R I % o

def PredictAll (records, user_cluster, item_cluster):
total = dict()
count = dict()
for r in records:

if r.test != 0:

continue
gu = user_cluster.GetGroup(r.user)
gi = item_cluster.GetGroup (r.item)

basic.AddToMat (total, gu, gi, r.vote)
basic.AddToMat (count, gu, gi, 1)
for r in records:
gu user_cluster.GetGroup (r.user)
gi item_cluster.GetGroup (r.item)
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average = total[gu][gi]l / (1.0 * count[gu][gi] + 1.0)
r.predict = average

TEX BRI, user_cluster.GetGroupFREHEIL—PHIFID, SREMRE—& 15 IR 1]
AP ZE5 ., item_cluster.GetGroup BRAIEI— )it BYID, AR5 ARAE— & Y S2R I i 26
Ao totallgu] [gil/count [gu] [gilidsk I HauH P 4B a1 Z8W T4

R, user_clusterfllitem_clusterfIREAFIFE X, T AYPythonfCiSZ:
H T AR user_clusterflitem clusteri® X, HH, cluster@i, XTTFAEMIAHFFI
Y, ERcetGroupREERIR EI0, iR user clusterflitem cluterfifECclusterdSAl,
AR 2B 2RO T PR 2 R 2ME.. 1aclusterfJGet Group REIRIN—ND, 2R FIXMD,
HB/AﬁD%useI_cluster%Clusterjéﬂ, mitem_cluster%IdCluster?@ﬂ, ;JB/A%@‘(E/‘JE\T
T R SR SE EEIE . DAZEfE . #8-2JB R T MovieLens$Hs £ o R AR [R1SF-H4(E 5 2%
BEMRMSE, SCu645 RFHH I A i HuservoteCluster, XK Itemvotecluster,
A RIS/ NRMSE

class Cluster:

def __init__ (self,records):
self.group = dict()

def GetGroup (self, 1):
return 0

class IdCluster (Cluster):
def __init__ (self, records):
Cluster.__init_ (self, records)

def GetGroup (self, 1):
return i

class UserActivityCluster (Cluster):
def __init__ (self, records):
Cluster.__init__(self, records)
activity = dict()
for r in records:

if r.test != 0:
continue
basic.AddToDict (activity, r.user, 1)
k=0
for user, n in sorted(activity.items (), \

key=itemgetter (1), reverse=False):
c = int((k * 5) / (1.0 * len(activity)))
self.groupluser] = c
k +=1

def GetGroup(self, uid):
if uid not in self.group:
return -1
else:
return self.groupluid]
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class ItemPopularityCluster (Cluster) :
def __init_ (self, records):
Cluster._ _init_ (self, records)
popularity = dict()
for r in records:

if r.test != 0:
continue
basic.AddToDict (popularity, r.item, 1)
k=0
for item, n in sorted(popularity.items(), \
key=itemgetter(l), reverse=False):
c = int((k * 5) / (1.0 * len(popularity)))
self.grouplitem] = c
k += 1

def GetGroup(self, item):
if item not in self.group:
return -1
else:
return self.grouplitem]

class UserVoteCluster (Cluster) :

def __init_ (self, records):
Cluster._ _init_ (self, records)
vote = dict ()
count = dict ()
for r in records:
if r.test != 0:
continue

basic.AddToDict (vote, r.user, r.vote)
basic.AddToDict (count, r.user, 1)
k=0
for user, v in vote.items():
ave = v / (countluser] * 1.0)
c = int (ave * 2)
self.groupluser] = c

def GetGroup (self, uid):
if uid not in self.group:
return -1
else:
return self.groupluid]

class ItemVoteCluster (Cluster):

def __init__ (self, records):
Cluster._ _init__ (self, records)
vote = dict ()
count = dict ()
for r in records:
if r.test != 0:
continue

basic.AddToDict (vote, r.item, r.vote)
basic.AddToDict (count, r.item, 1)
k =0
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for item, v in vote.items|():
ave = v / (count[item] * 1.0)
c = int(ave * 2)
self.group[item] = c

def GetGroup(self, item):
if item not in self.group:
return -1
else:
return self.group[item]

#8-2 MovieLens#E & F AR FE A EHMRMSE

UserGroup ltemGroup Train RMSE Test RMSE
Cluster Cluster 1.1171 1.1167
IdCluster Cluster 1.0289 1.0351
Cluster IdCluster 0.9754 0.9779
UserActivityCluster Cluster 1.1100 1.1093
UserActivityCluster IdCluster 0.9740 0.9914
Cluster ItemPopularityCluster 1.0902 1.0891
IdCluster ItemPopularityCluster 1.0004 1.0258
UserActivityCluster ItemPopularityCluster 1.0860 1.0847
UserVoteCluster Cluster 1.0370 1.0425
UserVoteCluster IdCluster 0.9209 0.9441
Cluser ItemVoteCluster 0.9841 0.9864
IdCluster ItemVoteCluster 0.9055 0.9449
UserVoteCluster ItemVoteCluster 0.9272 0.9342

8.2.2 ETLBEAIAS

BT P B SRR R T i A S A A AT AR T BB o3 i o, 561 P By QR
WA T — P X — A0 BTy, T B2 25 Rk A P 4B AR LAY FH P XHz P i 43, BRI
PR zvesw.x)nzv(t)w"v(rvf 1)
! ' ZVES(M,K)HN(I') Wl‘v
X, S(u, K& AU P8 AR K P S, NGOt s P RS,
PV RS, 7 P VI o B IR A YA . P Z R AR LR w,,
AT LA B IR RO

w = ZieI(’;i_Fu)'(rvi_Fv)
IS DI}
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NPy thonCAS SEEL 1 TP ARFBLEE 330 Rl 28 ) Tl e 6 -

def UserSimilarity (records):

item_users = dict()

ave_vote = dict()

activity = dict ()

for r in records:
addToMat (item_users, r.item, r.user, r.value)
addToVec (ave_vote, r.user, r.value)
addToVec (activity, r.user, 1)

ave_vote = {x:y/activity[x] for x,y in ave_vote.items ()}
nu = dict()
W = dict()

for i,ri in item_users.items():
for u,ruil in ri.items():

addToVec (nu, u, (rui - ave_vote[u])*(rui - ave_votelu]))
for v,rvi in ri.items():
if u == wv:
continue
addToMat (W, u, v, \
(rui - ave_votel[u])*(rvi - ave_votel[v]))
for u in W:
Wlu] = {x:y/math.sgrt(nu[x]*nulu]) for x,y in W([u].items ()}
return W

def PredictAll (records, test, ave_vote, W, K):
user_items = dict()
for r in records:
addToMat (user_items, r.user, r.item, r.value)
for r in test:
r.predict = 0
norm = 0
for v,wuv in sorted(W[r.user].items (), \
key=itemgetter(l), reverse=True) [0:K]:
if r.item in user_items[v]:
rvi = user_items[v] [r.item]
r.predict += wuv * (rvi - ave_votelv])
norm += abs (wuv)
if norm > 0:
r.predict /= norm
r.predict += ave_vote[r.user]

FEF W (R SRS A AR 0 P X 0 i PR, 53 P ok R d AL Y A
s, B
Z]ES(Z{ KNN () tj(ruj =7)
z/eso‘ K)nN(u>|W”|
XL, SG, Kye iRt S, NaeH FubFd P ES, w, 2 Z [ R
RUEE, 7 EW i85 o ST a4 i f9ARE , Badrul SarwarS57Ei8 S LS T EEARAY

+

T =

.\|

i

(D & W.Badrul Sarwar, George Karypis. Joseph KonstanfilJohn RiedIfJ “Item-based Collaborative Filtering Recommendation
Algorithms” ( ACM 2001 Article, 2001 ),
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5T, SCRE L T 3% FEE AR
S — iR A AR SZARLEE (cosine similarity ):
w = D i T
BRI W
BB TR R BRI R KL ((pearson correlation)
w = Zueu(rm =7,)- (1, =7})
EROIMOED D INOE
5 =M SarwarFR B TE M A ZAI U (adjust cosine similarity ):
= D =7 = 7)
IR W
Sarwarfi| FiMovieLensfie/ N B S XS 3SFAMUEE AT TXF LY, I MAEE R PFIFE bR . 5
B 45 R IR B IE IS A 5% AR RS #4723 J00 T ASRAF R IIMAE . ANl f5 2 Ui 2,
TE— MR A SER A BERE 7E A AR 4R U RBR A AR ] 19 45

8.2.3 RIEXRESIEMSRRIREL

X VAR AL % 2 > B Z IR p N B B TR A Fh 44 08], BIPBR & ZRnA Ad
( Latent Class Model ). aif X457 ( Latent Factor Model ), pLSA. LDA. Topic Model, Matrix
Factorization, Factorized Model,

XL A TRITEAR BT 0 2 (] —Fh AR R R [ o FEHEr RGO, $En R 2 12T
B SURBSRURURE MR o AR o LS, XA TRl R 2 — [l =, A2 Al 3 a2 %) 5 R P A3 i
[l e

FH PB4 ] LR — PR RER . Hoh R [ 2 F P wx By atirgir oo {HZ,
PRSI Y i bFor, AR AR Z 0 R AR5 1, X SE2S TR PR R #h R A
(missing value ), PRI, PEAMFB0IMIERNE U, AR — DI X — D A Pt
g1, IS AIERE RGeS A FH PR AR R 2 X A i P43 LS 2T L 48

1. R R BISVD 5 &

XFFanfargh e —NERE, st EARARZ . — D AR 2R Tk, iR
BRI — MO MR sh i N AN 2T o IR At A A SR R sh i Mg — Ry, iR
SR R (E AN 2 Z TR PR E (A 25K, RIS /N LA, B R AE R
MR MBCF ERISVD (BSEME ) TFERI . P4 Em AR R b, R X6,

(D £ . Badrul Sarwar, George Karypis. Joseph Konstan#{lJohn Ried1ffY) “Item-based Collaborative Filtering Recommendation
Algorithms” ( ACM 2001 Article, 2001 ),
(2 £ Il Daniel BillsusfllMichael J. PazzaniffJ “Learning Collaborative Information Filters” ( 1998 ),
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HIPEAHRE Re R™ . 1 Jefs ZON PP H M i S G (B A T B beb 4, Lo an 2 F241E, 3%
FH P EANE, RN RAERER . A, T LU SVDAMEER i an FIE .
R =U"SV
Hrue R, Ve R™ BEWAIEHEM, Se R™ EXTMME, XML LNEG— o0 EmE%
MET SE . i T XTRIATIELE, AT AU KA 25 S A S R RS, I B AR B A2 i
BAMEAEU, VIERERXSRITTRIS, 180UV, DT DA S —AFELE 5 T2 R«
R} = U;Sfo
For, R uy i) WP o i 4314 T £
SVDififf S RN HERE RGBS H AR RE i %, Az i B A LU ke, PIARMELE
SEBRFRGEH N
O R E T EH R AN 2B M M . —BokUL, RS T IR
MR R B, — B 95% L) LT R IR, Ii— BN, PR MRt S8 i —
AR, DTS PE 53 36 MR A At e 22 AR Ry Zs [a], 3K (Al A R SR 7E SE bR R 4e
SEANATRERAZ I o
Q ZINEM R SVD A i 7 ik 0 R 2 BEAR B, RE R AR A A ) KA R B T R AR
1, — kUL, X HEASVDA A T 10004E L AEREsC &dE w12 T, miskhr R g s
HUOE TP RULAE T, X — ik ek o iR e X — 5
RSSO LU B, SERAERREJLE NP . JLE MBS LT
2. Simon Funk[#SVD43fi#
IEZ T L PGS, SVDA AR LA G fEHE A R SR A 180z 6
T, HF20064FNetflix PrizeJF15)5, Simon FunkfE1H% E oA T—PEEY (H#NFunk-SVD ),
*??5’I%T%ﬂ(ﬁﬁiﬁﬁﬁﬁﬁéf&‘ﬂﬁ%& M H., Simon FunkMI& AR TIRZ 22 ARIE 3L
2w g X4 . Simon Funk HY FE B4 43 i 7 B2 )5 K 4% Netflix Prizeft) i 4= KorenFk i Latent
Factor Model ( fajF#RHLFM ),
S 3E Y 2T FRA A5 LEMAE TopNAfEf2 HP g i T, PR LR TS FEE R 4X — 0 T
AR, KRR 0 A BE T, SRR AT VT 20 HE B R A3 A Ry I TR A R o A T -
R=P'Q
Hrp pe R Fl Qe R RPN MELAEG W . AB4, XFTF P wkt-# i 6 3 23 1) F00
R(u,i)=7,, W LLE T A5
T = Zp s 9ir

Hbp, =P, f), q,=0G[ ). B4, SlmonFunkE’J fAf B Al DAl ) ghderh
Y EAE A FHF/\%RMSE%TP OFil%

(D 2 W.Simon Funkf{{#%, SCEEHiHL Mhttp://sifter.org/~simon/journal/20061211 html.,
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Simon Funki\ >y, BEIRFAVHRMSEVE AR, AR AUNRBER B G IEI P Ofdn/ MET
GRARRI TGRS, B4Rz AEf/ MEINASE A BN R 2 . P, Simon FunkiE SCHR PRECH -

Clp,q)= z (l/;ti_fui)zz Z (rui_zpufqif}
7=l

(u.i)e Train (u.i)e Train
LA T A 45 2K BR BT RE 2 T B0 T B LS, PR T AR 1k 5 R
2l Hlaf) o o A SRS EL, MTiEE
Cp.a)= [Vui—Zp,g,-qg,-] +/1(
=

(u.i)e Train 2 " ||QI "2 )

F/IME BT G BRE, FATAT LUFI FHBERLRE B R RIR" ISR i O A FE 0 B
AP SRE, BB el SRR i S R B il T 7 ), ARl i A G AW (S5
THEFA TR GATTIE AR

T E LAY R AT IS HL (py gy ), il I BRI BB e X BBl R M 4L
LA 2]

A(

Py

a_C =-2q, +24p,
apuf
a_C =-2p, +24q,
9p;

SRIG, MRABBEDLEREE T RE, FE S RO & st TRy I n BE,  PROHAT RIS 21 G R s 4
N
Py =Pyt Gy —APu)
9ir =4y +a(p, —Aq,)
H, a2 % (learning rate ), ‘©RAYHUETF Z5M i U2 S0 A5
ARSI T A S LEMB I ) A #E . fELearningLFMEREL, i AtrainZl
TP cs, PR, ik QREL.

def LearningLFM(train, F, n, alpha, lambda) :
[p,g] = InitLFM(train, F)
for step in range(0, n):
for u,i,rul in train.items():
pui = Predict(u, i, p, Q)
eui = rui - pui
for £ in range(0,F):
plu] [k] += alpha * (gl[i]l[k] * eui - lambda * plull
gli] [k] += alpha * (p[ul[k] * euli - lambda * qg[i]![
alpha *= 0.9
return list(p, q)

W EREIUEITR, LearningLPMEEQIEMN L. B, FWEMP. OFHHETIMNL, &

1)

k
k1)

(D & http://en.wikipedia.org/wiki/Stochastic_gradient descent,
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o B AR B R R R AR BRI P . OXERE , TR, B R— X I 28 o
AT (alpha *= 0.9), XIEREYUEERE FREIRELZLRE), HH KRBT, ik
T4 — e, MR — A IR RINAE, —IF R RERZIERE R, (HEE Rt
17, WRUEHSBHE/N .

WIRAEP . OMERER AR Z , —MREAR R X AN R R FIBEA LA e, (H REALE R/ INA &
APTRR, ALY, YT /sqrt(P)BIE . AR SE 8l T aa L Ihge

def InitLFM(train, F):
p = dict()
g = dict ()
for u, i1, rui in train.items():
if u not in p:
plu] = [random.random()/math.sqgrt (F) \
for x in range(0,F)]
if i not in qg:
ali]l = [random.random()/math.sqgrt (F) \
for x in range(0,F)]
return list(p, Q)

T T PP w0y it B3 T A e AR S B -

def Predict(u, i, p, q):
return sum(plu] [f] * g[i][f] for f in range(0,len(p[ul))

LEMEEH Z R 3R TARKA ), JaRAR 234 44 i B AR M LEMIB AR, T
THTFR) 2% 19K 730 20— B SO LEMAY AR5 ik o IR SEMOHAT SE R XA A e, A7 S8R BT A £
PETIAFIRR Y

3. IANRETEHILFM

FHUR B i— T _E— 42 A LEM T A X

=D Pyl

f
AT A G 1 RS P R R R T —e . (B2, SRS, —MTPa RGf
WA @A P s Jeoe, WA S E MR s COS, Wit e E R P e, I,
Netflix Prizef & 7 55 —FPLEM, HFM AT -
&=ﬂ+@+é+pﬂ%
AT AL AIMAT3W . b, . b o AEWRXAAIFR N BiasSVD, XA g4 fin
B =TV ERAN T .
O  INHEEDIAICRITES R FEARRIRs A Rt o7 FVES 8 i)
i ANA], Rs REARTE A o A 2 R th—2E 22 5o L AR SE sl p i F P gl 2 AT
o 1 A ) el w =N € A K (357 W [ o9 S s A Y SN R N = SO N ab i 2
paniop AN
Q b, HFWE (user bias) Hil, X—IER T BYTF5r 215 A1) i A O R B RD
HZ, AT S Pl L 20, X2 R PR AR =, IR A iP5 sE 2 Ak

SR D>
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AL AT, W AZRVURRSEAT ANEE IR A BRIt 2 i

Q b, PibfWE (item bias) M. X—HR/RN T Yahisz 9 pForsh AU B fH 2GR
IR Hn 2 i A S ot AR s, DRI A PR IR AR Ly i AT L2t A B
JERARZE , IARAS A IE AR R 2 FURAG

M3 SEh, R b, b Rl LA T VIZR R . [RIFERT LIRS, SRS BRI

TR A ZEL, i TX LearningLEMASHUEEL, BRI LIS FFBiasLFMASAL .
def LearningBiasLFM(train, F, n, alpha, lambda, mu):
[bu, bi, p,gq] = InitLFM(train, F)

for step in range(0, n):
for u,i,rui in train.items():

pui Predict (u, i, p, g, bu, bi, mu)
eui = rui - pui

bulu] += alpha * (eui - lambda * bulul)
bi[i] += alpha * (eui - lambda * bi[il])

for £ in range(0,F):
plu] [k] += alpha * (gl[i][k] * eui - lambda * pl[u][k])

aglil [k] += alpha * (plull[k] * eui - lambda * gli][k])
alpha *= 0.9

return list (bu, bi, p, q)
Mib, . b E—JFiE R ZERRA A0 a5

def InitBiasLFM(train, F):

p = dict ()

g = dict()

bu = dict ()

bi = dict ()

for u, i, rui in train.items():
bulu] = 0
bi[i] = 0

if u not in p:

plu]l = [random.random()/math.sqgrt(F) for x in range(0,F)]
if i not in qg:
gl[i] = [random.random()/math.sgrt(F) for x in range(0,F)] return
list(p, )

def Predict(u, i, p, g, bu, bi, mu):
ret = mu + bulu]l + bi[i]

ret += sum(plul [f] * gl[i][f] for f in range(0,len(plul))
return ret

4. Z 4RI EITHILFM

T TAT A LM 384T kst 2% B8 R P A B s A SR ket FRL P B4 T A 520 . Mk, Koren
FENetflix Prize lbFEAFHEH T — MERY ) K P 7 SIS T LEMASE R A1, Korent
RN SVD+,

TESTZASVDHZ AT, A TE SeiFie— N A T8 A 7 i R LEMARRE B — 1]

(D £ Il Yehuda Korenft) “Factor in the Neighbors: Scalable and Accurate Collaborative Filtering” ( ACM 2010 Article, 2010 ),
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PASE ) B AY . HSEAR ey £ ?ﬂéﬂ‘]ﬁfLM%ItemCFEI’\Jﬁi?ﬂﬂ%&ﬂ&ﬁiﬂn?ﬁﬁ :

V ]V(u ,;;%)
X, w, AR IemCFRIETHA M W AR R, T —RIP ., O— RIS,

BT PLE AL AT B9 2k BREGHE T |
Cw= 3 (m— > Wz/w] +Aw,

(u,i)e Train JEN (u)
A, XA — AR, BEwREE— A CBRE ARERE AR B LR S ]
WAL, RN, WA A BOR R, XASEABICBK, 755 1
Mo I, Korendf i ﬁﬁwﬁf@ﬁi# T, 417”%§5ZA§5([54‘1EE§'J2* *FAS, BORANR .

L x| y,,;%vﬁ/\%amio T L %@m y_,ﬁﬂ.zﬁ W, TR KFEE 7%
BB RS 2] .
FiE—4, &ﬂ]_ILM%HUEE’JLFM%DLEE’J*&?M‘HM MG Z a0 AR

\[ N(l/l jE;(ll) y
Koren 3421, i T AR Z 408G ad W& T PiSx=q, MR EAPSVDHHEAL

Fo=M+b, +b +pu

+b,+b +
=u ql “(p,+ \/W ]E;u)y,
PR R PREO DS EOR 8, AT A DR R A X, R4 T
SVD+HEAIYNZRAY S BAAES , AR s .

def LearningBiasLFM(train_ui, F, n, alpha, lambda, mu) :
[bu, bi, p, g, y] = InitLFM(train, F)
z = dict ()
for step in range (0, n):
for u,items in train_ui.items():
z[u]l = plul
ru = 1 / math.sqgrt (1.0 * len(items))
for i,rui in items items():
for £ in range(0,F):
z[ul [f] += y[i]1[f] * ru
sum = [0 for i1 in range(0,F)]
for i,rui in items items():
pul = Predict ()

eui = rui - pui
bulu] += alpha * (eui - lambda * bulul)
bi[i] += alpha * (eul - lambda * bi[il])

for £ in range(0,F):
sum(k] += qg[i][k] * eui * ru
plul [k] += alpha * (g[i][k] * eui \
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- lambda * p[ul [k])

alil [k] += alpha * ((z[u]llk] + plullk]) * eui \
- lambda * gl[i][k])

for i,rui in items items():
for £ in range(0,F):
v[i][f] += alpha * (sum[f] - lambda * yI[i]I[f])
alpha *= 0.9
return list (bu, bi, p, q)
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def Predict (train, test, alpha):

total = dict()

count = dict()

for record in train:
gu = GetUserGroup (record.user)
gl = GetItemGroup (record.item)
AddToMat (total, gu, gi, record.vote - record.predict)
AddToMat (count, gu, gi, 1)

for record in test:
gu = GetUserGroup (record.user)
gl = GetUserGroup (record.item)
average = totallgullgi] / (1.0 * count[gu]l[gi] + alpha)
record.predict += average
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UserGroup IltemGroup Train RMSE Test RMSE
Cluster Cluster 1.1171 1.1167
IdCluster Cluster 1.0282 1.0344
Cluster IdCluster 0.9186 0.9274
UserActivityCluster Cluster 0.9165 0.9254
Cluster ItemPopularityCluster 0.9164 0.9253
UserVoteCluster Cluster 0.9142 0.9222
Cluser ItemVoteCluster 0.9140 0.9221
UserVoteCluster ItemVoteCluster 0.9123 0.9205
UserActivityCluster ItemPopularityCluster 0.9121 0.9202
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