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Real Life Examples

amazon.com Hello. Sign in to get personalized recommendations. New customer? Start here. FREE 2-Day Shipping: See detalls
T Your Amazon.com | 4 ¢ Today's Deals = Gifts & Wish Lists = Gift Cards Your Digital Items | Your Account = Help

Books Advanced Search | Browse Subjects New Releases | Bestseliers | The New York Times® Bestseliers : Libros en espafiol | Bargain Books | Textbooks
Weaving Services and People on the World :
¢ OK INSIDE! Quantity: | 1 &
QicktoL9 Wide Web [Hardcover] -

vamKing Irwin King (Editor), Ricardo Baeza-Yates (Editor) Gja HI H EIH l

e Be the first to review this item | ] Like | (0)
.................................................................... or

' List Price: $00-00 Sign in to turn on 1-Click ordering.
L price: $79,11 & this item ships for FREE with Super > or

and People on the o "

Amazon Prime Free Trial

In Stock. gt b g

World Wide Web

Ships from and sold by Amazon.com. Gift-wrap available.

Only 2 left in stock--order soon (more on the way).

Add to Wish List |

Want it delivered Thursday, July 21? Order it in the next 0 hours
and 19 minutes, and choose One-Day Shipping at checkout. Details

‘ More Buying Choices
18 new from $14.62 13 used from $14.62

31 used & new from $14.62

Dy Ships! ? (Sl youshere
Share your own customer images ° FREE Two-Day Shipping for Students. Learn more Have one to sell? | Sell yours here
rch ingige thi share 1 K1 EJ

@omers Who Bought This Item Also Bought >

LOOK INSIDE!
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Real Life Examples

amazoncom Hao's See All 40 Your Account | & Cart | Your Lists & | Help | (NEW
Amazon, com Product Categories E

Your Browsing History | Recommended For You | Rate These Items | Improve Your Recommendations | Your Profile | Learn More

Today's Recommendations For You

Here's a daily sample of items recommended for you. Click here to see all recommendations. Page 1 of 25

_ EVANESCENCE M ATRER| A\
L 1 !

BHICHAELIACKRSON [

J
' AMAR ES COMBATIR "
Invincible [v] ~ Michael Jackson In Search of Sunrise, Vol. 7: Asia  Fallen [v] ~ Evanescence Amar Es Combatir [v] ~ Mana
Prirdrird; (880) $7.99 ) L3 Theato Privdrir’s (2/447) $8.99 Prirfrird; (55) $8.49

Fodrfndeds (S3) $15.99
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Real Life Examples

YAHOO! MoVIES|

Movies in Theaters: 94039

Burn After Reading (R)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B- 4794 ratings
The Critics: B 14 reviews

€3 Don't Recommend Aqgain €9 Seen It? Rate It!

Fight Club (R)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B+ 52392 ratings
The Critics: B 12 reviews

€} Don't Recommend Aqgain .7 Seen It? Rate It!

Vicky Cristina Barcelona (PG-13)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B 1923 ratings
The Critics: B+ 13 reviews

€3 Don't Recommend Again 9 Seen It? Rate It!

My Movies: gabe ma Edit Profile
Recommendations For You Receive Recommendations by Email

Pride and Glory (R)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: A- 59 ratings
The Critics:  C+ B reviews

€3 Don't Recommend Again 9 Seen It? Rate It!

Lakeview Terrace (PG-13)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B 3229 ratings
The Critics: € 12 reviews

€} Don't Recommend Again .7 Seen It? Rate It!

The Duchess (PG-13)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B+ 953 ratings
The Critics:  B- 10 reviews

€3 Don't Recommend Again 9 Seen It? Rate It!

See All Recommendations
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On The Menu

® |ntroduction

® Social Recommendation Models
® Social graph
® Social ensemble
® Social distrust

® Website recommendation

® Multi-centered Gaussian Location Recommendation
Model

® Conclusion
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Basic Approaches

® Content-based Filtering
® Recommend items based on key-words

® More appropriate for information retrieval

® Collaborative Filtering (CF)
® |Look at users with similar rating styles

® Look at similar items for each item

Underling assumption: personal tastes are correlated--
Active users will prefer those items which other
similar users prefer!
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Collaborative Filtering

® Memory-based Method (Simple)

User-based Method [Xue et al., SIGIR ’05]
ltem-based [Deshpande et al., TOIS 04]

® Model-based (Robust)

Clustering Methods [Hkors et al, CIMCA ’99]
Bayesian Methods [Chien et al., IWAIS ’99]
Aspect Method [Hofmann, SIFIR ’03]

Matrix Factorization [Sarwar et al, WWW "01]
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Matrix Factorization

hooh Bk s g ooy | B A3 s | 4| R

| 5| 2 3 R % | 5| 2 |25 3 (48| 4 (22|48

u, 4 3 s Uy 3 124|129 5 (41|26 |4.7

4y 2 2 | 4 lis 17| 2 |32(39(30| 2 | 4

u, u, (48121 2.7/26(4.7/38|24|49

us 0 5 1| 2 4 3 Us| 5|1 |2 (34| 4| 3 (15|46

ug 4 3 2 4 3 |3 Ug | 4 | 3 |129| 2| 4 (34| 3 | 5
1.551.22 0.37 0.81 0.62 —0.01] [ 1.00 —0.05 —0.24 0.26 1.28 0.54 —0.31 0.52]
0.36 0.91 1.21 0.39 1.10 0.25 0.19 —0.86 —0.72 0.05 0.68 0.02 —0.61 0.70
0.59 0.20 0.14 0.83 0.27 1.51 | V=049 0.09 —0.05-0.620.120.08 0.02 1.60
0.39 1.33 —0.43 0.70 —0.90 0.68 ~0.40 0.70 0.27 —0.270.99 0.44 0.39 0.74
1.050.11 0.17 1.18 1.81 0.40 | | 1.49 —1.00 0.06 0.05 0.230.01 —0.36 0.80_
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Matrix Factorization

® Matrix Factorization in Collaborative Filtering

To fit the product of two (low rank) matrices to the
observed rating matrix

To find two latent user and item feature matrices

To use the fitted matrix to predict the unobserved ratings

.

User-specific latent

N
Uy

feature vector
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Matrix Factorization

® Optimization Problem

® Given a m x n rating matrix R, to find two matrices
= Rlx'm andv = Ran’

R~=U"V,

where | < min(m,n),is the number of factors

Recent Developments in Social and Location Recommendations, Irwin King Lﬁ
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Matrix Factorization

® Models
® SVD-like Algorithm
® Regularized Matrix Factorization (RMF)
® Probabilistic Matrix Factorization (PMF)
® Non-negative Matrix Factorization (NMF)
°

Recent Developments in Social and Location Recommendations, Irwin King
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SVD-like Algorithm

® Minimizing
1 &2 2
SIR-UTVIIE,

® For collaborative ﬁltering

I(I}l‘l}iyyfw _U’IEF‘/})2

where [;; is the |nd|cator function that is equal to | if
user u; rated item v; and equal to O otherwise.
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Regularized Matrix Factorization

® Minimize the loss based on the observed ratings with
regularization terms to avoid over-fitting problem

A A
mip 2300 Iy (R - m-f{éuvu%ﬁuvn%}
t=171=1 /

Regularization terms

where \1, A2 > 0.

® The problem can be solved by simple gradient descent
algorithm.
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Social Recommendation Using
Probabilistic Matrix Factorization

[Ma et al., CIKM2008]
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® Data sparsity prob

YAaHOO! MOVIES

My Movies:

i G

-

;ﬁ Watch the Trailer

Showtimes & Tickets

'0

-+

‘x Yahoo! Users: B
The Critics: B+

abe ma Edit Profile

Challenges

lem

My Blueberry Nights (2008)

VICKY LIIsuUna parceiona |ro-1a)

| Add to My Lists

1923 ratings
13 reviews

The Critics:

=

7 reviews
Yahoo! Users:

667 ratings

) Don't Recommend Again 0 Seen It? Rate It!

My Grade:

A+

Oscar-worthy

MO O P

write a review

e pucness |Fo-1a)
Showtimmes & Tickets | Add to My Lists

Yahoo! Users: B+ 953 ratings
The Critics:  B- 10 reviews

) Don't Recommend Again 0 Seen It? Rate It!

See All Recommendations
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Challenges

My Movie Ratings

The Pursuit of Happyness (PG-13, 1 hr. 57 min.)
Buy DVD | Add to My Lists

Finding Nemo (G, 1 hr. 40 min.)
Buy DVD | Add to My Lists

Yahoo! Users: B+ 137394 ratings

Yahoo! Users: B+ 38992 ratings
B The Critics: A- 14 reviews

The Critics: - 13 reviews

My Rating: A+ ) My Rating: A

Cold Mountain (R, 2 hrs. 35 min.)
Buy DVD | Add to My Lists

Yahoo! Users: B 38986 ratings
The Critics: B+ 10 reviews

My Blueberry Nights (PG-13, 1 hr. 30 min.)
Buy DVD | Add to My Lists

Yahoo! Users: B- 756 ratings
The Critics: B- 7 reviews

My Rating: A+ . My Rating: B+

The Lord of the Rings: The Fellowship of the Ring
Buy DVD | Add to My Lists

Shrek 2 (PG, 1 hr. 32 min.)
Buy DVD | Add to My Lists

Yahoo! Users: A- 110957 ratings Yahoo! Users: B+ 150368 ratings
The Critics: A 15 reviews The Critics: B 15 reviews
My Rating: A ) My Rating: B
Recent Developments in Social and Location Recommendations, Irwin King %ﬁ
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Challenges

® Traditional recommender systems ignore the social
connections between users

Recommendations
from friends

Recent Developments in Social and Location Recommendations, Irwin King
Jeju Island, South Korea August 8,2012
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Problem Definition

Vi vV, Vv, Vg Vg
u, > 2 3
u, | 4 3 4
U, 2 2
u, | 5 3
Us S 5 3
Social Trust Graph User-Item Rating Matrix

o
&
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User-ltem Matrix Factorization

O

Oy

Vi Vv, V3 v, Vs Vg

()
(W)

U,

m n R

p(R|U,V,0p) = HH[ (:;!J U; V;), 07

=1 5=1
p(Ulot ):H,\s‘((:,“). ot 1) (V|ov) :H (V510,05 1)

i=1 1=1

R. Salakhutdinov and A. Mnih (NIPS'08)
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SoRec

i i =TT [(rolo@? V). 02)] ™
= F
€1t Ziot) = [ TV [(cala0F 20.02)]
i=1 .... m P((/’a[)—zl—[l\(b I)p(Vcn)-Jli[l\(VmayI)
o o, — p(Z|oz) = ’ﬁ..-‘\-’(zkm, o2 1)

C(R,C,U,V,2) =

m n
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SoRec

o = ZLJJ UT V) (g(UTV;) = ri3)V;

m

+ A Y 156/ (U 2)(g(UT Z0) — i) Z + AuUs,
=1

m
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Disadvantages of SoRec

® |Lack of interpretability ay T P
® Does not reflect the real-
world recommendation @ »
[l (SRS m
process | K= Ty
GR G.C
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Learning to Recommend with Social Trust Ensemble

[Ma et al., SIGIR2009]
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| st Motivation

e Users have their own characteristics, and they have
different tastes on different items, such as movies,
books, music, articles, food, etc.

Recent Developments in Social and Location Recommendations, Irwin King wgf}
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2"d Motivation

e Users can be easily influenced by the friends they
trust, and prefer their friends’ recommendations.

Where to have

dinner? / %&A

“ -
Ask
% Chea Delicious
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User-ltem Matrix Factorization

Oq

I(

O
‘,l "’2 -",3 1}4 "5 -"’6
u, S 2 3
u, | 4 3 4
U 2 2
~
Uy, | S 3
U 5 5 3 .
Op
, m n . I]«i
r r Y. AT rIy r o 2 ]
p(RIU,V,o%) = [T T [V (Ruslo (U Vi), 0% )
e=119=1
p(j("|(72,- ):H,"\""((,T!|(). (73,-1) p(V0ov) H N (V;|0, 0% 1)
i=1

[R. Salakhutdinoy, et al., NIPS2008]
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Recommendations by Trusted Friends

> RjrSi; 0y T
S GET ()
R'ikf p—

7 (2)]

i=l..ml | keT(@)
j=1..., n = T()
It
O ¢

Recent Developments in Social and Location Recommendations, Irwin King U"\:F)
Jeju Island, South Korea August 8,2012 b



Recommendation with Social Trust Ensemble

NG

jizk
& OO NRE

j=l..n \i= Lsasm j=L....n i=l...m|| keTO)
=10

m m }.

m TL

[111

i=1 =1

N|Rijlg(alU Vi + (1 - )Y SaURV;), 0
keT (i)
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Recommendation with Social Trust Ensemble

£(R. 8. V)

m
J V)2
—9 Z ZIU Lij — (1(‘1’(--"2'. Vi+(1-a) Z Vi)
2—1_] 1 keT (3
AU |
2 (15)
or e | .
a0, ‘“ZLM“’ Vit (1=a) 3 SaliVi)V;
keT (i) ar m , .
- L5g' (aUV; + (1 - STy
((l(n( (1 —a) Z SiuUZ — Rij) oV, Z ;9 (a ¢ ”A;” % )

T (%)
x (9(aU Vi + (1 — )y SuUy V;) — Rij)

l—” Z ZI)?](I’ ”[ T‘]‘+‘ 1_“ ZSP,‘( ‘ ) ‘ A;E’T(')

peB(i) 3=1 keT (p) ( [ (1 ) Z q (,T) JOR /;
X(aUi; + (1 —a WikUg ) + AvVj,
(q(n( (1 —-a) Z SprUy T‘ — Ry;)SpiV keT (i)
keT (p)
+ AU,
Recent Developments in Social and Location Recommendations, Irwin King wgf}
Jeju Island, South Korea August 8,2012 kj’?’



Recommend with Social Distrust

[Ma et al., RecSys2009]
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Trust vs. Social

® Trust-aware ® Social-based

® Trust network: unilateral ® Social friend network:
relations mutual relations

® Trust relations can be ® Friends are very diverse,
treated as “similar” and may have different
relations tastes

® [ew datasets available on ® Many Web sites have
the Web social network

implementation

Recent Developments in Social and Location Recommendations, Irwin King lﬁf:
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Distrust

® Users’ distrust relations can be interpreted as the
“dissimilar” relations

® On the web, user U, distrusts user Uy indicates that user U,
disagrees with most of the opinions issued by user U..

Recent Developments in Social and Location Recommendations, Irwin King 5
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Distrust

yj Y SiallUi — Ud|7
1=1 deD+(3)
. B A . DRI i s
Illfl’l‘lflﬁl)(R-»-S -.(-M"') . EZ [ij(sz ((lz ‘]))
s—1.9—1
13 i ) > .
F 5. 76 Ui — UalF)
i=1 deD+(3)
AU > SRR, L AT I
U VIE.
+ 5 |\U||F + 5 F
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Trust

® Users’ trust relations can be interpreted as the “similar”
relations

® On the web, user U, trusts user U; indicates that user U,
agrees with most of the opinions issued by user U..

Recent Developments in Social and Location Recommendations, Irwin King
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Trust

m
& T 112
G ¥ st -uip
T =1 teT+(7)
1 m n
. ¢ 3 7 R T RN
1(1']11‘1/1£T(R._S V] = 9 E E L (Ri; — g(U; V;))
, g=—1 g=—1
m
8 T 117 12
£ 554 S, (Sulbi—@E
=1 tcT+(4)
Ropccs - Mvruesio
+ —llUlF + 5 lIVIF-
2 2 |
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Web Site Recommendation

[Ma et al., SIGIR 201 I]
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Traditional Search Paradigm

oiNg
Web

RELATED SEARCHES

Special Inspector
General for Iraq
Reconstruction

SIGIR Reports
SIGIR Poster
SIGIR List
SIGIR 2011
SIGIR 10
SIGIR 2010
Registration
SIGIR 2009
Proceedings

SEARCH HISTORY

Search more to see your
history

See all
Clear all - Tumn off

4 NARROW BY DATE
All results
Past 24 hours
Past week
Past month

Web Images Videos Shopping News Maps More | MSN Hotmail , X Sign out Rewards ©  Walnut Creek, Califomia Preferences

i - B Hilrwin, Bing just got better with
sigir E 'S your Facebook friends.

Disable - Learn More

Web News Images Morev

ALL RESULTS 1-10 of 255,000 results - Advanced Bing Rewards

Welcome to SIGIR | Home Earn Rewards with Bing %
An Iraqi fisherman pushes his boat off-shore to depart on his daily fishing trip. View the Join Bing Rewards for free and eam
Report. 250 credits.

www.sigir.mil

ACM SIGIR Special Interest Group on Information Retrieval Home Page
Welcome to the ACM SIGIR Web site. ACM SIGIR addresses issues ranging from theory to
user demands in the application of computers to the acquisition, organization ...
www.sigir.org

home [ACM SIGIR 2010]

ACM-SIGIR 2010 was held at UniMail, Geneva, Switzerand between 19th and 23rd of July
2010. Thanks to all the participants!!! The story continues with ACM-SIGIR 2011.
www.sigir2010.org

Welcome to The 34th Annual ACM SIGIR Conference

Important Dates. 17 Jan 2011 : Abstracts for full research papers due; 24 Jan 2011 : Full
research paper submissions due; 28 Jan 2011 : Workshop proposals due

sigir2011.org

About SIGIR

About SIGIR The Office of the Special Inspector General for Iraq Reconstruction
(SIGIR) is the successor to the Coalition Provisional Authority Office of ...
www.sigir.mil/about/index.html

SIGIR 2008 Archive | SIGIR'0S

The SIGIR 2009 conference ran July 19-23, 2009, in Boston, Massachusetts, at the
Sheraton Boston Hotel and Northeastern University. The conference was chock full of ...
sigir2009.org

Recent Developments in Social and Location Recommendations, Irwin King )
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“Search” to “Discovery”

Careers Consumer
Contact Us Manufacturer
About Us Wireless

. NEW Corp - Extended Service contracts, Extended warranties ...
- ™ NEW delivers innovative extended service plans, also known as extended warranties, and customizable
e W S O r p . lifecycle solutions for the entire consumer ownership experience .

https://www._newcorp.com
Service Plan FAQs Customer Care
Show more results from www.newcorp.com

Windows 8 | iPhone 5
07.15.2011. Les Hinton, Chief Executive Officer of Dow Jones & Company and Publisher ... View All News

Corp. Press Releases >>
WWw.newscorp.com

NEW Corp :: Careers
? Be Part of Something NEW. Founded in 1983, NEW has built a world-class organization dedicated to
H O W t O C O O providing innovative and comprehensive customer care solutions and delivering ..
https://www_newcorp.com/index.php/careers

./

Google
bum8 _—) &

YAHOO
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Challenges in Web Site Recommendation

® |nfeasible to ask Web users to explicitly rate Web site

® Not all the traditional methods can be directly applied
to the Web site recommendation task

® Can only take advantages of implicit user behavior data

Recent Developments in Social and Location Recommendations, Irwin King lﬁ;‘:}
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Motivations

® AWeb user’s preference can be represented by how
frequently a user visits each site

® Higher visiting frequency on a site means heavy

information needs while lower frequency indicates less
interests

® User-query issuing frequency data can be used to refine
a user’s preference

Recent Developments in Social and Location Recommendations, Irwin King 18
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Using Clicks as Ratings

ID Query URL
358  facebook http://www.facebook.com
358 TWW http://www.readwriteweb.com
3968  iphone4 http://www.apple.com
3968 ipad http://www.apple.com
Web sites Queries
vV, Vs vy Vs Vg 2y 4y ZZy s
LU 68 1 15 Lo | 12 5 6
S u, | 42 13 24 3 u, 23 51
3 721 n 2 = 14 3518
= |15 33 = u, | 25 14
U, 85 45 63 Us 12 5 24
Recent Developments in Social and Location Recommendations, Irwin King U’\;Jf‘;
Jeju Island, South Korea August 8,2012 aﬁ"’



Matrix Factorization

™m T

1
min — 5
UV Q &t

i=1 j=

¢ )\1 ¢ )\2 ¢
(R = UV + SUNE + S [VIlE
1

m n

p(R|U,V, a%) — H H {N (Rilei‘/}T,O'%)}Iij

i=1j5=1

m

p(Ulot)=] [N (U[0,071)

1=1

2

p(Vlew)=] [ N(V;]0,07T)

j=1
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Probabilistic Factor Model

a,. B, o, P
1. Generate u;; ~ Gamma(ay, i), Vk.
U, Vik 9. Generate v ~ Gamma(ay, Bi), Vk
q . . Generate v, ~ Gamma(ay, Bk ), Vk.
k=L...d N k=1...d
@ 3. Generate y;; occurrences of item or event j from user

. 1
i with outcome y;; = >} | Uik Vjk.

@ 4. Generate f;; ~ POisson(yl-j),

m

ul " exp(—uin/Bi) VIF. a.8) | |
p(Ula, B HMH1 i 5;‘lrak)k - p(U.VIF, a. B) o< p(F|Y)p(Ulex, B)p(V]ex. B)

d
LUV F) = ZZ ((are — 1) In(wirn/Br) — wir/Br)
—1 k=1

n e eXp —vir/Br) nod
p(Vle, B H H T () +Z > (o = 1) In(vjn/Br) — vji/Bk)
j=1k=1 =1 k=1
m n fi + (fz In y; yz -+ const.
ym’eXp /U) ;; J J J
p(FIY)=]1]11
=1 7=1

42
DY

\\
-g\
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Probabilistic Factor Model

m d

LUV F) = Z Z((Qkf — 1) In(wir/Br) — wir/Br)
1=1 k=1
n d
£ (o = 1) In(vi/Br) — v/ Br)
1=1 k=1
+ Z Z<f” Inyi; — yij) + const.
i=1 j=1

> i1 (fijvjn/yij) + (c — 1) fuik
2 =1 Vik + 1/ Bk

Z;’l:'l(fijuw/yjj) — (O% — 1)/,1/,;],]{
Yo wik + 1/ By

Vik <— Vik
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Collective Probabilistic Factor Model

. Py Ay Py Ay, Py LUV, Z; F*, FY)
m P m n
=3 D (filnza —za)+ > > (ff Iy —yij)
2k U Vik i=1 I1=1 i=1 j=1

k=1...d |™ N re=1..a N 1 k=1...d m d
(%) () 35S = 1)/ 50) = w50

=1 k=1

@ + Z Z((ak — 1) In(vx/Br) — vjr/Br)

..... m j=L...n g=1k=1
P d
R Z Z((ak — 1) In(z1x/Br) — zir/Br) + const.
. , I=1 k=1
Z( gjvjk/yzij) + Z(fi?zlk/37vil) + (ox — 1) /i
j=1 =1
Uil < Uik ~ >
Z /Ujk _*_ Z “lk + 1/6A n P
m = = 0> " (fhvn/yi)H1=0) > (fiizin /v on—1) /uik
Vi <V Zi%l(fiju“‘”/yij) + (a}" o 1)/Uﬂﬂ Wik Uik i=1 =1
Jjk Jk m s ’ n P
| Zi:l’u“" _|_ 1/6}\ QZUJA -+ (1—9)22’”{—}—1/5]\,
Z:n:l(fllluzk/Tzl) + (Ozk — 1)/2:11; j=1 1=1

Zlk < Zlk

D i Wik + 1/Bk
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Location Recommendations

[Cheng et al., AAAI 2012]
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Check Out on “Check-ins”

will CMHK =& Gowalla
Cancel Check In ’! O
I Chung Chi College, The - _ Ho Sin Hang Engineering FEATURED SPOTS
Chinese University of Hong Building {i/ # & T2 X8 z
Kong. Chinese University of Hong Mellow Johnny's

Kong 112 meters south

Juan Pelota Cafe

N
You're Checked In Here! 126 meters south
St. Bernard Sports
1 9 'O 1 PERSON HERE 355 meters southeast

The Belmont

360 meters east

e
&
er
17TIP @ 4th St Tobacco
o
o

409 meters southeast

u B a B a m u m Jihang Y. says: The common
room 828 has wonderful iMac!
I a a E u B m m MAYOR

Halcyon

425 meters southeast

TheGnger Man

449 ¢ » e t

space return

R E!

Facebook Places

Who What When And aow whers
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Location-based Social Networks (LBSNs)

Friend link
c c « Community detection
* Link prediction

< <

e POl recommendation

Checked in * Next place prediction
Check in?
Check uf?
X ; = \ Travel sequence detection
X Ve gPOL(at gy Trip recommendation
< i ; " L
K > S
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Motivations

® Users have their personalized taste for different POls.

® The check-in probability is
sensitive to geographical
influence.

E = B N

This place is popular on foursquare

F
Recent Developments in Social and Location =~ S |
<l Redo search here ¢

nedB0gle e e | e 8
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Observation #l

28 :omc(a%) ‘ Centéc2(15.6%)
Honterd(3%)

® Users tend to check-in -

around several centers ;34

32
Gaussian distribution to 30 o
model check-ins at each %5 0 15 0 05 00 95 60

ongitude
center o

Inverse Distance Rule:
check-in probability is
inversely proportional to
the distance to the
nearest center

Probability

10° 10’ 10° 10° 10*
Distance to the nearest center(km)
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Observation #2

® Social information can
help improve POI
recommendation, but
seems influence is
limited

® On average, overlap of a
user’s check-ins to his
friends only about 9.6%

-0 -0~ 9-.0

0 1 1 ~ BB,
® 90% users have only 20% 0 02 ~ 04 06 08
) Fraction of check-ins visited by a friend
common check-ins
Recent Developments in Social and Location Recommendations, Irwin King (5
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Our Proposal

® Multi-center Gaussian Model (MGM) to capture
geographical influence

® Propose a generalized fused matrix factorization
framework to include social and geographical influences

® Experiments conducted on large-scale Gowalla dataset

Recent Developments in Social and Location Recommendations, Irwin King
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Multi-center Gaussian Model

e Notations

— (C',: multi-center set for user u
— [, : total frequency at center c, for user u
— N(l|pe, , 2e.,): the pdf of Gaussian distribution, u., and X. denote

the mean and covariance matrices of regions around center ¢,

e The probability a user u visiting a location [ given C, is defined as:

|Cu
— é)’: N(”II’LCu?zcu)
P(”Cu) — Z P(l < Cu) Ziecu fz'a Ziecu N(”,LLZ,ZZ) :

c,=1

Recent Developments in Social and Location Recommendations, Irwin King ljp:
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Multi-center Discovery Algorithm

® A greedy clustering
algorithm is proposed
due to Pareto principle
(top 20 locations cover
about 80% check-ins)

0

10

Recent Developments in Social and Location Recommendations, Irwin King

10°

10

Rank num

3

Jeju Island, South Korea

=
NMNHOQOLONOORWNH

for all user i in the user set U{ do

Rank all check-in locations in | £| according to visiting frequency

VI, € L, set I.center = —1;
Center_list = (); center_no = 0;

fori=1— |L| do
if /;.center == —1 then

center.no++; Center = (); Center.total_freq = 0;

Center.add(/;); Center.total _freq += /,.freq;
forj=i+1— |L| do

if /j.center == —1 and dist(/;, |;) < d then

l;.center = center.no; Center.add(/;);

Center.total_freq += /;.freq;

end if
end for

if Center.total_freq > |u;|.total_freq * 6 then
Center_list.add(Center);

end if
end if
end for

RETURN Center._list for user i;

August 8,2012
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Fused Framework

e Probabilistic Matrix Factorization (PMF) models users’ preference on
locations:F' ~ UT'L, and the frequency will be converted to [0, 1] by g(z) =

1/(1 + exp(—2x)).
e PFM with Social Regularization (PMFSR) [Ma et al. 2011b]:

Ul |£]
minQ(U,L) = > > Iij(F;—Ul'L;)
v L i=1 j=1
U
+ BZ Z Sim(i, £)||Us — Uy||%
i=1 feF(i)

+ MUllE + X2l LIl

e MGM models geographical influence

e We can fuse them together:
P, = )\P(Ful) + (1 — )\)P(Z‘Cu), where P(Ful) X UELZ
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Concluding Remarks

® Social recommendation extends traditional models and
techniques by using social graphs, ensembles, distrust
relationships, clicks, etc.

® Fusing of social behavior information, e.g., media
consumption patters, temporal relationships, etc.

® |ocation recommendation follows a similar path with
new data and features.
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New Book Series

SOCIAL MEDIA &
SOCIAL COMPUTING “ALLFOR BOOKS!

he Social Media and Social Computing Series focuses on
publishing high quality references in the rapidly emerging
< g area of social media and social computing. Both

/ T D\ experimental/practical as well as theoretical investigations are
W / N welcome. The series targets both scholars and practitioners in
o é‘/ , /////’D ——awsegocial media and social computing for work in the
4 intersection of computer science, information technology,
psychology, economics, education and other social sciences.
The advent of the Internet and the Web has resulted in social
interactions and behaviors through the use of
" technologies and web services, e.g., hardware devices
such as smart phones, tablets, RFID, etc., software
. services such as wikis, blogs, micro-blogs, social
network sites, recommender systems, social bookmarking, social
R'\_:\ news, multimedia sharing sites, etc. Analyzing these technologically-
—5 > ;\\: ~ enabled interactions in their social context will benefit information
T ): providers and information consumers. However, the large volume

>1:,~-- and scale of user-generated contents require effective modeling methods
‘w7 and efficient algorithms to handle these chalenging problems.

IEwin Kang, hp
Prof. King is Associate Editor of the IEEE Transactions on Neural Networks (TNN) and IEEE {f'u‘:g\
Computational Intelligence Magazine (CIM). He is a senior member of IEEE and a member of

ACM, International Neural Network Society (INNS), and VP & Governing Board Member of the

orDirectly fo:

LEONG Li-Ming

Editor, CRC Press

240 Macpherson Road, #08-01,
Pines Industrial Building,
S’pore 348574
li.ming@tandf.com.sg

Tel: (65) 67415166 x 115

Asian Pacific Neural Network Assembly (APNNA) . He ser the Neural Network Technical
Committee (NNTC) and the Data Mining Technical Committee under the IEEE Computational

Intelligence Society.
in.king/home

kin@cse.cuhk.edu.hk
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Py ° hitae/ [ veriguide 1ose.cubk ede ie3000  portal | page / Index j1p
- + 3 hp | Jmyverniguide.com
00 BE Apple Mac My Day iPhone (S210v  Populary  Internet Agpsy  wikiv  Faveritesy Ve Foa

& VeriGuide ; . ;

e Similarity text detection system
e Developed at CUHK

* Promote and uphold academic
honesty, integrity, and quality

{v Originality < Readability = Accessibility
e Support English, Traditional and
Simplified Chinese | | |

VERIGUIDE WHAT'S NEw? RESOURCES

¢ H a'n d I e ® d OC y 'tXt’ . P df, . htm I ’ - o’ "" SCaNC honasty, ":"'  educuons -
etc. file formats

e Generate detailed originality =3
report including readability CImmmmmn, Sl
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VeriGuide Free Trial
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Contact Us
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Proceedings
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Professor, B.Sc. (Caltech), M.Sc., Ph.D. (USC)
SMIEEE (CIS), MACM, SMINNS (VP, BoG), APNNA (VP,BoG), IrwinKing.com

Department of Computer Science and Engineering

The Chinese University of Hong Kong, Shatin, NT, Hong Kong
Phone: +(852) 3943 8398; Fax: +(852) 2603 5024

Email: king [ at ] cse [ dot ] cuhk [ dot ] edu [ dot ] hk

= AT&T Lbas AT&T Labs Research, San Francisco (2010-2012)

Book Series Editor, Social Media and Social Computing, Taylor and Francis (CRC Press)

Associate Editor of ACM Transactions on Knowledge Discovery from Data (ACM TKDD)

Associate Editor of INNS Natural Intelligence Magazine (INNS NIM)

Associate Editor of IEEE Transactions on Neural Networks (IEEE TNN)

Vice-President of Membership, Board Member, Board of Governors, International Neural Network Society (INNS)
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Chair, Task Force on the Future Directions of Neural Networks (IEEE CIS)
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Member of Review Panel of the Natural Sciences and Engineering Research Council of Canada (NSERC)
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On-Going Research

Machine Learning

Can Irrelevant Data Help Semi-supervised Learning, Why and How? (CIKM’I |)
Smooth Optimization for Effective Multiple Kernel Learning (AAAI’[0)

Simple and Efficient Multiple Kernel Learning By Group Lasso (ICML’10)
Online Learning for Group Lasso (ICML 10)

Heavy-Tailed Symmetric Stochastic Neighbor Embedding (NIPS’09)

Adaptive Regularization for Transductive SupportVector Machine (NIPS’09)
Direct Zero-norm Optimization for Feature Selection (ICDM’08)
Semi-supervised Learning from General Unlabeled Data (ICDM’08)

Learning with Consistency between Inductive Functions and Kernels (NIPS’08)
An Extended Level Method for Efficient Multiple Kernel Learning (NIPS’08)
Semi-supervised Text Categorization by Active Search (CIKM’08)

Transductive SupportVector Machine (NIPS’07)

Global and local learning (ICML04, JMLR’04)
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On-Going Research

Web Intelligence/Information Retrieval

Question ldentification on Twitter (CIKM’| |)

Learning to Suggest Questions in Online Forums (AAAI'l I)

Diversifying Query Suggestion Results (AAAI’10)

A Generalized Co-HITS Algorithm and Its Application to Bipartite Graphs (KDD’09)
Entropy-biased Models for Query Representation on the Click Graph (SIGIR’09)

Effective Latent Space Graph-based Re-ranking Model with Global Consistency
(WSDM’09)

Formal Models for Expert Finding on DBLP Bibliography Data (ICDM’08)

Learning Latent Semantic Relations from Query Logs for Query Suggestion (CIKM’08)
RATE: a Review of Reviewers in a Manuscript Review Process (VVI'08)

MatchSim: link-based web page similarity measurements (VWI'07)

Diffusion rank: Ranking web pages based on heat diffusion equations (SIGIR’07)
Web text classification (WWW’07)
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On-Going Research

Recommender Systems/Collaborative Filtering

Fused Matrix Factorization with Geographical and Social Influence in Location-based Social Networks
(AAAI'12)

Probabilistic Factor Models for Web Site Recommendation (SIGIR’I )
Recommender Systems with Social Regularization (VWSDM’| |)

UserRec:A User Recommendation Framework in Social Tagging Systems (AAAI’'10)
Learning to Recommend with Social Trust Ensemble (SIRIR’09)

Semi-Nonnegative Matrix Factorization with Global Statistical Consistency in Collaborative Filtering
(CIKM’09)

Recommender system: accurate recommendation based on sparse matrix (SIGIR’07)
SoRec: Social Recommendation Using Probabilistic Matrix Factorization (CIKM’08)
Human Computation

A Survey of Human Computation Systems (SCA’09)

Mathematical Modeling of Social Games (SIAG’09)

An Analytical Study of Puzzle Selection Strategies for the ESP Game (VWI'08)

An Analytical Approach to Optimizing The Utility of ESP Games (VWI'08)

Recent Developments in Social and Location Recommendations, Irwin King
Jeju Island, South Korea August 8,2012 ¢



& A

Recent Developments in Social and Location Recommendations, Irwin King
Jeju Island, South Korea August 8,2012



