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With the increasing popularity of mobile devices and mobile networks, people can 

get a soaring amount of information, anywhere, anytime. How to solve the problem of 

the current information overload and provide personalized recommendation services is 

an important research topic. This thesis exploits the check-ins of Facebook Open Graph 

to design a mobile restaurant recommender system, which is based on collaborative 

filtering. The system summarizes the group preferences from individual users check-in 

in order to provide group recommendation services. Furthermore, the system considers 

social graph and contextual information to enhance the recommendation quality. These

contextual information includes location, distance, age, sex index, time of day, weekday, 

month, number of companion and type of companion. In this thesis, we also proposed a 

method to evaluate the impact of location and distance context. 

Our experimental data is collected from the 69 volunteers in Facebook, which 

includes the 8264 check-ins. These check-ins are contributed by 3928 users in 2691 

different restaurants from 2010/8/15 to 2012/4/30. The experimental results reveal that 

the accuracy of our system can be increased by approximately 38% while suggest 

restaurants within the area of 3-5 km radius, compared to popularity-based 

recommendation. It means that the proposed system can provide better 
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recommendations than popularity-based recommendations, if the user asks for a 

restaurant suggestion in a larger area.

Keywords: Recommender System, Restaurant Recommender, Group Recommendation,

Collaborative Filtering, Social Graph, Context-awareness, Mobile Device
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1

Facebook Open Graph Check-ins

Social 

Graph Contextual Information

1.1
App

Location-based Service Personalized 

Recommendation Service

Collaborative Filtering

Cold Start

Sparsity

Scalability [1]



2 

1.2
Facebook Open Graph Check-ins

1.3
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2

2.1 Context-aware
1994 Schilit Theimer[2] context-aware computing

Context-aware computing is the ability of a mobile user’s applications to discover and 

react to changes in the environment they are situated in. 

Dey[3]

A system is context-aware if it uses context to provide relevant information and/or 

service to the user, where relevancy depends on the user’s task.

Woerndl Schlichter[4] User Profile

Contextual Information 2.1
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User profile Context 
Rather static and somewhat longer lasting Highly dynamic and transient
Stored in user profile Not stored permanently 
Implicitly observed or explicitly provided 
by user

Observed only, never manually entered 
by user

Example: user preferences or interests Example: current location and time

 2.1

Schilit ( ) ( )

( )

GPS

2.2
Graph API

2.2.1 Social Graph

2007 Facbook f8 conference Facebook

Philippe Bouzaglou

[5]
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2.1

 2.1

2.2.2 Open Graph

Facebook 

[5]

action object

action object

action object

action object 2.2
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 2.2

Facebook

Facebook[6]

2.2.3 Check in

Facebook Twitter Google+ Foursquare

GPS

[7]
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2.2.4 Graph API

Graph API Facebook View

[8]

ID

https://graph.facebook.com/ID ID 106522332718569

https://graph.facebook.com/106522332718569 2.2

{
"id": "106522332718569",
"name": "\u53f0\u7063\u5927\u5b78", 
"picture": 

"http://external.ak.fbcdn.net/safe_image.php?d=AQDf6wGxms-FZM6-&w=100&h=3
00&url=http\u00253A\u00252F\u00252Fupload.wikimedia.org\u00252Fwikipedia\u0
0252Fzh\u00252Fa\u00252Fa4\u00252FNational_Taiwan_University_logo.jpg&fallba
ck=hub_education&prefix=s", 

"link": 
"http://www.facebook.com/pages/\u0025E5\u00258F\u0025B0\u0025E7\u002581\u00
25A3\u0025E5\u0025A4\u0025A7\u0025E5\u0025AD\u0025B8/106522332718569", 

"likes": 19473, 
"category": "University",
"is_published": true, 
"is_community_page": true,
"description": … 

 2.2 Graph API

Graph API

2.3
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 2.3

2.3

Netflix Amazon Del.icio.us

Amazon eBay YouTube
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Collaborative Filtering

Content-based Hybrid Approaches

2.3.1 Collaborative Filtering Approaches

 Goldberg Tapestry[9]

Konstan

GroupLens[10]

Tapestry GroupLens

Tapestry GroupLens

Memory-based Model-based
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= { , , … , } = { , , … , } , u

i u i [11]( , ) = , ( 2.1 ) ( , ) = ( , ) × , ( 2.2 ) ( , ) = + ( , ) × ( , ) ( 2.3 ) 

k = 1/ | ( , )| ( , )
Distance-based ( , ) = ( , , ) ( 2.4 ) 

Correlation-based

( , ) = ( , )( , )( , ) ( , ) ( 2.5 ) 

Cosine-based ( , ) = , ,( , ) ( , ) ( 2.6 ) 

,

Cold Start

Sparsity Scalability

[12]
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2.3.2 Content-based Approaches

Profile

2.3.3 Hybrid Approaches

[13, 14]

Fab[15]
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2.3.4

Adomavicius[16]

Adomavicius

Chen[17]

Correlation-base i

x y ( , , ) = ( , , )( , , )( , , ) ( , , ) ( 2.7 ) 

U x y i

Chen

, , u x i , ,
c

, , = , , × ( , , ) ( 2.8 ) 

k
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2.4

Nguyen and Ricci[18]

Critique-based Long-term Session-specific

Sadeh [19] MyCampus

Huang[20]

Park [21]

Bayesian Network Analytical 

Hierarchy Process
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3

Facebook Open Graph Check-ins

Huang[20]

Graph API

Graph API

  

Location (l) 

Distance (d) 

Age (a): {13~110 }
Sex Index (s): {0~1}
Time of Day (td): {00: 00~23: 59}
Weekday (w): { , , , , , , }
Month (m): { , , , , , , , , , , , }
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Number of Companion (nc): {1~50 }
Type of Companion (tc): { , , , , , }
Companions (CS) 

3.1
Definition 1 Contextual Information and Social Graph

r = , , , , , , , ,= { , … , } n Companions :
t t

Definition 2 Data Set 

3 = { , … , }
n = { , … , } m= , , , … , , , 0 < i <= n 0 < j <= m ( )

1 3 1

2 3
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3.2
Definition 3 Context-aware and Social Graph based Prediction

P u r

Definition 4 Recommendation Process

P u r

n

n

3.3

3.3.1

Graph API

3.1
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 3.1

Facebook Graph API

Global Positioning System IP

Internet Protocol Address

Graph API Facebook (Representational State Transfer)
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Graph API 3.2

 3.2

3.3.2
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u t p( , , ) = ( , ( ))× ( ), ( , ( ), ) × ,  ( , ( )) ( 3.1 ) 

, u p

2.4 2.5 2.6( , , ) = ( ( , , ) ( , , )) ( 3.2 ) 

( , , ) = ( , , )× ( , , )( , , ) × ( , , ) ( 3.3 ) 

( , , ) = ( , , )× ( , , )( , , ) × ( , , ) ( 3.4 ) 

, u

2.2( , , ) = ( , , ) × ( , , ) ( 3.5 ) 

CS = 1/ | ( , , )|
r r t CS

c 9 Location(l) Distance(d) Age(a) Sex Index(s) Time 

of Day(td) Weekday(w) Month(m) Number of Companion(nc) Type of Companion 
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(tc) CS r.t r t

r.t.l r r.CS r

3.5 n 1

2

Algorithm 1 recommendation 
Input: P, the set of all restaurant
  u, the user 
  r, the user’s request  
Output: M, the suggested restaurant list
M  {} 
for all p P do

if distance(p, r.t.l)  r.t.d then
  M M  {p} 

end if
end for
r.CS  r.CS  u 
r  summarize_context(r) 
for all p M do
 rating  predict(r.CS, p, r.t) 
 assign_rating(p, rating) 
end for
sort_by_rating(M) 
M M[1 : n]
return M
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Algorithm 2 summarize_context 
Input: r, the user’s request 
Output: r, the summary context 
r.t.a  avg_age(r.CS) 
r.t.s  sex_index(r.CS) 
n  count(r.CS) 
if n = 1 then
 r.t.tc  Alone 
else

R  {Friend : 0, Classmate : 0, Colleague : 0, Family : 0, Lover : 0} 
for all cs1  r.CS do

  for all cs2  r.CS do
   if (cs1 != cs2) then
    rel relationship(cs1, cs2)
    assign_point(R, rel)
   end if
  end for

end for
 r.t.tc  relationship_of_max(R)
end if
return r

3.3.3

Heuristic 

Approach

0 1

 Location(l) Distance(d)

t
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Age (a)

( , ) = 1,      . = .( . . ),   ( 3.6 ) 

Sex Index (s)

( , ) = 1,      . = .( . . ),   ( 3.7 ) 

Time of Day (td)

( , ) = 1,      . = ._ ( . , . ),   ( 3.8 ) 

Weekday (w)

( , ) = 1,    ( . ) = ( . ),   ( 3.9 ) 

Month (m)

( , ) = 1,      . = ._ ( . , . ),   ( 3.10 ) 

Number of Companion (nc)
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( , ) = 1,      . = .( . . ),   ( 3.11 ) 

Type of Companion (tc)

3.1

( , ) = _ [ . ][ . ] ( 3.12 ) 

Alone( ) Friend( ) Classmate( ) Colleague( ) Family( ) Lover( )

Alone 1

Friend 1

Classmate 1

Colleague 1

Family 1

Lover 1

 3.1 TC_RelevanceMatrix

t ( , ) = ( , ) ( 3.13 )  = { , , , , , , }
23 0 12 1

3 4
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Algorithm 3 time_difference
Input: t1, time of the check-in
  t2, time of the user's request
Output: td, time difference
t1  abs(t1 - t2)
if (t1 > 12) then

td  24 - t1
end if
return td

Algorithm 4 month_difference
Input: m1, month of the check-in
  m2, month of the user's request
Output: md, month difference
m1 abs(m1 - m2)
if (m1 > 6) then

md  12 - m1 
end if
return md
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4

3.3.1

Graph API 3.1 3.2

4.1
Cloud Computing

Heterogeneous

[22]

REST APIs

10%

20%
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Fine-grained

Software as a Service

Google Apps Yahoo

Platform as a Service

Google App Engine Microsoft

Windows Azure

Infrastructure as a Service

Image

Amazon EC2 IBM Blue Cloud
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ASP.NET MVC 4 Developer Preview C# 

Windows Azure Platform SQL Azure SQL

4.2

4.1

Graph API

JSON

Threading

3.3.2

n
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 4.1

Call Graph API for user and all companions’ data

Web service returns 
data in JSON format

More friends’ 
data available

Call Graph API for 
friends’ data

Web service returns 
data in JSON format

( , , ) = ( , , ) × ( , , )| ( , , )|( , , ) = 11 + ( ( , , ) ( , , ))( , , ) = ( , ( )) × ( ), ( , ( ), ) × ,  ( , ( ))

Predict user and all companions' rating for each restaurant in the context info and social graph

Generate a list of 
restaurants sorted by 
predicted rating with size n

Stop

Decode JSON and 
insert/update
processed data 
into DB

Decode JSON and 
insert/update 
processed data 
into DB

DB

Use location and distance
parameter to filter 
restaurant from DB

Stop

Input:
The user’s request with context

Use the user’s request to 
summarize context and 
social graph from DB

Recommendation Module

Preprocessing

Yes

No

Retrieval Module
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4.3
Google Map JavaScript API

JavaScript jQuery

AJAX JSON

4.2 4.3 4.4

 4.2 Web
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 4.3 Web

 4.4 Mobile
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5

cross-validation

Sarwar [23]

MovieLens 20

943 1682 10 Fingerhut

6502 23554 97045

5 F1

5.1
69 Facebook

2010/8/25 2012/4/30 5.1 5.2 5.3

5.1 5.2
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69
25184
7395
37305
74283
3928
2691
8264

 5.1

( / ) 1.16 37 / 32
( / ) 1.13 13309 / 11763

( / ) 0.87 1825 / 2088
15.60% 3928 / 25184
7.21% 2691 / 37305
11.13% 8264 / 74283
60.40% 15212 / 25184
99.56% 25072 / 25184
30.90% 7782 / 25184
47.10% 11861 / 25184
80.12% 20178 / 25184
60.83% 15319 / 25184
15.90% 4003 / 25184
67.81% 5604 / 8264
48.94% 1317 / 2691
69.27% 2721 / 3928

 5.2
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 5.1

504.01 423 346.48 2200 34 n=69
23.28 22 4.99 49 18 n=69
23.52 22 5.87 107 13 n=25184
22.99 22 4.17 106 15 n=3928

0.34 0 0.99 12 0 n=25184

0.33 0 0.93 10 0 n=25184

3.23 2 6.31 224 1 n=2691
2.21 2 1.48 12 1 n=3928

2.10 2 1.35 10 1 n=3928

1.05 1 0.29 10 1 n=8264
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22.96 22 3.97 106 15 n=8264

23.55 23 3.91 107 16 n=8264

( / )
0.56 1 0.48 1 0 n=8264

2.76 2 2.43 42 1 n=8264

 5.3

0
200
400
600
800

1000
1200
1400
1600

20
10

/8

20
10

/1
0

20
10

/1
2

20
11

/2

20
11

/4

20
11

/6

20
11

/8

20
11

/1
0

20
11

/1
2

20
12

/2

20
12

/4

0

500

1000

1500

2000

0
200
400
600
800

1000
1200
1400

0 2 4 6 8 10 12 14 16 18 20 22
0

100
200
300
400
500
600
700
800
900

16171819202122232425262728293031

0

200

400

600

800

1000

16171819202122232425262728293031
0

500

1000

1500

2000

2500

3000

1 2 3 4 5 6 7 8 9 10
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 5.2

1 365 /

5.1

7 1 14 1 9

1

5.2

5.1

1

10

100

1000

10000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1

10

100

1000

10000

1

10

100

1000

10000

Friend ClassmateColleague Family
 ( ) 

1

10

100

1000

10000

1 2 3 4 5

0
200
400
600
800

1000
1200
1400

1 2 3 4 5 6 
1

10
100

1,000
10,000

100,000
1,000,000

10,000,000
100,000,000

0 1 2 3 4
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504 24

0.34 0.33 3

2 2

3 24 5.3

21 23

10

1 1 5.2

3928

2691    
0.00078
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5.2

3.3.2

3.2 3.3 3.4

5.3

 5.3
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5

LOOCV Leave-one-out cross-validation

5.4

 5.4 LOOCV
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5.5

 5.5 

1 5.2

Distance-based

10 20 30

500 1 2 3 4 5

5.6

5.7

Distance-based Correlation-based Cosine-based
10 Candidates 15.24% 15.24% 15.24%
20 Candidates 20.50% 20.50% 20.50%
30 Candidates 24.62% 24.62% 24.62%

0%

5%

10%

15%

20%

25%

30%

A
cc

ur
ac

y 
(%

)
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 5.6

 5.7

  

0 km 0.5 km 1 km 2 km 3 km 4 km 5 km Unlimited
10 candidates 85.59% 55.14% 38.15% 25.13% 19.03% 16.89% 15.24% 3.18%
20 candidates 85.59% 69.73% 50.79% 35.36% 26.88% 23.07% 20.50% 4.82%
30 candidates 85.59% 75.99% 59.67% 42.45% 32.48% 28.28% 24.62% 5.70%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%
A

cc
ur

ac
y 

(%
)

0.5 km 1 km 2 km 3 km 4 km 5 km
10 candidates 43.14% 30.98% 20.54% 15.15% 13.15% 12.13%
20 candidates 57.90% 39.13% 28.93% 20.86% 17.75% 15.98%
30 candidates 67.01% 48.34% 34.26% 25.42% 21.73% 18.22%

0%

10%

20%

30%

40%

50%

60%

70%

80%

A
cc

ur
ac

y 
(%

)
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5.3
3.3.3 LOOCV

21 0

1

LOOCV

0.1

0 1.76%

5.8 5.4

0
5

10
15
20
25
30
35

0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Age

0
5

10
15
20
25
30
35

0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Sex Index
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21.5
22

22.5
23

23.5
24

24.5
25

25.5

0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Time of Day

24.8
25

25.2
25.4
25.6
25.8

26
26.2
26.4

0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Weekday

0
5

10
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20
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30
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Po
si

tio
n

Coefficient Month

0
5

10
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30
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0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Number of Companion

0
5

10
15
20
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0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Alone-Friend

24.8

24.9

25

25.1
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0 0.2 0.4 0.6 0.8 1

Po
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tio
n

Coefficient Alone-Classmate

25.25
25.3

25.35
25.4

25.45
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25.55
25.6

0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Alone-Colleague

25.2
25.3
25.4
25.5
25.6
25.7
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25.9

0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Alone-Family
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25.21
25.22
25.23
25.24
25.25
25.26
25.27
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25

25.5

26

26.5

27

27.5

0 0.2 0.4 0.6 0.8 1

Po
si

tio
n

Coefficient Friend-Classmate
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 5.8

25.28
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1 1 0.1 0.4 1 1

Alone Friend Classmate Colleague Family Lover 
Alone 1 1 0.8 1 1 0
Friend 1 1 1 0 1 0

Classmate 0.8 1 1 0 1 0
Colleague 1 0 0 1 1 0

Family 1 1 1 1 1 0
Lover 0 0 0 0 0 1

 5.4

5.4

[24]

[24]

[25]

LOOCV
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0 1.76% 5

5.5

 5.5

5.5 T-Test P Value

Round 1

T-Test P Value Significant Level

10 20 30

500 1 2 3 4 5

5.9 5.10

5.11

Average Position T-Test (P Value)
Round 1: Non-contextual information 25.29 1
Round 2: Time of Day 22.02 0.11 
Round 3: Weekday 24.98 0.89
Round 4: Type of Companion 24.18 0.62
Round 5: All 21.22 0.04
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 5.9

 5.10

  

500 m 1 km 2 km 3 km 4 km 5 km
10 candidates (Random) 47.92% 30.55% 17.72% 13.42% 10.95% 9.28%
10 candidates (Popularity) 55.52% 37.64% 24.19% 15.40% 13.68% 12.27%
10 candidates (CF) 55.14% 38.15% 25.13% 19.03% 16.89% 15.24%
10 candidates (Context-CF) 55.21% 38.17% 25.14% 19.26% 16.96% 15.43%
20 candidates (Random) 62.06% 43.25% 26.63% 19.24% 16.08% 13.87%
20 candidates (Popularity) 69.71% 51.24% 34.36% 24.67% 18.68% 16.93%
20 candidates (CF) 69.73% 50.79% 35.36% 26.88% 23.07% 20.50%
20 candidates (Context-CF) 69.74% 50.84% 35.37% 27.00% 23.27% 20.76%
30 candidates (Random) 69.87% 50.85% 33.74% 24.39% 20.37% 17.32%
30 candidates (Popularity) 75.73% 59.42% 41.31% 31.25% 25.65% 20.03%
30 candidates (CF) 75.99% 59.67% 42.45% 32.48% 28.28% 24.62%
30 candidates (Context-CF) 75.99% 59.68% 42.51% 32.68% 28.32% 24.77%
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500 m 1 km 2 km 3 km 4 km 5 km
10 candidates (Random) 31.46% 21.41% 12.07% 8.90% 6.59% 5.63%
10 candidates (Popularity) 43.79% 30.37% 19.46% 11.11% 9.60% 8.89%
10 candidates (CF) 43.14% 30.98% 20.54% 15.15% 13.15% 12.13%
10 candidates (Context-CF) 43.27% 31.00% 20.56% 15.40% 13.21% 12.34%
20 candidates (Random) 40.83% 27.72% 18.23% 11.90% 9.84% 8.56%
20 candidates (Popularity) 57.87% 39.80% 27.70% 18.26% 12.81% 12.00%
20 candidates (CF) 57.90% 39.13% 28.93% 20.86% 17.75% 15.98%
20 candidates (Context-CF) 57.93% 39.20% 28.95% 21.00% 17.98% 16.28%
30 candidates (Random) 50.11% 33.43% 22.80% 15.55% 12.31% 9.65%
30 candidates (Popularity) 66.31% 47.92% 32.75% 23.93% 18.61% 12.82%
30 candidates (CF) 67.01% 48.34% 34.26% 25.42% 21.73% 18.22%
30 candidates (Context-CF) 67.01% 48.36% 34.34% 25.66% 21.79% 18.40%
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 5.11

5.10 5.11

10 500 10

43.27% 43.79% -1.2%

1 20 31%

30.37% 2.08% 5 30

12.34% 8.89% 38.8%

  

500 m 1 km 2 km 3 km 4 km 5 km
10 candidates -1.20% 2.08% 5.66% 38.66% 37.59% 38.80%
20 candidates 33.74% -1.49% 4.51% 15.01% 40.30% 35.66%
30 candidates 1.05% 0.92% 4.83% 7.24% 17.11% 43.46%
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6
3

Graph API
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6.1 6.2

  

6.1
Facebook Open Graph Check-ins

Windows Azure Platform

Collaborative Filtering

Social Graph Contextual Information
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( / ) 1.02 3719 / 3654 
29.36% 7395 / 25184 
63.64% 47277 / 74283 
49.74% 18556 / 37305 
76.50% 5657 / 7395 

 1

 2
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22.91 22 4.56 106 13 n=7395
3.27 0 6.61 40 0 n=25184
2.95 0 5.99 39 0 n=25184

2.21 1 6.00 256 1 n=37305
11.14 11 7.83 40 1 n=7395

10.05 10 7.13 39 1 n=7395

23.05 22 4.50 106 13 n=74283

1.11 1 0.53 19 1 n=74283

23.68 23 4.58 107 14 n=74283

( / )
0.51 0.5 0.49 1 0 n=74283

2.36 2 2.42 51 1 n=74283

 3
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