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(57) Abstract: Described is a system for discovering user
interests through online social media, and more specifically,
to a way of doing so by means of a bi-directional graph
model. During operation, the system generates a confidence
matrix F based o» user interactions and co-occurring tags on
a social media platform. The confidence matrix F indicates a
likelihood of the users in the social media platform as being
interested in a particular topic. Based on such likelihoods,
an action can be initiated regarding a particular topic for
those users whose likelihood of being interested in the par-
ticular topic exceeds a predetermined threshold. For ex-
ample, the system generates and presents an online advert-
isement to users regarding a particular topic to those users
whose likelihood of being interested in the particular topic
exceeds a predetermined threshold.
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[0001] SYSTEM AND METHQOD FOR IDENTIFYING USER INTERESTS
THROUGH SOCIAL MEDIA

(00027 GOVERNMENT RIGHTS
[O003] This invention was made with government support wnder U.S. Government
Contract Number DI12PC002835 issued by IARPA. The government has certain

rights in the invention.

[0004] CROSS-REFERENCE TO RELATED APPLICATIONS
{0005] This 1s a non-provisional patent application of U.S. Provisional Application No.
62/201,738, filed on August 06, 2015, the entirety of which 1s hereby

mcorporated by reference,

[0006] BACKGROUND OF INVENTION
[0007] (1) Field of Invention
[0008] The present invention relates to a system for discovering user interests and,
more specifically, to a system for discovering user interests through online

soctal media using a bi-divectional graph model.

{00097 {2) Description of Related Art

[00010]  There has been a growing interest on discovering user interests and topics
from onhne social media (See the bist of Incorporated Literature References,
References Nos. 3 and 4}, A common approach is to use a vector representation
generated from the text of all the posts by 4 user to represent his interest. Then
the similarity between two users can be measured by the similarity scores of
feature vectors of the two users. This is also known as the bag-of-words
approach. However, thisivpe of approach is quite susceptible to noisy text.
This 1s more severe in the social media context as users are free to publish any
posts about their lives, which may not reflect their true topics of interests.

Another well-stuied method for hidden user topics discovery is the LDA-based
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method (Latent Divichlet Allocation). Some of the studies that have vsed the
LDA-based method can be seen in Literature Reference Nos. 1, 4, and 8. Since
LDA relies on the bag-of-words assumption, it suffers similar shortconuings. In

addition, the computational requivement for LA 18 usually high, and & puts

(¥

significant bottleneck on the scalability of the approach.

{00011}  Anocther approach to identifving interests is to analvze network topologies as
constracted in both social and topic space. In Literature Reference No. 2, the
authors looked nto communities of users in the reciprocal Twitter follower

10 network and summarized user interests into several categories. In Literature

Reference No. §, the authors proposed a graph-based framework to link entities
mentions in tweets posted by & user via modeling the users” topics of interest.

One of the commonality of the aforementioned approaches is that both methods
focused on only one type of network topology (e.g., either user-centric or topic-

15 centric network) in their analvsis, which does not allow for reviewing bi-

relational aspects in nudtiple networks in a unified manner,

(00012} Thuy, a continudng need exists for a system that can be used 1o efficiently
20 and effectively discover user interests through online social media by leveraging
topologies of both (user and topic) networks in a unified manner for user interest

Boed

modeling.

[00013]  SUMMARY OF INVENTION
28 [00014]  This disclosure provides a system for discovering user mterests through
online social media. The system mcludes one or more processors and associated
memory {eg., hard doive, et} with mstructions encoded thereon, Upon
execution of the instructions, the one or more processors perform several
operations. For example, during operation, the system generates a confidence

30 matrix F based on user interactions and co-occurring tags on a socal media
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platform {e.g., Twitter, Tumblr, or any other social media platform). The
confidence matrix F indicates a likebhood of the users in the social media
platforn as being interested in a particular topic. Based on such bikelihoods, an

action can be inibated regarding a parbicular topic for those users whose

(¥

likelihood of being interested in the particular topic exceeds a predetenmined
threshold.  For exaraple, the system can generate and present an online
advertisement to users regarding 8 particular topic to those users whose
likelihood of being interested in the particular topic exceeds a predetermined
threshold {e.g., greater than 50% or any other predetermined threshold as

10 deemed appropriate by an operator).

{00015} Inanother aspect, the system performs operations of constructing a user

interaction network W based on a collection of user interactions on a social
media platform; constrocting a tag co-occurrence network Ry based on a

15 collection of co-occwring tags on the social media platform; constructing a topic
correlation network R based on the tag co-occmrence network Ry, generating a
user graph Laplacian Lg from the user interaction network W generating a topic
graph Laplacian L from the topic correlation network R; and generating an

mitial label assignment matrix ¥ based on initial known user-topic associations.

[00016]  Further, in generating a topic correlation network R, the topic correlation

network is generated by applying Louvain community detection on Ry,

[00017]  In vet another aspect, the rows of confidence matrix ¥ represent users, and
25 the columns represent topics, such that each entry of the confidence matnx F

indicates the likelibood of a user as being interested in a particular topic,



WO 2017/024316 PCT/US2016/046082

{000181  Finally, the present inveniion also includes a computer program product and
a computer implemented method. The computer program produet includes
computer-readable instructions stored on a non-fransitory computer-readable

mediton that ave executable by a computer having one or more processors, such

(¥

that uport execution of the instructions, the one or more processors perform the
operations histed herem. Alternatively, the computer implemented method
mcludes an act of causing a computer to execute such mstructions and perform

the resulting operations,

10 [00019] BRIEF DESCRIPTION OF THE DRAWINGS
{00201 The objects, features and advantages of the present mvestion will be
apparent from the following detailed descriptions of the vanous aspects of the

invention in conjunction with reference to the following drawings, where:

15 {00021} FIG. 1 1s a block diagram depicting the components of a system according to

various embodiments of the present invention;

(000221  FIG. 2 is an illustration of a computer program product embodymg an aspect

of the present nvention,

20
1000231 FIG. 3 is an dlustration of a birelational graph for user-mterest modeling
according to various embodiments of the present invention;
[00024]  FIG. 4A is an illustration of an example tag network;
25
f000251  FIG. 4B 15 an ilfustration of an example topie network as associated with the
tag network depicted i FIG. 44
{00026]  FIG. 4C 15 an lostration of an example tag network;
30
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(000271 FIG. 4D is an illustration of an example topic network as associated with the

tag network depieted m FIG. 4C; and

[00028]  FIG. 5is a flowchart illustrating & process for identifying user mterests

5 according to various embodiments of the present invention

000291  DETAILED DESCRIPTION
{00030]  The present invention relates to a system for discovering user interests and,
more specifically, to g system for discovering wser interests through online
10 social media using a bi-directional graph model. The following deseription i3
presented to enable one of ordinary skill in the art to make and use the invention
and 1o incorporate it in the context of particular applications. Vartous
modifications, as well as a variety of uses in different applications will be

readily apparent to those skilled in the art, and the general principles defined

15 herein may be applied o a wide range of aspects. Thus, the present invention 18
not intended to be limited to the aspects presented, but is to be accorded the
widest scope consistent with the principles and novel featares disclosed herewn,

[O00311 o the following detailed description, numerous specitfic details are set forth

20 in order to provide a more thorough understanding of the present invention.
However, it will be gpparent to one slalled in the art that the present invention
may be practiced without necessartly being limited to these specific details. In
other instances, well-known structures and devices are shown in block diagram
form, rather than in detail, in order to avoid obscuning the present invention.

25

{00032} The reader’s attention is directed to all papers and documents which are filed
concurrently with this specification and which are open to public mspection with
this specification, and the contents of all such papers and documents are

meorporated herein by reference. All the featores disclosed in this speeification,
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{including any sccompanying claims, abstract, and drawings) may be replaced
by alternative features serving the same, equivalent or similar purpose, unless
expressly stated otherwise, Thas, unless expressly stated otherwise, each feature
disclosed is one example only of a generic series of eguivalent or similar

o

features.

(¥

{00033] Furthenmore, any element in a clatm that dees not explicitly state “means
for” performing a specified function, or “step for” performing a specific
function, is not to be interpreted as 2 “means” or “step” clause as specified in 35

10 U.S.C. Section 112, Paragraph 6. In particular, the use of “step of” or "act of " in

the claims herein is not intended to invoke the provisions of 33 US.C. 112,

Paragraph 6.

f00034]  Before describing the invention in detatl, first g Hst of cited reforences is
15 provided. Next, a description of the various principal aspects of the present
mvention is provided. Subsequently, an mtroduction provides the reader with a
general understanding of the present invention. Finally, specific details of
various embodiment of the present invention are provided to give an

understanding of the specific aspects.

f00035}] (1) Listof Incorporated Literature References
100036]  The following references are cited throughouat this apphication. For clarity
and convenience, the references are histed herein as a central resource for the

veader. The following references are hereby mcorporated by reference as though

[
(1]

fully set forth herein. The references are cited iy the application by referring to
the corresponding lterature reference number, as follows:
1. Harvey, M., Crestami, ¥, & Carman, M. J. (2013). Building User Profiles
from Topic Models for Personahised. Conference on Information and



(¥

L

LV 41

[
(1]

WO 2017/024316 PCT/US2016/046082

2. Tava AL Song, X, Finin, T, & Tseng, B. (2007}, Why we twitter:
Understanding microblogging usage and commumities. v Proc. 9h
WehKDE and 15t SNA-KDD Workshop on Web Mining and Social
Netwark Analysis.

3. Michelson, M., & Macskassy, 8. A. {2010). Discovering Users’ Topics of
Interest on Twitter: A Fust Look. Proceedings of the fourth workshop on
Analviics for noisy unstruched text data (AND). Toronto.

4. Ovsjanikoy, M., & Chen, Y. (2010). Topic modeling for personalized
recommendation of volatile tems. Furopean conference on Machine
fearning and knowledge discovery in databases: Part 11,

5. Shen, W, Wang, I, Luo, P, & Wang, M. {2013} Linking Named
Entities in Tweets with Knowledge Base via User Interest Modeling.
ACYM SIGKDE tiernalional conference on Knowledge discovery and
data mining. Chicago.

6. Wang, H., Huang, H., & Ding, C. {2009). Image annotation using multi-
label correlated Green's function. JEEE 12tk International Conference on
Comparer Fision, Kyoto.

7. Weng, L., & Menczer, F. (2014). Topicality and Soctal Impact: Diverse
Messages bot Focused Messengers, CoRR abs/1402.5443.

8. Xy, d., Compton, R, Lu, T-C., & Allen, D. {2014). Rolling through
Tumblr, Characterizing Behavioral Patterns of the Micreblogging
Platform. ACY Web Science. Bloomington.

9. Xu, I, Jagadeesh, V., & Manjunath, B. (2014}, Multi-label Learning
with Fosed Multimodal Bi-relational Graph JEEE Transactiont on
Mudtimedia.

10. X, Z., Lu, R, Xiang, L., & Yang, Q. (2011}, Discovering User Interest

on Twitter with a Modified Author-Topic Model . IEEE/WIC/ACM

International Conferences on Web Intelligence and Intelligent Agent

Technology.



WO 2017/024316 PCT/US2016/046082

11, hejun Xa, Tsai-Ching Ly, Toward Precise User-Topre Alignment in
Onlme Social Media. In IEEE International Conference on Big Data
(IEEE BigDuata), Santa Clara, California, 2015,

12, B Zhow, O. Bowsguet, T. N, Lal, . Weston, and B, Schikopf. Learning

(¥

with local and global consistency. In ATPY. MIT Press, 2004
133, Zhu,  Semi-supervised learning literature sorvey.  In Undversity
14 R, Compton, D. Jurgens, and D Allen. Geotagging one hundred

million twitter accounts with total variation mini- mization. In
10 FEEE International Conference on Blg Data, volume abs/1404.7132,

2014
153 R Oaond, D B L. Casas, 1P Pesce, WM. I, € Wilson, A. Mislove,
and V. Almeida. OF pios and tweets: Investigating how users bebave
across nage- and text-based social net- works In Proceedings of the
15 Fighth Dnernational Conference on Weblogs and Social Media
(ICWSAM), 2014,
16, L. Weng and F. Menczer. Topicality and tmpact i social media;
Diverse messages, focused messengers. PloS ONE, 102320118410,
02 2015,
20 7Y, Yamaguchi, T. Amagasa, and H. Kitagawa. Tag-based user
topic discovery using twitter lsts.  In fwsernational Conference on
Advances in Social Networks Awodpsis and Mining (ASONAM),
KRaohsiung, Tabvan, 25-27 July 2611,

18 V. Blondel, I Guillaume, R. Lambiotte, and E. Mech, Fast

[
(1]

unfolding of commumities m large networks. J. Star. Medh, page
P1000S, 2008,

[O00371  {2) Principal Aspects
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(000381 Various embodiments of the invention include three “principal™ aspects.
The first is a system for to discovering user interests through online social
media, and more specifically, to a way of doing so by means of a bi-directionsl

graph model.  The system is typically iin the form of a computer system

(¥

operating software or in the form of a “hard-coded” instruction set. This system
may be incorporated mio a wide variety of devices that provide different
functionalities. The second principal aspect is a method, tvpically m the form of
software, operated using a data processing system {computer). The third
principal aspect is a computer program product. The computer program product
10 generally represents computer-readable instructions stored on a non-transitory
computer-readable meditm such as an optical storage device, &.g., a compact
dise (CD} or digital versatile dise (DVD), or & magnetic storage device such as a
floppy disk or magnetic tape. Other, non-limiting examples of computer-
readable media include hard disks, read-only memory (ROM), and flash-type

15 memories. These aspects will be described in more detail below.

000391 A block diagram depicting an example of a system (Le., computer system
100} of the present invention is provided in FIG. 1. The computer system 100 35
configured to perform calculations, processes, operations, and/or functions
20 associated with a program or algonithm. In one aspect, certain processes and
steps discussed herein are realized as a series of instractions {e.g., software
program) that reside within computer readable memory units and are executed
by one or more processors of the computer system 100, When executed, the

mstructions cause the computer system 100 to perform specific actions and

[
(1]

exhibit specific behavior, such as deseribed herem.

[00040]  The computer system 100 may mchude an address/data bus 102 that is
configured to commumcate nformation. Additionally, one or more data

processing units, such as a processar 104 {or processors), are voupled with the
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addross/data bus 102, The processor 104 s configured to process information
and instructions. In ap aspect, the processor 14 1s a nucroprocessor.
Alternatively, the processor 104 mav be g different type of processor such as a

parallel processor, apphication-specific mitegrated circut (ASIC), programmable

(¥

logie array {(PLA), complex programmable logic device {CPLD), or a field

programmable gate array (FPGA).

[00041]  The computer system 100 is configured to wtilize one or more data storage

viits, The computer systen 100 may nclude a volatile memory unit 106 {e.g.,

10 random access memory ("RAM™), static RAM, dvnamic RAM, etc.) coupled
with the address/data bus 102, wherein a volatile memory unit 106 is configured
to store mformation and mstructions for the processor 104, The computer
system 100 further may inclnde a non-volatile memory unit 108 {e.g., read-ounly
memory ("ROM™), programumable ROM ("PROM™), grasable programmable

15 ROM {("EPROM"), elecirically erasable programmable ROM "EEPROM"},
flash memory, etc.) coupled with the addressidata bus 102, wheren the non-
volatile memory unit 108 1s configured 1o store static information and
mstructions for the processor 104, Alternatively, the computer system 100 may
execute nstructions retrieved from an onhine data storage wnit soch as in

20 “Cloud” computing. In an aspect, the computer system 100 also may include
one or more interfaces, such as an imterface 110, coupled with the address/data
bus 102, The one or more interfaces are configored to enable the computer
system 100 to interface with other electronic devices and computer systems.

The communication imterfaces hmplemented by the one or more interfaces may

[
(1]

)

mchude wireline {e.i., serial cables, modems, network adaptors, ete) and/or
wireless (e.g., wireless modems, wireless network adaptors, et¢.) communication

technology.

10
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(000421 In one gspect, the computer system 100 may inchude an woput deviee 112
coupled with the address/data bus 102, wherein the input device 112 13
configured to communcate information and command selections to the

processor 10, In accordance with one aspect, the mpot device 112 85 an

(¥

alphanumeric nput device, such as a keyboard, that may include alphanumeric

and/or fonction keys. Alternatively, the iput device 112 may be an mput

device other than an alphanumeric input device. {n an aspect, the computer

system 100 may include a cursor controt device 114 coupled with the

address/data bus 102, wherein the cursor control device 114 13 configured to

10 conumunicate user mput information andfor command selections to the processor
100, In an aspect, the cursor control device 114 is implemented using a device
such as a mouse, a track-ball, a track-pad, an optical tracking device, or g touch
screen. The foregoing notwithstanding, i an aspect, the cursor control device
114 is directed and/or activated via input from the input device 112, such as in

15 response to the use of spectal kevs and key sequence commands associated with
the input device 112, In an alternative aspect, the cursor control device 114 1s
configured to be directed or guided by voice commands.

000431 Inan aspect, the computer system 100 further may include one or more

20 aptional computer usable data storage devices, such as a storage device 116,

coupled with the address/data bus 102, The storage device 116 is configared to

store information andfor computer executable structions. In one aspect, the

storage device 116 s a storage device such as a magnetic or optical disk drive

{e.g.. hard disk deive ("HDD™), floppy diskette, compact disk read only memory

[
(1]

{"CD-ROM™), digital versatile disk ("DVD™)Y). Pursuant to one aspect, a display
device 118 is coupled with the address/data bus 102, wherein the display device
118 1s configured to display video and/or graphics. In an aspect, the display
device 118 may include a cathode ray tube ("CRT"), liquid crystal display

{"LCD"), field emussion display ("FED™), plasma display, or any other digplay

11
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device suitable for displaying video andior graphic images and alphamumeric

characters recognizable to a user.

[00044]  The computer system 100 presented herein i3 an example compuoting

(¥

environment in accordance with gn aspect. However, the non-limiting example
of the computer system 100 is not strictly limited to being a computer system.
For example, an aspect provides that the computer system 100 represents a type
of data processing analysis that may be used in accordance with various aspects
described herein. Moreover, other computing systems may also be
10 implemented. Indeed, the spirit and scope of the present technology 1s not
limited to any single data processing epvironment. Thus, in an agpect, one or
more operations of various aspects of the present technology are controlled or
implemented using compuler-executable instractions, such as program modules,
being executed by a computer. In one implementation, such progran: modules
15 include routines, programs, objects, components and/or data structores that are
configured to perform particular tasks or implement particular abstract data
types. Inaddiion, an aspect provides that one or more aspects of the present
technology are implemented by utilizing one or more distributed computing
environments, such as where tasks are performed by remote processing devices
20 that are linked through a conununications network, or such as where various
progrant modules are located in both local and remote computer-storage media

mclading memory-storage devices.

[00045]  An illustrative diagram of 8 computer program product {i.e, storage device}

[
(1]

embodying the present invention is depicted in FIG. 2. The computer prograns
product is depicted as floppy disk 200 or an optical disk 202 suchasa CD or
DVD. However, as mentioned previously, the computer program product
generally represents computer-readable instructions stored on any compatible

non-transitory computer-readable mediam. The term “instractions”™ as used with

12
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respect to this invention generally indicates a set of operations to be performed
on a compuater, and may represemt pieces of a whole program or mdividnal,
separable, software modules. Non-hmiting examples of “instraction” include

compriter program code {source or object code) and “hard-coded” electronics

(¥

{i.e. computer operations coded into a computer chip). The “instruction” iy
stored on any non-transitory computer-readable medium, such as i the memory
of a computer or on a floppy disk, a CD-ROM, and a flash drive. In either
event, the instructions are encoded on a non-trangitory computer-readable
medium.

10
1000461 {3) Introduction
[000471  This disclosure describes g technique to discover user interests from online
social media {e.g., Tumblr, etc.} based on a bi-relational graph. Specifically, the

graph model comtaing two sub-structures; a network of users and a network of

ety
(¥

topics {represented by tags). The former is used to capture user interaction {e.g.,
reblog, etc.) in the social space, and the latter is used to capture tag co-
occurrence in the topic space. Subsequently, the user iterest discovery problem
1s formulated as a multi-label leaming problem on the proposed bi-relational
graph. Given some mitial associations of users and tags, the system can estimate
20 the associations for the rest of the user nodes and {ag nodes across the two sub-

nefworks,

[00048]  In some embodiments, a purpose of the system and method is to discover the
topics of interest for a particular social media user. This allows for better
25 clustering and search of users based upon their mterests. As an example, focus
was put on the Tomblr platform with an aim o generate a set of “topic tags”™ for
each user based on what the user posts or reblogs abost, and how the user

teracts with others. The bi-relational graph representation allows for effective

13
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explottation of wser similarity and topic correlgtion simuhanecusly. This

contrasts with previous work where the two factors are considered in 1selation.

000491 As can be appreciated by those skilled in the art, the system and method can
5 be used, for example, for scientibic technology analysis (e g, to predict future
coltaboration among nsers based on thetr interests), for building user profiles
from interest models for personalized or marketing services, and other data

collection uses.

10 (000501 {4) Specific Details of Various Embodiments
f0005311  As noted above, this discloswre provides a unique bi-relational graph-based
model for user interest discovery. This bas a broad range of applications,
mcluding accurate user profiling and personalized recommendation. Topics or

imterests are treated as “labels” in this comtext, and the problem of user interests

ety
(¥

discovery is formudated as the multi-label classification problem on graphs. The
general process of multi-label classification has been studied extensively in the
image annotation domain (see Literature Reference Nos. 6 and 9}. The graph-
based multi-label classification technique according to various embodiments of
the present vestion vepresents a traosductive semi-supervised leaming process
20 that diffuses the label information {i.e., interests, topics) from a small subset of
users to the rest in the graph. Through careful construction of g bi-relational
graph, user similarity and label correlation are exploited jointly in the diffusion
process. Currently analysis is being conducted on the Tumblr data. The choxe
of platform 1s inspired by Literature Reference No. 8, as it shows Tumblr is

25 heavily driven by user interests,
{00521 (4.1} Forowlation

[O0053]  An example construction of the br-relational graph s shown I FIG, 3. Ag

shown, there are at least two natworks, & topic space 300 and a social or user

14
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space 302 User space solid Hines 304 indicate affinity relationship among user
nodes 301 (e, user similarity), and topic space solid Hanes 306 indicate affinity
relationship among topic nodes 303 (1o, topic correlation). The cross network
sohd lines 308 across the two networks denote the matial label (Lo,
topic/interest} association, and the cross network dotted hines 310 denote the
label assignment to be estimated. Thas, solid lines 304 and 306 within each of
the two sub-graphs indicate social homopluly refation and topic correlation,
while the solid black lines 30R across two sub~graphs denote the initial known

user-topic assignments.

{D0034]  In terms of classification, most existing graph-based semi-supervised

learning frameworks attempt to mimimize & cost function which takes mto
account two properties: smoothness of the data (i.e., user} graph and the
deviation of initial assignments. Here a thurd property s mntroduced into the
regularization framework, simoothness 1 the label {topic) graph. The process for

constructing the graph is provided m further detail below.

51 Sappose that there is a collection of N users U = {uy, uy, ..., uyland K

topics of interest = {&, £y, .., &5} . Assuming that some of the users in U are
{partially) labeled for their topics of interest, a goal s to predict the topics of
interest for the remaining unlabeled users 1y 1 the collection with the label

subset {; =7

[00036]  The graph-based mudti-label learning technigue according to various

embodiments of the present invention represents a transductive semi-supervised
learning process that diffuses the label information from a small subset of nodes
to the rest based on the mtrinsic graph structure. Note that the terms “topics of
mterest” and “labels” may be used interchangeably. The basic step in
conventional graph-based learning 18 t0 constroct 8 graph where vertices

represent data instances and edge weights represent affinity between them. The
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key to graph-based multi-label learning is the prior assumption of consistency:
nearby data instances or data instances that lie on the same structure are likely to
share the same label. Generally it is formulated in a regolarization framework as

follows:

F* = argming {Qmeon (F) -+ Qo (F)], whete F is the to-bedearned

matrix containing the label assipgnments of the graph nodes.

f00057]  The first term corresponds 1o a loss function which reflects the consistency

assumption by mmposing the smoothness constraint on the neighboring labels.
The second tenm is a regularizer for the fitting constraint, which means that
mitial assigned labels shonld be changed as hittle as possible {(see Literature

Reference Nos. 12 and 13},

[00038]  In the context of the present system, data instances correspond to users, and

their affimity can be characterized by the social interactions or computed based
on any other similarity measares such as user demographics and geolocations.
Note that the first term of the above regularization framework 15 in accordance
to the social homophily assumption. In addition to the user graph, the
conventional graph-based learning framework 13 angmented by introducing a
new graph to emphasize the correlation among topies. 1a conjunction, the two

graphs make up the bi-relational graph model as illustrated in FIG. 3.

[000591  Given label association for a small set of data (i.e. initial assignoents

between user nodes and topic nodes), g goal is to estinmate the hidden Hinks
between the two types of node in the remining part. Such a model allows for
effective exploitation of the smoothness constraints bon both sub-graphs as well

as the interplay between them.

000607 (4.2) Graph Construction

16
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000611 The construction of the user geaph in this work is based on the primary
mteractions in social media platforms. For instance, one can focus on the
@mentiond action in Twitter, Twitter users often “(@mention” each other by

LT

prependmg an “@” to the mentioned users name. Although there are other types

(¥

of interaction such as like and rerweet, @mention has been shown to indicate
social ties (see Literature Reference No. 14}, Sinnlarly, the system focoses on
the reblog action on Tumblr (which s the official mechanism to republish the
content of another user’s posts in Tumbler), as it has been shown to indicate
conwmon hobbies and interests among users {see Literature Reference No. 8). In
10 order 1o obtain strong social ties, W various embodiments, the systems focus on
@menrion and reblog that are reciprocated (note although the @wention and
reblog ave used, they ave provided as non-limiting examples and the system is

not limited to such cues). In other words, a bidirectional edge is only 1otroduced

between user § and j if uj @menrions (reblogsy uj and 1y @imentions {reblogs)

o
4]

i at some point in thwe, The weight of an edge is determined based on the

muinimum number of reciprocated frequency (e, @emendions {reblogs)) between

the two users.

{00062}  The construction of the topic graph is based on the co-occurence among
20 topics. However, topics are usually not explicitly defined in microblogging
platforms, with a few rare exceptions as in Lueratwre Reference No. 15
Alternatively, the system can be devised to consider user defined tags as
channels o study topics i social media, This strategy has been stoadied in

existing iterature {see Literature Reference Nos. 16 and 17).

[00063]  For illustrative purposes, FIGs. 44 and 4C show snapshots of tag co-
occurrence networks constructed with Twitter and Tumble data, while FIGs. 4B

and 4D depict corresponding topic networks, respectively, As an example, the
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size andfor color of a node s proportional to its degree; the width of an edge is
proportion to the co~occurrence frequency.  The “degree™ of a node in the
network is the number of connections it has o other nodes.  For example, the

nodes can be ilustrated such that their color changes gradually from, for

(¥

example, green to puwrple to white. In this non-hmiting example, the greener a
node is, the higher degree (1.¢., connected to many others, or center node} it 1s;
on the other hand, white/purple colors indicate the corresponding nodes are less
connected to others (i.e, peripheral nodes). As another example, the larger the
node is, the higher degree it is, while smaller nodes indicate that they are less

10 connected.

000641 As can be seen, the tags in each of the networks are related to a single

coherent topie. For instance, the tags w the Twitter network are related fo

15 “Marvel”, which is a popudar conue publisher. The nodes m the graph include
comic titles (and their name variations), comic characters, and cast membess of
conne book adaptation movies. The same observation can be seen from the
sample tag network dertved from the Tumblr platform, where nodes related to
“football” ofien co~ocenr together,

{D0065]  Since tags on social media sites are invented autovomously by mithons of
content generators, there is no predefined consensus on how to group them into
topics. Multiple duplicate tags may be developed to represent the same event,
theme, or object. For instance, Floki, #thor, #odin, #Fasgard are all related to the

25 fictional characters i g Marvel movie; $worldeup2014, #brazibwe2014,
Hwel014, #fifawc]d are all sbout the major soceer event that ocowred in June
2014, In order to reduce duphication and noise, raw tags can be aggregated and
abstracted to a more general level clusters of semantically related tags, referred
to as topics, These clusters are detected by finding communities in the tag-based

30 co~occnrrence network. For example, the Louvain community detection method
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{see Litersture Reference No. 1R8) can be used to identify the topic clusters
becanse of s computational efficiency. The basic idea of the Louvain method
15 to repeatedly find small commuaities by optimizing modularity locally on all

nodes, then group each of these small communities indo @ single node, FIGs. 48

(¥

and 4D show examples of the resulting topic graphs. Strong topic locality can be

cbserved.

[00066] (4.3} Multi-label Leaming on the Brrelational Graph

(000671 As mentioned above, conventional graph-based leamning framework

10 minimzes a cost function with two terms. Introducing a new topic graph to the
framework leads to the updated regulatization framework regarding F as

follows:

[00068]  Let W be a N x NV affinity matrix denoting the data praph constructed with N
15 data points {users), and R be a K x & affinity matrix denoting the fabel graph
constructed for K topics. The frequency-based weights in W and R are
normalized to the same dynamic range. Let F={F), . £ = {1, ..., (x) bea
N x K matrix denoting the final association between every user topic pawrs. (C,

..., ) ave the columns of F, cowesponding to the K labels. Simvlarly let Y =

b2
o

(¥, ..., Y3 be an N x A matrix denoting the initial label assignments. Each ¥y
has 1 or O as the possible values: 1 if user 713 labeled with topic j, 0 if it i

uniabeled. The overall cost function is expressed as:

Q@yiwiwfﬁﬁmi;»»%ﬁ%igimfl-+%M»¥{ r rrrr
o 2 .:‘\_;" ¥ \g'rl.l{ i \‘Sg ’?} 5 ‘2’ Tﬂ ) f{) Qr}“j:-:- ‘é:!‘ , A

25 () t""?

Smenthness onuser graph Smeothness on foplc graph prior consiraiy
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where DD and D7 are beth diagonal matrix whose {7, /) entries equal to the sum of

D=2 W, D,=}R,
the i-th row of Wand R, L, At and 0 The solution of

F can be found by minimizing the above cost function.

¥ 4]

{00069]  The first term of the above eguation {1) 15 the smoothness coustraint on the
user graph, Minimizing it means neighboring vertices should share similar
labels. For mstance, if two users are close to each other based on theiwr frequent

re-blog activities (e.g., @mention, reblog), they will probably have common

10 mierests {thus with stnlar labels). The second term is the smoothness constramt
on the topic or label graph. Minimizing 1t means neighboring vertices should
mclade similar users, For instance, if two topies are highly correlated with each
other, then they are likely to be of interest to the same set of users. The thurd
term indicates that the initially known user topic pairs should be changed as

15 little a possible.

000707 "and # are fwo constants controlling the trade-off of the regalarization
terms. I # s set fo zero, it means to ignore the correlation among topics, and the
formudation is redaced to traditional multi~label learming on a single (social)

20 graph.
{00071 The Brstterm
of the above cost
function can be rewriiten

#482

=r{F (I ~-D" WD
20
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2}

[00072]  Similarly, the second and third terms of the cost function can be rewritten in

a matrix form with several algebraic steps. Thus, the original cost function

above can be written it g more concise fonm as;

Q(F) = ne(F L F) + tr(FLeF Y+ e((F— Y) (F-Y)), .

~142 ~1i2 : - r-1/2 102
w vy = VI L o=1-D""RD
where ¥ {=DWD and ¢ . They are

the Normalized Laplacian of user graph and topic graph respectively.

3] By applyving the following matnix properties:

(4)

the equation can be differentiated with respect to F gs follows:

CUE) LF 4 dF L+ (F Y.

&)
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1000741 This is because both Ly and Lo ave synumetric matrces. The solution for F

. .. ety
can be obtained by requiring  F 1o zero. With some simple algebraic steps,

(7L, +DF + 4FL. = Y,

it becomes apparent that

5 which is essentially 8 matrix equation with the form of 4X+X 8= Solution to
the equation can be easily obtained from existing numernical hibraries, such as
Linear Algebra PACKage (LAPACK) and Matlab. LAPACK 13 a software

package provided by Usiv. of Tennessee; Univ, of California, Berkeley; Umiv.
of Colorado Denver; and NAG Lid.. Note that Iy 1s essentially a confidence

10 value of user w; bemng interested in topic 4.

000751 Once F or &y 1s found, labels can be assigned (1.¢., topics of interest) to users
using simple thresholds. Basically a aser with a higher value can be assigned to
the corresponding topic with higher confidence. The overall process for

15 mnferring user’s topics of interest is sunumarized i the Algorithm below.

(000761  Input: Set E= {(ef, e, wli = 1,2, ..., Nigi} containing the collection of
user interactions, e.¢., ef veblogs ef for wy times. Set H = {1} B h‘;i'ﬂjﬁj =
1,2, . Ny} containing the coltection of co-occurring tags, e.g., h_},
20 associated to thejﬂ“ social media post. Output: Confidence matrix ¥, where £y
13 indicates the probability of user w; interested intopic . As shown m FIG. §

the algorithm proceeds according to the following steps:

1. Construct {or generate} a user interaction network W 300 from E.

25 2. Construct fag co-occurrence network Ry 502 from B

22



WO 2017/024316 PCT/US2016/046082

L

Construct topic correlation network R 504 by applying Louvain

community detection on Ri.
4. Compute user graph Laplacian Lg 506 from W.

5. Compute topic graph Laplacian L 308 from R

i
o

Compute Y 510 based on the initial known user-topic associations.
7. Compute F 512 by nunimizing the cost function m Eq. (3), te., solve the
following matrix equation:

Hha ¥+ gFLe+(F - Y=,

10

o

Return the most confidence user-topic pairs by sorting and ranking

entries in ¥,

(000771 The system can then be nsed fo characterize social media users’ topics of
mterest by estimating the F matrix using mformation derived from online social
15 network as described in the above algorithm. The rows of the F matrix
represent users, and the columuns represent topics. Each entry of the matrix

indicates the likelthood of @ user tnterested in a particolar topic.

[00078]  This fnvention is important because the research outcoms allows for better
20 clustering and search of online users, and it has direct impacts on
personalization, recommendation, and many other aspects of online experience
enhancement. The system has been applied on characterizing online users’
topics of interested on two social media platforms — Twitter and Tumblr. In both

cases, substantial improvements were obtained compared to existing methods.

b2
¥

For example, the process as described herein is supported by the experimental

stirdies as described in Literature Reference No. 11

{00079]  Asnoted above, there are several applications in which the system can be

mplemented by aatomatically indtiating an action regarding a particular topie
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for those users whose hkelihood of being interested in the particular topic
exceeds a predeternyined threshold {e.g., yreater than 50% likelthood). For

example, based on the user-topic pairs and ranked eniries in F, the system can

then be used to market services oy products to particelar individuals based on

(¥

their interests, such as by automatically generating and presenting an online
advertisement 514 to users regarding a particuar topic to those users whose
likelihood of being interested i the particular topic exceeds the predetermined
threshold. As a non-limiting example, if a particular user has a high hkelihood
of interest (e.g., greater than 50%) in topics associated with Marvel characters,
10 then banner ads for upcoming movies assoctated with cartoon characters can be
presented through the internet to the wser. Ag another non-lumiting example, if a
particular user has a high likelihood of mterest in topics associated with football
games, such as the World Cup, then banner ads for travel packages to various
football games can be presented to the user {e.g., a banner ad for flights and
15 hotel accommodations to the host city of an international football event). As vet
another non-linviting example, 3 a user has a high likelihood of interest in topics
associated with automobile performance, then mathings or banner ads can be

presented to the user reparding new vehicles.

20 {00080} Fially, while thus invention has been described in terms of several
embodinents, one of ordinary skill in the art will readily recognize that the
mvention may have other applications in other environments. It should be noted
that manyv embodiments and implementations are possible. Further, the

following claims are in no way intended to limit the scope of the present

[
(1]

mvention to the specific embodiments described above. In addition, any
recitation of “means for” 1s intended t© evoke a means-plus-function reading of
an element and a claim, whereas, any elements that do not specifically use the
recitation “means for”, are not mtended to be read as means-plus-function

elements, even if the claim otherwise includes the word “means”. Further, wiule
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particular method steps bave been recited in a particular order, the method steps
may ocour in any desired order and fall within the scope of the present

Hivention,
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CLAIMS

What 1s clamed 15

1. A system for identifying user interests through social media, the system

¥

comprising.

one or more processors and a memory, the memary being a non-
transitory computer-readable medinm having executable instructions encoded
thereon, such that upon execution of the instructions, the one of maore Processors
perform operations of!

10 generating a conflidence matrix F based on user interactions and
co-ocourTing tags on a social media platform, the confidence matrix F
indicating a likehbood of the users 1 the social media platform as being
interested i a particular topic; and

initiating an action regarding a particuler topic for those users
15 whose hikelthood of bemng intevested in the particular topic exceeds a

predetermined threshold.

2. The system as set forth in Claim 1, further comprising operations of
constracting 8 user interaction network W based on a collection
20 of user interactions on a social media platform;
constructing a tag co-occurrence petwork Ry based on a
collection of co-occcurring tags on the soctal media platforny;
constructing a topic correlation network R based on the tag co-

oseoarrence network Ry;

[
(1]

generating a user graph Laplacian Lg from the user interaction
ngtwork W,
generating a topic graph Laplacian Le from the topic correlation

network R; and
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3

o,
4,

10
5

15
3

20
7.

25
8.

generating an initial label assignment matrix 'Y based on initial

knewn user-topic associations.

The system as set forth in Claim 2, wherein in generating a topic correlation

network R, the topic correlation network is generated by applying Louvain

commmmity detection on Rh.

The system as set forth in Claim 3, wherein the rows of confidence matrix ¥
represent users, and the columns represent topics, such that each entry of the
confidence matrix F indicates the likelihood of a user as being interested in a

particular topic.

The system as set forth in Claim 4, wherein initiating an action further
comprises operations of generating and presenting an onling advertisement to
users regarding a particular topic to those users whose likelihood of being

mterested in the particular topic exceeds a predetermined threshold.

The system as set forth in Claim 1, wherein the rows of confidence matrix ¥
represent users, and the columus represent topics, such that each entry of the
confidence matnix F indicates the likelihood of a user as being interested in a

particular topic.

The system as set forth in Claim 1, wherein inttigting an action further
coraprises operations of generating and presenting an onhine advertisement to
users regarding a particular topic to those users whose likelihood of being

mierested in the particalar topic exceeds a predetermined threshold.

A method for identifying user interests through social media, the method

comprising acts of:
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generating, with one or more processors, a confidence matrix F based on
user interactions and co-occurring tags on a social media platforny, the
confidence matrix F indicating a bkeliliood of the users in the social media

platform as being interested in a particular topic; and

(¥

initigting, with the one or more processors, an action regarding a
particular topic for those users whose likelihood of being interested in the

particular topic exceeds a predetermined threshold.

9. The method as set forth in Claim 8, further comprising operations off
10 coustraciing & user interaction network W based on a collection
of user interactions on a social media platform;
constructing a tag co-occurrence network Ry based ona
collection of co-occurring tags on the soctal media platform;
constracting a topic correlation network R based on the tag co~
15 occutrence network Ry;
generating a user graph Laplacian Lg from the user interaction
network W,
generating a topic graph Laplacian Le from the topic correlation
petwork R: and
20 generating an initial label assignment matrix Y based on initial

known user-topic associations,

10. The method as set forth in Claim 9, wherem in generating a topic correlation
network R, the topic correlation network is generated by applymg Louvain

25 commmuaty detection on Ry,

11. The method as set forth in Claim 10, wherein the rows of confidence matix F

represent users, and the columms represent topics, such that each entry of the
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confidence matrix F indicates the likelthood of @ user as being interested in a

particular topic.

12. The method as set forth in Claim 11, wherein inftiating an action furthey

(¥

comprises acts of generating and presenting an online advertisement to users
regarding a particular topic to those users whose likelihood of being interested in

the particular topic exceeds a predetermined threshold.

13. The method as set forth in Claim ¥, wherein the rows of confidence mattix ¥
10 represent users, and the columns represent topics, such that cach entry of the
confidence matrix F indicates the Likelihood of a user as being interested ina

particular topic,

14. The method as set forth in Clatm 8, wherein initiating an sction further

prency
(¥ e

comprises acts of generating and presenting an online advertisement o users
regarding a particular topic to those users whose likelihood of being interested i

the particular topic exceeds a predetermined threshold.

15, A computer program product for identifying user imerests through social wedia,
24 the computer program product comprising:

& non-transitory compuier-readable medivm having executable
mstructions encoded thereon, such that upon execution of the Instructions by one
or more processors, the one or more processors perform operations of:

generating a confidence matrix F based on user interactions and
25 CO-OCCUTingG fags on a sooal media platform, the confidence matnx F
indicating a hkelihood of the users in the social media platform as being

interested in a particular topic; and
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mitiating an action regarding a panticular topic for those users
whose likelihood of being interested in the particular topic exceeds a

predeterntined threshold,

5 16. The computer program product as set forth in Claim 15, further conmprising
operations of;
constructing a user interaction network W based on a collection

of user interactions on a social media platform;
constructing a tag co-occurrence network Ry based on a

10 collection of co-occurring tags on the social media platform;

constructing a topic correlation network R based on the tag co-
occurrence network Ri;
generating a user graph Laplacian Ly from the user interaction
network W
15 generating a topic graph Laplactan Le from the topic correlation
astwork R;

generating an initial label assignment matrix Y based on initial

known nser-topic associations.

20 17. The computer program product as set forth in Clamn 16, wherem in generating a

topic correlation network R, the topic correlation network 13 generated by

applving Louvain community detection on Ry,

18, The computer program product as set forth in Claim 17, wherein the rows of

P
[ 3

confidence mattix F represent users, and the columns represent topies, such that
each eniry of the confidence matrx F indicates the likelthood of a user as being

mterested m a particular topic,
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19, The computer program product as set forth in Claim 18, wherein initiating an
action further comprises operations of generating and presenting an online
advertisement to users regarding a particnlar topic to those users whose
likelthood of being mterested m the particular topic exceeds a predetermined

threshold,

(¥

20. The computer program product as set forth in Claim 15, wherein the rows of
confidence matrix F represent users, and the columns represent topics, such that
each entry of the confidence matox F indicates the likelihood of g user as bemng

10 interested g particular topic,

21, The computer program product as set forth in Claim 15, wherein inttinting an
action further comprises operations of generating and presenting an online

advertisement to users regarding a particular topic to those users whose

ety
(¥

Hkelthood of being mterested 1 the particular topic exceeds a predetermined

threshold,
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