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(57) Abstract: The present teaching relates to online user profiling. In one example, content associated with a first user of a social
media network is obtained. From the content associated with the first user, a first link to a first piece of content is identified. A
second user of the social media network associated with the first user is determined in the context of the social media network. From
content associated with the second user of the social media network, a second link to a second piece of content is identitied. The first
and second pieces of content are retrieved based on the first and second links, respectively. User profile of the first user is generated
based, at least in part, on the first and second pieces of content.
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METHOD AND SYSTEM FOR ONLINE USER PROFILING
BACKGROUND

i Technical Field

{0061 The present teaching relafes to methods, systems, and programming for
anline aser profiing. More specifically, the present toaching iy dirscted to msthods, systems,
and programumuing for soctal media network user profiting,

2. Discussion of Technioa! Bavkground
{0002} Personahized content has boen increasmgly served by online content

providers as delivering personalized content iy crittcal to make peaple’s daily Hives inspiving
apd entetaining.  To oxtend the user soope and make uers more engaped, a good
understanding of what users ke is nepdad,

{o0a3) In the knowsn personslization systems, the user interest profiles are
built mabaly based on the user deglarstion and user historic behaviors on the content served
by the content providers. Information from other souress, e, users” onlive behaviors in the
thind party networks, however, is ravely conudersd by the koown personatization systems for
inferving user interesty. Therefore, there Is 2 need to provide an improved solution for online

user profiling to solve the sbove-mentionsd problems.

SUMMARY
faasa] The precent teaching relates to methods, systoms, and programmming for

onting sser profiling. Mot specificadly, the present teacting ts divected to methods, systens,
and programming for secial medin netwerk user profiling,

HHMISY In one example, 8 method, implemented on st least one vomputing
device cach having af lesst one processor, stovage, aad @ commmuication platfory convected
1o @ network for online user profiling s disclosed. Content associated with g fiest user of 2
sovial medin netwark s oidained. From the coatent associaied with the Hirst user, ¢ 8rst link
tes & first plecs of content iy identified. & second ueer of the socisl mediy network associated
with the first user is determined in the context of the soainl medin notwork. From contend
associated with the second wser of the social media network, & sepond Hnk o 8 second pisee

of content 15 dentified. The first and second pisves of contont are retrioved based on the first



WO 2016/127338 PCT/CN2015/072768

and sexond Hoks, respestively, User profile of the fest user 19 penerated based, at loast in pari,
on the frst and second pigces of comtent.

[O006] T oo different woample, o systeny for onlive usyy profiling s disclossd,
The systern ncludes a first conterd retrioving uniy, 2 socis! graph snslyeing module, & hink
exivaction undt, 8 second content relrioving vnit, and 2 usor Intorest sodwing umt. The frst
content retrieving unit v configured o obisin content associated with & fest wer of g socisl
media network., The sooial graph analyzing moduls is confipasd to determine a scoond vesy
of the social media actwork reseciated with the first user in the context of the social media
network. The Hak extraction unit is configored o identify, from the content sssociated with
the frstusen, a first Bnk 1o a frst plecs of comient, angd identify, Bom vontent assoviaied with
the seoond wser of the souial media network, @ second Bak o & seeond piece of content. The
second coptent retrieving unit is configured to retrieve the first and second pieces of content
based on the first and second links, respectively, The user totorest scoring unit s configured
o generate wser profile of the first user based, at least in part, on the fivst and second picces
of content.

Toaa7] (iher concepts relate to sofbware for toplomenting the present
teaching on puline wser profiling. A software product, in aceord with this concept, imchades at
lgast one non-transtfory machine-readable medivm and information carvied by the medinm.
The inforraation carned by the medium may be exscutable program sode dats, parametens in

_sesociation with the executable program code, andfor information related $o g user, 8 roquest,
content, or information refated o a social group, ste.

fO00%] In one example, 3 non-lransory maching readable medium having
formation reenrded thereosn for online user wrofiling is disclosed, The recorded information,
when read by the machine, causes the machine o perform g series of processes. Content
assoctated with a Hrat usee of ¥ social media network & obtained.  From the content
associated with the first user, & first Hink to & frst plece of content is identified. A second
user of the soctal media network assoolated with the firat user is detormined in the context of
the social media netwarke From contert sssociated with the second wser of the socisl media
network, & second Hek to a second piece of vontent s identified. The first and second pleces
of coptent are retrieved based on the first and seoond Yaks, respectively, User profile of the
first user ix gensrated based, at lesst in part, on the first and second pleces of content.

{0009 Additiong! featurss will be st forfh in part in the description which
follows, and in part will bepome apparent fo those skilled in the art upon examination of the

following and the sccompanying drawings or may e learsed by production or aperation of
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the examples. The foatures of the present teachings may be realized and attained by practice
v use of various aspects of the methodologies, instromentalitics and combinations set forth in

the detatied examples diseussed below,

BRIEF DESCRIPTION OF THE DRAWINGS

100101 The methods, systems, andfor programuoding described berein are
fsther desoribed o ferms of exemplary embodiments.  These exemplary embodiments are
deseribed in detail with roforance fo the drawings.  These enbodiments are non-limiting
exemplary embodiments, in which Bke referenve oumersls represent similar structures
throughout the several views of the drawings, and whereie

[aG11] FiGe, T4 Hlustrate exomplary system configusations i which a user
profiling engine can be deploved, actording to vanions embodiments of the present teaching

[oa2y FIG, 3 s sn sxomplary systerny diagram of 2 user profiling engme,
aecording to an smbodiment of the present teaching,

f0013] FHG. & 1y g Howchart of an exemplary protess Ror ¢ vser profiling
enging, secording o an embodiment of the present teaching:

EEHEN FIG. 7 is o Sowchart of apother exenplary process for g user profiling
enging according to an embodiment of the present teaching

{0015} FIG. 8 s an exemplary systom diagram of & content anslyeing module,
according to sn embodinent of the present teaching

FO01 6] FIG. 9 5 a fowchart of an oxemplary provess for 8 content analyeing
moduale, aceording 1o an smbodiment of the present leaching

REE W FIG. 1 depots an exemplary oser profle vector constructed based on
soctal media network sipgnals, according to v ebodiment of the present teaching;

[OG18] FIG. 11 depiots an sxemplary baseline user profile veclor coustructed

based onr o plurality of user profile vectors, according to an embodiment of the prosent

teaching,
{0161 FIG. 12 15 a flowchart of an exemplary process for 8 baseline profile

evaluating vt according o an snbodiment of the present teaching;

(00201 FIG, 13 doptots the architecture of & mobile device which can ke used
to implement & specialized systens incorporating the present teaching, and

joaeny FIG. 14 depwcts the architecture of & computer whish can be used to

tmplement 2 specialized system fncorporating the present teaching.
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DETAILED DESCRIFTION

{0021 In the following detailed desoription, mumerous specific details are set
forth by way of examples in order to provide a thorough understanding of the relevant
teachings. However, it should be apparent to thoss skilled in the art that the present teachings
may be practiced without such detafls, In other tostanees, well known methods, provedures,
systems, components, sndfor cironitry have been described at a relatively high-level, withow
detail, in order to avoild unnecessarily obecuring aspects of the present teachings.

{0231 Theoughout the specification and claims, fenms may have nuanced
meanings Sugpested or implied i context bevond an explicitly stated meaning. Likowise, the
phrase “in one embodimentiexample” as used herein doss ot necessanily refer w© the sams
ewbodiment and the phrase “in onother embodiment/exarmple”™ ay used hersin does ot
necessanly refer o 5 different embodiment, 1t is intended, for example, that claimed subject
matter inchude combinations of example embodimats inowhole or in part

RREREY] in general, temunology may be understond at least m part fom usage
in context. For sxample, forms, such as Sand™, “or”, or Yandfor,” as used herein may includs
a variety of meanings that may depend of least in part upon the condext i which such ferms
are nsed. Typically, “or™ if used o assoviate u Hst, such as A, B or O, iz inlended & mean A,
B, angd €, here used in the molusive sonse, ay well az &, B or € here used i the exclusive
sense, In addition, the term “one or more™ as used hersin, depending at least in paxt wpon
sontext, roay be used o desoribe any feature, structure, or characteristic in a singudar sense or
may be used to dosoribe combinations of featum& structures o characteristios in a plural
sepse. Similarly, forms, sueh as %8, “an,” or “the,” again, may be understood to convey a
singular tsage or to convey a plurst usage, depending ot least in part upon context. In
addition, the term “based on” may be understood as mot necessarily intended 1o convey an
sxclusive set of fotors and may, instead, allow for existence of additions] fhotors 1wt
azcessarily expressly described, apain, depending s least i part on vontext,

LAY The present teaching deseribes method, system, and programming
agpects of online wer profiling based on users” content and signals on spelal media networks,
The method and system in the present teaching can generate o profile of 2 social media
network user, which contalng various fostures such ss entities, categories, comlent sources
{e.g., poblishen), phrases, st dedved from the content associated with the user of intorsst

andfor other relatid users in the context of the social media nstwork,
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0026} In some cmbodiments of the proseat teaching, oot enly the content
itself produced or consumad by 8 soclal medis network user, but also links identified in the
content, are snalyzed and ueed as content sources for user profiling. By some embodiments of
the present teaching, soctal graph of the wser in the context of the sosial media netvwark i
nsed for identifving other social media network users, whose content andfor links in the
content may be analyzed and vsed as additional content souress for user profiling. Content
itemns from varipus sources, as mentioned above, including the user's contont and tinked
content and other associated users’ content and Hiked content, may be aggreguied v oreating
the user profile

(o271 Moreover, in some embodiments of the present teaching, & baseline
wser profite, which reflects the peneral populer interests among all users of the social medis
network or aong & set of users, is inroduced and need for adjusting 2 user’s own prafile, for
example, by penaliving the peneral popular interests and promoeting the wser’s nnique
intoresis.

[0038] FIGs, 14 iHlusirate exemplacy systeny configurations in which a user
profiling engine can be deployed, according o various embodiments of the presant teaching.
In FiGs. 1-4, the exemplary system includes 8 weer profiling engine 102, 2 soclal networking
service (SN§, aka social media nebwork) 104, users 108, a2 notwork 108, one or more
publisher portals or content providers 114, and content sources 112 wluding contont souree
1 1121, content source 2 11293, ., contend source n 133-3,

UG The network 108 mav be o single network or a combination of
different networks, For example, 8 network may be a local area network {LAN), 8 wide aren
nebwork {WAN]) & poblic network, a private network, 8 propristary network, a Public
Switched Telephone Metwork (PSTN), the Internet, & wircless network, a cellular network, a
vittoal network, of any combination theraedf. A network may also inchrde vanious nstwark
aocess peints, .8, wirgd or wireless agoess polnts such as base stattons or Infernet exchange
points 1081, ..., 1082, through which a data sowrte may sonnect fo the network 108 in
ordey to transmdt information via the network 108, and 8 notwosk sode may connest o the
network 108 in order o receive information.

0030 The social networking service 104 may be any digitd plasform for
bailding spcial networks or social relations anong people who share inferests, activities,
backgroumds, andfor real-life connections. The socisl petworking servies 104 nay include
reproscndations for cach nser, social Haks/graph of cach user, and sy addifional services, o8

sopwmumcation, mformation sharing {e.g.. sharing photos, videos, posis, eventy, and ideas),
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blogaing, micre-blogging, ete, The social networking scevice 104 may be provided a5 2 web-
hased servige, including means fir gsers to interact over the Internst, or 38 a mobile-based
service with instand messaging clients instalied on the usery” wwobile devices, vg., smant
phones and tablety, The accial networking service 104 includes, for example, Twitter,
Facchook, Googled, Linkedln, lrotagram, Plsterest, MySpace, Yine, Tuwubly, Snapchat,
Whats&pp, WeChat, Waibo, Revnren, Line, © name 3 fow,

0034 The nsers 106 may be of differcnt tepes such as users eomaected t G
network 108 via deskiop conngetions (1061, wiers connecting to the network 108 win
wirgless commections such ag theough 2 laptop (106-2), 3 handheld device {1069}, or a bult
i device iy @ moblis vehigle such a8 3 motor vehicle {1063} The nsers 1086 may be

ponnected to the network 108 and able fo log into the sooial networking sevvice 1040 The
weers 106 may be wery of the soclal networking service 104, who are connscted with each
ather in the context of the sootal networking service 104, The usors 106 of the souad
networking service 104 may be associated o various manners: Ror example, one user follows
one or move other users; multiple users belong to the same group of the social networking
gervice 104,

{0321 In some embodinents, 38 will be described {n funther detad below, the
user profiling engine 12 may analyze the condent associated with a user 106 of the socisl
agtworking sorviee 104, either content produced by the user 106 {a.g., posts, tweets, sie} or
content consumed by the user 106 ez, Hked posts, re-tweets, ot} and sxiract features from
the content based on any switable comtent analysis models.  The ueer profiling engine 192
my alse extract links, e.g. oniform resouree Iocator {URLY, from the content and further
refneve and analyves the linked content {additions] content directed by the Haks) fo obtain
additions! features. The features relate Yo the interests of the user 1086, including, for exanple,
entitivs, categories, content sources {publishers), and phrases. Based vn the featurses sxtracted
from both the wser's own oontent and the linked content, the user profiling sngine 102 may
generale 2 user profile vector representing the user’s profile.

100337 in some embodiments, as will be desoribed in further detadl below, to
better infir the nest’s injoregts n the pomtext of the sacial networking ssrvice 104, the user
profiling cngine 102 may entify additional users of the social netwarking service 104 whom
are associated with the user 106 of interest based on the user's soclal graph, &g, other users
followed by the nsey 106, The user profiling engine 102 then may similarly extract foatures

frorn both the additional osers” own content and Hnked content and ageregate them with
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foatures extract fom the wee's owe content and Haked content {0 gensrate the vser profile
vector for the user 106 of tderest.

{00341 In some embodiments, as will be deseribed in fusther detail below, o
penalize the goneral popular interests and promote 4 user’ s unigue interests, he user profiling
sngine 102 may further generate a baseline eser profile based on user profilos of a plurality of
nsers of the secial networking servics 104 and adjust each user’s profile based on the baseling
user profile,

{0038] The content sourees 112 include multiple content sogrees 13-4, HE-
2, ... T12-3, such as vertigal content sonrces {domaims) A content sowve 112 may
corrsspond 10 & website hosted by an entity, whether an individual, a2 business, or an
organization such as USPTO, gov, a contort provider such a8 cnncom and Yahoo som, o 8
content feed source.  In this smbodiment, linked contert mwy be retrioved by the user
profiling engine 102 from the content sourcss 112, For example, URLs dentified in content
associatod with g user 106 of the social networking service 104 may direct fo linked content
stored in the cootont sowves 112, The user profiling engine 102 and soctal netweaking
service 104 may access information fram any of the content sourees 11241, 112-3, .., 1133,

[A6] FIG. 1 shows a system configurstion 100 in which the user profiling
enging 102 serves as an independent service provider in rolation to the sockal networkang
saevice 104, To this configuration, the user profiling coglne 102 can be connected o g
phurality of soctal networking services and facilitate online user profiling %8 a servive o any
soudal networking service. FIG. 2 presents a slightly different system configaration 200 in
which the user profiing engine 102 ix voupled to the social networking servics 104 a8 a
backend sub-systeny  In this configoration, the wser profiling engine 102 sz shown is used
only by the sockad networking service 104 in operation.

Faas? FEG, 3 presents g shightly different system configuration 300 in which
the one or more publisher portale or content providers 110 are also included. The content
provider 1310 may be a publisher, a search englng, a content portal, of any other sources from
which content can be oblained.  The content provider 110 may comrespond to an entity,
whether an {ndividual, a firm, or an organization, pablishing or supplving vontent, including a
blogger, television station, » newspaper issuer, 2 web pags host, & content portal, sn online
servic provisder, or @ game seyver. The content provider 110 may receive infornuastion related
o user profiles, mcluding declared apd inforred nser interests, from various sowrees for

spplications such as personatized content recommendation or individualized search.
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{0038} fn this example, the users 106 may be usery of both the soctdl
networking service 104 and the content provider 110, The user profiling engine 102 may
way users between the sochal networking service 194 and the content provider 110 by
similarity-hased matching of the user registration Information (e.g., the name, birthday, wmail,
geo-tocation, ste) from the social networking servive 104 aad the pondent provider 110 or by
date miping of notification nformation {e.g. notificstion omails sent by the social
networking ssrvice 104 using the erpail service of the content provider 110}, Based on the
Gt mapping hotween the soctal notworking service 104 and the content provider 116, the
user wofiling engine 102 may aggregate the same usse's separate profiles generated from the
social networking service 104 and from the content provider 110 fo oreale & mone

comprehenatve profile for the user.

G

R FIG, 3 shows a system configoration 108 in which the wser profiling
engine 102 is couplad to the sonial networking servion {4 and the content provider 110 as 2
hackend subqsystem In this configuration, the nser profiling engine 102 ag shown Is used
anty by the socia] networking service 104 and/or the content provider 110 iy opevativn, FIG.
4 presents » alightly difforent systemy configuration 400 {nowhich the user profiling eogine 102
serves as an mndependent sorvice provider w relafion o the sovial networking servies 184 and
the oontent provider 1100 In this configuration, the user profiling ongine 102 can be
cennected © a plurslity of social astworking services and 8 plorality of content providers.
The user profiling ongine 12 faciliates onling user profiling as a service to any social
networking service of content provider,

fO040 FIG, § s an cxemplary systom diagram of & user profiling engine,
aecording to an embodiment of the present teaching. The wser profiling engine 102 in this
embodiment iz operatively coupled to the social notworking service 104 and the content
sources 112 and iy configured to create user profiles of any user of the soclal networking
sorvice 104 based on both comtent in the soclal networking service 104 and linked vontent
retrieved from the contont sowress 112, The user profiling ongine 102 in this embodiment
ncludes & NS content vetioving unit 302, 2 content analyzing moduls 504, & linked content
retrieving unit 306, a soclal graph analysing module SO8, a baseline profile evaluating unit
S14, and & user inforest scoving unit 312,

{00411 The SN§ content retrieving unit 502 in this ombodiment obtains
content associated with a user of the social networking service 104 {social media network).
The content may be any content produced by the user {e.g., posts, twosts, sie) or content

consumed by the user (e.g., liked posts, re-twents, oto) in the context of the social networking
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service 104, The oitained SNS content is forwarded o the content snadyaing moduls S04,
As will be desoribed in fucther detal] below, based on any suitable content analysis models,
sitch as 8 vontent analysis platform (CAF) model, 2 nature langeage processing (NLP) model,
gio., the content analyzing tvodule 504 extracts feanues from the SNS content, sggregates the
Features from different pizces of BNS content of the same wser, and frwards the aggregated
features to the user intevest scoring unit 312, The content analyzing module 304 in thix
example slsn idomiifies and oxtracts Uaks, such a8 URLs, from the SNE content of the pser
and provides the extracted hoks (o the Baked content refnieving unit 508

042 The linked content retrieving unit 508 in this example is responsibis
for retrieving additional content disscted by the exfract Hika from the content sources 112,
For oxample, # & Twitter oser’s mostrecest  tweet tcludes a2 URL -
hitpefwww il comvsaperbowlid9, then the linked content retrieving pnit 506 will feich the
content fom the 2015 Super Rowd official site directed by the URL. The Uuked content is
retumed back to the content sralyeing module 504 by the laked content reirieving wt 306
a0 that the content analyzing module 504 may further exiract features from the hnked content.
in this example, the Hoked content retrieving unit 308 retrieves Hnks for penerating and
updating nser profilos of @ sel of wsers Of interest, for example, the vsers mapped Hom the
content provider 110 a8 shown in FiGs. 3-4, In this example, the content analveing module
304 ray not forther Wentify and exteact Hoks from the linked content. A6l the festwes
sxizacted by the content analyzing module 504, either from the SNS content or the linked
content, are sent to the user inforest scoring unit 512 for generating the user profile vector,

1a043y The socis! graph analyzing module S08 in this example is configed
o identify additinnal userls} of the social networking service 104, whom ave associated with
the user of mterest in the context of the sowal networking sorvice 104, T this example, other
users followsd by the user of interest in the social networking service 104 are identified by
the social graph analyzing module 308, for example, based on user connections and wser
soclal graph within the social networking servive 14, The “following” relationship within a
suctsl neberorking servios s one example of sharing comemon interests among different users.
in some embodiments, the additional useris} may be users i the same bser grovpdcirale with
the user of interest within the social networking service 104, 1t is undersipod that any other
suitable user relationshipes within a social networking service may be sssd as well in
identifying additional user(s) for enriching information in user profiling. As shown in FIG. §,
the identified associted user(s) s provided 1o the SNS content refrioving unit 502, The

SNS content relrieving unit 302, the content analyzing module S04, and the linked content
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veirieving unit S08 then repest their Rmclons as desortbed sbove to exiraet foatures from the
SMS vontent and Hrked content of cach sssociated user. Al the extracted features from
content related to the associated gser(s) are simtlardy provided to the user interes! seoring it
$12 for penvrating the nser profile of the user of interest.

{60441 The user interest scoring uait 512 in this example is responsible for
gengrating & peer profile of the user of interest, for example, in the form of & wer profile
veotor, bassd on the features extracisd by the content analyzing module 384, The fatures
may come from the user’s own SNS comtent, the wer’s linked contend, the sssociated userlsy
SNS content, andfor the aasociated user{s) Hnked content. A seoring model 316 iy be uaed
by the user interest scoring wnit 12 for generating the nser profile and will be described in
detail below, In one sxample, a seore for cach agyregated feature is caloulated bassd on
popurrence of the featurs i any or all of the content mentioned above, and the user profile
veetor is crealed based on the scores of each aggrepaied fenture. In some embodiments, the
refovance bebween ouch foature and the content may be used to calvulate the score of the
feature. All the user profiles genesaied by various osers of the sooal netwerking service 14
iy be stored i a wser profile databage 514, 1o tids exanple, sach user profile is sonerated
by collecting the wer’s sontent within o predefined time window {o.g., two woeks) and kept
updating periedically {e.g., on the daily basis) on dynamically in real-time {e.g., snviime a
mew pece of content associated with the user i obtammed, or a new assouisted user I8
identified). In updating an existing user profile, historical welghts of existing intevesis in the
user profile may be dorayed by a time decay factor, sg, expouentially, and added o the
updated waights.

{00431 The buseline profile evaluating wait 510 in this example i configured
fo generate the baseline user profile of @ group of users of the sooial networking service 104
In one example, the group users may be all the users of the social nebwerk service 104 Tn
another example, the baseline profile evaluating wait 510 may identify o particular user cohort
based on the social graph of the wser of inferest, which is obtalned from the social graph
analyzing module SO8. For example, the user cobiort way be all the users who are in the same
nser group{s)y with the user of intersst, In stll another example, the group of user may be any
random wsers of the soclad sebworking service 104, In any event, the hascline profile
evalusting woit 510 may retrieve user profiles of the group of nsers sod gensrate 3 baseline
profile based on the sser profiles. The buseline profile indicates the backgyound strength of

each wser fnterest and reflsets the gencrad popularity of each user fnterest. In this example,
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the user interest scoring vnit $12 may adjust the user profile of cach user of interest based on
the basehine user profils.

{00461 FIG. & is a Howchart of an exemplary process for & weer profiling
englne, according t© an cmbodiment of the present teaching,  Starting ot 602, coulent
associated with a wer i a social medis network s obtained.  The conlent may be, &y
example, tweets or re-tweets of a Twitter user posted In a predefined time window. Al 604,
finks are identified in the oblained SNS conteat, The Hoks, for sxample, URLs contained in

.,

P

fhe twests or vo-twests, tay be identified from the SNS contont. At 808, hinked contend, &
weh puges pointed to by the URLs, is retrieved, At 608, the profile of the user i3 generated
based on the SNS content and the Hoked contont,  The profile may be a feature vestor
including, scores of user tnferest foatures extracted From the SNS content and linked content,
&2, entitivs, categories, publishery, and phrases,

o7y FiG 7 is g fowelart of another exemplary process for @ user profiling
engine, accurding to an embodiment of the prosent feaching, Marting af 703, social graph of
a vser in the soctad modis nebwork is analyzed to identify other users assoctated with the weet
of interest in the content of the social media network, The associated wers may be fullowed
by the user of micrest, A 704, SRS content of an associated user 13 oblained. The SM8
comtent may be, for example, tweets or re-tweets of another Twitter user followed by the user
of fmterest, &t 706, Hoks, for cxample, URLs contained in the twests or redweets, ars
identified from the SNS coutont of the associated user. At 708, linked comtenty g, web
pages poisted 1o by the URLs, s vetrieved, Al 710, whether there are more associated wsers
followed by the nser of tuterest §s deternined. I there are still more associated wsers, then
the process refums o 704 and repeats. Otherwise, the process continpes to 713, where the
profife of the user of interest is penerated hased on the SNS content and the linked cortent of
both the user of interest and the associated users followed by the wser of juterest,

[O048! FIG, 8 s an exemplary system diggram of & content analyzing module,
scoording to an embodinent of the prosend teaching. The content sualysing modnie S04
this emvodiment isclodes a foature oxtraction unit 802, a Hek extraction unit 804, sad g
eature aggregation it 808, The feature exlraction unit 802 s responsible for identifving
and extranting user interest foatures Bom linked conterd and SNS pontent associated with
either the wser of interest or the assoviated psers within a prodefined time window based on &
content analysis model 808, The confent analysis model $08 may be for exanple, a CAP
model, a NLP nmodel, or any other suitable semantic swalyvsis model known in the art

Various types of nser interest foatures may be extracied by the Rature extraction unit 802,
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such as but not limited to, entities 810, categories B12, and publishers 814 {content sources).
The entities 810 muy be Wikipedia entities, e.g, Promisr League, England, Money, Mike
Tyson, Arsenal FO., Molaven, Jemson Button, st The gateporics 812 may be sy
predefined interest categoriey, including, fr examyple, soccer, singer, Yacing drivex, boxer,
actress, fnsnce, ete. The publishers 814 may be any onling o offling content sources from
which the content 1s produced, such us Forbes, CNN, TechCrunch, Harvard Business Review,
ote. 1t is understond that any other types of festurss that van reflect user interests may be
extracted gs well, such as plussss. I some embodiments, as vartous featurss may be
exiracted fom the sume piece of content, 3 threshold may be set to filter vat certain foatures
that are not relevant enpugh to the SNS or Hoked content. The relevanee {aboutness) of a
feature o the contant may be caloulated based on the content analysis modal 808,

150497 The feature aggregation unit R0S in this example i eonligured to
ageregate the sams user interest features from ditferent pieces of vontent associated with the
same wser. For example, the sams user interest entity of “Arsenal F.O.7 may be exiracted
from a user's ANR content, the linked content, and some of the associated users” NSNS content
with diffarent relevance scores {assuming they aee all above the threshold), then the feature
ageregation it 806 may aggrepats the relovance scores of the same sntity “Arsenad O
and provide i as an sgeregated wser imterest feature.

REEN I The ok extraction uwmit 304 in this example ¥ respousible for
identifving and sxtracting lnks $18, o8, URLs, from the SNS content associated with sither
the nser of interest or the sssocisted users within the predefined Hine window based on the
content snalysels model 808, For example, in Twitter, & large amount of tweets contain URLs
o news, and these Hnks may contain even mors information than the user’s posted phrases.
Thus, the Hoked content in the URLs ave taken as user profile sources as wedl The Hnks 816
in this sxample are gent to the bnked contord retrieving wnit 306 for fetching the
sorresponding linked vontent.

{00511 FIG. 8 s & Bowehart of an exemplaey process for o content analyeing
module, according o an ombodiment of the present teaching,  Starting at 903, 8NS content
sssocmted with a user 38 recsived within a predefined tme window. At B84, user intecsst
foatures ave extracied from the obtaived BNS content, incloding entities, pstegories,
publishors, phrages, g16, AU 908, links, e.g. URLy, are extracted from the SN content. A&
B0, content linked by the URLs is retiieved. At §10, user interest features ave sxfracted
from the Hoked content as well, AL 812, whether there are addifional pleves of NS content

15 recmived within the prodefined time window is determiined, N the answer i3 positive, then

M
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the progoss roturms 1 902 and ropeats. Otherwise, the process continues fo 814, whete all
uxey tterest foatures from difforent user profile sourees, e.g., SN content sad linked content,
are agpregsted,

HLEU N FIG. 10 depicts an excmplary ussr profile vedior oonstracted based on

soctal media nebwork sgnals, ateording © an ombodiment of the present teaching, The user
profile vector 1000 in this example inclodes various feature spaces, such as feature space A
1002 for entitiey and foature space B 1004 for categories, Addibonal featurs spaoss, such as
publishers, may be included as well. Each user intorest feature 15 vepresented by a score (Sul,
8a2, ..., 8bl, 8b2, ...} calculsted bosed on the rolevance befween the corresponding
apgrepated ser inferest feature with respet to content. Taking feature score Sad 1006 23 an
cxangle, tmay be caloulated as g waighted suumation of g seore Sad_own 1008 and & score
Sgd follow 1010, Sad own 1008 may be calenlsted based on the same user interest featute
{eorresponding fo the entity of Rad 1002} extracied from the user’s own SNE content and
Hrked content thereof] Bad_follow 1010 may be caloulated based on the same user interey
feature {Torrssponding to the sntity of Sad 1002) extracted from the sssectated wsors” {aug,,
other users followed by the usey of interest) SNS cougent and linked contend thergefl Bach of
Sad_own 1008 and Sad follow 1010 may be assigned with a respective weight &l &2,
caloulating Rad 1002, Moroover, Sad_own 1008 muy be caleulated as & woighted swomation
of 3 soore Sad wne 1012 and 2 seore Sad Bink 1014, Sad sns 1012 may be calontated baged
on the same user intorest feature {corresponding 10 the entity of Sad 1002} extracted from the
user’s own SNS content; Sad_link 1014 may be caloulated based on the same user interest
feature {vomesponding to the entity of Sad 1002y sxtvacted Homs the user’s hnked content,
Bach of Sad_sas 1012 and Sad_link 1014 may be assigned with a respective weight Bl b3, In
caleulating Sad_own 1008, In o sindlar manner, Sad_follow 1010 may be caloulated as a
weighted summation of a score Sad_sne 1016 and a scove Sad_Hnk 1018,

100331 The following disclosure shows an example of caloulating o Twitter
nser profile vector, Given a Twitler user U (specified oither by twitter name or twitter 1DY,
the user's Twitter profile can be generated by the ollowing steps:

{1} Retrieve the sot of usas U follows weing twitfer AP {htpsiidevbwitter.com).

Denote these users as ¥, = U1, where » s the number users U follows,

{2} For gach &;j‘ € ., colleet all the tweets bofshe posted in recent two wesks, For

each Haked content Htem, extract Wikipedia tenns (wiki entities), categovies and

publishers by the CAPR model. Then, the URL can be represented as 3 tniple < 3, 2,
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>, whers B, Fand O refer Yo the wiki entities, publisher and catogories assoctated
with the UBL, respectively. Rinee cach property {wiki, publisher or category} is
assigned with an shoutness score by the CAP mndel according © Hs relevance to the
LIRL, 8 threshold 408 s set 10 filter put the wiki enBitiex and cateporios which aro less
refevan.

Thersafier, {5; s profifle d8 representsd ae g iviple {ii FLCY . where
W, = lwlhoacl J{whsef b o {wfsef 11 s the seb of tuples contalning wikis

associated with E}* and their sooves. The sooves se} i pomputed a8 Rollows:

B AbtScorev] e}

w
SCh
i

3

¥ i NI SN Y
Sxurlrint gm Tty AbtEcor el e’}

s,

(0
where 1 s the whole set of URLs tweeted by ¥ in mevent two weeks,
AbtScare{w i} is the shoviness score of wiki term wein the content feny URL
computed by the CAP model, The scoms oy publishers and categories are computad
in the same manner,

{3} Finally the pser’s profile Gum te following graph is also represented as a iy < ¥,

F O > and the score for each user interest feature i3 the sam of all Hs soores fram all

the following wsers, The profile fom the user €73 own twents can be caloulated inthe

samee way ay ahove and add 1 to the following graph profile.

54} FIG. 11 depicts an exemplary baseline user prefile vector consfructed
hased on & plurslity of user profile veotors, acoording to sn ewbodiment of the present
teaching. The baseline user profile veotor in this erample 38 gonsrated hused on user profile
vectors L-n from @ reforence wser pool, which may be as largs as all the users in the sockad
setworking servios 104, In the same example as mentioned of calenlating 8 Twitter wsay
profife veotor, the bussline Twitter user profile goneration and user Twitter profile adfustment
{re-weighing) vaay be performed as Bollowing:

{4 Apply the rerm resweighting algorithm to penalize the general popular mterest

among all the users and promucte wser’s unlque interest. This step iy used to penalize

the profile dems {wiki terms, categories or publishers) which are populsr among all
the users.  Given g profile feature, for example, 8 wild term o, computs the
back ground strength of this term ay

E s
R {2}

WS
& + [
Bk T NJ. i
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T ,,.,ﬁ: 3 o= o 3 g =3 E R e
Here, sl refors to the profile score of w™ for wser ¥, Hence, the background
strength of o wiki terow refers to i3 popularity compared to other wikis. Than, the
expected profile soore of w® for user U, (baseling uyer profile) van be computed as

& <y : B - " . , y
gy = Flw ) b2 + 567 . And the profile soore of w® for ¥, s roweighted as

xS i
N (3}
o5,
{00357 FIG. 12 ix 3 flowchart of an exemplary process for g baseline profile

svaluating ontt, scoording to s embodiment of the present teaching, Starting &t 1202, 3 user
profile vector of a user of intorest i gonerated. AL 1204, a reference user posd s deteraviaed,
In one example, the reference vaer pool includes all users of the social media natwork. In
another example, the reference wser pool fncludes all users in the same nser group{s} with the
user of inferest in the social media network.  In atill ancther example, the reforence user pool
inchudes all users connected o andfor llowed by the wser of interest in the socisl media
petwork. In yet another sxample, the reforence user pool inctudes random users of the sooial
media network, At 1206, user profile vectors for sach user 1 the reforence user pool are
obtained. AU 1208, a baseline user profile vector s generated based on the refersnce wser
profife vectors. At 1210, the user profile vector o1 the user of interest s adjusted based v the
baseline user peofile vector,

{6056} FH3. 13 depicts the architecture of a molile device which can be used
w realize v specialized syetom implomenting the present teaching. In this example, the user
device an which confent is presented and interscted-with is 2 mobile device 1300, including,
but is not Emited o, @ smart phone, ¢ tablet, a music player, @ handled gaming consalg, &
global posttioming syster {GPS) reeelver, and & wearable computing devics {e.g., eveglasses,
wrist walch, ele}, or in any other form factor. The mobile device 1300 in this example
inchudes one or mone central processing undts {CPUs) 1302, one or more graphic pracessing
nnits (GFLL) 1304, a display 1306, & memory 1308, & communication platfeem 1319, such as
a wireless covmuication module, storage 1313, and ang or more input/eutput {VO) devices
1314, Any other suttable component, including but not timited to & system bus or 8 controller
{nwt showin), may also be included in the mobile devies 1200, As shows i FIGL 13, 4 mobile
operating systemy 1316, ep, 0¥, Androld, Windows Fhope, cte, and one or smove
applications 1318 may be toaded into the memory 1308 from the storage 1312 in order o b

exeuted by the CPU 1382, The applications 1318 may include a browser or any other
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suitable mobile apps for receiving and interacting with content on the mobile devies 1300,
User intersctinns with the content may be achieved via the VO deviges 1314 and provided o
the user profiling engine 12 via comuunication platform 1318,

fo0s7] To imploment various modules, unils. and  thetr Buclionaliies
deseribed in the present disclosurs, computer herdware platforms may be used as the
harstware platform{s) for ane or more of the glements described heretn {e.g., the user profiling
engine 102 described with respest to FIGs. 1-12) The handware slements, operating systoms
and programming languages of such computers arg conventional in nature, and it 13 presumesd
that those skilled & the art wre adequately familiar thepewith 1© adapt these techaologies o
online wser profiling ax described hereln. & computer with user interface olements may be
used to aplement § personal computer (PO} or other type of work station or fepminal devics,
although & computer miay b act as 8 server if appropriately programmed. It i belioved that
thoss skilted in the art ave Tamiliar with the strocture, progeamuming amd gensral operation of
such computer sguipment and as a result the drawings should be selffexplanstory,

REERRY FIG. 14 depicts the architecturs of 2 compuling device which can by
used to realive 2 specighzed system huplomsating the prosent teaching. Such a specialized
system meotporating the prosent teaching hay 2 functional Mook dagram tHlustrstion of 8
hardware platform which ncludes neer interface elements. The computer may be 9 general
purpese compater or a special purpose computer.  Both can be used to implenwent a
spocializad systern for the present tesching. This computer 1400 may be used to implement
sy component of onlive user profiling technigues, sy described berein, For example, the
user profiling engine 102, ete, may be implemsnted on 2 conputer such a8 soanputer 19040,
via s hardware, software program, Srmwars, or a combination thereof.  Although only cns
such computer s shown, for convenience, the compuier functings relating to online user
profiling ae deseribed hevein may be foplemented in 1 distiboted fashion on 3 number of
sitnilar platforms, o distribute the progessing load.

o0 The computer 1400, for example, includes COM ports 1402 connected
to and from a network connected thersto to facilitate date communizations. The computer
140G also incledes 2 ventral processing uait (CPU) 1404, o the form of one ur more
processors, for execating program instructions, The sxemplary computer platform inchudes
an internal communication bus 1406, program storage and dats storage of different forms,
.8, disk 1408, read oaly memory (ROM) 1410, or random socess memory {(RAM) 1412, for
varfous dats files fo be provessed andfor communicated by the computer, as well as possibly

program mstructions fo be exeputed by the TPU 1404, The computer 1400 also includes an

16



WO 2016/127338 PCT/CN2015/072768

VO component (414, sapporting inputioutput flows between the computer and other
components therein such /s user intorface elements 1418, The computer 1400 may also
receive programsing and deta vis network conmmunications,

{0060 Henve, gspects of the methods of online user profiling andior other
provesses, as outlined above, may be embodied in programming.  Program aspects of the
technology may be thought of as “products” or “articles of manufacture” typloally in the o
of sxevtable code andfoy assooiated data that ts carried on or embodiad in 2 type of maching
readable mediven,  Tangible pon-transitory “storapes” type madia include any or all of the
memory or other storage for the computers, processors of the Hke or associated musdules
thereot, such ag various sersiconductor memories, lape devey, digk drives and the like, whieh
may provide storage 8t any tme for the sofiwar programming.

{3061 Al or portions of the software may at tines be communicated through
a network such as the Intemmet or various other teleconumurdcation netwerks,  Such
communications, for example, way enable loading of the software from one Compuier or
provessor o another, or example, from g management server or bost compater of a search
engine opevator e the hardware platformis} of & computing environment or other system
implomenting & computing environment o similar functivnalities i connection with onling
usey profiling. Thus, snother type of modia that may bear the sofbware slements inclodes
optical, clectrizal and clectromagnetic waves, such o3 used across physical interfaves between
focal devices, through wived and optical landline networks and over vastous air-links. The
physical eloments that carry such waves, such 88 wired or wireless Hnks, optical Hinks or the
like, also may be considerad as media bearing the software. As nsed heredn, unless restricied
1w tangible “stompe” mediy, terms such as computer or maching “readalde msdium” vefer to
ary medinm that participates in providing instructions to a provessor for exeoution,

{0062 Hence, a machine-readable medivm may take many forms, including
but not limited to, o tangible storge mediom, a covder wave mediwm ot physics)
transmission medivns. Non-volatile storags media Include, for example, optical or magnstic
disky, sueh a3 any of the storage deviess in any computer(s) or the ke, which may be used to
implement the system or any of I8 components a5 shown in the drawings, Volatile storags
media include dynamic memory, such as a main memory of such @ compater platform,
Tangible transmission media inclode coaxial cables; sopper wire and fiber optics, inclhuding
the wires that form a bus within a computer system.  Carrier-wave ransmission media may
take the form of electriv or elestromagnetic signals, or seoustic or Hght waves such as those

generated during radic frequency (RF} and infrared (IR} datn convmumications, Common
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forms of computer-roadable media therefory inclnde for sxample: o floppy disk, o faxible
disk, hard disk, magnelic tape, sy other magnetic mediumy, 3 COROM, DVD or DVD-ROM,
any other optical medium, punch cards paper tape, any other physical storage miedium with
patiemms of boles, 8 RAM, 2 PROM snd EPROM, o FLASH-EPROM, any other memory chip
or carfridge, & Carvier wave fransporting data or instroctions, cables or Hinks fransporting such
& varier wave, of mny other medium from which s computer may read prograsuning code
andlor data. Many of these forms of computer resdable media may be involved in carrying
ofse OF Mo sequences of ong or mote wsiructions le a physical wocessor for execulion,

{00631 These skilled in the art will recognize that the present teschings are
amerable o g vansty of modifications andior anhencements, For example, although the
implementation of variops components described sbove may be embodied in 8 hardware
device, it may alse be tnplomented a5 ¢ software only solution - e.g., an installation on an
existing server. o addition, the online user profiling as disclosed herein may be fplemented
as @ HBrooware, fnvwsreisefteare combingtion, fravwarghandware combination, of a
hardwarefirmware/softwars combination,

{aoady While the fregaing has described what are considersd to constifute the
present teachings andfor other sxamples, ¥ is undersiond thet vanious medifications may be
mude thersto and that the subject matier disclosed herein may be implemented in various
forms and examples, and that the teachings may be applied in numerous applivations, only
some of which have bean desoribed hersin, ¥ s intended by the following claims o claim
any and all appheations, modifications and variations that 5l within the tnue scope of the

present teachings,
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i, A method, implemented en a computing deviee having at Ieast ong provessar,
storags, and 3 vommmunicstion platfrm capable of connecting o & notwork for online user
profiling, comprising:

sbiaining content associated with a fest user of & sovial ymedia netwinrk;

adentifving, from the content assectated with the first user, 8 st hok o 2 frst plece
of coutent;

determining a second user of the social media vetwork asseciated with the frst aserin
the vontext of the sovial media aetwork;

identifying, from content associated with the second user of the soeial media network,
2 second Mok to 2 second pisce of content;

retrieving the firsd and second pleces of content based on the first and second Haks,
respoetivelyy sad

generating user profile of the first vser based, of least in part, on the first and second

pteces of content,

2. The method of claim 1, whersin the first usor follows the second user in the
social media network,

3 The method of claim 1, whersin the user profile of the first user Is gonerated
based, at least in part, on the content assooiated with the first user and e confent associated

with sscond user of the social medis network,

A, The method of claim 1, father comprising:
obiaining a baseline user profile of a plarelity of users of the social media network
based on user profiles of each of the plurality of users; and

adfusting the user profile of the first veer based on the baseline user profile.

5, The method of claim 1, whercls gensrating user profile of the first user
Lomprises

-~

extracting & plurahity of features from the first and sscond pieces of content,

respectvely; and
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sggregating each of the plurality of features extracted from the first and sevond pleces

of conternt,
8, The method of claim 5, wherein generating user profile of the first user futher
comprises:

for cach of the plorslity of sgerepated featiwes, caleulsting a score based on
scourrence of the feature in the first and second pieves of content ansdior relevance of the
featurey and

creating a feature voctor for the fimst twer based on the scores of sach of the plurality

of aggregated featurss.

7. The methed of dlaim $, wherein the plurslity of features inchade at least some
i
ertities;

vategories;

publishors; and

phrases.
B A systom for onling user profiling, comprising:

@ fivst content reipieving vnit configured 10 obiain content axsociated with a fivst user
of 8 social medis notwork;

a social graph amalveing module conSgured to determing 2 second user of the sooal
media network associatod with the Brst user in the contexd of the social media netwarky

a fink sxtraction unit configured o sduntify, from the content associated with the fist
wser, a first Hok to a first plece of content, and identify, Hom content azenciatesd with the
second user of the sodial media network, a second link fo & second plece of eontent;

2 second contort refreving wat configared {o retrteve the fist dnd second pleces of
content based on the first and second Hoks, respectively; sud

4 user erest seoring uiit configured © gonerate user profile of the fivst user baged,
at teast i part, on the Bratand second plecss of content,

g, The systom of claim & wherein the Syt user follows the sevond user in the

social media notwark,
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10, The systern of clatm 8, whereln the user profile of the first user is generated
Based, at loast in part, on the content assoutated with the first user and the content associated

with xecond user of the sovial moedia network.

11, The system of claim &, further comprising a baschine profile evaluating unit
configured to obtain a baseline user profile of s plurality of wsers of the soclal media network
based on vser profiles of cach of the plurality o usess, wherein

the user interest scoring uni is further sonfigured o adjust the user profife of the fust

user based on the baseline user prodile,

12, Thesystem of claim §, further comprising

a feature oxtraction umt configured to extraet 3 plusality of features frowm the first and
soeand pleces of content, respactively; and

a featurs spgregation unil vonfigured to aggregste each of the plurality of features

extracted from the first and second pieces of comtent.

13, The systom of oatm 12, wherein the usor indovest seoring unit s furtber
configured o

for gach of the plurality of aggregated features, caleulste 3 seore based on poourrense
of the feature in the fiest and second pleces of content andfor relevance of the featurs, and

create 8 feature vedtor for the first user based on the scores of each of the plurality of
agprogated fostures.

14, The systom of clatm 12, wherein the pluvality of foatures include at loast some
oft

catities;

categories;

publishers; and

pirases,

1% A non-Gunsitory machine readable medium having nformation recorded
thereon for online user profiling, whereln the information, when read by & maching, canses

the machine o parfonm the steps off

sbiaining content associated with a first wser of # sovial media network,
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2

identifying, fom the content associated with the first user, 8 first Hnk to a first plece
of contant;

detersnining a second user of the soutal madia network associated with the first gser in
the context of the seaial media netwark;

dentitying, Fom coment associated with the second nser in the social media nutwerk,
a second Huk to @ second plece of contenty

refrieving the flest and sscond plecss of contont based on the firet and second Hnks,
respectively; and

gensrating user profile of the first user based, af least in part, on the first and second

pieces of content.

16, The mediom of olapm 15, wherein the first user follows the second wser in the

social medis network,

17, The mediom of claim 15, wherein the wer profile of the first nser is penerated
baged, at least in part, on the confent sasociated with the first user and the cortent associnted

with second uxer of the social media netwark,

18, The medium of claim 13, further comprising
obiaining a baseline user profile of a plurelity of users of the social media network
based on user profiles of each of the plurality of users; and

adjusting the user profile of the fist user based on the basaline user profile.

19, The medium of claim 15, whereln generating user pofile of the first user
comprises

extracting o plurality of festures from the fist and second pisces of content,
respectively; and

aggregating each of the pluality of features extracted from the first and second plecss

of content.

20, The medium of clafm 19, wherein genersting user profils of the first wer

farther comprises:

22
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for each of the phuality of apgrepated features, valvulating 8 score based on
ooeowrrence of the fealre 1a the first and second pleces of content andfor relevance of the
feature: and

creating g feature vector for the first user based on the scores of cach of the plarality

of sggregated features,
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