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Introduction 
ÅSearch 
ïTransactions -> spatial objects -> people? 

ÅExisting graph analysis and mining are not fully social 
application-aware 
ïGroup: communities, clusters, connected components, cliques 
ïStructure: frequent patterns, triangles, spiders, motifs 

 
ÅApplication-aware 
ïHow to make life easier and create more revenue? 

ÅOur contributions 
ïFinding application-aware groups and structures 

in online social networks 
ïMore difficult because more dimensions/constraints are 

incorporated 
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Social Temporal Group Search 
ÅAutomatic activity planning service is desirable 
ïTedious manually coordination via email, phone, messenger 

ïThe time is ripe 

 

 

ÅNew query: social-temporal group query (STGQ) 
ïGiven activity size, length, social radius and acquaintance limit  

ïIdentify a set of activity attendees and suitable time slots  

ïMinimize the total social distance (NP-hard) 

ÅILP formulation and algorithm design 
ïRadius graph extraction, access ordering  

ïPivot time slot, distance pruning, acquaintance pruning 

ñOn Social-Temporal Group Query with Acquaintance Constraint,ò VLDB, 2011. 
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ÅExtension to impromptu activity organization 
ïLocations of nearby friends 

 

 

 

ÅNew query: social-spatial group query (SSGQ) 
ïGiven rally point, activity size, social acquaintance limit  

ïMinimize the total spatial distance to the rally point (NP-hard) 

ÅSocial R-Tree 
ïHierarchically cache the social and spatial info 

ïOrganize the social info with different social limits 

ÅILP formulation and algorithm design 

Social Group  Search ς 
From Temporal to Spatial 

ñOn Socio-Spatial Group Query for Location-Based Social Networks,ò ACM KDD, 2012. 
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Implementation and User Study 

ÅUser study of 206 people (manually coordination) 
ïSSGQ is much faster (mini-seconds v.s. seconds or minutes) 

ïSSGQ solutions are better (25%-50% distance reduction) 

ïSSGQ solutions are more accurate (100% v.s. 60-80%) 

 



ÅOne rally point to multiple rally points 
ïSSGQ: find a group to minimize spatial distance to a rally point 

ïMRGQ: find a pair of a group and a location which incurs the 
minimum spatial distance among all possible pairs  

ÅNew query: Multiple rally-point social spatial group 
query (MRGQ) 
ïGiven a set of rally points, activity size, social acquaintance limit  

ïFind a <group, rally point> pair that has the minimum spatial distance 

ÅHardness 
ïNP-Hard but polynomial-time solvable in Threshold Graph 

ÅIndexing and pruning 
ï Indexing users with R-Tree, indexing rally points with BallTree 

ïSocio-spatial ordering, All-pair distance ordering, Inner-triangle distance 
pruning, outer-triangle distance pruning, activity location distance pruning  
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Social Group  Search ς 
From Temporal to Spatial 

ñSocio-Spatial Group Queries for Impromptu Activity Planning,ò IEEE TKDE, 2015. 
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Willingness Optimization for  
Group Search 

ÅWillingness optimization 
ïInterest + social 

ï  

 

ïNP-Hard (with reduction from DkS) 

ÅParameter settings for varied scenarios 
ïFriend and foe 

ïExhibition and concert 

ÅConnected or disconnected, which one more difficult? 
ïPrevious two works return unconnected social groups 

ïdisconnected -> connected 

 
ñWillingness Optimization for Social Group Activity,ò VLDB, 2014. 
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Willingness Optimization for  
Group Search 

ÅRandomized algorithm with a performance bound 
ïSelection of seed nodes 

ïComputation budget allocations of seed nodes with sampling 

ïNeighbor differentiation with cross-entropy distance 
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A Comprehensive Study on Willingness Maximization 
for Social Activity Planning with Quality Guarantee 

ÅWillingness and activity cost optimization 
ïInterest + social + activity cost 

 

 

ïStill NP-hard (with reduction from WASO) 

ïThe number of enumeration will be ς (compared with ὅ ). 

ïThe user study shows that ̡  is 0.514 on average. 

ÅRandomized algorithm with a performance bound 
ïComputational budgets allocation to different sizes and start nodes 

 

 
ñA Comprehensive Study on Willingness Maximization for Social Activity Planning with Quality Guarantee,ò IEEE 

TKDE, 2015. 
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Spatial-Proximity Optimization for Rapid 
Task Group Search 

ÅCrucial factors for task groups 
ïTeam transport and rapid response (spatial domain) 

ïTeam member skills (skill domain) 

ïTeam social rapport (social domain) 

ÅNew Query: Spatio-Social Team Query (SSTQ) 
ïGiven required skill set, query point, hop constraint, spatial constraint 

ïFind a group while covering the required skills, satisfying hop and spatial 
constraints, and minimizing the total spatial distance to the querying point 

ÅProblem Analysis 
ïNP-Hard 

ïInapproximable within any factor unless P=NP 

 
ñSpatial-Proximity Optimization for Rapid Task Group Deployment,ò ACM TKDD, 2016. 
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Spatial-Proximity Optimization for Rapid 
Task Group Search 

ÅProposed algorithms 
ïA ln|T|  approximation algorithm with guaranteed error bound (SSTprox) 
ÅT is the set of required skills 

ïTwo database query algorithms that finds the optimal solutions (SkillFirst, 
SpatialFirst) 
ÅWith effective ordering and pruning strategies 

 

ÅPerformance Evaluation 
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Maximizing Friend-Making Likelihood for 
Socialization Group Search 

ÅFor organizing socialization activities 
ïFace-to-face friend-making (dating) activities 

ïVia online social network services 

ÅGap between existing activity organization and friend 
recommendation in OSNs 
ïActivity organization: extracting socially cohesive groups from OSNs 

ïFriend recommendation: finding potential new friends 

ÅModel the social network as heterogeneous graph 
ï Individuals (vertex), existing friend (friend edge), potential friend (potential 

edge) 

ïWeights on potential edges: friend-making likelihood (obtained from link 
prediction algorithms) 

ñMaximizing Friend-Making Likelihood for Social Activity Organization,ò PAKDD, 2015. (Best Paper Runner-Up Award) 
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Maximizing Friend-Making Likelihood for 
Socialization Group Search 

ÅNew problem: hop-bounded maximum group friending 
ïGiven heterogeneous social graph, hop and group size constraints 

ïFind a group that maximizes the total weight on incident potential 
edge while ensuring the social tightness (hop constraint), and the 
group is sufficiently large 

ïNP-Hard and inapproximable within any factor 

ÅAlgorithm design 
ï3-approximation algorithm with guaranteed error bound 

ÅUser study 
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ÅViral marketing in social networks 
ïWord-of-mouth social influence via social network applications 

ïPrevious: spread maximization for a single product  
ÅSeed selection problem for broadcasting (only social dimension) 

ÅOur observations 
ïProduct purchase decision 
ÅSocial dimension + preference dimension 

ïProduct bundling 

ÅNew problem: product bundling 
ïChoosing a given number of product items for 

spread maximization 

ïNP-Hard (from frequent patterns mining) 

Viral Marketing ς Seed Search 

ñOn Bundle Configuration for Viral Marketing in Social Networks,ò ACM CIKM, 2012. 
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Active Friending ς Intermediate Search 
ÅNo active friending service exists in social networking 

websites 
ïExisting websites suggest possible friends passively 

ïA user may want to make friend with a desired one actively  

ÅNew problem: acceptance probability maximization 
(APM) 
ïGiven initiator, friending target, and invitation budget  

ïIdentify a set of users to send invitations iteratively 

ïMaximize the acceptance probability of the target 

ïNP-hard (not in APX) in general graphs 

ÅAlgorithm design 
ïA polynomial-time algorithm to find the optimal solution in MIA  

ñMaximizing Acceptance Probability for Active Friending in On-Line Social Networks,ò ACM KDD, 2013. (featured by 

MIT Technology Review and ACM TechNews) 

 

ñRouting and Scheduling of Social Influence Diffusion in Online Social Networks,ò IEEE ICDCS, 2016. 
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Pattern-Preserving Social Graph Generator 

ÅMost social real datasets contain only millions of 
nodes 
ïDifficulty in crawling real datasets in social websites 

ÅThe problem of generating synthetic graphs is to 
maintain the distinguishing characteristics of real-
world networks 
ïNode degree, degree distribution, diameter, and clustering 

coefficient 

ÅHowever, no one has aimed to preserve the frequent 
patterns in data mining for synthetic graphs 

ñOn Pattern Preserving Graph Generation,ò IEEE ICDM, 2013. 
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Pattern-Preserving Social Graph Generator 

ÅWe propose a Pattern Preserving Graph Generator (PPGG) 
ïLarge single unlabeled graph with the target node number, degree 

distribution, and clustering coefficient, and the frequent patterns with 
the required supports  

ÅPBGG contains two phases: 
ïPhase 1: Pattern Overlapping Phase 

ïPhase 2: Graph Augmentation Phase 

ÅGenerate a billion-node graph in mins 
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Detecting Social Network Mental Disorders 
and Forming Therapy Groups 

ÅSocial Network Mental Disorders (SNMDs) 
ïCyber-Relationship Addiction, Information Overload, Net Compulsion 

ïUsually observed passively (e.g., by teachers or parents) 
 

ÅTo detect such mental disorders in Early Stage 
ïOnline usage time only moderately correlated 

ïPropose SNMD Detection (SNMDD) framework  
ï  

 

ÅAnd to Form therapy groups for the identified patients 
ïThree important criteria (i) unfamiliarity of patients, (ii) similarity of 

symptoms, (iii) therapy group size 

ïFormulate Patient Selection for Group Therapy (PSGT)  problem 

ñForming Online Support Groups for Internet and Behavior Related Addictions,ò ACM CIKM 2015. 

ñMining Online Social Data for Detecting Social Network Mental Disorders,ò WWW 2016. 

Image source: http://www.mediabistro.com/ 

alltwitter/tag/social-media-addiction  
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Detecting Social Network Mental Disorders 
and Forming Therapy Groups 

ÅFeatures extracted for detecting SNMDs  
ïSocial Interaction Features: Parasocial relationship, On/Off-line ratio, 

Social Capital, Social Searching and Browsing,  

ïPersonal Features: Self-Disclosure Based Features  (Selfies, Emoticons, 
Stickers, Ratio between Like and Comment), Temporal Behavior Features, 
Disinhibition Based Features, Profile Features 

ïEmploy SVM classifier for prediction 

ÅPatient Selection for Group Therapy (PSGT) 
ïGiven social network and the similarities among each pair of patients 

ïFind a subgraph H such that: 1) each pair of patients in H are neither 
friends, nor friend of friend; 2) H has no fewer than p nodes; 3) maximize 
the similarity of the selected patients in H 

ïPSGT in NP-Hard to solve, and inapproximable within any factor 

ïPropose an error-bounded 3-approximation algorithm 
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Evaluation 
Å{ba5 5ŜǘŜŎǘƛƻƴΥ рлл ǳǎŜǊǎΩ CŀŎŜōƻƻƪ ŀƴŘ LƴǎǘŀƎǊŀƳ ŘŀǘŀǎŜǘ 

 

 
 

ÅPSGT validation and evaluation: 11 psychiatrists were invited 
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Conclusion 

ÅApplication-aware group search 
ïSocio-temporal-spatial group query for auto activity planning 

ïWillingness optimization for a group 

ïRapid task group formation 

 

ÅApplication-aware seed and intermediate search 
ïBundle configuration for viral marketing 

ïActive friending 

 

ÅOther important issues 
ïMassive graph generation preserving frequent patterns 
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