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The Thirty-Fourth AAAI Conference on Artificial Intelligence was held on February 7–12, 2020 in New

York, New York, USA. The surge in public interest in AI technologies, which we have witnessed over the

past few years, continued to accelerate in 2019–2020, with the societal and economic impact of AI

becoming a central point of public and government discussion worldwide. AAAI-20 saw submissions

and attendance numbers that were records in the history of the AAAI series of conferences and

continued its tradition of attracting top-quality papers from all areas of AI. We were excited to see

increases in submissions across almost all areas.

https://ojs.aaai.org/index.php/AAAI/index
https://ojs.aaai.org/index.php/AAAI/index
https://ojs.aaai.org/index.php/AAAI/issue/archive
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The AAAI-20 program consisted of a core technical program of original research presentations,

including a special track on AI for social impact and a sister conference track. It additionally featured a

broad range of tutorials, workshops, invited talks, panels, student abstracts, a debate, and

presentations by senior members. The program was rounded out by technical demonstrations, exhibits,

an AI job fair, the AI in Practice program, a student outreach program, and a game night. The

conference also continued its tradition of colocating with the long-running IAAI conference and the

EAAI symposium, as well as the newer conference on AI, Ethics, and Society.

The proceedings have been published in 10 consecutive issues. This issue (volume 34 no. 2) consists of

1,044 pages and six tracks:

AAAI Technical Track on Cognitive Modeling

AAAI Technical Track on Cognitive Systems

AAAI Technical Track on Computational Sustainability

AAAI Technical Track on Constraint Satisfaction and Optimization

AAAI Technical Track on Game Playing and Interactive Entertainment

AAAI Technical Track on Game Theory and Economic Paradigms

Published: 2020-06-15

AAAI Technical Track: Cognitive Modeling

Theory-Based Causal Transfer:Integrating Instance-Level Induction and Abstract-Level Structure
Learning

 PDF

Deep Spiking Delayed Feedback Reservoirs and Its Application in Spectrum Sensing of MIMO-
OFDM Dynamic Spectrum Sharing

 PDF

Mark Edmonds, Xiaojian Ma, Siyuan Qi, Yixin Zhu, Hongjing Lu, Song-Chun Zhu
1283-1291



Kian Hamedani, Lingjia Liu, Shiya Liu, Haibo He, Yang Yi
1292-1299



https://ojs.aaai.org/index.php/AAAI/article/view/5483
https://ojs.aaai.org/index.php/AAAI/article/view/5483/5339
https://ojs.aaai.org/index.php/AAAI/article/view/5484
https://ojs.aaai.org/index.php/AAAI/article/view/5484/5340


People Do Not Just Plan,They Plan to Plan

 PDF

Effective AER Object Classification Using Segmented Probability-Maximization Learning in
Spiking Neural Networks

 PDF

Biologically Plausible Sequence Learning with Spiking Neural Networks

 PDF

Transfer Reinforcement Learning Using Output-Gated Working Memory

 PDF

Machine Number Sense: A Dataset of Visual Arithmetic Problems for Abstract and Relational
Reasoning

 PDF

AAAI Technical Track: Cognitive Systems

STEP: Spatial Temporal Graph Convolutional Networks for Emotion Perception from Gaits

 PDF

Synch-Graph: Multisensory Emotion Recognition Through Neural Synchrony via Graph
Convolutional Networks

Mark Ho, David Abel, Jonathan Cohen, Michael Littman, Thomas Griffiths
1300-1307



Qianhui Liu, Haibo Ruan, Dong Xing, Huajin Tang, Gang Pan
1308-1315



Zuozhu Liu, Thiparat Chotibut, Christopher Hillar, Shaowei Lin
1316-1323



Arthur Williams, Joshua Phillips
1324-1331



Wenhe Zhang, Chi Zhang, Yixin Zhu, Song-Chun Zhu
1332-1340



Uttaran Bhattacharya, Trisha Mittal, Rohan Chandra, Tanmay Randhavane, Aniket Bera, Dinesh Manocha
1342-1350



Esma Mansouri-Benssassi, Juan Ye

https://ojs.aaai.org/index.php/AAAI/article/view/5485
https://ojs.aaai.org/index.php/AAAI/article/view/5485/5341
https://ojs.aaai.org/index.php/AAAI/article/view/5486
https://ojs.aaai.org/index.php/AAAI/article/view/5486/5342
https://ojs.aaai.org/index.php/AAAI/article/view/5487
https://ojs.aaai.org/index.php/AAAI/article/view/5487/5343
https://ojs.aaai.org/index.php/AAAI/article/view/5488
https://ojs.aaai.org/index.php/AAAI/article/view/5488/5344
https://ojs.aaai.org/index.php/AAAI/article/view/5489
https://ojs.aaai.org/index.php/AAAI/article/view/5489/5345
https://ojs.aaai.org/index.php/AAAI/article/view/5490
https://ojs.aaai.org/index.php/AAAI/article/view/5490/5346
https://ojs.aaai.org/index.php/AAAI/article/view/5491


 PDF

M3ER: Multiplicative Multimodal Emotion Recognition using Facial, Textual, and Speech Cues

 PDF

AAAI Technical Track: Computational Sustainability

To Signal or Not To Signal: Exploiting Uncertain Real-Time Information in Signaling Games for
Security and Sustainability

 PDF

End-to-End Game-Focused Learning of Adversary Behavior in Security Games

 PDF

Modeling Electrical Motor Dynamics Using Encoder-Decoder with Recurrent Skip Connection

 PDF

Tensorized LSTM with Adaptive Shared Memory for Learning Trends in Multivariate Time Series

 PDF

Deep Unsupervised Binary Coding Networks for Multivariate Time Series Retrieval

1351-1358



Trisha Mittal, Uttaran Bhattacharya, Rohan Chandra, Aniket Bera, Dinesh Manocha
1359-1367



Elizabeth Bondi, Hoon Oh, Haifeng Xu, Fei Fang, Bistra Dilkina, Milind Tambe
1369-1377



Andrew Perrault, Bryan Wilder, Eric Ewing, Aditya Mate, Bistra Dilkina, Milind Tambe
1378-1386



Sagar Verma, Nicolas Henwood, Marc Castella, Francois Malrait, Jean-Christophe Pesquet
1387-1394



Dongkuan Xu, Wei Cheng, Bo Zong, Dongjin Song, Jingchao Ni, Wenchao Yu, Yanchi Liu, Haifeng Chen, Xiang
Zhang
1395-1402



Dixian Zhu, Dongjin Song, Yuncong Chen, Cristian Lumezanu, Wei Cheng, Bo Zong, Jingchao Ni, Takehiko
Mizoguchi, Tianbao Yang, Haifeng Chen
1403-1411

https://ojs.aaai.org/index.php/AAAI/article/view/5491/5347
https://ojs.aaai.org/index.php/AAAI/article/view/5492
https://ojs.aaai.org/index.php/AAAI/article/view/5492/5348
https://ojs.aaai.org/index.php/AAAI/article/view/5493
https://ojs.aaai.org/index.php/AAAI/article/view/5493/5349
https://ojs.aaai.org/index.php/AAAI/article/view/5494
https://ojs.aaai.org/index.php/AAAI/article/view/5494/5350
https://ojs.aaai.org/index.php/AAAI/article/view/5495
https://ojs.aaai.org/index.php/AAAI/article/view/5495/5351
https://ojs.aaai.org/index.php/AAAI/article/view/5496
https://ojs.aaai.org/index.php/AAAI/article/view/5496/5352
https://ojs.aaai.org/index.php/AAAI/article/view/5497


 PDF

AAAI Technical Track: Constraint Satisfaction and Optimization

Improved Filtering for the Euclidean Traveling Salesperson Problem in CLP(FD)

 PDF

Chain Length and CSPs Learnable with Few Queries

 PDF

Guiding CDCL SAT Search via Random Exploration amid Conflict Depression

 PDF

Representative Solutions for Bi-Objective Optimisation

 PDF

Dynamic Programming for Predict+Optimise

 PDF

Accelerating Primal Solution Findings for Mixed Integer Programs Based on Solution Prediction

 PDF

Optimization of Chance-Constrained Submodular Functions



Alessandro Bertagnon, Marco Gavanelli
1412-1419



Christian Bessiere, Cl�ément Carbonnel, George Katsirelos
1420-1427



Md Solimul Chowdhury, Martin M�üller, Jia You
1428-1435



Emir Demirovi?, Nicolas Schwind
1436-1443



Emir Demirovi?, Peter J. Stuckey, Tias Guns, James Bailey, Christopher Leckie, Kotagiri Ramamohanarao, Jeffrey
Chan
1444-1451



Jian-Ya Ding, Chao Zhang, Lei Shen, Shengyin Li, Bing Wang, Yinghui Xu, Le Song
1452-1459



https://ojs.aaai.org/index.php/AAAI/article/view/5497/5353
https://ojs.aaai.org/index.php/AAAI/article/view/5498
https://ojs.aaai.org/index.php/AAAI/article/view/5498/5354
https://ojs.aaai.org/index.php/AAAI/article/view/5499
https://ojs.aaai.org/index.php/AAAI/article/view/5499/5355
https://ojs.aaai.org/index.php/AAAI/article/view/5500
https://ojs.aaai.org/index.php/AAAI/article/view/5500/5356
https://ojs.aaai.org/index.php/AAAI/article/view/5501
https://ojs.aaai.org/index.php/AAAI/article/view/5501/5357
https://ojs.aaai.org/index.php/AAAI/article/view/5502
https://ojs.aaai.org/index.php/AAAI/article/view/5502/5358
https://ojs.aaai.org/index.php/AAAI/article/view/5503
https://ojs.aaai.org/index.php/AAAI/article/view/5503/5359
https://ojs.aaai.org/index.php/AAAI/article/view/5504


 PDF

ADDMC: Weighted Model Counting with Algebraic Decision Diagrams

 PDF

Modelling and Solving Online Optimisation Problems

 PDF

Justifying All Differences Using Pseudo-Boolean Reasoning

 PDF

A Cardinal Improvement to Pseudo-Boolean Solving

 PDF

MIPaaL: Mixed Integer Program as a Layer

 PDF

Using Approximation within Constraint Programming to Solve the Parallel Machine Scheduling
Problem with Additional Unit Resources

 PDF

SPAN: A Stochastic Projected Approximate Newton Method

Benjamin Doerr, Carola Doerr, Aneta Neumann, Frank Neumann, Andrew Sutton
1460-1467



Jeffrey Dudek, Vu Phan, Moshe Vardi
1468-1476



Alexander Ek, Maria Garcia de la Banda, Andreas Schutt, Peter J. Stuckey, Guido Tack
1477-1485



Jan Elffers, Stephan Gocht, Ciaran McCreesh, Jakob Nordstr�öm
1486-1494



Jan Elffers, Jakob Nordstr�m
1495-1503



Aaron Ferber, Bryan Wilder, Bistra Dilkina, Milind Tambe
1504-1511



Arthur Godet, Xavier Lorca, Emmanuel Hebrard, Gilles Simonin
1512-1519



https://ojs.aaai.org/index.php/AAAI/article/view/5504/5360
https://ojs.aaai.org/index.php/AAAI/article/view/5505
https://ojs.aaai.org/index.php/AAAI/article/view/5505/5361
https://ojs.aaai.org/index.php/AAAI/article/view/5506
https://ojs.aaai.org/index.php/AAAI/article/view/5506/5362
https://ojs.aaai.org/index.php/AAAI/article/view/5507
https://ojs.aaai.org/index.php/AAAI/article/view/5507/5363
https://ojs.aaai.org/index.php/AAAI/article/view/5508
https://ojs.aaai.org/index.php/AAAI/article/view/5508/5364
https://ojs.aaai.org/index.php/AAAI/article/view/5509
https://ojs.aaai.org/index.php/AAAI/article/view/5509/5365
https://ojs.aaai.org/index.php/AAAI/article/view/5510
https://ojs.aaai.org/index.php/AAAI/article/view/5510/5366
https://ojs.aaai.org/index.php/AAAI/article/view/5511


 PDF

Modelling Diversity of Solutions

 PDF

Incremental Symmetry Breaking Constraints for Graph Search Problems

 PDF

Finding Most Compatible Phylogenetic Trees over Multi-State Characters

 PDF

FourierSAT: A Fourier Expansion-Based Algebraic Framework for Solving Hybrid Boolean
Constraints

 PDF

Augmenting the Power of (Partial) MaxSat Resolution with Extension

 PDF

Solving Set Cover and Dominating Set via Maximum Satisfiability

 PDF

Finding Good Subtrees for Constraint Optimization Problems Using Frequent Pattern Mining

Xunpeng Huang, Xianfeng Liang, Zhengyang Liu, Lei Li, Yue Yu, Yitan Li
1520-1527



Linnea Ingmar, Maria Garcia de la Banda, Peter J. Stuckey, Guido Tack
1528-1535



Avraham Itzhakov, Michael Codish
1536-1543



Tuukka Korhonen, Matti J�ärvisalo
1544-1551



Anastasios Kyrillidis, Anshumali Shrivastava, Moshe Vardi, Zhiwei Zhang
1552-1560



Javier Larrosa, Emma Rollon
1561-1568



Zhendong Lei, Shaowei Cai
1569-1576



https://ojs.aaai.org/index.php/AAAI/article/view/5511/5367
https://ojs.aaai.org/index.php/AAAI/article/view/5512
https://ojs.aaai.org/index.php/AAAI/article/view/5512/5368
https://ojs.aaai.org/index.php/AAAI/article/view/5513
https://ojs.aaai.org/index.php/AAAI/article/view/5513/5369
https://ojs.aaai.org/index.php/AAAI/article/view/5514
https://ojs.aaai.org/index.php/AAAI/article/view/5514/5370
https://ojs.aaai.org/index.php/AAAI/article/view/5515
https://ojs.aaai.org/index.php/AAAI/article/view/5515/5371
https://ojs.aaai.org/index.php/AAAI/article/view/5516
https://ojs.aaai.org/index.php/AAAI/article/view/5516/5372
https://ojs.aaai.org/index.php/AAAI/article/view/5517
https://ojs.aaai.org/index.php/AAAI/article/view/5517/5373
https://ojs.aaai.org/index.php/AAAI/article/view/5518


 PDF

An Effective Hard Thresholding Method Based on Stochastic Variance Reduction for Nonconvex
Sparse Learning

 PDF

Accelerating Column Generation via Flexible Dual Optimal Inequalities with Application to Entity
Resolution

 PDF

Smart Predict-and-Optimize for Hard Combinatorial Optimization Problems

 PDF

Grammar Filtering for Syntax-Guided Synthesis

 PDF

D-SPIDER-SFO: A Decentralized Optimization Algorithm with Faster Convergence Rate for
Nonconvex Problems

 PDF

Estimating the Density of States of Boolean Satisfiability Problems on Classical and Quantum
Computing Platforms

 PDF

Hongbo Li, Jimmy Lee, He Mi, Minghao Yin
1577-1584



Guannan Liang, Qianqian Tong, Chunjiang Zhu, Jinbo Bi
1585-1592



Vishnu Suresh Lokhande, Shaofei Wang, Maneesh Singh, Julian Yarkony
1593-1602



Jayanta Mandi, Emir Demirovi?, Peter J. Stuckey, Tias Guns
1603-1610



Kairo Morton, William Hallahan, Elven Shum, Ruzica Piskac, Mark Santolucito
1611-1618



Taoxing Pan, Jun Liu, Jie Wang
1619-1626



Tuhin Sahai, Anurag Mishra, Jose Miguel Pasini, Susmit Jha
1627-1635



https://ojs.aaai.org/index.php/AAAI/article/view/5518/5374
https://ojs.aaai.org/index.php/AAAI/article/view/5519
https://ojs.aaai.org/index.php/AAAI/article/view/5519/5375
https://ojs.aaai.org/index.php/AAAI/article/view/5520
https://ojs.aaai.org/index.php/AAAI/article/view/5520/5376
https://ojs.aaai.org/index.php/AAAI/article/view/5521
https://ojs.aaai.org/index.php/AAAI/article/view/5521/5377
https://ojs.aaai.org/index.php/AAAI/article/view/5522
https://ojs.aaai.org/index.php/AAAI/article/view/5522/5378
https://ojs.aaai.org/index.php/AAAI/article/view/5523
https://ojs.aaai.org/index.php/AAAI/article/view/5523/5379
https://ojs.aaai.org/index.php/AAAI/article/view/5524
https://ojs.aaai.org/index.php/AAAI/article/view/5524/5380


Efficient Algorithms for Generating Provably Near-Optimal Cluster Descriptors for Explainability

 PDF

Probabilistic Inference for Predicate Constraint Satisfaction

 PDF

Hard Examples for Common Variable Decision Heuristics

 PDF

Multiple Graph Matching and Clustering via Decayed Pairwise Matching Composition

 PDF

Constructing Minimal Perfect Hash Functions Using SAT Technology

 PDF

Explaining Propagators for String Edit Distance Constraints

 PDF

Deep Neural Network Approximated Dynamic Programming for Combinatorial Optimization

 PDF

Prathyush Sambaturu, Aparna Gupta, Ian Davidson, S. S. Ravi, Anil Vullikanti, Andrew Warren
1636-1643



Yuki Satake, Hiroshi Unno, Hinata Yanagi
1644-1651



Marc Vinyals
1652-1659



Tianzhe Wang, Zetian Jiang, Junchi Yan
1660-1667



Sean Weaver, Marijn Heule
1668-1675



Felix Winter, Nysret Musliu, Peter Stuckey
1676-1683



Shenghe Xu, Shivendra S. Panwar, Murali Kodialam, T.V. Lakshman
1684-1691



https://ojs.aaai.org/index.php/AAAI/article/view/5525
https://ojs.aaai.org/index.php/AAAI/article/view/5525/5381
https://ojs.aaai.org/index.php/AAAI/article/view/5526
https://ojs.aaai.org/index.php/AAAI/article/view/5526/5382
https://ojs.aaai.org/index.php/AAAI/article/view/5527
https://ojs.aaai.org/index.php/AAAI/article/view/5527/5383
https://ojs.aaai.org/index.php/AAAI/article/view/5528
https://ojs.aaai.org/index.php/AAAI/article/view/5528/5384
https://ojs.aaai.org/index.php/AAAI/article/view/5529
https://ojs.aaai.org/index.php/AAAI/article/view/5529/5385
https://ojs.aaai.org/index.php/AAAI/article/view/5530
https://ojs.aaai.org/index.php/AAAI/article/view/5530/5386
https://ojs.aaai.org/index.php/AAAI/article/view/5531
https://ojs.aaai.org/index.php/AAAI/article/view/5531/5387


AAAI Technical Track: Game Playing and Interactive Entertainment

Generating Interactive Worlds with Text

 PDF

Deep Reinforcement Learning for General Game Playing

 PDF

Narrative Planning Model Acquisition from Text Summaries and Descriptions

 PDF

FET-GAN: Font and Effect Transfer via K-shot Adaptive Instance Normalization

 PDF

A Character-Centric Neural Model for Automated Story Generation

 PDF

Fast and Robust Face-to-Parameter Translation for Game Character Auto-Creation

 PDF

Draft and Edit: Automatic Storytelling Through Multi-Pass Hierarchical Conditional Variational
Autoencoder

Angela Fan, Jack Urbanek, Pratik Ringshia, Emily Dinan, Emma Qian, Siddharth Karamcheti, Shrimai
Prabhumoye, Douwe Kiela, Tim Rocktaschel, Arthur Szlam, Jason Weston
1693-1700



Adrian Goldwaser, Michael Thielscher
1701-1708



Thomas Hayton, Julie Porteous, Joao Ferreira, Alan Lindsay
1709-1716



Wei Li, Yongxing He, Yanwei Qi, Zejian Li, Yongchuan Tang
1717-1724



Danyang Liu, Juntao Li, Meng-Hsuan Yu, Ziming Huang, Gongshen Liu, Dongyan Zhao, Rui Yan
1725-1732



Tianyang Shi, Zhengxia Zuo, Yi Yuan, Changjie Fan, Tianyang Shi, Zhengxia Zuo, Yi Yuan, Changjie Fan
1733-1740



Meng-Hsuan Yu, Juntao Li, Danyang Liu, Dongyan Zhao, Rui Yan, Bo Tang, Haisong Zhang
1741-1748

https://ojs.aaai.org/index.php/AAAI/article/view/5532
https://ojs.aaai.org/index.php/AAAI/article/view/5532/5388
https://ojs.aaai.org/index.php/AAAI/article/view/5533
https://ojs.aaai.org/index.php/AAAI/article/view/5533/5389
https://ojs.aaai.org/index.php/AAAI/article/view/5534
https://ojs.aaai.org/index.php/AAAI/article/view/5534/5390
https://ojs.aaai.org/index.php/AAAI/article/view/5535
https://ojs.aaai.org/index.php/AAAI/article/view/5535/5391
https://ojs.aaai.org/index.php/AAAI/article/view/5536
https://ojs.aaai.org/index.php/AAAI/article/view/5536/5392
https://ojs.aaai.org/index.php/AAAI/article/view/5537
https://ojs.aaai.org/index.php/AAAI/article/view/5537/5393
https://ojs.aaai.org/index.php/AAAI/article/view/5538


 PDF

AAAI Technical Track: Game Theory and Economic Paradigms

Distance-Based Equilibria in Normal-Form Games

 PDF

Swap Stability in Schelling Games on Graphs

 PDF

The Impact of Selfishness in Hypergraph Hedonic Games

 PDF

Multiagent Evaluation Mechanisms

 PDF

Peeking Behind the Ordinal Curtain: Improving Distortion via Cardinal Queries

 PDF

Multiple Birds with One Stone: Beating 1/2 for EFX and GMMS via Envy Cycle Elimination

 PDF

All-Pay Bidding Games on Graphs



Erman Acar, Reshef Meir
1750-1757



Aishwarya Agarwal, Edith Elkind, Jiarui Gan, Alexandros Voudouris
1758-1765



Alessandro Aloisio, Michele Flammini, Cosimo VinciFlammi
1766-1773



Tal Alon, Magdalen Dobson, Ariel Procaccia, Inbal Talgam-Cohen, Jamie Tucker-Foltz
1774-1781



Georgios Amanatidis, Georgios Birmpas, Aris Filos-Ratsikas, Alexandros Voudouris
1782-1789



Georgios Amanatidis, Evangelos Markakis, Apostolos Ntokos
1790-1797



Guy Avni, Rasmus Ibsen-Jensen, Josef Tkadlec

https://ojs.aaai.org/index.php/AAAI/article/view/5538/5394
https://ojs.aaai.org/index.php/AAAI/article/view/5540
https://ojs.aaai.org/index.php/AAAI/article/view/5540/5396
https://ojs.aaai.org/index.php/AAAI/article/view/5541
https://ojs.aaai.org/index.php/AAAI/article/view/5541/5397
https://ojs.aaai.org/index.php/AAAI/article/view/5542
https://ojs.aaai.org/index.php/AAAI/article/view/5542/5398
https://ojs.aaai.org/index.php/AAAI/article/view/5543
https://ojs.aaai.org/index.php/AAAI/article/view/5543/5399
https://ojs.aaai.org/index.php/AAAI/article/view/5544
https://ojs.aaai.org/index.php/AAAI/article/view/5544/5400
https://ojs.aaai.org/index.php/AAAI/article/view/5545
https://ojs.aaai.org/index.php/AAAI/article/view/5545/5401
https://ojs.aaai.org/index.php/AAAI/article/view/5546


 PDF

Facility Location Problem with Capacity Constraints: Algorithmic and Mechanism Design
Perspectives

 PDF

Fair Division of Mixed Divisible and Indivisible Goods

 PDF

Individual-Based Stability in Hedonic Diversity Games

 PDF

Adapting Stable Matchings to Evolving Preferences

 PDF

Parameterized Algorithms for Finding a Collective Set of Items

 PDF

Electing Successive Committees: Complexity and Algorithms

 PDF

Approval-Based Apportionment

1798-1805



Haris Aziz, Hau Chan, Barton Lee, Bo Li, Toby Walsh
1806-1813



Xiaohui Bei, Zihao Li, Jinyan Liu, Shengxin Liu, Xinhang Lu
1814-1821



Niclas Boehmer, Edith Elkind
1822-1829



Robert Bredereck, Jiehua Chen, Dušan Knop, Junjie Luo, Rolf Niedermeier
1830-1837



Robert Bredereck, Piotr Faliszewski, Andrzej Kaczmarczyk, Dušan Knop, Rolf Niedermeier
1838-1845



Robert Bredereck, Andrzej Kaczmarczyk, Rolf Niedermeier
1846-1853



Markus Brill, Paul Gölz, Dominik Peters, Ulrike Schmidt-Kraepelin, Kai Wilker

https://ojs.aaai.org/index.php/AAAI/article/view/5546/5402
https://ojs.aaai.org/index.php/AAAI/article/view/5547
https://ojs.aaai.org/index.php/AAAI/article/view/5547/5403
https://ojs.aaai.org/index.php/AAAI/article/view/5548
https://ojs.aaai.org/index.php/AAAI/article/view/5548/5404
https://ojs.aaai.org/index.php/AAAI/article/view/5549
https://ojs.aaai.org/index.php/AAAI/article/view/5549/5405
https://ojs.aaai.org/index.php/AAAI/article/view/5550
https://ojs.aaai.org/index.php/AAAI/article/view/5550/5406
https://ojs.aaai.org/index.php/AAAI/article/view/5551
https://ojs.aaai.org/index.php/AAAI/article/view/5551/5407
https://ojs.aaai.org/index.php/AAAI/article/view/5552
https://ojs.aaai.org/index.php/AAAI/article/view/5552/5408
https://ojs.aaai.org/index.php/AAAI/article/view/5553


 PDF

Refining Tournament Solutions via Margin of Victory

 PDF

Persuading Voters: It's Easy to Whisper, It's Hard to Speak Loud

 PDF

Election Control in Social Networks via Edge Addition or Removal

 PDF

Private Bayesian Persuasion with Sequential Games

 PDF

Favorite-Candidate Voting for Eliminating the Least Popular Candidate in a Metric Space

 PDF

Manipulating Districts to Win Elections: Fine-Grained Complexity

 PDF

On Swap Convexity of Voting Rules

1854-1861



Markus Brill, Ulrike Schmidt-Kraepelin, Warut Suksompong
1862-1869



Matteo Castiglioni, Andrea Celli, Nicola Gatti
1870-1877



Matteo Castiglioni, Diodato Ferraioli, Nicola Gatti
1878-1885



Andrea Celli, Stefano Coniglio, Nicola Gatti
1886-1893



Xujin Chen, Minming Li, Chenhao Wang
1894-1901



Eduard Eiben, Fedor Fomin, Fahad Panolan, Kirill Simonov
1902-1909
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Abstract

We consider a class of coalition formation games that can be
succinctly represented by means of hypergraphs and properly
generalizes symmetric additively separable hedonic games.
More precisely, an instance of hypegraph hedonic game con-
sists of a weighted hypergraph, in which each agent is asso-
ciated to a distinct node and her utility for being in a given
coalition is equal to the sum of the weights of all the hyper-
edges included in the coalition. We study the performance
of stable outcomes in such games, investigating the degrada-
tion of their social welfare under two different metrics, the
k-Nash price of anarchy and k-core price of anarchy, where
k is the maximum size of a deviating coalition. Such prices
are defined as the worst-case ratio between the optimal so-
cial welfare and the social welfare obtained when the agents
reach an outcome satisfying the respective stability criteria.
We provide asymptotically tight upper and lower bounds on
the values of these metrics for several classes of hypergraph
hedonic games, parametrized according to the integer k, the
hypergraph arity r and the number of agents n. Furthermore,
we show that the problem of computing the exact value of
such prices for a given instance is computationally hard, even
in case of non-negative hyperedge weights.

Introduction

In several real-life scenarios arising from economics, pol-
itics, and sociology, we assist to phenomena of coalition
formation, in which each person, denoted as agent, forms
coalitions with other agents to get some benefit, experienc-
ing a utility that depends on the particular set of agents
she joins to. A simple and efficient model that formally de-
scribes such phenomena is that of hedonic games (Drèze
and Greenberg 1980; Banerjee, Konishi, and Sönmez 2001;
Bogomolnaia and Jackson 2002), which constitute an inter-
esting class of general coalition formation games, in which
agents mind only their coalitions, regardless of how the oth-
ers aggregate. In hedonic games, we have a finite set of
agents, each in turn having a preference order on all the pos-
sible coalitions containing her.

A very interesting class of hedonic games is that of sym-
metric additively separable hedonic games (SASHGs), in

Copyright c© 2020, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.

which each couple of agents is associated to a weight de-
termining their level of appreciation for being together, and
the overall utility of each agent is simply the sum of the
individual values she assigns to the members of her own
coalition. Such games can be suitably described by undi-
rected weighted graphs, in which nodes represent agents,
and weighted edges represent couples of agents with their
appreciation. Besides their nice property of being succinctly
representable, SASHGs attracted research attention because
they are able to capture several realistic coalition formation
scenarios. However, they cannot handle other real life situ-
ations in which coalitions are worth if they reach some crit-
ical mass, as in the formation of political parties. Indeed,
several politicians may be mutually incompatible, but form-
ing coalitions with more than two people can increase the
success of each member; thus, we need subsets of more than
two people with positive weight together with edges having
negative weights (which model the level of incompatibility
of each couple of politicians). Another example comes from
team formation, where one has to form groups of workers
that have the set of abilities required to perform some tasks,
without which the group is unsuccessful. In this case we
need to associate a positive weight to each group of workers
able to perform a task when working together, and a weight
to each edge modelling the level of compatibility of each
couple of workers.

In light of the above examples (and many others), the
graph structure of SASHGs may be not sufficient to describe
several real-life phenomena of coalition formation. To cope
with this issue, we consider a superclass of SASHGs that,
while maintaining a succinct representation, can capture the
above more general scenarios. Namely, we focus on the class
of r-hypergraph hedonic games (r-HHGs or simply HHGs),
in which each subset of at most r ≥ 1 agents is associated to
a weight determining the level of liking for being a group in-
cluded in the same coalition, and the utility of each agent is
the sum of the values she assigns to the groups in her coali-
tion. Such games can be completely described by weighted
hypergraphs, in which again nodes represent agents, while
weighted hyperedges represent groups of agents with their
valuation. As already observed, r-HHGs are a generaliza-
tion of SASHGs, and a proper subclass of synchronization
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games on hypergraphs (Simon and Wojtczak 2017).
Depending on the characteristics of the agents (e.g., their

willingness to cooperate with each other), the selfish be-
haviour can lead to stable coalitions, in which no agent can
improve her utility according to some deviation criteria. The
stability concepts we consider are the k-Nash stability and
the k-core stability. In a k-Nash stable outcome, no subset of
at most k agents can move into other existing or new coali-
tions in such a way that each agent of the considered subset
improves her utility. Similarly, in a k-core stable outcome,
no subset of at most k agents can create a new coalition,
in such a way that each deviating agent improves. These
stability criteria are strictly connected with the known con-
cepts of core stability and Nash equilibrium (Osborne 2004;
Chalkiadakis, Elkind, and Wooldridge 2011), widely con-
sidered in artificial intelligence in the context of cooperative
and non-cooperative games, and also investigated in hedonic
games (Aziz, Brandt, and Seedig 2013; Gairing and Savani
2010).

Besides stability, one desirable property in coalition for-
mation is guaranteeing a general level of appreciation or so-
cial welfare, reasonably defined as the sum of all the agents’
utilities. However, if there is no central authority (such as a
Governmental Entity) deciding how to form the coalitions,
the selfish behaviour of the agents may lead to stable out-
comes that are suboptimal, i.e., with a low social welfare.
To measure this inefficiency, several metrics have been pro-
posed. A widely used one in game theory is the price of an-
archy (Koutsoupias and Papadimitriou 1999), defined as the
highest ratio between the social welfare of an optimal out-
come, and the one of a Nash stable outcome. This and simi-
lar metrics have been recently considered to measure the in-
efficiency also of some classes of hedonic games under dif-
ferent stability criteria (Elkind, Fanelli, and Flammini 2016;
Kaklamanis, Kanellopoulos, and Papaioannou 2016; Bilò et
al. 2018; Monaco, Moscardelli, and Velaj 2019).

Our contribution

In this work, we analyse the performance of stable outcomes
in r-HHGs by resorting to the following metrics: (i) the k-
Nash price of anarchy (NPoAk), defined as the highest ratio
between the social welfare of an optimal outcome and the
one of a k-Nash stable outcome, and (ii) the k-core price
of anarchy (CPoAk), analogously defined with respect to k-
core stable outcomes. We give an almost complete picture of
the performance of such games in all the possible cases. In
particular, we have obtained the following results:

• We provide almost tight bounds on the CPoAk of stan-
dard r-HHGs with k ≥ r (Theorem 1, 2, and 3), where
“standard” means that the hypergraph’s weights satisfy
some mild assumptions, allowing even the case of neg-
ative weights (unlike several works on the inefficiency
of stable outcomes). Such bounds are parametric in k, r,
the number of agents n, and are asymptotically tight in
ρ := n/k if r is constant.

• For all the cases of which we have not provided a finite
upper bound, we show that the CPoAk may be unbounded
(Theorem 4 and 5).

• Some of the previous bounds hold even for the NPoAk

(Theorem 3 and Corollary 2). When dealing with non-
negative weights, we get a slightly better upper bound,
holding also for k = r − 1 (Theorem 6).

• For most of the cases for which we have not provided an
upper bound, we show that the NPoAk may be unbounded
(Theorem 7 and 8).

See Table 1 and 2 for further details.

Standard Non-Standard
k ≥ r Θ(ρr−1) ∞
k < r ∞ ∞

Table 1: CPoAk of r-HHGs with n agents w.r.t. ρ := n/k.

Weights ≥ 0 Stand. Non-Stand.
k ≥ r Θ(ρr−1) Θ(ρr−1) ∞

k = r − 1 Θ(ρr−1) ? ∞
k < r − 1 ∞ ∞ ∞

Table 2: NPoAk of r-HHGs with n agents w.r.t. ρ := n/k.

Finally, regarding the time complexity of measuring the
inefficiency of HHGs, we have shown that the problems of
computing the k-core price of anarchy and the k-Nash price
of anarchy of an r-HHG are NP-hard (Theorem 9 and 10).

To the best of our knowledge, this is the first work in
which the inefficiency of coalition formation games suc-
cinctly representable by hypergraphs has been studied.

Due to lack of space, some proofs are sketched or omitted.

Related work

HHGs are related to many other well-known classes of
games. In particular, they are a proper subclass of syn-
chronization games, whose properties concerning the exis-
tence and computability of pure and strong Nash equilib-
ria are studied in (Simon and Wojtczak 2017), without con-
sidering their inefficiency in terms of social welfare. Most
of their results can be applied to show analogue ones in
HHGs. Synchronization games extend polymatrix coordina-
tion games (Yanovskaya 1968; Cai and Daskalakis 2011),
in which the agents utilities are pairwise separable, to hy-
pergraphs. (Yanovskaya 1968; Cai and Daskalakis 2011;
Rahn and Schäfer 2015; Apt et al. 2017) investigate the
existence and computation of k-strong equilibria in these
games and related variants, while (Rahn and Schäfer 2015;
Apt et al. 2017; Feldman and Friedler 2015) consider the
problem of measuring their inefficiency. Some of these inef-
ficiency results can be applied to SASHGs with non negative
weights, and are generalized in our work to the setting of hy-
pergraphs with possibly negative weights.

Additively separable hedonic games (ASHGs) can be
seen as a proper subclass of polymatrix coordination games,
and their symmetric version (i.e., SASHGs), as already ob-
served, is a proper sub-class of the games of HHGs. Due
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to their graph succinct representation, they are also con-
nected with the graph games introduced by (Deng and Pa-
padimitriou 1994). Properties guaranteeing the existence of
core allocations (a core is a coalition structure in which no
group of agents has an incentive to form a different coali-
tion) are studied by (Banerjee, Konishi, and Sönmez 2001),
while (Bogomolnaia and Jackson 2002), besides the core,
consider other forms of stability, such as Nash and indi-
vidual stability. (Olsen 2009) shows that deciding whether
a Nash stable outcome of a ASHG exists is NP-complete,
as well as deciding the existence of a non-trivial (different
from the grand coalition) Nash stable outcome in SASHGs
with non-negative weights. (Gairing and Savani 2010) prove
that computing a Nash stable outcome in SASHGs is PLS-
complete, while (Sung and Dimitrov 2010) show that in
ASHGs determining the existence of a core stable, strict
core stable, Nash stable, or individually stable outcome is
NP-hard. (Aziz, Brandt, and Seedig 2013) show that com-
puting a core or a strict core stable outcome is NP-hard
even for symmetric and strict preferences. Furthermore, they
show that the problem of computing optimal outcomes is
NP-hard. As SASHGs are a subclass of HHGs, the results
obtained in (Aziz, Brandt, and Seedig 2013) imply that the
problem of computing a core stable outcome or an optimal
outcome in HHGs is NP-hard, too. Furthermore, as strongly
Nash stable outcomes are a subset of core stable outcomes,
we also get that strongly Nash stable outcomes may not ex-
ist in HHGs. The problem of computing an outcome ver-
ifying particular optimality or stability criteria in ASHGs
has been considered in (Aziz, Brandt, and Seedig 2011;
Peters and Elkind 2015).

Another relevant class of hedonic games is that of frac-
tional hedonic games, studied in (Aziz et al. 2019; Pe-
ters and Elkind 2015; Olsen 2012; Monaco, Moscardelli,
and Velaj 2018; Carosi, Monaco, and Moscardelli 2019;
Bilò et al. 2018; Flammini et al. 2018; Monaco, Moscardelli,
and Velaj 2019). The inefficiency of these and other related
classes of hedonic games under different stability and opti-
mality notions has been considered in (Elkind, Fanelli, and
Flammini 2016; Balliu et al. 2019; Balliu, Flammini, and
Olivetti 2017; Flammini, Monaco, and Zhang 2017).

Finally, we remark that other games related to HHGs
are the group activity selection games, studied in (Dar-
mann et al. 2018; Igarashi, Bredereck, and Elkind 2017;
Igarashi, Peters, and Elkind 2017; Bilò et al. 2019)), and
max-cut games, studied in (Gourvès and Monnot 2009;
Gourvès and Monnot 2010; Feldman and Friedler 2015;
Carosi et al. 2019).

Preliminaries

Given two integers r ≥ 1 and n ≥ 1, let [n] = {1, 2, . . . , n}
and (n)r := n · (n− 1) · . . . · (n− r+ 1) be the falling fac-
torial. Moreover, given a set A, let χA denote the indicator
function, i.e., χA(x) = 1 if x ∈ A, χA(x) = 0 otherwise.

r-hypergraph hedonic games. A weighted hypergraph is
a triple H = (V,E,w) consisting of a finite set V = [n]
of nodes, a collection E ⊆ 2V of hyperedges, and a weight

w : E → R associating a real value w(e) with each hy-
peredge e ∈ E. For simplicity, when referring to weighted
hypergraphs, we omit the term weighted.

The arity of a hyperedge e is its size |e|. An r-hypergraph
is a hypergraph such that the arity of each hyperedge is at
most r, where 2 ≤ r ≤ n. A complete r-hypergraph is a hy-
pergraph (V,E,w) such that E := {U ⊆ V : |U | ≤ r}. A
uniform r-hypergraph (resp. weakly uniform r-hypergraph)
is a hypergraph such that the arity of each hyperedge is r
(resp. either r, or 1). An undirected graph is a uniform 2-
hypergraph.

An r-hypergraph hedonic game G(H) (r-HHG, or HHG
when r is not specified), is a strategic game based on an r-
hypergraph H, defined as follows:

Agents: The set of agents is V = [n], i.e., each node corre-
sponds to an agent. We reasonably assume that n ≥ 2.

Strategy profiles: An outcome or coalition structure is a par-
tition C = {C1, C2, . . . , Ch} of V . Each set Cl is a coali-
tion of C, and h is the size of C.

Utility functions: Given a coalition structure C and an agent
i ∈ V , let C(i) be the coalition of C such that i ∈ C(i).
Given U ⊆ V , let E(U) := {e ∈ E : e ⊆ U}. Given
an agent i ∈ V , the utility ui(C) of i in C is the sum of
the weights of all the hyperedges e containing i such that
e ⊆ C(i), i.e., ui(C) :=

∑
e∈E(C(i)):i∈e w(e).

The grand coalition structure is the coalition structure de-
fined as C = {V }, that is obtained when all agents belong
to the same coalition. The singleton coalition structure is
the coalition structure C = {{1}, {2}, . . . , {n}}, that is ob-
tained when each coalition contains exactly one agent.

A complete r-hypergraph (resp. uniform r-hypergraph ,
resp. weakly uniform r-hypergraph, resp. graph) hedonic
game is an r-HHG such that the underlying r-hypergraph
is complete (resp. uniform, resp. weakly uniform, resp. a
uniform 2-hypergraph). A standard r-hypergraph hedonic
game is an r-HHG such that, for any U ⊆ V with |U | ≥ 2,
we have that either (i)

∑
e∈E(U):|e|=s w(e) ≥ 0 for any

s ∈ [r] \ {1}, or (ii)
∑

e∈E(U):|e|=s w(e) ≤ 0 for any
s ∈ [r] \ {1}.
Remark 1. The class of standard HHGs is well-motivated
by real-life scenarios. Indeed, if we consider that a positive
(resp. negative) weight of a hyperedge e models the fact that
all the agents belonging to e are happy (resp. unhappy) to
stay together in the same coalition, a HHG is standard if,
given an arbitrary subset U of agents, either they are happy
on the average with respect to all the hyperedges of U with
arity s > 1 (independently from s), or they are unhappy on
the average with respect to such hyperedges.

Observe that weakly uniform r-HHGs and r-HHGs with
non-negative weights are standard. In Figure 1, we ex-
hibit a non-uniform game with both positive and nega-
tive weights that is standard. The social welfare SW(C)
of a coalition structure C is defined as the sum of all the
agents’ utilities in C, i.e., SW(C) :=

∑
i∈V ui(C) =∑h

l=1

∑r
t=1 t

∑
e⊆Cl:|e|=t w(e).
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Figure 1: A hypergraph H with V = [4] and
E = {{1, 2}, {2, 3}, {3, 4}, {4, 1}, {1, 2, 3}, {2, 3, 4}},
w({1, 2, 3}) = w({2, 3, 4}) = 3, w({1, 2}) =
w({1, 4}) = −1, and w({2, 3}) = w({3, 4}) = 2.
G(H) is a standard 3-HHG. Indeed, if U ∈
{{1, 2, 3, 4}, {1, 2, 3}, {2, 3, 4}, {3, 4, 1}, {2, 3}, {3, 4}}
we have that

∑
e∈E(U):|e|=s w(e) ≥ 0 for any s ∈ [r] \ {1},

and if U ∈ {{1, 2, 4}, {1, 2}, {1, 4}} we have that∑
e∈E(U):|e|=s w(e) ≤ 0 for any s ∈ [r] \ {1}.

k-Nash stability. Given a coalition structure C =
{C1, C2, . . . , Ch} and a subset of nodes Z ⊆ V , a function
ϕ : Z → C ∪ [n] is called deviation function of Z from C,
and associates each agent of Z with a coalition of C, or with
an integer of [n] that will be used to define a new coalition.
Given l ∈ [h] and t ∈ [n], let Z ′

l := ϕ−1[Cl] (i.e., the set
of agents associated with coalition Cl by function ϕ), and
let Ẑt := ϕ−1[t] (i.e., the set of agents associated with some
new coalition by function ϕ). Given a deviation function ϕ
of Z from C, let (C|ϕ) := {{C1 \ Z} ∪ Z ′

1, {C2 \ Z} ∪
Z ′
2, . . . , {Ch \Z}∪Z ′

h, Ẑ1, Ẑ2, . . . , Ẑn}\{∅}. Observe that
(C|ϕ) defines a new coalition structure. A generic coalition
structure (C|ϕ) is called deviation coalition structure of Z
from C, and it is equivalently defined as a coalition struc-
ture in which each agent i of Z moves from coalition C(i)
to coalition ϕ(i) if ϕ(i) ∈ C, and moves into a new coali-
tion Ẑϕ(i) if ϕ(i) ∈ [n], where Ẑϕ(i) is the coalition made
of all the agents associated by ϕ to the same integer ϕ(i).

Given an integer k ≤ n, a coalition structure C is k-Nash
stable if and only if, for any Z ⊆ V with |Z| ≤ k, and any
deviation function ϕ of Z from C, there exists at least one
agent i ∈ Z such that ui(C) ≥ ui(C|ϕ). According to the
definitions often adopted in several existing works on hedo-
nic games, a 1-Nash stable coalition structure is equivalently
called Nash stable, while an n-Nash stable coalition struc-
ture is called strongly Nash stable. For a game G(H), let
NSk(G(H)) be the set of k-Nash stable coalition structures
of G(H).

k-core stability. A deviation coalition structure (C|ϕ) of
Z from C is called core deviation coalition structure of Z
from C if ϕ(i) = ∅ for any i ∈ Z, and we equivalently
denote it as (C|Z). Informally, a core deviation coalition
structure is obtained when all the agents of set Z move into
the empty coalition, i.e., they form a new coalition made of
all the agents of Z, only.

Given k ≤ n, a coalition structure C is k-core stable if
and only if, for any Z ⊆ V with |Z| ≤ k, there exists at least
one agent i ∈ Z such that ui(C) ≥ ui(C|Z). According to
the definitions often adopted in several existing works on
hedonic games, an n-core stable coalition structure is equiv-
alently called core stable.

For a game G(H), let CSk(G(H)) be the set of k-
core stable coalition structures of G(H). Observe that
NSk(G(H)) ⊆ CSk(G(H)).
Remark 2. If w(e) ≥ 0 for any e ∈ E such that |e| = 1,
then each agent gets a non-negative utility in any k-core sta-
ble coalition structure (and thus, in any k-Nash stable coali-
tion structure), otherwise she would deviate in a singleton
coalition. Furthermore, the social optimum is guaranteed to
be non-negative, as it achieves at least the social welfare of
the singleton coalition structure.

In light of the previous remark and as commonly assumed
in hedonic games, it is reasonable to suppose that for any
agent is better staying alone than into a coalition in which
she is unhappy; thus we do the following assumption:
Assumption 1. w(e) ≥ 0 for any e ∈ E such that |e| = 1.

Quality of stable coalitions. For a game G(H), an opti-
mal coalition structure C∗, also called social optimum, is an
outcome maximizing the social welfare. The k-Nash price of
anarchy of G(H) (denoted NPoAk(G(H))) is the worst-case
ratio between the social welfare of a social optimum C∗, and
the social welfare of a k-Nash stable coalition structure, that
is, NPoAk(G(H)) := maxC∈NSk(G(H))

SW(C∗)
SW(C) ≥ 1, with

the convention that ∞ := c/0 for any c > 0, 1 := 0/0, and
NPoAk(G(H)) := 1 if G(H) does not admit k-Nash stable
coalition structures.1 Analogously, the k-core price of an-
archy of G(H) (denoted as CPoAk(G(H))) is the worst-case
ratio between the social welfare of a social optimum C∗, and
the social welfare of a k-core stable coalition structure, that
is, CPoAk(G(H)) := maxC∈CSk(G(H))

SW(C∗)
SW(C) , and again

we adopt the convention that CPoAk(G(H)) := 1 if G(H)
does not admit k-core stable coalition structures.

If NPoAk(G(H)) = ∞ (resp. CPoAk(G(H)) = ∞), we
say that the k-Nash (resp. k-core) price of anarchy of G(H)
is unbounded. Since NSk(G(H)) ⊆ CSk(G(H)), we have
that NPoAk(G(H)) ≤ CPoAk(G(H)). Furthermore, given
two integers h and k with 1 ≤ h ≤ k, since each k-Nash
stable (resp. k-core stable) coalition structure is also h-Nash
stable (resp. h-core stable), we have that NPoAk(G(H)) ≤
NPoAh(G(H)) (resp. CPoAk(G(H)) ≤ CPoAh(G(H))).

The k-core price of anarchy

In this section, we show upper and lower bounds on the k-
core price of anarchy of any standard r-HHG with k ≥ r,
which are asymptotically tight in the variable ρ := n/k.

1We set the price of anarchy equal to 1 (that is the lowest possi-
ble value), in such a way that instances not admitting stable coali-
tion structures are implicitly discarded when computing the price
of anarchy of an arbitrary HHG.
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Furthermore, we show that, if either the considered r-
hypergraph is not standard, or k < r, there exists an r-HHG
with unbounded k-core price of anarchy.
Theorem 1 (Upper Bound). For any standard r-HHG G(H)
with n agents, and for any integer k ≥ r, we have that

CPoAk(G(H)) ≤ r(n− 1)r−1

(k − 1)r−1
.

Proof. Let G(H) be a standard r-HHG, C =
{C1, C2, . . . , Ch} be a k-core stable coalition struc-
ture of G(H) minimizing the social welfare, and
C∗ = {C∗

1 , C
∗
2 , . . . , C

∗
h∗} be a social optimum of

G(H). We assume w.l.o.g. that the considered r-hypergraph
H is complete. Indeed, if it is not the case, it suffices to
add dummy hyperedges with null weights to obtain an
equivalent strategic game based on a complete hypergraph.

By definition of k-core stable coalition structure, given
Z ⊆ V with |Z| = k, there exists at least one agent
iZ1 ∈ Z such that uiZ1

(C) ≥ uiZ1
(C|Z ∩ C∗(iZ1 )). This

fact holds since, given a coalition C∗
l of the social optimum

such that C∗
l ∩ Z �= ∅, we have that |C∗

l ∩ Z| ≤ k, and
thus, by definition of k-core stable coalition structure, there
exists an agent iZ1 ∈ C∗

l ∩ Z ⊆ Z such that uiZ1
(C) ≥

uiZ1
(C|Z∩C∗

l ) = uiZ1
(C|Z∩C∗(iZ1 )), that is, agent iZ1 does

not improve her utility after forming a new coalition with all
the agents of Z ∩ C∗

l . We denote agent iZ1 as 1-leader of Z.
Let Z2 := Z1 \ {iZ1 }. Again by definition of k-core stable
coalition structure, there exists at least one agent iZ2 ∈ Z2

such that uiZ2
(C) ≥ uiZ2

(C|Z2 ∩ C∗(iZ2 )), that is, agent
iZ2 does not improve her utility after forming a new coalition
with all the other agents of Z2∩C∗(iZ2 ). We denote agent iZ2
as 2-leader of Z. By proceeding iteratively, we get that, for
any j ∈ [k], there exists an agent iZj ∈ Zj , called j-leader
of Z, such that uiZj

(C) ≥ uiZj
(C|Zj ∩ C∗(iZj )), where

Z1 := Z, and Zj := Zj−1\{iZj−1} = Z\{iZ1 , iZ2 , . . . , iZj−1}
if j ≥ 2. Thus, by summing the previous inequalities over
all j ∈ [k] and Z ⊆ V such that |Z| = k, we get

∑
Z⊆V :|Z|=k

k∑
j=1

uiZj
(C) ≥

∑
Z⊆V :|Z|=k

k∑
j=1

uiZj
(C|Zj∩C∗(iZj ))

(1)
We exploit the following two lemmas.

Lemma 1.
∑

Z⊆V :|Z|=k

∑k
j=1 uiZj

(C) =(
n−1
k−1

)∑r
s=1

(
s
∑h

l=1

∑
e∈E(Cl):|e|=s w(e)

)
.

Proof of Lemma 1. We have that
k∑

j=1

uiZj
(C) =

k∑
j=1

∑
e∈E(C(iZj )):iZj ∈e

w(e) (2)

=
h∑

l=1

∑
e∈E(Cl)

|e ∩ Z|w(e), (3)

where (3) holds since, given a coalition Cl and a hyperedge
e ⊆ Cl, we have that each hyperedge e appearing in (2) is

counted as many times as the number of leaders contained in
e, that is |e ∩ Z|. Now, by summing (3) over all the possible
subsets Z ⊆ V of k agents, we get

∑
Z⊆V :|Z|=k

k∑
j=1

uiZj
(C) =

∑
Z⊆V :|Z|=k

h∑
l=1

∑
e∈E(Cl)

|e ∩ Z|w(e)

=

h∑
l=1

∑
e∈E(Cl)

w(e)

⎛
⎝ ∑

Z⊆V :|Z|=k

|e ∩ Z|
⎞
⎠

=

h∑
l=1

∑
e∈E(Cl)

w(e)

⎛
⎝ ∑

Z⊆V :|Z|=k

∑
i∈e∩Z

1

⎞
⎠

=

h∑
l=1

∑
e∈E(Cl)

w(e)

⎛
⎝∑

i∈e

∑
Z⊆V :|Z|=k,i∈Z

1

⎞
⎠

=

h∑
l=1

∑
e∈E(Cl)

w(e)

(∑
i∈e

|{Z′ ⊆ V \ {i} : |Z′| = k − 1}|
)

=

h∑
l=1

∑
e∈E(Cl)

w(e)

(∑
i∈e

(n− 1

k − 1

))

=

r∑
s=1

⎛
⎝ h∑

l=1

∑
e∈E(Cl):|e|=s

w(e)

(∑
i∈e

(n− 1

k − 1

))⎞⎠

=

r∑
s=1

⎛
⎝ h∑

l=1

∑
e∈E(Cl):|e|=s

w(e)
(n− 1

k − 1

)
s

⎞
⎠ ,

and this shows the claim.

Lemma 2.
∑

Z⊆V :|Z|=k

∑k
j=1 uiZj

(C|Zj ∩ C∗(iZj )) =∑r
s=1

1
s

(
n−s
k−s

) (
s
∑h∗

l=1

∑
e∈E(C∗

l ):|e|=s w(e)
)

.

Proof of Lemma 2. We get
k∑

j=1

uiZj
(C|Zj ∩ C∗(iZj )) =

k∑
j=1

∑
e∈E(Zj∩C∗(iZj )):iZj ∈e

w(e) (4)

=

h∗∑
l=1

∑
e∈E(Z∩C∗

l )

w(e), (5)

where (5) holds since, in (4), the unique hyperedges that are
counted are those belonging to E(Z∩C∗

l ) for some l ∈ [h∗],
and each of these hyperedges is counted exactly once. By
summing (5) over all the subsets Z ⊆ V of k agents, we get∑

Z⊆V :|Z|=k

k∑
j=1

uiZj
(C|Zj ∩ C∗(iZj ))

=
∑

Z⊆V :|Z|=k

h∗∑
l=1

∑
e∈E(Z∩C∗

l )

w(e)

=

h∗∑
l=1

∑
Z⊆V :|Z|=k

∑
e∈E(Z∩C∗

l )

w(e) (6)

=
h∗∑
l=1

∑
e∈E(C∗

l )

w(e) · |{Z ⊆ V : |Z| = k, e ⊆ Z}|. (7)
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Given a coalition C∗
l and a hyperedge e ∈ E(C∗

l ), we have
that |{Z ⊆ V : |Z| = k, e ⊆ Z}| is equal to the number
of ways to select k − |e| elements within set V \ e, that is(
n−|e|
k−|e|

)
. Thus, by continuing from (7), we get

h∗∑
l=1

∑
e∈E(C∗

l )

w(e) · |{Z ⊆ V : |Z| = k, e ⊆ Z}|

=

h∗∑
l=1

∑
e∈E(C∗

l )

w(e)

(
n− |e|
k − |e|

)

=
r∑

s=1

⎛
⎜⎜⎝s

h∗∑
l=1

∑
e∈E(C∗

l ):
|e|=s

w(e)

⎞
⎟⎟⎠ 1

s

(
n− s

k − s

)
,

and the claim follows.

By (1), Lemma 1, and Lemma 2, we get

r∑
s=1

λ︷ ︸︸ ︷(
n− 1

k − 1

) xs︷ ︸︸ ︷⎛
⎝s

h∑
l=1

∑
e∈E(Cl):|e|=s

w(e)

⎞
⎠ (8)

=
∑
Z⊆V :
|Z|=k

k∑
j=1

uiZj
(C) ≥

∑
Z⊆V :
|Z|=k

k∑
j=1

uiZj
(C|Zj ∩ C∗(iZj ))

=

r∑
s=1

μs︷ ︸︸ ︷
1

s

(
n− s

k − s

) ys︷ ︸︸ ︷⎛
⎝s

h∗∑
l=1

∑
e∈E(C∗

l ):|e|=s

w(e)

⎞
⎠ . (9)

Now, we have the following lemmas. The proof of Lemma
3 uses the hypothesis that the considered game is standard.

Lemma 3. ys ≥ 0 for any s ∈ [r].

Lemma 4. mins∈[r] μs = μr.

By (9), we get λ · SW(C) = λ
∑

s∈[r] xs =∑
s∈[r] λxs ≥ ∑

s∈[r] μsys ≥ (
mins∈[r] μs

)∑
s∈[r] ys =(

mins∈[r] μs

)
SW(C∗), where the second last inequality

holds because of Lemma 3 and 4. Thus, we get SW(C∗)
SW(C) =

∑r
s=1 ys∑r
s=1 xs

≤ λ
mins∈[r] μs

= λ
μr

=
(n−1
k−1)

1
r (

n−r
k−r)

= r(n−1)r−1

(k−1)r−1
, and

this concludes the proof.

The following corollary holds.
Corollary 1. The upper bound shown in Theorem 1 holds
for any weakly uniform r-HHG and for any r-HHG with
non-negative weights.

We now show an almost tight lower bound, holding even
for non-negative weights.
Theorem 2. For any integers r ≥ 2, k ≥ r, and n ≥ k,
there exists an r-HHG G(H) with non-negative weights such

that CPoAk(G(H)) ≥ n(n−1)r−1

k�n/k�(k−1)r−1+k′(k′−1)r−1
, where

k′ := n− k�n/k, and (k′ − 1)r−1 := 0 if k′ < r.

Proof sketch. Consider an r-HHG G(H), where H is a com-
plete and uniform r-hypergraph with n nodes, and each hy-
peredge has unitary weight. Let C be the coalition structure
in which one coalition C ′ has k′ = n− k�n/k agents, and
�n/k coalitions have each k agents, and let C∗ be the grand
coalition structure. One can easily observe that C is k-core
stable. Finally, we show that CPoAk(G(H)) ≥ SW(C∗)

SW(C) =
n(n−1)r−1

k�n/k�(k−1)r−1+k′(k′−1)r−1
.

The following theorem provides a better lower bound
when k is close to n, holding even for the k-Nash price of
anarchy and if k ≥ r − 1.

Theorem 3. For any integers r ≥ 2, k ≥ r − 1, and n ≥
max{k, r}, there exists an r-HHG G(H) with non-negative
weights such that CPoAk(G(H)) ≥ NPoAk(G(H)) ≥ 1 +

(�n/2�−1)r−1

2(min{k,�n/2�−1})r−1
.

Remark 3. If r is constant w.r.t. the input instance, the upper
bound of Theorem 1 and the lower bounds of Theorem 2
and 3 are asymptotically tight in variable ρ := n/k, and
their value increase as Θ(ρr−1).

In the following theorems we show that, without the as-
sumptions done in the Theorem 1, there always exists a
HHG with unbounded k-core price of anarchy.

Theorem 4. For any integers r ≥ 2, k < r, and n ≥ r,
there exists an r-HHG G(H) with non-negative weights and
n agents such that CPoAk(G(H)) = ∞.

Proof sketch. We consider an r-HHG G(H) made of a
unique hyperedge of weight 1 and arity r. We show that
the singleton coalition structure C is k-core stable and
SW(C∗) = 0, and the grand coalition structure C∗ verifies
SW(C∗) = n, thus CPoAk(G(H)) ≥ SW(C∗)

SW(C) = ∞.

Theorem 5. For any integers r ≥ 3, k ≥ r, and n ≥ k,
there exists a (non-standard) r-HHG G(H) with n agents
such that NPoAk(G(H)) = CPoAk(G(H)) = ∞.2

Proof sketch. Let H be a weighted hypergraph with k nodes,
containing only all the hyperedges of arity r and 2 that con-
tain both nodes 1 and 2. Each hyperedge with arity r has
weight wr = 1, and the unique hyperedge with arity 2 has
weight w2 = −k−2

r−2 . We show that the singleton coalition
structure C is k-Nash stable and SW(C) = 0, and that the
grand coalition structure C∗ verifies SW(C∗) > 0. Thus,
CPoAk(G(H)) ≥ NPoAk(G(H)) ≥ SW(C∗)

SW(C) = ∞.

The k-Nash price of anarchy

We now show upper and lower bounds on the k-Nash price
of anarchy. As NPoAk(G(H)) ≤ CPoAk(G(H)) for any
game G(H), we get the following corollary of Theorem 1.

Corollary 2. The upper bound shown in Theorem 1 holds
also for the k-Nash price of anarchy.

2We do not consider the case r = 2, since all graph hedonic
games are standard.
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If weights are non-negative, we have the following
slightly better upper bound, holding also for k = r − 1.

Theorem 6. For any r-HHG G(H) with non-negative
weights and n agents, and for any integer k such that n−1 ≥
k ≥ r − 1, we have that3

NPoAk(G(H)) ≤
(n−1)!
(k−1)!

χ[k](r)n(n−r−1)!

r(k−r)! + (n−r)!
(k+1−r)!

.

Proof sketch. Let G(H) be a standard r-HHG, and let C =
{C1, C2, . . . , Ch} be a k-Nash stable coalition structure of
G(H) having minimum social welfare. Observe that, as the
weights are non-negative, the grand coalition C∗ is a so-
cial optimum. We assume w.l.o.g. that the considered r-
hypergraph H is complete. Furthermore, we assume w.l.o.g.
that all the hyperedges of arity 1 have null-weights (indeed,
by removing them, the set of stable outcomes is not af-
fected and the k-Nash price of anarchy does not decrease).
By definition of k-Nash stable coalition structure, we have
that, given Z ⊆ V with |Z| = k + 1 and v ∈ Z,
there exists at least one agent iZ,v

1 ∈ Z \ {v} such that
uiZ,v

1
(C) ≥ uiZ1

(C|ϕZ,v), where ϕZ,v is the deviation func-
tion such that all the agents of Z \ {v} move to coali-
tion C(v). As all the weights are non-negative, we get
uiZ,v

1
(C) ≥ uiZ1

(C|ϕZ,v) ≥ uiZ1
(C|Z). As in the proof

of Theorem 1, one can show that, for any j ∈ [k], there ex-
ists an agent iZ,v

j ∈ Zv
j \ {v}, called j-leader of (Z, v),

such that uiZj
(C) ≥ uiZj

(C|Zv
j ), where Zv

1 := Z, and

Zv
j := Zv

j−1 \ {iZ,v
j−1} = Z \ {iZ,v

1 , iZ,v
2 , . . . , iZ,v

j−1} if j ≥ 2.
By considering a slightly more complicated proof than that
of Theorem 1, we show that

r∑
s=2

λ︷ ︸︸ ︷(
n− 2

k − 1

)
(n− 1)

xs︷ ︸︸ ︷
s

h∑
l=1

∑
e∈E(Cl):|e|=s

w(e)

=
∑

(Z,v):Z⊆V,
|Z|=k+1,

v∈Z

k∑
j=1

uiZ,v
j

(C) ≥
∑

(Z,v):Z⊆V,
|Z|=k+1,

v∈Z

k∑
j=1

uiZ,v
j

(C|Zv
j )

=

r∑
s=2

μs︷ ︸︸ ︷(
χ[k](s)n

(
n−s−1
k−s

)
s

+

(
n− s

k + 1− s

)) ys︷ ︸︸ ︷
s
∑
e∈E:
|e|=s

w(e),

implying that SW(C∗)
SW(C) =

∑r
s=2 ys∑r
s=2 xs

≤ λ
mins∈[r]\{1} μs

= λ
μr

,
and then showing the claim.

Remark 4. If we consider r as a constant, the upper bounds
shown in Corollary 2, Theorem 3, and the lower bound
shown in Theorem 3, are asymptotically tight in ρ := n/k,
and their value increase as Θ(ρr−1).

3We consider the case k ≤ n−1 only, since for k = n we have
that NPoAn−1(G(H)) is an upper bound for NPoAk(G(H)).

Because of Theorem 5 and the following results, we have
that, without the assumptions done in Corollary 2 and The-
orem 6, in most of the cases there exists a HHG with
NPoAk = ∞. We do not consider the case of standard r-
HHG with k = r − 1 only, that is left as open problem.
Theorem 7. For any integers r ≥ 3, k < r − 1, and n ≥ r,
there exists an r-HHG G(H) with non-negative weights and
n agents such that NPoAk(G(H)) = ∞.
Theorem 8. For any integers r ≥ 3 and n ≥ r, if k = r−1,
there exists a non-standard r-HHG G(H) with n agents such
that NPoAk(G(H)) = ∞.

Computational issues

In this section, we consider the computational complexity of
evaluating the inefficiency of a given r-HHG. In particular,
we consider the problems r-Core-PoA and r-Nash-PoA,
defined as follows: given an integer k ≥ 2, an r-HHG G(H),
and a rational number M ≥ 1, r-Core-PoA (resp. r-Nash-
PoA) asks to check whether the k-core (resp. k-Nash) price
of anarchy of G(H) is lower than M . We show that such
problems are computationally hard.
Theorem 9. r-Core-PoA is NP-hard, even when consider-
ing instances with non-negative weights.

Proof sketch. Polynomial-time reduction to the minimum
maximal matching problem (MMS) (Yannakakis and Gavril
1980). We transform the input unweighed graph H of MMS
into the corresponding graph hedonic game G(H), and we
show that there always exists a worst-case 2-core stable out-
come of G(H) having the structure of a maximal matching
with minimum cardinality.

Theorem 10. r-Nash-PoA is NP-hard, even when consid-
ering instances with non-negative weights.

Proof sketch. Polynomial-time reduction to the max clique
problem (Karp 1972).

Future works

Our work leaves several research directions. First of all, de-
spite the fact that our lower and upper bounds are asymptot-
ically tight, it would be nice to reduce their constant multi-
plicative gap. Furthermore, it remains to analyse the k-Nash
price of anarchy of standard r-HHGs with k = r − 1. It
would be interesting to study hypergraph variants of other
coalition formation games (such as fractional hedonic games
and max-cut games), and the inefficiency under different sta-
bility criteria (e.g., contractual Nash stability, Pareto opti-
mality, etc.). It would be also nice to investigate how much
some restrictions on the hypergraph topology affect the per-
formance. Finally, we believe that the computational prob-
lems studied in this paper are Σp

2-complete, and we leave this
conjecture as another worth investigating open question.
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