15th International Symposium on
Combinatorial Search
(SoCS 2022)

Held online

Vienna, Austria
21 — 23 July 2022

ISBN: 978-1-7138-5927-7



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2022) by Association for the Advancement of Artificial Intelligence
All rights reserved.

Printed with permission by Curran Associates, Inc. (2022)

For permission requests, please contact Association for the Advancement of Artificial Intelligence
at the address below.

Association for the Advancement of Artificial Intelligence
2275 East Bayshore Road

Suite 160

Palo Alto, California 94303

USA

Phone: 1-650-328-3123
Fax: 1-650-321-4457

https://aaai.org/Press/press.php

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



TABLE OF CONTENTS

LONG PAPERS

Weight Constrained Path Finding With BidireCtioNal @...........cocuiiiiiiiiiiii s 2
Saman Ahmadi, Guido Tack, Daniel Harabor, Philip Kilby

On Merging Agents in Multi-Agent Pathfinding Algorithms...........cccocoiiiiiii e 11
Eli Boyarski, Shao-Hung Chan, Dor Atzmon, Ariel Felner, Sven Koenig

Iterative-Deepening Uniform-Cost HEUFIStIC SEAICH ..ot 20
Zhaoxing Bu, Richard E. Korf

Portability and Explainability of Synthesized Formula-Based HEUFIStICS..........cccevereiiervninireieee e 29
Vadim Bulitko, Shuwei Wang, Justin Stevens, Levi H. S. Lelis

Multi-Train Path FINAING REVISITEU..........oiiiiiieieiiie et sa bbb 38
Zhe Chen, Jiaoyang Li, Daniel Harabor, Peter J. Stuckey, Sven Koenig

Effective Planning in Resource-Competition Problems by Task Decomposition ............ccocvvervenennieneninennnn, 47
Lukads Chrpa, Pavel Rytir, Andrii Nyporko, Rostislav Horcik, Stefan Edelkamp

Generalized LoNngest Path ProDIBMS ..ot bbb e sb e 56
Gal Dahan, Itay Tabib, Eyal Solomon Shimony, Ariel Felner

MAZ3: Model-Accuracy Aware Anytime Planning with Simulation Verification for Navigating
COMPIEX TEITAINS ...ttt ettt et b e et b ettt b ettt b etk eb e e e bt e bt e e bt eb e s b e bt e bt ne e bt abenb et e ebene et e abeneebeabeneas 65
Manash Pratim Das, Damon M Conover, Sungmin Eum, Heesung Kwon, Maxim Likhachev

A Memory-Bounded Best-First Beam Search and Its Application to Scheduling Halide Programs.................. 74
Chao Gao, Jingwei Chen, Tong Mo, Tanvir Sajed, Shangling Jui, Min Qin, Laiyuan Gong,
Wei Lu

When to Commit to an Action in Online Planning and SEArch ...........c.cooiviiiiiiniiiisseecse s 83

Tianyi Gu, Wheeler Ruml, Shahaf S. Shperberg, Eyal Solomon Shimony, Erez Karpas

On Bidirectional Heuristic Search in Classical Planning: An Analysis 0f BAE ..o 91
Kilian Hu, David Speck

On Producing Shortest Cost-Optimal PIANS ............ccuiiiiiiiie e 100
Michael Katz, Gabriele Rdger, Malte Helmert

Optimal Search with Neural Networks: Challenges and ApProaches .........ccccooeveieviiiesie s 109
Tianhua Li, Ruimin Chen, Borislav Mavrin, Nathan R. Sturtevant, Doron Nadav, Ariel Felner

Leveraging Experience in Lifelong Multi-Agent Pathfinding...........cccooviiiiininiicccececs 118
Nitzan Madar, Kiril Solovey, Oren Salzman

Heuristic Search for SSPs with Lexicographic Preferences Over Multiple COStS..........ccccoveivivieievciese s, 127
Shuwa Miura, Kyle Hollins Wray, Shlomo Zilberstein

EPASE: Edge-Based Parallel a for SIow EVAIUBLIONS ..ot 136
Shohin Mukherjee, Sandip Aine, Maxim Likhachev



The JPS Pathfinding SYSLEM N 3D ......ciiii ittt bbbt e e b e b b 145
Thomas K. Nobes, Daniel Harabor, Michael Wybrow, Stuart D. C. Walsh

Trajectory Constraint Heuristics for Optimal Probabilistic Planning...........ccoceevevevenieviesinse e 153
John R. Peterson, Anagha Kulkarni, Emil Keyder, Joseph Kim, Shlomo Zilberstein

Enhanced Multi-Objective a Using Balanced Binary SEarch Trees .........ccoeveiriiiinincineccneecsieeeesiens 162
Zhonggiang Ren, Richard Zhan, Sivakumar Rathinam, Maxim Likhachev, Howie Choset

Scaling-Up Generalized Planning as Heuristic Search with Landmarks...........cccccevvveiiiiennsieciene e 171
Javier Segovia-Aguas, Sergio Jiménez Celorrio, Laura Sebastia, Anders Jonsson

Additive Pattern Databases for Decoupled Search ... 180
Silvan Sievers, Daniel Gnad, Alvaro Torralba

Which MAPF Model Works Best for Automated WareNoUSING? ..........covierriiereiieneese e 190
Sumanth Varambally, Jiaoyang Li, Sven Koenig

Anytime Approximate Bi-ODJECtIVE SEAICN..........ccociiiiiii e 199
Han Zhang, Oren Salzman, T. K. Satish Kumar, Ariel Felner, Carlos Hernandez Ulloa, Sven
Koenig

Learning a Priority Ordering for Prioritized Planning in Multi-Agent Path Finding...........ccccoccvvniininiinenn 208

Shuyang Zhang, Jiaoyang Li, Taoan Huang, Sven Koenig, Bistra Dilkina

SHORT PAPERS

Benchmarks for Pathfinding Search: Iron Harvest ... 218
Daniel Harabor, Ryan Hechenberger, Thomas Jahn

Neural Network Heuristic Functions: Taking Confidence into ACCOUNt.............cooeiriiininsineecseeeiens 223
Daniel Heller, Patrick Ferber, Julian Bitterwolf, Matthias Hein, Jérg Hoffmann

Online Multi-Agent Path Finding: NeW RESUILS.........cc.oiiiiiiiiiee e 229
Jonathan Morag, Ariel Felner, Roni Stern, Dor Atzmon, Eli Boyarski

Light Contraction Hierarchies: Hierarchical Search Without ShOrCUtS.............cccoveirneininiinecneees 234
Claudius Proissl

Bounded-Cost Bi-Objective HEUIISTIC SEAICH .......c..oiiiiiiiiieee e e 239
Shawn Skyler, Dor Atzmon, Ariel Felner, Oren Salzman, Han Zhang, Sven Koenig, William
Yeoh, Carlos Hernandez Ulloa

Meeting at the Border of TWO Separate DOMAINS ........ccoiiriiiiriiii e 244
Alexandru Paul Tabacaru, Dor Atzmon, Ariel Felner

Mutex Propagation in Multi-Agent Path Finding for Large Agents..........coiieoeiine e 249
Han Zhang, Yutong Li, Jiaoyang Li, T. K. Satish Kumar, Sven Koenig

EXTENDED ABSTRACTS

Subset Approximation of Pareto Regions with Bi-Objective a (Extended ADSract) ........ccccooeeevereiereneennnn. 255
Jorge A. Baier, Nicolas Rivera, Carlos Hernandez Ulloa



Informed Steiner Trees: Sampling and Pruning for Multi-Goal Path Finding in High Dimensions
(ST g (=0 AN o1 = Tod o SO SSPR
Nikhil Chandak, Kenny Chour, Sivakumar Rathinam, R. Ravi

Local Motif Clustering Via (Hyper)Graph Partitioning ...........ccoceoiiriiiiniiiinisiseecsieesesiees s
Adil Chhabra, Marcelo Fonseca Faraj, Christian Schulz

A Conflict Avoidance Table for Continuous Conflict-Based Search (Extended ADbStract)..........cccccecevervenene
Vianney Coppé, Pierre Schaus

Fast Traffic Assignment by Focusing on Changing Edge Flows (Extended ADbSEract) .........ccccoevvvreniicnnenn
Ali Davoodi, Mark Wallace, Daniel Harabor

Lazy Compilation in Classical Planning (Extended ADSLIaCL)..........ccoeiiiiiiiiiiie e
Zuzana Filova, Pavel Surynek

Parallel Beam Search for Combinatorial Optimization (Extended ADSIFACt) .........ccocoverrieneiiieneisereee,
Nikolaus Frohner, Jan Gmys, Nouredine Melab, Glinther R. Raidl, EI-Ghazali Talbi

On the Use of Width-Based Search for Multi Agent Privacy-Preserving Planning (Extended
F N 0L 1 - T ) SO TO TP U RSO UR RPN
Alfonso E. Gerevini, Nir Lipovetzky, Francesco Percassi, Alessandro Saetti, lvan Serina

K-Focal Search for Slow Learned Heuristics (Extended ADSIIACE) .........ccviiiiriiiiinicneeseece s
Matias Greco, Jorge Toro, Carlos Hernandez-Ulloa, Jorge A. Baier

Focal Discrepancy Search for Learned Heuristics (Extended ADSLraCt)..........ccooeiiiiienieninieniceee e
Matias Greco, Pablo Araneda, Jorge A. Baier

Dual Euclidean Shortest Path Search (Extended ADSEIACE) ........ccooviiriiiiiiiie s
Ryan Hechenberger, Peter J. Stuckey, Pierre Le Bodic, Daniel D. Harabor

IPO-MAXSAT: Combining the In-Parameter-Order Strategy for Covering Array Generation with
MaxSAT Solving (EXtENded ADSLIACL).........ccviieieiiie ittt sttt sbesresreere e
Irene Hiess, Ludwig Kampel, Michael Wagner, Dimitris E. Simos

Urban Traffic Control Via Planning with Global State Constraints (Extended ADStract) .........c.ccccoevvviivnnne.
Franc Ivankovic, Mauro Vallati, Lukas Chrpa, Marco Roveri

Combining Conflict-Based Search and Agent-Based Modeling for Evacuation Problems (Extended
N 01 1 - T ) S
Kristyna Janovska, Pavel Surynek

A Jeep Crossing a Desert of Unknown Width (Extended ADSEIact)..........coeiviiiiiiiiieiiieneese e
Richard E. Korf

An Online Approach for Multi-Agent Path Finding Under Movement Uncertainty (Extended
F N 01 Lo | OO OO OO PO TRPRURPRPRN
Elad Levy, Guy Shani, Roni Stern

Optimally Solving the Multiple Watchman Route Problem with Heuristic Search (Extended
F N a1 1 - T ) OO RSO USRI
Yaakov Livne, Dor Atzmon, Shawn Skyler, Eli Boyarski, Amir Shapiro, Ariel Felner

Joint Chance Constrained Probabilistic Simple Temporal Networks Via Column Generation
(ST [=To AN o] 1 = Tod o PSSR
Andrew Murray, Michael Cashmore, Ashwin Arulselvan, Jeremy Frank



Sampling from Pre-Images to Learn Heuristic Functions for Classical Planning (Extended
N 01 1 T ) SO 308
Stefan O'Toole, Miquel Ramirez, Nir Lipovetzky, Adrian R. Pearce

A Discussion on the Scalability of Heuristic Approximators (Extended ADSLract).........ccccvevrvverereniernnennenn 311
Sumedh Pendurkar, Taoan Huang, Sven Koenig, Guni Sharon

On the Reformulation of Discretised PDDL+ to Numeric Planning (Extended AbStract) ........cccccoevvrennnnne. 314
Francesco Percassi, Enrico Scala, Mauro Vallati

Sparse Decision Diagrams for SAT-Based Compilation of Multi-Agent Path Finding (Extended
F N 01 U | OO OO PRSP URTOTRPRPRPRPN 317
Pavel Surynek

Multi-Agent Pathfinding on Large Maps Using Graph Pruning: This Way Or that Way? (Extended
N 013 1 T ) S 320
Jirl Svancara, Philipp Obermeier, Matej Husar, Roman Bartak, Torsten Schaub

Situated Grid Pathfinding Among Moving Obstacles (Extended ADSEraCt) ..........cccccvvereieneniieneneeneeee 323
Devin Thomas, Tianyi Gu, Wheeler Ruml, Eyal Solomon Shimony

Effectively Incorporating Weighted Cost-To-Go Heuristic in Suboptimal CBS (Extended Abstract)............. 326
Rishi Veerapaneni, Tushar Kusnur, Maxim Likhachev

Lower and Upper Bounds for Multi-Agent Multi-Item Pickup and Delivery: When a Decoupled

Approach is Good Enough (EXtended ADSIFACE) .........cociiiiiiiiieisie e 329
David Zahradka, Anton Andreychuk, Miroslav Kulich, Konstantin Yakovlev

STUDENT PAPERS

T2 T o O ST 333
Xuzhe Dang, Lukas Chrpa, Stefan Edelkamp

Avoiding Errors in Learned Heuristics in Bounded-Suboptimal Search ... 336
Matias Greco, Jorge A. Baier

Beyond Markov Decision Process with Scalar Markovian REWards .............cccocvevevenieiiesnsiecciesescse e 339
Shuwa Miura

Author Index





