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Major Goals:  The goal was to build a significant hybrid CPU-GPU compute cluster.

Accomplishments:  We built the significant hybrid CPU-GPU compute cluster as planned.



The cluster has been in very active use by my research group ever since.

Training Opportunities:  Most of my PhD student Research Assistants have been using the cluster, including 
Ellen Vitercik, Siddharth Prasad, Gabriele Farina, Brian Zhang, and Carlos Martin. They have all gotten training in 
how to use the cluster, how to do high-performance computing, and how to develop high-performing algorithms 
using a combination of theory and large-scale computational experiments.



Ellen Vitercik has accepted a tenure-track position at Stanford. She will first do one year in the prestigious Miller 
Postdoctoral Fellowship at UC Berkeley. The other students have not yet graduated.

Results Dissemination:  We have published a number of papers (see list of publications in this report) that used 
the cluster for computational experiments.
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Honors and Awards:  Prof. Sandholm received the following awards during the reporting period.



• IJCAI John McCarthy Award, 2021. "For his significant research contributions to multiagent systems, 
computational economics, optimization and game playing, and their application in real-world settings''. The IJCAI 
John McCarthy Award is intended to recognize established mid-career researchers, typically between fifteen to 
twenty-five years after obtaining their PhD, that have built up a major track record of research excellence in artificial 
intelligence. Nominees of the award will have made significant contributions to the research agenda in their area 
and will have a first-rate profile of influential research results. One award per year is given.



• AAAI Robert S. Engelmore Award, 2021. "For outstanding research contributions in Artificial Intelligence, its 
application to electronic market places, the highly original use of AI in strategic multi-player games, and the 
application of AI to optimize organ exchanges''. "The award is given to people who have demonstrated excellence 
in scholarship in AI, outstanding applications of AI, as well as extraordinary service to AAAI and the AI community.''



• University Professor, 5/2020. The title of University Professor is the highest designation a faculty member can 
receive at Carnegie Mellon. The number of University Professors should be no more than about 10 percent of 
number of faculty at Carnegie Mellon University holding the rank of Professor.



• 100 Most Intriguing Entrepreneurs, award from Goldman Sachs, 2020.







Dr. Sandholm’s -- with his students -- best paper awards & other recognition of specific papers



• My PhD student Noam Brown's dissertation won the International Foundation for Autonomous Agents and 
Multiagent Systems (IFAAMAS) Victor Lesser Distinguished Dissertation award, 2021.



• My PhD student Noam Brown's dissertation won the CMU School of Computer Science Distinguished 
Dissertation Award, 2020. It also won CMU School of Computer Science's nomination for the ACM Doctoral 
Dissertation Award and CMU's nomination for the AAAI/SIGAI AI Dissertation award.



• Our paper ``Superhuman AI for Multiplayer Poker" was selected to be presented in the special plenary session 
on Highlights Beyond EC, at the ACM Conference on Economics and Computation (EC), 2020.

Protocol Activity Status: 

Technology Transfer:  The cluster has not led to additional new collaborations with other DoD organizations 
directly yet, but as you know, I have a lot of ongoing and new work with the DoD through my startup Strategy 
Robot.
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Publication Identifier:  10.1101/2020.07.05.184960
First Page #:  Volume:  

Date Submitted:  8/18/21  12:00AM

Authors:  Robin Schmucker, Gabriele Farina, James Faeder, Fabian Fröhlich, Ali Sinan Saglam, Tuomas Sandholm
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Acknowledged Federal Support:  Y
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Authors:  Maria-Florina Balcan, Siddharth Prasad, Tuomas Sandholm, Ellen Vitercik
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Publication Type:  Journal Article
Journal:  bioRxiv

Publication Location:  
Article Title:  Combination Treatment Optimization Using a Pan-Cancer Pathway Model

Keywords:  AI, Combination Treatment Optimization
Abstract:  The design of efficient combination therapies is a difficult key challenge in the treatment of complex 
diseases such as cancers. The large heterogeneity of cancers and the large number of available drugs renders 
exhaustive in vivo or even in vitro investigation of possible treatments impractical. In recent years, sophisticated 
mechanistic, ordinary differential equation-based pathways models that can predict treatment responses at a 
molecular level have been developed. However, surprisingly little effort has been put into leveraging these models 
to find novel therapies. In this paper we use for the first time, to our knowledge, a large-scale state-of-the-art pan-
cancer signaling pathway model to identify potentially novel combination therapies to treat individual cancer cell 
lines from various tissues (e.g., minimizing proliferation while keeping dosage low to avoid adverse side effects) 
and populations of cancer cell lines.

Publication Type:  Journal Article
Journal:  arXiv

Publication Location:  
Article Title:  Sample Complexity of Tree Search Configuration Cutting Planes and Beyond

Keywords:  AI, Machine Learning
Abstract:  Cutting-plane methods have enabled remarkable successes in integer programming over the last few 
decades. State-of-the-art solvers integrate a myriad of cutting-plane techniques to speed up the underlying tree-
search algorithm used to ?nd optimal solutions. In this paper we prove the ?rst guarantees for learning high-
performing cut-selection policies tailored to the instance distribution at hand using samples. We ?rst bound the 
sample complexity of learning cutting planes from the canonical family of Chv´atal-Gomory cuts. Our bounds 
handle any number of waves of any number of cuts and are ?ne tuned to the magnitudes of the constraint coe?
cients. Next, we prove sample complexity bounds for more sophisticated cut selection policies that use a 
combination of scoring rules to choose from a family of cuts.
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Date Published:  
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Issue:  

Date Published:  
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Peer Reviewed: N 
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First Page #:  Volume:  

Date Submitted:  8/18/21  12:00AM

Authors:  Brian Hu Zhang, Tuomas Sandholm

Distribution Statement:  2-Distribution Limited to U.S. Government agencies only; report contains proprietary information
Acknowledged Federal Support:  Y

Publication Type:  Journal Article
Journal:  arXiv

Publication Location:  
Article Title:  Subgame solving without common knowledge

Keywords:  Game theory
Abstract:  In imperfect-information games, subgame solving is significantly more challenging than in perfect-
information games, but in the last few years, such techniques have been developed. They were the key ingredient 
to the milestone of superhuman play in no-limit Texas hold'em poker. Current subgame-solving techniques 
analyze the entire common-knowledge closure of the player's current information set, that is, the smallest set of 
nodes within which it is common knowledge that the current node lies. However, this set is too large to handle in 
many games. We introduce an approach that overcomes this obstacle, by instead working with only low-order 
knowledge. Our approach allows an agent, upon arriving at an infoset, to basically prune any node that is no 
longer reachable, thereby massively reducing the game tree size relative to the common-knowledge subgame. 
We prove that, as is, our approach can increase exploitability compared to the blueprint strategy.
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Publication Type:  Conference Paper or Presentation
Conference Name:  AAAI 2021

Conference Location:  Virtual conference
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Publication Type:  Conference Paper or Presentation
Conference Name:  AAAI 2021
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Correlated, and Team Equilibria
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driven algorithm design
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Here are pictures of the cluster being built: 
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