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Major Goals:  In the age of AI and big data, networks provide powerful context to connect different things (e.g., 
entities, datasets, models) together. This phenomenon is referred to as Network-of-X in this project. By linking 
different entities, datasets, and data mining models together, Network-of-X brings a unique opportunity to 
dramatically enrich the modeling power, boost the mining performance, and broaden the reasoning capabilities. 



The project aims to build a networked infrastructure to accelerate Network-of-X research and education. The 
proposed infrastructure has three mutually complementary modules. The first module (Distributed Graph Database) 
consists of a storage-optimized cluster offering high disk throughput and a distributed graph database management 
system supporting fast transaction processing. The second module (Graph Computation Engine) consists of a GPU 
server that is computationally optimized. It supports two types of fundamental computations in Network-of-X, 
including the large sparse matrix computations and the deep learning computations. The third module (Interactive 
Graph Analytics) develops an integrated human-computer interactive platform that allows the end-users to 
effectively collaborate and coordinate with computers in decision making, cognitive modeling, and algorithm training 
and diagnosis.

Accomplishments:  Using the built infrastructure from this project, including four dell PowerEdge C4140 GPU 
servers and 1 Dell 6.4TB NVMe Express Flash, we have advanced the research in network-of-X on several topics, 
including active graph neural networks, graph structure learning, graph contrastive learning, fair graph learning, 
knowledge graph reasoning, uncertain quantification on graphs, bundle recommendation, cross-layer dependence 
inference, equation learning, and few-shot learning on graphs. In total, it has led to 12 publications on these topics. 
These research outcomes are parts of the key deliverables in two DoD projects, including disinformation detection 
(DHS 17STQAC00001-03-03) and influence campaign and sense-making (DARPA INCAS HR001121C0165). In 
addition, the built infrastructure has benefited the following federal-sponsored projects, including network 
robustification (NSF 1947135), fair network learning (NSF 1939725), optimal deep graph learning (NSF 2134079), 
and AI for agriculture (NIFA 2020-67021-32799).
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Training Opportunities:  In terms of education and training, we have used the built infrastructure as a 
development and testing platform for training 25 graduate students and 10 undergraduate students in various 
topics of large-scale graph mining and learning. During the project period, we graduated two Ph.D students (Dr. Si 
Zhang and Dr. Boxin Du) and one master’s student (Zhe Xu). In addition, research opportunities were provided to 
both graduate and undergraduate students in the form of course projects in CS512: Data Mining Principles that PI 
taught in spring 2021. We also host a visiting student (Haoran Li) from Arizona State University. PI and his students 
have given a tutorial on the topic of algorithmic fairness on network learning at ACM KDD 2022 and another tutorial 
on new frontier of multi-network mining at ACM KDD 2021. PI gave a plenary talk at Artificial Intelligence, Machine 
Learning and Data Science World Forum 2022 on the topic of “NetFair: Toward the Why Question of Network 
Mining”. He gave a keynote talk at Meta on the topic of “User Response Prediction: A Graph-based Approach” and 
another keynote talk at the Deep Learning on Graphs: Method and Applications (DLG-AAAI’21) on the topic of 
“NetFair: Towards Fair Network Mining”.

Results Dissemination:  Dissemination

• In total, this project has led to 12 publications, which have been or will be presented at the top conferences in 
data mining and AI (e.g., KDD, WWW, AAAI, NeuIPS).



• PI and his students have given a tutorial on the topic of algorithmic fairness on network learning at ACM KDD 
2022 and another tutorial on new frontier of multi-network mining at ACM KDD 2021. 



• PI gave a plenary talk at Artificial Intelligence, Machine Learning and Data Science World Forum 2022 on the 
topic of “NetFair: Toward the Why Question of Network Mining”.



• PI gave a keynote talk at Meta on the topic of “User Response Prediction: A Graph-based Approach” and 
another keynote talk at the Deep Learning on Graphs: Method and Applications (DLG-AAAI’21) on the topic of 
“NetFair: Towards Fair Network Mining”.



• PI served as a panelist to discuss challenges and opportunities of the fairness in outlier detection at ODD 
workshop at KDD 2021.



• PI served as ACM CIKM2021 program committee co-chair.



• PI co-organized AI and social responsibility symposium.



• PI co-organized a workshop on Graph Techniques for Adversarial Activity Analytics at IEEE BigData 2021.

Honors and Awards:  •PI received Dean's Award for Excellence in Research.



• PI was elevated to IEEE Fellow, for “contributions to graph mining”.



• PI received Excellent Paper Award from IEEE Big Data Mining and Analytics.



• PI received Best Student Paper Runner-up from IEEE ICDM 2021.       

                                                                                        

• PI received Visa Research Faculty Award.



• Master student Yuheng Zhang received “Kuck Outstanding Master’s Thesis Award”.



• Ph.D student Jian Kang was selected as a Mavis Future Faculty Fellow and  was recognized as UChicago 
Rising Stars in Data Science.



• Master student Shengyu Feng was recognized as a Siebel scholar and received UIUC Graduate College 
Conference Presentation Award.



• Ph.D student Yuheng Zhang received UIUC Graduate College Conference Presentation Award.
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A GPU/CPU Hybrid Cluster for Accelerating Network-of-X Research 
and Education 

Hanghang Tong, htong@illinois.edu, University of Illinois at Urbana-Champaign 
 

In the age of AI and big data, networks provide powerful context to connect different things (e.g., 
entities, datasets, models) together. This phenomenon is referred to as Network-of-X in this 
project. By linking different entities, datasets, and data mining models together, Network-of-X 
brings a unique opportunity to dramatically enrich the modeling power, boost the mining 
performance, and broaden the reasoning capabilities.  
 
The project aims to build a networked infrastructure to accelerate Network-of-X research and 
education. The proposed infrastructure has three mutually complementary modules. The first 
module (Distributed Graph Database) consists of a storage-optimized cluster offering high disk 
throughput and a distributed graph database management system supporting fast transaction 
processing. The second module (Graph Computation Engine) consists of a GPU server that is 
computationally optimized. It supports two types of fundamental computations in Network-of-X, 
including the large sparse matrix computations and the deep learning computations. The third 
module (Interactive Graph Analytics) develops an integrated human-computer interactive 
platform that allows the end-users to effectively collaborate and coordinate with computers in 
decision making, cognitive modeling, and algorithm training and diagnosis. 
 
Outcome: Research 
Using the built infrastructure from this project, including four dell PowerEdge C4140 GPU servers 
and 1 Dell 6.4TB NVMe Express Flash, we have advanced the research in network-of-X on several 
topics, including active graph neural networks, graph structure learning, graph contrastive 
learning, fair graph learning, knowledge graph reasoning, uncertain quantification on graphs, 
bundle recommendation, cross-layer dependence inference, equation learning, and few-shot 
learning on graphs. In total, it has led to 12 publications on these topics. These research outcomes 
are parts of the key deliverables in two DoD projects, including disinformation detection (DHS 
17STQAC00001-03-03) and influence campaign and sense-making (DARPA INCAS 
HR001121C0165). In addition, the built infrastructure has benefited the following federal-
sponsored projects, including network robustification (NSF 1947135), fair network learning (NSF 
1939725), optimal deep graph learning (NSF 2134079), and AI for agriculture (NIFA 2020-67021-
32799).  
 
Outcome: Training and Education 
In terms of education and training, we have used the built infrastructure as a development and 
testing platform for training 25 graduate students and 10 undergraduate students in various 
topics of large-scale graph mining and learning. During the project period, we graduated two 
Ph.D students (Dr. Si Zhang and Dr. Boxin Du) and one master’s student (Zhe Xu). In addition, 
research opportunities were provided to both graduate and undergraduate students in the form 
of course projects in CS512: Data Mining Principles that PI taught in spring 2021. We also host a 
visiting student (Haoran Li) from Arizona State University. PI and his students have given a tutorial 



on the topic of algorithmic fairness on network learning at ACM KDD 2022 and another tutorial 
on new frontier of multi-network mining at ACM KDD 2021. PI gave a plenary talk at Artificial 
Intelligence, Machine Learning and Data Science World Forum 2022 on the topic of “NetFair: 
Toward the Why Question of Network Mining”. He gave a keynote talk at Meta on the topic of 
“User Response Prediction: A Graph-based Approach” and another keynote talk at the Deep 
Learning on Graphs: Method and Applications (DLG-AAAI’21) on the topic of “NetFair: Towards 
Fair Network Mining”.  
 
Dissemination 

• In total, this project has led to 12 publications, which have been or will be presented at 
the top conferences in data mining and AI (e.g., KDD, WWW, AAAI, NeuIPS). 

• PI and his students have given a tutorial on the topic of algorithmic fairness on network 
learning at ACM KDD 2022 and another tutorial on new frontier of multi-network mining 
at ACM KDD 2021.  

• PI gave a plenary talk at Artificial Intelligence, Machine Learning and Data Science World 
Forum 2022 on the topic of “NetFair: Toward the Why Question of Network Mining”. 

• PI gave a keynote talk at Meta on the topic of “User Response Prediction: A Graph-based 
Approach” and another keynote talk at the Deep Learning on Graphs: Method and 
Applications (DLG-AAAI’21) on the topic of “NetFair: Towards Fair Network Mining”. 

• PI served as a panelist to discuss challenges and opportunities of the fairness in outlier 
detection at ODD workshop at KDD 2021. 

• PI served as ACM CIKM2021 program committee co-chair. 
• PI co-organized AI and social responsibility symposium. 
• PI co-organized a workshop on Graph Techniques for Adversarial Activity Analytics at IEEE 

BigData 2021. 
 
Awards/Honor 

• PI received Dean's Award for Excellence in Research. 
• PI was elevated to IEEE Fellow, for “contributions to graph mining”. 
• PI received Excellent Paper Award from IEEE Big Data Mining and Analytics. 
• PI received Best Student Paper Runner-up from IEEE ICDM 2021.                                                                                                
• PI received Visa Research Faculty Award. 
• Master student Yuheng Zhang received “Kuck Outstanding Master’s Thesis Award”. 
• Ph.D student Jian Kang was selected as a Mavis Future Faculty Fellow and  was recognized 

as UChicago Rising Stars in Data Science. 
• Master student Shengyu Feng was recognized as a Siebel scholar and received UIUC 

Graduate College Conference Presentation Award. 
• Ph.D student Yuheng Zhang received UIUC Graduate College Conference Presentation 

Award. 
 
 


