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            Short Bio

            Alex's research is centered around machine learning and computer vision. He is particularly interested in algorithms for prediction with and learning of non-linear (deep nets), multivariate and structured distributions, and their application in numerous tasks, e.g., for 3D scene understanding from a single image.
            

            

            Alex Schwing is an Associate Professor in the Department of Electrical and Computer Engineering at the University of Illinois in Urbana-Champaign and affiliated with the Coordinated Science Laboratory and the Computer Science Department. Prior to that he was a postdoctoral fellow in the Machine Learning Group at University of Toronto collaborating with Raquel Urtasun, Rich Zemel and Ruslan Salakhutdinov. He completed his PhD in computer science in the Computer Vision and Geometry Group at ETH Zurich working with Marc Pollefeys, Tamir Hazan and Raquel Urtasun, and graduated from Technical University of Munich (TUM) with a diploma in Electrical Engineering and Information Technology.
        

    



      
    
        
            Recent Research (in layman's terms)

            Here are some of the recent research projects that I was working on with an amazing set of students. We conduct reproducible and open research and release code whenever possible.
            

                
                    Amodal Video Object Segmentation
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                    We want to understand objects in their entirety despite occlusions. Check out our new dataset. More... 
                    
                    
                        
                            ×
                            Amodal Video Object Segmentation

                            [image: ] Delineating (i.e., segmenting) objects as a whole (i.e., amodal segmentation) is a challenging task. How can we see the unseen, i.e., how can we segment occluded parts? We think this is only possible if algorithms understand objects as a whole rather than algorithms assessing whether a pixel belongs to an object. Moreover, we think temporal information, i.e., understanding how objects move, is important. However, there was no dataset which delineates objects as a whole for every frame of a video. To facilitate this we collected the 'semantic a-modal instance level video object segmentation' (SAILVOS) dataset. 
 We hope this dataset will enable new research in the direction of amodal instance-level segmentation. Please feel free to reach out with questions and suggestions. 
  Check out our website for more.

                        
         
                    

                    
                


                
                    Stable Generative Modeling
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                    We develop and study generative modeling techniques and their stability. More... 
                    
                    
                        
                            ×
                            Stable Generative Modeling

                            [image: ] Training generative adversarial nets (GANs) used to be challenging. In a sequence of papers we studied the reasons. Specifically, in 'Dualing GANs'  we used the mathematical concept of duality to reformulate the original GAN min-max objective (saddle point) into a minimization. This yielded exciting relations between GANs and moment matching but wasn't easy to scale.

Subsequently, we showed in 'Sliced Wasserstein GAN'  that duality (Kantorovich-Rubinstein) can be removed from the Wasserstein GAN objective by using projections onto many one-dimensional spaces. To reduce the number of one-dimensional spaces we subsequently introduced the 'Max-Sliced Distance'  which we found to be very easy to train.

In our research on image inpainting we found back-propagation through GANs to the latent space to be challenging . We studied the reasons in our work on 'annealed importance sampling with Hamilton Monte Carlo for GANs' . 

 Check out some of our code for more: Sliced Wasserstein GAN, Backpropagation

                        
         
                    

                    
                


                
                    Collaborative Embodied Agents
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                    We develop algorithms that enable multiple agents to collaborate in visual environments. More... 
                    
                    
                        
                            ×
                            Collaborative Embodied Agents

                            [image: ] In collaboration with AI2 we develop algorithms and environments for collaborative and visual multi-agent reinforcement learning. It seems implausible to develop a single agent which can address all tasks on its own. Adressing tasks in collaboration seems much more feasible. Yet understanding collaborative visual reinforcement learning with communication is at its infancy. We are interested in changing this.

In our recent 'Two Body Problem'  work we showed that communicative agents can solve a challenging task much faster. 


                        
         
                    

                    
                


                
                    Learning to Anticipate
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                    We develop algorithms to better anticipate what may happen in a scene a few seconds from the given observation. More... 
                    
                    
                        
                            ×
                            Learning to Anticipate

                            [image: ] We recently started to develop algorithms which can anticipate what the current observation will look like a few seconds from now. Following the vision of neuroscientist Kenneth Craik we agree that 'a creature must anticipate the outcome of a movement to navigate safely' (1943). In a first project on 'Diverse Generation for multi-agent sports games'  we looked at team-sports data and showed how to anticipate future movement of players and how to answer counterfactual questions related to what would have happened if the ball trajectory was modified.

In subsequent work on 'Chirality Nets'  we studied human pose forecasting with structured representations. 
  Check out our website for more.

                        
         
                    

                    
                


                
                    Structured Prediction
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                    We devise novel algorithms and models which learn and exploit correlations when jointly predicting multiple variables. More... 
                    
                    
                        
                            ×
                            Structured Prediction

                            [image: ] Structured prediction is an area that I have worked on for many years, already during my PhD and PostDoc. For instance, jointly with my advisors and collaborators we developed deep structured models , algorithms for globally convergent maximum a-posteriori (MAP) inference , asynchronous MAP inference , and distributed MAP inference . We continue to develop more efficient algorithms for inference in structured models and more expressive models. For example, in recent work we introduced 'NLStruct'  which is able to capture non-linear correlations. A shortcoming of 'NLStruct' is its saddlepoint objective which makes it challenging to optimize. Therefore, more recently we developed 'GSPEN'  which is more expressive and easier to optimize. 
  Check out our code for more.

                        
         
                    

                    
                


                
                    Supervised & Unsupervised Video Object Segmentation
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                    We develop fast supervised and unsupervised video object segmentation methods. More... 
                    
                    
                        
                            ×
                            Supervised & Unsupervised Video Object Segmentation

                            [image: ] We are interested in developing algorithms for weakly-supervised and unsupervised video object segmentation. Given segmentation annotations for the first frame, classical methods require an expensive finetuning step. This limits scalability of those methods. We address this concern in 'VideoMatch' . Specifically, instead of a classification problem we propose to formulate the task of instance level video segmentation as a matching. Consequently, finetuning is no longer require to obtain good results. In addition, in our 'MaskRNN'  work we exploit temporal correlations for accurate instance level video object segmentation. We also study unsupervised video object segmentation . 


                        
         
                    

                    
                


                
                    Diversity in Vision-Language Models
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                    We think there is no single best description. How can we adequately capture and model ambiguity in vision-language models? More... 
                    
                    
                        
                            ×
                            Diversity in Vision-Language Models

                            [image: ] Describing an image is an important task. Classical methods only provide a single description for an image. We argue that this does not live up the standard: we want to provide many equally suitable descriptions. In other words, we aim to better capture the ambiguity in vision-language tasks. In this direction we first looked at 'Creativity'  using generative models (variational auto-encoders). To include controlability we then extended this to conditional models  and also studied its ability to form a meaningful dialog . We later found in 'ConvCap'  that convolutional models are not as overly confident as classical long-short-term-memory based techniques, which helps to better capture ambiguity. Moreover, convolutional models can be conditional as well . More recently, we studied how language models can anticipate/forecast how a sentence will be completed by using more fine-grained latent spaces . We found this technique to significantly boost the ability to better capture ambiguity. 

 We also study diversity aspects for visual question answering via attention models  and factual visual question answering. For the latter we developed techniques to include information from knowledge basis either directly into prediction  or via graph neural nets . 

 We also developed optimization techniques for supervised visual grounding  and its unsupervised counterpart . 

 Check out some of our code for more: Convolutional Captioning

                        
         
                    

                    
                


                
                    Multi-agent Reinforcement Learning
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                    We develop algorithms for efficient practical multi-agent reinforcement learning. More... 
                    
                    
                        
                            ×
                            Multi-agent Reinforcement Learning

                            [image: ] We are interested in developing efficient practical multi-agent reinforecement learning algorithms. Classical techniques use a critic which has to learn from data that an environment should be assessed identically if the agents are permuted. This makes multi-agent reinforcement learning even more sample inefficient. To address this concern we recently introduced the permutation invariant critic (PIC) . As the name suggests, PIC guarantees that an environment is assessed identically, irrespective of the agent permutation. We found this to significantly improve scalability. 

 Check out our code to train systems with up to 200 agents: Permutation Invariant Critics

                        
         
                    

                    
                


            

        

    



      
    
        
            People

            This research wouldn't be possible without an amazing set of team members and collaborators. I'm extremely grateful and thankful for their support.
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                    [image: ]

                    
                    Zhenggang Tang
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            Former team members and collaborators: 


Aditya Deshpande (Amazon - ),

Idan Schwartz (Microsoft - ),

Ishan Deshpande (Vicarious - ),

Jyoti Aneja (Microsoft - ),

Kexin Hui (),

Liwei Wang (Tencent - ),

Medhini Narasimhan (UC Berkeley - ),

Moitreya Chatterjee (UIUC - ),

Raymond Yeh (TTIC -> Purdue University - ),

Safa Messaoud (),

Tanmay Gupta (AI2 - ),

Youjie Li (UIUC - ),

Ziyu Zhang (Startup - )
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University of Illinois

	Fall 2021: Pattern Recognition (ECE 544)/Programming Methods for Machine Learning (ECE 398)
	Spring 2021: Machine Learning (CS 446/ECE 449)
	Fall 2020: Pattern Recognition (ECE 544)
	Spring 2020: Machine Learning (CS 446/ECE 449)
	Fall 2019: Pattern Recognition (ECE 544)
	Spring 2019: Machine Learning (CS 446/ECE 449)
	Fall 2018: Pattern Recognition (ECE 544)
	Spring 2018: Machine Learning (CS 446/ECE 449)
	Fall 2017: Pattern Recognition (ECE 544)
	Spring 2017: Topics in Image Processing (ECE 547/CSE 543)
	Fall 2016: Programming and Systems (ECE 220)


 
University of Toronto (PostDoc)

	Winter 2016: Gaussian Processes (Guest Lecture in: Probabilistic Graphical Models)
	Fall 2015: Structured Prediction (Guest Lecture in: Intro to Machine Learning)
	Fall 2015: Neural Networks (Guest Lecture in: Intro to Image Understanding)
	Winter 2015: Deep Learning and Structured Prediction (Guest Lecture in: Intro to Machine Learning)
	Winter 2015: Continuous Latent Variable Models (Guest Lecture in: Intro to Machine Learning)
	Fall 2014: All you wanted to know about Neural Networks (Guest Lecture in: Intro to Image Understanding)


 
ETH Zurich (PhD student)

	Fall 2010: Linear Algebra for Computer Science (Tutorial)
	Spring 2010: Computer Science 1 - D-MaVt (Tutorial)


 
TU Munich (Diploma studies)

	Fall 2007: Digital Signal Processing (Lab)
	Fall 2007: Theory of Electromagnetic Fields 1 (Tutorial)
	Spring 2006: Circuit Theory 2 (Tutorial)
	Fall 2005: Circuit Theory 1 (Tutorial)
	Fall 2005: Principles of Electricity (Tutorial)
	Spring 2005: Circuit Theory 2 (Tutorial)
	Fall 2004: Circuit Theory 1 (Tutorial)


 
Other

	ICCV 2015 Tutorial on Learning Deep Structured Models
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            	X. Zhao, A. Colburn, F. Ma, M.A. Bautista, J.M. Susskind, A.G. Schwing; Pseudo-Generalized Dynamic View synthesis from a Video; ICLR; 2024

[image: ]  [image: ] [image: ]  
                	@inproceedings{XiaomingICLR2024,

                          author = {X. Zhao and A. Colburn and F. Ma and M.~A. Bautista and J.~M. Susskind and A.~G. Schwing},

                          title = {{Pseudo-Generalized Dynamic View synthesis from a Video}},

                          booktitle = {Proc. ICLR},

                          year = {2024},

                    
                    }
                    


            

            	S. Ghaffari, E. Saleh, A.G. Schwing, Y. Wang, M.D. Burke, S. Sinha; Robust Model-Based Optimization for Challenging Fitness Landscapes; ICLR; 2024
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                	@inproceedings{GhaffariICLR2024,

                          author = {S. Ghaffari and E. Saleh and A.G. Schwing and Y. Wang and M.D. Burke and S. Sinha},

                          title = {{Robust Model-Based Optimization for Challenging Fitness Landscapes}},

                          booktitle = {Proc. ICLR},

                          year = {2024},

                    
                    }
                    


            

            	G. Lorberbom, I. Gat, Y. Adi, A.G. Schwing, T. Hazan; Layer Collaboration in the Forward-Forward Algorithm; AAAI; 2024

[image: ]  [image: ]   
                	@inproceedings{LorberbomAAAI2024,

                          author = {G. Lorberbom and I. Gat and Y. Adi and A.~G. Schwing and T. Hazan},

                          title = {{Layer Collaboration in the Forward-Forward Algorithm}},

                          booktitle = {Proc. AAAI},

                          year = {2024},

                    
                    }
                    


            

            	K. Yan, A.G. Schwing, Y. Wang; A Simple Solution for Offline Imitation from Observations and Examples with Possibly Incomplete Trajectories; Neural Information Processing Systems (NeurIPS); 2023

[image: ]  [image: ] [image: ]  
                	@inproceedings{YanNEURIPS2023,

                          author = {K. Yan and A.~G. Schwing and Y. Wang},

                          title = {{A Simple Solution for Offline Imitation from Observations and Examples with Possibly Incomplete Trajectories}},

                          booktitle = {Proc. NeurIPS},

                          year = {2023},

                    
                    }
                    


            

            	H.K. Cheng, S.W. Oh, B. Price, A.G. Schwing, J.-Y. Lee; Tracking Anything with Decoupled Video Segmentation; ICCV; 2023

[image: ]  [image: ] [image: ]  
                	@inproceedings{ChengICCV2023,

                          author = {H.~K. Cheng and S.~W. Oh and B. Price and A.~G. Schwing and J.-Y. Lee},

                          title = {{Tracking Anything with Decoupled Video Segmentation}},

                          booktitle = {Proc. ICCV},

                          year = {2023},

                    
                    }
                    


            

            	Y.-T. Hu, A.G. Schwing, R.A. Yeh; Surface Snapping Optimization Layer for Single Image Object Shape Reconstruction; ICML; 2023

[image: ]  [image: ] [image: ]  
                	@inproceedings{HuICML2023,

                          author = {Y.-T. Hu and A.~G. Schwing and R.~A. Yeh},

                          title = {{Surface Snapping Optimization Layer for Single Image Object Shape Reconstruction}},

                          booktitle = {Proc. ICML},

                          year = {2023},

                    
                    }
                    


            

            	Y.-C. Cheng, H.-Y. Lee, S. Tulyakov, A.G. Schwing, L. Gui; SDFusion: Multimodal 3D Shape Completion, Reconstruction, and Generation; CVPR; 2023

[image: ]  [image: ] [image: ]  
                	@inproceedings{ChengCVPR2023,

                          author = {Y.-C. Cheng and H.-Y. Lee and S. Tulyakov and A.G. Schwing and L. Gui},

                          title = {{SDFusion: Multimodal 3D Shape Completion, Reconstruction, and Generation}},

                          booktitle = {Proc. CVPR},

                          year = {2023},

                    
                    }
                    


            

            	A. Choudhuri, G. Chowdhary, A.G. Schwing; Context-Aware Relative Object Queries to Unify Video Instance and Panoptic Segmentation; CVPR; 2023
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                	@inproceedings{ChoudhuriCVPR2023,

                          author = {A. Choudhuri and G. Chowdhary and A.~G. Schwing},

                          title = {{Context-Aware Relative Object Queries to Unify Video Instance and Panoptic Segmentation}},

                          booktitle = {Proc. CVPR},

                          year = {2023},

                    
                    }
                    


            

            	C. Ziwen, K. Patnaik, S. Zhai, A. Wan, Z. Ren, A.~G. Schwing, A. Colburn, L. Fuxin; AutoFocusFormer: Image Segmentation off the Grid; CVPR; 2023

[image: ]  [image: ] [image: ]  
                	@inproceedings{ZiwenCVPR2023,

                          author = {C. Ziwen and K. Patnaik and S. Zhai and A. Wan and Z. Ren and A.G. Schwing and A. Colburn and L. Fuxin},

                          title = {{AutoFocusFormer: Image Segmentation off the Grid}},

                          booktitle = {Proc. CVPR},

                          year = {2023},

                    
                    }
                    


            

            	F. Wang, M. Li, X. Lin, H. Lv, A.G. Schwing, H. Ji; Learning to Decompose Visual Features with Latent Textual Prompts; ICLR; 2023

[image: ]  [image: ]   
                	@inproceedings{WangICLR2023,

                          author = {F. Wang and M. Li and X. Lin and H. Lv and A.~G. Schwing and H. Ji},

                          title = {{Learning to Decompose Visual Features with Latent Textual Prompts}},

                          booktitle = {Proc. ICLR},

                          year = {2023},

                    
                    }
                    


            

            	P. Zhuang, S. Abnar, J. Gu, A.G. Schwing, J.M. Susskind, M.A. Bautista; Diffusion Probabilistic Fields; ICLR; 2023

[image: ]  [image: ]   
                	@inproceedings{ZhuangICLR2023,

                          author = {P. Zhuang and S. Abnar and J. Gu and A.~G. Schwing and J.M. Susskind and M.A. Bautista},

                          title = {{Diffusion Probabilistic Fields}},

                          booktitle = {Proc. ICLR},

                          year = {2023},

                    
                    }
                    


            

            	X. Zhao, Y.-T. Hu, Z. Ren, A.G. Schwing; Occupancy Planes for Single-view RGB-D Human Reconstruction; AAAI; 2023

[image: ]  [image: ] [image: ]  
                	@inproceedings{ZhaoAAAI2023,

                          author = {X. Zhao and Y.-T. Hu and Z. Ren and A.~G. Schwing},

                          title = {{Occupancy Planes for Single-view RGB-D Human Reconstruction}},

                          booktitle = {Proc. AAAI},

                          year = {2023},

                    
                    }
                    


            

            	T. Fang, R. Sun, A.G. Schwing; DigGAN: Discriminator gradIent Gap Regularization for GAN Training with Limited Data; Neural Information Processing Systems (NeurIPS); 2022
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                	@inproceedings{FangNEURIPS2022,

                          author = {T. Fang and R. Sun and A.~G. Schwing},

                          title = {{DigGAN: Discriminator gradIent Gap Regularization for GAN Training with Limited Data}},

                          booktitle = {Proc. NeurIPS},

                          year = {2022},

                    
                    }
                    


            

            	K. Yan, A.G. Schwing, Y. Wang; CEIP: Combining Explicit and Implicit Priors for Reinforcement Learning with Demonstrations; Neural Information Processing Systems (NeurIPS); 2022
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                	@inproceedings{YanNEURIPS2022,

                          author = {K. Yan and A.~G. Schwing and Y. Wang},

                          title = {{CEIP: Combining Explicit and Implicit Priors for Reinforcement Learning with Demonstrations}},

                          booktitle = {Proc. NeurIPS},

                          year = {2022},

                    
                    }
                    


            

            	I. Gat, Y. Adi, A.G. Schwing, T. Hazan; On the Importance of Gradient Norm in PAC-Bayesian Bounds; Neural Information Processing Systems (NeurIPS); 2022
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                	@inproceedings{GatNEURIPS2022,

                          author = {I. Gat and Y. Adi and A.~G. Schwing and T. Hazan},

                          title = {{On the Importance of Gradient Norm in PAC-Bayesian Bounds}},

                          booktitle = {Proc. NeurIPS},

                          year = {2022},

                    
                    }
                    


            

            	R.A.R. Gomez, T.-Y. Lim, A.G. Schwing, M. Do, R. Yeh; Learnable Polyphase Sampling for Shift Invariant and Equivariant Convolutional Networks; Neural Information Processing Systems (NeurIPS); 2022
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                	@inproceedings{GomezNEURIPS2022,

                          author = {R.~A.~R. Gomez and T.-Y. Lim and A.~G. Schwing and M. Do and R. Yeh},

                          title = {{Learnable Polyphase Sampling for Shift Invariant and Equivariant Convolutional Networks}},

                          booktitle = {Proc. NeurIPS},

                          year = {2022},

                    
                    }
                    


            

            	X. Zhao, F. Ma, D. Güera, Z. Ren, A.G. Schwing, A. Colburn; Generative Multiplane Images: Making a 2D GAN 3D-Aware; European Conference on Computer Vision (ECCV); 2022

[image: ]  [image: ] [image: ]  (oral)
                	@inproceedings{ZhaoECCV2022a,

                          author = {X. Zhao and F. Ma and D. G\"{u}era and Z. Ren and A.~G. Schwing and A. Colburn},

                          title = {{Generative Multiplane Images: Making a 2D GAN 3D-Aware}},

                          booktitle = {Proc. ECCV},

                          year = {2022},

                    
                    }
                    


            

            	H.K. Cheng and A.G. Schwing; XMem: Long-Term Video Object Segmentation with an Atkinson-Shiffrin Memory Model; European Conference on Computer Vision (ECCV); 2022
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                	@inproceedings{ChengECCV2022,

                          author = {H.~K. Cheng and A.~G. Schwing},

                          title = {{XMem: Long-Term Video Object Segmentation with an Atkinson-Shiffrin Memory Model}},

                          booktitle = {Proc. ECCV},

                          year = {2022},

                    
                    }
                    


            

            	X. Zhao, Z. Zhao and A.G. Schwing; Initialization and Alignment for Adversarial Texture Optimization; European Conference on Computer Vision (ECCV); 2022

[image: ]  [image: ] [image: ]  
                	@inproceedings{ZhaoECCV2022b,

                          author = {X. Zhao and Z. Zhao and A.G. Schwing},

                          title = {{Initialization and Alignment for Adversarial Texture Optimization}},

                          booktitle = {Proc. ECCV},

                          year = {2022},

                    
                    }
                    


            

            	I.-J. Liu*, X. Yuan*, M.-A. Côté*, P.-Y. Oudeyer, A.G. Schwing; Asking for Knowledge (AFK): Training RL Agents to Query External Knowledge Using Language; Int.'l Conf. on Machine Learning (ICML); 2022

[image: ]  [image: ] [image: ]  (*equal contribution)
                	@inproceedings{LiuICML2022,

                          author = {I.-J. Liu$^\ast$ and X. Yuan$^\ast$ and M.-A. C\^{o}t\'{e}$^\ast$ and P.-Y. Oudeyer and A.~G. Schwing},

                          title = {{Asking for Knowledge (AFK): Training RL Agents to Query External Knowledge Using Language}},

                          booktitle = {Proc. ICML},

                          year = {2022},

                    
                          note = {$^\ast$ equal contribution},

                    
                    }
                    


            

            	C. Graber, C. Jazra, W. Luo, L. Gui, A.G. Schwing; Joint Forecasting of Panoptic Segmentations with Difference Attention; IEEE Conf. on Computer Vision and Pattern Recognition (CVPR); 2022
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                	@inproceedings{GraberCVPR2022,

                          author = {C. Graber and C. Jazra and W. Luo and L. Gui and A.~G. Schwing},

                          title = {{Joint Forecasting of Panoptic Segmentations with Difference Attention}},

                          booktitle = {Proc. CVPR},

                          year = {2022},

                    
                    }
                    


            

            	B. Cheng, I. Misra, A.G. Schwing, A. Kirillov, R. Girdhar; Masked-attention Mask Transformer for Universal Image Segmentation; IEEE Conf. on Computer Vision and Pattern Recognition (CVPR); 2022

[image: ]  [image: ] [image: ]  
                	@inproceedings{ChengCVPR2022,

                          author = {B. Cheng and I. Misra and A.~G. Schwing and A. Kirillov and R. Girdhar},

                          title = {{Masked-attention Mask Transformer for Universal Image Segmentation}},

                          booktitle = {Proc. CVPR},

                          year = {2022},

                    
                    }
                    


            

            	Z. Ren, A. Agarwala, B. Russell, A.G. Schwing, O. Wang; Neural Volumetric Object Selection; IEEE Conf. on Computer Vision and Pattern Recognition (CVPR); 2022
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