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Rise of deep learning



Cloud Deep Learning Platform
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968 Patterns

12289 
failures

1612
env-related

586
corrupted data



Bug types

Tensorflow-Specific Bugs Python Bugs 

l Checkpoint Error

l Shape Error

l Out of Memory

l Loss NaN

l GPU Sync Failed

l Module/Attribute Missing

l Arguments Mismatch

l Undefined Variable

l Key Not Found

l …



Bug types

Python Bugs 

l Module/Attribute Missing

l Arguments Mismatch

l Undefined Variable

l Key Not Found

l …

63.69%

Tensorflow-Specific Bugs

l Checkpoint Error

l Shape Error

l Out of Memory

l Loss NaN

l GPU Sync Failed

36.31%



Bug types

Python Bugs 

l Module/Attribute Missing

l Arguments Mismatch

l Undefined Variable

l Key Not Found

l Type Missmatch

l Syntax Error

l Others

13.61 

12.67 

12.51 

4.42 

3.23 

1.32 



Bug types

Python Bugs 

l Module/Attribute Missing

l Arguments Mismatch

l Undefined Variable

l Key Not Found

l Type Missmatch

l Syntax Error

l Others



Bug types

Tensorflow-Specific Bugs

l Checkpoint Error

l Shape Error

l Out of Memory

l Loss NaN

l GPU Sync Failed

36.31%

17.49 

8.82 

3.08 

1.3 

0.55 



Bug types

Tensorflow-Specific Bugs

l Checkpoint Error

l Shape Error

l Out of Memory

l Loss NaN

l GPU Sync Failed

36.31%



A simplified shape error example
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A simplified shape error example



A simplified shape error example



A simplified shape error example



A simplified shape error example



A simplified shape error example

ValueError: Shapes (1600, 10) and (50, 10) are incompatible



Architecture of ShapeTracer

[1] Dolby, Julian, et al. "Ariadne: analysis for machine learning programs." Proceedings of the 2Nd ACM 
SIGPLAN International Workshop on Machine Learning and Programming Languages. 2018.

[1] 



Builder

Python Code Shape-flow Graph



Solver

Constraints



Solver

Constraints

1. The CFG of network construction phase is simple.
2. Constraints is suitable for unknown hyperparameters.(such 

as  topology and size of a neural network)



Solver

Constraints



Solver

�[0] == batch_size * 32
�[1] == � [-1] == 10
 � == batch_size * 32 * 10
� == 2



Solver

C = ��.������(�, �)



Solver

C = ��.������(�, �)

� −1 == � 0 
∧ C 0 == � 0 

∧ � −1 == � −1 
∧ …



Solver

� −1 == � 0 
∧ � 0 == � 0 

∧ � −1 == � −1 
∧ …

� −1 == � 0 
∧ C 0 == � 0 

∧ � −1 == � −1 
∧ …

� −1 == � 0 
∧ C 0 == � 0 

∧ � −1 == � −1 
∧ …

� −1 == � 0 
∧ C 0 == � 0 

∧ � −1 == � −1 
∧ …



Reporter

�������
�����

������ ���� ������

A set of feasible solutions

Error location



Evaluation

Evaluated on 14 programs from Zhang et al. 
empirical study[1] and 60 randomly picked industrial 
programs.

[1] Zhang, Yuhao, et al. "An empirical study on TensorFlow program bugs." Proceedings of the 
27th ACM SIGSOFT International Symposium on Software Testing and Analysis. 2018.



Evaluation

• 9 out of 14 bugs in open-source applications
• 40 out of 60 bugs in industrial programs

• Existing detection:
Pythia [1]

[1] Lagouvardos, Sifis, et al. "Static analysis of shape in TensorFlow programs." 34th European Conference 
on Object-Oriented Programming (ECOOP 2020). Schloss Dagstuhl-Leibniz-Zentrum für Informatik, 2020.



Evaluation

• 9 out of 14 bugs in open-source applications



Evaluation

• ShapeTracer
• 40 out of 60 bugs in industrial programs

• Pythia
• 23 of 60 runtime exceptions when generating Python facts.
• Extended with 75 datalog rules for unsupported operators
• 9 of rest 37



Evaluation

• Existing detection:
• Pythia

• based on Datalog



Conclusion

• Study on 12289 failed industrial jobs

• ShapeTracer
• constraint-based approach to detecting 

shape-related bugs
• both efficient and effective


