
Program Synthesis Meets 
Visual What-Comes-Next 

Puzzles

Sumit Lahiri, Pankaj Kumar Kalita, Akshay Kumar Chittora, 
Varun Vankudre, Subhajit Roy

Indian Institute of Technology Kanpur

ASE 2024



What-Comes-Next Puzzles



What-Comes-Next Puzzles

𝜦1 𝜦2 𝜦3 𝜦4

O1 O2 O3 O4



What-Comes-Next Puzzles

𝜦1 𝜦2 𝜦3 𝜦4

O1 O2 O3 O4



Our Goal

𝜦1 𝜦2 𝜦3 𝜦4

O1 O2 O3 O4



Our Goal 

𝜦1 𝜦2 𝜦3 𝜦4

Generate
Automatically

O1 O2 O3 O4



Challenges



Challenges

𝜦1 𝜦2 𝜦3 𝜦4

Logically Follows



Challenges

𝜦1 𝜦2 𝜦3 𝜦4

Ǝ𝓟. 𝓟(𝜦1) = 𝜦2;  𝓟(𝜦2) = 𝜦3;  𝓟(𝜦3) = 𝜦4 

Logically Follows



Challenges
Puzzles should be appealing

𝜦1 𝜦2 𝜦3 𝜦4

𝜦1 𝜦2 𝜦3 𝜦4

(1)

(2)



Challenges
Puzzles should be appealing

𝜦1 𝜦2 𝜦3 𝜦4

𝜦1 𝜦2 𝜦3 𝜦4

(1)

(2)

more

less



Methodology in a nutshell...

Ǝ𝓟. 𝓟(𝜦1) = 𝜦2;  𝓟(𝜦2) = 𝜦3;  𝓟(𝜦3) = 𝜦4 

Logically Follows
Appealing



Methodology in a nutshell...

Ǝ𝓟. 𝓟(𝜦1) = 𝜦2;  𝓟(𝜦2) = 𝜦3;  𝓟(𝜦3) = 𝜦4 

Logically Follows
Appealing

Second-Order
Constraint Solving



Methodology in a nutshell...

Ǝ𝓟. 𝓟(𝜦1) = 𝜦2;  𝓟(𝜦2) = 𝜦3;  𝓟(𝜦3) = 𝜦4 

Logically Follows
Appealing

Second-Order
Constraint Solving Optimization 



Methodology in a nutshell...

Ǝ𝓟. 𝓟(𝜦1) = 𝜦2;  𝓟(𝜦2) = 𝜦3;  𝓟(𝜦3) = 𝜦4 

Logically Follows
Appealing

Second-Order
Constraint Solving Optimization 

Constrained Optimization
Problem

(optimal synthesis)
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The user responses were almost random.



Conclusion
● Synergistic combination of formal methods and machine learning to 

generate appealing puzzles
● PuzzleGen took 3.4 secs on average to generate puzzles
● Can be extended to generate puzzles of different categories
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