
Presenter: Jieyi Bi

Learning to Handle Complex Constraints
for Vehicle Routing Problems

Jieyi Bi1 , Yining Ma1,† , Jianan Zhou1 , Wen Song2 , Zhiguang Cao3 , Yaoxin Wu4 , Jie Zhang1



Problem Definition

Vehicle Routing Problems (VRP) is a typical combinatorial optimization problem.
• Objective: to minimize the total travelling cost (e.g., the tour length)
• Constraint: each node should be visited once and only once + constraints in other VRP variants
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Constructive solvers for VRPs

Autoregressive solvers

Non-autoregressive solvers 

Feasibility masking

Neural 
solvers 

for VRPs

Constructive solvers

Iterative solvers

How do they 
handle constraints?



Dilemma of feasibility masking – NP-Hard 



Methodology - Lagrangian-assisted constraint awareness

• Acquisition of the feasibility masking is also a NP-Hard problem.

• For more complex cases, neural solvers with Lagrangian Relaxation still struggle to navigate the large 
search space.

Lagrange on Easy Lagrange on Hard



Methodology - Preventative infeasibility Prevention (PIP) 

• Confine the search space!

• How to obtain the PI mask?

Lagrange on Easy Lagrange on Hard

One step 
Approximation



Methodology –PIP-D



Experiment

Autoregressive solvers: POMO, AM

Non-autoregressive solvers: GFACS

Constructive solvers

TSPTW
Easy Medium Hard

TSPDL
Medium Hard

Travelling Salesman Problem with Time Window Travelling Salesman Problem with Draft Limit



Experiments on TSPTW

Easy/ Medium/ Hard

Lagrange can handle easy constraints well,
but fail on more complex constraints with 
larger problem scale.



Experiments on TSPDL

Medium/ Hard



Experiments on GFACS

Autoregressive solvers: POMO; AM

Non-autoregressive solvers: GFACS

Constructive solvers

Results on Medium TSPTW-500



PIP(-D)

Applicability
Complex

Constraints

关键标题 关键标题

Applicability
• Challenges of NCO: Complex constraints and Scalability

• Complex VRPs with various constraints hardness levels

Efficacy
• Significant (up to 93.52%) reduction in infeasible rate

• Improvement in solution quality

Generality
Across various backbone models (i.e., AM, POMO and GFACS)

PIP(-D)

Applicability
Complex

Constraints

Generality
Various 

Backbones

Conclusion

Efficacy
Feasibility

Quality

Lagrangian multiplier method+ Preventative infeasibility masking + Auxiliary decoder 



Thanks
Feel free to contact us at jieyi001@e.ntu.edu.sg or yiningma@u.nus.edu . 


