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Unified Representation through Problem 
Reduction to General TSP

Various neural solvers have been devised for combinatorial optimization 
(CO), which are often tailored for specific problem types, e.g. TSP, HCP and 
SAT, etc. Yet, it remains an open question how to achieve universality 
regarding problem representing and learning with a general framework.

Unified Learning Framework for Matrix-Encoded 
General TSP

• We conceptualize UniCO, namely Unified Combinatorial Optimization learning 
framework, leveraging the rich expressivity of general TSP with arbitrary 
positive-valued matrix for unified representation of multiple CO problems 
(where reducible). We also construct standard datasets benchmarking the 
under-explored capacity of the general TSP world accordingly. 

• We propose MatPOENet, namely Matrix encoding Network with Pseudo One-
hot Embedding, a reinforced Transformer-based model which utilizes a novel 
size-agnostic node embedding to aid instance input, thereby significantly 
improving model scalability and performance of general TSP. 

• We propose MatDIFFNet, namely Matrix encoding Diffusion Network, a 
supervised diffusion-based model which leverages a novel mix-noised 
reference map module, thus extending the promising ability of generative 
model for Euclidean TSP solving to matrix-formulated general TSP. 

• We instantiate UniCO with the above two proposed neural backbones and one 
more existing method, and conduct experiments on general TSP with four 
types of CO problem distributions, i.e., ATSP, 2DTSP, DHCP, and 3SAT. 
Experiments show that measuring either the average TSP tour length or the 
average rate that solvers find optimal solutions for decisive tasks.

Let ￼  denote the optimization 
variable. The feasible set ￼ consists of ￼  
satisfying specific constraints as feasible 
solutions. A combinatorial optimization 
problem on graph ￼  aims to find a 
feasible ￼  that minimize the given 
objective function: 
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Reinforcement Learning:

Pseudo One-hot Embedding:

Overview: To instantiate the UniCO framework, we propose two models 1) MatPOENet 
(Graph Transformer + RL), improved upon MatNet to adapt to arbitrary-size TSP via our 
designed Pseudo One-hot Embedding (POE) as initial node feature with positional 
information; and 2) MatDIFFNet (Graph Diffusion + SL), leveraging the promising diffusion 
modeling for CO solving and combining distance matrix with noised solution to tackle ATSP.
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