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introduce
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introduce

Conventional training with XENT suffers from exposure bias since training uses 
ground truth words as opposed to model predictions
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introduce

search error :
greedy

0.30 0.36
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END-TO-END BACKPROP (E2E)

beam search
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Sequence level training

Mixed Incremental Cross-Entropy Reinforce (MIXER)

A
B

A
B

A
B

action set A B B

S

r = 0 r = 0

r = R(“ABB”,reference)
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Mixed incremental cross-entropy reinforce (MIXER)

One major drawback associated with the algorithm is that it assumes
a random policy to start with. This assumption can make the learning 
for large action spaces very challenging.

1、We first train the RNN with the cross-entropy loss for NXENT epochs 
using the ground truth sequences.

2、introduce model predictions during training with an annealing schedule 
in order to gradually teach the model to produce stable sequences.
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algorithm 
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experiment
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Combinatorial Optimization Problems

Classic COP problems

Integer Programming
Maximum Weight Matching (MWM)
Boolean Satisfiability (SAT)
Maximum Clique (MC)
Maximum Independent Set (MIS)
Minimum Vertex Cover (MVC)
Maximum Cut(MaxCut) 
Traveling Salesman Problem(TSP)
Knapsack Problem

Supervised learning, where a mapping from 
training inputs to outputs is learned, 
supervised learning is not applicable to most 
combinatorial optimization problems because 
it does not have access to optimal labels
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Traveling salesman problem (TSP)

𝑠𝑦𝑠𝑡𝑒𝑚 𝑐𝑜𝑛𝑡𝑟𝑜𝑙: (𝑖, 𝑉) → (𝑗, 𝑉 ∪ 𝑗 )

𝑠𝑡𝑎𝑡𝑒 ∶ 𝑖, 𝑉 𝑛𝑜𝑤 𝑎𝑡 𝑖 𝑝𝑎𝑠𝑠𝑒𝑑 𝑐𝑖𝑡𝑖𝑒𝑠 𝑉

𝑠𝑡𝑎𝑡𝑒 𝑐𝑜𝑠𝑡 ∶ 𝑑(𝑖, 𝑗) 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑐𝑖𝑡𝑦 𝑖 𝑡𝑜 𝑐𝑖𝑡𝑦 𝑗

𝑣𝑎𝑙𝑢𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 ∶ 𝐽𝑘
∗(𝑖, 𝑉) 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑜𝑢𝑟𝑐𝑒 𝑝𝑜𝑖𝑛𝑡,

𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑐𝑖𝑡𝑦 𝑠𝑒𝑡 𝑉, 𝑎𝑛𝑑 𝑓𝑖𝑛𝑎𝑙𝑙𝑦 𝑠𝑡𝑎𝑦𝑖𝑛𝑔 𝑎𝑡 𝑐𝑖𝑡𝑦 𝑥.

Bellman equation : 𝐽0
∗(𝑠, 𝑠 ) = 0

𝐽𝑘
∗(𝑖, 𝑉 ∪ 𝑖 ) = 𝑚𝑖𝑛𝑗∈𝑉{ 𝑑(𝑖, 𝑗) + 𝐽𝑘

∗(𝑗, 𝑉)}

time complexity 𝑂( 𝑛22𝑛)

Bellman equation is deceptive. the solution at each point is 
affected by the solutions at every other point in the space
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Pointer Networks

NIPS 2015
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pointer-network
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Content Based Input Attention
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experiment of ptr-net
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Pointer-Generator（2017 ACL）
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NEURAL COMBINATORIAL OPTIMIZATION
WITH REINFORCEMENT LEARNING
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OPTIMIZATION WITH POLICY GRADIENTS

critic objective
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network

make query

context logits

n_glimpses+1

logit_mask, 
prev_idxs,softmax probs

(x1~x5), selections

x

embeding

probs, actions 

output:

stochastic or beam
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algorithm
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active search
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experiment
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experiment
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others

Learning Combinatorial Optimization Algorithms over Graphs(NeurIPS, 2017)
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others

ATTENTION, LEARN TO SOLVE ROUTING PROBLEMS! （ICLR 2019）


