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Background: How Cuts Are Born in MILP Solver
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⚫ Cutting planes (cuts) are essential for solving mixed-integer linear programming (MILP) problems, as they 

tighten the feasible solution space and accelerate the solving process. 

⚫ Separators: cutting plane algorithms built in MILP solver (e.g., Gomory cuts, Clique cuts). 

⚫ Separator configuration: Determine which separators to activate and how aggressively to activate. The 

configuration of  separators determines the quality of  candidate cuts and thus the solver’s convergence behavior. 

⚫ Multiple Separation Rounds in MILP Solver:

Separator Set（√：activate ×：deactivate）



Motivation: The Optimal Separators Choice Keep Changing
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Decision: Select Activated Separators at Each Round

Cut passes induce the evolving MILPs...

Original MILP
MILP added Cuts from
1st Separation Round

MILP added Cuts from
2nd  Separation Round

Zero-Half Separator

Clique Separator

Flow Cover Separator

MIR Separator GMI Separator

Evolving MILPs Require Round-Aware Separator Reconfiguration



Motivation: Eolving Graph & Redundant Re-Embedding
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Graph Encoding for decision

Redundant 

Re-Embedding

Zero-Half Separator

Clique Separator

Flow Cover Separator

MIR Separator GMI Separator

Original MILP
MILP added Cuts from
1st Separation Round
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2nd  Separation Round
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Activated Separators Decided at Each Round

Bipartite Graph
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Re-Embedding



Insight: Computing the Incremental Graph at each decision
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Cut Nodes 
added at 1st 

Round
 

Aggregate current-round incremental changes with history to form the full decision state

Bipartite 
Graph

Original MILP 1st Round Cuts 2nd Round Cuts

Original Graph 𝑠0 Incremental Subgraph 𝚫𝒔𝟏 Incremental Subgraph 𝚫𝒔𝟐

State for 1st Round Decision State for 2nd Round Decision State for 3rd Round Decision

Aggregate

GCN 

Encoding

Variable
Nodes

Original
Constraint

Nodes

Cut Nodes 
added at 2nd 

Round

Aggregate



Method-Step 1: Triplet Graph Modeling
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𝑚 rows of
original 
constraints

𝒙𝒊 ∈ ℤ, ∀𝒊 ∈ 𝑰

…𝜹𝟏:  𝒂𝟏𝟏𝒙𝟏  + ⋯ +  𝒂𝟏𝒏𝒙𝒏 ≤ 𝒃𝟏

𝜹𝒕,𝟏:  𝒂(𝒕,𝟏),𝟏𝒙𝟏+ ⋯ +  𝒂 𝒕,𝟏 ,𝒏𝒙𝒏 ≤ 𝒃𝒕,𝟏

𝜹𝒕,𝒎𝒕
:  𝒂(𝒕,𝒎𝒕),𝟏𝒙𝟏+ ⋯ + 𝒂 𝒕,𝒎𝒕 ,𝒏𝒙𝒏 ≤ 𝒃𝒕,𝒎𝒕

…
…

𝜹𝒎:  𝒂𝒎𝟏𝒙𝟏 + ⋯ +  𝒂𝒎𝒏 𝒙𝒏 ≤ 𝒃𝒎

𝒄𝟏

𝒄𝐦

𝒗𝟏

… 

𝒗𝟐

𝒗𝒏

𝒔𝟏 𝒔𝟐 𝒔𝑲

𝒄𝒕,𝟏

𝒄𝒕,𝒎𝒕

Variable 
Nodes

Separator Nodes

Constraint/Cut 
Nodes

𝒄𝒕+𝟏,𝟏

𝒄 𝒕+𝟏,
𝒎𝒕+𝟏

tth step
Incremental 

Graph

Incremental Triplet Graph
updated by iteratively added cuts

Newly 
added 
cuts at t-th
round



Method-Step 2: Sequential Encoding & Tokenizer the Incremental Graph
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Δ𝑠2

GCN

…

Blocked positional encoding
capture inter-block temporal order

…
block: 0 block:1 block: 2 …

➢ Autoregressive decision model with blocked PE;

➢ captures inter-block order and retains permutation 

equivariance inside each block

…

token block 𝑧1
Self-attention

𝑠0 Δ𝑠1

Token sequence：< 𝑧0, 𝑧1, 𝑧2, … >

token block 𝑧0 token block 𝑧2

Action 𝑎0 Action 𝑎1 Action 𝑎2

Decoder-only Transformer

𝑧0 𝑧1 𝑧2

𝑧𝑡 = concat(global graph embedding，
                          K separator−node embeddings)

➢ Encode each round’s incremental subgraph as a 
token block and arrange a temporal token sequence



Method-Step 3: Decision Modeling
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Blocked Positional Encoding

block: 0 block: t block: t+1…

…

Self-attention

Critic Network

One-to-one mapping: 

graph token  maximum round decision

separator tokens  configuration decisions

Actor Network

Optional caption for images, charts, and graphs

1

2

➢ Evolving MILPs Require Round-Aware Separator configuration: 

Decide when to stop  separation round: 
Performance is highly sensitive  to 𝑟max; More rounds do not  necessarily 
perform better.

Decide which 
separators to activate:
Proper round-aware 
configurations yield
obvious performance gains.



Method: Overall RL Formulation
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Experiments: Main Evaluation
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➢ 64% time speed-up on easy/medium 

datasets

➢ 16% PD-integral reduction on hard 

datasets



Experiments: Ablation Study
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Experiments: Generalization
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Experiments: Visualization
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Knapsack family: Round-wise Activation Status of 22 SCIP Separators

R1

R2

R3

R4

R5

MIR: effective for
 knapsack-structured instances

Gomory: activate later
 (effective in later rounds)

+1:

0:  deactivation

-1: deferred 
activation

eager 
activation
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