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Coluna.jl: an open-source platform to implement 
your creative algorithmic strategies based  
on Dantzig-Wolfe and Benders decomposition



Coluna.jl : in Julia with Mozilla Public Licence (MPL)

Linking 
constraints

Tractable subproblems 

Dantzig-Wolfe 
decomposition

To optimize integer linear programs where the coefficient matrix is block structured.

Open-source branch-and-cut-and-price framework
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Linking 
variables

Benders 

decomposition

‣ Code available at https://github.com/atoptima/Coluna.jl

http://www.atoptima.com
https://github.com/atoptima/Coluna.jl


Dantzig-Wolfe reformulation

3

Each job assigned once

Knapsack on 
machine 1

Knapsack on 
machine 2

Knapsack on 
machine 3

Original formulation
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Each job assigned once

∑p λm
p ≤ 1 m ∈ M

λm
p ∈ {0,1}

JuMP.jl BlockDecomposition.jl

MathOptInterface.jl

MathOptInterface.jl

Coluna.jl

Julia code, 
Rust code, 

C++, … Cplex.jl Gurobi.jl …

Model : Original formulation with JuMP , ex GAP

http://www.atoptima.com
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✦ « Text book » implementation 
+ call-backs , f.i. 
➡ Pricing callback 
➡ Cut callback 
➡ Branching callback 

✦ Customisation 
➡ Level-0: callbacks 
➡ Level-1: re-implement a 

method 
➡ Level-2: control method via 

« context » parameter 
➡ Level-3: re-implement an 

algorithm using 
« composition » 

Algorithms & Strategies

http://www.atoptima.com
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✦ Coluna 
➡ ColunaBase : Data Structures 
➡ MathProg : managing formulations 

and reformulations 
➡ Algorithm : solver implementation 

✦ BlockDecomposition 
➡ Modelling language extensions (to 

JuMP) to define your decomposition  

✦ API  
➡ Modular methods 
➡ « Must-implement » interface 

Packages & API
BlockDecomposition

DynamicSparseArray

ColunaBase
MathProg

Algorithm

TreeSearch

DWColGen

BendCutGen

Branching

PrimalHeur

Coluna

http://www.atoptima.com
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Algorithms API : ColGen
function run_colgen_iteration!(context, phase, stage, env, ip_primal_sol) 

master = get_master(context) 
mast_result = optimize_master_lp_problem!(master, context, env) 
mast_dual_sol = get_dual_sol(mast_result) 

     
pricing_strategy = get_pricing_strategy(context, phase) 
sp_to_solve_it = pricing_strategy_iterate(pricing_strategy) 

while !isnothing(sp_to_solve_it) 
        (sp_id, sp_to_solve), state = sp_to_solve_it 
        optimizer = get_pricing_subprob_optimizer(stage, sp_to_solve) 
        pricing_result = optimize_pricing_problem!(context, sp_to_solve, env, optimizer, mast_dual_sol) 

        for primal_sol in primal_sols # multi column generation support. 
                    if push_in_set!(context, generated_columns, primal_sol) 
                            nb_cols_pushed += 1 
                    end 
              end 

              sp_db = get_dual_bound(pricing_result) 
       
              sp_to_solve_it = pricing_strategy_iterate(pricing_strategy, state) 
       end 

       col_ids = insert_columns!(get_reform(context), context, phase, generated_columns) 
         

  valid_db = compute_dual_bound(context, phase, master_lp_obj_val, sps_db, mast_dual_sol)

http://www.atoptima.com
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TUTORIAL: Location routing

http://www.atoptima.com
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TUTORIAL: Location routing

https://atoptima.github.io/Coluna.jl/stable/start/advanced_demo/

http://www.atoptima.com
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Use Case of Location Routing

1. Charging station location placement 

2. Assigning electric vehicles to depots 

3. Routing clean vehicles to cover   

transportation requests

http://www.atoptima.com

