
Convex MINLP Algorithms

Algorithm Basic Idea Solvers
Branch and Bound Solve continuous relaxation; branch on fractional 

xj

BONMIN, 
MINLPBB, 
SBB

Extended Cutting 
Plane

Solve MILP iteratively; if solution is infeasible 
for MINLP then add a linearization of the most 
violated constraint to the next MILP. If solution 
is feasible then it is optimal

Alpha-ECP

Outer-Approximation Based on OA cut:  
Divide into 2 subproblems: NLP in which the 
integer variables are fixed; MILP which uses the 
OA cuts generated from the NLP

BONMIN, 
DICOPT, 
MINOPT

Generalised Benders 
Decompostion

Similar to OA; 2 subproblems: NLP in which the 
integer variables are fixed; MILP master 
problem which is the relaxation of the projection 
of the MINLP on the x-space

MINOPT

LP/NLP B&B Use BB to solve MILP of NLP relaxation. When 
an integer feasible solution is found, solve NLP 
subproblem and add OA cut to all open nodes

BONMIN, 
FilMINT

Bonami Hybrid Like above, but NLP is solved at more times 
than just when integer solution is found. Also, 
local search is performed at some nodes by 
partial enumeration of MILP relaxations (to 
collect more OA cuts and improve bounds early)

BONMIN

NonConvex Adjustments

Reformulation
Convex envelopes/Underestimators
Factorisation
:: Spatial Branch-and-Bound, branch and 
reduce

COUENNE, BARON



COUENNE Algorithm

Input: Problem P′

Output: The value zopt of an optimal solution of P′

Define set L of subproblems; let L ← {P′};
Define zu as an upper bound for P′; let zu ← +∞

while L <> 0
choose Pk ∈ L
L ← L \ {Pk}
apply bounds tightening to Pk

if bounds tightening did not prove Pk infeasible, then
generate a linear relaxation LPk of Pk

repeat
solve LPk; let x’k be an optimum and z’k its obj value
refine linearization LPk

until x’k is feasible for Pk or z’k does not improve sufficiently
if x’k is feasible for Pk, then let zu ← min{zu, z’k}
(optional) find a local optimum z*k of Pk

zu ← min{zu, z*k}
if z’k ≤ zu − ε then

choose a variable xi

choose a branching point xbi

create subproblems:
Pk− with xi ≤ xbi

Pk+ with xi ≥ xbi

L ← L ∪ {Pk−,Pk+}
output zopt := zu
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