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THE  LOCAL  BRANCHING  FRAMEWORK 
 

• Consider a generic Mixed-Integer Linear Programming Problem  (MIP) with 0-1 variables 
 

 
• We aim at embedding a black-box (general-purpose or specific) 0-1 MIP solver within an overall 

heuristic framework that “helps” the solver to deliver improved heuristic solutions  
 

 
The available black-box module 
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Hard variable fixing (diving) 
 
• A commonly-used (often quite effective) heuristic framework 

• Let  be an (almost) feasible “target solution”, and let   
Hx

}1:{ =∈= H
jxBjS  

denote its  binary support (binary var.s at value 1).  
 

• Heuristic depth-first search of the branching tree: 
 

• iteratively  fix to 1  certain “highly efficient” variables 
in  S  (green nodes) 

 
• apply the black-box module to some green nodes only 

 
• only limited backtracking allowed 
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Advantages:  
 

• Problem size quickly reduced: the black-box solver can concentrate on smaller and smaller 
“core problems” 

• The black-box solver is applied over and over on different subproblems (diversification)  
  

 

Disadvantages:  
 

• How to choose the “highly efficient variables” to be fixed? 
• Wrong choices at early levels are typically very difficult to detect, even when lower bounds 

are computed along the way 
 
 

How to reach a sufficiently-deep branching level  
with a good lower bound?  
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Soft variable fixing 

 

• Idea: Given the heuristic solution  xH, don’t decide the actual variables to be fixed, but just their number  
 

• Introduce the local branching constraint  
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so as to define a convenient k-OPT neighbourhood   of the target solution (the larger 
k, the larger the neighbourhood) 

),( kxN H Hx

“Akin to k-OPT for TSP” 
 

• Search  by means of the black-box module ),( kxN H

 
• Diversification  (also modelled through MIP cuts) 
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RINS 
 

• An effective variable-fixing heuristic proposed in 
E. Danna, E. Rothberg, C. Le Pape. Exploring relaxation induced neighborhoods to improve MIP 
solutions. Mathematical Programming 102, 71-90, 2005. 

 

• Given a heuristic solution  xH (e.g., the incumbent) and a fractional solution x* (e.g., the LP optimum at 

some branching node):     fix    xj = xj
H   whenever   xj

H = xj
* and solve (heuristically) the resulting 

sub-MIP through a black-box MIP solver. 
 
Advantages   

• Fixing can reduce the MIP size (and difficulty) dramatically 
• Simple and clever identification of the variables to be fixed 

• Easy diversification if applied for different fractional sol.s  x* (e.g., within Branch & Cut) 
 

Disadvantages 
• Little control on the number of fixed var.s (if too few, the method is completely useless) 
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A new variable-fixing heuristic: bracket and fix 
 

“Hard-fixing the var.s is Ok, but choosing those to fix is a difficult decision  just MIP it!” 
 

• Original MIP                                                                
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A new variable-fixing heuristic: bracket and fix 
 

“Hard-fixing the var.s is Ok, but choosing those to fix is a difficult decision  just MIP it!” 
 

• Original MIP                             Bracketing MIP                                   
 

 
 

 

 

 
 
 

 10 



A new variable-fixing heuristic: bracket and fix 
 

“Hard-fixing the var.s is Ok, but choosing those to fix is a difficult decision  just MIP it!” 
 

• Original MIP                             Bracketing MIP                                 sub-MIP with fixed var.s 
 

 
 

 
where is an almost-optimal solution of the bracketing MIP 
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The bracket-and-fix heuristic 
 

 
 
 
 
 
 
 

Preliminary implementation  (BF1): 

• Exploit the incumbent  xH  (as in RINS): set   

                   fj
0 = 0     if    xj

H = 1      never fix to 0 a variable having value 1 in xH

 fj
1 = 0    if    xj

H = 0   never fix to 1 a variable having value 0 in xH 

 

• Hardwired parameters:   ;  nB = 100,   nF = 500,   k = 0.2  * total number of binary variables 

||2.0)( 10 Bff jj
Bj
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∈      
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Variants under investigation 
 
• Variant 1 (BF2): As BF1, but in the bracketing MIP invert the role of the objective function and of the 

cardinality constraint 

                xcT ⇔               
kff jj

Bj

≥+∑
∈

)( 10

   

GAPLBxcT *1.0+≤    “percentage gap w.r.t. incumbent value” 
“Which is the maximum n. of var.s that I can fix by accepting a 10% lower-bound worsening?” 
 

• Variant 2 (LB+RINS): Instead of the bracketing MIP, solve the LP relaxation of the initial problem with a 
local branching constraint 

||2.0)1(
1:0:

Bxx j
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j
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“Parameter 0.2 should be better tuned on the fly to reach a sufficient matching between  xH   and  
x*” 

 

• Asymmetric versions: for all variants, forget about 0-fixing (i.e, set  fj
0 = 0  for all  j )  still to be tested  
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Preliminary computational results 
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