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�����0L[HG�,QWHJHU�3URJUDPV�

 

We consider generic 0L[HG�,QWHJHU�/LQHDU�3URJUDPPLQJ problems  (MIP’s) with 0-1 variables 
 

 
Relevant cases: 

x� 0-1 ILP’s  (generic or with a special structure)  

x� MIP’s with no “general integer” variables 

x� MIP’s with both general integer and binary variables, the latter being often used to 
activate/deactivate costs/constraints (possibly using BIG-M tricks…) 

�

$VVXPSWLRQ��RQFH�WKH�ELQDU\�YDULDEOHV�KDYH�EHHQ�IL[HG��

WKH�SUREOHP�EHFRPHV��UHODWLYHO\��HDV\�WR�VROYH�
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+DUG�WR�VROYH�����0,3¶V��LQ�SUDFWLFH��

 

x� In many practical cases, generic 0-1 MIP’s can be solved in a satisfactory way by general-purpose 
commercial software which delivers: 

x� Provably optimal solution  

x� Heuristic solutions with a practically-acceptable error 

 

0RVW�0,3OLE�LQVWDQFHV�DUH�RI�WKLV�W\SH��

�

x� Unfortunately, in other cases general-purpose software is not adequate and one has to: 

x� Play with the MIP solver parameters (“emphasize integrality” etc.)  so as to  convince the 
����"#� solver to deliver, at least, a good solution 

x� Design and use ad-hoc heuristics—thus loosing the advantage of working in a generic MIP 
framework 

 

0DQ\�UHDO�ZRUOG�LQVWDQFHV�DUH�RI�WKLV�W\SH� 
 

%HWWHU�KHXULVWLFV�IRU�JHQHUDO�����0,3¶V�VWURQJO\�UHTXLUHG� 
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$�JHQHUDO�KHXULVWLF�IUDPHZRUN�

 

x� We aim at embedding a EODFN�ER[ (general-purpose or specific) 0-1 MIP solver within an 
overall KHXULVWLF�IUDPHZRUN that “helps” the solver to deliver improved heuristic solutions  

�

 

7KH�GHVLUHG�³,WDOLDQ�IODJ´�
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$Q�H[DPSOH��WKH�KDUG�0,3/,3�SUREOHP��VH\PRXU�OS��
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Cplex 7.0 (LocBra)
Cplex 7.0 (feas)
Cplex 7.0 (opt)

 

7KH�/RFDO�%UDQFK�KHXULVWLF�RQ�D�KDUG�0,3/,3�SUREOHP���VH\PRXU�OS��
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9DULDEOH�IL[LQJ�VWUDWHJ\��KDUG�YHUVLRQ� 

 

A commonly-used (often quite effective) GLYLQJ heuristic framework: 

x� Let 
+[ �be an (almost) feasible “target solution” 

 

x� +HXULVWLF GHSWK�ILUVW�VHDUFK of the branching tree: 

 

x� iteratively  IL[�WR��  certain “highly efficient” variables 

M[  such as 1 +

M[  (JUHHQ�QRGHV) 

 

x� apply the EODFN�ER[� PRGXOH� to some JUHHQ� QRGHV 
only 

 

x� only limited EDFNWUDFNLQJ�allowed 
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$GYDQWDJHV���

x� Problem size quickly reduced: the black-box solver can concentrate on smaller and smaller 
“FRUH�SUREOHPV”�

x� The black-box solver is applied over and over on different subproblems (GLYHUVLILFDWLRQ)�

'LVDGYDQWDJHV���

x� How to choose the “highly efficient” variables to be fixed? 

x� Wrong choices at early levels are typically very difficult to detect, even when ORZHU�ERXQGV 
are computed along the way… 

 

+RZ�WR�UHDFK�D�VXIILFLHQWO\�GHHS�EUDQFKLQJ�OHYHO�

ZLWK�D�JRRG�ORZHU�ERXQG"�

�

([DPSOH�RI�D�KDUG�EUDQFKLQJ�FKRLFH�  

x� select the “right cards” to hold in a poker game: for each card  M ��«�� 

in the “target solution”, decide whether for fix 1 �[   (hold the M-th 
card) or not 

x� a “creative strategy”: keep all the 5 cards, declare that you’ll change 3 
cards, receive 3 new cards, and choose the 5 to keep only  afterwards...   
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9DULDEOH�IL[LQJ�VWUDWHJ\��VRIW�YHUVLRQ���ORFDO�EUDQFKLQJ 

�

*HQHUDO� LGHD� don’t decide the actual variables in  
+6  to be fixed (a difficult 

task!), but just their QXPEHU� N6+ �|| �   

 

Introduce the ORFDO�EUDQFKLQJ constraint  

N[[[ M

[%M

+

+
M

d� ' ¦
 �

)1(:),(
1:  

or, more generally, 

N[[[[ M

[%M

M

[%M

+

+
M

+
M

d�� ' ¦¦
 � �

)1(:),(
1:0:  

so as to define a convenient N�237�QHLJKERXUKRRG  ),( N[1 +
 of the target solution 

+[  

�

³$NLQ�WR�N�237�IRU�763´�
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/RFDO�EUDQFKLQJ�LQ�DQ�H[DFW�VROXWLRQ�IUDPHZRUN�

 

 

Alternate between VWUDWHJLF and WDFWLFDO branching decisions: 

 

x� 675$7(*,&��KLJK�OHYHO��EUDQFKLQJ�SKDVH�  

¾�concentrate on a convenient target solution and/or a certain neighbourhood size N� 

 

x� 7$&7,&$/��ILQH�JUDLQ��EUDQFKLQJ�SKDVH�  

¾�search 
),( N[1 +

 by means of the black-box module (e.g. a general-purpose MIP code 
using branching on variables…) 

 

 

&RQMHFWXUH� a small value of N�drives the black-box solver towards integrality as effectively 
as fixing a large number of variables, but with a PXFK�ODUJHU�GHJUHH�RI�IUHHGRP Î better 
solutions can be found at early branching levels… 

 

�
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7 = tactical branching (within the black-box solver) 
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IXOO�SDSHU�DYDLODEOH�DW�ZZZ�GHL�XQLSG�LW�aILVFK�ORFEUD�SV�
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/RFDO�EUDQFKLQJ�LQ�D�KHXULVWLF�VROXWLRQ�IUDPHZRUN 

 

x� Easy adaptation of the previous framework:  in case of stalling, use a GLYHUVLILFDWLRQ mechanism 

to find a (worse) solution
1�K[ to replace the current-best solution 

K[ , and continue. 

 

x� Diversification by 9DULDEOH�1HLJKERXUKRRG�6HDUFK (Hansen & Mladenovic, 1998):  

)LQG� D� VROXWLRQ�
1�K[ FORVH� HQRXJK� WR�

K[ �� EXW� RXWVLGH� WKH� FXUUHQW� N�237�

QHLJKERXUKRRG��H�J��

),(\)2/,(1 N[1NN[1[ KKK
��

�

�

 

x� ,PSOHPHQWDWLRQ� run the black-box solver (initial upper bound = f� ) to find the first feasible 

solution 
1�K[ of the current problem amended by the GLYHUVLILFDWLRQ�FRQVWUDLQW�

 

2/),(1 NN[[N K
�d'd�  

 

³$NLQ�WR�D�UDQGRP���237�PRYH�DIWHU�VHYHUDO���237��

PRYHV�IRU�763´�
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IXOO�SDSHU�DYDLODEOH�DW�ZZZ�GHL�XQLSG�LW�aILVFK�ORFEUD�SV 
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&RPSXWDWLRQDO�UHVXOWV��WRZDUGV�RSWLPDOLW\� 

 

 
 

x� Improved results w.r.t. ILOG Cplex 7.0 in 20 out of the 24 cases in the test-bed 
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&RPSXWDWLRQDO�UHVXOWV��WRZDUGV�IHDVLELOLW\� 

 

x� Instances for which even finding a first IHDVLEOH solution is extremely hard in practice, hence the 
local branching framework (as stated) cannot be initialized in a proper way…  

x� >5HOD[HG�PRGHO@: UHOD[�the MIP model by introducing DUWLILFLDO�YDULDEOHV  (with big-M 
coefficients in the objective function)  so as to make the trivial solution (0,0,…0) feasible.  

 

x� The�³WR�IHDVLELOLW\�DQG�EH\RQG´�solution approach: 

1. choose an LQIHDVLEOH solution 
+[ , e.g., for each integer M[  

x� >7ULYLDO�WDUJHW@: set� 0 
+

M[  

x� >5RXQGHG�/3�WDUJHW@: set  )( *
M

+

M [URXQG[  , where 
*[ is an optimal 

LP solution 

x� >&3;�FDOOEDFN�WDUJHW]:  take the less-infeasible sol. found at the root 
node by the black-box MIP heuristics, if available 

 

2. UHOD[�the MIP model by introducing an DUWLILFLDO�YDULDEOH  (with big-M 

coefficient in the objective function)  for each constraint violated by 
+[  

3. apply the standard ORFDO�EUDQFKLQJ framework starting from 
+[  
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�

/2&$/���%5$1&+,1*�

�

5HOD[HG�0RGHO� 7ULYLDO�WDUJHW� 5RXQGHG�/3�WDUJHW� &3;�FDOOEDFN�

�

�

QDPH�

�

�

Q�

�

�

P�

�

&SOH[�����

�

�

WLPH� LQI� WLPH� LQI� WLPH� LQI� WLPH� LQI� WLPH�

mp1   

mp2   

mp3   

mp3a  

mp4   

mp4a  

net12 

10565 

10009 

10009 

10009 

10009 

10009 

14115 

21199 

23881 

23915 

23865 

23914 

23866 

14021 

11686.3 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

  -  

  4  

  9  

  6  

  4  

 N/A 

 30  

  397.5 

 7727.6 

 9943.6 

14217.7 

 5837.5 

  N/A  

 6472.5 

2444 

2489 

2348 

2516 

2411 

2515 

  92 
 

1063.6 

 3193.1 

 5352.4 

 4898.8 

 7374.5 

 3390.8 

 1750.8 

106 

 131 

 285 

 264 

 259 

 214 

 398 

�������

�������

�������

�������

�������

������ 

1259.1 

62 

87 

77 

73 

79 

81 

95 

  259.1 

 1299.2 

 2950.3 

 3218.7 

 3278.0 

 1947.9 

��������

 

PS = hard shift scheduling (manpower) instances provided by ILOG Cplex. 

WLPH = computing time in Digital Alpha 533 MHz seconds; 5-hour time limit  (18,000 sec.s)  

LQI   = n. of violated constraints in the initial target solution   
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,QIHDVLELOLW\�UHGXFWLRQ�VWDUWLQJ�IURP�WKH�&3;�FDOOEDFN�WDUJHW�
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,QIHDVLELOLW\�UHGXFWLRQ�VWDUWLQJ�IURP�WKH�URXQGHG�/3�WDUJHW�
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