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0 L[ HG , QWHJ HU 3 URJUDP V

We consider generico Ll HG , QWHJ HU / LQHDU 3 URJUDP P LQJ problems (M|P’S) with O-1 variables

AAAAN CTX

Axzb

x; € 10,1} ,Vieﬁ:#ﬁf
5 g ¥ el (20)

Relevant cases:
x 0-1ILPs (generic or with aspecia structure)
x  MIP swith 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...)

$ VWXP SWRQ RQFH WH ELQDU\ YDULDE VY KDYH EHHQ IL[ HG

WH SUREGP EHFRP HV UHODWYHO HDVN WR VROYH




+ DUG WR VROYH 0 ,31v LQ SUDFWFH

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

x  Provably optimal solution
x Heuristic solutions with a practically-acceptable error

0 RVWO ,3 OAE LQVWQFHYV 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 asto 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

0 DQ\ UHDOZ RUGG LQVWOQFHY DUH RI WKLV W SH

% HWAHU KHX ULVWFV IRU JHQHUDO 0 ,3 VVWRQJO UHT X LUHG




$ JHQHUDOKHXULVWF IUDP HZ RUN

x We am at embedding a e orn er; (general-purpose or specific) 0-1 MIP solver within an
overal « nx utvwr 1ubp nz run that “helps” the solver to ddliver improved heuristic solutions

LLm.UU‘:, Em{' /&M 5&0&,
comtinalwln 0-4 Mie — (GLQIMBS{'}
2 fasibly
| Sotvdv | sl

e o
black- b
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7 KH GHVLUHG 3 ,WwbaDbQ 1DJ "~
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$ Q H{DP SH WH KDUG 0 ,3/ ,3 SUREP VH\ P RXU OG5

=& Cplex 7.0 (LocBra)
——Cplex 7.0 (feas)
—&—Cplex 7.0 (opt)

a—

7 KH/ RFDO% UDQFK KHXULVWF RQ D KDUG 0 ,3/ ,3 SUREP VH\ P RX U Cs



9 DULDEO IL[ LQJ VWUDWHJ \ KDUG YHUVLRQ

A commonly-used (often quite effective) ¢ v o5 heuristic framework:

« Let I bean (admost) feasible “target solution”

x + HXULVWF GHS WK 1LvwvHpurk Of thebranching tree:

« iteratively 1y w  certain “highly efficient” variables

’:O [ wsuchas [ . 1(JUHHQ QRGHV)

X apply the e orn ER[ P Rexaod tO SOME juHHO QRGHV
only

X only limited EDFNWIDFNLQJ alowed




$ GYDQWJHV

x Problem size quickly reduced: the black-box solver can concentrate on smaller and smaller

“ ”
FRUH SURE CHP V

x  Theblack-box solver is applied over and over on different subproblems (c .v Huvu tFowr o)

' LVDGYDQWJHV

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

x Wrong choices at early levels are typically very difficult to detect, even when <z wu erxoov
are computed along the way ...

+ RZ WR UHDFK D VXIILFLHOWO GHHS EUDQFKLQJ CHYHO

Z LIWK D JRRG CRZ HU ERXQG"

([ DP SOHRI D KDUG EUDQFKLQJ FKRLFH

x Select the “right cards’ to hold in a poker game: for each card w

in the “target solution”, decide whether for fix t 1 (hold the «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...




9 DULDEOH IL[ LQJ VWUDWHJ \ VRIWY HUVLR Q CRFDOEUDQFKLQJ

- nonuoo eno_ don't decide the actual variablesin 6 to be fixed (a difficult

taSk!),bUtjUSttheierp EHU |6 ) | N

Introducethe wrooc UDOFK LQJ constraint

()t (1 ) as

M9l 1

or, more generally,

(o) o, (L)

M % 0 mow . 1
M M

so asto defineaconvenientn 2 s 7 quurerxucrre 1 () of thetarget solution [

*$ NLQ W N 2 37 IRU7 63"

8




/| RFDOEUDQFKLQJ LQ DQ Hl DFWVROXWRQ IUDP HZ RUN

Alternate between vwowis tr @nd wo rwr o o Branching decisions:

Xx 67587 (* & KLI K GHYHO EUDQFKLQJ SKDVH

% concentrate on a convenient target solution and/or a certain neighbourhood size n

X 7% &7 ,.&8% 1/ ILQH JUDLQ EUDQFKLQJ SKDVH

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

« rowmrw un_aSmall value of n drives the black-box solver towards integrality as effectively
as fixing a large number of variables, but with ar xrx musHu criunn R 1unkkere 1 Detter
solutions can be found at early branching levels...




! locbra.ps - GSview

Eile Modifica Qpzioni Yisualizza Orientamento Cara 2

CENKISCODCICEICE
' X
Alz,2') < k
improved solution £2 i
Az, z*) > k+1
improved solution 7
no improved solution -
N | _od
File: locbra ps Pagina: "6" Gdi22

7 = tactical branching (within the black-box solver)
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/| RFDOEUDQFKLQJ LQ D KHXULVWF VROXWRQ IUDP HZ RUN

x Easy adaptation of the previous framework: in case of stalling, use ag iy nuviirowrgo Mechanism

. . k 1 . K .
to find a(worse) solutionl  to replace the current-best solution [, and continue.

« Diversfication byg DULDEOH 1 HLJKERXUKRRG 6 HDUFK (Hansen& Mladenovic, 1998)

K 1 K
) LQG D VR OX WLR Q [ FORVH HQRX J K WR [ EXW RXWLGH WK H FXUUHQW N 2 37

QHLW KERXUKRRG HJ

R (LI I} A T A

x .p sap nowwro Iun the black-box solver (initial upper bound = ¢ ) to find the first feasible

. k 1
solution [ of the current problem amended by the sy Huvi tFowr Q FROQVWDLOW

v Lo (f,0")an n/2

3 $ NLQ WR D UDQGRP 2 37 P RYHDIWU VHYHUDO 2 37

P RYHVIRU 7 63°
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& RP SXWWRQDOUHVXOW WRZ DUGV RS WP DOW

x Improved resultsw.r.t. ILOG Cplex 7.0 in 20 out of the 24 casesin the test-bed
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& RP SXWWRQDOUHVXOW WRZ DUGYV |IHDVLE LOLW

x Instances for which even finding afirst i vovie o1 SOlUtiON is extremely hard in practice, hence the
local branching framework (as stated) cannot be initialized in a proper way ...

X >5 HOD[ HG P RGHO@ UHD| the MIP modd byintroducingoum LFLDOYDULDE CHV (Wlth blg-M
coefficientsin the objective function) so asto make thetrivia solution (0,0,...0) feasible.
x The: w HpviE Law DQG EH\ RQG"’ solution approach:

1. choose an wo1vovie v SOlUtION T, €.9., fOr each integer [
x >7 uLypow us Hwa Set [, 0

x >5 RXQGHG / 3 wuJHwa Set [;A URXQG ([ M),Where[ isanoptimal
LP solution

x &« 3: rpoebrn wulnwl: taketheless-infeasible sol. found at the root
node by the black-box MIP heuristics, if available

2. UHOD the MIP modd byintroducinganaumu LFLDOYDULDE CH (Wlth blg-M

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

3. apply the standard wrooe unqrkos framework starting from [ +

15




P S

LQI

QDP H

& S CH[

WP H

/12 & $ 1/

%5 $ 1 & + ,

1 =

5 HOD[ HG 0 RGHO

7 ULYLDOW UJ HW

5 RXQGHG / 3 WbUJHW

& 3 ;

FDOCEDFN

LQI

WP H

LQI

WP H

LQI

WP H

LQI

WP H

mp2
mp3
mp3a

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

A OO © b

N/A
30

397.5
7727.6
9943.6

14217.7
5837.5
N/A
6472.5

2444
24389
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

= hard shift scheduling (manpower) instances provided by ILOG Cplex.
we 1 = computing timein Digital Alpha533 MHz seconds; 5-hour time limit (18,000 sec.s)

= n. of violated constraintsin theinitial target solution
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, QIHDVLE LOW UHGXFWRQ VWUWQJ IURP WKHURXQGHG / 3 WUJHW

=——mpl
== mp2
mp3
mp3a
=¥=mp4
—@—mpda
=—t=netl2
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