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Foreword 
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Preface 

In the last decade we have seen a dramatic increase in the size of NP-hard com-
binatorial optimizatio n problem s tha t ca n b e solve d i n practice . Thi s i s du e t o 
advances i n dat a structures , ne w algorithmi c development s an d majo r advance s 
in compute r hardware . I t i s no t unusua l toda y t o solv e large-scal e combinato -
rial problems , suc h a s maximu m cliqu e problem s o n graph s wit h thousand s o f 
vertices and million s of edges, or traveling salesman problem s with severa l thou -
sands o f cities . Ther e i s an exceptio n i n th e clas s o f combinatoria l optimizatio n 
problems, th e quadrati c assignmen t proble m (QAP) , which i s still considered t o 
be o f large-scale whe n n  >  20, where n  i s the proble m dimension . 

Given a  se t M  =  {1,2 , . . . ,n } an d n  x  n  matrice s F  =  (fij)  an d D  =  (dfc/) , 
the quadrati c assignmen t proble m (QAP ) ca n b e state d a s follows : 

n n 

i = l j=l 

where 11 ^ is the se t o f al l permutations o f jV. On e o f the majo r application s o f 
the QA P i s i n locatio n theor y wher e th e matri x F  =  (fij)  i s th e flow  matrix , 
i.e. fij  i s the flow of material s from  facilit y i  t o facilit y j , an d D  =  (dki)  i s th e 
distance matrix, i.e . dki  represents the distance from location k  to location I.  Th e 
cost o f simultaneously assignin g facility i  to location k  and facilit y j  t o location / 
is fijdkh Th e objective i s to find an assignment o f all facilities to all locations (i.e . 
a permutatio n p  £  IIJV) , suc h that th e tota l cos t o f the assignmen t i s minimized . 
With a n appropriate choic e of the flow matrix, th e traveling salesman problem i s 
a special class of QAP. Other applications include scheduling, manufacturing, th e 
backboard wiring problem in electronics, parallel and distributed computing, an d 
statistical dat a analysis . Th e ter m "quadratic " come s from  th e reformulation o f 
the proble m a s a n optimizatio n proble m wit h a  quadrati c objectiv e function . 

From the computationa l complexit y poin t o f view the QA P i s one of the mos t 
difficult problem s t o solve , as i t i s in the clas s o f iVP-hard problems . Currently , 
solving general problems of size n >  20 is still considered intractable . Thi s prob-
lem continue s t o b e ver y interestin g an d stimulatin g bot h from  computationa l 
and theoretica l point s o f view. 
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Xll PREFACE 

On Ma y 20-21 , 1993 , a  worksho p o n "Quadrati c Assignmen t an d Relate d 
Problems", hosted by the Center for Discrete Mathematics and Theoretical Com -
puter Scienc e (organize d b y P . M . Pardalo s an d H . Wolkowicz) , wa s hel d a t 
Rutgers University . Participant s fro m differen t countrie s gav e th e meetin g a n 
international component . Th e worksho p wa s a  success because i t fostere d man y 
interactions betwee n researcher s from  academi a an d industry . Th e editor s als o 
hope tha t thi s volum e will  lea d t o continuin g development s i n th e importan t 
area o f nonlinear assignmen t problems . 

The worksho p o n QA P focusse d o n recen t computationa l approache s an d ap -
plications. Abou t twent y invite d speaker s presente d result s o n ne w technique s 
and applications . Th e technique s include d eigenvalu e estimate s an d reductio n 
techniques fo r lowe r bounds , parallelization , geneti c algorithms , polyhedra l ap -
proaches, greed y an d adaptiv e searc h algorithms . Th e application s include d 
graph bandwidt h problems , telecommunication s networ k design , loa d balanc -
ing, VLS I design , dat a associatio n problems , an d multidimensiona l assignmen t 
problems. Thi s volum e comprise s a  collectio n o f researc h paper s invite d fo r 
presentation a t th e workshop . 

We ar e indebte d t o DI M ACS fo r thei r hel p i n organizin g th e worksho p an d 
in arrangin g th e publicatio n o f the proceedings . W e would als o lik e t o tak e thi s 
opportunity t o than k th e participant s o f the workshop , th e authors , th e anony -
mous referees , an d th e America n Mathematica l Societ y fo r helpin g u s produc e 
this volume . 

Panos M . Pardalo s an d Henr y Wolkowic z 
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