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SUMMARY 

The top ic of t h i s r e s e a r c h w a s the r e s u l t of a p r o j e c t u n d e r t a k e n in 1960 by 

the R ich E l e c t r o n i c C o m p u t e r C e n t e r to d e v e l o p an a u t o m a t e d t echn ique for a s 

s ign ing s e a t s to s e a s o n t i cke t a p p l i c a n t s in the s t a d i u m of G r a n t F ie ld a t the 

G e o r g i a Ins t i tu te of Techno logy . W h e r e a s a p r a c t i c a l so lu t ion to the Georg ia 

T e c h p r o b l e m w a s sought , the p u r p o s e of t h i s t h e s i s w a s to e x p l o r e the g e n e r a l 

p r o b l e m of s e a t a l l oca t i on in s t a d i a . 

The o r i g i n a l ob jec t ive of t h i s t h e s i s w a s to d e v e l o p a m a t h e m a t i c a l mode l 

to d e s c r i b e the o p e r a t i n g c h a r a c t e r i s t i c s of s e a t a l l oca t i on in s t a d i a . R e s e a r c h 

into the c h a r a c t e r i s t i c s of s t a d i u m s e a t i n g r e v e a l e d tha t deve lop ing spec i f i c 

m o d e l s fo r spec i f ic s i t ua t i ons w a s m o r e f ea s ib l e than deve lop ing a g e n e r a l 

mode l fo r a l l s i t u a t i o n s . T h i s d i s c o v e r y led to the d e v e l o p m e n t of four m o d e l s 

to fit the fol lowing four s i t u a t i o n s : new a s s i g n m e n t ; r e a s s i g n m e n t ; s e l e c t i v e 

a s s i g n m e n t ; and o p t i m u m a l l oca t i on . 

T h e s e four m o d e l s w e r e p r o g r a m m e d fo r a d ig i t a l c o m p u t e r and t e s t e d with 

suff ic ient d a t a to ver i fy the t e chn ique . The f i r s t mode l a s s i g n s e a c h a p p l i c a n t , 

r a n k e d in p r i o r i t y o r d e r , the b e s t a v a i l a b l e s e a t s w h e r e s e a t s have not b e e n 

held b e f o r e . The second and t h i r d m o d e l s offer a p p l i c a n t s the opt ion of i m p r o v e 

m e n t o r cho ice of spec i f ic s e a t s w h e r e t h e r e w a s h i s t o r y of p r e v i o u s a s s i g n 

m e n t s . Model four a l l o c a t e s a p p l i c a n t s to s e c t i o n s of s e a t s in an o p t i m u m 

m a n n e r b a s e d on qua l i f i ca t ions fo r the s e a t s . 

The f i r s t t h r e e m o d e l s have e s s e n t i a l l y the s a m e b a s i c a s s i g n m e n t c r i t e r i a . 

The second and t h i r d m o d e l s a r e r e f i n e m e n t s of the f i r s t . The four th m o d e l c o n 

s i d e r s the e f f e c t i v e n e s s of a s s i g n m e n t and p r o d u c e s a l e a s t c o s t so lu t ion . 
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C H A P T E R I 

INTRODUCTION 

P r o b l e m 

Sea t A l loca t ion 

The s e a t a l l o c a t i o n p r o b l e m i s c o n c e r n e d wi th the a s s i g n m e n t of s e a t s in a 

m a n n e r wh ich s a t i s f i e s the g r e a t e s t n u m b e r of a p p l i c a n t s . Sa t i s fac t ion c r i t e r i o n 

i s b a s e d on a n a l l o c a t i o n po l icy wh ich a t t e m p t s to supply the b e s t a v a i l a b l e 

(adjacent) s e a t s to e a c h app l i can t . 

S t a d i u m Sea t ing 

Sea t a l l o c a t i o n i s p a r t of a g e n e r a l p r o c e s s c a l l e d " s t a d i u m s e a t i n g . " T h i s 

p r o c e s s c a n be d iv ided into t h r e e p a r t s : d e t e r m i n a t i o n of a p p l i c a n t p r i o r i t y , 

r a n k i n g of s e a t s , and a s s i g n m e n t of s e a t s to a p p l i c a n t s . D e t e r m i n a t i o n of a p p l i 

c a n t p r i o r i t y and s e a t r a n k i n g a r e independen t of e a c h o t h e r , but the a s s i g n m e n t 

of s e a t s i s c o m p l e t e l y d e p e n d e n t upon the o t h e r two. It c a n t h e r e f o r e be s t a t e d 

t h a t the d e t e r m i n a t i o n of a p p l i c a n t p r i o r i t y and s e a t r a n k i n g a r e n e c e s s a r y inpu ts 

to s e a t a s s i g n m e n t . Though a l l t h r e e p a r t s of s t a d i u m s e a t i n g a r e d i s c u s s e d , only 

the p r o b l e m of s e a t a s s i g n m e n t 1 i s a n a l y z e d in g r e a t d e t a i l . 

Backg round 

S t ad ium s e a t i n g (as a p r o b l e m ) m u s t be e x a m i n e d in p a r t s a s d e s c r i b e d 

a b o v e . The f a c t o r s wh ich inf luence the d e t e r m i n a t i o n of app l i can t p r i o r i t y and 

F o r the p u r p o s e of t h i s r e s e a r c h , " a s s i g n m e n t " and " a l l o c a t i o n " a r e 
c o n s i d e r e d s y n o n y m o u s . 
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s e a t qua l i ty a r e h ighly s u b j e c t i v e . D e t e r m i n a t i o n of app l i can t p r i o r i t y i s often 

dependen t upon the supply and d e m a n d r e l a t i o n s h i p , and s e a t r a n k i n g i s a l m o s t 

e n t i r e l y d e p e n d e n t upon the phys i ca l s e a t a r r a n g e m e n t . 

P r o b l e m R e f i n e m e n t 

To d e s c r i b e the o p e r a t i n g c h a r a c t e r i s t i c s of the s e a t a l l oca t i on p r o b l e m 

a s ou t l i ned , i t i s n e c e s s a r y to s tudy hypo the t i ca l s t a d i a in d e t a i l . It i s i m p o s 

s ib l e to e v a l u a t e e v e r y c o n c e i v a b l e con f igu ra t i on , but the t a s k c a n be m a d e 

f e a s i b l e by j ud i c ious ly choos ing s o m e r e p r e s e n t a t i v e c h a r a c t e r i s t i c s . C o m b i 

na t ions of the c h a r a c t e r i s t i c s p r o d u c e a n u m b e r of p o s s i b l e s y s t e m s , s o m e of 

which c a n be i m m e d i a t e l y e l i m i n a t e d due to i n c o m p a t i b l e p r o p e r t i e s . The 

r e m a i n i n g s e t s p r o v i d e the b a s i s fo r a n a c c e p t a b l e def in i t ion of the s e a t a s s i g n 

m e n t p r o b l e m . 

P r e c i s e Def in i t ion . Given n a p p l i c a n t s , in p r i o r i t y o r d e r , and m s e a t s 

r a n k e d a c c o r d i n g to d e s i r a b i l i t y , the p r o b l e m i s to a s s i g n e a c h s e a t to one and 

only one app l i can t in such a m a n n e r tha t a t the t i m e of a s s i g n m e n t , e a c h 

a p p l i c a n t r e c e i v e s the b e s t a v a i l a b l e l oca t i on . T h i s def in i t ion i s the d e s c r i p t i o n 

of a s s i g n m e n t tha t a p p l i e s to a l l s e a t i n g s i t u a t i o n s , when the input r e s t r i c t i o n s 

a r e m e t . 

Mode l ing Sea t A l l o c a t i o n . A c c o r d i n g to the def in i t ion of s e a t a s s i g n m e n t 

and the exp lana t ion of a so lu t ion ob jec t ive to the p r o b l e m of a l l o c a t i o n , s o m e 

f o r m of a m a t h e m a t i c a l mode l i s n e c e s s a r y to d e s c r i b e the g e n e r a l s y s t e m . 

The o v e r a l l ob jec t ive of t h i s i nves t i ga t i on i s t h e r e f o r e to deve lop a m a t h e m a t i c a l 

mode l to d e s c r i b e s e a t a l l o c a t i o n in s t a d i a , abou t which c e r t a i n a s s u m p t i o n s 

a r e m a d e . The m o s t i m p o r t a n t a s s u m p t i o n c o n c e r n s the s a t i s f a c t i o n of the 

g r e a t e s t n u m b e r of a p p l i c a n t s . Judg ing w h e t h e r one s e a t i s b e t t e r t han a n o t h e r 

u l t i m a t e l y d e t e r m i n e s how we l l s a t i s f i ed the a p p l i c a n t s a r e going to b e . If the 
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s e a t r a n k i n g p r o c e d u r e i s p o o r , the a l l o c a t i o n wi l l not i m p r o v e the r e s u l t s . 

If the p r o c e s s of o r d e r i n g the s e a t s i s good , t hen the a s s u m p t i o n t ha t the mode l 

m a x i m i z e s s a t i s f a c t i o n i s a r e a s o n a b l e o n e . T h e r e a r e o t h e r a s s u m p t i o n s 

r e l a t e d to e a c h mode l r e f i n e m e n t wh ich a r e p r e s e n t e d in C h a p t e r III , Model 

D e v e l o p m e n t . S e a t a s s i g n m e n t , h o w e v e r , i s i ndependen t of the e n v i r o n m e n t 

and i t s c h a r a c t e r i s t i c s a r e t h e r e f o r e g e n e r a l l y d e s c r i b a b l e . 

A p p l i c a n t P r i o r i t y 

When a n a p p l i c a n t m u s t be a s s i g n e d a s e a t l o c a t i o n a c c o r d i n g to h i s r a n k in 

the g r o u p , a r e l i a b l e p r o c e s s f o r the d e t e r m i n a t i o n of p r i o r i t y i s needed . Such 

a p r o c e s s i s u sua l l y b a s e d on a s e t of f a c t o r s , p r o p e r l y we igh t ed , to p r o v i d e a 

r e a l i s t i c o r d e r wi th in the g r o u p . T h e r e l a t i v e r a n k of a n indiv idual of ten d i f f e r s 

f r o m s t a d i u m to s t a d i u m b e c a u s e of the v a r i a n c e b e t w e e n the f a c t o r s u sed to 

d e t e r m i n e p r i o r i t y . It i s diff icult enough to ob ta in a g r e e m e n t on a m e t h o d of 

c l a s s i f y i n g peop le in one s i t u a t i o n , l e t a l one m o r e than o n e . The d e t e r m i n a t i o n 

of a p p l i c a n t p r i o r i t y and the s u b s e q u e n t p r o c e s s of r a n k i n g i s q u a l i t a t i v e r a t h e r 

t han q u a n t i t a t i v e . It i s a funct ion of the p a r t i c u l a r e n v i r o n m e n t u n d e r s tudy , and 

e a c h s t a d i u m a d m i n i s t r a t i o n m u s t u l t i m a t e l y d e c i d e w h a t c o n s t i t u t e s the b a s i s of 

p r i o r i t y . 

Sea t Rank ing 

W h e n a n a p p l i c a n t m u s t be a s s i g n e d the b e s t s e a t l o c a t i o n a v a i l a b l e , a 

r e l i a b l e p r o c e s s fo r d e t e r m i n a t i o n of s e a t qua l i ty i s needed . Unfor tuna te ly , 

r u l e s f o r e s t a b l i s h i n g the p r e f e r e n c e of one s e a t o v e r a n o t h e r in s t a d i a 2 , c anno t 

b e g e n e r a l i z e d to f i t a l l o r e v e n m o s t e n v i r o n m e n t s . T h e r e s i m p l y i s not enough 

2 S t a d i a , in t h i s s t udy , i s m e a n t to inc lude any conf igu ra t ion of s e a t s , w h e t h e r 
i t be c a l l e d a n a r e n a , c o l i s e u m , t h e a t e r , o r s t a d i u m . 



4 

s i m i l a r i t y b e c a u s e no two s t a d i u m con f igu ra t i ons a r e e x a c t l y a l i k e . The qua l i ty 

of the s e a t s u sua l ly d e p e n d s upon the f ield of v i s ion f r o m e a c h l oca t i on anol such 

d e c i s i o n s a r e a t b e s t sub jec t ive and s o m e t i m e s a r b i t r a r y . 

S ince the p r o c e s s e s of e s t a b l i s h i n g a p p l i c a n t p r i o r i t y and r a n k i n g s e a t s a r e 

s u b j e c t i v e , the s t a d i u m a d m i n i s t r a t i o n m u s t d e v e l o p t h e s e b a s e d on e n v i r o n m e n t . 

Both t he d e t e r m i n a t i o n of a p p l i c a n t p r i o r i t y and s e a t r a n k i n g a r e t h e r e f o r e 

r e q u i r e d i npu t s to s e a t a l l o c a t i o n . 
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C H A P T E R II 

L I T E R A T U R E SURVEY 

The l i t e r a t u r e c o n t a i n s a n u m b e r of a p p l i c a t i o n s c h a r a c t e r i s t i c a l l y s i m i l a r 

to the p r o b l e m of s e a t a l l o c a t i o n . Though no pub l i shed m a t e r i a l on the spec i f ic 

sub jec t of s t a d i u m s e a t i n g w a s found, the s i m i l a r i t y of the p r o b l e m to c e r t a i n 

l i n e a r p r o g r a m m i n g a p p l i c a t i o n s i s no t ab l e . 

D u r i n g the c o u r s e of the s u r v e y , a n u m b e r of useful a r t i c l e s w e r e d i s c o v e r 

ed in The J o u r n a l of I n d u s t r i a l E n g i n e e r i n g , The J o u r n a l of the O p e r a t i o n s 

R e s e a r c h Soc ie ty of A m e r i c a , and the Naval R e s e a r c h L o g i s t i c s Q u a r t e r l y . 

O t h e r i n f o r m a t i o n c a m e f r o m books and p a p e r s , and a s e l e c t e d s e t of b i b l i o g r a 

p h i e s ( l i s ted a s " O t h e r R e f e r e n c e s " ) . Al l of the c i t ed m a t e r i a l i s r e l a t e d to the 

t o p i c s of a s s i g n m e n t o r a l l o c a t i o n . The fol lowing p a r a g r a p h s p r o v i d e a p a r t i a l 

foundat ion fo r " m o d e l d e v e l o p m e n t " and g e n e r a l l y fall into one of t h r e e c a t e g o r i e s , 

(1) d e s c r i p t i v e m a t e r i a l , (2) p r o b l e m f o r m u l a t i o n , and (3) me thod of so lu t ion . 

D e s c r i p t i v e M a t e r i a l 

B e c a u s e the s e a t a l l o c a t i o n p r o b l e m w a s o r i g i n a l l y env i s ioned a s a type of 

a l l o c a t i o n p r o b l e m , the d e s c r i p t i o n in (23) i s p r e s e n t e d : 

P r o b l e m s of a l l o c a t i o n a r i s e w h e n e v e r t h e r e a r e a n u m b e r of a c t i v i t i e s to 
p e r f o r m , but l i m i t a t i o n s on e i t h e r the a m o u n t of r e s o u r c e s o r the way they 
can be s p e n t p r e v e n t u s f r o m p e r f o r m i n g e a c h s e p a r a t e a c t i v i t y in the m o s t 
ef fect ive way c o n c e i v a b l e . In such s i t u a t i o n s we w i s h to a l l o t the a v a i l a b l e 
r e s o u r c e s to the a c t i v i t i e s in a way tha t wi l l o p t i m i z e the to ta l e f f e c t i v e n e s s . 

When the d e m a n d f o r s e a t s e x c e e d s the supply a v a i l a b l e , the p r e v i o u s 

d e s c r i p t i o n h o l d s . F o r the c a s e when d e m a n d e x a c t l y e q u a l s supply the def in i t ion 

in (9) of the " a s s i g n m e n t " p r o b l e m a p p l i e s : 
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In i t s s i m p l e s t f o r m , the a s s i g n m e n t p r o b l e m i s s t a t ed a s fo l lows: Given 
n r e s o u r c e s , n u s e s to wh ich t h e s e r e s o u r c e s c a n be pu t , and a m e a s u r e of 
ef f ic iency o r l a c k of ef f ic iency fo r the a s s i g n m e n t of any r e s o u r c e to any u s e , 
we a r e to m a x i m i z e the eff ic iency of the a s s i g n m e n t . The r e s o u r c e s could 
be s u p p l i e s , m e n , m a c h i n e s , e t c . , and the c o r r e s p o n d i n g u s e s to which they 
a r e to b e put could be i nd i ca t ed a s d e m a n d s , j o b s , and p r o d u c t i o n p r o g r a m s 
in the r e s p e c t i v e c a s e s . 

In add i t ion to def in ing the a s s i g n m e n t p r o b l e m , i t i s pointed ou t in t h i s r e f e r e n c e 

t h a t a s s i g n m e n t i s a s p e c i a l c a s e of the l i n e a r p r o g r a m m i n g p r o b l e m . S e v e r a l 

t e c h n i q u e s u s ing l i n e a r p r o g r a m m i n g a s a b a s i s have b e e n deve loped to d e t e r 

m i n e o p t i m a l a s s i g n m e n t s of p e r s o n n e l to j o b s , m a n - h o u r s to m a c h i n e s , p l an t s 

to l o c a t i o n s , t r a c t o r s to t r a i l e r s , and even e l e c t r o n i c e q u i p m e n t to s h i p s . T h e s e 

l i n e a r p r o g r a m m i n g a p p l i c a t i o n s and the a s s i g n m e n t p r o b l e m s found in (22) 

r e s e m b l e the s t a d i u m s e a t i n g p r o b l e m in d e s c r i p t i o n . 

An i n t e r e s t i n g ana logy to the p r o c e s s of s e a t a l l o c a t i o n in s t a d i a i s r e f l e c t e d 

in (23) by the s t a t e m e n t t ha t " t h e a s s i g n m e n t p r o b l e m i s a type of a l l oca t i on p r o b 

l e m in which n i t e m s a r e d i s t r i b u t e d a m o n g n b o x e s , one i t e m to a box , in s u c h 

a way t h a t t he r e t u r n r e s u l t i n g f r o m the d i s t r i b u t i o n i s o p t i m i z e d . " T h i s d e s c r i p 

t ion e m p h a s i z e s a r e s t r i c t i o n t ha t i s i m p o r t a n t in s e a t a s s i g n m e n t , t ha t no m o r e 

than one p e r s o n m a y occupy any one s e a t . 

C o m p l i c a t i o n s r e s u l t in so lv ing a s s i g n m e n t p r o b l e m s when the d e m a n d fo r 

a n i t e m of supply i s a l lowed to e x c e e d o n e . It i s pointed ou t in (9) tha t : 

M o r e c o m p l e x a s s i g n m e n t p r o b l e m s a r i s e if we c o n s i d e r c a s e s in which the 
d e m a n d s a r e fo r m u l t i p l e s of the b a s i c c o m m o d i t i e s , and a s s u m e t h a t s u p p l i e s 
of the b a s i c c o m m o d i t y a r e c o n c e n t r a t e d in d i s t i n c t g r o u p s and t ha t the c o s t s 
of p r o v i d i n g a uni t d e m a n d fo r d i s t i n c t c o n c e n t r a t i o n s d i f fe r . The complex i t y 
a r i s e s b e c a u s e of the add i t i ona l n u m b e r of u n i t s of the b a s i c c o m m o d i t y , fo r 
a l though we m a y t r e a t e a c h uni t s e p a r a t e l y and p r o c e e d a s b e f o r e , the o r d e r 
of the m a t r i x involved b e c o m e s i n c r e a s i n g l y unwieldy a s n i n c r e a s e s . 

T h e r e i s an i m p o r t a n t poin t h e r e c o n c e r n i n g the d e m a n d fo r m u l t i p l e s of the b a s i c 

c o m m o d i t y which i s i n h e r e n t in the s e a t a l l o c a t i o n p r o b l e m ; one m u s t c o n s i d e r 

the s i t ua t ion in wh ich a p p l i c a n t s r e q u e s t m o r e than one s e a t . 
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F o r m o s t a l l o c a t i o n s i t u a t i o n s , the a u t h o r s of (19) s t a t e tha t " o n e infa l l ib le 

p r o c e d u r e fo r d e t e r m i n i n g the m i n i m u m - c o s t a s s i g n m e n t would be to t r y a l l 

p o s s i b i l i t i e s , c a l c u l a t e the c o s t of e a c h , and s e l e c t t he c h e a p e s t . " Though t h i s 

p r o c e d u r e wi l l w o r k , i t b e c o m e s diff icult to e x e c u t e w h e n the n u m b e r of a p p l i 

c a n t s i s l a r g e ( e . g . , 10 ,000) and the n u m b e r of s e a t s i s l a r g e ( e . g . , 2 0 , 0 0 0 ) . 

To c o n s i d e r a l l the p o s s i b l e a s s i g n m e n t s in a r e a s o n a b l e length of t i m e i s 

i m p o s s i b l e , e v e n if a c o m p u t e r i s u s e d . 

L i n e a r p r o g r a m m i n g p r o b l e m s have b e e n so lved in n u m e r o u s w a y s , but 

the two m o s t u s e d a r e the s i m p l e x (15) and t r a n s p o r t a t i o n m e t h o d s . Spec ia l 

c a s e s of l i n e a r p r o g r a m m i n g a r e not e a s i l y so lved by t h e s e m e t h o d s , bu t " o n e 

s p e c i a l c a s e - the a s s i g n m e n t t echn ique - h a s m a n y a p p l i c a t i o n s in the a r e a s of 

a l l o c a t i o n and s c h e d u l i n g , " a s ind ica ted in (6). It i s i m p o r t a n t to note tha t t h i s 

s a m e log ic a p p l i e s to the s t a d i u m s e a t i n g p r o b l e m , i . e . , i t i s not so lved e a s i l y 

(or p e r h a p s , a t a l l ) by e x i s t i n g m e t h o d s . 

Many t e c h n i q u e s have b e e n i m p l e m e n t e d in the so lu t ion of v a r i o u s a s s i g n 

m e n t p r o b l e m s a s i l l u s t r a t e d in (11), (12), (16), (17), (20), and (25). Some of 

the m e t h o d s e m p l o y e d a r e r i g o r o u s in the s e n s e t ha t they p r o v i d e a n o p t i m u m 

so lu t ion b a s e d on m e a s u r e s of e f f e c t i v e n e s s . O t h e r a p p r o a c h e s a r e in tu i t ive 

and r e q u i r e l e s s t i m e , i . e . , they do not g u a r a n t e e a n o p t i m u m so lu t ion , bu t if 

p r o p e r l y u s e d , p r o v i d e an a c c e p t a b l e o n e . W h i c h e v e r so lu t ion t echn ique i s 

e m p l o y e d , i t s b a s i c foundat ion i s a funct ion of the in i t i a l c a t e g o r i z a t i o n and 

s u b s e q u e n t f o r m u l a t i o n of the p r o b l e m . T h i s log ic w a s fol lowed in the d e v e l o p 

m e n t of the s chedu l ing p r o b l e m (8), (11), (12), (14), and (24); the ne twork flow 

p r o b l e m (4), (5), and (10); the quo ta p r o b l e m (25); the p e r s o n n e l a s s i g n m e n t 

p r o b l e m (1), (13), and (21); the a l l o c a t i o n of m a c h i n e s to l o c a t i o n s (2), (3), (7), 

and (20); and the t r a v e l i n g - s a l e s m a n p r o b l e m (18). 
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T h o s e a p p l i c a t i o n s of the a s s i g n m e n t p r o b l e m which r e s e m b l e the s e a t 

a l l o c a t i o n p r o b l e m have b e e n p r e s e n t e d . T h r e e of t h e s e do p r o v i d e a b a s i s fo r 

p r o b l e m f o r m u l a t i o n and one p r o v i d e s a me thod of so lu t ion . The o t h e r m a t e r i a l 

( a l r e a d y p r e s e n t e d ) i s of i n t e r e s t b e c a u s e of the s i m i l a r i t y to the s e a t i n g p r o b 

l e m . The r e f e r e n c e s which have d i r e c t b e a r i n g on the p r o b l e m a r e c i t ed 

ind iv idua l ly in the fol lowing o r d e r : the schedu l ing p r o b l e m ; the ne twork - f low 

p r o b l e m ; and the quo ta p r o b l e m . 

P r o b l e m F o r m u l a t i o n 

Of the t y p e s of p r o b l e m s g e n e r a l l y so lved by l i n e a r p r o g r a m m i n g t e c h 

n i q u e s , t he p r i o r i t y s chedu l ing p r o b l e m i s f o r m u l a t e d l ike the s e a t a l l o c a t i o n 

p r o b l e m . F r o m a p a p e r (12) a u t h o r e d by G a s s , in which m a n - h o u r s a r e 

d i s t r i b u t e d to p r o j e c t w o r k r e q u i r e m e n t s in p r i o r i t y o r d e r fo r an e n g i n e e r i n g 

r e s e a r c h and m a n u f a c t u r i n g c o m p a n y , the g e n e r a l p r o b l e m i s s t a t ed a s fo l lows: 

The p r o j e c t n u m b e r wi l l be deno ted by i (i = 1,2 M) , and i t i s known 
tha t a to ta l of Aj m a n - h o u r s m u s t be app l i ed to p r o j e c t i d u r i n g a g iven s e 
q u e n c e of m o n t h s in o r d e r to s u c c e s s f u l l y c o m p l e t e the p r o j e c t . F o r a g iven 
mon th j , (j = 1,2 N), the p r o j e c t p lanning g r o u p knows how m a n y to ta l 
m a n - h o u r s , B j , a r e a v a i l a b l e for u se by the p r o j e c t s a c t i v e in month j , A t 
l e a s t dij m a n - h o u r s and no m o r e than eij m a n - h o u r s m u s t be expended on 
p r o j e c t i in month j . If we define y-y a s the to ta l n u m b e r of m a n - h o u r s a s 
s igned to p r o j e c t i in month j , the above v e r b a l d e s c r i p t i o n c a n be exp res sed , 
m a t h e m a t i c a l l y by the fol lowing c o n s t r a i n t s : 

n 
(1) 2 y . . = A . i = 1, 2 , m 2 y . . = A . 

• i ij i 

m 
(2) 2 y = B j - 1, 2 , . . . , n 

i= 1 J J 

(3) 0 ^ d y ^ y t j £ e . . 

It i s a s s u m e d tha t fo r any two p r o j e c t s i and k , p r o j e c t i h a s a h i g h e r p r i o r i t y 
in the a s s i g n m e n t of a v a i l a b l e m a n - h o u r s if i < k . It i s a l s o a s s u m e d tha t for 
any two m o n t h s , p and q of a p r o j e c t , m o n t h p h a s a h i g h e r p r i o r i t y if p < q. 
In o t h e r w o r d s , the d e s i r e i s to sa t i s fy the r e q u i r e m e n t s of p r o j e c t i b e f o r e 
any a s s i g n m e n t i s m a d e to p r o j e c t k (i < k) by a l l o c a t i n g the a v a i l a b l e m a n -
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h o u r s to mon th p be fo re any m a n - h o u r s a r e a s s i g n e d in month q (p < q ) . The 
c o m p u t a t i o n a l p r o b l e m i s t hen one of f inding a s e t of yjj t ha t sa t i s fy (1), (2), 
and (3) in a m a n n e r t ha t a l s o s a t i s f i e s the p r i o r i t y r e s t r i c t i o n s . 

T h i s v e r b a l and m a t h e m a t i c a l f o r m u l a t i o n d e s c r i b e s the s e a t a l l o c a t i o n p r o b l e m 

e x c e p t for t he i nc lu s ion of m i n i m u m and m a x i m u m m a n - h o u r e x p e n d i t u r e s for 

e a c h p r o j e c t in e a c h m o n t h . By subs t i t u t i ng a p p l i c a n t s fo r p r o j e c t s and s e c t i o n s 

( s e t s of s e a t s ) for m o n t h s , the m a t h e m a t i c a l f o r m u l a t i o n d e s c r i b e d above c a n 

be used to r e p r e s e n t the s e a t a l l o c a t i o n p r o b l e m . 

Method of Solut ion 

Ne twork F l o w P r o b l e m 

The second i m p o r t a n t a p p l i c a t i o n , the ne twork - f low p r o b l e m , p r o v i d e s the 

foundat ion fo r a s p e c i a l c a s e of t he s e a t a l l o c a t i o n p r o b l e m and s u g g e s t s a 

me thod of so lv ing i t . A v e r y s i m p l e a l g o r i t h m for f inding a m a x i m a l flow and 

m i n i m a l cu t in a t r a n s p o r t a t i o n ne twork i s d e s c r i b e d in (10). The ne twork - f low 

p r o b l e m to wh ich the F o r d - F u l k e r s o n t echn ique m a y be app l i ed i s s t a t e d in the 

fol lowing way: 

One i s g iven a n e t w o r k of d i r e c t e d a r c s and n o d e s with two d i s t i n g u i s h e d 
n o d e s , c a l l e d s o u r c e and s i n k , r e s p e c t i v e l y . A l l o t h e r nodes a r e c a l l e d 
i n t e r m e d i a t e . E a c h d i r e c t e d a r c in the ne twork h a s a s s o c i a t e d wi th i t , a non -
nega t ive i n t e g e r , i t s flow c a p a c i t y . S o u r c e a r c s m a y be a s s u m e d to be 
d i r e c t e d away f r o m the s o u r c e , s ink a r c s into the s ink . Subjec t to the c o n 
d i t i o n s tha t the flow in a n a r c i s in the d i r e c t i o n of the a r c and d o e s not 
e x c e e d i t s c a p a c i t y , and t ha t the to t a l flow into any i n t e r m e d i a t e node i s equa l 
to the flow ou t of i t , i t i s d e s i r e d to find a m a x i m a l flow f r o m s o u r c e to s ink 
in the n e t w o r k , i . e . , a flow which m a x i m i z e s the s u m of the f lows in s o u r c e 
(or s ink) a r c s . 

To ex tend the w o r k d e s c r i b e d in the p r e v i o u s r e f e r e n c e so tha t i t c o n f o r m s 

m o r e spec i f i ca l l y to the s e a t a s s i g n m e n t p r o b l e m , i t i s n e c e s s a r y to inc lude a 

pub l i ca t ion (5) in which add i t i ona l p a r a m e t e r s ( c o n s t r a i n t s ) a r e c o n s i d e r e d . 

T h i s p a p e r , which r e f e r s to a n e a r l i e r one by the s a m e p r i n c i p a l a u t h o r , i n c l u d e s 

and e x t e n d s the o r i g i n a l m a t e r i a l . The e x t r a c t i o n s which fol low a r e f r o m both 
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p a p e r s : 

In (4), n e t w o r k s tha t had a spec i f ied " c a p a c i t y " a s we l l a s a " u n i t c o s t " 
a s s o c i a t e d wi th e a c h d i r e c t i o n of e v e r y edge o r " l i nk" w e r e c o n s i d e r e d . The 
p r o b l e m u n d e r c o n s i d e r a t i o n c o n c e r n e d the d e t e r m i n a t i o n of m a x i m u m s t e a d y -
s t a t e r a t e of flow t h a t could b e s u s t a i n e d b e t w e e n two spec i f ied v e r t i c e s , and 
the d e t e r m i n a t i o n of a spec i f i c f ami ly of m i n i m u m - c o s t flow p a t t e r n s be tween 
t h e s e v e r t i c e s - one p a t t e r n fo r e v e r y i n t e g r a l r a t e of flow f r o m z e r o to the 
m a x i m u m . 

The me thod adop ted in (4) w a s one of d i s c o v e r i n g a s u c c e s s i o n of pa th f lows 
f r o m the o r i g i n to the d e s t i n a t i o n in such a way t ha t e a c h new path flow c o n t r i 
bu ted one m o r e uni t of flow wi th the l e a s t p o s s i b l e i n c r e a s e in c o s t . 

A v i t a l point in the p r o c e d u r e w a s the fac t t ha t a s t a r t i n g f e a s i b l e flow 
p a t t e r n hav ing m i n i m u m c o s t w a s a v a i l a b l e . (This w a s s i m p l y the p a t t e r n 
hav ing z e r o flow in e a c h l ink and consequen t l y z e r o to ta l c o s t . ) 

A n i m p o r t a n t e x t e n s i o n of t h i s p r o b l e m a r i s e s if one w i s h e s to " f o r c e " 
flow t h r o u g h one o r m o r e l i n k s . In t h i s c a s e , t h e r e m a y not be any f e a s i b l e 
flow p a t t e r n s if the c o n s t r a i n t s a r e too s t r i n g e n t . 

Two add i t iona l a s p e c t s of the ne tw or k flow p r o b l e m have now b e e n added to the 

c o n c e p t in (10), t ha t of a " u n i t c o s t " a s s o c i a t e d wi th e a c h l ink and the d e s i r 

ab i l i t y to " f o r c e flow" t h rough one o r m o r e l i n k s . A s a m a t t e r of i n t e r e s t , a l l of 

the f o r e - g o i n g l i t e r a t u r e e x t r a c t i o n s on n e t w o r k f lows a r e a p p l i c a b l e in mode l 

d e v e l o p m e n t fo r the e x p l i c i t c a s e of o p t i m u m s e a t a l l o c a t i o n . 

Quota P r o b l e m 

A t h i r d type of p r o b l e m , d e s c r i b e d in (25), i s a p p l i c a b l e in d e s c r i p t i o n and 

m e t h o d of so lu t ion to the s e a t a l l o c a t i o n p r o b l e m : i t i s the " q u o t a p r o b l e m " of 

p e r s o n n e l a s s i g n m e n t . The m a t e r i a l fo l lows a p a t t e r n of p r o g r e s s i v e r e f i n e 

m e n t f r o m the s i m p l e c a s e to m o r e c o m p l i c a t e d c a s e s . It i s t h i s me thod of 

a t t a c k in f o r m u l a t i n g the " q u o t a p r o b l e m " tha t i s useful in the d e v e l o p m e n t of 

s e a t a l l o c a t i o n m o d e l s . The p r o b l e m i s d e s c r i b e d in the fol lowing way: 

C o n s i d e r a s e t of p e r s o n s and a s e t of j ob c a t e g o r i e s , and suppose t ha t fo r 
e a c h j o b c a t e g o r y t h e r e i s a quo ta . Suppose f u r t h e r t h a t fo r e a c h p e r s o n i t i s 
known wi th r e g a r d to e a c h job c a t e g o r y w h e t h e r he i s "qua l i f i ed" o r " n o t q u a l i 
f i e d . " The quo ta p r o b l e m can be s t a t e d a s fo l lows: 
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a . D o e s t h e r e e x i s t an a s s i g n m e n t of p e r s o n s to j o b s such t ha t e a c h 
p e r s o n i s qual i f ied on the j o b to which he i s a s s i g n e d ? 

b . If the a n s w e r to (a) i s y e s , find such a n a s s i g n m e n t . 

H e r e the spec i f i c r e f e r e n c e to a p e r s o n be ing "qua l i f i ed" o r "unqua l i f i ed" i s a 

s ign i f i can t c h a r a c t e r i s t i c s i m i l a r to a spec i f i c c a s e of the s e a t a l l o c a t i o n p r o b 

l e m . 

R e l e v a n c e of L i t e r a t u r e 

B a s e d on the l i t e r a t u r e s u r v e y , the s e a t a l l o c a t i o n p r o b l e m w a s c a t e g o 

r i z e d a s a n a s s i g n m e n t type of p r o b l e m . The r e f e r e n c e s c i t ed w e r e useful in 

d e s c r i p t i v e s u p p o r t , f o r m u l a t i o n , o r so lu t ion of the s e a t a s s i g n m e n t p r o b l e m . 

T h r e e s p e c i a l i z e d l i n e a r p r o g r a m m i n g a p p l i c a t i o n s a ided in m o d e l i n g and so lv ing 

the p r o b l e m . Two of t h e s e s u g g e s t how the m a j o r i n p u t s , i . e . , a p p l i c a n t s and 

s e a t s , m i g h t b e handled r e l a t i v e to e a c h o t h e r . The t h i r d a p p l i c a t i o n , in n e t 

w o r k flow t h e o r y , s u g g e s t s an o p t i m u m method of so lv ing the c a s e w h e r e d e m a n d 

e q u a l s o r e x c e e d s supp ly , i . e . , the n u m b e r of r e q u e s t s for s e a t s i s equa l to o r 

g r e a t e r than the n u m b e r of s e a t s a v a i l a b l e . 

The a s s i g n m e n t - t y p e p r o b l e m d e s c r i p t i o n s p r o d u c e d two i m p o r t a n t i d e a s , 

(1) if a me thod fo r d e t e r m i n i n g a n " o p t i m u m " so lu t ion to the s e a t a s s i g n m e n t 

p r o b l e m i s to be d e v e l o p e d , s o m e m e a s u r e of w h a t c o n s t i t u t e s o p t i m a l i t y m u s t 

be e s t a b l i s h e d , and (2) if such a m e a s u r e canno t be found, then a n o n i t e r a t i v e 

p r o c e d u r e b a s e d on a va l id i n t e r p r e t a t i o n of the p r i o r i t y r e s t r i c t i o n s 1 m u s t be 

sough t . B a s e d on t h i s p r e m i s e the g e n e r a l s e a t a s s i g n m e n t p r o b l e m m a y be 

s t a t ed in the fol lowing way: Given m a p p l i c a n t s in a p r e d e t e r m i n e d o r d e r of 

" P r i o r i t y r e s t r i c t i o n s " a r e d e r i v e d f r o m the i m p o s e d s e q u e n c e of a p p l i c a n t s 
f r o m h i g h e s t to l o w e s t p r i o r i t y , and f r o m the r a n k i n g of s e a t s (or s e c t i o n s ) 
f r o m b e s t to w o r s e . 
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h i e r a r c h y and n s e a t s r a n k e d a c c o r d i n g to d e s i r a b i l i t y , the p r o b l e m i s to a s s i g n 

e a c h a p p l i c a n t in t u r n , the m o s t d e s i r a b l e s e a t s a v a i l a b l e which a r e ad j acen t and 

c o r r e s p o n d in n u m b e r to the r e q u e s t . F o r the s p e c i a l c a s e when d e m a n d i s equa l 

to o r g r e a t e r than supp ly , the p r o b l e m m a y a l s o be f o r m u l a t e d a s fo l lows: C o n 

s i d e r i s e c t i o n s of a g iven n u m b e r of s e a t s wi th d e s i g n a t e d r a n k e i t h e r b e t t e r 

t h a n , equa l t o , o r w o r s e t h a n a l l o t h e r s e c t i o n s , and k a p p l i c a n t s , e a c h of which 

i s spec i f i c a l l y "qua l i f i ed" o r "unqua l i f i ed" fo r one o r m o r e s e c t i o n s , and a c o s t 

i s a s s o c i a t e d wi th a s s i g n i n g a n a p p l i c a n t to a s e c t i o n in which he i s unqual i f ied , 

the p r o b l e m i s to a s s i g n a p p l i c a n t s to s e c t i o n s in such a way a s to m i n i m i z e the 

to ta l c o s t of a s s i g n m e n t . An a l t e r n a t i v e c r i t e r i o n fo r the o p t i m u m would be to 

m i n i m i z e the n u m b e r of " m i s a s s i g n m e n t s , " i . e . , the n u m b e r of a p p l i c a n t s 

a s s i g n e d s e a t s in s e c t i o n s fo r which they a r e unqual i f ied . 

In the g e n e r a l f o r m u l a t i o n of the s e a t a s s i g n m e n t p r o b l e m , the so lu t ion 

m a y not b e an o p t i m u m bu t i s c e r t a i n l y an a c c e p t a b l e one s i n c e the r e s u l t s c o n 

f o r m to the i m p o s e d p r i o r i t y r e s t r i c t i o n s . When the s p e c i a l c a s e mode l i s 

e m p l o y e d , the so lu t ion i s a n o p t i m u m , def ined in t e r m s of the c o s t s ( o r m e a 

s u r e s ) a s s o c i a t e d wi th m i s a s s i g n m e n t s . 
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C H A P T E R HI 

MODEL D E V E L O P M E N T 

A p p r o a c h 

T h i s r e s e a r c h p r o d u c e d the g e n e r a l o b s e r v a t i o n tha t t h e r e i s l i t t l e c o m 

m o n a l i t y in the o p e r a t i n g c h a r a c t e r i s t i c s of s t a d i u m s e a t i n g s i t u a t i o n s . T h e r e i s , 

h o w e v e r , suff ic ient s i m i l a r i t y in s e a t a l l o c a t i o n i t se l f to p r o v i d e a b a s i s fo r c o n 

s t r u c t i n g m o d e l s wi th d i f f e r en t o b j e c t i v e s in a s s i g n m e n t . A s a r e s u l t , four m o d e l s 

w e r e deve loped fo r s i t u a t i o n s wi th spec i f i c o b j e c t i v e s . The r e s e a r c h w a s p u r s u e d 

in a p r o b l e m o r i e n t e d m a n n e r c o n s i d e r i n g typ ica l r a t h e r t han hypo the t i ca l s i t u a 

t i o n s . So lu t ions fo r the four s e a t a l l o c a t i o n p r o b l e m s w e r e t hus deve loped wi th 

the e m p h a s i s on a p p l i c a t i o n s i n s t e a d of d e r i v a t i o n s . 

The M o d e l s 

F o u r m o d e l s a r e p r e s e n t e d in t h i s t h e s i s and a r e c l a s s i f i e d a c c o r d i n g to the 

type of s i t u a t i o n . 

Model I: New A s s i g n m e n t . The " N e w A s s i g n m e n t " Model a l l o c a t e s s e a t s to 

a p p l i c a n t s w h e r e no s e a t s w e r e p r e v i o u s l y h e l d . 

Model II: R e a s s i g n m e n t . The " R e a s s i g n m e n t " Model a l l o c a t e s s e a t s in an 

e x i s t i n g s t a d i u m wi th a h i s t o r y of a s s i g n m e n t s and the op t ion of i m p r o v e m e n t i s 

g iven to a p p l i c a n t s who he ld s e a t s p r e v i o u s l y . 

Model III: Se l ec t i ve A s s i g n m e n t . The " S e l e c t i v e A s s i g n m e n t " Model o p e r a t e s 

l i ke the R e a s s i g n m e n t Mode l , wi th the added op t ion of the cho ice of spec i f ic s e a t s 

by an a p p l i c a n t . 

Model IV: O p t i m u m A l l o c a t i o n . The " O p t i m u m Al loca t i on" Model m i n i m i z e s 
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to t a l c o s t in a g r o s s a s s i g n m e n t of a p p l i c a n t s to s e c t i o n s of s e a t s . No op t ions 

a r e p e r m i t t e d in t h i s m o d e l and a p p l i c a n t s a r e a s s i g n e d to s e c t i o n s b a s e d on 

c o s t q u a l i f i c a t i o n s . 

R u l e s of A s s i g n m e n t 

A b a s i c s e t of r u l e s app ly to the f i r s t t h r e e m o d e l s and a r e l i s t e d a s fo l lows: 

1. E a c h a p p l i c a n t m u s t be a s s i g n e d a unique n u m b e r equ iva l en t to 

h i s r a n k , so tha t no two a p p l i c a n t s m a y have the s a m e n u m e r i c a l p r i o r i t y . 

2 . E a c h s e a t m u s t be a s s i g n e d a unique n u m b e r equ iva l en t to i t s 

r a n k , so t h a t no two s e a t s m a y b e equa l ly d e s i r a b l e and c r e a t e a n a m b i g u o u s 

c h o i c e . 

3 . The m o d e l s a l w a y s s e e k t he b e s t a v a i l a b l e s e a t o r s e t of s e a t s , 

wh ich a r e a d j a c e n t , in sa t i s fy ing an a p p l i c a n t 1 s r e q u e s t . 

4 . When a n a p p l i c a n t h a s he ld s e a t s p r e v i o u s l y and c h o o s e s the 

op t ion of i m p r o v e m e n t , t he m o d e l s a l l o c a t e no w o r s e s e a t s than t h o s e p r e v i o u s l y 

he ld . 

The O p t i m u m A l l o c a t i o n Model a s s i g n s a p p l i c a n t s to s e c t i o n s b a s e d on p r e 

d e t e r m i n e d c o s t s a s s o c i a t e d wi th p l ac ing e a c h a p p l i c a n t in e v e r y s e c t i o n . In 

c o n t r a s t to the f i r s t t h r e e m o d e l s , the to ta l e f f e c t i v e n e s s of a s s i g n m e n t i s 

c o n s i d e r e d in a l l o c a t i n g a p p l i c a n t s to s e c t i o n s . The c o s t s of a s s i g n m e n t v a r y 

depend ing upon the r e l a t i v e qua l i f i ca t ion f o r the s e c t i o n . F o r e a c h a p p l i c a n t , a 

cho i ce of c o s t s i s m a d e fo r a s s i g n i n g h i m to e a c h s e c t i o n . Z e r o c o s t s s t i pu l a t e 

s e c t i o n s in wh ich a n a p p l i c a n t i s qual i f ied to s i t . O t h e r pos i t i ve v a l u e s a r e 

spec i f ied fo r the a s s i g n m e n t of a p p l i c a n t s to s e c t i o n s w h e n not qua l i f i ed . P r o 

c e d u r e s a r e s u g g e s t e d in the mode l d e s c r i p t i o n for s c a l i n g the a s s i g n m e n t of 

c o s t s , t h u s r e d u c i n g the s e t u p t i m e fo r the model* s o p e r a t i o n . 

A s s u m p t i o n s 

T h e r e a r e a n u m b e r of a s s u m p t i o n s i n h e r e n t in the m o d e l s . F o r e x a m p l e , 
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in the f i r s t t h r e e m o d e l s i t i s a s s u m e d that a n a p p l i c a n t w a n t s s e a t s l oca t ed 

a d j a c e n t to one a n o t h e r . T h i s a s s u m p t i o n d o e s not p e r m i t sp l i t a s s i g n m e n t s , 

i . e . , a s s i g n m e n t of s e a t s in m o r e t h a n one l o c a t i o n e v e n if b e t t e r s e a t s a r e 

a v a i l a b l e b u t do not m e e t the r e q u e s t e d a m o u n t . I t i s t h e r e f o r e p o s s i b l e fo r an 

a p p l i c a n t r e q u e s t i n g a s m a l l n u m b e r of s e a t s to r e c e i v e a b e t t e r l oca t ion than a n 

a p p l i c a n t r e q u e s t i n g a g r e a t e r n u m b e r of s e a t s wi th a h i g h e r p r i o r i t y . 

It i s a s s u m e d tha t bo th a p p l i c a n t s and s e a t s have b e e n r a n k e d p r i o r to 

a s s i g n m e n t . In s i m p l e c a s e s the so lu t ion m a y be found by o b s e r v a t i o n , h o w e v e r , 

when n u m e r o u s a p p l i c a n t s and s e a t s a r e involved the p r o c e s s b e c o m e s m o r e 

c o m p l i c a t e d . 

In t he O p t i m u m A l l o c a t i o n Model i t i s a s s u m e d tha t a r e l i a b l e s c a l e of c o s t s 

c a n b e deve loped to r e p r e s e n t the r e l a t i v e pena l ty fo r a s s i g n i n g a p p l i c a n t s to 

s e c t i o n s . In r e a l i t y t h i s could b e e x t r e m e l y diff icult to jus t i fy . The r e q u i r e 

m e n t i s s i m i l a r to r a n k i n g a p p l i c a n t s and s e a t s in the o t h e r t h r e e m o d e l s . 

Model I 

G e n e r a l D e s c r i p t i o n 

C o n s i d e r a s t a d i u m in which a p p l i c a n t s have n e v e r b e e n a s s i g n e d s e a t s 

b e f o r e . In t h i s s i t u a t i o n , e a c h a p p l i c a n t A 1 , A 2 , A g , . . . , A R i s t r e a t e d in 

p r i o r i t y o r d e r and e a c h s e a t S^, Sg, S^, . . . , S m i s c o n s i d e r e d fo r a s s i g n m e n t 

if i t h a s not a l r e a d y b e e n a s s i g n e d , and if i t i s the b e s t s e a t a v a i l a b l e . T h i s i s 

t he f i r s t and s i m p l e s t c a s e of p r i o r i t y a s s i g n m e n t in which no a l t e r n a t i v e s a r e 

o f fe red to a n a p p l i c a n t . S e a t s a r e a s s i g n e d a s a funct ion of p r i o r i t y and a v a i l 

a b i l i t y . 

O p e r a t i o n a l Logic 

The m o d e l e x a m i n e s e a c h a p p l i c a n t in p r i o r i t y o r d e r and s c a n s the l i s t of 

s e a t s to find the b e s t l oca t i on fo r the a s s i g n m e n t . The f i r s t s t e p in the m o d e l ' s 
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p r o c e s s i s to e x a m i n e the n u m b e r of s e a t s r e q u e s t e d by the a p p l i c a n t . (This 

n u m b e r a c t s a s a t a l l y in the a s s i g n m e n t p r o c e s s and i s d e c r e m e n t e d wi th the 

a s s i g n m e n t of ad j acen t s e a t s . ) Next a n i n q u i r y i s m a d e to the l i s t of s e a t s in the 

o r d e r of d e s i r a b i l i t y , i . e . , s e a t i s t e s t e d fo r o c c u p a n c y . K the s e a t i s v a c a n t , 

= 0, i t i s a v a i l a b l e f o r t e n t a t i v e a s s i g n m e n t . E a c h t i m e a s e a t i s found v a 

c a n t and subsequen t l y a s s i g n e d , the n u m b e r r e m a i n i n g in the r e q u e s t i s r e d u c e d 

by o n e . If t he r e q u e s t h a s not b e e n f i l l ed , the mode l s e a r c h e s fo r the a d j a c e n t 

s e a t , d e t e r m i n e s i t s o c c u p a n c y s t a t u s , and p r o c e e d s a c c o r d i n g to the o u t c o m e . 

T h i s p r o c e s s i s cont inued unt i l t he r e q u e s t i s s a t i s f i ed o r a n ex i t condi t ion i s 

r e a c h e d . If t he s e a t i s o c c u p i e d , S^ = 1, the m o d e l i n d e x e s to t he nex t m o s t 

d e s i r a b l e l o c a t i o n . Conce ivab ly the e n t i r e l i s t of s e a t s m a y not y i e ld a suff ic ient 

n u m b e r of a d j a c e n t s e a t s to sa t i s fy the r e q u e s t . In t h i s c a s e , the unfil led r e 

q u i r e m e n t i s r e p o r t e d and the nex t r e q u e s t i s c o n s i d e r e d f o r a s s i g n m e n t . 

Two cond i t ions c a n t e r m i n a t e a t en t a t i ve a s s i g n m e n t . When a n ad j acen t s e a t 

i s found to b e occup ied the p r o c e s s m u s t be i n c r e m e n t e d to a l o c a t i o n w h e r e s e a t s 

a r e unoccup ied . When a n " e n d - o f - r o w " s i t ua t i on o c c u r s and the a p p l i c a n t 1 s 

r e q u e s t i s s t i l l unf i l led , t he p r o c e s s m u s t be i n c r e m e n t e d . T h i s , of c o u r s e , d o e s 

not n e c e s s a r i l y t e r m i n a t e the f i l l ing of a r e q u e s t . 

M a t h e m a t i c a l R e l a t i o n s h i p s 

The a s s i g n m e n t p r o b l e m c a n be s t a t e d m a t h e m a t i c a l l y a s fo l lows . 

Given: 

1. A v e c t o r Sj r e p r e s e n t i n g a s e a t l o c a t i o n i n a s t a d i u m w h e r e 

in i t i a l l y 2 S. = 0. D u r i n g the c o u r s e of a s s i g n m e n t S. h a s the fol lowing p r o p e r -
i 1 1 

t i e s , 

S. = 0, if t he s e a t i s v a c a n t , 
I ' ' 

S. = 1, if the s e a t i s o c c u p i e d . 
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The qua l i ty of e a c h s e a t i s p r e d e t e r m i n e d and c h a r a c t e r i z e d by the fol lowing, 

i = 1, the b e s t s e a t , 

i = 2 , s econd b e s t , 

i = 3 , t h i r d b e s t , e t c . 

2 . A v e c t o r A., r e p r e s e n t i n g an a p p l i c a n t r e q u e s t for one o r 

m o r e s e a t s (usual ly not to e x c e e d a spec i f ied n u m b e r ) . The s e q u e n c e of p r o c e s 

s i n g r e q u e s t s d e p e n d s upon the n u m e r i c a l v a l u e s of p r i o r i t y , 

j = 1, f i r s t (h ighes t p r i o r i t y ) , 

j = 2 , s econd 

j = 3 , t h i r d , e t c . 

F ind : A m a t r i x X = || x ^ || , known a s the a s s i g n m e n t m a t r i x , such 

t h a t , 

and 

^ x . j = A. f o r j = 1, 2 , 3 , . . . , m 

1 , if s e a t i s a s s i g n e d to a p p l i c a n t j 
x . . = " 

^ 1 0 , o t h e r w i s e 

l i k e w i s e 

Xjj = 1 fo r a s s i g n e d i . 

j 

Solut ion: The a s s i g n m e n t p r o c e s s i s i t e r a t i v e . The fol lowing c o n d i 

t i o n s m u s t hold fo r e a c h a l l o c a t i o n . 

1. An a s s i g n m e n t i s not c o m p l e t e unt i l 

) x . . = A . fo r any j . 

2 . E a c h Xy a s s i g n e d to j m u s t be ad jacen t a l though i need not 
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be n u m e r i c a l l y c o n s e c u t i v e , bu t 

.(1) < i ( 2 ) < i ( 3 ) < .(n) 

w h e r e 

r i s the n s e a t a s s i g n e d in the s e t . 

T e c h n i q u e of Solut ion: In t h i s m o d e l , the cond i t ions a r e f a i r ly s i m p l e 

and the t e chn ique of so lu t ion fo l lows two t e r m i n a l r u l e s . 

1. If t he n u m b e r of a d j a c e n t s e a t s i s not suff ic ient to c o m p l e t e 

a n a s s i g n m e n t , i . e . , 2 ^^-y l e s s d e s i r a b l e s e a t s a r e a s s i g n e d if a v a i l a b l e so 

t h a t a d j a c e n c y i s m a i n t a i n e d f o r a r e q u e s t . In o t h e r w o r d s , sp l i t t i ng a r e q u e s t , 

s e p a r a t i n g t he s e a t s a s s i g n e d to a n a p p l i c a n t , i s not p o s s i b l e wi th the m o d e l . 

2 . If t he e n d - o f - r o w i s r e a c h e d b e f o r e the r e q u e s t i s f i l l ed , 

l e s s d e s i r a b l e s e a t s a r e a s s i g n e d if a v a i l a b l e so t h a t ad j acency i s m a i n t a i n e d . 

A n ou t l ine of the s t e p s in t h i s t echn ique i s d e s c r i b e d be low and i l l u s t r a t e d in 

F i g u r e 1. 

1. Set i = 1, j = 1. 

2 . If Sj = 0 , a s s i g n S. to A., and r e c o r d x „ (in t h i s c a s e x 1 ; L ) = 1. 

A l s o s e t = 1. 

3 . Se t Aj = A .̂ - 1. M e c h a n i c a l l y , the o r i g i n a l va lue of A^ i s 

r e t a i n e d fo r s u b s e q u e n t a s s i g n m e n t s if the in i t i a l a t t e m p t f a i l s to sa t i s fy the 

cond i t i ons i m p o s e d a b o v e . 

4 . If Aj > 0 , e x e c u t e the fol lowing s e r i e s of s t e p s to l o c a t e the 

nex t a d j a c e n t s e a t . If A^ = 0, e x e c u t e s t e p 9. 

5 . Se t k = i . k now b e c o m e s the v a r i a b l e u sed to find the s e a t 

a d j a c e n t to i . 
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6. Index k = k + 1. 

7. C o m p a r e S^ 2 wi th w h e r e 

= r e a l s e a t ad j acen t to i , and 

= r e a l s e a t k . 

8. If = *\i> s e ^ i = k and r e p e a t the p r o c e s s beg inning wi th 

s t e p 2 . If ¥= S j ^ , r e p e a t s t e p s 6 and 7 unt i l S ^ = S ^ . If e i t h e r Sj = 1 o r 

= 0, which i n d i c a t e s Sj h a s b e e n a s s i g n e d o r S^ 2 i s the end of r o w , s e t i = 

i + 1, i n i t i a l i z e a l l o t h e r v a r i a b l e s , and r e p e a t the p r o c e s s beginning wi th s t e p 2. 

9. F i n a l i z e the p r o c e s s by s e t t i ng = 1 and r e c o r d i n g x ^ = 1 

fo r e a c h i a s s i g n e d to j . 

10. Index j = j + 1. Set i = 1 and index unt i l S^ = 0. R e p e a t 

the p r o c e s s beg inn ing wi th s t e p 2 fo r a l l s u b s e q u e n t app l i can t r e q u e s t s unt i l a l l 

a p p l i c a n t s a r e a s s i g n e d s e a t s o r a l l s e a t s a r e a s s i g n e d u n d e r the cond i t ions 

i m p o s e d above . 

I l l u s t r a t i v e E x a m p l e 

C o n s i d e r a s t a d i u m in which the s e a t s a r e r a n k e d uniquely in the o r d e r of 

t h e i r d e s i r a b i l i t y . The qua l i ty of the s e a t s d e c r e a s e s a s the n u m e r i c a l va lue 

i n c r e a s e s . App l i can t s a r e f ixed in n u m b e r , r a n k e d in a p r i o r i t y o r d e r , and the 

m a g n i t u d e of e a c h r e q u e s t i s g iven . In t h i s e x a m p l e , d e m a n d e x a c t l y e q u a l s s u p 

ply. F i g u r e 2 r e p r e s e n t s a m a t r i x of r o w s fo r s e a t s and c o l u m n s fo r a p p l i c a n t s ; 

in i t i a l ly the m a t r i x i s f i l led wi th z e r o s . T h e r e a r e four a p p l i c a n t s and s i x s e a t s 

and the r e q u e s t s b r e a k d o w n a s fo l lows: A^ = 2; = 1; A^ = 1; and A^ = 2 . 

Applying the i t e r a t i v e s t e p s d e s c r i b e d above p r o d u c e s the following r e s u l t s . 

1. i = 1, j = 1. 

2 . S^ = 0; t h e r e f o r e , S^ C A^ , S^ = 1, and x ^ = 1 in the 

m a t r i x . 



V A p p l i c a n t 

Sea t \ y 
i \ 

1 2 3 4 2 x . . 
j " 

1 0 0 0 0 0 

2 0 0 0 0 0 

3 0 0 0 0 0 

4 0 0 0 0 0 

5 0 0 0 0 0 

6 0 0 0 0 0 

2 x . . 
i iJ 

0 0 0 0 0 

F i g u r e 2 . In i t ia l S ta te of M a t r i x (Model I) 
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4 . 

3 . A x = 2 - 1 = 1. 

A , > 0. 

5 . K 1. 

6. K = 1 + 1 = 2 . 

7. 

8. i = 2 . 

9. S 2 = 0; t h e r e f o r e , S g C A p Sg = 1, and x 2 1 = 1 in the 

m a t r i x . 

10. A = 1 - 1 = 0. 

1 1 . A = 0; t h e r e f o r e e x e c u t e s t e p s 9 and 10. 
4 

4 
12. S ince = S 2 ^ 1 and x ^ = x 2 1 = 1, s e t 2 x . . ~ 0 and 

2 x 9 . = 0. F i l l the r e m a i n d e r of the r o w in the a s s i g n m e n t m a t r i x wi th z e r o s , 
j « 2 2 J 

R e p e a t i n g the p r o c e s s fo r A 2 , A ^ , and A ^ , p r o d u c e s the a s s i g n m e n t m a t r i x shown 

in F i g u r e 3 . 

G e n e r a l D e s c r i p t i o n 

C o n s i d e r a s t a d i u m in which a p p l i c a n t s have held s e a t s p r e v i o u s l y and a r e 

b e i n g r e a s s i g n e d b a s e d on t h e i r p r i o r i t y and the l oca t i on of the p r e v i o u s a s s i g n 

m e n t . In t h i s s i t ua t i on , e a c h a p p l i c a n t A p A^, A^, , A n i s t r e a t e d in p r i o r 

i ty o r d e r and e a c h s e a t S p S2 , S^, . . . , S m i s c o n s i d e r e d for a s s i g n m e n t , if i t 

h a s not a l r e a d y b e e n a s s i g n e d , if i t i s the b e s t one a v a i l a b l e , and b e t t e r than the 

p r e v i o u s l oca t i on . T h i s i s the second c a s e of a s s i g n m e n t in which the h i s t o r y of 

p r e v i o u s s e a t a s s i g n m e n t s i s c o n s i d e r e d and the op t ion of i m p r o v e m e n t i s p e r m i t 

t e d . If an a p p l i c a n t d o e s not choose the op t ion of i m p r o v e m e n t , he wi l l r e c e i v e 

the s a m e s e a t s he held p r e v i o u s l y . If i t i s a new a p p l i c a t i o n , then i t i s p r o c e s s e d 

in the s a m e m a n n e r a s d e s c r i b e d in Model I. 

Model II 



>yAppl icant 

Sea t \ . 
i \^ 

1 2 3 4 2 x . . 
j « 

1 1 0 0 0 1 

2 1 0 0 0 1 

3 0 1 0 0 1 

4 0 0 1 0 1 

5 0 0 0 1 1 

6 0 0 0 1 1 

2 x . . 
i -J 

2 1 1 2 6 

F i g u r e 3 . F i n a l S ta te of M a t r i x (Model I) 
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O p e r a t i o n a l Logic 

The f i r s t s t e p in t h i s m o d e l 1 s p r o c e s s i s to d e t e r m i n e which a p p l i c a n t s 

he ld s e a t s p r e v i o u s l y and of t h e s e , which a r e r e q u e s t i n g the s a m e s e a t s . The 

m o d e l i m m e d i a t e l y a s s i g n s t h e s e a p p l i c a n t s to t h e i r f o r m e r l o c a t i o n s and f i l l s in 

the a s s i g n m e n t m a t r i x to i n d i c a t e t h a t t h e s e s e a t s a r e no l o n g e r a v a i l a b l e . Next 

the m o d e l e x a m i n e s , a g a i n in p r i o r i t y o r d e r , t he r e m a i n d e r of the a p p l i c a n t s and 

a t t e m p t s to find a b e t t e r l oca t ion fo r t h o s e r e q u e s t i n g i m p r o v e m e n t . If no b e t t e r 

s e a t i s a v a i l a b l e the m o d e l a s s i g n s the l oca t i on p r e v i o u s l y he ld . If i m p r o v e m e n t 

can be a c c o m p l i s h e d , the s e a t s p r e v i o u s l y held a r e r e l e a s e d to s u b s e q u e n t a p p l i 

c a n t s . 

A t en t a t i ve a s s i g n m e n t i s t e r m i n a t e d (as in Model I) when an occup ied s e a t 

i s found o r a n e n d - o f - r o w s i t ua t i on i s r e a c h e d b e f o r e a r e q u e s t i s f i l l ed . 

M a t h e m a t i c a l R e l a t i o n s h i p s 

The a s s i g n m e n t p r o b l e m c a n be s t a t e d m a t h e m a t i c a l l y a s fo l lows . 

Given: 

1. A v e c t o r Sj r e p r e s e n t i n g a s e a t l oca t i on in a s t a d i u m w h e r e 

in i t i a l ly 2 S. = 0. D u r i n g the c o u r s e of a s s i g n m e n t S. h a s the fol lowing p r o p e r -
i 1 1 

t i e s , 

S. = 0 , if t he s e a t i s v a c a n t , 

= 1, if t he s e a t i s o c c u p i e d . 

The qua l i t y of e a c h s e a t i s p r e d e t e r m i n e d and c h a r a c t e r i z e d by the fo l lowing, 

i = 1, the b e s t s e a t , 

i = 2 , s econd b e s t , 

i = 3 , t h i r d b e s t , e t c . 

2 . A v e c t o r A., r e p r e s e n t i n g an a p p l i c a n t r e q u e s t fo r one o r 

m o r e s e a t s . T h e s e q u e n c e of p r o c e s s i n g r e q u e s t s d e p e n d s upon the n u m e r i c a l 
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v a l u e s of p r i o r i t y , 

j = 1, f i r s t (h ighes t p r i o r i t y ) , 

j = 2 , s e c o n d , 

j = 3 , t h i r d , e t c . 

In t h i s m o d e l , two add i t iona l v a r i a b l e s m u s t be g iven for a p p l i c a n t s t h a t p rev i 

o u s l y he ld s e a t s , 

1, if i m p r o v e m e n t i s r e q u e s t e d 
A ' l = 1 

^ 0 , if s a m e s e a t ( s ) a r e r e q u e s t e d 

and 

t h a t , 

= l oca t ion of f i r s t r e a l s e a t p r e v i o u s l y he ld . 

F ind : A m a t r i x X = || x „ || , known a s the a s s i g n m e n t m a t r i x , such 

= A j f o r j = 1, 2 , 3 m 

and 

1, if s e a t i s a s s i g n e d to a p p l i c a n t j 
x . . = < 

^ 0 , o t h e r w i s e 

l i k e w i s e 

V 
= 1 fo r a s s i g n e d i . 

j 

Solut ion: The a s s i g n m e n t p r o c e s s i s i t e r a t i v e . The fol lowing condi

t i o n s m u s t hold fo r e a c h a l l o c a t i o n . 
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1. An a s s i g n m e n t i s not c o m p l e t e unt i l 

x . . = A . fo r any j . 
ij J 

2 . E a c h x ^ a s s i g n e d to j m u s t be a d j a c e n t a l though i need not 

be n u m e r i c a l l y c o n s e c u t i v e , bu t 

i<D < i<2> < t<3) < l ( n ) 

w h e r e 

i ^ i s the n * n s e a t a s s i g n e d in the s e t . 

3 . The a s s i g n m e n t m a t r i x i s c o m p l e t e d f i r s t fo r e a c h = 0 

and A .„ > 0 (both cond i t i ons m u s t ho ld ) , i . e . , x . . = 1 for e a c h j m e e t i n g the 

c o n d i t i o n s . 

4 . R e m a i n i n g j a r e a s s i g n e d a c c o r d i n g to the r u l e s in Model I 

wi th t he qua l i f i ca t ion t ha t i ^ < i ^ , m e a n i n g a s s i g n e d i m u s t be a t l e a s t a s 

good a s the l oca t ion i ^ ^ — which r e p r e s e n t s the qua l i ty of the b e s t s e a t p r e v i 

o u s l y he ld by j . T h i s r u l e i n s u r e s t h a t for A ^ = 1 and A.g > 0 no w o r s e i wi l l 

be a s s i g n e d t han p r e v i o u s i (i J ). 

T e c h n i q u e of Solut ion: In t h i s m o d e l , the cond i t ions a r e m o r e c o m p l e x 

t han in Model I , but the t echn ique of a s s i g n m e n t fo l lows the s a m e t e r m i n a l r u l e s . 

1. If the n u m b e r of a d j a c e n t s e a t s i s not suff ic ient to c o m p l e t e 

a n a s s i g n m e n t , i . e . , 2 x . . J= A . , l e s s d e s i r a b l e s e a t s a r e a s s i g n e d if a v a i l a b l e 

and p rov ided i ^ < i ^ , so t ha t ad j acency i s m a i n t a i n e d . 

2 . If the e n d - o f - r o w i s r e a c h e d be fo re the r e q u e s t if f i l l ed , l e s s 

d e s i r a b l e s e a t s a r e a s s i g n e d if a v a i l a b l e and p r o v i d e d i ^ < i ^ ^ , so t h a t ad j acency 

i s m a i n t a i n e d . F o r the op t ion of i m p r o v e m e n t , a s s i g n m e n t c a n be t e r m i n a t e d if 

the b e s t a v a i l a b l e s e a t s a r e no b e t t e r than the o n e s p r e v i o u s l y he ld . In t h i s c a s e 
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the o r i g i n a l s e a t s a r e r e a s s i g n e d to the a p p l i c a n t . 

A n ou t l ine of t he s t e p s i n t h i s t e chn ique i s d e s c r i b e d be low and i l l u s t r a t e d in 

F i g u r e 4 . 

1. Se t i = 1, j = 1. 

2 . If A ^ > 0 and A ^ = 0, p r o c e e d unt i l a l l a p p l i c a n t s r e q u e s t 

ing s a m e s e a t s a r e p r o c e s s e d . 

a . C o m p a r e S ^ wi th A ^ w h e r e 

S A 1 = r e a l s e a t of i , and 

A j 2 = r e a l s e a t held by j . 

b . If S ^ = Aj2> e x e c u t e the s t e p s beg inning wi th c . If 

S.^ j= Aj2» s e t i = i + 1 and r e p e a t s t e p a . 

S . = 1. 

c . If Sj = 0, a s s i g n Sj to A., and r e c o r d x ^ = 1. A l s o s e t 

d . Set Aj = A.. - 1. M e c h a n i c a l l y , the o r i g i n a l va lue of 

Aj i s r e t a i n e d fo r s u b s e q u e n t a s s i g n m e n t s if the in i t i a l a t t e m p t f a i l s to sa t i s fy the 

cond i t i ons i m p o s e d a b o v e . 

e . If Aj > 0, e x e c u t e the fol lowing s e r i e s of s t e p s to l o c a t e 

the nex t a d j a c e n t s e a t . If A.. = 0, e x e c u t e s t e p j . 

f. Set k = 1. k now b e c o m e s the index u s e d to find the 

s e a t a d j a c e n t to i . 

g . Index k = k + 1. 

h . C o m p a r e S-g wi th S ^ w h e r e 

S ^ = r e a l s e a t ad j acen t to i , and 

S ^ = r e a l s e a t k . 

i . If Sjg = S ^ p s e t i = k and r e p e a t the p r o c e s s b e g i n 

n ing wi th s t e p c . If S ^ =fc S ^ , r e p e a t s t e p s g. and h . unt i l S ^ = S ^ . If e i t h e r 
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Sj = 1 o r Sjg = 0, which m e a n s Sj h a s b e e n a s s i g n e d o r S j 2 * s ^ e e n d - o f - r o w , 

s e t i = i + 1, i n i t i a l i z e a l l affected v a r i a b l e s and r e p e a t the p r o c e s s beg inn ing 

wi th s t e p c . 

j . F i n a l i z e the p r o c e s s by se t t i ng Sj = 1 and r e c o r d i n g 

Xy = 1 f o r e a c h i a s s i g n e d to j . 

k . Index j = j + 1. Se t i = 1 and r e p e a t the p r o c e s s 

beg inning wi th s t e p a . f o r a l l s u b s e q u e n t a p p l i c a n t r e q u e s t s m e e t i n g the c o n d i 

t i o n s a b o v e , i . e . , A ^ 2 > 0 a n d A . ^ = 0. 

3 . If A . 9 > 0 and A... = 1, p r o c e e d unti l a l l a p p l i c a n t s r e q u e s t -

ing i m p r o v e m e n t a r e p r o c e s s e d . 

a . If Sj = 0, c o m p a r e S j ^ wi th A ^ 2 to d e t e r m i n e if i < i ^ 2 \ 

b . If i < e x e c u t e the s t e p s in 2 . c . t h rough 2 . j . a b o v e . 

R e t u r n to the s t e p 3 . d . be low when c o m p l e t e . 

c . If i ^ i ^ , s e t i = i ^ 2 ^ and e x e c u t e the s t e p s in 2 . c . 

t h r o u g h 2 . j . a b o v e . T h i s r e a s s i g n s the a p p l i c a n t ' s o r i g i n a l s e a t s . R e t u r n to 

s t e p 3 . d . be low when c o m p l e t e . 

d . Index j = j + 1. Set i = 1 and r e p e a t the p r o c e s s 

beg inn ing wi th s t e p a . fo r a l l s u b s e q u e n t a p p l i c a n t r e q u e s t s m e e t i n g the c o n d i 

t i o n s a b o v e , i . e . , A . 0 > 0 and A... = 1. 

4 . = ° ' f 0 l l ° w t n e s t e p s e x a c t l y a s d e s c r i b e d in Model I 

f o r a l l new a p p l i c a n t s . In a c t u a l o p e r a t i o n , the R e a s s i g n m e n t Model t en t a t i ve ly 

a s s i g n s the s e a t s o r i g i n a l l y he ld by a p p l i c a n t s r e q u e s t i n g i m p r o v e m e n t to i n s u r e 

r e c e i p t of no w o r s e than h i s p r e v i o u s a s s i g n m e n t . When t h e s e r e q u e s t s a r e 

p r o c e s s e d fo r i m p r o v e m e n t , the s e a t s he ld p r e v i o u s l y a r e r e l e a s e d fo r s u b s e q u e n t 

a p p l i c a n t s if i m p r o v e m e n t i s a c h i e v e d . 
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I l l u s t r a t i v e E x a m p l e 

C o n s i d e r a s t a d i u m in which the s e a t s a r e r a n k e d uniquely in the o r d e r of 

t h e i r d e s i r a b i l i t y . The qua l i ty of t h e s e s e a t s d e c r e a s e s a s the n u m e r i c a l va lue 

i n c r e a s e s . A p p l i c a n t s a r e fixed in n u m b e r , r a n k e d in a p r i o r i t y o r d e r , and 

s e p a r a t e d into two g r o u p s by opt ion ( s a m e s e a t o r i m p r o v e m e n t ) . The loca t ion 

of p r e v i o u s l y a s s i g n e d s e a t s and the n u m b e r of s e a t s r e q u e s t e d i s inc luded . F i g 

u r e 5 i l l u s t r a t e s the s e a t i n g conf igura t ion for t h i s e x a m p l e . The qua l i ty of the 

s e a t and the a p p l i c a n t p r e v i o u s l y hold ing the l oca t ion i s r e c o r d e d in the r o w - s e a t 

box . The a s s i g n m e n t m a t r i x i s o r i g i n a l l y f i l led wi th z e r o s a s shown in the 

Model I e x a m p l e . App l i can t da t a for the e x a m p l e i s l i s t e d be low in t a b u l a r f o r m . 

Magni tude of R e q u e s t Opt ion 1 P r e v i o u s Sea t s 

A 1 = 2 A n = 0 A 1 2 = 1,2 

A 2 = 2 
A 2 1 = 1 A 2 2 = 4 , 5 

A 3 = 4 A 3 1 = 1 A 3 2 = 8 , 9 , 1 0 , 1 5 

A 4 = 1 A 4 1 = 0 A 4 2 = 6 

A 5 = 1 A 5 1 = 0 A 5 2 = 11 

A 6 = 1 
A 6 1 = 1 A 6 2 = 12 

A ? = 3 A ? 1 = 1 A 7 2 = 1 3 , 1 4 , 1 9 

A g = 2 
A 8 1 = 1 A 8 2 = 18 ,20 

1 A... = 0 m e a n s s a m e s e a t s ; A ^ = 1 m e a n s i m p r o v e s e a t s . 

Apply ing the i t e r a t i v e s t e p s d e s c r i b e d above p r o d u c e s the following r e s u l t s . 

1. i = 1, j = 1. 

2 . All A ^ = 0 a r e p r o c e s s e d f i r s t , i . e . , A ^ , A ^ , and A^ . 

a . ^ i i ~ -^12 s i n c e i = 1 a n d i ^ 2 ^ = 1. 
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NOTE: The n u m b e r above the h a s h i s the qua l i ty ( rank) of the 
s e a t and the n u m b e r be low the h a s h i s the a p p l i c a n t 
(number ) ho ld ing the s e a t . B lanks be low the h a s h 
r e p r e s e n t r e l i n q u i s h e d s e a t s . 

F i g u r e 5 . Sea t ing Conf igura t ion : Model II 
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b . S1 = 0. 

c . = 1 and = 1, t h e r e f o r e S^ i s now a s s i g n e d to A^ . 

d. A x = 2 - 1 = 1. 

e . A 1 > 0. 

f. k = 1. 

g . k = 1 + 1 = 2 . 

h . = s m c e ^2 * S a ( * J a c e n t *° &y 

i . i = 2 . 

j . - 1 and x 2 1 = 1, t h e r e f o r e S 2 i s now a s s i g n e d to Ay 

k . S ince A 1 = 0 , a s s i g n m e n t for A- i s c o m p l e t e . 
8 

1. S ince S- = S 0 = 1 a n d x 1 n = x 0 1 = 1, s e t 2 ' x - . = 0; and 
8 l l j = 2 l j 

2 Xp. = 0. F i l l in the r e m a i n d e r of the r o w in the a s s i g n m e n t m a t r i x wi th 
j = 2 ^ 
z e r o s . 

R e p e a t i n g the p r o c e s s for A ^ and A g p r o d u c e s the p a r t i a l a s s i g n m e n t m a t r i x 

shown in F i g u r e 6. 

3 . Al l A..^ = 1 a r e p r o c e s s e d nex t , i . e . , A 2 , A ^ , A g , A ^ , and A g . 

a . i = 1, j = 2 and S^ = 1; t h e r e f o r e , index i = i + 1 unt i l 

S. = 0 o r S 0 . l 3 

b . 3 < 4 s i n c e S^ < S^, which i s A 2 p r e v i o u s b e s t s e a t . 

c . S 3 = 0 , t h e r e f o r e , s e t = 1 and x 3 2 = 1, so t ha t S^ i s 

now a s s i g n e d to A 2 > 

d. A 2 = 2 - 1 = 1. 

e . A 2 > 0. 

f. k = i = 3 . 

g . k = 3 + 1 = 4 . 

h . S g 2 =>̂  S ^ s i n c e S^ i s not a d j a c e n t to S^. 
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\ A p p l i c a n t 
\ j 

Sea t \ 
i 

1 2 3 4 5 6 7 8 2 x . . 
j 1 J 

1 1 0 0 0 0 0 0 0 1 

2 1 0 0 0 0 0 0 0 1 

CO
 

0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 0 0 

6 0 0 0 1 0 0 0 0 1 

7 0 0 0 0 0 0 0 0 0 

8 0 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 

11 0 0 0 0 1 0 0 0 1 

12 0 0 0 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 0 0 

14 0 0 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 0 0 

16 0 0 0 0 0 0 0 0 0 

17 0 0 0 0 0 0 0 0 0 

18 0 0 0 0 0 0 0 0 0 

19 0 0 0 0 0 0 0 0 0 

20 0 0 0~ 0 0 0 0 0 0 

2 x . . 
i " 

2 0 0 1 1 0 0 0 4 

F i g u r e 6. S ta te of M a t r i x : P a r t i a l A s s i g n m e n t (Model II) 

file:///Applicant
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i . k = 4 + 1 = 5 , S 3 2 =^ S 5 1 ; k = 5 + 1 = 6, S g 2 =^ S g l ; 

k = 6 + 1 = 7 , and now = S 7 1 ; i = 7. 

j . Srj = 0 , t h e r e f o r e s e t S^ = 1 and x ^ 2 = 1, so tha t i s now 

a s s i g n e d to A 2 . 

k . S ince A„ = 0, a s s i g n m e n t fo r A ? i s c o m p l e t e . 
8 

1. S ince = S^ = 1 and x ^ 2 = x ^ 2 = 1; s e t 2 XQ. = 0 
8 j = l j = 3 3 

and 2 x_ . = 0. F i l l t he r e m a i n d e r of the r o w in the a s s i g n m e n t m a t r i x 
3 = 1 . 3 = 3 0 

with z e r o s . 

R e p e a t i n g the p r o c e s s f o r A ^ , A g , A ^ , and Ag p r o d u c e s the c o m p l e t e d a s s i g n 

m e n t m a t r i x shown in F i g u r e 7. 

Model III 

G e n e r a l D e s c r i p t i o n 

C o n s i d e r a s t a d i u m in which s o m e ind iv idua l s have he ld s e a t s p r e v i o u s l y 

and a r e be ing r e a s s i g n e d on the b a s i s of two m u t u a l l y e x c l u s i v e , op t iona l c r i t e r i a . 

1. Cho ice of spec i f i c s e a t ( s ) . 

2 . Choice of i m p r o v e m e n t . 

In t h i s s i t u a t i o n , e a c h a p p l i c a n t A - , A 0 , A„ A i s t r e a t e d in p r i o r i t y o r d e r 
L & o n 

and e a c h s e a t S^, S 2 , Sg S m i s c o n s i d e r e d f o r a s s i g n m e n t if i t i s s p e c i f i c a l 

ly s e l e c t e d o r i s t he b e s t a v a i l a b l e . T h i s i s the t h i r d c a s e of a s s i g n m e n t in wh ich 

the h i s t o r y of p r e v i o u s s e a t a s s i g n m e n t s i s c o n s i d e r e d and the opt ion of a spec i f i c 

l o c a t i o n o r i m p r o v e m e n t i s p e r m i t t e d . F o r a n a p p l i c a n t tha t s e l e c t s a p a r t i c u l a r 

l o c a t i o n , the m o d e l s e a r c h e s the s e a t l i s t and a s s i g n s t h e m if a v a i l a b l e , t hen 

r e l e a s e s the a p p l i c a n t ' s p r e v i o u s h o l d i n g s . If the s e l e c t e d s e a t s a r e not a v a i l a b l e , 

e i t h e r the b e s t a v a i l a b l e o r the p r e v i o u s s e a t s a r e a s s i g n e d . F o r a n a p p l i c a n t 

t h a t d o e s not speci fy a p a r t i c u l a r l o c a t i o n but d o e s r e q u e s t i m p r o v e m e n t , the 

m o d e l f inds the b e s t a v a i l a b l e s e a t , c o m p a r e s i t wi th the a p p l i c a n t ' s old s e a t 
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\ A p p l i c a n t 

\ j 

Sea t \ 
i \ 

1 2 3 4 5 6 7 8 2 x . . 
j « 

1 1 0 0 0 0 0 0 0 1 

2 1 0 0 0 0 0 0 0 1 

3 0 1 0 0 0 0 0 0 1 

4 0 0 0 0 0 1 0 0 1 

5 0 0 0 0 0 0 0 0 0 

6 0 0 0 1 0 0 0 0 1 

7 0 1 0 0 0 0 0 0 1 

8 0 0 1 0 0 0 0 0 1 

9 0 0 1 0 0 0 0 0 1 

10 0 0 1 0 0 0 0 0 1 

11 0 0 0 0 1 0 0 0 1 

12 0 0 0 0 0 0 1 0 1 

13 0 0 0 0 0 0 1 0 1 

14 0 0 0 0 0 0 1 0 1 

15 0 0 1 0 0 0 0 0 1 

16 0 0 0 0 0 0 0 1 1 

17 0 0 0 0 0 0 0 1 1 

18 0 0 0 0 0 0 0 0 0 

19 0 0 0 0 0 0 0 0 0 

20 0 0 0 0 0 0 0 0 0 

2 2 4 1 1 1 3 2 16 

F i g u r e 7. F i n a l S ta te of M a t r i x (Model II) 

file:///Applicant
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l o c a t i o n , and a s s i g n s the s e a t s if b e t t e r o r r e t u r n s the o r i g i n a l s e a t s if not . If 

a b e t t e r s e a t i s l oca t ed and a s s i g n e d , the p r e v i o u s s e a t s a r e r e l e a s e d fo r s u b s e 

quen t a p p l i c a n t s . 

O p e r a t i o n a l Logic 

The m o d e l e x a m i n e s e a c h a p p l i c a n t in p r i o r i t y o r d e r , d e t e r m i n e s if spec i f i c 

s e a t s have b e e n r e q u e s t e d , and e i t h e r a s s i g n s t h e m if a v a i l a b l e o r f inds the next 

b e s t l o c a t i o n a v a i l a b l e . The f i r s t s t e p in the m o d e l 1 s p r o c e s s i s to identify the 

cho ice a n a p p l i c a n t h a s m a d e . If a spec i f i c s e a t l oca t ion i s r e q u e s t e d , the mode l 

i m m e d i a t e l y d e t e r m i n e s the o c c u p a n c y s t a t u s of t h i s s e a t and the ad j acen t s e a t s 

r e q u i r e d to c o m p l e t e the a s s i g n m e n t . A s in Model I I , if the a p p l i c a n t r e q u e s t s 

i m p r o v e m e n t , the m o d e l a s s i g n s no w o r s e s e a t s t han t hose p r e v i o u s l y he ld . T h i s 

g u a r a n t e e h o w e v e r d o e s not hold if t he spec i f i c s e a t s a r e r e q u e s t e d . The p r o c e s s 

of a s s i g n m e n t i s e s s e n t i a l l y the s a m e once the in i t i a l s e a t of a s e t to be a s s i g n e d 

i s l o c a t e d . Unfil led r e q u e s t s a r e t r e a t e d the s a m e a s d e s c r i b e d fo r Model I, 

T e n t a t i v e a s s i g n m e n t s a r e t e r m i n a t e d the s a m e a s d e s c r i b e d fo r M o d e l s I and II , 

i . e . , when a n occup i ed s e a t i s found o r an e n d - o f - r o w s i t ua t i on i s r e a c h e d b e f o r e 

a r e q u e s t I s f i l l ed . 

M a t h e m a t i c a l R e l a t i o n s h i p s 

The a s s i g n m e n t p r o b l e m c a n be s t a t e d m a t h e m a t i c a l l y a s fo l lows . 

Given: 

1. A v e c t o r S. r e p r e s e n t i n g a s e a t l o c a t i o n in a s t a d i u m w h e r e 

in i t i a l l y 2 S . = 0. D u r i n g the c o u r s e of a s s i g n m e n t S. h a s the fol lowing p r o p e r -
i 1 1 

t i e s , 

S j = 0 , if t he s e a t i s v a c a n t 

Sj = 1, if t he s e a t i s o c c u p i e d . 

The qua l i t y of e a c h s e a t i s p r e d e t e r m i n e d and c h a r a c t e r i z e d by the fo l lowing, 
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i = 1, the b e s t s e a t , 

i = 2 , s econd b e s t , 

i = 3 , t h i r d b e s t , e t c . 

2 . A v e c t o r A., r e p r e s e n t i n g an a p p l i c a n t r e q u e s t for one o r 

m o r e s e a t s . The s e q u e n c e of p r o c e s s i n g r e q u e s t s d e p e n d s upon the n u m e r i c a l 

v a l u e s of p r i o r i t y , 

j = 1, f i r s t (h ighes t p r i o r i t y ) , 

j = 2 , s e c o n d , 

j = 3 , t h i r d , e t c . 

In t h i s m o d e l , t h r e e add i t iona l v a r i a b l e s m u s t be g iven fo r a p p l i c a n t s t h a t p rev i 

o u s l y he ld s e a t s , 

1 , if the spec i f i c s e a t s a r e r e q u e s t e d 
A ' l = <i ^ 0 , if i m p r o v e m e n t i s r e q u e s t e d 

Aj2 = l oca t i on of f i r s t r e a l s e a t p r e v i o u s l y held 

Ajg = l oca t i on of f i r s t r e a l s e a t spec i f i ca l ly r e q u e s t e d . 

F ind : A m a t r i x X = || x „ || , known a s the a s s i g n m e n t m a t r i x , such 

t h a t , 

and 

l i k e w i s e 

^ x . j = Aj fo r j = 1, 2 , 3 , m 

1, if s e a t i s a s s i g n e d to a p p l i c a n t j 
x . . = ' 

^ 0 , o t h e r w i s e 

^ X j . . = 1 fo r a s s i g n e d i . 
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Solut ion: The a s s i g n m e n t p r o c e s s i s i t e r a t i v e . The fol lowing condi

t i o n s m u s t hold fo r e a c h a l l o c a t i o n . 

1. A n a s s i g n m e n t i s not c o m p l e t e unt i l 

/ x . . = A . fo r any j . 

2 . E a c h Xy a s s i g n e d to j m u s t be ad j acen t a l though i need not 

be n u m e r i c a l l y c o n s e c u t i v e , but 

i<1><i<2><i<3><i<n> 

w h e r e 

ixC\ th 
v ' i s the n s e a t a s s i g n e d in the s e t 

3 . The a s s i g n m e n t m a t r i x i s c o m p l e t e d f i r s t fo r e a c h A ^ = 1 

and A . Q > 0 , i . e . , x . . = 1, if i i s a v a i l a b l e to j ; o t h e r w i s e a s s i g n m e n t i s m a d e 

a s in 4 . 

4 . The a s s i g n m e n t m a t r i x i s t hen c o m p l e t e d fo r e a c h A ^ = 0 

and Aj2 > 0, o r if A ^ i s occup ied (x„ = 1), p rov ided i ^ < — m e a n i n g 

a s s i g n e d i m u s t be a t l e a s t a s good a s the l o c a t i o n the qua l i ty of the b e s t 

s e a t p r e v i o u s l y he ld by j . 

Techn ique of Solut ion: In t h i s m o d e l , the cond i t ions a r e s l igh t ly m o r e 

c o m p l i c a t e d t han in Model II , but the t echn ique of a s s i g n m e n t fo l lows the s a m e 

t e r m i n a l r u l e s . 

1. If the n u m b e r of a d j a c e n t s e a t s i s not suff ic ient to c o m p l e t e 

a n a s s i g n m e n t , i . e . , 2 x . . ^ A . , l e s s d e s i r a b l e s e a t s a r e a s s i g n e d if a v a i l a b l e 
i ^ 

and p rov ided i ^ < so t ha t ad j acency i s m a i n t a i n e d . 

2 . If t he e n d - o f - r o w i s r e a c h e d b e f o r e the r e q u e s t i s c o m p l e t e , 

l e s s d e s i r a b l e s e a t s a r e a s s i g n e d if a v a i l a b l e and p rov ided i ^ < so t ha t 
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ad j acency i s m a i n t a i n e d . F o r the opt ion of i m p r o v e m e n t , a s s i g n m e n t c a n be 

t e r m i n a t e d if the b e s t a v a i l a b l e s e a t s a r e no b e t t e r than the o n e s p r e v i o u s l y 

he ld . In t h i s c a s e the o r i g i n a l s e a t s a r e r e a s s i g n e d to the app l i c an t . 

An ou t l ine of the s t e p s involved in t h i s t echn ique i s d e s c r i b e d and i l l u s t r a t e d 

in F i g u r e 8. 

1. Set i = 1, j = 1. 

2 . If - 1 and A ^ > 0, p r o c e e d wi th the fol lowing s t e p s . 

a . C o m p a r e S ^ wi th A ^ w h e r e 

S ^ = r e a l s e a t of i , and 

A . Q = r e a l s e a t spec i f i ca l l y r e q u e s t e d by j . 

b . If S ^ = A..g, e x e c u t e the s t e p s beginning wi th c . If 

S ^ =fc A..g, s e t i = i + 1 and r e p e a t s t e p a. 

c . If Sj = 1, p r o c e e d to 3 . be low. 

d. If Sj = 0 , a s s i g n Sj to A., by s e t t i n g Sj = 1 and r e c o r d 

ing Xjj = 1 in the m a t r i x . 

e . Se t Aj = Aj - 1. M e c h a n i c a l l y , t he o r i g i n a l va lue of 

Aj i s r e t a i n e d fo r s u b s e q u e n t a s s i g n m e n t s if the in i t i a l a t t e m p t f a i l s to sa t i s fy 

the cond i t ions i m p o s e d a b o v e . 

f. If Aj > 0, e x e c u t e the fol lowing s e r i e s of s t e p s to l o c a t e 

the nex t a d j a c e n t s e a t . If Aj = 0, e x e c u t e s t e p k . 

s e a t a d j a c e n t to i . 

g . Se t k = i . k now b e c o m e s the index used to find the 

h . Index k = k + 1. 

i . C o m p a r e Sj2 wi th S ^ w h e r e 

Sj2 = r e a l s e a t ad j acen t to i , and 

S, = r e a l s e a t k . k l 



Apply Logic 
of Model I 

F i g u r e 8. Model III Logic D i a g r a m 
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j . If Sj = S j ^ , s e t i = k and r e p e a t the p r o c e s s b e g i n 

n ing wi th s t e p c . If S ^ =^ S ^ , r e p e a t s t e p s h . and i . unt i l = S ^ . If e i t h e r 

Sj = 1 o r Sjg = 0, which m e a n s Sj h a s b e e n a s s i g n e d o r i s the e n d - o f - r o w , 

s e t i = i + 1, i n i t i a l i z e a l l affected v a r i a b l e s , and r e p e a t the p r o c e s s beg inning 

wi th s t e p c . 

k . F i n a l i z e the p r o c e s s by s e t t i n g Sj = 1 and r e c o r d i n g 

Xj.. = 1 fo r e a c h i a s s i g n e d to j . 

1. Index j = j + 1. Se t i = 1 and index unti l Sj = 0. 

R e p e a t the p r o c e s s beg inn ing wi th s t e p a . fo r a l l s u b s e q u e n t a p p l i c a n t r e q u e s t s 

m e e t i n g the cond i t ions a b o v e , i . e . , A_.^ = 1 and > 0. 

3 . If A ^ = 0 and A ^ > 0, p r o c e e d wi th the fol lowing s t e p s . 

a . If Sj = 0, c o m p a r e S j^ wi th A ^ to d e t e r m i n e if i < 

b . If i < i u , e x e c u t e the s t e p s in 2 . c . t h r o u g h 2 . k . a b o v e . 

R e t u r n to s t e p 3 . d . be low when c o m p l e t e . 

/•j2) (\2) 

c . If i > i u , s e t i = i u ' and e x e c u t e the s t e p s in 2 . c . 

t h r o u g h 2 . k . a b o v e . T h i s r e a s s i g n s the a p p l i c a n t 1 s o r i g i n a l s e a t s . R e t u r n to 

s t e p 3 . d . be low when c o m p l e t e . 

d. Index j = j + 1. Se t i = 1 and r e p e a t the p r o c e s s 

beg inn ing wi th s t e p a . fo r a l l s u b s e q u e n t a p p l i c a n t r e q u e s t s m e e t i n g the c o n d i 

t i o n s a b o v e , i . e . , A ^ > 0 and A ^ = 0. 

I l l u s t r a t i v e E x a m p l e 

C o n s i d e r a s t a d i u m in which the s e a t s a r e r a n k e d uniquely in the o r d e r of 

t h e i r d e s i r a b i l i t y . The qua l i ty of the s e a t s d e c r e a s e s a s the n u m e r i c a l va lue 

i n c r e a s e s . A p p l i c a n t s a r e f ixed in n u m b e r , r a n k e d in p r i o r i t y o r d e r , and the 

op t ion of spec i f i c s e a t s o r i m p r o v e m e n t i s p e r m i t t e d . The loca t ion of p r e v i o u s l y 

a s s i g n e d s e a t s , t he l oca t i on of spec i f i c s e a t s , and n u m b e r of s e a t s r e q u e s t e d i s 
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inc luded . F i g u r e 9 i l l u s t r a t e s the s e a t i n g conf igu ra t ion for t h i s e x a m p l e . The 

qua l i ty of e a c h s e a t and the a p p l i c a n t p r e v i o u s l y hold ing the loca t ion i s r e c o r d e d 

in the r o w - s e a t box . The a s s i g n m e n t m a t r i x i s o r i g i n a l l y f i l led with z e r o s a s 

shown in the Model I e x a m p l e . A p p l i c a n t d a t a fo r the e x a m p l e i s l i s t e d be low 

in t a b u l a r f o r m . 

Magni tude 
of 

R e q u e s t Op t ion 1 P r e v i o u s S e a t s Specif ic S e a t s 

A i = 2 A u - 0 A 1 2 = 1,2 

A 2 = 2 A 2 1 = 1 A 2 2 = 3 , 4 A23= 5 , 6 

A 3 = 1 A 3 1 = 1 A 3 2 = 8 A 3 3 = 7 

A 4 = 4 A 4 1 = 1 A 4 2 = 1 1 , 1 2 , 1 7 , 1 8 A 4 3 - 7 , 8 , 1 3 , 1 4 

A 5 = 4 A 5 1 = 0 A 5 2 = 1 5 , 1 6 , 1 9 , 2 0 

A 6 = 2 A 6 1 = 0 A 6 2 = 9 , 1 0 

A ? = 2 A ? 1 = 0 A 7 2 = 1 3 , 1 4 

1 A..^ = 0 m e a n s i m p r o v e s e a t s ; A ^ = 1 m e a n s a s s i g n spec i f i c s e a t s . 

Apply ing the i t e r a t i v e s t e p s d e s c r i b e d above p r o d u c e s the fol lowing r e s u l t s . 

1. i = 1. 

2 . S ince A ^ = 0, the s t e p s fo r a s s i g n m e n t when an a p p l i c a n t 

r e q u e s t s i m p r o v e m e n t a r e u s e d . 

a . S± = 0. 

b . S^ = 1 and x ^ = 1, t h e r e f o r e , S^ i s now a s s i g n e d to 

A r 

c . A 1 = 2 - 1 = 1. 

d. A 1 > 0. 



Sea t 

Row 
1 2 3 4 

1 
1 ^ y ^ 

^ y ^ 1 
2 ^ y ^ 
^ y ^ 1 

5 6 

2 
3 ^ y ^ 

^ y ^ 2 

4 ^ y ^ 

^ y ^ 2 

9 

6 

10 

^ y ^ 6 

3 
7 ^ y ^ 8 ^ y ^ 

^ y ^ 3 

13 

^ y ^ 7 

14 ^ y ^ 

^ y ^ 7 

4 
11 ^ y ^ 

^ y ^ 4 

12 

^ y ^ 4 

17 

^ y ^ 4 

5 
15 

^ y ^ 5 

16 

^ y ^ 5 

19 

^ y ^ 5 

20 

y ^ ^ 5 

NOTE: The n u m b e r a b o v e the h a s h i s the qua l i ty (rank) of the 
s e a t and the n u m b e r be low the h a s h i s the a p p l i c a n t 
(number ) hold ing the s e a t . B l anks be low the h a s h 
r e p r e s e n t r e l i n q u i s h e d s e a t s . 

F i g u r e 9. Sea t Conf igura t ion: Model III 
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e . k = 1. 

f. k = 1 + 1 = 2 . 

g . S 1 2 = S 2 1 , s i n c e S 2 i s a d j a c e n t to S^. 

h . i = 2 . 

i . S 2 = 1 and x 2 1 = 1, t h e r e f o r e S 2 i s now a s s i g n e d to 

j . S ince A 1 = 0 , a s s i g n m e n t fo r A- i s c o m p l e t e . 
7 

k . S m c e S. = S 0 = 1 and x 1 n = x o n = 1: s e t 2 x . . = 0 
7 1 2 1 1 2 1

 j = 2

 1 ] 

and 2 x . . = 0. F i l l t he r e m a i n d e r of the r o w in the a s s i g n e d m a t r i x wi th 
j = 2 1 J 

z e r o s . 

1. j = j + l = l + l = 2 and i = 1, p r o c e e d to 3 . 

3 . S ince A 2 ^ = 1, the s t e p s fo r a s s i g n m e n t when a n a p p l i c a n t 

r e q u e s t s spec i f i c s e a t s a r e u s e d . 

un t i l S 1 = 0 o r S 3 . 

a . i = 1, j = 2 and S^ = 1; t h e r e f o r e , index i = i + 1 

b . S 3 1 7 ^ A 2 3 , t h e r e f o r e i = 3 + 1 = 4 ; S 4 1 A 2 3 , 

t h e r e f o r e i = 4 + 1 = 5; and now S 5 1 = A 2 3 ; s o * = 

c . S 5 = 0 , t h e r e f o r e , s e t S & = 1 and x g 2 = 1, so t ha t 

S,. i s now a s s i g n e d to A 2 < 

d. A 2 = 2 - 1 = 1. 

e . A 2 > 0. 

f. k = i = 5. 

g . k = 5 + 1 = 6. 

h . S 5 2 = Sg^ s i n c e S g i s ad j acen t to S,.. 

i . S_ = 0, t h e r e f o r e , s e t S„ and x „ 0 = 1, so t ha t S„ i s 
6 6 6^ 6 

now a s s i g n e d to A 2 < 



45 

j . S ince A 9 = 0 , a s s i g n m e n t fo r A„ i s c o m p l e t e . 
2 2 8 

k . S ince S R = S = 1 and x , . 9 = x c o = 1, s e t 2 
8 J = 1 , J = 3 

x c . = 0 and 2 x f i . = 0. F i l l the r e m a i n d e r of the r o w in the a s s i g n m e n t 
5 J J - l . J - 8 * 

m a t r i x wi th z e r o s . 

R e p e a t i n g the p r o c e s s for A^ t h r o u g h A^ p r o d u c e s the c o m p l e t e d a s s i g n m e n t 

m a t r i x shown in F i g u r e 10. 

Model IV 

G e n e r a l D e s c r i p t i o n 

C o n s i d e r a s t a d i u m in which f in i te c o s t s a r e a s s o c i a t e d wi th a s s i g n i n g each 

a p p l i c a n t to e a c h s e c t i o n . In t h i s s i t u a t i o n , a p p l i c a n t s A n , A 9 , A Q A 

a r e p r o c e s s e d co l l ec t i ve ly and a l l o c a t e d to s e c t i o n s S^, Sg, S^ S m in an 

o p t i m u m m a n n e r . The m e a s u r e of e f f e c t i v e n e s s for the o p t i m u m so lu t ion i s 

m i n i m u m c o s t . N e i t h e r p r i o r i t y no r s e a t qua l i ty i s c o n s i d e r e d in t h i s mode l 

and the so lu t ion i s e x p r e s s e d by the c o s t of a l l o c a t i n g a p p l i c a n t s to s e c t i o n s of 

s e a t s . The m o d e l t echn ique of f inding an o p t i m u m so lu t ion i s b a s e d on ne tw ork 

flow t h e o r y wh ich i s d o c u m e n t e d in the r e f e r e n c e s d i s c u s s e d in C h a p t e r II , 

L i t e r a t u r e S u r v e y . 

O p e r a t i o n a l Logic 

The m o d e l e x a m i n e s a p p l i c a n t r e q u e s t s in the o r d e r in which they a r e input 

and f inds the m i n i m u m c o s t r o u t e t h rough the ne tw or k of l i n k s connec t ing each 

s e c t i o n wi th e a c h a p p l i c a n t . An e x a m p l e ne tw or k of nodes and l i nks i s d e p i c t e d 

in F i g u r e 11 fo r i l l u s t r a t i v e p u r p o s e s . A p p l i c a n t s a r e g iven node n u m b e r s and 

a l ink i s c o n s t r u c t e d to a " s i n k " o r t e r m i n a l poin t . The n u m b e r of s e a t s 

r e q u e s t e d i s e x p r e s s e d a s a n u p p e r - b o u n d flow which m u s t be fo rced th rough 

the n e t w o r k to sa t i s fy the r e q u i r e m e n t . S e c t i o n s a r e g iven node n u m b e r s and a 

l ink i s c o n s t r u c t e d to a " s o u r c e " o r o r i g i n poin t . The n u m b e r of s e a t s in the 
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\ A p p l i c a n t 

Sea t >w 
i >v 

i 2 3 4 5 6 7 2 x . . 
j 1 J 

1 i 0 0 0 0 0 0 1 

2 i 0 0 0 0 0 0 1 

3 0 0 0 0 0 1 0 1 

4 0 0 0 0 0 1 0 1 

5 0 1 0 0 0 0 0 1 

6 0 1 0 0 0 0 0 1 

7 0 0 1 0 0 0 0 1 

8 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 1 1 

10 0 0 0 0 0 0 1 1 

11 0 0 0 1 0 0 0 1 

12 0 0 0 1 0 0 0 1 

13 0 0 0 0 0 0 0 0 

14 0 0 0 0 0 0 0 0 

15 0 0 0 0 1 0 0 1 

16 0 0 0 0 1 0 0 1 

17 0 0 0 1 0 0 0 1 

18 0 0 0 1 r o 0 0 1 

19 0 0 0 0 1 0 0 1 

20 0 0 0 0 1 0 0 1 

2 x . . 2 2 1 4 4 2 2 17 

F i g u r e 10. F i n a l S ta te of M a t r i x (Model III) 

file:///Applicant
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Link In fo rma t ion 

F r o m To C o s t Capac i ty Type 

0 1 0 10 S o u r c e 

0 2 0 10 S o u r c e 

1 3 2 5000 Connec t ing 

1 4 0 5000 Connec t ing 

1 5 0 5000 Connec t ing 

1 6 4 5000 Connec t ing 

2 3 1 5000 Connec t ing 

2 4 1 5000 Connec t ing 

2 5 0 5000 Connec t ing 

2 6 0 5000 Connec t ing 

3 9 0 6 Sink 

4 9 0 4 Sink 

5 9 0 4 Sink 

6 9 0 6 Sink 

F i g u r e 1 1 . S imple Network (Model IV) 
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s e c t i o n i s e x p r e s s e d a s a n u p p e r - b o u n d flow which c a n n o t be e x c e e d e d when 

sa t i s fy ing r e q u i r e m e n t s . L inks jo in ing a p p l i c a n t and s e c t i o n node po in t s a r e 

a l s o c o n s t r u c t e d , and c o s t s a r e a s s i g n e d r e f l e c t i n g the p r i c e of r ou t i ng flow 

t h r o u g h t he l i n k , i . e . , a s s i g n i n g the a p p l i c a n t to the s e c t i o n . E a c h t i m e a cha in 

flow (a s e r i e s of l i n k s f r o m s o u r c e to s ink) i s deve loped the c o s t i s c o m p a r e d 

wi th a l l o t h e r p o s s i b l e c h a i n f lows to i n s u r e a m i n i m u m . The r e s u l t i s a s e t of 

c h a i n f l o w s , sa t i s fy ing a s m a n y r e q u i r e m e n t s a s p o s s i b l e , fo r which the to ta l 

c o s t i s a m i n i m u m . Though the a l l o c a t i o n of s e a t s m a y r e s u l t in the phys i ca l 

s e p a r a t i o n of a n a p p l i c a n t ' s r e q u e s t into two o r m o r e s e c t i o n s , the to ta l a s s i g n 

m e n t of s e a t s c a n n e v e r e x c e e d the u p p e r - b o u n d flow (number of s e a t s ) in a 

s e c t i o n . L i k e w i s e , an a p p l i c a n t c a n n e v e r r e c e i v e m o r e s e a t s t han r e q u e s t e d 

s i nce the u p p e r - b o u n d flow a g a i n l i m i t s the a l l o c a t i o n m e c h a n i s m . 

T h e t e r m i n a t i o n of the a l l o c a t i o n p r o c e s s i s p r e d i c a t e d upon the c r i t e r i o n 

fo r d e t e r m i n i n g an o p t i m u m so lu t ion . T h i s condi t ion i s r e a c h e d when the i n t e r 

change of any two a p p l i c a n t a s s i g n m e n t s d o e s not s u b s t a n t i a l l y a l t e r ( reduce) 

the o r i g i n a l m i n i m u m - c o s t so lu t ion . 

M a t h e m a t i c a l D e s c r i p t i o n 

The a l l o c a t i o n p r o b l e m c a n be s t a t e d m a t h e m a t i c a l l y a s fo l lows: C o n s i d e r 

a n a p p l i c a n t - s e c t i o n n e t w o r k m a d e up of o r i g i n s ( sec t ions ) and d e s t i n a t i o n s 

(app l ican t s ) d e s c r i b e d a s node p o i n t s . A t m o s t one l ink j o i n s a g iven p a i r of 

n o d e s , wi thout a m b i g u i t y , so t h a t the l ink jo in ing n o d e s i and j c a n be deno ted 

by the s y m b o l ( i , j ) . E a c h l ink h a s two p a r a m e t e r s a s s o c i a t e d wi th i t , wh ich a r e 

nonnega t ive i n t e g e r s . One i s c o s t and i s deno ted c ( i , j ) . The o t h e r i s c a p a c i t y , 

o r u p p e r - b o u n d flow deno ted b ( i , j ) . E a c h o r i g i n , i , h a s a s s o c i a t e d wi th i t a 

p o s i t i v e i n t e g e r , C^, r e p r e s e n t i n g the m a x i m u m c a p a c i t y in s e a t s t h a t can be 

a l l o c a t e d f r o m the s e c t i o n a t node i . E a c h d e s t i n a t i o n , j , h a s a s s o c i a t e d wi th i t 
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a p o s i t i v e i n t e g e r R.. r e p r e s e n t i n g the r e q u i r e m e n t , in n u m b e r of s e a t s , t ha t 

m u s t be s a t i s f i e d fo r the a p p l i c a n t a t node j . 

To avoid m e n t i o n i n g a l ink t w i c e , f i r s t a s ( i , j ) and t hen a s ( j , i ) an 

e n u m e r a t i n g s e t S i s i n t r o d u c e d . T h i s i s a s e t of o r d e r e d p a i r s , one fo r e a c h 

l i nk , s u c h t ha t e a c h l ink i s r e p r e s e n t e d by e i t h e r (i, j) o r ( j , i ) but not bo th . 

F l o w in a l ink i s a n i n t e g e r va lue wi th a n o r i e n t a t i o n . If (i, j) S, the flow 

a s s o c i a t e d wi th (i, j) i s deno ted by f ( i , j) and f( i , j) > 0 i n d i c a t e s a flow f r o m i to 

j w h e r e f ( i , j) < 0 i n d i c a t e s a flow f r o m j to i . In bo th c a s e s | f ( i , j) | i s the 

m a g n i t u d e of f low. 

Node Inpu t /Ou tpu t . If a node i i s f ixed and the e x p r e s s i o n 

i s c o n s i d e r e d , t hen Y(i) r e p r e s e n t s the s u m of l ink f lows d i r e c t e d away f r o m 

node i m i n u s the s u m of f lows d i r e c t e d t o w a r d node i . Y(i) i s t e r m e d the ne t 

ou tpu t a t node i . S i m i l a r l y , -Y(i ) i s t he ne t input a t node i . 

S o u r c e and Sink. The b a s i c ne tw or k of nodes and l i n k s i s a u g m e n t e d by 

add ing two hypo the t i ca l nodes ca l l ed s o u r c e (000) and s ink (999). F o r e a c h 

o r i g i n (sec t ion) i , add to S a l ink (000, i) wi th p a r a m e t e r s b ( 0 0 0 , i ) = B.. and 

c ( 0 0 0 , i ) = 0. S i m i l a r l y fo r e a c h d e s t i n a t i o n (appl icant) j , add to S a l ink ( j ,999) 

w i th p a r a m e t e r s b ( j , 999) = Rj and c ( j , 999 ) = 0. 

P r o b l e m . C o n s i d e r now the fol lowing p r o b l e m in a n e n l a r g e d n e t w o r k . 

F i n d a s e t of l ink f lows such t ha t Y(000) i s m a x i m i z e d and the fol lowing c o n d i 

t i o n s a r e s a t i s f i e d . 

Y(i) = 2 / ( i > - ) " Z f ( j , i ) 

S S 

1. Y(i) = 0 f o r a l l n o d e s e x c e p t 000 and 999. 

2 . f ( i , j ) < c ( i , j) f o r e v e r y l ink ( i , j ) . In add i t ion the so lu t ion 
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m u s t r e f l e c t to ta l f l o w - c o s t t h a t i s a s s m a l l a s p o s s i b l e . 

3 . To ta l f l o w - c o s t = 2 | f ( i , j ) | - c ( i , j ) . The so lu t ion i s sub jec t 
S 

to the r e s t r i c t i o n s t ha t the ne t ou tput f r o m a n o r i g i n , i , m u s t not exceed B j , 

the n e t input to a d e s t i n a t i o n , j , m u s t be a t m o s t R.., input m u s t equa l output 

a t a l l n o d e s , and no l ink capac i t y (upper -bound) m a y be e x c e e d e d . 

M a t h e m a t i c a l A l g o r i t h m . A c o m p u t a t i o n a l a l g o r i t h m , p a t t e r n e d in p r i n c i p l e 

a f t e r c e r t a i n " l a b e l i n g " p r o c e s s e s , w a s d e v i s e d fo r ne tw or k flow p r o b l e m s of 

the type d e s c r i b e d . T h i s p r o c e s s i s d e s c r i b e d be low wi th a p p r o p r i a t e s y m b o l 

i s m . L inks a r e a r r a n g e d in a spec i f i c s e q u e n c e ( i^ , j ^ ) , (i^, jg)* • • • > (i^> j ^ ) -

A t ab l e of l ink i n f o r m a t i o n i s o r g a n i z e d a s fo l lows . 

Link In fo rma t ion 

F r o m 

h 

\ 

The p r o c e d u r e wi l l g r a d u a l l y r e p l a c e the z e r o f lows by a p p r o p r i a t e n o n z e r o 

f l o w s , con t inu ing the r e p l a c e m e n t un t i l a po in t i s r e a c h e d such t h a t the s e t of 

l ink f lows in the t ab l e i s a so lu t ion to 1. , 2 . , and 3 . A second t a b l e , r e l a t e d to 

node i n f o r m a t i o n , m u s t a l s o be s e t up . 

Node In fo rma t ion 

Node Labe l A p p r o a c h Link 

000 0 

001 oo 

To C o s t 

J x c ( i 1 , j 1 ) 

j k C W 

Capac i ty F l o w 

b M k > 0 

999 
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At the o u t s e t a " l a b e l " V(i) i s a s s i g n e d to e a c h node i in the fol lowing 

m a n n e r : V(000) = 0 , and V(i) = °° for a l l o t h e r n o d e s . The " a p p r o a c h l ink" 

a s s o c i a t e d wi th a node h a s no s ign i f i cance a t the s t a r t of the a l g o r i t h m . The 

fol lowing p r o c e d u r e s c o n s t i t u t e the ne twork a n a l y s i s " l a b e l i n g " p r o c e s s . 

1. F o r e a c h l ink ( i n J n ) m t u r n , m a k e the fol lowing r e p l a c e m e n t s : 

If V(i ) + c ( i , j ) < V(j ) , and f(i , j ) < b(i , i ) , r e p l a c e VG ) by V(i ) + c( i , j ) v n 7 v n J n 7 u n 7 ' v n J n v n J n 7 ' * u n 7 J v n v n J n 7 

and l i s t i , i a s the a p p r o a c h l ink a s s o c i a t e d wi th node i . If V(i ) and l i s t i , n , J n *^ J n u n n 

j n a s the a p p r o a c h l ink a s s o c i a t e d wi th node j . If V(j R ) + c ^ n » J n ) < v ^ n

7 ' a n c * 

b ( i n , j n ) ¥= 0 , r e p l a c e V ( i n ) by V(jn) + c ( i n , j n ) and l i s t ( i n , J n ) a s the a p p r o a c h 

l ink a s s o c i a t e d wi th node i . If n e i t h e r of the s e t s of cond i t ions h o l d s , m a k e no 
n 

r e p l a c e m e n t s . 

2 . If a r e p l a c e m e n t i s m a d e fo r a t l e a s t one l ink , r e p e a t s t e p 1, 

When a s t a g e i s r e a c h e d such t ha t no f u r t h e r r e p l a c e m e n t s c a n be m a d e , p r o c e e d 

to s t e p 3 . 

3 . If V(999) = °° , t hen the s e t of f lows c u r r e n t l y l i s t e d in the t ab l e 

of l ink d a t a c o n s t i t u t e s a so lu t ion to the p r o b l e m . If V(999) r e p r e s e n t s the c o s t 

of the c h a i n f r o m 000 to 999 t ha t c o n s i s t s e n t i r e l y of u n s a t u r a t e d l i n k s , i . e . , 

l i n k s w h o s e f low, in the d i r e c t i o n of the c h a i n , i s l e s s than the l ink c a p a c i t y . 

In the l a t t e r c a s e , p r o c e e d to s t e p 4 . 

4 . S t a r t i n g a t node 999 , " t r a c e b a c k w a r d " a long the a p p r o a c h l ink 

a s s o c i a t e d wi th 999 to i t s o t h e r n o d e , s a y node i ^ F r o m i^ t r a c e b a c k w a r d 

a long the a p p r o a c h l ink a s s o c i a t e d wi th i^ to a s econd n o d e , s a y i^. Cont inuing 

in t h i s m a n n e r , a t s o m e s t a g e s , i = 000 wi l l be found, i . e . , a cha in tha t 
s 

c o n n e c t s 000 and 999 wi l l h a v e b e e n t r a c e d b a c k w a r d . 

5 . F o r e a c h l ink ( i , j ) i n the c h a i n found in s t e p 4 . c a l c u l a t e b ( i , j) -

f ( i , j) if t he o r i e n t a t i o n of t h i s l ink in the cha in a g r e e s wi th t h a t g iven in the l ink 
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t a b l e . C a l c u l a t e b ( i , j ) + f ( i , j) if the o r i e n t a t i o n s a r e o p p o s i t e . L e t M deno te 

the m i n i m u m of the q u a n t i t i e s c a l c u l a t e d . 

6, Ad jus t f lows in the l a s t c o l u m n of the l ink t ab l e a s fol lows: F o r 

e a c h l ink in the cha in found a b o v e , add o r s u b t r a c t M f r o m the p r e s e n t l y t a b u l a 

ted f low, a c c o r d i n g a s the o r i e n t a t i o n of the l ink in t h i s cha in a g r e e s wi th o r 

d i f f e r s f r o m tha t g iven in t he l ink t a b l e . If the ad jus t ed flow in any l ink i s now 

n e g a t i v e , change i t s s i gn and r e v e r s e the o r d e r of the two n o d e s in the t a b l e . 

(Th is i s done m e r e l y to avoid the n e c e s s i t y of s t o r i n g nega t ive q u a n t i t i e s in the 

t a b l e . ) 

7, R e c o r d the c h a i n 000 , i .., i 9 i n , 999 found in t h i s 

i t e r a t i o n of the p r o c e d u r e and a l s o the a s s o c i a t e d flow M. The f i r s t and l a s t 

n o d e s need not be r e c o r d e d , s i n c e they a r e n e c e s s a r i l y 000 and 999. 

8, R e s t o r e the l a b e l s of a l l nodes to t h e i r o r i g i n a l v a l u e s , e r a s e 

a l l a p p r o a c h l i n k s , and r e t u r n to s t e p 1. 

A f t e r a f in i te n u m b e r of c h a i n f lows h a s b e e n found, a s t a g e wi l l be r e a c h e d 

s u c h t h a t V(999) = °° in s t e p 3 . When t h i s o c c u r s , the l ink f lows t abu la t ed in 

the l ink t a b l e c o n s t i t u t e a so lu t ion to the p r o b l e m . The s e t of c h a i n f lows 

r e c o r d e d in s t e p 7 r e p r e s e n t s the d e c o m p o s i t i o n of the so lu t ion in to f lows a long 

spec i f i c l i n k s f r o m o r i g i n s to d e s t i n a t i o n s . 
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C H A P T E R IV 

M O D E L A P P L I C A T I O N 

G e n e r a l 

The four m o d e l s p r e s e n t e d in C h a p t e r III , Model D e v e l o p m e n t , a r e p r o 

g r a m m e d f o r o p e r a t i o n on a d ig i t a l c o m p u t e r . In the p r e v i o u s c h a p t e r the 

d i s c u s s i o n w a s confined to the m a t h e m a t i c a l log ic of the " i n n e r loop" a s s i g n m e n t 

p r o c e s s . T h i s c h a p t e r p r e s e n t s the p r e p a r a t i o n of i n p u t s , m e c h a n i c s of o p e r a 

t i o n , and i n t e r p r e t a t i o n of r e s u l t s fo r the m o d e l s . In add i t i on , s o m e i n s igh t i s 

ob t a ined f r o m the m a n i p u l a t i o n of the m o d e l s and t h e i r r e s u l t s . The fol lowing 

p a r a g r a p h s d e s c r i b e the r e s u l t s ob ta ined f r o m a p p l i c a t i o n s of the m o d e l s to 

t yp i ca l s t a d i u m s i t u a t i o n s . 

Model I 

The " N e w A s s i g n m e n t " Model i s a p p l i c a b l e to s t a d i u m s e a t i n g s i t u a t i o n s in 

which a p p l i c a n t s h a v e not he ld s e a t s o r p r e v i o u s s e a t ho ld ings a r e d i s r e g a r d e d . 

S ince t h i s m o d e l w a s the f i r s t a p p l i c a t i o n of the b a s i c a s s i g n m e n t l o o p , e x t e n s i v e 

t e s t i n g w a s conduc ted to p e r f e c t the m e c h a n i s m . S i tua t ions w e r e deve loped f o r 

c o n d i t i o n s when supply e x c e e d s d e m a n d and v i c e v e r s a . S i m i l a r l y , s m a l l and 

l a r g e s e a t con f igu ra t i ons w e r e u sed and r e l a t i o n s h i p s b e t w e e n s e a t s w e r e v a r i e d 

to i n s u r e the r e l i a b i l i t y of the a s s i g n m e n t m e c h a n i s m . 

Model M e c h a n i c s 

The c o m p u t e r m o d e l deve loped to s i m u l a t e the a s s i g n m e n t of a p p l i c a n t s to 

s e a t s in a new s t a d i u m i s a l s o equipped wi th m e t h o d s fo r check ing the a c c u r a c y 

of i n p u t s . R e q u e s t s t ha t e x c e e d spec i f i ed m a x i m u m s o r r o w l i m i t a t i o n s a r e 
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r e j e c t e d . A t the c o n c l u s i o n of the m o d e l ' s o p e r a t i o n , a s s i g n m e n t s , unfi l led 

r e q u e s t s , and u n a s s i g n e d s e a t s a r e l i s t e d . F i g u r e 12 i l l u s t r a t e s the m a j o r i n p u t s , 

f u n c t i o n s , and o u t p u t s of Model I. The ou tpu t s a r e suff ic ient ly d e t a i l e d to p e r m i t 

m a n u a l a d j u s t m e n t of the r e s u l t s o r , if n e c e s s a r y , r e v i s i o n of the inpu t s fo r 

s u b s e q u e n t r e r u n s of the m o d e l . 

The b a s i c inpu t s to the m o d e l a r e a p p l i c a n t r e q u e s t s and s e a t r e c o r d s . 

Both a p p l i c a n t r e q u e s t s and s e a t r e c o r d s m u s t be uniquely r a n k e d and s o r t e d in 

p r i o r i t y s e q u e n c e . R e q u e s t s o u t - o f - p r i o r i t y - s e q u e n c e a r e r e j e c t e d a long wi th 

t h o s e m e n t i o n e d a b o v e . The a p p l i c a t i o n c o n t a i n s the p r i o r i t y (appl icant n u m b e r ) , 

a p p l i c a n t n a m e , and n u m b e r of s e a t s r e q u e s t e d . E a c h s e a t r e c o r d c o n t a i n s the 

index ( d e s i r a b i l i t y i n d i c a t o r ) , r e a l s e a t l o c a t i o n , a d j a c e n t s e a t l o c a t i o n , and 

o c c u p a n c y i n d i c a t o r . Al l v a l u e s a r e n o r m a l l y n u m e r i c a l a l though a l p h a b e t i c 

s y m b o l s could be u s e d fo r r e a l s e a t l o c a t i o n s if d e s i r e d . The o c c u p a n c y i n d i c a 

t o r i s the on ly va lue changed d u r i n g a s s i g n m e n t . The i n d i c a t o r i s z e r o if the 

s e a t i s unoccup i ed , bu t o n c e a s s i g n e d the va lue i s changed to o n e , i nd ica t ing t ha t 

the s e a t i s now o c c u p i e d . 

Model R e s u l t s 

Two s e t s of r e s u l t s a r e d i s c u s s e d fo r Model I. The f i r s t s e t i s b a s e d on a n 

a p p l i c a n t l i s t wi th the to ta l n u m b e r of s e a t s r e q u e s t e d l e s s than the n u m b e r 

a v a i l a b l e , i . e . , d e m a n d l e s s t han supp ly . The second s e t i s b a s e d on a n a p p l i 

c a n t l i s t wi th the to t a l n u m b e r of s e a t s r e q u e s t e d g r e a t e r t han the n u m b e r 

a v a i l a b l e , i . e . , d e m a n d e x c e e d s supp ly . F o r both r u n s the s e a t conf igu ra t ion 

shown in F i g u r e 13 w a s u s e d . T h e d e s i r a b i l i t y of e a c h s e a t i s g iven by the va lue 

in the s q u a r e and the r e a l l oca t ion i s def ined by the c o r r e s p o n d i n g r o w and s e a t 

c o o r d i n a t e s . The a p p l i c a n t l i s t g iven in F i g u r e 14 p r o v i d e s the p r i o r i t y of and 

s e a t s r e q u e s t e d by e a c h a p p l i c a n t . A p p l i c a n t s wi th a s t e r i s k s w e r e added to the 
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A p p l i c a n t No. 
N u m b e r R e q u e s t e d 

1 1 
2 2 
3 2 
4 4 
5 3 
6 4 
7 4 
8 4 
9 3 

10 2 
11 4 
12 3 
13 1 
14 4 
15 3 
16 3 
17 3 
18 1 
19 4 
20 2 
2 1 2 
22 1 
23 4 
24 1 
25 2 
26 3 
27 1 
28 1 

App l i can t No. 
N u m b e r R e q u e s t e d 

29 6 
30 4 

*31 12 
32 4 
33 3 

*34 16 
35 9 
36 2 
37 4 
38 2 
39 10 
40 6 

*41 2 
*42 2 
*44 6 

45 8 
46 8 
47 6 
48 2 
49 4 
50 3 
51 4 
52 2 
53 2 
54 2 
55 1 
56 4 

* Added to 2nd r u n 

F i g u r e 14. Model I App l i can t L i s t 
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l i s t in the s econd app l i c a t i on so t ha t d e m a n d would e x c e e d supp ly . 

F i r s t Run . In the f i r s t a p p l i c a t i o n (supply > d e m a n d ) , 168 of 208 s e a t s 

w e r e a s s i g n e d to 50 a p p l i c a n t s , l e a v i n g 40 s e a t s u n a s s i g n e d . E a c h a p p l i c a n t r e 

ce ived the b e s t a v a i l a b l e s e a t s a t t he t i m e of a s s i g n m e n t in a c c o r d a n c e wi th the 

n u m b e r r e q u e s t e d . Some good s e a t s w e r e lef t a f t e r the a s s i g n m e n t , a s shown 

in F i g u r e 15 , bu t a n a n a l y s i s of the r e s u l t s p r o v e d t ha t a suff ic ient n u m b e r of 

" a d j a c e n t " s e a t s in a b e t t e r l oca t i on w e r e not a v a i l a b l e w h e n the a s s i g n m e n t w a s 

m a d e . It c a n a l s o be s e e n t h a t the n u m b e r of s e a t s r e q u e s t e d can m a t e r i a l l y 

affect the r e s u l t s of a n a s s i g n m e n t . F o r e x a m p l e , App l i can t 11 w a s a s s i g n e d 

s e a t s beg inn ing wi th l o c a t i o n 32 e v e n though 2 6 , 2 7 , and 28 w e r e a v a i l a b l e . 

A p p l i c a n t 11 did not r e c e i v e t h e s e s e a t s b e c a u s e the n u m b e r r e q u e s t e d w a s fou r . 

A p p l i c a n t 12 did r e c e i v e the s e a t s s i n c e the n u m b e r r e q u e s t e d w a s t h r e e — 

e x a c t l y equa l to the n u m b e r a v a i l a b l e . It i s t h e r e f o r e p o s s i b l e f o r a n a p p l i c a n t 

to r e c e i v e b e t t e r s e a t s t han a p r e d e c e s s o r if the n u m b e r r e q u e s t e d i s s m a l l e r 

and the s e a t s a r e a v a i l a b l e and a d j a c e n t . 

Second Run . In the second a p p l i c a t i o n (supply < d e m a n d ) , 204 of 208 s e a t s 

w e r e a s s i g n e d to 56 a p p l i c a n t s , l e a v i n g four s e a t s u n a s s i g n e d and a r e q u e s t of 

e igh t s e a t s unf i l led . A g a i n , e a c h a p p l i c a n t r e c e i v e d the b e s t a v a i l a b l e s e a t s a t 

t he t i m e of a s s i g n m e n t in a c c o r d a n c e wi th the n u m b e r r e q u e s t e d . Only four 

s e a t s w e r e lef t v a c a n t a f t e r t he a s s i g n m e n t a s shown in F i g u r e 16, two s ing le 

s e a t s and one double g r o u p i n g . Though m o r e than e igh t s e a t s w e r e a v a i l a b l e in 

the s t a d i u m when App l i can t 46 w a s p r o c e s s e d (in p r i o r i t y o r d e r ) , e igh t " a d j a c e n t " 

s e a t s w e r e not a v a i l a b l e , and t h e r e f o r e , the r e q u e s t w a s not f i l l ed . If the p r i o r i t y 

of t h i s r e q u e s t had b e e n h i g h e r , in f a c t , one a p p l i c a n t h i g h e r , i t would have b e e n 

f i l l ed . I t i s no tab le t ha t one r e q u e s t fo r s e a t s equa l l ed t he l eng th of a r o w , wh ich 

i s the m a x i m u m n u m b e r t h a t can b e r e q u e s t e d and avoid r e j e c t i o n . A r e q u e s t 
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F i g u r e 15 . Model I R e s u l t s (Supply > D e m a n d ) 
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F i g u r e 16. Model I R e s u l t s (Supply < Demand) 
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l a r g e r t han the l o n g e s t r o w a v a i l a b l e d o e s not m e e t the condi t ion t ha t s e a t s m u s t 

be a d j a c e n t . 

Model II 

The " R e a s s i g n m e n t " Model i s a p p l i c a b l e to s t a d i u m s e a t i n g s i t u a t i o n s in 

wh ich a p p l i c a n t s have he ld s e a t s p r e v i o u s l y and the l o c a t i o n of t h e s e s e a t s i s 

t a k e n into c o n s i d e r a t i o n in the a s s i g n m e n t . If a n a p p l i c a n t r e q u e s t s i m p r o v e m e n t 

in the l o c a t i o n of h i s s e a t s , b e t t e r s e a t s a r e a s s i g n e d if a v a i l a b l e ; if not , h i s 

o r i g i n a l s e a t s a r e r e a s s i g n e d . If a n a p p l i c a n t t ha t he ld s e a t s f r o m the p r e v i o u s 

a s s i g n m e n t r e q u e s t s the s a m e s e a t s , they a r e r e a s s i g n e d . In both c a s e s the 

m o d e l a s s u r e s no w o r s e s e a t s t han t h o s e p r e v i o u s l y he ld . To t e s t Model I I , 

r e s u l t s f r o m Model I w e r e u sed to p r o v i d e a b a s i s fo r r e a s s i g n m e n t . 

Model M e c h a n i c s 

The c o m p u t e r m o d e l deve loped to s i m u l a t e the r e a s s i g n m e n t of a p p l i c a n t s 

to s e a t s i s equ ipped wi th the s a m e m e t h o d s fo r check ing the a c c u r a c y of inpu t s 

a s Model I. R e s u l t s of the m o d e l 1 s o p e r a t i o n inc lude a s s i g n m e n t s , ( r e a s s i g n -

m e n t s and i m p r o v e m e n t s ) , unfi l led r e q u e s t s , and u n a s s i g n e d s e a t s . F i g u r e 17 

i l l u s t r a t e s the m a j o r i n p u t s , f unc t ions , and ou tpu t s of Model II . The ou tpu t s a r e 

suff ic ient ly d e t a i l e d to p e r m i t m a n u a l a d j u s t m e n t of the r e s u l t s o r , if n e c e s s a r y , 

r e v i s i o n of the inpu t s fo r s u b s e q u e n t r e r u n s of the m o d e l . 

The b a s i c i npu t s to the m o d e l a r e a p p l i c a n t r e q u e s t s and s e a t r e c o r d s . 

T h e s e a t r e c o r d i s i den t i ca l to the one d e s c r i b e d fo r Model I. A p p l i c a n t r e 

q u e s t e r s and s e a t r e c o r d s a r e s o r t e d in p r i o r i t y o r d e r j u s t a s fo r Model I. E a c h 

r e q u e s t c o n t a i n s the p r i o r i t y (appl ican t n u m b e r ) , a p p l i c a n t n a m e , n u m b e r of 

s e a t s r e q u e s t e d , i m p r o v e m e n t op t ion i n d i c a t o r , and l o c a t i o n of the f i r s t (best) 

s e a t he ld f r o m the p r e v i o u s a s s i g n m e n t . The i m p r o v e m e n t op t ion i n d i c a t o r i s 
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a n u m e r i c a l code by which the a p p l i c a n t r e q u e s t s i m p r o v e m e n t in o r the r e t u r n 

of p r e v i o u s s e a t s . A " o n e " i n d i c a t e s i m p r o v e m e n t i s d e s i r e d whi le a " z e r o " 

i n d i c a t e s a r e q u e s t fo r the s a m e s e a t s . T h e r e i s no opt ion of i m p r o v e m e n t fo r 

new a p p l i c a n t s s i n c e no b a s i s for r e l o c a t i o n to b e t t e r s e a t s e x i s t s . T h e s e a p p l i 

c a n t s a r e p r o c e s s e d in p r i o r i t y o r d e r and a s s i g n e d the b e s t s e a t a v a i l a b l e , a s in 

Model I. 

R e a s s i g n m e n t i s a t w o - p a s s p r o c e s s . In the f i r s t p a s s , a p p l i c a n t s a r e 

t e n t a t i v e l y a s s i g n e d t h e i r p r e v i o u s l y he ld s e a t s to avoid a s s i g n i n g t h e m to o t h e r 

a p p l i c a n t s i n a d v e r t a n t l y . A p p l i c a n t s r e q u e s t i n g the s e a t s p r e v i o u s l y he ld a r e 

r e a s s i g n e d t h e s e l o c a t i o n s p e r m a n e n t l y . In the second p a s s , the m o d e l s c a n s 

the l i s t of s e a t s fo r e a c h a p p l i c a n t r e q u e s t i n g i m p r o v e m e n t to find the f i r s t u n 

occup ied l o c a t i o n . The l oca t i on i s c o m p a r e d wi th the f i r s t s e a t of the s e t he ld 

p r e v i o u s l y . If i t i s b e t t e r and the a d j a c e n t s e a t s a r e both a v a i l a b l e and suff ic ient 

in n u m b e r to fill the r e q u e s t , the g r o u p of new s e a t s i s a s s i g n e d , and the p r e 

v ious ly he ld s e a t s a r e r e l e a s e d fo r s u b s e q u e n t a s s i g n m e n t s . If i t i s not b e t t e r , 

t he a p p l i c a n t i s a s s i g n e d the s e a t s p r e v i o u s l y he ld . 

Model R e s u l t s 

The r e s u l t s d i s c u s s e d fo r Model II a r e b a s e d on the a p p l i c a n t l i s t g iven in 

F i g u r e 18. F o r e a c h a p p l i c a n t the p r i o r i t y , n u m b e r of s e a t s r e q u e s t e d , op t ion 

of i m p r o v e m e n t c h o i c e , and f i r s t l oca t i on ( r ea l s ea t ) of p r e v i o u s l y he ld s e a t s i s 

g iven . I t should be noted tha t s o m e a p p l i c a n t n u m b e r s a r e m i s s i n g f r o m t h i s 

l i s t when c o m p a r e d to the l i s t shown in F i g u r e 14. S ince the in i t i a l a s s i g n m e n t 

p r o d u c e d by Model I w a s u s e d a s a b a s i s for r e a s s i g n m e n t in Model I I , c e r t a i n 

a p p l i c a n t r e q u e s t s w e r e d e l e t e d p u r p o s e l y to r e l e a s e s e a t s for a p p l i c a n t s r e 

q u e s t i n g i m p r o v e m e n t . The s e a t conf igura t ion u s e d in Model I w a s aga in u s e d 

in Model II wi th the s a m e r a n k i n g a s shown in F i g u r e 13 . 
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In t h i s a p p l i c a t i o n supply w a s g r e a t e r t han d e m a n d and 183 of 208 s e a t s 

w e r e a s s i g n e d to 44 a p p l i c a n t s , l e a v i n g 25 s e a t s u n a s s i g n e d . App l i can t n u m b e r s 

5 , 1 1 , 16 , 2 6 , 2 7 , and 43 w e r e o m i t t e d f r o m the o r i g i n a l l i s t of 50 in the f i r s t 

a p p l i c a t i o n of Mode l I , wh ich r e l e a s e d 14 s e a t s for a s s i g n m e n t to the r e m a i n i n g 

a p p l i c a n t s . A s a r e s u l t , 27 of the 30 a p p l i c a n t s r e q u e s t i n g i m p r o v e m e n t w e r e 

a s s i g n e d b e t t e r s e a t s t han t h o s e p r e v i o u s l y he ld . F i g u r e 19 shows the r e s u l t s of 

r e a s s i g n m e n t and i m p r o v e m e n t b a s e d on the opt ion c h o s e n by e a c h a p p l i c a n t . 

S ince a n u m b e r of s e a t s w e r e r e l e a s e d f r o m the o r i g i n a l a s s i g n m e n t in Model I , 

i t w a s p o s s i b l e to p r o v i d e i m p r o v e m e n t s in p r e v i o u s s e a t l o c a t i o n s fo r a high 

p e r c e n t a g e of the a p p l i c a n t s . If no s e a t s had been r e l e a s e d , v e r y l i t t l e i m p r o v e 

m e n t would have b e e n p o s s i b l e . 

Model III 

The " S e l e c t i v e A s s i g n m e n t " Model i s a p p l i c a b l e to s t a d i u m s e a t i n g s i t u a t i o n s 

in wh ich a p p l i c a n t s a r e a l lowed to r e q u e s t spec i f i c s e a t s . P r e v i o u s s e a t l o c a t i o n s 

a r e r e a s s i g n e d if the s e l e c t e d s e a t canno t be a s s i g n e d and no b e t t e r s e a t s a r e 

a v a i l a b l e . A s in Model II , if i m p r o v e m e n t i s r e q u e s t e d but c a n n o t be p r o v i d e d , 

the a p p l i c a n t i s r e a s s i g n e d h i s p r e v i o u s s e a t s . To t e s t Model III , r e s u l t s f r o m 

Model I w e r e a g a i n u s e d to p r o v i d e a b a s i s fo r s e l e c t i v e a s s i g n m e n t and r e a s s i g n 

m e n t . Of c o u r s e , new a p p l i c a n t s could r e q u e s t spec i f i c s e a t s bu t not i m p r o v e 

m e n t s i n c e no s e a t s w e r e he ld p r e v i o u s l y and t h e r e i s no b a s i s fo r i m p r o v e m e n t . 

Model M e c h a n i c s 

The c o m p u t e r m o d e l deve loped to s i m u l a t e the s e l e c t i v e a s s i g n m e n t of a p p l i 

c a n t s to s e a t s i s equ ipped wi th t he s a m e m e t h o d s fo r check ing the a c c u r a c y of 

i npu t s a s M o d e l s I and II . R e s u l t s of the m o d e l 1 s o p e r a t i o n inc lude r e a s s i g n -

m e n t s and spec i f i c a s s i g n m e n t s , unfi l led r e q u e s t s , and u n a s s i g n e d s e a t s . F i g u r e 
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20 i l l u s t r a t e s the m a j o r i n p u t s , f unc t i ons , and ou tpu t s of Model III. The ou tpu t s 

a r e suff ic ient ly d e t a i l e d to p e r m i t m a n u a l a d j u s t m e n t of the r e s u l t s o r , if n e c e s 

s a r y , r e v i s i o n of the inpu t s fo r s u b s e q u e n t r e r u n s of the m o d e l . 

The b a s i c inpu t s to the m o d e l a r e a p p l i c a n t r e q u e s t s and s e a t r e c o r d s . The 

s e a t r e c o r d i s i den t i ca l to the one d e s c r i b e d for Model I. App l i can t r e q u e s t s and 

s e a t r e c o r d s a r e s o r t e d in p r i o r i t y o r d e r j u s t a s fo r Mode l s I and II. E a c h r e 

q u e s t c o n t a i n s the p r i o r i t y (appl ican t n u m b e r ) , a p p l i c a n t n a m e , n u m b e r of s e a t s 

r e q u e s t e d , spec i f i c s e a t opt ion i n d i c a t o r , l oca t i on of f i r s t s e a t he ld f r o m the 

p r e v i o u s a s s i g n m e n t , and l oca t i on of f i r s t of spec i f ic s e a t s d e s i r e d (if a p p l i c a b l e ) . 

The spec i f i c s e a t opt ion i n d i c a t o r i s a n u m e r i c a l code (like the i m p r o v e m e n t o p 

t ion i n d i c a t o r in Model II) by which the a p p l i c a n t r e q u e s t s a s s i g n m e n t of spec i f i c 

s e a t s , b e s t a v a i l a b l e s e a t s , o r the r e t u r n of p r e v i o u s s e a t s . A " o n e " i n d i c a t e s 

a r e q u e s t fo r spec i f i c s e a t s (with the l oca t ion of t h e s e s e a t s inc luded) whi le a 

" z e r o " i n d i c a t e s i m p r o v e m e n t i s d e s i r e d . New a p p l i c a n t s c a n r e q u e s t spec i f ic 

s e a t s by spec i fy ing the d e s i r e d l o c a t i o n , bu t s i nce t h e r e i s no b a s i s for i m p r o v e 

m e n t t h i s op t ion canno t be t a k e n . If a new a p p l i c a n t d o e s not c h o o s e spec i f ic 

s e a t s , the b e s t a v a i l a b l e s e a t s a r e a s s i g n e d on the b a s i s of p r i o r i t y , a s in 

M o d e l s I and II . 

S e l e c t i v e a s s i g n m e n t i s a t w o - p a s s p r o c e s s in which a p p l i c a n t s t ha t p r e v i 

o u s l y held s e a t s a r e t e m p o r a r i l y a s s i g n e d t h e i r o r i g i n a l s e a t s . In the second 

p a s s , e a c h a p p l i c a n t i s e x a m i n e d in t u r n and a s s i g n e d p e r m a n e n t l y spec i f i c s e a t s , 

i m p r o v e d s e a t s , o r o r i g i n a l s e a t s . When a p p l i c a n t s t ha t he ld s e a t s f r o m a 

p r e v i o u s a s s i g n m e n t a r e a s s i g n e d to o t h e r s e a t s , t h e i r o r i g i n a l s e a t s a r e r e l e a s e d 

fo r s u b s e q u e n t a p p l i c a n t s . Aga in , a s in Model II , a p p l i c a n t s a r e g u a r a n t e e d no 

w o r s e s e a t s t han t h o s e he ld p r e v i o u s l y , u n l e s s spec i f i c s e a t s a r e r e q u e s t e d and 

a s s i g n e d - in which c a s e t he m o d e l d o e s not c o n s i d e r the qua l i ty d i f f e r ence 



72 

Sea t 
Deck 

Read in 
Sea t 
Conf igura t ion 

Sea t 
R e q u e s t 

I 

Read 
R e q u e s t 

A s s i g n m e n t s 

E n t e r 
Model II 
A s s i g n m e n t 
Logic 

i 

L i s t Sea t s 
and R e m o v e 
f r o m Supply 

No 

F i g u r e 20 . Model III F low C h a r t 



73 

b e t w e e n the two s e t s of s e a t s . 

Model R e s u l t s 

The r e s u l t s d i s c u s s e d fo r Model II a r e b a s e d on the a p p l i c a n t l i s t g iven in 

F i g u r e 2 1 . F o r e a c h a p p l i c a n t the p r i o r i t y , n u m b e r of s e a t s r e q u e s t e d , spec i f ic 

s e a t op t ion i n d i c a t o r , f i r s t l oca t ion ( r ea l s ea t ) of p r e v i o u s l y he ld s e a t s , and f i r s t 

l oca t i on ( r e a l s e a t ) of spec i f i c s e a t s i s g iven . It should be noted t ha t the r e s u l t s 

ob ta ined f r o m the app l i c a t i on of Model I w e r e u s e d a s a b a s i s fo r p r e p a r i n g the 

a p p l i c a n t l i s t fo r t h i s m o d e l r u n . C e r t a i n a p p l i c a n t s w e r e g iven the spec i f ic s e a t 

cho ice op t ion whi le the r e m a i n d e r r e q u e s t e d i m p r o v e m e n t . A g a i n , s o m e a p p l i 

c a n t n u m b e r s a r e m i s s i n g f r o m the l i s t in o r d e r to r e l e a s e s e a t s and t e s t the 

spec i f i c s e a t a s s i g n m e n t m e c h a n i s m . The s e a t conf igura t ion u s e d fo r Mode l s 

I and II w a s u s e d in the Model III app l i ca t i on . 

The d e m a n d fo r s e a t s in t h i s a p p l i c a t i o n w a s s e t e x a c t l y equa l to supp ly , 

i . e . , 54 r e q u e s t s for 208 s e a t s equa l ed the 208 a v a i l a b l e . Seven r e q u e s t s for 

spec i f i c s e a t s w e r e inc luded . The r e m a i n i n g a p p l i c a n t r e q u e s t s inc luded c h o i c e s 

of i m p r o v e m e n t , r e t u r n of p r e v i o u s s e a t s , and a s s i g n m e n t of the b e s t a v a i l a b l e 

s e a t s (new r e q u e s t s ) . R e q u e s t s for spec i f ic s e a t s which w e r e a l r e a d y occup ied 

w e r e inc luded to t e s t t he occupancy c h e c k m e c h a n i s m and the s e a t l oca t i on 

m e c h a n i s m . The m o d e l did not a s s i g n spec i f ic s e a t s held p r e v i o u s l y by a n o t h e r 

a p p l i c a n t u n l e s s the s e a t s w e r e r e l e a s e d a s a r e s u l t of a p r e c e d i n g a s s i g n m e n t . 

O t h e r a p p l i c a n t s w e r e a s s i g n e d in e s s e n t i a l l y the s a m e m a n n e r a s in Model II. 

A h igh p e r c e n t a g e of i m p r o v e m e n t w a s ach i eved a m o n g the a p p l i c a n t s r e q u e s t i n g 

t h a t op t ion . The r e s u l t s of s e l e c t i v e a s s i g n m e n t s b a s e d on spec i f i c s e a t c h o i c e s 

and i m p r o v e m e n t op t i ons t a k e n a r e shown in F i g u r e 2 2 . 

Model IV 

The " O p t i m u m Al loca t i on" Model i s a p p l i c a b l e to s i t u a t i o n s in which the 
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e f f e c t i v e n e s s of a s s i g n m e n t i s of i n t e r e s t and the so lu t ion i s to r e p r e s e n t a n 

o p t i m u m a c c o r d i n g to s o m e m e a s u r e . E a c h a p p l i c a n t i s c o n s i d e r e d b a s e d on 

the c o s t of a s s i g n m e n t to e a c h s e c t i o n a s c o m p a r e d wi th the c o s t of a s s i g n m e n t 

of e v e r y o t h e r a p p l i c a n t to e a c h s e c t i o n . The t echn ique i s b a s e d on g r a p h 

t h e o r e t i c m e t h o d s app l i ed to the a n a l y s i s of n e t w o r k s us ing a m i n i m u m c o s t / 

m a x i m u m flow c r i t e r i o n . App l i ca t i on of the mode l to a s t a d i u m s i t ua t ion p r o v e d 

t h a t a m i n i m u m c o s t so lu t ion i s p r o d u c e d when f in i te c o s t s a r e a s s o c i a t e d wi th 

the po ten t i a l a s s i g n m e n t of e a c h a p p l i c a n t to e a c h s e c t i o n of s e a t s . 

Model M e c h a n i c s 

The c o m p u t e r m o d e l u sed to a l l o c a t e a p p l i c a n t s to s e c t i o n s of s e a t s i s 

b a s e d on the log ic of the " l a b e l i n g a l g o r i t h m " d e s c r i b e d in ne tw or k flow t h e o r y . 

E s s e n t i a l l y , t he m o d e l r e c e i v e s the input of r e q u e s t s (which r e p r e s e n t d e m a n d s 

p l a c e d on the ne twork) and s e c t i o n s of s e a t s wi th spec i f i ed c a p a c i t i e s (which 

r e p r e s e n t supply s o u r c e s to d r a w f o r m ) . The ne tw or k i s c o n s t r u c t e d f r o m a d 

d i t i ona l i n p u t s which speci fy the r e l a t i o n s h i p b e t w e e n e a c h r e q u e s t and e a c h s e c 

t ion . F i n i t e c o s t s a r e inc luded wi th e a c h l ink connec t ing a r e q u e s t wi th a s e c t i o n . 

T h e r e c a n be no dup l i ca t ion of l i nks s i nce such amb igu i ty would p r o d u c e an i n -

f e a s i b l e so lu t ion . A l l s e c t i o n s t e r m i n a t e a t a n a r t i f i c i a l node ca l l ed " s o u r c e " 

and a l l r e q u e s t s t e r m i n a t e a t a n a r t i f i c i a l node ca l l ed " s i n k . " T h e n u m b e r of 

s e a t s in e a c h r e q u e s t r e p r e s e n t s a r e q u i r e m e n t fo r f low, whi le the n u m b e r of 

s e a t s in e a c h s e c t i o n r e p r e s e n t s an u p p e r - b o u n d c a p a c i t y . Wi th t h i s i n f o r m a t i o n 

the m o d e l p r o g r e s s i v e l y s e e k s a s e t of cha in f lows f r o m s o u r c e to s ink which 

m i n i m i z e s to t a l c o s t . 

The b a s i c i npu t s to the m o d e l a r e r e q u e s t s , s e c t i o n s , and the connec t i ng 

m e m b e r s - a l l of which a r e e x p r e s s e d a s " l i n k s " in the n e t w o r k . F o r e a c h 

l ink , a f r o m n o d e , to n o d e , c o s t , and capac i t y m u s t be spec i f i ed . Outpu t s inc lude 
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the f inal s t a t e of the ne twork and a l l t he cha in f l ows . F i g u r e 23 i l l u s t r a t e s the 

i n p u t s , f u n c t i o n s , and o u t p u t s of Model IV. 

Model R e s u l t s 

The r e s u l t s d i s c u s s e d for Model IV a r e b a s e d on the ne twork i n p u t s , 

shown in F i g u r e 2 4 , inc lud ing r e q u e s t s , s e c t i o n s , and connec t ing l i n k s (with 

c o s t s ) . F l o w s in connec t ing l i n k s w e r e m a d e a r b i t r a r i l y l a r g e to p r e v e n t r e 

s t r i c t i o n in a l l o c a t i o n . To l i m i t the n u m b e r of s e a t s a s s i g n e d to any a p p l i c a n t 

in a g i v e n s e c t i o n , a n u p p e r - b o u n d flow r e s t r i c t i o n m u s t be p l aced on the c o n 

nec t i ng l ink . To f o r c e the a l l o c a t i o n of s e a t s in a g iven s e c t i o n to a n a p p l i c a n t , 

a l o w e r - b o u n d flow m u s t be spec i f ied fo r the connec t i ng l ink . Such a l t e r n a t i v e s , 

m a y p r o d u c e a n i n f ea s ib l e so lu t ion o r i n c r e a s e the m i n i m u m c o s t so lu t ion . 

The s e a t conf igu ra t ion u s e d in t h i s app l i ca t i on i s r e p r e s e n t e d in F i g u r e 25 

and c o r r e s p o n d s to the " s i n k " l i n k s ( j , 200) d e s c r i b e d wi th the inpu t s in F i g u r e 

2 4 . T h e r e i s no s ign i f i cance to the s e a t n u m b e r s in the s e c t i o n s s i n c e s e a t s 

a r e g rouped and handled a s c a p a c i t i e s . If the u s e r w i s h e d to c o n s i d e r s e a t s 

ind iv idua l ly the r e l a t i o n s h i p of e a c h r e q u e s t to e a c h s e a t would be n e c e s s a r y , 

but such a n a l t e r n a t i v e would magnify the s i z e of the n e t w o r k and input r e q u i r e 

m e n t s s u b s t a n t i a l l y . 

B a s e d on the inpu t s d e s c r i b e d a b o v e , a ne twork of l i n k s w a s c o n s t r u c t e d . 

T h e r e s u l t i s shown g r a p h i c a l l y in F i g u r e 2 6 . Note the complex i t y of the r e p r e 

s e n t a t i o n e v e n when a s m a l l n u m b e r of r e q u e s t s and s e c t i o n s i s c o n s i d e r e d . 

Out of 45 p o s s i b l e c h o i c e s of flow (app l i can t s to s e c t i o n s ) , 13 c h a i n s w e r e 

n e c e s s a r y to sa t i s fy the r e q u e s t s and p r o d u c e a m i n i m u m c o s t so lu t ion of four 

u n i t s . A s the r e s u l t s in F i g u r e 27 show, only one r e q u e s t w a s a l l o c a t e d e n t i r e l y 

to the s a m e s e c t i o n , i . e . , Cha in 5 , F l o w 10 , A p p l i c a n t R e q u e s t 1 in Sec t ion 15 . 

A l l the r e q u e s t s w e r e f i l led and e v e r y s e a t w a s t a k e n wi th a r e s u l t a n t flow of 

supply equa l to d e m a n d . 
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F i g u r e 2 6 . Ne twork C o n s t r u c t i o n 



Chain F l o w 
(No. of Sea t s ) 

Sec t ion 
N u m b e r 

R e q u e s t 
N u m b e r 

C o s t of 
A s s i g n m e n t 

1 6 11 4 0 
2 8 12 4 0 

CO
 

6 13 5 0 
4 9 14 2 0 
5 10 15 1 0 
6 6 16 2 0 
7 3 16 3 0 
8 6 17 3 0 
9 8 18 3 0 

10 1 19 4 0 
11 4 12 5 0 
12 2 16 3 1 

2 15 2 1 
13 1 19 3 2 

Tota l C o s t of A s s i g n m e n t 4 

F i g u r e 27 . Model IV R e s u l t s 
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C H A P T E R V 

CONCLUSIONS 

S tad ium Sea t ing 

The d i s s i m i l a r i t y of s t a d i u m s e a t i n g s i t u a t i o n s m a k e i t n e c e s s a r y to d e v e l o p 

spec i f i c m o d e l s fo r spec i f i c s i t u a t i o n s r a t h e r t han a g e n e r a l p u r p o s e m o d e l good 

fo r a l l a p p l i c a n t s . Once the b a s i c cond i t ions c o n c e r n i n g a p p l i c a n t s t a t u s , s e a t 

q u a l i t y , and a s s i g n m e n t a l t e r n a t i v e s a r e e s t a b l i s h e d , the me thod of a l l o c a t i o n 

c a n be d e v e l o p e d . It i s l og ica l a l s o to begin wi th the s i m p l e c a s e and then p r o 

g r e s s to c o m p l e x c a s e s . The s i m p l e s t c a s e i s the new s t a d i u m p r e s e n t e d in 

Model I; a c o m p l e x c a s e i s t he h i s t o r i c a l r e a s s i g n m e n t c a s e p r e s e n t e d in Model 

II; a r e f i n e m e n t of Model II i s the s e l e c t i o n of spec i f i c l o c a t i o n s p r e s e n t e d in 

Model III; and f inal ly the e f f e c t i v e n e s s in the a l l o c a t i o n of a p p l i c a n t s to s e c t i o n s 

of s e a t s on a l e a s t c o s t b a s i s i s p r e s e n t e d in Model IV. 

Uti l i ty of Mode l s 

A d v a n t a g e s 

The d e v e l o p m e n t of the a s s i g n m e n t t e chn ique and i t s r e f i n e m e n t w a s the 

p r i m a r y benef i t of the r e s e a r c h in t h i s t h e s i s . Once the b a s i c a s s i g n m e n t 

t e chn ique w a s d e v e l o p e d , the a l t e r n a t i v e s p r e s e n t e d in Mode l s II and III w e r e 

deve loped and p r o g r a m m e d fo r t he c o m p u t e r . In a p p l i c a t i o n the m o d e l s c a n be 

u s e d r e g a r d l e s s of the s t a d i u m conf igu ra t ion . The a s s i g n m e n t p r o c e s s d e s c r i b 

ed in Mode l s I , I I , and II s e l e c t s the b e s t a v a i l a b l e s e a t s a c c o r d i n g to p r e 

s c r i b e d r u l e s . If t he e f f e c t i v e n e s s of a s s i g n m e n t i s i m p o r t a n t and a p p l i c a n t s 

a r e r e s t r i c t e d to g r o u p s of s e a t s , Model IV p r o v i d e s a n e x c e l l e n t veh i c l e fo r 
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ob ta in ing a n o p t i m u m a l l o c a t i o n a t m i n i m u m c o s t . The a s s i g n m e n t t echn ique 

p r e s e n t e d in the f i r s t t h r e e m o d e l s i s s i m p l e enough to p e r m i t r e f i n e m e n t s fo r 

m o r e a d v a n c e d a p p l i c a t i o n s . 

L i m i t a t i o n s 

The t echn ique d e s i g n e d f o r s e a t a s s i g n m e n t s in t h i s t h e s i s c o n s i d e r s only 

the f i r s t s e a t of e a c h s e t in d e t e r m i n i n g the b e s t l oca t i on . It m i g h t be m o r e 

d e s i r a b l e to c o n s i d e r the qua l i ty of a n e n t i r e s e t in c o m p a r i n g one l o c a t i o n to 

a n o t h e r . The m o d e l s have no m e c h a n i s m fo r c h o o s i n g b e t w e e n two equa l ly 

d e s i r a b l e s e a t s , i n f a c t , i t w a s a s s u m e d t h a t a l l s e a t s w e r e r a n k e d uniquely . 

In a s t a d i u m a s s i g n m e n t p r o b l e m w h e r e i t w a s n e c e s s a r y to e x a m i n e s e a t s on 

both s i d e s of a n a r b i t r a r y l ine s i m u l t a n e o u s l y (say the 5 0 - y a r d l i n e ) , a r e v i s i o n 

of the a s s i g n m e n t me thod would be n e c e s s a r y . T h i s type of r e v i s i o n would 

p r o b a b l y not be diff icul t o n c e c e r t a i n b a s i c r u l e s w e r e e s t a b l i s h e d . S i m i l a r l y , 

t he a s s i g n m e n t of s e a t s b e t w e e n the 4 0 - y a r d l i n e s could be i n c o r p o r a t e d in the 

e x i s t i n g a s s i g n m e n t p r o c e s s . Such r e f i n e m e n t s c a n be m a d e j u s t a s r e a s s i g n 

m e n t and s e l e c t i v e a s s i g n m e n t in M o d e l s II and i n w e r e m a d e . 

Need fo r F u r t h e r R e s e a r c h 

Inves t i ga t i on of the s t a d i u m s e a t i n g p r o b l e m beyond the d e v e l o p m e n t s 

d i s c u s s e d in t h i s t h e s i s would be d e s i r a b l e . M o r e a d v a n c e d m o d e l s could be 

deve loped which c o n s i d e r a s s i g n m e n t in g e n e r a l v e r s u s spec i f i c l o c a t i o n s , 

g r o u p i n g s of s e a t s r a t h e r than the f i r s t s e a t of the s e t , and o p t i m u m a l l o c a t i o n 

to ind iv idua l s e a t s v e r s u s s e c t i o n s of s e a t s . Both the e s t a b l i s h m e n t of p r i o r i t i e s 

fo r a p p l i c a n t s and the s e l e c t i o n of d e s i r a b i l i t y c r i t e r i a fo r r a n k i n g s e a t s could 

be s t u d i e d . Solut ion of t h e s e p r o b l e m s would p r o v i d e a n e x c e l l e n t c o m p l e m e n t 

to the so lu t ion deve loped fo r s e a t a s s i g n m e n t in t h i s t h e s i s . 
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