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Pro jec t  Summary 

The goal o f  my p r o j e c t  was t o  use my undergraduate knowledge o f  geography 

t o  develop a  Windows based program f o r  the  l o c a t i o n  o f  r e t a i l  a c t i v i t i e s .  

S p e c i f i c a l l y ,  I wanted t o :  

1. Develop a program t h a t  w i l l  p rov ide a use r - f r i end ly  i n t e r f a c e  f o r  

l o c a t i o n - a l l o c a t i o n  ana lys is ,  

2. Provide an educat ional  t o o l  f o r  courses i n  l o c a t i o n  s tud ies ,  

3. Explore the  programming fea tu res  o f  Mic rosof t  Windows. 

The program I developed i s  c a l l e d  Loc. 

Th is  paper descr ibes t h e  general c h a r a c t e r i s t i c s  o f  l o c a t  ion-a1 l o c a t i o n  

models, and t h e  a p p l i c a t i o n  o f  these models t o  r e t a i l i n g  a c t i v i t i e s .  I t  a l s o  

describes how M ic roso f t  Windows was used t o  provide a  user f r i e n d l y  envi  ronment, 

and t h e  use o f  t h e  program Loc. 
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1. INTROOUCTION 

Determining locat ions  f o r  new s tores  i s  c r u c i a l  t o  the  grcwth o f  revenues 

f o r  a  r e t a i  1 establishment. New s tores  t h a t  are op%imal l y  located may expand t h e  

market area t o  the  l a rges t  poss ib le  ex tent  and thus increase t h e  p o t e n t i a l  f o r  

sa les  and p r o f i t s  t o  the  maximum. Making loca t ion  decis ions i s  o f t e n  a  complex 

task.  I n  a  s i  te -se lec t ion  process, two sub-processes are ac tua l  1y involved.  The 

f i r s t  one i s  t o  choose the  "bes t "  l oca t ions  f o r  new stores, and t h e  second one 

i s  t o  a l l o c a t e  customers t o  the  rlew and e x i s t i n g  stores according t o  t h e  expected 

p a t t e r n  o f  customer t r a v e l  so as t o  determine the  t rade areas of t h e  chain s to res  

and t o  fo recas t  revenues. These two sub-processes are interwoven, Optimal 

l o c a t i o n s  depend on consumer a l l o c a t i o n s  and consumer a l l o c a t i o n s  i n  t u r n  depend 

on opt imal  l oca t ions .  Locat ion-a l locat ion  ana lys is  addresses these two aspects 

of s i t e - s e l e c t i o n  problems. When app l ied  t o  r e t a i l i n g ,  i t  represents an attempt 

t o  f i n d  t h e  opt imal locat ions  f o r  a  number o f  new s tores  so t h a t  t h e  l a r g e s t  

market area can be a t ta ined.  

I n  conduct ing l oca t ion -a l l oca t ion  analys is ,  graphics o f t e n  p lays  an 

important  r o l e .  For instance, before s e l e c t i n g  a  se t  o f  f e a s i b l e  (poss ib le )  

s o l u t i o n s  as the  s t a r t i n g  p o i n t ,  i t  i s  h e l p f u l  t o  f i r s t  study a  map o f  t h e  

d i s t r i b u t i o n  o f  populat ion o r  some o ther  demand va r iab les  o f  t h e  area under 

study. A f t e r  r e s u l t s  are obtained by s o l v i n g  the  l o c a t i o n - a l l o c a t i o n  problems, 

i t  i s  p a r t i c u l a r l y  important t o  p l o t  t h e  opt imal l oca t ions  on the  map o f  

d i s t r i b u t i o n  o f  demand i n  order  t o  analyze the  r e s u l t s  e f f e c t i v e l y .  Past 

research i n  t h i s  area has almost a l l  used some form o f  graphics t o  present  

r e s u l t s  and analys is .  

The c h i e f  o b j e c t i v e  o f  t h i s  research p r o j e c t  i s  t o  provide a  u s e r - f r i e n d l y  

graphical  i n t e r f a c e  f o r  l o c a t i o n - a l l o c a t i o n  ana lys is  o f  r e t a i l i n g .  An 

a p p l i c a t i o n  program named Loc i s  developed w i t h  M ic roso f t  Windows. The 

a p p l i c a t i o n  program al lows a user t o  i n t e r a c t i v e l y  supply t h e  parameters f o r  a  

l o c a t i o n - a l l o c a t i o n  algori thm. I t  a l s o  presents maps and r e p o r t s  t o  a s s i s t  

users t o  analyze t h e  resu l t s .  The program serves very we l l  as an i n s t r u c t i o n a l  

t oo?  f o r  t he  concepts o f  l o c a t i o n - a l l o c a t i o n  ana lys is .  It i s  a l s o  a  t o o l  f o r  

dec i s ion  makers f o r  conducting quick v i s u a l  comparison o f  l o c a t i o n  p lans.  

Th is  paper i s  a  desc r ip t i on  o f  t he  research p r o j e c t .  The next  s e c t i o n  

int roduces the  basic concepts o f  locat ion-a1 l o c a t i o n  ana lys is  i n  general and t h e  

a p p l i c a t i o n  o f  such analys is  t o  r e t a i l i n g .  The t h i r d  sec t i on  descr ibes the  

c h a r a c t e r i s t i c s  and f a n c t i o n a l i t i e s  o f  t h e  Loc a p p l i c a t i o n  program. Since t h e  



secondary o b j e c t i v e  c f  t h i s  research p r o j e c t  i s  t o  explore t h e  programming 

features of M ic roso f t  Windows, the  f o u r t h  sec t i on  i s  a  d e t a i l e d  d iscuss ion o f  t h e  

Windows programming environment and i t s  ob jec t -or ien ted nature i n  p a r t i c u l a r .  

Some f u t u r e  enhancements o f  the  app l i ca t i on  program are suggested i n  t h e  l a s t  

sec t ion .  

2. LOCATION-ALLOCATION ANALYSIS I N  GENERAL 

2.1 Ob jec t i ves  and Charac te r i s t i cs  o f  Locat ion-Al locat ion Ana lys is  

The a c c e s s i b i l i t y  t o  a  serv ice  can always be maximized by l o c a t i n g  one 

f a c i l i t y  a t  each concentrat ion o f  demand. However, i t  i s  o f t e n  i n f e a s i b l e  

because o f  t he  h igh  f i x e d  costs. To take advantage o f  scale economies, i t  i s  

more p r o f i t a b l e  t o  provide t h e  serv ice  from a f e w  cen t ra l  l oca t ions .  A l oca t ion -  

a l l o c a t i o n  ana lys is ,  i n  i t s  most genera1 form, i s  t o  determine t h e  optima1 

l o c a t i o n s  o f  the  c e n t r a l  f a c i l i t i e s  and assignments o f  f l ows  between t h e  

f a c i l i t i e s  and the  demand concentrat ions, so t h a t  t h e  t o t a l  cos ts  o f  opera t ion  

are t h e  l e a s t  possib le.  I n  o ther  words, t h e  bas ic  quest ion i s  how t o  l o c a t e  and 

a l l o c a t e  f a c i l i t i e s  so t h a t  t h e  consumers are best  served and t h e  f a c i l i t i e s  are 

best  u t i l i z e d .  

Locat ion-a l locat ion  models are use fu l  i n  p r a c t i c a l  p lanning.  There have 

been s tud ies  on i t s  appl i c a t i o n  t o  a wide range o f  serv ices o f  bo th  pub1 i c  sec tor  

and p r i v a t e  sector .  Examples inc lude warehouses, restaurants,  schools, p o l i c e  

s t a t i o n s ,  f i r e  s ta t i ons ,  and hosp i ta ls .  App l i ca t i on  t o  d i f f e r e n t  types o f  

serv ices  requ i res  mod i f i ca t i on  o f  t he  most general form, bu t  a l l  l oca t i on -  

a1 l o c a t  i o n  model s  are  comprised o f  a few basic components, and t h e  r e s u l t s  o f  t he  

ana lys i s  always con t r i bu te  t o  the  p lanning o f  serv ice  p r o v i s i o n  i n  t h e  most 

e f f i c i e n t  way. 

2.  1.  1 F ive Components o f  a Locat ion-A 7 locat ion Mode ? 

The f i v e  components o f  a l o c a t i o n - a l l o c a t i o n  model inc lude a  s e t  o f  demand 

po in ts ,  a  s e t  o f  f e a s i b l e  s i t e s ,  a  d is tance mat r i x ,  an a l l o c a t i o n  r u l e ,  and an 

o b j e c t i v e  func t i on  [91. 

Demand Poi n t s  

To decide on the  opt imal  l oca t ions  and a l l o c a t i o n s  o f  new f a c i l i t i e s ,  t h e  



d i s t r i b u t i o n  o f  demand must be known. I n  r e a l i t y ,  d i s t r i b u t i o n  o f  demand i s  

s p a t i a l l y  d ispersed on a  continuous space; however, f o r  ease o f  ana lys i s ,  demand 

i n  l o c a t i o n - a l l o c a t i o n  models i s  represented by d i s c r e t e  s p a t i a l  co-ordinates 

c a l l e d  demand po in ts .  Each of t he  demand p o i n t s  i s  usua l l y  t h e  c e n t r o i d  o f  a  

zone c o n t a i n i n g  a  c e r t a i n  l eve l  o f  demand, which i s  usua l l y  the  popu la t ion  s i z e  

weighted by some economic o r  s o c i a l  f ac to rs .  The demand zones a re  small  and 

compact area1 u n i t s ,  such as census t r a c t s ,  z i p  code areas, o r  count ies,  f o r  

which popu la t i on  data are e a s i l y  gathered from t h e  popu la t ion  census. 

Feasib le S i t e s  

I n  some cases, a  l oca t ion -a l l oca t ion  model i s  app l ied  t o  a  d i s c r e t e  space. 

Travel  i s  r e s t r i c t e d  t o  a  network and demand p o i n t s  are  nodes on t h e  network. 

Then t h e  opt imal  locat ions  are conf ined t o  t h e  network also. I n  o the r  cases, 

t r a v e l  i s  no t  res t ra ined t o  a network. S t i l l ,  t h e  optima1 s o l u t i o n s  a re  

r e s t r i c t e d  t o  a  number o f  l oca t ions  c a l l e d  t h e  f e a s i b l e  s i t e s .  The r e s t r i c t i o n  

could r e f l e c t  t h e  minimal requirements o r  l i m i t a t i o n s  o f  land a v a i l a b i l i t y ,  ease 

of access, o r  government zoning code. The s e l e c t i o n  o f  f e a s i b l e  s i t e s  i s  t ime- 

consuming b u t  renders a  more r e a l i s t i c  ana lys is .  

Other l oca t ion -a l l oca t ion  models, on t h e  o ther  hand, e l  im lnate  the  s tep  o f  

i d e n t i f y i n g  f e a s i b l e  so lu t i ons  and assume t h a t  any p o i n t  i n  the  area under study 

i s  a f e a s i b l e  s i t e ,  t h a t  means no l o c a t i o n  i s  considered in feas ib le ,  These 

models a re  a l s o  termed "p lanar"  models. 

Distance Mat r i x  

A d is tance mat r ix  used i n  a  locat ion-a1 l o c a t i o n  model records t h e  sho r tes t  

d is tance betweeneach demand p o i n t  and each f e a s i b l e  s i t e .  A s imple approach f o r  

p repar ing  a  d is tance mat r ix  i s  t o  c a l c u l a t e  d is tances mathemat ical ly  based on a  

co-ord inate system. There are main ly  two types o f  such mathematical d is tances,  

Eucl idean and c i t y  b lock distances. The Eucl idean d is tance i s  a  s t r a i g h t - l i n e  

d is tance and i s  ca lcu la ted w i t h  t h e  f o l l o w i n g  equation, given two p o i n t s  w i t h  co- 

o rd ina tes  (x, , y, ) and (x., y. ) , 
+ I 

d,: = ( (xi - x  i (y. - yJl i  (1) 

The c i t y  b lock  method measures the  d is tance between two po in ts  as t h e  sum o f  t h e  

absolute d i f f e rences  o f  t he  h o r i z o n t a l  and v e r t i c a l  co-ordinates as fo!lcws, 

dij = pj - XjJ + 1 ~ .  - y j l .  ( 2  1 
The c i t y  b lock  d is tance i s  equ iva lent  t o  t h a t  o f  a  r igh t -ang le  pa th  between two 

po in ts ,  and thus i t  i s  a  b e t t e r  approximation o f  t h e  ac tua l  t r a v e l  d is tance i n  

a  small  area than the  Euclidean d is tance wh i le  t h e  l a t t e r  g ives  a  c lose  



approximat ion t o  average t o t a l  d is tance between several p a i r s  o f  c i t i e s  i n  a 

reg ion  [ 1 4 ] .  

Another way o f  prepar ing d is tance m a t r i x  i s  t o  measure phys ica l  d is tances 

o r  t r a v e l  t ime. To accurate ly  r e f l e c t  ac tua l  d is tance o r  t ime, f a c t o r s  such as 

phys i ca l  and s o c i a l  b a r r i e r ,  the  modes o f  t r a n s p o r t a t i o n  ava i l ab le ,  t r a f f i c  

congest ion,  t r a v e l  speed l i m i t s ,  and so on, must be taken i n t o  account. 

Prepar ing  such a  d is tance mat r i x  requ i res  t h e  c o l l e c t i o n  of extensive phys ica l ,  

s o c i a l ,  and economic informat ion.  

Although co-ordinate based d is tance c a l c u l a t i o n s ,  both t h e  c i t y - b l o c k  and 

Eucl idean, are not  as accurate as measuring phys ica l  d is tance o r  t ime, they can 

be eas i  l y  prepared from a map wi thout  c o l l e c t i n g  d e t a i  l ed  in format ion  about road 

networks. 

A l l o c a t i o n  Rule 

The a l l o c a t i o n  r u l e  s p e c i f i e s  t h e  manner i n  which demand are assigned t o  

t h e  s e t  o f  opt imal  supply po in ts .  I n  bas ic  l o c a t i o n - a l l o c a t i o n  models, t h e  

a l l o c a t i o n  r u l e  s imply fo l l ows  the  proximal area p r i n c i p l e ,  t h a t  i s ,  a  demand 

p o i n t  i s  a l l o c a t e d  t o  i t s  nearest supply p o i n t .  For d i f f e r e n t  app l i ca t i ons ,  

var ious  a d d i t i o n a l  parameters may supplement d is tance f o r  forming an a l l o c a t i o n  

r u l e  t h a t  i s  more re levant  t o  the  p a r t i c u l a r  contex t .  For example, phys i ca l  

a t t r i b u t e s  o f  r e t a i  1  o u t l e t s  are important  f a c t o r s ,  besides d is tance,  i n  

i n f l uenc ing  l o c a t i o n  decis ions f o r  r e t a i l  a c t i v i t i e s .  The a l l o c a t i o n  r u l e  f o r  

such a p p l i c a t i o n s  has t o  be adjusted t o  r e f l e c t  these non-distance f a c t o r s .  

Ob jec t i ve  f u n c t i o n  

The o b j e c t i v e  func t i on  o f  a  l o c a t i o n - a l l o c a t i o n  model s t a t e s  t h e  o b j e c t i v e s  

t o  be opt imized.  It r e f l e c t s  t h e  a l l o c a t i o n  r u l e .  For instance, when us ing t h e  

proximal area p r i n c i p l e  as t h e  a l l o c a t i o n  r u l e ,  t h e  o b j e c t i v e  f u n c t i o n  i s  t o  

minimize t o t a l  d is tances and can be s imply s t a t e d  as 

Minimize E E w .  d,, 
3 

(3 )  
4 

where wi i s  some form o f  weight such as popu la t i on  s i z e  o f  demand zone i and d  
; 

i s  d is tance between demand zone i and supply center  j. The o b j e c t i v e  f u n c t i o n  

serves as t h e  bas is  f o r  comparison o f  a l t e r n a t i v e  l o c a t i o n  plans. 

2. 1.2 The p-median Prob ?em 

The e a r l i e s t  form o f  a  l o c a t i o n - a l l o c a t i o n  model i s  expressed by A l f r e d  

Weber [ 2 2 ] ,  who s tud ied the  l o c a t i o n  o f  a  f a c t o r y  such t h a t  t h e  t o t a l  



t r a n s p o r t a t i o n  costs from a  raw mate r ia l  s i t e  t o  the  f a c t o r y  and from the f a c t o r y  

t o  a market can be minimized by us ing  mechanical and graphical methods. Weber's 

model i s  l i m i t e d  t o  the  l oca t ion  o f  a  s i n g l e  f a c i l i t y .  

Cooper [ 3 ]  extended the  model t o  study the  f lows between a  s e t  of 

f a c i l i t i e s  and demand. He formulated t h e  p-median model which became t h e  

c l a s s i c a l  l o c a t i o n - a l l o c a t i o n  problem. The o b j e c t i v e  o f  t he  p-median problem i s  

t o  f i n d  t h e  opt imal  ' locations o f  a  g iven number (p) o f  uncapacitated supply 

centers  t h a t  minimize t h e  aggregate weighted d is tance t o  serve a  s e t  o f  demand 

p o i n t s  w i t h  known pos i t i ons .  The assumption i s  t h a t  each demand p o i n t  i s  

a ?  located t o  on ly  one center and the  center  i s  the  nearest t o  i t  [1 ] .  A p-median 

problem i s  so c a l l e d  because the  opt imal  l o c a t i o n s  are indeed median l o c a t i o n s  

which f a v o r  t h e  areas o f  greater  d e n s i t i e s  and are i n s e n s i t i v e  t o  l oca t ions  a t  

t h e  per iphery .  On the  other  hand, extensions o f  t he  p-median problem, as 

discussed i n  t h e  next  sect ion,  produce opt imal  so lu t i ons  t h a t  a re  not  median 

p o i n t s .  

2.1.3 Extens ions o f  the p-median Prob lem 

The p-median problem i s  t h e  s implest  c l a s s i c a l  form o f  locat ion-a ' l loca t ion  

model t h a t  uses the  nearest-center assumption as the  a l l o c a t i o n  r u l e .  When o the r  

c o n s t r a i n t s  are  appl ied,  d i f f e r e n t  l o c a t i o n - a l l o c a t i o n  models can be formulated 

and each would be s u i t a b l e  f o r  a p a r t i c u l a r  type o f  serv ices  o r  goods. Examples 

of such extensions o f  t he  p-median problem a re  t h e  p-center problem, t h e  set- 

cover ing  model and the  maximal-covering model. 

The p-center problem provides some minimum standard o f  i n d i v i d u a l  access. 

I t  locates  f a c i l i t i e s  so as t o  minimize t h e  maximum distance between a  demand 

p o i n t  and i t s  nearest f a c i l i t y .  The s o l u t i o n  produced by s o l v i n g  the  p-center 

problem tends t o  be a  more equ i tab le  l o c a t i o n  p a t t e r n  w i t h  se rv i ce  areas o f  

roughly equal s izes.  On the  o the r  hand, t h e  p-median problem y i e l d s  a  l o c a t i o n  

p a t t e r n  t h a t  e x h i b i t s  a  c u r v i l i n e a r  r e l a t i o n s h i p  between demand dens i t y  and 

f a c i l i t y  dens i t y  w i t h  r e l a t i v e l y  more f a c i l i t i e s  per  u n i t  area i n  areas o f  h i g h  

demand densi t y  E 81. 

The set-cover ing model 15, 17, 211 i s  espec ia l l y  usefu l  i n  designing a  

system o f  serv ice  i ndus t r i es ,  f o r  example, emergency medical serv ices .  The 

o b j e c t i v e  of t h e  model i s  t o  determine t h e  l oca t ions  o f  t h e  minimum number o f  

f a c i l i t i e s  t o  serve a11 demand such t h a t  each demand po in t  i s  w i t h i n  some 

c r i t i c a l  d is tance o r  t ime from the  f a c i l i t y  i t i s  assigned t o .  Hi l lsman [ I l l  



const ruc ted a  general mathematical s t r u c t u r e  termed a  u n i f i e d  l i n e a r  model which 

encompasses t h e  p-median model and t h e  set-covering model. 

The maximal-covering model [ 2 ]  i s  s imi  f a r  t o  the  set-covering model i n  t h a t  

they bo th  have an a c c e s s i b i l i t y  cons t ra in t .  However, the  o b j e c t i v e  o f  t h e  

maximal-covering model i s  not t o  minimize the  number of f a c i l i t i e s  bu t  t o  

determine t h e  l oca t ions  o f  a  s p e c i f i e d  number o f  f a c i l i t i e s  such t h a t  t h e  

p r o p o r t i o n  o f  demand covered by t h e  f a c i l i t i e s  i s  maximized and t h e  covered 

demand p o i n t s  are  a l l  w i t h i n  the  s p e c i f i e d  t ime o r  d is tance c o n s t r a i n t .  The 

mode1 i s  p a r t i c u l a r l y  usefu l  when the  cos t  o f  p rov id ing  un ive rsa l  cover ing  

se rv i ce  i s  t o o  h i g h  t o  be feas ib le .  

2.2 S o l u t i o n  Methods o f  Locat ion-A l locat ion  Problems 

Among t h e  e x i s t i n g  l i t e r a t u r e  on loca t ion -a l l oca t ion  ana lys is ,  t h e r e  are 

four  s o l u t i o n  methodsthat  are commonly mentioned: proximal s o l u t i o n  methods, map 

over lay ,  l i n e a r  programming, and h e u r i s t i c  a lgor i thms.  

Proximal s o l u t i o n ,  o r i g ina ted  by Thiessen, i s  a  simple geometric procedure 

f o r  appor t i on ing  an area i n t o  regions about each center  so t h a t  every l o c a t i o n  

i n  a  reg ion  i s  nearer t o  t h a t  region 's  center  than t o  any o ther  center  1201 .  Map 

ove r lay  i s  a  t e c h n i q m  f o r  a l l o c a t i n g  a d d i t i o n a l  f a c i l i t i e s .  It i s  w ide ly  app l i ed  

i n  medical geography f o r  l o c a t i n g  medical f a c i l i t i e s  1123. These two methods are 

s u i t a b l e  o n l y  f o r  small  l oca t ion -a l l oca t ion  problems. L inear programming, on the  

o the r  hand, i s  a  formal mathematical approach t o  op t im iza t i on  and i s  app l i cab le  

t o  complex problems [ I  I, 2, 131. However, t h e  l i n e a r i t y  assumption precludes i t s  

use f o r  problems w i t h  i n t r i c a t e  n o n - l i n e a r i t i e s .  

H e u r i s t i c  a lgor i thms are the  most commonly used technique t o  so lve  

l o c a t i o n - a l l o c a t i o n  problems because o f  t h e i r  s i m p l i c i t y  and computat ional 

e f f i c i e n c y .  A h e u r i s t i c  a lgor i thm represents a  s e t  o f  r u l e s  and s teps  t h a t  

regu la tes  t h e  i t e r a t i v e  search procedure t o  produce so lu t i ons  t o  a  g iven problem, 

b u t t h e  s o l u t i o n s  are  not  necessar i l y  t h e  best  poss ib le  [ 1 9 ] .  The at ta inment  o f  

t he  best  poss ib le  s o l u t i o n ,  the  g loba l  optimum, depends on t h e  nature  o f  each 

problem. However, i n  many cases, t h e  l o c a l  op t imal  s o l u t i o n s  are  very  good 

s o l u t i o n s  and are no t  r a d i c a l l y  d i f f e r e n t  from t h e  g loba l  optimum. With t h i s  

f l e x i b i l i t y ,  many complicated problems can be solved w i t h  h e u r i s t i c  a lgor i thms.  

Cooper E41 suggested two h e u r i s t i c  approaches which are t h e  framework f o r  

most o f  t h e  h e u r i s t i c  a lgor i thms used i n  l o c a t i o n - a l l o c a t i o n  ana lys is .  The f i r s t  



t ype i s  cal l e d  t h e  des t ina t i on  subset a lgor i thm. For a  se t  o f  n  des t i na t i ons  and 

m sources, t h e  a lgor i thm considers poss ib le  subsets o f  m des t i na t i ons  from t h e  

t o t a l  s e t  o f  n  des t i na t i ons  and chooses t h e  best.  The subsets considered can be 

a11 poss ib le  combinations, can be generated i n  a  random fash ion (random 

d e s t i n a t i o n  a lgor i thm) ,  o r  can be formulated successively (successive 

approximations a lgor i thm) .  

The second type i s  c a l l e d  the  a l t e r n a t e  l o c a t i o n  and a l l o c a t i o n  a lgo r i t hm 

[4, I ] .  The idea o f  t h i s  a lgor i thm i s  t o  d i v i d e  the  n  des t ina t ions  i n t o  m groups 

o f  approximately equal s ize.  For each group, a  s i n g l e  source optimum i s  

c a l c u l a t e d  w i t h  exact l o c a t i o n  method. The next step i s  t o  examine a l l  

d e s t i n a t i o n s  and see i f  there i s  any one which i s  poss ib ly  c lose r  t o  another 

source than t h e  one it was i n i t i a l l y  a l located.  i f  there  i s  any changes i n  

a l l o c a t i o n ,  sources are located i n  groups us ing  the  exact l o c a t i o n  method again. 

The process repeats u n t i l  there  i s  no change i n  a l l o c a t i o n .  Th is  approach i s  a  

monotone-decreasi ng convergent process bu t  i t i s  not  guaranteed t h a t  i t  converges 

t o  t h e  g loba l  optima1 so lu t i on .  A few repeated runs using d i f f e r e n t  s t a r t i n g  

values increase the  chance of g e t t i n g  very c lose t o  the  g loba l  optimum. When 

compared t o  t h e  des t ina t i on  subset approach, the  a l t e r n a t i n g  approach i s  l e s s  

c o s t l y  and thus i t  i s  more commonly used [14] .  

2.3 Locat ion-A l locat ion  Analys is  Appl ied t o  R e t a i l  A c t i v i t i e s  

There i s  a  l a rge  body o f  l i t e r a t u r e  on the  a p p l i c a t i o n  o f  l oca t ion -  

a l l o c a t i o n  ana lys is  t o  p u b l i c  sec tor  serv ices.  However, r e l a t i v e l y  few s tud ies  

e x i s t  on i t s  a p p l i c a t i o n  t o  r e t a i l i n g  because o f  i t s  complexity and t h e  l a c k  o f  

reasonably accurate models [ 7 ] .  I n  general,  l oca t ion -a l l oca t ion  ana lys i s  when 

a p p l i e d t o  r e t a i l i n g  determinesthe optima1 loca t ions  o f  r e t a i l  o u t l e t s  such t h a t  

t h e  a c c e s s i b i l i t y  t o  customers i s  maximized. Since t h e  cost  o f  r e t a i l  t r a v e l  i s  

i ncu r red  on customers, d is tance and t r a v e l  t ime has s i g n i f i c a n t  impact on t h e i r  

dec i s ion  o f  patronage. I n  the  s imples t  case, it can be assumed t h a t  customers 

tend t o  pa t ron ize  the  nearest r e t a i  I ou t  l e t  and each out  l e t  serves a  we1 1-def ined 

market area. Therefore, t h e  greater  t h e  a c c e s s i b i l i t y ,  t h e  h igher  t h e  t o t a l  

l e v e l  o f  patronage, and the  h igher  t h e  p r o f i t a b i l i t y .  This assumption i s  t h e  

bas is  o f  t h e  two distance-based models, t h e  compet i t ion- ignor ing mode1 and t h e  

market-share model. On the  o ther  hand, the  interact ion-based models assume t h a t  

d is tance,  al though important,  i s  no t  t he  so le  determining f a c t o r  of customer 



patronage; o ther  f a c t o r s  such as s tore  s i z e  and a d v e r t i z i n g  can a l so  i n f l u e n c e  

a l l o c a t i o n  o f  customers t o  stores. 

2.3. 1 Distance-Based Made 7s 

A l o c a t i o n - a l l o c a t i o n  model o f  p u b l i c  serv ice  f a c i l i t i e s  deals w i t h  o n l y  

one s e t  o f  locat ions .  On the  other  hand, i n  r e t a i l i n g ,  one may need t o  consider  

more than one se t  o f  locat ions ,  a se t  f o r  t h e  c l i e n t  f i r m ,  and o ther  se ts  f o r  i t s  

compet i tors.  The market area o f  a f i r m ' s  o u t l e t  can be h i g h l y  in f luenced by t h a t  

o f  o the r  f i rms .  I n  an area where there i s  no competing supp l ie rs ,  a l l  demand 

p o i n t s  are  assigned t o  the  o u t l e t s  o f  t he  s i n g l e  f i r m  which thus enjoys t h e  whole 

market area. Then the  l oca t ion -a l l oca t ion  ana lys i s  o f  i t s  new o u t l e t s  i s  

b a s i c a l l y  a p-median problem. On t h e  o ther  hand, when there  are compet i tors,  a 

f i r m  may choose t o  locate  i t s  o u t l e t s  o p t i m a l l y  so as t o  a t t a i n  the  l a r g e s t  share 

o f  t h e  market area. Depending on t h e  d i f f e r e n t  approaches t o  compet i t ion,  two 

models were developed [8,  101 and implemented i n  Loc. They are named t h e  

compet i t jon- ignor ing  model and t h e  market-share model. 

The Competi t ion-Ignoring Model (CIM) 

The C I M  ignores the  locat ions  o f  competing f i rms.  It represents an 

aggressive s t ra tegy  and maximizes market penet ra t ion .  I t  assumes t h a t  l o c a t i n g  

o u t l e t s  near t o  compet i tors '  may indeed increase t h e  number o f  p o t e n t i a l  

customers, provided t h a t  t he  competing o u t l e t s  are located i n  areas o f  h i g h  

demand and easy a c c e s s i b i l i t y .  The model i s  p a r t i c u l a r l y  app l i cab le  t o  

spec ia l i zed  products and services, f o r  example, a p a r t i c u l a r  type o f  res taurant ,  

which has a s t rong image and h igh  s to re  l o y a l t y .  I n  such case, i t  i s  assumed 

t h a t  customers f i r s t  decide on the  p a r t i c u l a r  cha in  t o  pat ron ize  and then chooses 

the  nearest  o u t l e t  o f  t h a t  chain [ 9 ] .  Hence, t h e  C I M  attempts t o  maximize t h e  

p o t e n t i a l  sales and p r o f i t s  o f  a r e t a i l  f i r m  by l o c a t i n g  i t s  o u t l e t s  c l o s e s t  t o  

the  maximum number o f  customers, regardless o f  t h e  l oca t ions  o f  compet i tors.  

When t h e  nearest-center a1 l o c a t i o n  r u l e  i s  used, t h e  o b j e c t i v e  f u n c t i o n  o f  

t he  C I M  minimizes the  t o t a l  d is tances t r a v e l l e d  by customers t o  t h e i r  nearest  

o u t l e t s  and i s  s ta ted  as fo l l ows  [ 9 ]  

Minimize E Xaijwidij 
i j&J 

( 4 )  

where w, i s  t h e  r e l a t i v e  demand o f  zone i, J i s  a subset o f  t he  f e a s i b l e  s i t e s ,  

dij i s  t h e  d is tance between demand zone i and f a c i l i t y  j ca lcu la ted  w i t h  e i t h e r  

equation (1 )  o r  (Z), and 



a = 1 i f  d, < d,, f o r  al :  k  G J, k # J ;  0 otherw?se. 
11 3 

a,, considers on ly  the  d is tance fac tor  and assigns demand zones t o  each o u t l e t .  

It takes a value o f  1 when o u t l e t  j i s  c losest  t o  zone i and 0 f o r  a11 o the r  

o u t l e t s ;  hence, t h e o b j e c t i v e  func t i on  on ly  sums the  sho r tes td i s tances  from each 

zone t o  i t s  nearest o u t l e t ,  as s ta ted i n  the  nearest-center a l l o c a t ~ o n  r u l e .  The 

o b j e c t i v e  func t i on  ( 5 )  i s  subject  t o  the  f o l l o w i n g  c o n s t r a i n t ,  

which makes sure t h a t  on l y  p o u t l e t s  are located. 

With t h e  assumption t h a t  demand has an opposi te l i n e a r  r e l a t i o n s h i p  w i t h  

d is tance,  min imiz ing  t o t a l  t r a v e l  d is tance i s  equ iva lent  t o  maximizing t o t a l  

demand. 

The Market-Share Model (MSM) 

The MSM, u n l i k e  t h e  C I M ,  takes i n t o  cons idera t ion  t h e  presence o f  competing 

f i rms when l o c a t i n g  o u t l e t s  o f  a f i r m .  I t  assumes t h a t  customers pat ron ize  t h e  

nearest  o u t l e t ,  i r r e s p e c t i v e  o f  t he  chain s t o r e  t h a t  operates the  o u t l e t .  Th is  

assumption i s  p a r t i c u l a r l y  appl i cab le  t o  convenience-oriented s tores  and t o  low- 

order  goods such as gasol ine. The o b j e c t i v e  f u n c t i o n  o f  t h e  model i s  

Maximize ZZ Ta,,w, 
j & J  ' 

(5 )  

aIj = 1 i f  dIJ < dii f o r  a l l  k  € J U C, k  # j, 0 otherwise 

where C i s  t he  s e t  o f  competing o u t l e t s .  

The model locates  new o u t l e t s  such t h a t  t h e  t o t a l  demand w i t h i n  t h e  

proximal area o f  t he  o u t l e t s  i s  maximized. I n  o the r  words, i t  maximizes t h e  

market share o f  t h e  c l i e n t  f i r m  by f i n d i n g  gaps among t h e  market areas o f  

compet i to rsand l o c a t i n g  o u t l e t s  i n  the  inadequately served areas. Thus, t h e  MSM 

represents a more conservat ive corporate s t ra tegy  than t h e  C I M  191. 

The two distance-based models are considered short - run s t r a t e g i e s  because 

they i gnore the  poss i b 1 e response f rum the cornpet i t o r s .  The MSM assumes t h a t  t h e  

l oca t ions  o f  competing o u t l e t s  are known i n  advance and remain f i x e d  throughout 

t h e  l i f e t i m e  o f  t h e  c l i e n t  o u t l e t s .  The C I M  ignores the  competing f i r m s  

a1 together  and does not  make any assumption about t h e i r  reac t ion .  Hence, t h e  C I M  

may indeed be more r a t i o n a l  than the  MSM, g iven t h a t  t h e  reac t i on  o f  compet i tors 

i s  h i g h l y  unpred ic tab le  [ 8 ] .  



2.3.2 Interact ion-Based Models 

Both t h e  C I M  and the  MSM are distance-based models as they consider s o l e l y  

t h e  d i s tance  f a c t o r .  However, un l i ke  ass ign ing consumers t o  p u b l i c  serv ices ,  

customers may be in f luenced by non-distance f a c t o r s  i n  choos ingthe r e t a i l  o u t l e t  

they pat ron ize .  Thus, the  nearest-center a1 l o c a t i o n  r u l e  may not  be accurate i n  

most cases. I t  may be necessary t o  take i n t o  cons idera t ion  o ther  s t o r e  

c h a r a c t e r i s t i c s  such as the  s i z e  o f  s tores.  So besides these two distance-based 

models, t h e r e  i s  a common type o f  l o c a t i o n - a l l o c a t i o n  models f o r  r e t a i l i n g  

ana lys i s ,  c a l l e d  t h e  interact ion-based model. 

Th is  model assumes t h a t  consumer shopping pa t te rns  are determined by bo th  

d is tance and non-distance fac tors .  To determine more accura te ly  t h e  a l l o c a t i o n  

o f  demand, i t  may be necessary t o  observe consumer s p a t i a l  behavior w i t h  respect  

t o  a s e t  o f  e x i s t i n g  r e t a i l  o u t l e t s ,  and then use t h e  observat ion t o  c a l i b r a t e  

a s p a t i a l  i n t e r a c t i o n  model which can be app l i ed  t o  new o u t l e t s  [8 ] .  A t y p i c a l  

s p a t i a l  i n t e r a c t i o n  model i s  i n  the  form o f  [ I ]  

where Slj i s  t h e  i n t e r a c t i o n  between po in ts  i and j; w, i s  t h e  q u a n t i t y  demanded 

a t  zone i ;  A j  i s  some measure o f  a t t rac t i veness  o f  center  j; d,7 i s  the  d is tance 
* 

between i and j; a and T are parameters measuring t h e  r e l a t i v e  importance o f  t h e  

a t t rac t i veness  f a c t o r  and t h e  d is tance f a c t o r  respec t i ve l y .  When consumers 

pa t ron ize  on ly  the  nearest center,  the parameter r i s  i n f i n i t e .  But when non- 

d is tance f a c t o r s  become important t o  consumer decis ions,  r tends towards 0 and 

d is tance f a c t o r  i s  l ess  c r u c i a l .  The s p a t i a l  i n t e r a c t i o n  model can be 

incorporated i n t o  t h e  nearest-center assumption t o  de r i ve  t h e  a l l o c a t i o n  r u l e  and 

t o  formulate t h e  o b j e c t i v e  func t i on  11, l o ] ,  The o b j e c t i v e  f u n c t i o n  can be 

s ta ted  as 

Minimize E Z Aidtj . 
i j 

For instance, one observat ion o f  consumer behavior i s  t h a t  consumers 

consider s t o r e  s i z e  important and they are w i l l i n g  t o  t r a v e l  f u r t h e r  t o  pa t ron ize  

l a rge r  s tores .  I n  o ther  words, wh i le  d is tance has a negat ive e f f e c t  on demand, 

s to re  s i z e  exe r t s  a p o s i t i v e  e f f e c t .  Hence, a demand p o i n t  which has c lose  

p rox im i t y  t o  a small  o u t l e t  may s t i l l  be inc luded i n  t h e  market area o f  a f u r t h e r  

away b u t  l a r g e r  o u t l e t  because o f  t he  h igher  a t t r a c t i v e n e s s  o f  t h e  l a t t e r  due t o  

i t s  s ize .  

However, t o  de r i ve  an accurate s p a t i a l  i n t e r a c t i o n  model i s  o f t e n  a 



d i f f i c u l t  and time-consuming task. The a t t r a c t i o n  o f  a  r e t a i l  o u t l e t  inc ludes 

no t  o n l y  i t s  phys i ca l  cha rac te r i s t i cs ,  bu t  a l so  o ther  short- term va r iab les  such 

as p r i c e  and a d v e r t i s i n g  i81. I t  i s  c o s t l y  t o  c o l l e c t  data and c a l i b r a t e  a  model 

w i t h  h i g h  p r e d i c t i n g  power. Moreover, t h e  more complex t h e  model i s ,  t h e  more 

s e n s i t i v e  it i s  t o  f u t u r e  uncer ta in ty .  The advantage o f  t he  distance-based 

models over t h e  interact ion-based models i s  t h e i r  s i m p l i c i t y  and i n s e n s i t i v i t y  

t o  fu tu re  uncer ta in t i es .  For low-order r e t a i  1 a c t i v i t i e s ,  t h a t  are goods and 

serv ices  purchased f requen t l y ,  d is tance i s  known t o  be a  s i g n i f i c a n t  f a c t o r  i n  

consumer shopping decis ions.  Even f o r  high-order goods, when d e t a i l e d  

i n fo rmat ion  on consumer pa t te rn  i s  hard t o  c o l l e c t ,  distance-based models can 

prov ide a  quick and easy ana lys is  o f  the  h i g h l y  accessib le s i t e s .  

3. THE LOC APPLICATION PROGRAM 

3.1 Objec t ives  and C h a r a c t e r i s t i c s  of Loc 

The appl i c a t i o n  program Loc i s  an i n t e r a c t i v e ,  PC (persona1 computer) based 

program t h a t  embraces most of t h e  l o c a t i o n - a l l o c a t i o n  concepts discussed i n  t h e  

previous sec t ion .  The main ob jec t i ves  o f  Loc are  t o :  - 

- prov ide a  use r - f r i end ly  i n t e r f a c e  t o  he lp  r e t a i l  planners t o  conduct 

qu ick  and easy ana lys is  o f  l o c a t i o n  p lans,  

- present a  graph ica l  i n t e r f a c e  f o r  uncomplicated l o c a t i o n - a l l o c a t i o n  

a lgor i thms o f  r e t a i l i n g ,  

- serve as an i n s t r u c t i o n a l  t o o l  f o r  t h e  basic concepts o f  l oca t ion -  

a l l o c a t i o n  problems. 

The program provides two approaches f o r  ana lyz ing  r e t a i l  l oca t i ons .  The 

f i r s t  one i s  t o  adopt t h e  compet i t ion- ignor ing model t o  determine a s p e c i f i e d  

number o f  r e t a i l  loca t ions .  The second one i s  t o  a l l ow  a user t o  i n t e r a c t i v e l y  

s e l e c t  l oca t ions  which are  evaluated against  an o b j e c t i v e  func t i on .  The impact 

o f  compet i t ion and t h e  e f f e c t  o f  s t o r e  s i z e  can be incorporated i n t o  t h e  second 

approach. 

When a  f i r m  decides t o  open a number o f  new s tores ,  it i s  p l a u s i b l e  t h a t  

i t f i r s t  searches f o r  a l l  ava i l ab le  s i t e s  which meet i t s  corporate s t r a t e g i e s ,  

and then chooses among t h e  p o t e n t i a l  s i t e s .  Therefore, t h e  second approach o f  

Loc, p rov id ing  t h e  c a p a b i l i t y  o f  a l l ow ing  a  user t o  s e l e c t  l oca t ions ,  i s  i n  l i n e  



w i t h  t h e  p r a c t i c e  i n  r e a l i t y .  A user can o b t a i n  repor t s  of market shares and 

d is tances f o r  d i f f e r e n t  se ts  o f  prospect ive s i t e s  by spec i f y ing  t h e i r  l o c a t i o n s  

one se t  a t  a  t ime. The user may a l so  ob ta in  a  se t  of opt imal l oca t ions  by t h e  

f i r s t  approach and use t h e  r e s u l t s  as the  ya rds t i ck  f o r  comparing the  performance 

o f  t h e  var ious  sets o f  p o t e n t i a l  loca t ions .  A se t  t h a t  shows r e s u l t s  c lose  t o  

t h e  optima1 i s  genera l ly  a  good choice, wh i l e  one t h a t  has performance measures 

f a r  from the  opt imal may need t o  be reevaluated. 

Loc provides a graphical  user i n t e r f a c e  t o  a l low users t o  perform a  

l o c a t i o n - a l l o c a t i o n  ana lys i s  and t o  evaluate t h e  r e s u l t s .  Loc makes use o f  t h e  

Graphics Device I n t e r f a c e  of t he  M ic roso f t  Windows, which w i l l  be discussed 

Sect ion 4.2. The program d isp lays  maps o f  demand d i s t r i b u t i o n  on a  window and 

a l so  p l o t s  t h e  user-selected loca t ions  and t h e  opt imized loca t ions  on t h e  maps. 

So i t  i s  easy f o r  t h e  users t o  c o r r e l a t e  t h e  r e s u l t s  w i t h  t h e  phys ica l  l ayou t .  

The graphical  i n te r face  of Loc i s  a l s o  use r - f r i end ly .  I npu t  c o n t r o l s  are  

graph ica l  ob jec ts  l i k e  pull-down menus, bu t tons  and s c r o l l  bars. Users can 

spec i f y  parameters e a s i l y  by manipulat ing t h e  graph ica l  ob jec ts  w i t h  a  p o i n t i n g  

device such as a  mouse. Hence, Loc i s  very easy t o  use. Thus, many a l t e r n a t i v e  

l o c a t i o n  p lans can be evaluated i n  a  sho r te r  t ime. 

Besides serv ing  as a  qu ick  and easy t o o l  f o r  analyz ing a l t e r n a t i v e  

locat ions ,  Loc has h i g h  educat ional  value. As mentioned, most o f  t h e  bas ic  

concepts o f  l oca t ion -a l l oca t ion  models f o r  r e t a i l i n g  are incorporated i n  Loc. 

Students can change t h e  l o c a t i o n  parameters e a s i l y  and observe t h e  e f f e c t s  o f  t h e  

parameters on the  o b j e c t i v e  func t ions .  They can then q u i c k l y  appreciate t h e  

under ly ing  concepts i n  t h e  study o f  r e t a i l  l oca t i on .  

3.2 The Five Location-Allocation Components in Loc 

As discussed i n  t h e  previous sec t ion ,  t h e  f i v e  components o f  a  l oca t ion -  

a l l o c a t i o n  model are a  se t  o f  demand p o i n t s ,  a se t  o f  f e a s i b l e  s i t e s ,  a  d is tance 

mat r ix ,  an a l l o c a t i o n  r u l e ,  and an o b j e c t i v e  func t i on .  

Demand Po in ts  

Loc reads demand data from an IMAP document f i l e  which conta ins an a r ray  

o f  some demand v a r i a b l e  f o r  a rea l  u n i t s  o f  t h e  area o f  i n t e r e s t .  IMAP i s  an 

i n s t r u c t i o n a l  program developed by Renwick and Young [ 1 6 ]  f o r  ana lys i s  o f  

geographic phenomena. The d e t a i l e d  d iscuss ion o f  IMAP document and image f i l e s  

can be found i n  [16 ] .  



The demand v a r i a b l e  array t h a t  Loc obta ins  from an IMAP document f i l e  can 

be popu la t ion  s izes ,  The areal  u n i t s  can be z i p  code areas o r  census t r a c t s .  

The IMAP document f i l e  a l so  contains t h e  name o f  i t s  corresponding IMAP image 

f i l e  which provides the  boundary in format ion  o f  the  area l  u n i t s .  Loc uses the  

boundary in format ion t o  c a l c u l a t e  the cen t ro id  o f  each area l  u n i t .  The cen t ro ids  

of a11 a rea l  u n i t s  become the  se t  of demand po in ts .  The data t h a t  Loc c o l l e c t e d  

from an IMAP document f i l e  i s  l i s t e d  i n  Appendix A. 

Feasib le S i t e s  

I n  Loc, a  l oca t ion -a l l oca t ion  ana lys is  i s  conducted on a  continuous space. 

When a  user chooses t o  perform an op t im iza t i on  ana lys is  t o  ob ta in  a  s e t  o f  

opt imal  l oca t ions ,  t he re  i s  no r e s t r i c t i o n  on t h e  poss ib le  so lu t i ons .  Also when 

a  user chooses t o  evaluate a  l o c a t i o n  p lan  by s e l e c t i n g  h is /her  locat ions ,  any 

p o i n t  on a  map can be picked. It means t h a t  t h e  se t  o f  f e a s i b l e  s i t e s  i n  Lac 

conta ins  a11 t h e  p o i n t s  i n  the  area under study. 

Distance M a t r i x  

Loc provides two d is tance c a l c u l a t i o n  methods, t h e  Eucl idean d is tance 

(equat ion 1)  and t h e  c i t y  b lock d is tance (equat ion 2). The c h i e f  advantage.of 

these co-ordi na te  based d is tance ca lcu la t i ons ,  as discussed i n  Sect i o n  -2.1 . I  , i s  

t h a t  they e l i m i n a t e  t h e  need f o r  t h e  expensive overhead o f  c o l l e c t i n g  road 

network in format ion .  - 

A l l o c a t i o n  Rule 

As s ta ted  i n  Sect ion 3.1, Loc provides two approaches of analyz ing r e t a i l  

l oca t i ons .  When t h e  compet i t ion- ignor ing model i s  used t o  c a l c u l a t e  a  s p e c i f i e d  

number o f  l oca t ions ,  the  nearest-center a l l o c a t i o n  r u l e  i s  used and a  demand 

p o i n t  i s  assigned t o  i t s  nearest r e t a i l  o u t l e t .  

On t h e  o the r  hand, when a  user se lec ts  l o c a t i o n s  and makes use o f  Loc t o  

analyze them, Loc provides a  choice o f  two a l l o c a t i o n  ru les .  One i s  t h e  nearest- 

center  a l l o c a t i o n  r u l e  as used above. The o the r  i s  a l l o c a t i o n  according t o  

s tore-s ize  a t t r a c t i o n .  Th is  r u l e  r e f l e c t s  t h e  importance o f  s tore-s ize  i n  

a f fec t i ng  a  consumer behavior pa t te rn .  As discussed i n  Sect ion 2.3, consumers 

tend t o  t r a v e l  f u r t h e r  t o  pat ron ize  l a r g e r  s tores .  So under the  s tore-s ize  

a t t r a c t i o n  a l l o c a t i o n  r u l e ,  a  demand p o i n t  i s  a l l o c a t e d  t o  a  supply center  which 

has t h e  l a rges t  a t t r a c t i o n  value, A,,, w i t h  respect  t o  t h e  demand p o i n t .  A,; i s  

measured as 

A:: = Sl / d:! ( 8  
9 

where S, i s  t h e  s t o r e  s i z e  o f  o u t l e t  j ,  d,, i s  t h e  d is tance between demand zone 
i J 



i and o u t l e t  j. The equat ion shows t h a t  a t t r a c t i o n  of an o u t l e t  i s  p o s i t i v e l y  

a f fec ted  by i t s  s t o r e  s i z e  and negat ive ly  a f fec ted  by i t s  a c c e s s i b i l i t y .  

Ob jec t ive  Funct ion 

As mentioned, Loc has two approaches f o r  l o c a t i o n  ana lys is .  I n  the  f i r s t  

case, a  user  s p e c i f i e s  a  number of o u t l e t s  and then Loc ca l cu la tes  t h e  opt imal  

l oca t ions .  The nearest-center a l l o c a t i o n  r u l e  i s  used i n  t h i s  approach. I f  t h e  

number o f  o u t l e t s  t o  l o c a t e  i s  one, it i s  a  s i n g l e  f a c i l i t y  l o c a t i o n - a l l o c a t i o n  

problem and the  o b j e c t i v e  f u n c t i o n  i s  i n  the  form o f  

Minimize Z = wi di 
! 

(9 1 

where w) i s  t he  r e l a t i v e  demand o f  zone i , and 6; i s  d is tance between zone i and 

the  s i n g l e  opt imal  supply p o i n t  as ca lcu la ted w i t h  e i t h e r  equat ion (1 )  o r  ( 2 )  o f  

Sect ion 2.1.1.  Loc f i n d s  t h e  co-ordinates o f  t h e  s i n g l e  opt imal  l o c a t i o n  so t h a t  

t he  t o t a l . o f  di i s  minimized. 

To f i n d  t h e  opt imal  l oca t ions  f o r  m u l t i p l e  f a c i l i t i e s ,  t h e  o b j e c t i v e  

f u n c t i o n  t o  use i s  s i m i l a r  t o  t h a t  of t h e  compet i t ion  i g n o r i n g  model, equat ion 

(4 )  of Sect ion  2.3 as fo l l ows ,  

Minimize Z = ZS Ea,lw:d,l (10) 
1 :  

where d,, i s  t he  d is tance between demand zone i and o u t l e t  j, and 
" 

a:: = 1 i f  dIJ < d,i f o r  a l l  k , k # j; 0 otherwise. - 

The second approach o f  ana lys is  i s  f o r  a  user t o  s e l e c t  a number o f  

l oca t ions  on a  map and have Loc evaluate t h e  s e l e c t i o n  against  some o b j e c t i v e  

funct ions.  Three cases a re  poss ib le  and each has a  d i f f e r e n t  o b j e c t i v e  func t i on .  

- Compet i t  ion and s to re  s ize fac to r  ignored: 

Th is  problem i s  equ iva lent  t o t h e  compet i t ion- ignor ing  mode1 using nearest- 

center  a l l o c a t i o n  r u l e .  The o b j e c t i v e  f u n c t i o n  used i s  t h e  same as equat ion 

(10) 

- Compet i t  ion ignored, s to re  s  i r e  fac tor  cons idered: 

Th is  problem i s  a  modi f ied  compet i t ion- ignor ing model us ing  t h e  s tore-s ize  

a t t r a c t i o n  a l l o c a t i o n  r u l e .  Ins tead o f  a l l o c a t i n g  a  demand zone t o  i t s  nearest 

center ,  i t  i s  a l l o c a t e d  t o  t h e  o u t l e t  w i t h  t h e  l a r g e s t  a t t r a c t i o n  value, A.:,  as 
J 

given i n  equation ( 8 ) .  Since demand i s  i nve rse ly  r e l a t e d  t o  d is tance,  min imiz ing  

aggregate d is tance i s  equ iva lent  t o  maximizing demand. Hence, t h e  o b j e c t i v e  

func t i on  can be s im i  7ar t o  the  one used by the  market share model as equat ion ( 5 )  

o f  Sect ion 2.3. I t  can be w r i t t e n  i n  the  form o f  



Maximize Z = 2C Eac,w,  
j j I '  

where 

a,, , ,  = 1 i f  A j j  > Ajk  f o r  a l l  k  k # j; 0 otherwise. 

- Competi t ion and s t o r e  s i z e  f a c t o r  considered: 

This  i s  a market share model us ing the  s tore-s ize  a t t r a c t i o n  a l l o c a t i o n  

ru le .  The o b j e c t i v e  f u n c t i o n  i s  the  same as the  previous equat ion (11 ) .  Only 

the  a l l o c a t i o n  d e f i n i t i o n  i s  d i f f e r e n t ,  as fo l l ows  

Maximize Z = Z: Ea,.w, 
7 .  * 

where 

a.. = 1 i f  A,j > A., f o r  a l l  k € J  U C,  k # j; 0 otherwise. 
d 

J i s  the  s e t  o f  f e a s i b l e  s i t e s  o f  the  c l l e n t  f i r m ,  and C i s  t h e  se t  o f  competing 

locat ions .  I n  t h i s  case, t h e  a t t r a c t i o n  values o f  a l l  t he  c l i e n t  l oca t ions  ( s e t  

J) as we11 as a l l  t h e  competing locat ions  ( se t  C) have t o  be compared f o r  

a l l o c a t i n g  a demand p o i n t .  

3.3 The Solutions Methods Used i n  Loc 

The two approaches provided by Loc requ i re  d i f f e r e n t  ana lys is .  The 

- compet i t ion- ignor ing  op t im iza t i on  uses h e u r i s t i c  a lgor i thms t o  f i n d  out  the  

requested number o f  opt imal  po in ts .  On the  other  hand, ana lyz ing  p o i n t s  t h a t  are 

se lec ted by users i s  l ess  complex. It i s  no t  necessary t o  conduct l o c a t i o n  and 

a l l o c a t i o n  a t  t h e  same t ime; so h e u r i s t i c  a lgor i thms are  no t  needed. Instead,  

t h e  user-selected p o i n t s  are evaluated by f i n d i n g  ou t  t h e  assignment o f  demand 

p o i n t s  w i t h  respect t o  t h e  appropr iate a l l o c a t i o n  r u l e .  

Case I :  Ca7cu7ation o f  S i n g l e  Optima7 Locat ion 

Locat ing a s i n g l e  optimum i s  a much s impler  problem than determining 

m u l t i p l e  l oca t ions .  An exact  i t e r a t i v e  technique as i l l u s t r a t e d  i n  [ I 8 1  can be 

used t o  f i n d  out  t h e  optimum O(x,, y o .  The a lgo r i t hm i s  comprised o f  t he  

f o l  lowing steps. 

Step 1: Compute t h e  c e n t r o i d  as the  i n i t i a l  l o c a t i o n  

- Z x , / n  
X j  - , (13)  

- ? y , / n  y, - (14) 
i 

where (x., y;) i s  t h e  co-ordinates o f  demand p o i n t  i , and n i s  t h e  number o f  

1 7  



demand po in ts .  

Step 2:  F ind  a b e t t e r  :ocat ion towards the h igh  dens i t y  area as determined by 

x = 2E [x.w,id(O, i l l  / I.I iw./d(O, i ) ]  (15 )  

f -  Y, - E Ey,w,/d(O,i)I / TZ [wi/d(O,i)f ( 16 )  
I 

where d(O, i )  i s  de f ined by e i t h e r  equation (1 )  o r  (2) .  
X 

Step 3: Obtain the  d i f f e rences  i n  the  co-ordinates, (x, , y,') and (x,, y,). I f  

both  o f  t he  d i f f e rences  i n  x-coordinates and y-coordinates are l ess  than an 

a r b i t r a r i l y  small number, say 0.05, then t h e  p o i n t  ( x ,  i s  t h e  opt imal  

p o i n t ;  otherwise, r e t u r n  t o  s tep  2 and recompute t h e  equations w i t h  ( x  y,f) i n  

p lace of (x,, yo>. 

For succeeding values o f  x yc') as ca l cu la ted  a t  each round o f  s tep  2, 

t h e  value o f  the  o b j e c t i v e  func t i on  ( 9 )  should dec l ine .  The te rm ina t ing  p o i n t  

should be very c lose t o  the  g lobal  optimum. 

Case 2: Ca lcu la t i on  o f  M u l t i p f e  Opt-irnal Locat ions 

A l o c a t i o n - a l l o c a t i o n  problem invo lv ing  m u l t i p l e  opt imal  centers i s  

compl i cated because t h e  best  l o c a t i o n  o f  any one center  i s  h i g h l y  a f f e c t e d  by a1 1 

o the r  centers i n  the  same system. The opt imal s o l u t i o n  y ie lded  by a h e u r i s t i c  

a lgor i thm has a smal ler  chance o f  being close t o  the  g loba l  opt imal  s o l u t i o n  than 

i n  the  s ingle-center  case. Nevertheless, an exact s o l u t i o n  method i s  d i f f i c u l t  

f o r  a problem on a continuous space w i t h  no res t ra ined  s e t  o f  f e a s i b l e  s i t e s .  

Hence, t o  provide a rough but  quick analys is ,  Loc uses t h e  a l t e r n a t i n g  h e u r i s t i c  

a lgor i thm which i s  discussed i n  Sect ion 2 .2 .  The steps invo lved are  as f o l l o w s  

[ l a ] .  

Step 1: Se lec t  a se t  o f  i n i t i a l  loca t ions .  

Step 2: Form groups o f  demand p o i n t s  by a l l o c a t i n g  each t o  i t s  nearest center ,  

and then c a l c u l a t e  Z as i n  equation (10). 

Step 3: For each group o f  demand po in ts ,  c a l c u l a t e  a new center  l o c a t i o n  by 

apply ing t h e  exact i t e r a t i v e  technique such t h a t  

x.' = E [ a , , x~w~/d ( i ,  j ) ]  / Z [a>.w?/d(i, j>] 
i 1 

( 1 7 )  
9 1 

Step 4: Return t o  Step 2 and repeat u n t i l  t h e  change i n  t h e  Z va lue i s  

a r b i t r a r i l y  small, say 0.05. 

The r e s u l t i n g  l oca t ions  (xi, y.) o f  t he  n r e t a i l  o u t l e t s  are a f f e c t e d  by 
V " 



t h e  s e t  o f  i n i t i a l  l oca t ions  used a t  step 1. The a lgor i thm,  as discussed i n  [ I 8 1  

has not  spec i f i ed  a  recommended way t o  generate these i n i t i a l  l oca t ions .  Loc 

provides two op t ions  o f  designat ing the  set  o f  i n i t i a l  l oca t ions .  The d e f a u l t  

i s  t o  use t h e  equations shown i n  Table 1 t o  c a l c u l a t e  the  i n i t i a l  po in ts .  ?he 

f i r s t  p o i n t  l i e s  roughly a t  the  center o f  t he  map area surrounded by a71 the  

o the r  po in ts .  The under ly ing  r a t i o n a l e  i s  t h a t  t h e  center  of t h e  map area has 

a  h igher  p r o b a b i l i t y  o f  having a  h igh  demand dens i ty .  

The second op t ion  o f  designat ing i n i t i a l  l oca t ions  i s  f o r  t h e  user t o  

spec i f y  t h e  po in ts .  The advantage o f  t h i s  op t i on  i s  t h a t  t he  user can examine 

t h e  impact o f  d i f f e r e n t  se ts  o f  i n i t i a l  l oca t ions  on t h e  ca l cu la ted  opt imal  

po in ts .  I t  i s  des i rab le  f o r  t he  user t o  repeat t h e  same ana lys i s  w i t h  d i f f e r e n t  

se ts  of s t a r t i n g  l oca t ions  and then choose t h e  l o c a t i o n s  y i e l d i n g  t h e  lowest 

average weighted d is tance.  

Although t h e  a lgo r i t hm as discussed i n  [ I81  has no t  s ta ted  t h a t  i t  i s  

l i m i t e d  t o  any type o f  distances, an observat ion o f  i t s  performance i n  LOC i s  

t h a t  t h e  r e s u l t i n g  l o c a t i o n s  tend t o  be more a f f e c t e d  by i n i t i a l  l oca t ions  when 

using c i t y - b l o c k  d is tance c a l c u l a t i o n  than Eucl idean d is tance c a l c u l a t i o n .  I n  

o ther  words, when Eucl idean d is tance method i s  used, d i f f e r e n t  se ts  o f  i n i t i a l  

l oca t ions  produce r e s u l t i n g  locat ions  t h a t  a re  very c lose  i n  every case; hence, 

Table 1 : Equations f o r  A I n i t i a l  Set o f  Locat ions (De fau l t  Option) 

(ncol  * 0.5, nrow * 0.5) 
(nco l  * 0.6, nrow * 0.6) 
(ncol  * 0.4, nrow * 0.4) 
(nco l  * 0.5, nrow * 0.6) 
(ncol  * 0.5, nrow * 0.4) 
(ncol  * 0.6, nrow * 0.5) 
(ncol  * 0.4, nrow * 0.5) 
(nco l  * 0.6, nrow * 0.4) 
(nco l  * 0.4, nrow * 0.5) 
(x,+(x,-x, )/2, y,+(yl-y7/2) 
(x,+fx,-xe>/2, Y * + ( Y , - Y ? / ~ )  

where ncol = t h e  maximum hor i zon ta l  ex tent  o f  t h e  map area 
and nrow = t h e  maximum v e r t i c a l  ex tent  o f  t h e  map area 



t h e  chance o f  approximating the g lobal  optima i s  high. So i t  could be concluded 

t h a t  t h e  a lgo r i t hm works b e t t e r  w i t h  Eucl idean d is tance c a l c u l a t i o n  method than  

w i t h  t h e  c i t y -b lock  method. 

Case 3: Ana 7yz ing User-Se lected Locat ions (compet i t  ion and s i ze  fac to r  ignored) 

I n  t h i s  case, Loc examines a l l  demand p o i n t s  one by one. According t o  t h e  

nearest-center a1 l o c a t i o n  ru le ,  each p o i n t  i s  assigned t o  t h e  user-selected 

l o c a t i o n  t h a t  has t h e  shortest  d is tance from t h e  po in t ,  The d is tance i s  

ca l cu la ted  according t o  the d is tance c a l c u l a t i o n  method spec i f ied  by t h e  

user. 

Case 4: Ana 7yz ing User-Se lected Locat ions (compet i t  ion ignored; s i r e  f a c t o r  

cons idered) 

The a l l o c a t i o n  r u l e  i n  t h i s  case i s  the  s tore-s ize  a t t r a c t i o n  a l l o c a t i o n  

and t h e  o b j e c t i v e  func t i on  i s  equation ( 1  1) o f  t h e  l a s t  sect ion.  Hence, f o r  each 

demand p o i n t ,  Loc f i r s t  ca lcu la tes  i t s  d is tances from a l l  user-selected l o c a t i o n s  

(dij), and d i v i d e s  t h e  s to re  s izes ( S )  o f  t h e  l oca t ions  by t h e  corresponding 
J 

distances t o  o b t a i n  t h e  s to re  s ize  a t t r a c t i o n  values as i n  equat ion (8) .  Loc 

then assigns t h e  demand po in t  t o  the  user-selected l o c a t i o n  t h a t  has the  h ighes t  

a t t r a c t i o n  value. 

Case 5: Ana 7yzing User-Se lected Locat ions (competi t ion and s i ze  f a c t o r  

cons idered) 

The method o f  a l l o c a t i o n  i s  s i m i l a r  t o  t h e  previous case (Case 4 ) .  The 

d i f f e r e n c e  i s  t h a t  besides the  user-picked loca t ions ,  Loc a l so  needs t o  cons ider  

the  competing l oca t ions .  So f o r  each demand p o i n t ,  Loc f i r s t  c a l c u l a t e s  i t s  

d is tances from a l l  user-selected p o i n t s  as w e l l  as competing po in ts .  Then it 

ca lcu la tes  t h e  s t o r e  s i z e  a t t r a c t i o n  values as discussed i n  the  previous case, 

and assigns the  demand po in t  t o  the  l o c a t i o n  t h a t  has t h e  h ighest  a t t r a c t i o n  

value, e i t h e r  belonging t o  the  set  o f  t he  user-picked loca t ions  o r  t o  t h e  s e t  o f  

t h e  competing locat ions .  

I n  a l l  cases, a f t e r  assigning demand p o i n t s  t o  r e t a i l  centers,  Loc 

ca l cu la tes  t h e  average d is tance and t h e  percentage market share f o r  each center .  

The average d is tance o f  a center i s  de f ined as t h e  aggregate d is tance from a l l  

demand p o i n t s  assigned t o  i t  d iv ided  by t h e  number o f  t h e  assigned demand p o i n t s .  



The market share percentage of a  center j, M , ,  i s  ca l cu la ted  as i n  
J 

Mj = ( aljw, / II wi) * 100 ( 1 9 )  
i i 

where a j j  = 1 i f  demand zone i i s  assigned t o  center  j ;  0 otherwise. 

For each se t  o f  r e t a i  1  locat ions ,  Loc a l so  ca l cu la tes  the  average weighted 

d is tance,  WD, by us ing  the  f o l l o w i n g  equation, 

where t j i s  the  average d is tance o f  center j. 

3.4 F u n c t i o n a l i t i e s  and Menu Options o f  Loc 

When a  user runs Loc on Microsof t  Windows, a  s i n g l e  main window appears. 

The window has a  system menu bar on l i n e  1 which w i l l  d i s p l a y  t h e  f i l e  name o f  

t h e  demand f i l e  a f t e r  a  user opens one. On t h e  second 1 i n e  o f  t h e  window, t h e r e  

are th ree  p u l l  down menus on the  l e f t  and a  menu o p t i o n  on the  r i g h t ,  as shown 

i n  Figure 1. The menu opt ions  o f  t he  pull-down menus under FILE and MAP 7 a r e  

a l s o  i l l u s t r a t e d  i n  F igure 1. Under MAP 2,  t h e  pull-down menu i s  t h e  same as 

t h a t  under MAP 1 s ince Loc d isp lays  two i d e n t i c a l  maps on the  main window and 

a l lows a  user t o  perform the same types o f  opera t ions  on each map. The t h r e e  

per iods ( .  . .)  t h a t  f o l l o w  some o f  t he  menu op t ions  i n d i c a t e  t h a t  when a  user  

s e l e c t  t h i s  op t ion ,  a  d i a l o g  box w i l l  appear t o  o b t a i n  o r  t o  prov ide  a d d i t i o n a l  

information. For example, when a  user c l  i c k s  on t h e  HELP.. . menu op t ion ,  a  l a r g e  

d i a l o g  box w i l l  show on the  window w i t h  a  he lp  index and he lp  in format ion .  A 

user may s e l e c t  a  menu op t ion  by using a mouse t o  open t h e  pull-down menu and 

p o i n t  a t  t h e  desi red op t ion .  

A l l  menu opt ions,  except OPEN DEMAND FILE, EXIT, ABOUT, and HELP, a r e  

i n a c t i v e  when a  user f i r s t  s t a r t s  Loc. A demand f i  l e  must f i r s t  be opened be fo re  

any ana lys i s  can proceed. Loc i s  programmed t o  read demand data o n l y  from IMAP 

f i l e s .  Hence, when a  user chooses t o  open a  demand f i l e ,  a  d i a l o g  box appears 

and i t  l i s t s  a l l  f i l e s  w i t h  the extension ' . i d c ' ,  t h e  extension o f  IMAP document 

f i l e s .  A f t e r  a  f i l e  i s  successfu l ly  opened and t h e  demand data are  read, Loc 

obta ins  the  IMAP fmage f i l e  name from the document f i  l e  and reads t h e  image f i  l e  

f o r  boundary in format ion.  Then Loc pa in ts  two i d e n t i c a l  maps on t h e  window. The 

maps can r e f l e c t  the  d i s t r i b u t i o n  of demand i n  t h e  area by c l a s s i f y i n g  demand of 

a1 1  area l  u n i t s  i n t o  f i v e  categor ies,  each represented by a  d i f f e r e n t  c o l o r .  An 

index i s  painted a t  t h e  bottom of the  window t o  show t h e  ranges o f  t h e  f i v e  



F i g  I .  Menu Options Provided by Loc. 

FILE - Map Map 2 - Help ... 

Qpen Demand File ... 

Print ... 

Fig 2.  Loc window a f t e r  a demand f i 1e i s  opened. 
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classes o f  demand. F igure  2 shows the  main window a f t e r  a  demand f i l e  i s  opened. 

For each map, a  user can perform any operat ion by s e l e c t i n g  a  menu op t i on  o f  t h e  

pull-down menu associated w i t h  the  desi red map. 

PRINT i s  t he  second menu op t i on  under FILE. Loc supports p r i n t i n g  o f  

repo r t s  and maps. Examples are shown i n  F igure  3 and F igure  4. The maps a r e  

p r i n t e d  i s  i n  b lack  and whi te,  bu t  they show t h e  l o c a t i o n s  w i t h  index numbers 

t h a t  match w i t h  those on the  corresponding repor ts .  

The t h i r d  menu o p t i o n  under FILE, REFRESH WINDOW, i s  necessary whenever t h e  

main window i s  no t  repa in ted  proper ly .  Th i s  may happen occas iona l ly  a f t e r  

c l o s i n g  a  d i a l o g  box o r  a f t e r  sw i tch ing  back t o  Loc f rom another Windows 

a p p l i c a t i o n .  Loc repa in t s  the  two maps and t h e  index and a l s o  redraws l o c a t i o n s  

on t h e  maps i f  the re  a re  any. 

For each map, a  user can choose from t h e  two types o f  d is tance c a l c u l a t i o n  

methods, CITY BLOCK DISTANCE o r  EUCLIDEAN DISTANCE. The f i r s t  one i s  t h e  

d e f a u l t .  When a  user changes the  d is tance t ype  by p o i n t i n g  t o  the  op t i on  t h a t  

has no check mark i n  f r o n t ,  Loc c l e a r s  the  map i f  t h e r e  a re  any l oca t i ons  pa in ted  

on it. Then t h e  user can s t a r t  a  new a n a l y s i s  which w i l l  use the  se lec ted  

d is tance method. 

The OPTIMAL (NO COMPETITION) op t i on  a l l ows  a  user  t o  perform the  f i r s t  

approach o f  Loc, i .e .  c a l c u l a t i n g  opt imal  s o l u t i o n s  based on t h e  cornpet i t ion- 

i g n o r i n g  model. When a  user s e l e c t s  t h i s  op t i on ,  Loc f i r s t  d i sp lays  a  d i a l o g  box 

t o  ask t h e  user t o  spec i fy  t h e  number o f  centers  t o  l oca te .  The maximum number 

t h a t  can be ca l cu la ted  by Loc i s  ten. I f  t h e  number s p e c i f i e d  by the  user i s  

one, then i o c  w i l l  conduct t he  single-optimum l o c a t i o n - a l l o c a t i o n  a n a l y s i s  

f o l l o w i n g  the  steps i n  t h e  exact i t e r a t i v e  technique as l i s t e d  i n  Case 1 o f  

Sect ion 3 .3 .  I f  the  number o f  centers t o  l o c a t e  i s  l a r g e r  than one, then Loc 

w i l l  d i s p l a y  a d i a l o g  box and ask the  user whether he/she wants t o  s p e c i f y  

i n i t i a l  l oca t i ons .  I f  t h e  user chooses no t  t o  do so, LOG uses the  equat ions i n  

Table 1 t o  designate t h e  i n i t i a l  loca t ions .  Otherwise, t h e  user :an choose any 

p o i n t s  on the  msp by c l i c k i n g  w i t h  the  mouse. Any se lec ted  p o i n t  can z l s o  be 

erased by c l i c k i n g  on t o p  of it. A f t e r  t h e  user f i n i s h e s ,  Loc checks i f  t h e  

number o f  i n i t i a l  p o i n t s  se lected by the  user  i s  t h e  same as t h e  number o f  

centers t o  l oca te .  I f  the re  i s  a  mismatch, Loc w i l l  d i s p l a y  a  warning message 

and a l l ow  t h e  user t o  apply co r rec t i ons .  Loc then c a l c u l a t e s  t h e  m u l t i p l e  

opt imal  l o c a t i o n s  by f o l l o w i n g  the  steps l i s t e d  i n  Case 2 o f  Sect ion 3.3.  The 

ca l cu la ted  opt imal  p o i n t s  a re  pa in ted  i n  green on t h e  map and the  user-picked 



Method: User Selected Locations with competition 
Distance Calculation: City Block 3istance 
Number of New Centers: 3 
Number of Competitors: 4 
File of competitors: SUPFILE2.XYZ 
Market Share of User Selected Points: 33.32 
Market Share of Competitors: 66.68 
Average Weighted Distance of User Selected Points: 24.64 
Average Weighted Distance of Competitors: 32.57 

User Selected Points: 
id x Y size market share average distance 
1 198.00 73.00 10.00 29.56 80.30 
2 83.00 156.00 5.00 2.01 37.87 
3 240.00 167.00 2.00 1.74 7.80 

Competitor Points: 
id x Y size market share average distance 
4 111.10 80.40 5.00 1.97 33.79 
5 133.40 187.50 6.00 17.63 38.82 
6 201.40 150.45 6.00 37.94 40.86 
7 105.60 222.30 10.00 9.15 104.53 

F ig  3. An Examp 7e o f  Reports Produced by Loc. 

I 

F i g  4 .  An Example o f  Maps Pr in tad by Loc. 



i n i t i a l  p o i n t s  a re  blue. 

There are  two opt ions ,  USER INPUT (NO COMPETITION) and USER INPUT 

(COMPETITION), t h a t  a l l ow  a  user t o  perform the  second approach o f  Loc t o  analyze 

l oca t i ons .  When a  user se lec ts  the  f i r s t  one, Loc shows a  d i a l o g  box and asks 

i f  t h e  user wants t o  spec i f y  a  d i f f e r e n t  s i ze  f o r  each p icked l oca t i on .  Then the  

user can s e l e c t  and deselect  l oca t i ons  by c l i c k i n g  w i t h  t h e  mouse on the  map. 

The maximum number o f  p o i n t s  t h a t  a  user can s e l e c t  i s  ten .  I f  the  user has 

chosen t o  s p e c i f y  s i ze ,  a f t e r  the  user c l i c k s  on a  l o c a t i o n ,  Loc w i l l  d i sp lay  a  

d i a l o g  box t o  a l l ow  the  user t o  i c p u t  t he  s i ze  o f  the  p c i n t  j u s t  selected. 

the  user has f i n i s h e d  p i c k i n g  l oca t i ons ,  Loc assigns demand p o i n t s  by f o l l o w i n g  

e i t h e r  Case 3 o f  Sect ion 3 .3  if s izes  are n c t  de f ined o r  Case 4 i f  the  user has 

s p e c i f i e d  s izes .  Again, Loc p a i n t s  t he  user-picked p o i n t s  on the  map i n  blue. 

The 'JSER INPLIT (COMPETITION) ep t i on  a l lows a  user t o  analyze h is /her  

se lec ted  l o c a t i o n s  against  competing loca t ions .  When a  user chooses t h i s  op t jon ,  

Loc f i r s t  d i s p l a y s  a  d i a l o g  box and asks t h e  user t o  s p e c i f y  t he  type o f  

compet i tor  f i l e  t o  use. Loc can read two types o f  compet i to r  f i l e s ,  t he  IMAP 

f i i e s  and t h e  "xyz"  f j l e s .  I n  t he  f i r s t  case, Loc uses t h e  cen t ro ids  o f  t h e  

a rea l  u n i t s  as t h e  competing l oca t i ons ,  each having a  s i z e  t h a t  i s  equal t o  t h e  

number o f  r e t a i l  o u t i e t s  i n  t h a t  a rea l  u n i t .  I f  t h e  number i s  l ess  than one, 

then the  l o c a t i o n  i s  ignored. I n  t he  second case, Loc reads a  f i l e  t h a t  has an 

extension o f  "xyz" .  A f i l e  o f  t h i s  type conta ins  t h e  x-coordinates, t he  y- 

coordinates,  and the  s i zes  o f  a l l  competing l oca t i ons .  When a  user chooses t o  

open a  compet i tor  f i l e  o f  "xyz"  type,  Loc f i r s t  checks i f  a l l  t he  da ta  i n  t h e  

f i l e  a re  f l o a t i n g  p o i n t  numbers and then checks i f  a l l  t he  coordinates are  w i t h i n  

t h e  map area before  proceeding t o  analyze the  l oca t i ons .  I n  e i t h e r  case, a f t e r  

o b t a i n i n g  t h e  l oca t i ons  and t h e i r  s izes ,  Loc p a i n t s  a l l  t h e  competing p o i n t s  i n  

? i n k  on the  map. I t  a l s o  ca l cu la tes  the  minimum, maximum, and average s i z e  o f  

t he  competing p c i n t s  and d i sp lays  the  values t o  t h e  user i n  a  d i a l o g  box. A t  t h e  

same t ime, Loc prov ides the  user t he  choice of s p e c i f y i n g  a  d i f f e r e n t  s i z e  f o r  

each user-picked p o i n t  o r  making a14 p i c k e d  p o i n t s  uni form. Then io,; receives 

mouse c l i c k s  from the  user t o  s e l e c t  l o c a t i ~ n s  and p a i n t s  t h e  p c i n t s  i n  b lue.  

As i n  o ther  ana lys i s  op t ions ,  Loc can erase any p o i n t s  on t h e  map i f  the  user so 

des i res.  

A f t e r  a  user has performed an ana lys is ,  he/she can view the  r e p o r t  o f  

market shares and average d is tances by s e l e c t i n g  t h e  menu o p t i o n  REPORT. A 

r e p o r t ,  as shown i n  F igure  3 ,  con ta ins  in fo rmat ion  about t h e  method o f  ana lys i s  



and t h e  d is tance c a l c u l a t i o n  used, t h e  number o f  centers located,  and the  average 

weighted d is tance.  For each p o i n t ,  i t  a l so  shows the  coordinates,  t he  s i z e  ( i f  

i t  i s  s p e c i f i e d ) ,  the  market share percentage, and the  average d is tance.  

The l a s t  op t i on  t h a t  a  user can perform on a  map i s  SAVE, A f t e r  conduct ing 

an ana lys i s ,  a  user can i n s t r u c t  Lac t o  save a f i l e  t h a t  conta ins  t h e  coordinates 

o f  t h e  l o c a t i o n s  and the  assignments of demand p o i n t s  t o  the  l o c a t i o n s .  The f i l e  

saved has an extension of " l o c " .  An example o f  a  " l o c "  f i l e  i s  shown i n  F igure 

5 .  The format o f  t h i s  type o f  f i l e  i s  discussed i n  Appendix B. 

USR COMP 
CBD- 
3 
0 198.000000 73.000000 10.000000 29.563234 80.302498 
1 83.000000 156.000000 5.000000 2.013453 37.868469 
2 240.000000 167.000000 2.000000 1.744829 7.804962 
SUPFILE2. XY Z 
4 
3 111.099998 80.400002 5.000000 1.966543 33.788929 
4 133.399994 187.500000 6.000000 17.625694 38.823875 
5 201.399994 150.449997 6.000000 37.936092 40.856060 
6 105.599998 222.300003 10.000000 9.150154 104.526443 
4 6  5 6  6 6  7 4  8 4  9 6  1 0 4  1 1 4  1 2 4  1 3 6  
14 6 15 6 16 6 17 5 18 6 19 4 20 5 21 5 22 5 23 5 
24 6 25 6 26 6 27 6 28 6 29 1 30 0 31 0 32 0 33 0 
34 0 35 3 36 0 37 0 38 0 39 0 40 0 41 0 42 0 43 1 
44 3 45 0 46 3 47 0 48 0 49 0 50 0 51 0 52 0 53 6 
54 5 55 6 56 5 57 6 58 0 59 0 60 5 61 5 62 0 63 6 
64 6 65 0 66 5 67 0 68 5 69 6 70 5 71 4 72 4 73 4 
74 5 75 5 76 5 77 5 78 5 79 4 80 5 81 5 82 4 83 5 
84 5 85 5 86 0 87 5 88 5 89 5 90 5 91 5 92 5 93 5 
94 5 95 5 96 5 97 0 98 5 99 4 100 5 101 5 102 4 103 5 
104 0 105 0 106 5 107 5 108 5 109 2 110 0 111 4 112 4 113 0 
114 0 115 0 116 5 117 6 118 6 119 1 120 1 121 6 122 1 

i i 
Fig  5. An Example o f  "loc" F i  7e Saved by Loc. 

4. PROGRAMMING WITH WINDOWS 

People w i t h  experience us ing  Windows a p p l i c a t i o n s  tend  t o  have h i g h  

comments about t h e i r  use r - f r i end l i ness ,  t h e i r  ease o f  man ipu la t ion ,  and t h e  

t i gh tened  i n t e r a c t i o n  between users and programs. On the  o t h e r  hand, people 

exper ienc ing  Windows programming have q u i t e  the  oppos i te  f e e l i n g s .  Indeed, 



Petzo ld  [ I51  commented t h a t  a  normal f i r s t  reac t i on  t o  Windows programming i s  t o  

f i n d  i t  " d i f f i c u l t ,  awkward, b i z a r r e l y  convoluted, and f i l l e d  w i t h  a l i e n  

concepts".  The " a l i e n "  concepts which are responsib le f o r  t he  sharp l e a r n i n g  

curve of Windows programming inc lude the  ob jec t -o r ien ted  nature o f  programming, 

t h e  message-passing concept, and the  Graphical  Device In te r face .  These uncommon 

concepts make Windows programming very d i f f e r e n t  from convent ional programming 

w i t h  computer languages such as COBOL o r  Pascal. I t  i s  no t  except iona l  f o r  a  

Windows programmer, a t  l e a s t  a t  t he  i n i t i a l  stage, t o  f ee l  confused by these 

concepts as w e l l  as the  550 f u n c t i o n  c a l l s  supported by Windows. 

4.1 Object-oriented Nature o f  Windows Programming 

Windows programming i s  a  form o f  ob jec t -o r ien ted  programming. Buttons, 

s c r o l l  bars, menus, d i a l o g  boxes, windows, e t c .  a re  a l l  considered o b j e c t s  and 

they  communicate w i t h  each o ther  by passing messages. 

The most important  ob jec t  of a l l  i n  an a p p l i c a t i o n  program i s  t h e  window 

t h a t  t h e  program uses t o  receive user  i n p u t  from the  keyboard o r  mouse and t o  

d i s p l a y  g raph ica l  ou tpu t  on i t s  sur face.  I tems associated w i t h  a  window a re  

anchored t o  t h e  window o b j e c t  i t s e l f  and no t  t o  the  screen. Therefore,  The 

window can be moved together  w i t h  a7 1  the  i tems associated w i t h  i t  t o  a  new 

l o c a t i o n  on t h e  screen by a  simple c a l l .  I tems t h a t  are associated w i t h  t h e  

a p p l i c a t i o n  window are  a l so  ob jec ts  and they must be referenced w i t h  respect  t o  

t h e  window o b j e c t .  For instance, an i t em t o  be d isp layed must be p laced i n  t h e  

window r e l a t i v e  t o  the  window i t s e l f  and no t  r e l a t i v e  t o  t h e  phys ica l  screen. 

A handle i s  t he  means o f  desc r ib ing  and re ferenc ing  an ob jec t  such as a  

pul l -down menu, a  window o r  a d j a l c g  b ~ x .  I t  i s  a  s i x teen -b i t  value used t o  name 

the  o b j e c t  t h a t  i t  i s  descr ib ing .  One type of handles i s  e s p e c i a l l y  impor tan t  

f o r  an a p p l i c a t i o n  and t h a t  i s  instance handles which are used t o  keep t r a c k  o f  

an a p p l i c a t i o n  program. Since Windows i s  a  m u l t i t a s k f n g  environment, m u l t i p l e  

copies of an a p p l i c a t i o n  can he running a t  t he  same t ime.  An instance i s  c rea ted 

the  f i r s t  t ime an a p p l i c a t i o n  i s  s ta r ted .  Instances a re  used by Windows as 

handles t o  t h e  m u l t i p l e  copies of t h e  a p p l i c a t i o n  which are c u r r e n t l y  running. 

Each of the  copies has a  unique instance.  The value o f  the  p r i o r  instance o f  t h e  

a p p l i c a t i o n  i s  a l s o  made known. I n  t h i s  way, Windows can e f f e c t i v e l y  ma in ta in  

on l y  one copy o f  t he  code segments of t h e  a p p l i c a t i o n  t o  be shared by t h e  va r ious  

copies each w i t h  i t s  own data. 



Windows communicates w i t h  an a p p l i c a t i o n  through messages and events. An 

event i s  some a c t i o n  t h a t  a f fec ts  some ob jec ts .  For instance, s e l e c t i n g  a  p u l l -  

down menu i tem o r  pressing the  mouse bu t ton  on a  window are  events. Winuows has 

a  r i c h  s e t  o f  predef :ned messages which are c l o s e l y  t i e d  t o  common events. Since 

Windows res ides  between appl i c a t  i o n  programs and hardware (F igure  6), it handles 

a l l  t h e  i n t e r f a c i n g  tasks. A p p l i c a t i o n  programs r e l y  on it f o r  n o t i f i c a t i o n  o f  

any events a r i s i n g  from key-board, mouse, screen, o r  p r i n t e r .  Windows n o t i c e s  

an event and sends a message con ta in ing  t h e  handle o f  the  a f fec ted  ob jec t  t o  t h e  

a p p l i c a t i o n  t o  wh-ich the  ob jec t  i s  associated.  

A Windows a p p l i c a t i o n  program always conta ins  a  func t j on  WinMainO, which 

i s  c a l l e d  by Windows when t h e  a p p l i c a t i o n  i s  s ta r ted .  The f u n c t i o n  i s  

responsib le f o r  i n i t i a l i z i n g  i t s  main window, execut ing any o t h e r  s t a r t - u p  

i n i t i a l i z a t i o n ,  and 7 n f o r m i ~ g  Windows about some o f  t h e  basic  c h a r a c t e r i s t i c s  o f  

t h e  a p p l i c a t i o n  and the name o f  t he  r o u t i n e  f o r  processing messages f o r  t h a t  

window. WinMain() has a  loop f o r  preprocessing messages. Raw messages a re  

t r a n s l a t e d  and dispatched t o  t h e  a p p l i c a t i o n ' s  window-processing procedure, say 

WinProc(). F igure 6 i l l u s t r a t e s  t h i s  event-message processing i n  Windows. 

For instance, when a  user c l i c k s  t h e  mouse bu t ton  on a  menu i tem, Windows 

responds t o  t h i s  mouse event by the  f o l l o w i n g  steps. 

( 1 )  Windows manages the  physical  t r a c k i n g  o f  t he  mouse. When a  use r .po in t s  t o  an 

a p p l i c a t i o n  and c l i c k s  the  mouse bu t ton ,  i t  determines which window on t h e  screen 

was c l i c k e d .  

( 2 )  Windows generates a  mouse c l i c k  event message and sends i t  t o  t h e  processing 

loop i n  WinMainf) o f  the  invo lved a p p l i c a t i o n .  

( 3 )  WinMainO o f  t he  a p p l i c a t i o n  takes t h e  message and preprocess i t  and then  

i n s t r u c t s  idindows t o  post !t t o  the  window-processing procedure, WinProc(),  o f  

t h a t  a p p l i c a t i o n .  

( 4 )  WinProc!) processes the  message and responds accord ing ly  t o  t h e  menu i t em 

se'ected. 

Th i s  ob jec t -o r ien ted  nature o f  Windows envlronment f a c i l i t a t e s  prcgramming 

because an a p p l i c a t i o n  program can be broken down i n t o  sec t i ons ,  each d e a i i n g  

w i t h  an ob jec t .  Since programs can be produced i n  a  modular f ash ion  accord ing  

t o  t h e  ob jec ts ,  new func t i ans  can be e a s i l y  added and e x i s t i n g  f u n c t i o n s  can be 

mod i f ied  w i thout  a f fec t i i - ig  s the r  p a r t s  o f  t h e  programs. O b j e c t - o r i e a t a t i ~ n  a l s o  

helps t o  save deve?oprnent e f f o r t  by means of i n s t s n t i a t i o n  and reusabi !  i t y .  For  

instance,  by d e f i n i n g  a  window c lass  which i d e n t i f i e s  the  procedure t c  pracess 



t h e  messages sent t o  the  window, m u l t i p l e  windows can be created based on t h e  

same window c lass,  shar ing t h e  same window procedure. 

Fig 6. Windows event-message process ing. [6:p. 7 11 

4.2 Graphics Device I n t e r f a c e  o f  Windows 

Even though a  Windows program i s  indeed b a s i c a l l y  a  language C o r  C++ 

program w i t h  Windows f u n c t i o n  c a l l s ,  t h e  standard C output  f u n c t i o n s  such as 

p r i n t f  a re  not  acceptable. Th is  i s  because a  Windows a p p l i c a t i o n  has t o  d i s p l a y  

output  on i t s  window by use of a  graphics programming language, c a l l e d  t h e  

Graphics Device I n t e r f a c e  (GDI). The G D I  supports the  d i sp lay  o f  graphics and 

t e x t  t o  t h e  screen o r  t o  t h e  p r i n t e r .  It provides a  r i c h  s e t  o f  b u i l t - i n  

func t i ons  t o  f a c i l i t a t e  t h e  development o f  app l i ca t i ons  w i t h  a  graph ica l  user 

i n t e r f a c e .  In format ion  can be conveyed more e f f e c t i v e l y  than t r a d i t i o n a l  v ideo 

d i s p l a y  by using a  v i s u a l l y  r i c h  environment composed o f  g raph ica l  ob jec ts .  The 

d i s p l a y  context  (DC) i s  a  storage spot f o r  Windows t o  s to re  graph ica l  o b j e c t s  

i n c l u d i n g  t e x t .  The DC i s  considered an o b j e c t  i t s e l f  and has a unique handle. 

Another advantage o f  t h e  G D I  i s  t h a t  i t  i s  device independent. Windows 

provides support f o r  var ious  devices and thus device d r i v e r  programs are  no t  

necessary. This no t  on l y  f a c i l i t a t e s  t t ie  development o f  Windows a p p l i c a t i o n s  b u t  

a l so  b e n e f i t s  users o f  Windows programs s ince t h e  programs requ i res  very  l i t t l e  

i n  t h e  way c f  i n s t a l l a t i o n  [ 1 5 ] .  
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4.3 Programming Structure of Loc 

Loc i s  coded i n  the  language C us ing  t h e  Mic rosof t  C 6.0 Compiler and t h e  

M i c r o s o f t  Windows 3.0 Software Development K i t .  The program cons i s t s  o f  t e n  

source program f i l e s ,  f i v e  header f i l e s ,  e leven he lp  f i l e s ,  a resource s c r i p t  

f i l e ,  a d i a l o g  f i l e ,  a module d e f i n i t i o n  f i l e ,  and a make f i l e .  

F i g  7. Program s t r u c t u r e  o f  Loc. 
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As i l l u s t r a t e d  i n  Sect ion 4.1, WinMainO i s  t h e  e n t r y  p o i n t  t o  t n e  program. It 

rece ives  messages from Windows, preprocess t h e  messages, and sends them t o  

WinProc(). WinProcO i n t e r p r e t s  t h e  preprocessed messages and c a l l s  t h e  

appropr ia te  func t i ons  which are coded i n  t h e  o ther  n ine  source program f i l e s .  

F igure  7 i l l u s t r a t e s  the  s t r u c t u r e  o f  t h e  Loc program. 

The resource s c r i p t  f i l e  and t h e  d i a l o g  f i l e  de f ines  t h e  pul l -down menus 
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The module d e f i n i t i o n  f i l e  supp l ies  in format ion about t h e  c h a r a c t e r i s t i c s  

of t h e  program's code segment and data segment i n  order  t o  i n s t r u c t  Windows t o  

ma in ta in  a  separate data area f o r  each instance o f  Loc but t o  make t h e  code 

segment movable and sharable by a l l  instances. The f i l e  a l s o  conta ins  

i n fo rmat ion  about the  s i ze  o f  t h e  program's l o c a l  heap and t h e  s i z e  of t h e  

program's stack.  The in format ion  i s  used by the  l i n k e r  i n  c r e a t i n g  t h e  

executable f i l e .  

The make f i l e  records the  dependencies between the  source f i l e s  and t h e  

header f i l e s  and o ther  dependent f i l e s .  I t  i s  used t o  e x p l o i t  t h e  NMAKE u t i l i t y  

o f  t h e  Microsof t  C Professional  Development System. 

The d i s k e t t e  enclosed i n  t h i s  repo r t  conta ins a1 1  the  f i l e s  o f  t he  program 

Loc. Appendix C l i s t s  the  names and func t i ons  o f  t he  f i l e s .  

5. CONCLUSION AND FUTURE ENHANCEMENTS 

There are th ree ob jec t i ves  o f  t h i s  research p r o j e c t .  The f i r s t  i s  t o  

design and implement a  program t h a t  supports a  use r - f r i end ly  graph ica l  i n t e r f a c e  

f o r  t h e  l oca t ion -a l l oca t ion  ana lys is  o f  r e t a i l i n g  a c t i v i t i e s .  The second i s  t o  

prov ide  an educational t o o l  f o r  t h e  concepts o f  l o c a t i o n - a l l o c a t i o n  ana lys i s .  

The t h i r d  i s  t o  explore the  programming fea tu res  and c h a r a c t e r i s t i c s  o f  M i c r o s o f t  

Windows. Th is  repo r t  i s  an account o f  t h e  r e s u l t s  a t ta ined.  The Loc Windows 

a p p l i c a t i o n  program makes use o f  t he  Graphics Device I n t e r f a c e  o f  Windows t o  

supply a  use r - f r i end ly  and i n t e r a c t i v e  i n t e r f a c e  f o r  users t o  conduct va r ious  

k inds  o f  ana lys is  o f  r e t a i l  loca t ions .  Loc's educational value i s  a l s o  

i l l u s t r a t e d  i n  t h i s  paper. 

A few enhancements t o  the  Loc a p p l i c a t i o n  may be des i rab le  i n  t h e  f u t u r e :  

( 1 )  Computational e f f i c i e n c y  and memory management: These issues were no t  majc r  

concerns when the program was being developed; ra the r  the  focus was on t h e  user  

i n t e r f a c e .  When the  program i s  used i n  t h e  f u t u r e  t o  analyze la rge  demand areas 

o r  t o  c a l c u l a t e  more than ten  centers,  m o d i f i c a t i o n s  have t o  be made t o  speed up 

t h e  program and t o  handle the  l a rge  amount o f  i npu t  data. 

( 2 )  M u l t i p l e  opt imal locat ions :  A t  t he  t ime o f  t h e  research, l i t e r a t u r e  on 

a lgor i thms f o r  s o l v i n g  market-share models o f  m u l t i p l e  opt imal  l o c a t i o n -  

a l l o c a t i o n  problems i s  scarce. Such an a lgo r i t hm has t o  be def ined i n  o rde r  t o  



add the functionality of calculating multiple optima1 locations with competition 

taken into account. 

( 3 )  Printing color maps of demand distribution 

( 4 )  Addition of the option for users to specify feasible sites. 

Even without these enhancements, the program Loc has fulfilled the three 

objectives of this research project. 



REFERENCES 

1. Beaumont J. R. ,  "Location-al location models and cent ra l  place theory",  i n  
Ghosh, A. and Rushton, G. (eds. ), Spat i a  7 Analysis and Locat ion-A 7 l oca t  ion 
Models, Van Nostrand Reinhold Company, New York, 21-54, 1987. 

2. Church, R. L, and ReVelle, C.  S., "Theoret ical  and computation l i n k s  between 
the p-median, loca t ion  set-covering and the maximal covering loca t ion  problem" 
Geographica 1 Ana 7ysis, 8: 406-415, 1976. 

3. Cooper, L., "Locat ion-al locat ion problems", Operations Research, 11:331-343, 
1963. 

4. Cooper, L. , "Heur is t ic  methods f o r  location-a1 locat  ion problems", SIAM Review, 
6,1:37-53, 1964. 

5. Daskin, M. S., and Stern, E. H. ,  "A  h ie ra rch ica l  ob jec t ive  set-covering model 
f o r  emergency medical service vehic le deployment", Transportat ion Science, 
15:137-152, 1981. 

6. F a r r e l l  , T . ,  Programming with Windows, Que Corporation, Carmel , Indiana, 1387. 

7 .  Goodchild, M.F. and Noronha, V. T . ,  "Locat ion-al locat ion and impuls ive 
shopping: the case o f  gas01 ine r e t a i  1 ing", i n  Ghosh, A. and Rushton, G. (eds. 1 ,  
Spat i a  7 Ana l y s i s  and Locat ion-A 7 locat ion Models, Van Nostrand Reinhold Company, 
New York, 121-136, 1987. 

8. Goodchi7d, M. F., "ILACS: a locat ion-a l locat ion model f o r  r e t a i l  s i t e  
se lec t ion" ,  Journal o f  Reta i l ing,  60,1:84-100, 1984. 

9. Ghosh, A. and McLafferty, S.  L . ,  "Developing r e t a i l - o u t l e t  networks", i n  
Locat ion St ra teg ies f o r  Reta i  7 and Service Firms, Lexington Books, Lexington, 
127-178, 1987. 

10. Ghosh, A, and Rushton, G., " In t roduct ion:  process i n  loca t ion -a l loca t ion  
modeling", i n  Spa t ia l  Analysis and Locat ion-Al locat ion Models, Van Nostrand 
Reinhold Company, New York, 1-18, 1987. 

11. Hil lsman, E. L . ,  " The p-median s t ruc tu re  as a un i f i ed  l i n e a r  model f o r  
locat ion-a l locat ion analysis" ,  Environment and Planning A, 16:305-318, 1984. 

12. Jackman, M. E . ,  "F ly ing doctor services i n  Zambia" i n  McGlashan, N.D. (ed.) 
Medical Geography, Methuen, London, 1372. 

13. Jucker, J. V. and Carlson, R. C . ,  "The simple p lan t - loca t ion  problem under 
uncer ta in ty" ,  Operations Research, 24:1045-1055, 1976. 

14. Love R.  F., Morris, J. G.,  and Wesolowsky, G. O., F a c i l i t i e s  Location: Models 
and Methods, North-Holland, New York, 1988. 

15. Petzold, C .  , Programming Windows, 2nd Edi t ion,  M i  c roso f t  Press, Redmond, 
Washington, 1390. 



16. Renwick, W .  H .  and Cyrus W .  Y . ,  IMAP Users Manua 1, Vers ion I .  1 i ,  Department 
of Geography, Miami U n i v e r s i t y ,  Oxford,  1990.  

17. ReVel le,  C .  S . ,  Toregas, C . ,  and Falkson, L . ,  " App l i ca t i ons  o f  t h e  l o c a t i o n  
set-cover ing problem", Geographical Ana lys is ,  8:65-76, 1976. 

18. Rushton, G . ,  Optima7 Locat ion o f  F a c i l i t i e s ,  Compress I n c . ,  Wentworth, 1979. 

19. S c o t t ,  A. J .  , Comb i n a t o r i a  1 Programming, Spat i a  1 Ana 1ys i s  and Planning,  
Methuen, London, 1971. 

2 0 .  T a y l o r ,  P .  J . ,  Quan t i t a t i ve  Methods i n  Geography: an I n t r o d u c t i o n  t o  Spat i a  7 
Ana 7ys i s ,  Houghton M i f f  i n Company, London, 1977. 

2 1 .  Toregas, C . ,  Swain, R . ,  ReVelle, C .  S . ,  and Bergman, L . ,  "The l o c a t i o n  o f  
emergency se rv i ce  f a c i  l i t i e s " ,  Operat ions Research, 19: 1363-1373, 1971. 

22. Weber, A.  , Theory o f  the  Locat ion o f  I n d u s t r i e s ,  U n i v e r s i t y  o f  Chicago Press, 
Chicago, 1929. 



Appendix A 

F i l e  Format o f  a IHAP Document Fi le '  (Data used by Loc) 

L ine Number Column Number Data Type Desc r ip t i on  
--- 

4 16-80 asci  i f i l e  name o f  the image f i l e  
extension ibd:  boundary f i l e  

b inary  i n t  f i l e  type 
0: a t t r i b u t e  f i l e  
1: image f i l e  

16-80 asci  i data  type o f  image f i l e  
byte:  unsigned char 
in teger :  signed in teger  

7 16-80 asci  i number o f  rows i n  image f i l e  

8 16-80 asc i  i number o f  columns i n  image f i l e  

14 b inary  i n t  number o f  values i n  doc f i l e  lnobs)  

8 b inary  i n t  no t  used 
2 b inary  long n o t  used 
24 b inary  i n t  no t  used 

nobs b i n a r y  values f o r  each a rea l  u n i t  
f l o a t  i n  boundary f i 1 e  

1: The f i l e  format i s  suppl ied by D r .  Cyrus Young o f  Department o f  Geography, 
Miami U n i v e r s i t y .  



Appendix B 

File Format of a ".loc" file saved by Loc 

Line Number Data Type Description 

1 asci i method of analysis 

asci i distance calculation method (EUC or CBD) 

3 integer number of locations located (n) 

n times of 
integer label (start from 0 to n-1) 
float x-coordinate of location 
float y-coordinate of location 
float size of location 
float market share of location 
float average distance of location 

i f  the m e t h o d  o f  analysis i s  USER SELECTED (COMPETITION): 
asci i name of competitor file 
integer number of competing locations (nsup) 

nsup times of 
integer label (start from n to n+nsup-1) 
float x-coordinate of competing location 
float y-coordinate of competing location 
float size of competing location 
float market share of competing location 
float average distance of competing location 

nobs times of (nobs = number of observations in document file) 
integer label of areal unit (demand point) 
integer label of location assigned to the areal unit 

i f  the m e t h o d  o f  analrysis i s  OPTIMAL ( w i t h  I N I T I A L  LOCATIONS SPECIFIED):  
integer number of initial locations (n) 

n times of 
integer label (start from 0 to n-1) 
float x-coordinate of initial location 
float y-coordinate of initial location 
float size of initial location (0 )  
float market share of initial location 
float average distance of initial location 



Appendix C 

Program F i l e s  o f  Loc 

................................................................. 
Header F i l e s :  

(1 )  L0CINIT.H -- g loba l  var iab les  
.(2) GENERAL.H -- de f i ne  common constants 
( 3 )  L0C.H -- def ine I 5  o f  menu opt ions 
(4 )  METHOD. H  -- de f i ne  methods 
( 5 )  F1LEIO.H -- de f i ne  f i l e  constants 
( 6 )  LOC5LG.H -- def ine I D  o f  d i a l o g  c o n t r o l s  

................................................................. 
C F i l e s :  

( 1 )  L0C.C -- Main Program 

WinMain : the  window main program 
WinProc : the  window ~ r o c e d u r e  

(2) GETF1LE.C -- E x t r a c t  data from imap demand f i l e  

g e t f i l e d a t a  : Ca l led  by WinProc t o  read the  imap f i l e  and 
t h e  image f i l e  

goto-colon : Sk ip  the  t e x t  l abe l ,  c a l l e d  by read-doc 
sk ip - l i ne  : Sk ip  a  number o f  l i n e s ,  c a l l e d  by read-doc 
read-doc : E x t r a c t  data from t h e  imap f i l e  and s t o r e  them 

i n t o  g lobal  and s t a t i c  v a r i a b l e s  
read-img : Read the  image f i l e  and c a l c u l a t e  t h e  cen t ro ids  

o f  a rea l  u n i t s  

( 3 )  CAL0PT.C -- Calcu la te  optima1 loca t i ons  

e u d i s t  : Ca lcu la te  eucl idean d is tance 
c b d i s t  : Ca lcu la te  c i t y  b lock d i s tance  
one-nocp : Ca lcu la te  the optima1 l o c a t i o n  o f  a  s i n g l e  cen te r  
cal-z : Ca lcu la te  the  z  value ( t h e  t o t a l  minimized d is tance va lue ) ,  

c a l l e d  by rnult-nocp 
mult-nocp: Ca lcu la te  the opt imal  l o c a t i o n s  o f  m u l t i p l e  centers  

( 4 )  SAVEPR0C.C -- Save " . l o c U  f i l e s  

s a v e f i l e  : Get save f i l e  name, open t h e  f i l e  and c a l l  w r i t e - f i l e  t o  
p u t  data i n .  Ca l led  by WinProc. 

w r i t e - f i l e  : Wr i te  data into the save f i l e  



( 5 )  RPTPROC. C -- Produce repor ts  on window 

show-rpt : Depending on the s p e c i f i e d  a lgor i thm,  determine the  
k i n d  o f  d i a l o g  box t o  use. C a l l  t h e  d i a l o g  box procedure 

t o  d i sp lay  the repor t .  
Ca l led  by WinProc. 

ca l - rp t  : Depending on the s p e c i f i e d  a lgo r i t hm,  c a l l  t he  corresponding 
f u n c t i o n  t o  c a l c u l a t e  the  average d is tances  and market 

shares. 
rp t - s ing le  : Ca lcu la te  the average d is tance f o r  a  s i n g l e  opt imal  p t  
rpt-mult  : Ca lcu la te  the  average d is tances,  market shares, and assignment 

f o r  ~ u f t i p l e  p t s ,  d is regard ing  s i z e  e f f e c t s  
rpt-msize : Calcu la te  the  average d is tances,  market shares, and assignment 

f o r  m u l t i p l e  p ts ,  cons ider ing  s i z e  e f f e c t s  
rpt-comp : Ca lcu la te  the  average d is tances,  market shares, and assignment 

f o r  m u l t i p l e  p t s ,  w i t h  compet i tors 
w td i  s t  : Calcu la te  the  average weighted d i s tance  
F i l f B l a n k  : Replace blanks i n  a  s t r i n g  w i t h  underscores 
RptDlgProc : Disp lay  the repo r t  i n  a  d i a l o g  box 

( 6 )  PRNPR0C.C -- P r i n t  maps and repo r t s  

p r i  nt-proc : Display d i a l o g  boxes and c o n t r o l  p r i n t i n g ,  
c a l l e d  by WinProc 

Pr intRstDlgProc : C o l l e c t  the  i tems t h a t  t h e  user  s e l e c t s  t o  p r i n t  
GetPrinterDC : Create a  p r i n t e r  device contex t  
Pr intDlgProc : The P r i n t  Abort d i a l o g  box procedure 
AbortProc : The P r i n t  Abort procedure 
P r i  ntMapRpt : Set up procedure t o  p r i n t  r e p o r t s  and/or maps 
P r in tRp t  : P r i n t  a  repo r t  
PrintMap : P r i n t  a  map 

( 7 )  PNTPR0C.C -- Pa in t  procedures ( func t i ons )  f o r  t h e  WM-PAINT message 

s t a r t o v e r  : R e i n i t i a l i z e  some va r iab les ,  c a l l e d  a f t e r  p a i n t i n g  ( c l e a r i n g )  
a  map 

r e f r e s h  : Set t he  appropr late f l a g s  t o  r e f r e s h  t h e  window 
paintnum : Put numbers on the  map f o r  r e p o r t i n g  purpose 
p a i n t i d x  : Pa in t  the  index 
paintmap : P a l r t  a  map ~ 7 t h  f i v e  c o l o r s ,  each corresponding t o  a  dema~d 

c lass  
p a i n t c a l  : Pa in t  the  ca lcu la ted  opt imal  p t s  o r  p a i n t  a l l  t h e  user p icked 

p t s  (on ly  when r e f r e s h i n g  window) 
p a i n t s e l  : Pa in t  o r  erase a  used p icked p t  
examsup : Exam~ne i f  a l l  t he  compet i to r  p t s  a re  on t h e  map area 
paintsup : Pa in t  t he  se t  o f  campet i tor  p t s  



(8 )  GETSUP.C -- E x t r a c t  data from a  compet i tor  f i l e  (xyz type o r  imap t ype )  

get-spc-supply : Read a  compet i tor  f i l e  o f  xyz t ype  
get-doc-supply : Read a  compet i tor  f i l e  o f  imap type 

( 9 )  F1LEDLG.C -- Open and Save F i l e  D ia log  Boxes 
(Th i s  c  f i l e  i s  ex t rac ted  from Petzold,  Programming Windows, 
p.448-453, 2nd Ed i t i on ,  1990.) 

DoFileOpenDlg 
DoFileSaveDlg 
FileOpenDlgProc 
FileSaveDlgProc 
l s t r c h r  
l s t r r c h r  

(10) LOCPR0C.C -- miscel laneous procedures ( f u n c t i o n s )  f o r  WinProc 

i n i t i a l i z e  : I n i t i a l i z e  f l a g s ,  check and enable menu i tems 
( c a l l e d  a f t e r  opening a  new demand f i l e )  

enable : Enable menu items a f t e r  they  are  d isab led  when the  user  i s  
p i c k i n g  p o i n t  

disablemenu : Disab le  menu opt ions,  c a l l e d  be fore  t h e  user s t a r t s  t o  p i c k  
p t s  

uncheckmenu : Gray and uncheck menu op t i ons  o f  repo r t ,  save and a lgo r i t hms  
a f t e r  opening a  new demand f i l e  o r  changing d is tance o p t i o n  

DoCaption : Put t he  demand f i l e  name onto  t h e  window cap t i on  bar  
OkMessageBox: D isp lay  a message box w i t h  two char s t r i n g s  
show-okbox : Create a  c h i l d  window o f  bu t ton  c l a s s  and d i s a b l e  menu 

op t  ions 
change-dist : Check selected d is tance menu op t i on ,  and c l e a r  t h e  map i f  

necessary 
drawopt : Send message t o  p a i n t  c a l c u l a t e d  opt ima l  p t s ,  and check t h e  

se lec ted  a lgor i thm menu o p t i o n  
ca lmu l t  : Prepare the user p icked i n i t i a l  p o i n t s  f o r  map 2, and c a l l  

muit-nocp t o  c a l c u l a t e  t h e  op t ima l  l o c a t i o n s  
AboutDlgProc : A generic d i a l o g  procedure 
SizeCornpDlgProc : Get the op t i on  o f  s p e c i f y i n g  s i z e  f o r  p icked p t s  i n  t h e  

case o f  USR-SELECTED (COMPETITION) menu o p t i o n  
GetSizeDlgProc : Get the  s i z e  o f  each user  p icked p t  
IgnorAlgDIgProc : Get the  ~urnber o f  new centers  t o  l oca te  i n  t h e  case o f  

o f  OPTIMAL (NO COMPETITION) menu o p t i o n  
CsrCrnpDlgProc : Get the  op t i on  o f  f i l e  t ype  o f  compet i tor  f i l e  t o  be 

opened 
LocHelpDlgProc : D ~ s p l a y  he lp  messages 



................................................................. 
Module Definition File: 

LOC. DEF 

................................................................. 
Make F i l e :  

LOG. MAK 

~*********%*********.$***t%**%**~********%************-~*********** 

Resource Script File: 

LOC. RC 

................................................................. 
Dialog Definition File: 

LOCDLG. DLG 

................................................................. 
ICON Definition File: 

LOG. ICO 

................................................................. 
Help Files: 

(1) HLPINIT.HLP -- about getting help 
(2) HLPG.HLP -- about general procedure 
(3) HLPO.HLP -- about opening demand file 
(4) HLPP.HLP -- about printing maps and reports 
(5) HLPR.HLP -- about refreshing window 
(6) HLPX-HLP -- about exiting Loc 
(7) HLPD. HLP -- about distance calculation methods 
(8) HLPM1.HLP -- about optimal (no competition) 
(9) HLPM2.HLP -- about user input (no competition) 
(10 )  HLFM3.HLP -- about user input (competition) 
( 11 )  HL?RPT.HLP -- about viewing reports 
(12) HLPS.HLP -- about saving ".lot" file 


