
C H A P T E R  2

LITERATURE SURVEY

2.1 Definition of Inventory
In v e n to ry  is  the s to ck  o f  any item  or resource used in  a com pany. A n  in ve n to ry  
system  is  the set o f  p o lic ie s  and con tro ls  m o n ito r in g  le ve ls  o f  in v e n to ry  and  
de te rm in in g  w ha t le ve ls  shou ld  be m a in ta ined , when s tock shou ld  be rep len ished , 
and how ' la rge o rde rs shou ld  be. M anu fa c tu r in g  inven to ry ' re fe rs  to  item s tha t 
con tribu te  to  o r becom e pa rt o f  a com pany ’ s p roduc t ou tpu t. M anu fa c tu r in g  
in v e n to rv  is  ty p ic a l ly  c la ss if ie d  in to  raw  m ate ria ls , fin ish e d  p roduc ts , com ponen t 
parts, supp lie rs , and w o rk  in  process. In  services, inven to ry ' gene ra lly  re fe rs  to  the  
tang ib le  goods to  be so ld  and the supp lies  necessary' to  adm in is te r the service.

2.2 Purposes of Inventorv
1. To maintain independent o f operations. A  supp ly  o f  m a te ria ls  at a w o rk  center 

a llow s  tha t cen te r f le x ib i l i t y  rn opera tions. For exam ple , there are costs fo r  
m akrng  each new  p ro d u c tio n  setup. T h is  in ve n to ry  a llow s  m anagem ent to  
reduce the num be r o f  setups.

2. To meet variation in product demand. The demand fo r  the p roduc ts  m ay be 
poss ib le  to  p roduce  the p ro d u c t to  e xa c tly  meet the demand i f  i t  is  know n  
p rec ise ly . H ow eve r, dem and is  n o t com p le te ly  kn ow n  and a sa fe ty s tock m ust be 
m a in ta in ed  to  absorb va ria tio n .

3. To allow flexibility in production scheduling. A  s tock o f  in v e n to ry  re lie ves  the  
pressure on the  p ro d u c tio n  system  to  get the goods out. T h is  causes longe r lead  
tim es  a llo w in g  p ro d u c tio n  p la n n in g  fo r  sm oother f lo w  and low e r-co s t opera tion  
th rough  lo t-s iz e  p ro d u c tio n !

4. To provide a safeguard fo r variation in raw material delivery lime. W hen  
m a te ria l is  o rde red  fro m  a vendo r, de lays can occu r fo r  severa l reasons such as a 
no rm a l v a r ia tio n  in  sh ip p in g  tim e , a lo s t o rder, o r a shortage o f  m a te ria l at the  
ve n d o r’ s p la n t caus ing  back logs .

5. To take advantage o f economic purchase-order size. There are costs to  p lace an 
order, labo r, phone  ca lls , ty p in g  postage, and so on. So the la rge r the size o f  
each order, the fe w e r the num be r o f  o rders tha t need be w r itte n .
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2.3 Inventory Costs
There are three p r in c ip le  costs o f  ope ra ting  in ven to ry  systems in c lu d in g  o rde ring , 
h o ld in g  (o r ca rry in g ), and shortage costs.

O rd e r in g  ccsts
O rd e rin g  costs are these costs th a t increase w ith  the num ber o f  o rders p laced. These  
costs re fe r to  the m anage ria l and c le r ic a l costs to  prepare the purchase o r p ro du c tio n  
order. In  the case o f  m anu fa c tu r in g  costs, o rde rin g  costs w i l l  in c lu de  as fo llo w s :

O rde r p repa ra tion  
S tock p ic k in g  
Setup  
Inspec tion  
Put away  
O rde r c lo se -ou t

Fo r o rd e rin g  costs fo r  purchased item s, they in c lude  the costs o f  some o r a ll o f  the 
fo l lo w in g :

P repara tion o f  purchase re qu is it io n  
P repara tion o f  purchase o rde r  
M a il
E xped itin g , in c lu d in g  te lephone and te legraph
T ranspo rta tio n
R ece iv in g
In spec tion
Pu t aw ay
U p da tin g  in v e n to ry  records  
P ay ing  in vo ic e

H o ld i n g  costs
H o ld in g  (o r ca rry in g ) costs are these costs tha t increase w ith  size o f  the in ven to ry . 
These costs in c lu de

S torage fa c ili t ie s
H a n d lin g
Taxes
Insurance
D e te r io ra tio n
Obso lescence
Shrinkage
In te res t on cap ita l

S h o r ta g e  costs
W hen  the s tock o f  an ite m  is  dep le ted , an o rde r fo r  tha t item  m us t e ithe r w a it u n t il 
the s tock  is  rep len ished  o r be canceled .
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2.4 Independent Versus Dependent Demand
In v e n to ry  m anagem ent is  im p o rta n t to  understand the d iffe rence  be tw een dependent 
and independen t demand. The reason is  tha t en tire  in ve n to ry  systems are p red ic ted  
on w he the r demand is  d e rived  fro m  an end item  o r is  re la ted to  the item  itse lf.

In  dependent demand, the demands fo r  va rious  item s a ie  un re la ted  to  each other. 
Exam p les in c lude  dem and fo r  f in is h e d  goods and fo r  serv ice parts. The demand  
u sua lly  m ust a lso be forecast. In ve n to ry  m ode ls used in  m anag ing  independent 
demand item s gene ra lly  de te rm ine  h ow  m any un its  need tu be ordered , and how  
m any ex tra  un its  shou ld  be ea rned  to  p ro v ide  a spec ified  serv ice leve l (percentage  
o f  independen t dem and) tha t the com pany w o u ld  l ik e  to  sa tis fy  im m ed ia te ly  from  
stock on hand.

Dependent demand fo r  an item  is  demand, w h ic h  is  re la ted  to  o r de rived  from  
dem and fo r  o the r item s. The need fo r  anyone item  usua lly  is  de rived  from  the  
dem and fo r  its  parent. The demands are de te rm ined  fro m  the p ro d u c tio n  schedules  
fo r  these h ighe r le ve l item s and the re fo re  are ca lcu la ted  ra the r than ca lcu la ted .

E xam p le  o f  independent and dependent demand o f  au tom ob ile  com pany is shown. 
Assum e an au tom ob ile  com pany p lans on p ro du c in g  500 cars pe r day, then i t  w i l l  
need 2 ,000 whee ls  and tire s  (p lu s  spares). The num be r o f  w hee ls  and tire s  needed is  
dependent on me p ro du c tio n  le ve ls  and is no t de rived  separate ly. O n  the o the r hand, 
the dem and fo r  cars is  independent. I t  comes fro m  m any sources exte rna l to  the  
au tom ob ile  f irm  and is  n o t a pa rt o f  o the r products : i t  is  un re la ted  to  the demand fo r  
o the r products .

C ons tru c tio n  m a te ria ls  are independen t demand item s. T hey  are f in ish e d  goods. 
Dem and fo r  an item  is  n o t dem and w h ic h  is re la ted  to  o r de rived  from  dem and fo r  
its  paren t o r a h ighe r le ve l item . So in ve n to ry  m ode ls  tha t w o u ld  be used in v o lv e  
econom ic  o rde r q u a n tity  o r o rd e r leve ls , o rde r po in ts , and sa fe ty stocks.

2.5 Inventory Systems
There are tw o  genera l types o f  in ven to ry  systems: f ix e d -o rd e r q u a n tity  m ode ls (the  
E conom ic  O rde r Q u a n tity  (E O Q ), Q  m ode l) and f ix e d - t im e  p e rio d  m ode ls  (P e rio d ic  
re v iew  system , f ix e d -o rd e r in te rv a l system , p  m ode l). The basic d is t in c t io n  is  tha t 
f ix e d -o rd e r q uan tify  m ode ls  are “ even t tr ig ge red ”  and f ix e d - t im e  pe rio d  m ode ls  are 
“ t im e  tr ig ge red .”  F igu i^. 2.1 shows tw o  fundam en ta lly  d if fe re n t approaches ca lle d  
independen t dem and and dependent dem and systems.
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F ig ir e  2.1 : A  c la s s if ic a tio n  o f  in v e n to ry  c o n tro l systems.

Fixed-Order Quantity System
A  fix e d -o rd e r q u a n tity  m ode l in it ia te s  an o rde r w hen  the even t o f  reach ing  a 
specified point, ร, at w h ic h  an o rd e r w i l l  be p laced  and the size o f  th a t order, q. The  
o rde r p o in t, ร, is  a lw ays  a spe c ifie d  num be r o f  un its . A n  o rde r o f  size q is  p laced  
w hen the in ve n to ry  a va ila b le  (c u rre n t ly  in  s tock  and on o rde r) reaches the p o in t ร. 
The purpose o f  the E O Q  fo rm u la  is  to  de te rm ine  the o rde r q u a n tity  tha t w i l l  
m in im iz e  the sum  o f  o rd e r in g  and h o ld in g  costs pe r u n it tim e . F igu re  2 .2  and the  
d iscuss ion  abou t d e r iv in g  the o p tim a l o rde r q u a n tity  are based on  the fo llo w in g  
cha rac te ris tics  o f  the m ode l. These assum p tions  are u n rea lis tic , b u t they  represent a 
s ta rtin g  p o in t and they are im p o rta n t to  unders tand these assum ptions.
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1. Dem and is d e te rm in is tic  and u n ifo rm  th ro u ghou t the period .
2. N o  shortages are a llow ed .
3. O rd e r size is  a constan t in  con tinuous  un its .
4. Lead tim e  ( t im e  fro m  o rde rin g  to  re ce ip t) is  constant.
5. P rice pe r u n it o f  p ro d u c t is  constant.
6. In v e n to ry  h o ld in g  cost is based on average in ven to ry  .
7. O rd e rin g  o r setup costs are constant.
8. A l l  demands fo r  the p roduc t w i l l  be sa tis fied  (N o  back o rde r are a llow ed ).

Inventory-

F igu re  2.2: Basic F ixe d -O rd e r Q uan tity  M ode l.

F igu re  2.2 shows tha t w hen  the in v e n to ry  p o s it io n  drops to  p o in t ร, an o rde r 
q u a n tity  (q ) is  p laced . T h is  o rde r is  rece ived  a t the end o f  tim e  pe rio d  L , w h ic h  does 
n o i va ry  in  th is  m ode l.

Establishing Safety Stock Levels
The p rev ious  m ode l assumed tha t dem and was constan t and k n ow n . In  genera l, 
dem and is  n o t cons tan t b u t varies fro m  day to  day Safe ty S tock  m us t be m a in ta ined  
to  p ro v id ed  some le ve l o f  p ro te c tio n  aga ins t stockouts. Safety s tock can be de fined  
as the  am oun t o f  in v e n to ry  ca rried  in  a d d it io n  to  the expected demand.

Fixed-Order Quantity Model with Specified Service Level
A  fix e d -o rd e r q u a n tity  system  m on ito rs  the in v e n to ry  le ve l and p laces a new  o rde r 
w hen  s tock reaches some le ve l, ร. The  danger o f  s tockou t in  th is  m ode l happens  
o n ly  d u r in g  the lead t im e  be tween the  tim e  an o rde r is  p laced  and the tim e  i t  is  
rece ived . In  f ig u re  2 .3 , an o rde r is  p laced  w hen  the in ve n to ry  p o s it io n  d rops to  the  
reo rde r p o in t, ร.
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F igu re  2.3 : F ix e d -O ld e r Q u a n tity  M ode l w ith  p ro b a b ilis t ic  demand.

Fixed-Time Period System
The f ix e d - t im e  pe rio d  m ode l is  lim ite d  to  p la c in g  o rders at the end o f  a 
p rede te rm ined  t im e  pe riod . The size o f  the o rde r is  n o t f ix e d , b u t i t  is  ca lcu la ted  to  
equal

q =  ร - y

w here  ร =  the o rde r le ve l (a lso ca lle d  the o rd e r-u p -to - le ve l, ta rge t in v e n to ry  le ve l, 
o r m a x im um  in v e n to ry  le v e l) and y  =  the cu rren t in v e n to ry  p o s it io n . F igu re  2 .4  
shows h ow  the system  operates. A c c o rd in g  to  S m ith  ร. 5 .  (1989 , p .139 ), th is  system  
is  s im p le  to  operate and is  app rop ria te  fo r  item s w ith  a s tab le  dem and and lo w  
o rde rin g  costs. I t  a lso has an advantage i f  a num be r o f  item s are b e in g  o rde red fro m  
one vendo r o r a num be r o f  item s w ith  the  same setup are to  be p roduced . I t  means i t  
is  g ro u p in g  orders. The d isadvan tage is  th a t fo l lo w in g  a p e r io d  w ith  a ve ry  lo w  
dem and a sm a ll o rd e r w i l l  be generated, w h ic h  m ay  be uneconom ica l i f  the o rd e r in g  
cost is  taken in to  account.
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F igu re  2.4: F ix e d -T im e  Pe riod  System .

The Optional Replenishment System
A n o th e r system  unde r the o p tio n a l rep len ishm en t system  is  ca lle d  the ร, ร system . A  
re v ie w  is  made e ve ry  พ  un its  u f  tim e . I f  the in v e n to ry  p o s it io n  is  less than o r equal 
to  the o rde r p o in t, ร, an o rde r is  p laced  fo r  a q u a n tity  tha t w i l l  b r in g  the in ven to ry  
p o s it io n  up to  the  o rde r le ve l, F igu re  2.5 shows the ope ra tio n  o f  the system . 
A c c o rd in g  to  S m ith  ร. B . (1989 , p .142 ), T h is  system  is  g e n e ra lly  supe rio r to  the  
f ix e d - t im e  p e rio d  system  because i t  a vo id s  u n e conom ica lly  sm a ll orders.
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F ig u re  2 .5 : O p tio n a l R ep len ishm en t System .

Can-Order System
A c co rd in g  to  S m ith  ร. B . (1989 , p. 148). The can -o rde r system  is des igned to  do  an 
e ff ic ie n t jo b  o f  g ro u p in g  orders. W ith  random  demand, some item s m ay reach th e ir  
o rde r p o in ts  e a r lie r le a d in g  to  necess ita ting  th e ir  im m ed ia te  reorders. A t  the same 
tim e , some o the r item s th u t are c lose to  b u t n o t y e t ar tn e ir  reo rde r p o in ts  w o u ld  
have to  be made as to  in c lu d e  on the o rder. U nde r th is  system  each item  is  assigned  
an o rd e r p o in t (ร), an o rd e r le ve l (ร ) , and a can-order point (c ) tha t is  above an o rde r 
p o in t and be low ' an o rde r leve l.
T h is  p o lic y  is  to

(1 ) P lace an o rde r each tim e  any item  fa lls  to  its  o rde r p o in t .

(2 ) In c lu de  on  the  o rde r eve ry item  tha t is at o r b e low  its  can -o rde r p o in t .

(3 ) O rd e r enough  o f  each item  to  b r in g  its  in v e n to ry  p o s it io n  up IVJ its  o rde r 
le ve l ( ta rg e t s to ck  le ve l) .
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F igu re  2 .6  C an -O rde r System .
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There  are a num ber o f  poss ib le  in v e n to ry  c o n tro l systems. A c c o rd in g  to  S ilv e r E. A . 
and Peterson R. (1985 , p .256 ), t ile  p hys ica l ope ra tions o f  the fo u r  m os t com m on  
ones are described as fo llo w s ;

1. O rd e r -P o in t  O rd e r-Q u a n t ity  (ร, O ) system

T h is  system  in v o lv e s  con tin uou s  re v iew . A  f ix e d  q u a n tity  Q  is o rde red  
wheneve r the in v e n to ry  p o s it io n  drops to  the reo rde r p o in t ร o r low e r. T h is  
system  is ca lled  a tw o -b in  system .

2 . O rd e r-P o in t, O rd e r-U p -to -L e v e l (ร, ร )  system

T il ls  system in v o lv e s  con tinuous  re v iew  and a rep len ishm en t is  made w heneve r 
the in ven to ry  p o s it io n  d rops to  the o rde r p o in t ร o r low e r. In  con tras t to  the  
(ร. Q ) system , a va ria b le  rep len ishm en t q uan tity  can be used, c 1,0ugh be ing  
ordered to  ra ise the in v e n to ry  p o s itio n  to  the o rd e r-u p -to - le ve l ร. I f  a ll demand  
transactions are un it-s ized , the (ร, Q ) and (ร, ร ) systems are the same because the  
rep len ishm en t re q u is it io n  w i l l  a lw ays be made when the in v e n to ry  p o s itio n  is  
e xa c tly  at ร; th a t is, in  th is  case, ร =  ร ^  Q. The rep len ishm en t q u a n tity  in  the  
(ร, ร ) system becom es va riab le  as soon as the transac tions can be la rge r than u n it  
size. The (ร, ร ) system  is  fre q u e n tly  re fe rred  to  as a m in -m a x  system  because the  
in ven to ry  p o s ito n , is  a lw ays  between a m in im u m  va lue  o f  ร and a m ax im um  
va lue  o f  ร.

3. P e r io d ic -R e v ie w ,  O r d e r - l I p - t o - L e v e l  (R , ร )  s y s te m

Th is  system  is  k n o w n  as a rep len ishm en t cyc le  system . I t  is  used in  com pan ies  
n o t u t i l iz in g  com pu te r con tro l. The con tro l p rocedure  is tha t eve ry  R  un its  o f  
t im e  enough is  o rde red  to  ra ise the in v e n to ry  p o s it io n  to  the le ve l ร.

4. (R ,  ร, ร )  s y s te m

T h is  is  a c om b in a tio n  o f  (ร, ร ) and (R , ร ) systems. The in ve n to ry  p o s it io n  is  
checked at e ve ry  R  un its  o f  tim e . I f  i t  is  at o r b e low  the reo rde r po in ts , a 
rep len ishm en t q u a n tity  is  o rde red enough to  ra ise i t  to  ร. I f  the p o s it io n  is  above  
ร, n o th ing  is  done u n t i l a t least the n e x t re v ie w  ins tan t.
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2.6 Theses, Journals, and Books Related Literature
In  add itio n , o the r theses, jo u rn a ls , books in v o lv e d  in  th is  s tudy  are described be low . 

V e t c h a s a r t  D .  ( 1 9 9 7 )
Vetchasart d id  the thes is abou t in ven to ry  con tro l b y  us ing  a case study o f  the  
Te lephone O rgan isa tio n  o f  T h a ila n d  (T O T ). She stated tha t in v e n to ry  managem ent 
is  c ru c ia l pa rt o f  any o rgan isa tion . B e tte r p ro fita b le  and hea lth y  o rgan isa tions come  
from  be tte r in v e n to ry  managem ent. Due to  fa c in g  o f  an unsa tis fa c to ry  in ve n to ry  
m anagem ent o f  T O T , i t  needed to  im p ro ve  the e ff ic ie n c y  o f  in v e n to ry  management. 
F o r in ve n to ry  c o n tro l processes, she m en tioned  tha t i t  starts w ith  data co lle c tio n , the  
o u tg o in g - in v e n to ry  quan titie s  and the in c o m in g - in v e n to ry  quan titie s  o f  the 
in ven to ry . The h is to r ic a l data we re ana lyzed b y  us ing  the tim e -se ries  m ethod . A t  the  
same tim e , costs w e re  ca lcu la ted  in  o rde r to  f in d  the o p tim um  inven to ry ' leve l. A f te r  
a ll o f  the processes were operated. T O T  cou ld  save cost abou t 133.5 m il l io n  bah t o r  
68.19% .

R a s r e e ./. ( 1 9 9 6 )

Rasree s tud ied the p rob lem s o f  p ro d u c tio n  p la nn in g  and in ve n to ry  m anagem ent o f  a 
po lye th y lene  p ipe  fa c to ry  and p roposed the so lu tions  to  im p ro ve  the p roduc tion  
p la n n in g  and in v e n to ry  m anagem ent. A  po lye th y lene  p ipe  fa c to ry  is  a p las tic  
in d u s tr ia l tha t is  im p o rta n t fo r  the d e ve lo p in g  coun tries  and the essentia l usage o f  
hom e and p u b lic  u tilit ie s . H e  m en tioned  tha t the fa c to ry  d id  n o t have in ve n to ry  
m anagem ent system  and i t  led  to  h ig h e r stocks o f  m a te ria ls  and fin is h e d  p ro du c t o f  
p o ly e th y le n e  p ip e s . In v e n to ry  m anagem en t w o u ld  p ro v id e  the  e ffe c t iv e  
m anagem ent o f  p ro d u c t s tock con tro l. He chose A B C  ana lys is  to  he lp  in  conven ien t 
c o n tro ll in g  in v e n to ry  because the fac to ry ' has several types o f  m a te ria ls  and 
products . The q u a n tity  and sales are categorised as A  item s, B  item s, and c  items. 
F ixed  o rde r size, f ix e d  tim e  pe riod , and tw o -b in  system  are a lso considered to  
ca lcu la te  e conom ic  o rde r q uan tity , ta rge t s tock  leve l, reo rde r p o in t  and sa fe ty stock. 
C om pa r in g  in v e n to ry  costa, the to ta l costs a fte r p ropos ing  an in ven to ry  con tro l 
system  were  lo w e r  than  the be fo re  p ro p o s in g  an in ve n to ry  co n tro l system .

P r e c h a c h a i s u r a t  K .  ( 1 9 9 5 )
Prechacha isura t stated tha t in v e n to ry  is  im po rta n t asset. M anagem en t w an ts  keep ing  
in v e n to ry  in  lo w  leve l so i t  m akes lo w e r h o ld in g  costs. L ik e w is e , i f  in v e n to ry  le v d  
is  m uch  low e r, i t  can lead to  be s lo w  dow n  o f  p ro du c tio n , de la y  o f  d is tr ib u tio n , and  
loss cus tom er as w e ll. H e deve loped  a so ftw a re  fo r  a com pu te r a ided in s tru c tio n  
system  on com pu te r based p ro d u c tio n  m anagem ent fo r  c o n tro ll in g  in ve n to ry . The  
to p ics  in c lude  in v e n to ry  m anagem ent, cha rac te ris tics  o f  in v e n to ry , cons ide ra tions  in  
se lec ting  in v e n to ry  c o n tro l techn iques , in v e n to ry  c o n tro l techn iques , in v e n to ry  
m ode ls , and in fo rm a tio n  abou t in v e n to ry  c o n tro l so ftware .
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S r i p e t c h d a r n o n  ร .  ( 1 9 9 2 )
H is  thesis p roposed tha t the s tudy  and m ode lin g  o f  the ve h ic le  ro u t in g  fo r  p roduc t  
sh ipm en t fro m  a cen tra l depo t to  severa l custom ers b y  u t i l is in g  m ore  than a truck . 
The com pany, w h ic h  m anu fac tu res  and d is tr ibu te s  de te rgen t and p roduc ts  g roup  
used in  ba th room , is  used as a case s tudy o f  th is  the ris . The sh ipm en t w o rk f lo w  o f  
com pany is  c la ss ifie d  in to  fo u r  steps: (1 ) sales v is it  &  o rde r taken, (2 ) o rde r  
p rocess ing  (c re d it check and in v e n to ry  check), (3 ) d is tr ib u tio n  warehouse (prepare  
lo a d in g  and phys ica l sh ipm en t), (4 ) tru c k e r ’ s s ta tion  (u p -co un try ). T o  prepare  
lo a d in g  o f  d is tr ib u t io n  warehouse step, i t  has to  deal w ith  ro u t in g  o f  d is tr ib u t io n  fo r  
each tru c k  and p ro r id in g  p roduc ts  m a tch in g  w ith  size o f  tru ck . D is tr ib u te d  p roduc ts  
are d iv id e d  in to  B ang ko k  and m e tro p o lita n  areas and suburban (u p -c o u n try ) areas 
The m ode l o f  the d is tr ib u t io n  requ irem en t is cons truc ted  b y  us ing  the C L A R E -  
W R 1G H T  heu ris tic  on m ic ro com pu te r. A t  the same tim e , the sh ipm en t s im u la tio n  
was created on m ic ro com pu te r to  tes t the m ode l. A s  a resu lt, the tested resu lts  from  
the m ode l are m o re  sa tis fac to ry  than  the cu rren t sh ipment.

T u n s i r i j u r e a n k u n  ( ) .  ( 1 9 9 0 )
H e r thesis p roposed the f in d in g  a be tte r c lu s te rin g  o f  garbage p ic k -u p  area and a 
be tte r sequence o f  c o lle c tio n  waste fro m  the garbage p ic k -u p  p o in t. T h is  s tudy used 
B ang khean  d is tr ic t as a case study. The ob je c tive  was to  design a rou te  m in im iz in g  
the to ta l tra ve l d is tance and s a tis ty in g  a ll capac ity  o f  veh ic le  and am oun t o f  tr ip  
constra in ts . A  h eu ris tic  approach was in troduced  to  so lve the p rob lem . There were  
th ree steps o f  s o lv in g  the p rob lem .
( 1 ) A  tra v e llin g  o f  salesman p ro b lem  to  ro u t in g  a g ian t to u r was used
(2 ) A  so lid  waste c o lle c tio n  area was d is tr ibu ted .
(3 ) A n  o p tim a l rou te  o f  veh ic le s  was designed.
The resu lts  in d ica ted  tha t the schedu lin g  and ro u tin g  o f  veh ic le  b y  the heu ris tic  
approach increase e ff ic ie n c y  o f  system .

S o o n t r a v u n i c h  c . ( 1 9 8 6 )
H is  thesis s tud ied  the p ro d u c tio n  p ro b lem  o f  k ra ft paper fa c to ry  and recom m ended  
the steps fo r  s o lv in g  a p ro d u c tio n  and in v e n to ry -p la n n in g  p rob lem . M anu fa c tu red  
p roduc ts  o f  th is  fa c to ry  have v a r io u s  k in d s  and purposes. Essen tia l data had no t 
been p ro p e riy  re co rded  and p ro d u c tio n  p la n  was n o t d raw n . ๒  th is  s tudy, i t  was  
suggested tha t m anu fac tu red  p ro du c ts  in  greater dem and m us t be id e n tif ie d  and 
vo lum es  fo recast, then p ro du c tio n  p la n n in g  executed b y  u s ing  m u lt i ite m  in ve n to ry  
co n tro l techn ique . The  econom ic  o rd e r q u a n tity  was recom m ended , w h ic h  m ay  
reduce cost b y  70 pe r cent. The e le c tro n ic  spread sheet so ftw a re  package was used  
to  im p ro ve  and increase ou tp u t e f f ic ie n t ly  and he lp  fo r  p la n n in g  and p repa ring  
re po rt as w e ll.

M l ) .  A ! - a m i n  ( 1 9 8 9 )

H is  thesis deve loped and im p lem en te d  a d is tr ib u t io n  system  fro m  one o r ig in  to  
m any customers w ith  m in im u m  to ta l tra n spo rta tio n  and in v e n to ry  cost, w h ile  
sa tis fy in g  capac ity  cons tra in ts  and m ee tin g  cus tom e r requ irem en ts . T he  d if fe re n t o i l
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p roduc ts  ( fo o d  o r n o n -fo o d ) as packed ca rton  o r t in  p ro d u c t w ith  the  m in im u m  to ta l 
cost pe r ca rton  pe r m on th  b y  the o p tim a l tru c k  type  fo r  each cus tom er fo r  a set o f  
d if fe re n t k in ds  o f  tru c k  are cons ide red  in  th is  study. The  m ode ls  w e re  deve loped  fo r  
tw o  d if fe re n t d is tr ib u t io n  patte rns: d ire c t and pedd ling . F o r d ire c t sh ipp ing , the 
op tim a l sh ipm en t is  g iven  b y  a so lu tio n  o f  a n on lin e a r p rog ram  w ith  con s id e r in g  the 
tru c k  w ith  con s ide r in g  the tru c k  capac ity  cons tra in t. F o r p edd lin g , the op tim a l 
sh ipm en t size is  a fu l l  tru c k  w ith  cons ide r in g  a side cons tra in t. The  p e d d lin g  cost 
also depends on the reg ion  size (num be r o f  custom ers in  each re g io n ) F in a lly , a 
schedule was p ro v id ed  fo r  the set o f  trucks  per m on th  w ith  the o p tim a l sh ipm en t 
size fo r  each cus tom er o r covered b y  the com pany.

M a n o t h i r a w a t  R .  ( 1 9 8 0 )
H is  thesis s tud ied  the tra n spo rta tio n  system  o f  a k ra ft paper com pany by  us ing  
heu ris tic  approach. The system  in c ludes  the transpo rta tion  o f  r o l l  paper fro m  the 
p la n t to  custom ers in  B ang kok  and waste paper fro m  the com pan y ’ s b a lin g  sta tions  
in  B angkok  back to  the p lan t. T w o  types o f  veh ic le  are used; 6 -w hee l tru c k s  and 10- 
w hee l trucks. A  heu ris tic  a lg o r ith m  was deve loped to  search fo r  the o p tim a l lo ad in g  
pa tte rn  on each tru c k  b y  us ing  a set o f  ru les w h ic h  is  c lo se ly  p a ra lle l to  rea l w o r ld  
s itua tions. In  add itio n , the m ode l was tested fo r  its  s e n s it iv ity  as w e ll.

C h a s e  R .  B .  e t  a l .  ( 1 9 9 8 )
They stated tha t in v e n to ry  is  the s tock o f  any item  o r resource used in  an 
o rgan isa tion . A n  in v e n to ry  system  is  the set o f  p o lic ie s  and con tro ls  m o n ito r in g  
le ve ls  o f  in v e n to ry  and de te rm in in g  w ha t leve ls  shou ld  be m a in ta ined , w hen  stock  
shou ld  be rep len ished , h ow  la rge orders shou ld  be. R aw  m a te ria ls , f in ished  
p roduc ts , com ponen t parts, supp lies , and w o rk  in  process are ty p ic a lly  c la ss if ie d  as 
m anu fa c tu r in g  in v e n to ry . In  serv ice , in v e n to iy  re fe rs  to  the tang ib le  goods to  oe 
so ld  and the supp lies  necessarv to  adm in is te r the serv ice. In  in v e n to ry  managem ent, 
i t  is  im po rta n t to  unders tand the  d iffe re n ce  between dependent and independen t 
demand because in v e n to ry  system s are p red ic ted  c n  w he the r dem and is  derived  
fro m  an end item  o r is  re la ted  to  the item  itse lf. In  dependent dem and, the need fo r  
any one item  is  a d ire c t re su lt o f  the need fo r  some o the r item . In  independen t 
demand, the dem ands fo r  severa l item s  are un re la ted  to  each o ther. F o r exam p le , an 
au tom ob ile  com pany p lans on  p ro d u c in g  500 cars pe r day so ท่ w i l l  need 2,000  
w hee ls  and tire s  (p lu s  spares). The  num be r o f  w hee ls  and tire s  needed is  dependent 
on the p ro d u c tio n  leve ls , b u t the  dem and fo r  cars is  independen t. I t  is  un re la ted  to  
the dem and fo r  o the r p roduc ts  and is  n o t a pa rt o f  o the r p roduc ts .
G ene ra lly , there are tw o  types o f  in v e n to ry  systems: f ix e d -o rd e r q u a n tity  m ode ls  
and f ix e d - t im e  pe rio d  m ode ls . F ix e d -o rd e r q u a n tity  m ode ls  are “ even t tr ig g e red  and  
f ix e d - t im e  p e rio d  m ode ls  are “ t im e  tr ig g e red ” . W hen  the even t o f  reach ing  a 
spec ifie d  reo rde r le ve l occurs, a f ix e d -o rd e r q u a n tity  m ode l starts an o rde r w h ile  the  
f ix e d - t im e  p e rio d  m ode l is  l im ite d  to  p la c in g  o rde rs at the end o f  a p rede te rm ined  
t im e  pe riod . A t  d ie  same tim e , th e y  m en tioned  the d iffe rences  o f  tw o  systems tha t 
tend  to  in flu e n ce  the cho ice  o f  these tw o  systems. T he  d iffe rences  are as fo llo w s :
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•  “ The  f ix e d - t im e  p e rio d  m ode l has a la rge r average in ven to ry ' because i t  m ust 
a lso p ro te c t against s to ckou t d u r in g  re v ie w  the re v ie w  pe riod , T ; the f ix e d -  
q u a n tity  m ode l has no  re v ie w  p e r io d .”

•  “ The fix e d -o rd e r q u a n tity  m ode l fa vo rs  m ore  expens ive  item s because average  
in v e n to ry  is  lo w e r.”

•  “ The fix e d -o rd e r q u a n tity  m ode l is  m o re  app rop ria te  fo r  im p o rta n t item s  such as 
c r it ic a l re pa ir parts  because there is  c lo se r m o n ito r in g  and the re fo re  q u icke r  
response to  po te n tia l s to ckou t.”

•  “ The fix e d -o rd e r q u a n tity  m ode l requ ires  m ore t im e  to  m a in ta in  because every  
add itio n  o r w ith d ra w a l is  logged .”

S t o c k  J .  R .  a n d  U m b e r t  R .  M .  ( 1 9 9 3 )

They stated tha t in v e n to ry  is  la rge  and co s tly  in ves tm en t. B e tte r m anagem ent o f  
co rpo ra te  in ven to rie s  can im p ro ve  cash f lo w  and re tu rn  on inves tm en t. The fiv e  
purposes o f  h o ld in g  inven to ry ' are (1 )  to  enable the f irm  to  ach ieve  econom ies o f  
scale; (2 ) to  ba lance supp ly  and dem and; (3 ) to  enable spec ia liza tio n  in  
m anu fa c tu rin g ; (4 ) to  p ro v id e  p ro te c tio n  fro m  unce rta in ties  in  dem and and o rde r 
cyc le ; and (5 ) to  act as a b u ffe r  be tween c r it ic a l in te rfaces w ith in  the channe l o f  
d is tr ib u tio n . In in v e n to ry  m anagem ent, i t  can increase the a b il ity  to  con tro l and  
p re d ic t the reac tion  o f  in v e n to ry  in ves tm en t 10 changes in  m anagem ent p o lic y . To ta l 
cost in te g ra tio n  shou ld  be the goa l o f  in v e n to ry  p lann ing . M anagem en t m ust de fine  
h ow  m uch  in ve n to ry  to  o rde r and w hen  to  p lace the o rde r to  ach ieve least to ta l cost, 
g iven  the re q u iie d  cus tom er sendee ob jec tives . The o rd e r in g  p o lic y  can be 
d e k i m ined  b y  m in im iz in g  the to ta l o f  in v e n to ry  c a rry in g  costs and o rd e r in g  costs 
us ing  the e conom ic  o rde r q u a n tity  m ode l (E O Q ). I t  w i l l  be o rde red  w heneve r 
dem and d rops the  in v e n to ry  le ve l to  the reo rde r p o in t. O n  the o the r hand, a fix e d  
o rde r in te rva l m ode l com pares cu rren t in v e n to ry  w ith  fo recas t dem and and places  
ar. o rde r fo r  the necessary' q u a n tity  a t a regu la r spec ifie d  tim e . The in te rv a l between  
o rde rs  is  f ixe d . T h is  m e thod  fa c ilita te s  c o m b in in g  o rders fo r  va rious  item s in  a 
ven d o r’ s lin e . T o  im p ro ve  in v e n to iy  m anagem ent, A B C  ana lys is  can be used as a 
techn ique  to  t r y  to  separate the im p o rta n t fro m  the un im po rta n t. A n  ana lys is  d iv id e s  
in v e n to ry  in to  th ree g ro u p in g  b y  va lue : A  item s  accounted fo r  5 pe rcen t o f  item s  
and con tr ib u ted  70 pe rcen t o f  sales, B  item s accounted fo r  10 pe rcen t o f  item s and 
adde4 an a dd itio n a l 20  pe rcen t o f  sale», w h ile  c  item s accounted fo r  the 65 percen t 
o f  the item s rem a in in g  and co n tr ib u te d  o n ly  10 pe rcen t o f  sales. T he  las t 20 percen t 
o f  the item s had no  sales w ha te ve r d u r in g  the past year. T he  f ir s t  step in  A B C  
ana lys is  is  to  rank  p roduc ts  b y  sales, o r p re fe ra b ly  b y  c o n tr ib u t io n  to  corpora te  
p ro f i ta b i l i ty  i f  data are ava ilab le . T he  n e x t step is  to  c iie c k  fo r  d iffe re n ce  between  
h ig h -v o lu m e  and lo w -v o lu m e  item s  th a t m ay suggest h o w  ce rta in  item s shou ld  be 
managed. In  add itio n , A B C  ana lys is  is  a lso a m e thod  to  dec ide w h ic h  item s shou ld  
be cons ide red fo r  cen tra lized  w a rehous ing .

W a t e r  c  D . / .  ( 1 9 9 2 )
He stated tha t in v e n to iy  c o n tro l is  needed in  e ve ry  o rgan isa tion . I f  s tocks are no t 
c o n tro lle d  app rop ria te ly , the  costs can becom e excess ive and reduce -
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an o rg an isa tio n ’ s a b il i ty  to  com pete . A  rea l fa c to r in  an o rg an isa tio n ’ s lo ng -te rm  
su rv iv a l is  e f f ic ie n t in v e n to ry  co n tro l. There are b a s ica lly  tw o  approaches to  
in v e n to ry  c o n tro l:
•  Independen t dem and systems u s ing  quan tita tive  m ode ls  to  re la ted  fo recast 

dem and, o rd e r s ize and costs.
•  D ependen t dem and system s us in g  p roduc tio n  p lans d ire c t ly  to  ca lcu la te  stock  

requ irem en ts .

T he  bas ic ques tions  to  answ er and the m os t im po rtan t o f  these are.
9 W ha t item s shou ld  be stocked?
•  W hen  shou ld  an o rde r be p laced?
•  H o w  m uch  shou ld  be ordered?

He a lso m en tioned  tha t one q uan tita tiv e  m ode l fo r  c o n tro ll in g  in ven to rie s  is 
econom ic  o rde r q u a n tity  (E O Q ) fo u nd  to  m in im iz e  to ta l costs. C a lcu la tio n  o f  the  
econom ic  o rde r q u a n tity  answers the question  “ h ow  m uch shou ld  be ordered? A nd  
reo rde r le ve l c a lc u la tio n  answers the re la ted  question “ w hen  shou ld  o rders be 
p laced?” . W hen  an o rd e r is  p laced, the  s tock on hand m ust co ve r dem and u n til the 
o rde r a rrives . B o th  dem and and lead tim e  is  constant and /o r va riab le . F u r pe riod ic  
rev iew ' systems, เพo ques tions are cons ide red as fo llo w s :
•  H o w  lo n g  shou ld  the in te rv a l be tween orders be?
•  W h a t shou ld  t i le  ta rge t s tock leve l be?

M o re o ve r, he m en tioned  advantages o f  each system  as shown be iow . The cho ice  o f  
the m os t app rop ria te  system  m us t be a m anagement dec is ion . I t  is  n o t poss ib le  to  
say th a t one is  a lw ays  supe rio r to  the o ther.
P e r io d ic  R e v iew  System
- The  s tock  le ve l is  o n ly  checked at spec ified  in te rva ls  and does no t have to  be 

m on ito re d  con tin uou s ly .
-  I t  is  use fu l fo r  cheap item s w ith  h ig h  demand.
-  I t  is  the  ease o f  c o m b in in g  o rde rs  fo r  several item s in to  a s in g le  order.

F ix e d  O rd e r Q u a n tity  System
•= I t  requ ire s  the s to ck  to  be checked co n tin u ou s ly  so tha t a message is  g iv e n  when  

stock fa lls  to  the reo rde r le ve l.
-  O rde rs  o f  cons tan t s ize are easier to  regu la te  than va riab le  ones.
-  T he  system  can ca te r fo r  sp e c if ic  cha rac te ris tics  o f  each item .
- I t  g ives  lo w e r s tocks (the  sa fe ty  s tock has to  cove r u n ce rta in ty  in  lead tim e  

ra the r than  lead  t im e  p lu s  the o rde r in te rva l t im e  in  p e r io d ic  re v ie w  sys tem .)

In  a d d itio n , a p ra c tica l w a y  o f  im p le m e n tin g  the reo rde r le ve l is  a “ tw o -b in  sys tem ” . 
Item s are used fro m  b in  A  and b in  B  p rov ides  an am oun t la rge  enough to  ensure 
th a t the  s tock  can be rep len ished . S to ck  is  used fro m  b in  B  u n t i l the  o rde r a rrives , at 
w h ic h  p o in t B  is  aga in  f i l le d  w ith  the reo rde r le ve l and a ll ex tra  u n its  are p u t in to  A . 
T h is  is  s im ila r  concep t o f  f ix e d  o rd e r q u a n tity  system .
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S m ith  ร. B. (1989)
He stated tha t fo recasts o f  demands fo r  a com pany ’ ร p roduc ts  are fundam en ta l 
in pu ts  to  a w id e  rage o f  dec is ions in  p ro d u c tio n  and in ven to ry  p la n n in g  and con tro l. 
Forecas ting  m ethods can be c la ss ifie d  as qua lita tive  and q u a n tita tiv e  methods. 
Q uan tita tiv e  m e thods can be d iv id e d  in to  in tr in s ic  and e x tr in s ic . Q ua lita tiv e  
m ethods re ly  on hum an ju d g m e n t and experience. Q uan tita tive  m e thods are 
procedures tha t em p lo y  m a them a tica l m ode ls  and past data to  p ro je c t the fu tu re . Fo r  
in tr in s ic  m e thods , th e y  use o n ly  data on past demand fo r  fo re cas ting  p ro je c t fu tu re  
demand. E xponen tia l sm oo th in g  is u sua lly  used in tr in s ic  m e thod  in  p ro d u c tio n  and 
in v e n to ry  c o n tro l and su ited to  m ak in g  la rge num bers o f  sho rt-te rm , item -dem and  
forecasts. E x tr in s ic  m ethods use ex te rna l fac to rs  tha t are re la ted  to  dem and fo r  the  
Item , p oss ib ly  in  a causal re la tionsh ip .

In ven to rie s  serv e an im po rta n t fu n c tio n  to  the o ve ra ll success o f  the f irm . T hey  also  
serve to  p ro te c t aga ins t unce rta in tie s  such as flu c tu a tio n s  in  dem and and p rice  
changes. The p r in c ip le  costs in  c o n tro ll in g  inven to rie s  are o rd e rin g , ca rry in g  
in ven to ry , and shortages, w h ic h  m ay in v o lv e  los t sales o r back orders. In d e c id in g  
on a su itab le  m e thod  o f  con tro l, i t  depends on whe the r the item  is  sub jec t to  
independen t o r dependent demand. Independen t demand item s m ust be fo recast 
w h ile  dependent demand item s have lum py , d iscrete demands, w h ic h  can be 
ca lcu la ted . There are tw o  basic m ode ls  fo r  c o n tro llin g  in ve n to ry : o rde r p o in t-o rd e r  
quan tity  w ith  con tin uous  re v iew  and f ix e d  in te rva l o rde r system . F o r f ix e d  in te rva l 
o rde r system , i t  is  s im p le  to  operate and is su itab le  fo r  item s w ith  a stable demand  
and lo w  o rd e r in g  costs. The d isadvan tage com pared to  a con tinuous  re v ie w  system  
is a la rge r sa fe ty s tock m ust be ca rried  to  p rov ide  the same le ve l o f  cus tom er 
service.

T o n y A r n o l d  J .  R .  ( 1 9 9 8 )
He stated tha t an o rde r is  p laced w hen  the quan tity  on hand fa lls  to  a p rede te rm ined  
le ve l ca lle d  o rde r p o in t in  the o rde r p o in t system . U s ing  the p e r io d ic  re v ie w  system , 
the q u a n tity  on hand o f  a p a rt ic u la r item  is de te rm ined at spec ifie d , f ix e d - t im e  
in te rva l, and an o rde r is  p laced. In  add itio n , the pe riod ic  re v iew  system  is  use fu l fo r  
the fo llo w in g :
•  “ W he re  there are m any  sm a ll issues from  in ven to ry , and p o s tin g  transac tion  to  

in ven to ry  reco rds  are ve ry  expensive . Superm arkets and re ta ile rs  are in  th is  
ca tego ry .”

•  “ W he re  o rd e r in g  costs are sm a ll. T h is  occurs when m any d if fe re n t item s  orde red  
fro m  one source. A  reg iona l d is tr ib u t io n  center m ay o rde r m os t o r a ll o f  its  s tock  
from  a cen te r wa rehouse .”

•  “ พ here m any item s are ordered toge the r to  make up a p ro d u c tio n  ru n  o r f i l l  a 
tru ck loa d . A  good  exam p le  o f  th is  is  a reg iona l d is tr ib u tio n  cen te r th a t o rders a 
tru c k lo a d  once w eek fro m  a cen tra l wa rehouse.”
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B u ff a  E. ร . (1969)
He stated that the term “heuristic” originally meant aiding in or guiding discovery. 
It refers to a set o f rules or guides to decision that is not necessarily optimal. It also 
is applied consistently, are efficient, and avoid a lot of complicated problem 
solving. In addition, he mentioned that heuristic methods in operations management 
have been applied in several problem areas such as assembly line balancing, 
facilities layout, job shop scheduling, warehouse location, inventoiy control, ai;d the 
scheduling of large-scale one-time proiects.

J a y a ra m a n  R. (1 9 8 1 )
This study considers on the implementation of a coordinated replenishment 
inventory control model to a department store. This model is appropriate for cases 
where there are a variety o f suppliers and a large number o f items supplied. Items 
are grouped into families and established a coordinated policy. This study uses an 
(ร, c, ร) policy which is a practical procedure for selecting the order-up-to levels, 
can-order points, and must-order points o f a coordinated control system' Computer 
program was written for a coordinated replenishment policy as well as an 
independent control policy. Finally, cost comparisons with the independent control 
strategy indicate lhat substantial savings (averaging 18.95%) are possible through 
coordination.

R a ta n a m e th a n o n  c .  (1991)
This รณdy deals with the implementation of coordinated replenishment inventoiy 
control model to raw materials of a consumer product manufacturing company. The 
study uses a coordinated replenishment with periodic review for selecting the order 
quantity, order interval in combination with safety stock consideration. 
Deterministic demand is assumed. Raw material groups are classified by A B C  
analysis and supplier. Different policies *re applied to e^ch material group. Finally- 
cost comparisons o f the coordinated model with the independent and the current 
system indicate that significant savings are possible through coordination.

Y in g -L in  H . (1989)
This รณdy deals with the optimization o f inventory control policy and machine 
utilization for a hub wheel manufacturing cell. The related problem are how to 
analyze the machine utilization in the operation process and to determine the (ร, ร) 
control policies o f the raw' material inventory and o f finished port inventoiy'. In the 
phase o f raw material inventory, the model was formulated by combining with 
EO Q , reorder point (ร) and under the uncertain supplier lead time. In the pliage o f 
the finished part inventory, the probability formulation is to decide the optimal 
control level (L = s -  ร). A  simulation approach for latter two cases IS used to revise 
the reorder point o f the raw material inventory and the L  control level o f the 
finished part inventory.
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K u n ra k s a  c  (1 9 9 8 )
This study considers on inventory system for spare part management at cement 
plant. The study starts by categorizing these items into general and insurance items. 
A B C  analysis is used for classifying the general items. Order point-order level or 
(ร, ร) policy is applied for the A  Items. The others that are used fcr scheduled 
maintenance should be managed by the material requirement planning (MRP) 
technique. For the items that used (ร,ร) policy, the study proposes new approach 
determining the optimal order quantity (Q) and the safety factor (k) simultaneously 
and then calculating the ordering point (ร) and order level (ร) respectively. So this 
รณdy can save at least 77 million baht in spare part inventoiy costs. For the 
insurance items, the รณdy applies the “Finite Queue M/M/S/K model” to determine 
their suitable stock level. A  sensitivity analysis is also performed on the ratio o f the 
average lead time to the mean failure free operating time to observe its influence on 
the stock level.

S u k h a p a n th  J. (1994)
The objective o f this study is to รณdy the problem and to provide recommendations 
on the control o f inventory supply of E G A T ’ร office. Emphasis is placed on thf* 
application of the inventory supply model so that the total inventory cost could be 
minimized. The รณdy found that from 345 sample size of inventory, when being 
prioritized by A B C  analysis, 57 were in A  type, 72 were in B type arid 216 were in 
c type. With the use o f E O Q  model together with fixed order size system and fixed 
order interval system, the set up inventory cost could be reduced to about 52.34% or 
3,836,019.70 baht per year.

S ilv e r  E. A . (1974)
This research deals with a control system for coordinated inventory replenishment. 
There are frequent occasions where the coordination o f replenishment orders for 
selected groups o f items can lead to significant savings in the costs of 
replenishment. This smdy is concerned with a practical procedure for selecting the 
order-up-to-levels can-order points and must-order points o f a practical coordinated 
control system Demand is Poisson and a fixed nun-zero replenishment lead time is 
assumed. Finally, cost comparisons with the best independent control strategy 
mdicate that substantial savings (average 18% over some 104 examples) are 
possible through coordination.

S ch a a ck  J. p . a n d  S ilv e r  E . A . (1 972 )
This research considers an inventory s ta t io n  where the control procedure is 
dependent in nature. An  item is allowed to be included in a replenishment triggered 
at that moment by the necessity o f ordering another item. The research develops 
procedure for selecting the control variables (order-up-to-levels, can-order points 
and must-order points) o f  an (ร, c, ร) system. The procedure US a combination of 
mathematical optimization and simulation. The cost savings over a usual 
independent inventory system are shown.
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