
h e  IS the  clamaioal problems d' l i n e a r  p r o g r s d n ( l  i m  t h e  s o  e a l l d  

rir.*housin& problem uhich oun be c o n e i d e r d  am un in lnntahy type prablem. 

h t  probloa csn  be mtated a s  lollws I Qfven s uueharme with f i x d  oopeoity 

J dn i n i t k l  atoak o l  a a d i n  produot uhioh i m  mubject t o  knoun m u a m  

r * t f w  nmi c o s t  r r r i a t i o ~ ,  vh.t is t h e  o p t i r l  p a t t e r n  a f  purohusing (or 

r * nat ion) ,  mtarsy. snd u l a s  7 me problem was i n i t i r l l y  fauktd by 

* hrb [I~J a d  Chums and C o a p v  [to] gar. an o l u l y t i o a l  npproaah t o  

J w I *  acrecta where more than one a a o d i t y  i m  t raded u t d  n o a l i w  p r i a ing  is 

m 1. Bellma [lo3 snd iheyfus [ S S ~  hare given t h e  i u n a t i o n r l  

b~al.ion @pl~rOWh al d p n a i o  p r o g r u l n g  f o r  s s i n g l e  o o d t r  model. 

. ttaran [17J o a n s i d n r d  a m l t i - p r o d u a t  model wrl p v e  t h e  m t r i x  formils- 

br, mothod t o  so lve  t h e  problem. Also, he  oona1dor.d this prcblam ss a 

r , 'Lul a w e  t h e  shortomt r o u t e  problem. Hare, w e  givo a funot ionvl  

I. ?,ion approaah of dylvmio p r o g r a d n g  for  both s i n g l e  produot and mlti- 

t 5 not models. In  add i t ion  t o  t h e  o o m a l i t r  purchase obstm and a d l i n g  

4 . l a ,  w+j a l s o  aonsider  the  s t o r a @  comtm. Them c o s t s  arm r s a w d  t be . 
#I l a i r  funatlone. To assist thm computatianal a8peot of t h e  problsa, a 

m u t a r  program is u r i t t a n  i n  FOHTttAR k n p g e .  It is s l s o  run on s M U  1620 

L I J ~ W .  



6.1.8 FOJMJLATIOI OI ME w3DEL - 8iag lo  Roduot  Cam0 

Given t h o  purobmo aart .  and molling priosm aC a e r m a n l  produot 

r! sroh of tho a tin puiodm, wo n n t  t o  f ind  a mohdulo for purobmom 

r r v  oalea  00 am t o  m i d a o  the  orer-.ll p r d i t .  A w o h o u s o  ol. bi.d 

r a i m a i t r  i m  anikblo for .toring thr produot botumon t h o  tin ot p u r o h o o  

. m  *ale. a w e  l a  almo a mtarago soot whioh i m  p r o p a r t i o m 1  to tho unit. 

ttwed. Wo o b l l  sew that  tho v u o h a u o  10 initiallr o p t r  a d  tint 

'h.1 atoak a t  t h o  oml d tho p w i o d  n ohould be wro.  

Lot u bo t h e  uarehaumo o a p o i b .  Thon, r t h a u t i o w l l ~ ,  tho &we 



7%. prcblem is t o  d e t u n i n u  tho  q u a n t i t i e s  xi and y no an t o  

ta t *  Lnira t h e  p r o f i t  f u n o t i m  

ht u be t h e  l e v e l  o r  inventory a t b i n d  a t  t h a  end ~f t h e  period 

n sr inveatigntion. The ohoioe af u w i l l  be oa l l ea  t h e  poliay 

,I t h v t  p e r i d  and wa L ' h t o  determine t h e  a p t i v l  eequenoe u l ,  ua, ... , un. 

!!now t h e  i n i t i a l  mtmk l a  rero, it i m  o 1 . u  that t h e  u i m m  p r o f i t  l a  a 

~r ic~ t ion  of t h e  laVal af inVantory h t  t h e  a d  of the p w i d  under oomi-  . 
r t r i ~ t i m  and t h e  dura t ion  of t h e  prooemm. C l u r l r ,  u 3 x-7 and it I. 

1 t h n  or equal  t o  t h e  u i n u  aepaai ty  af the  w e h a u s o .  



Umiag the prinalpla d o p t i u l i t y  of dy&a p r o m n g ,  tho 

-*~urrenao rmhtlon a m  k obtaind as 

1 " 4 r n I C A L  ZxAW1g 

Conddu tho follariag m q l e ,  tbo d ~ t a  tor which is giron i n  



, I .  4 1 where p i  a d  m i  a r e  u n i t  purohuming a d  mulling priaaa. 

Ir  s i ~ a p l i o i t r ,  l e t  um a s a u u  thrt hi = h n 1 for a11 1 , 1 a 1, ..., 1P. 
I w be t h s  vueharme oapaoi t r  and t h e  i n i t l a 1  .took b r  s u a  

:..inoe the  i n i t i a l  mtwk l a  mro,  w* have the  f o l l w i n g  solution. 

. l i d  1 - 3inom a2 -. pl , w e  have 

X l  = 0 B I1 = o and u = o. Henor fl(w) = o . 1 

, L - x = 0, rg = 0 8 
a d  ug n o. Hencs f8(u)  = 9 w. 

.I td 3 - xp n w, r9 = o and u9= w. Hsnos f9(w1 = - 11 w. 



nonoo tho uiru p r o f i t  wor tho ont i ro  planning horimon 10 o q u l  

' o 15 W. Tho o p t i r l  polioy oaa be a k t d  A* f o l l w a  : 

Bur tho produot durine t40 p a l o d o  3, 4, 5, 9, 10 .ad 11 up t o  l 

. jmxiau of u milt# a d  a011 thn during tho io l lor ing  period. If u = 100 

:uicto, then tho uimm prof i t  w i l l  be b. 1500. Tho eomputa program 

urit,ten in MIITRAN) l a  glron i n  Appoadn. Ths propam has been run m A 

4H 1620 a a r p u t u  ryrtrm. 

Patdly, the problem tbt l a  eauou11tw.d is  d darignin,?: b pollsy for 

multipr&uat 4.1 r a t h a  th.n far A r l n p l e  produot mo4rl. The mlti- 

21. duet modal u n  be m b t d  aa  lollawe. : 

Oiron purohso  o m t a  a4 aol l ing  priasa for emoh af thn m proiuota 

n aaoh of tho n ti- porioda, it 10 m o a s u 7  t o  aohdulo  a purohuing 

. n i l  aol l iag poliay no u t o  u i d s o  tho w-11 protit .  A vueharaa of 

!%red mpaoity i r  mvaihbla Zar .taring tho prodwtr  batuoan tho ti- of 

~ u o b a s  and the u l o .  It i a  anauud tIut tho vuoharao l a  i n i t i r l l y  

wpty a d  tho a t w k  m t  tho mad 0%' tho atb p a i o d  abould bo auo. 

> r + t i 0 1 1 1 ~  I 

LZxtending the notations u s d  i n  the s inelo prodwt model, we wit. 



k 

*'I n quan t i ty  of tb. kUI produot purohased during t h e  lth period, 

k = l ,  ...# m ;  l=l,..., n .  

yk q o r n t i t y  sl' the kth prduct  sold  during the  it'' period, 
1 

i = 1, . n k 5 1, ... # UI. 

* hi be t h e  u n i t  holding (.torage) oont during t h e  ith period vlrioh 

5 ~umed t o  be lndepnndsmt of Ule i tam stord hr.d l e t  u oo the war-ohauee 

' P i t y .  

The oonatrainte,  then. are 

! Juylnq o o n r t r d n t  - 'lhe r t m k  i n  h a d  oi a l l  t h e  m p r a l u o t r  at t h e  

unu 01 t h e  ith p w i o d  ohn not a u e ~ d  t h e  wax'ehwse oaprcity. 

1 )  Non-negativity o o m t r d n t r  - CUantitiee purohassd ur sold  of a.ty 

product during any pehiod ore non-neg.tive. . 
Ihe r a l l i r , +  oons t~* in t  r t a t o d  above r a f l u o t s  the faot t h a t  t h e  

r ~ u r ; t u t  aomoditilea do not i n t e r h c t  on t h e  salen airla. 



m e  praedwe dare lopd  for the s ingla  produd model a n  be 

. I , \  endad t o  enoaqp.ss t h i s  probln.  Tho profit  funotion, t o  ba u i d u e d ,  

I be  mi t t en  am 



Considor a mix period, two-juoduot p r o b l r  vh.ro tho purobuing 

r l trus n d  tho a d l i n g  juiooo u o  given (Table 4 . B ) .  Tho m d a o t u r u  

~ a c t i s l o a  da) oan otoak e i the r  of tho two praiuotr or a o a b i m t l m  IS . 
?r~.,m up t o  tb. total ..p.oltr, w of tho v u a h w o .  Oiren that tho 1alti.l 

i nvontorr of tho two produots i m  s u o  .rd it i m  domired tbt tho f-1 

. I.tntk i m  r1.a awa 



% : I  obtain t b a  uiau p r d l t  far t h m  mix p u i o d  p r o b l u  subjeeb to t h m  



I t h o  a p t i d  policy oan be r ta td  ar f o l l w r  : 

During p u i o d  1, purohme produot 1 u p t 0  v units  and do not 

, r r  .huse produot 1. Sinom thm i n i t i a l  immntory i m  u r o ,  re11 nothing. 

~ u r l n ~  pmriod 8, mall a l l  thm produotr p u r o h r d  during thm prsriour 

>wl  od and puroharm p r d u o t  1 upto v unit8 and do not p u r o h r r  produot 1. 

h r r r  nu p a r i d  S, me11 a11 t h  produotm purohmd during the preriour padod 

* .,d purohame produot 1 upto v unit. and do n d  purohame produot. 1. 

4 qth pmriod, sell a l l  the  produotm p u r a h r d  during thm previoum 

. a  od and purebase produot 3 upto w unit8 and do not purohuse produat 1. 

. I  r i z  next period, s o i l  a1.1 the p r d u o t r  purohammd during the previous 

r. ol and purchase y r d u o t  2 q ~ t o  v u i t r  and do not purahvoe product 1. 

rvlng t h e  h a t  pu iod ,  mall a l l  the produot. purehasad i n  thm prmrioua 

. .r tod and purohass nothing. 



An inventary om be dd inod  u a mtmk of 1%- lhich  i n  held f o r  

*. purpose of' fu ture  produotion (P ules a rmrfaotur ing sonoem or 

L~ 1% dealer. Blare i m e n t m i u  e o r u t i t u h  an a l t e r m t i v e  t o  prohetloa 

-++ ~ r u r o h s e  during thm fu ture  pariodm, tb. meleetion u o n g  t h e  pollsium 

I )U am upon t h e l r  r e l a t ive  p r d i t r b i l i t i e m  or lamem. San of the  oorrt 

.c:,ors t m t  d e t a i n e  the  p r o l i t  or loam u e  (1) the oomt. (9 ordering a 

tfaoturing, (11) holding m mtoraga aocltm, ( i l l )  u n u t i d i o d  d e r n d  or 

, lo-tapla p e n ~ l t y  oomts, (IT) rwarmem, (v) u l m g e  c o d a ,  a d l  (v i l  dim- 

~ t ,  ra to. 

The problem that i m  oonmidarod h u e  ID corsarnod with tho mtwlring 

3 %  1.t- t o  m e t  an unoart . in um8rt. in i n  the seam that only the  

. r ~ ~ b r b i l i t y  with whioh the d e r a d  w i l l  bm i n  any i n t d  d r u l  nrc.barm 

taken t o  be knova, ~ndn.  tb. asmuqUolu that there  auu v & i w  aoat. 

r ~ c m i n b r l  with war -ply .od uda mupply. A t  ,ti- ouspeoUld t i m a ,  
. 

krehru is an qrportunity t o  orde ~ p p 4  d a e u t d n  itu, k* tb 00.t 

.r ordering dqendm upon t he  . i s m  of the orde and mom other aomt whiah 



f i x d  ~ . r  m d u .  A t  r r P r i w  o t h u  t i w a ,  d d a  u o  wt frm t h e n  

a t  m k s  uhoro the  dams& ir not knam i n  a d o r n o ,  b u t  t h o  p r c b b i l i t l  

I r l t r ibut ion  (d dmmaod l a  knwo. ?ha follarj n# u s . u p t i w  we r d e  i n  

t n .ode1 I 

t k l  Unloar a p l i a i t l y  ntatod t o  tho  o o n t r u y ,  it l a  aaeulrai tht the  tin 

'a: burtw~ en the ordorily( and t h e  d e l l r r r l  of a o o v o d i t y  is nogllglblo. 

t S F )  T h u o  l a  no bsolrlog of omosa of d e .  

; o r i d  during d o h  t h o  d d  rut be nuppllad from t h e  etnok, l a  baa& 

.h rru k l a  tho  ordering o w t ,  o &ad k boing o o w h u .  

11' t h e  amount CIS' d u d  during tho  p u i o d ,  , l a  grmtsr than t h e  
. 

i b  w n t  i n  atoak, than a p o a i t i r r  p o d t y  008t p(3 , - I) :La lndurred. 

t I, tb.n P( 3 - I) = 0. 



~ e t  x dmnotm thm .teak h l  a t  thm bmglnaing d the  proomas. ihe 

:,.blmm is t o  doturinm an opt- orduing  pol icy  whioh w i l l  d d d a e  the  

v 1.411 l a m ,  t h m  proems. being ourid war n pariais. bt 

If ur aoneidmr a singlm period proomoe, thmn we pt 

k i n g  thm p r l w i p l r  d o p t i u l i t ~ ,  the rsourranca r a h t i o n  ior the 

p e r 1 ~ d  pproomss o m  br written a s  . 



,- - 1, uhiah o m  be add& t o  tho atook, then the eqtrat.ion 



I f  we a lkr  the aaaupticm ( i r )  of mat ion  4.1.2 sod allw bad- 

He sh.11 now oharaotorima the o p t i m l  arduring rulo to r  t h  

I. 1 n i t e  mtage problar. H m i t i n g  q u a t i o n  ( 4 . 1 4 ) ~  ve  hnva 

If the minimu i m  atkiwd a t  p x  , then we hava, uMsr the nurump- 

. !(.as t . h t  the ooet  funotiona u e  l b m ~  funotians, 

a zr oovia, i'm thim m l u e  of I, ve  hava 

L' G/ = - L 



~h rrs we iqmao the ooaditiona 

'b Jn tho o y t l m l  pol101 l a  given b~ 
i' 

( I  far 0 . - x . . x  , I a X  

I 
( i l l  for x . x , 7 - x  



\l nplirying (4.28) , we gat 

*r>Lah ha8 only on. root iY jD ( s ) > a Lot thlm root be x , 



4 
x 

! r  tha interval  (x-x , x) .  L(x- 3 ) 10 kmcvn, honoe, writing L, I 
'x-x 

-n,.orm (Peller [99J) Suppoem that  f ( t )  10 a density furvtion and 
. 

% t a t  a ( x )  10 oontinuoum. Then. the i n t o w a l  -tion 



ue .hall  apply the &we apprarb t o  t h e  Eollarinp problem I 

Tbr problem tr t o  fird the o p t i d  rtook lad. 'Je are g i r ~  

:ub.tituting tho &we d u a r  i n  relatim 




