
d:.mors worth double the aurmt at' vht they h r e  llotually d e p o s i M  

q L. Lhsn, u d u  the  u e u p t l o n  th.t t h q  (out-a) would oontinue t o  

.v  t h e i r  mmthly r u b m r 4 t i w  up t o  thm .ad 01' O w t h m ,  s o  tbt  tha 

4a~olerm oan purohae g o d m  fia an autharired d w l u  e q u i n l m t  t o  that 

a +omt .  l % u e  l m  a  c h i n  amount ol' lws due t o  the possible d i8aoa t imt  

, r t i c l ea  from the  d u l o ) .  Hwevu, the  d w l a  wculd pay a oar ta in  

! a l ~ r r d  by the trading o o w u n .  - 
Bscruae rX t h ~ e  phymiml ch.rar tor ia t ioe ot' the prwsma, it m y  not 

~ a r y  econad0.1 ( 1 .  the  loam inourred oy t h s  trading concern m y  be 



- v  hi7.h an a o q u d  ta t ho  c d s a l o n  a l la rd  by tho  d w l e r )  t o  oontinuo 

I 5 * proorau for a length  at' I ~ o n t h a  and a d m l a l o n  h.s t o  bo W o o  aa 

dhen t h e  prooaaa shauld be r u i a d  tho  r d a i o n  a a t a  uoro 8u-a, 

3ne 1. i c o l i n d  t o  r ev i se  tho  pro0088 ~ I X  3 f roquont l r  (La . ,  t he re  

r v be smcy c p l e a  d ohm- duration). H&wer, mince t h e r e  l a  a o w t n i n  

+ -  t up coot  peg o p l o ,  t b u o  r a d t a  i n  o r a l e a  d l m g u  duration. 

I 1 r ~ ~ l o W U T I O N  OF THL Pr.0BWI 

kt ua suppoae tht, rt t h e  berqlnniag d t ba  prooeas, we knar ?Che 

. ' tr 8.e qL tne  aystea,  1. e., t h e  valuua of t ho  p . . ~ t . r a  . r d  ( ( ~ 7 , )  

*I! .h w i l l  d a t u m l n e  tho  ovw-mll  loan i f  w contiauw t h e  prucaila ore tho  

"Lor r~f' n , ray, months h e r o  q m y  be tho Ymtar catrlkrkd by the 

5 I inc~mrod dun t o  the uosaiblo d l a a a n t i n w t i o n  d p p n t  during the 

8 t r r  prt,  of tho  planning b a i r o n  and $ r r y  be tho  Ywtoo s w t r i b u t d  q 

1 ~ 1 r  due t o  t h e  pucon t .g .  d c a d a n l o a  all& b r  t h e  d w l s r .  Lmt uu 

t -  d e n o h  t b a  lorn inourred durlna t b i a  v o l e  o o l u i r t l n ~  C&' n months 

L C ~ m c t t ~ l l  1(  ,, , n ). 

7 ;ontlnued oror a dura t lon  of N month.. .hce  w a n w  t h a  parrratcara 

I &  and tho raisioo polioy w intend t o  &opt (uhioh tells ua when 

~ v i s v  t b o  process when once ,,and 3 u a  known), ths axpasted oru-811 

Q w a r  tho  n d  W month. v i l l  be r function 06 , , !&ad li only. . - 
t ue aerlote t h i a  pol lor ,  vhen t h e  o p t i d  deaiaiocl prweduro  is Ud, 



e I rmd a are the  r e s u l b n t  p u m w t e r s  et  t h o  end 4 n month# 

., '1. , the p u a n t u a  a t  t h o  a t a r t  of t,he next c p l o  co r rupond iog  t o  t h o  

I :i.ml i ~ a r u o t e r a  U, and t 5  recrprptiroly). 

?.in% ua do not ::n% t h e  m a a t  farm af tho  n w  p u u e t 4 1 . o  y am cY , 
1 1 ~ 1 1  hare  ta e o t i m t a  the valunm at theme yaramatoro on tho  h o i m  of 

- oaat,  dormt ti on. That 10, wo mmuw t h e  j o i n t  p r o t u b i l l t y  a e m l t y  

* * l i o n  , ~ f  tho  p r r u e t w s  Y and 2 l o  of' t he  f o r m  -;( .(, .) 1. 

T h o ~ d o r o ,  the q m t . d  l o s a  o v u  t h o  r e n i n i n g  durnliorr d' (Ln)  

ths  %auld be (uoing 3.1) 

Henan, ueing t h o  p r i n a i p l o  d o p t i r l i t y ,  t h e  r w u r r o n c o  r o l a t l m  . - 
!. t h o  wrer-mll  oxpeatad d n i m m  l o s  ror t he  Y w n t h  tin poriod QM 



. a m  obtaia the aolutioa d (3.S) cu f o l l o u ~  r 

! , ~ l n r i s e ~  the wad11 loss vbaa the proooma i a  c o n t i n u a  o v u  l 'Long durmtim 

I ud uhera # i a  tha aruuge l oas  par unit  time. 



tho mi- value a' tho wervll loma is 

&sing th i s  result i n  th. dd in i t ion  at * (i .e. ,  umiw (3.11) i n  



r h., Innnlty rumtions of f and rorpuatlvaly. Then ua h v e  





blob oat, bo r o h d  to o b t . 1 ~  tho n l u o  of g. 

- p p l r  and - 0-1 

Us ahall ncu am.uw tbt the randm n r l a b l e  1-J follwm a noraal 

i atribtation with w o  man and m t . n d u d  d.*tt im J no that 

r ,h @(a)  mo mull tht nqut ire  valuer af A )  u. ionignificuat. 

- bet .  and - bet. 



2 0 o(0.1, 
+ d e ( , . > ~ =  z + a g  * -- 

awl ( c d )  (o*cl+t) 

. i  :lh w n  be s o l v d  to  abtria the value nf g . 

In the prwiam msotim, Unda 3.1, wa hnrs amnua6 tht LY f a l l o w  

ad,..y type dimtributioo d t b  purwtmm a ud b and I falloum aa arp0n.b ' - 
,.I t p e  dimtribution with p u w t u  % . In puticulrr,  l e t  a = 3, b = 1 

1. ht m = 10, mo titat f r a  (1.10) w e  obtain 

g 2 +  2 8 . 2  = RO 



A t h  #or mdifiaatioo.,  tbo p r a b l a  can almo be riMd 4s 4 d d n -  

l .n prdllm .nd l solut iaa  t o  Ulo problem o m  ba o b t a i a d  [mJ. :%"oh of 

hrmo p r b l a u  a m  u l s e  when 4 rrrJaatwor wants to intraiuan l n w  

c ,.ruot to  tho u k a t .  To oapturo the u k e t ,  i n i t i . l l r a  for a a s r b d n  

4,mtion af tiu Uls mnutaaturer uaald l i k s  t o  give imant ivo  t o  tho 

uat-n vbeab). he my i m u r  a lmm and thru he would l i r a  t o  know tho 

. , t i -  le@ of the  t iw p u i o d  eo am to d n i n i r o  h i m  expootd t o t a l  l o s m .  

$ o w e d  i n  another direation. i n  a a m  aitcutioaaa t h e  decision mku v u l J  

\e t o  knw the optimm n m b u  of permau ( i l u t e d  of w t h o l  tu be y a r p d  - 
, lotbur a t  m time so  as t o  give t h a  m o p  b e n d i t r  on the p r o h u e #  ade  

- them LIO am t o  mlnlmise tho 01-11 axpotad  1Oae. 1n such l ~ i t ~ l m t i ~ n a  



w q  ~0 nP opt idsat ion  toahaique will help tho d m i o i w  &a to run tho 

- mess m e t  d r i a i m t l y .  





A, I O N  1.1 I OPTIMAL D E I S I O Y  HIILtL9 FOR A YKICHLSTIC IIWFdTHEW? 

'?+ <x 

s t w h r t i o  inremtwnt  prob1.o u i a e s  uhon a dooislon J e r  with 

u l t a l  (oamh) t o  inremt i n  o d r o n t d  b r  a eequenoo of imomtaent opportu- 

tkem uml t h e  amount of i m o o t a a n t  t o  an7 o p p o t u a i t y  i m  o p m o i f i d  br tho  

mabi l i t ,y  dimtribution,  tho  ro tu rn  on inves taant  d q o n d i q  up* tho  amount 

.? st&. A t  a mpeoUied ti-, t h e  doais ioa  &or, given t h e  invemtaont 

~f~r tuni t . iom,  m a t  aoqpuo  him promont apwtad *in with him f u k u o  

t t m t d  re- and orr sou h m i o  rut d w i d o  which i m e a t m n t  oppor tunl t r  

r < u ~ e y t .  We m b l l  d s e l q ,  hore a r t h d  f o r  o p t i r l  daois ion r u h m  mmd 

thr dfnvmic programming toohnique ( t h i t o  c93-7) fop. o o h m s  of ouoh 

>rds twnt  prablono. 



m s a t i n a  thu orrr a a s  Puturo lntmal.  and (11) t h e  o a p i t d  d' t h e  

naimion PLu i m  a u q . e n t d  throughout tin aid tho  dwio io l r  Ylr@?'r 

btrremt is t o  invemt a mtrw d asmamtr. C o r d  [28J ham r iven a n  

~rcut-h far ~ t i r l l ~  maloctiag a q i t a l  i n r a ~ t s e n t o  with c 3rt.in r e t u r n 8  

,.:iur the1 coodit ioos of lldtd i W m  u*l a oorretralnt oa t h a  mrillln 

v w&ga v a r h a c e  a l l w d  i n  the iirvl i n v n r t r n t  paukage. 'him otudy 

uhich i n v s r t r n t  valnsm, indepandont of present  aondit iona aari appor- 

i ~ l o s u d ,  t h m  u r i v a l  d oppar tunl t ior  u o  prabrbi l imt ia  ami t h a  inclam 

,urn Tor eaoh opportunity i r  a l s o  p r a k b i l i s t i o  and thst tho  ~Jb joa t ivo  

* !.o r u b l a 0  the  oxpeotd rum oi l i q u i d  r o s w e m  plum %ha tet.1 mamh 

iT~a:&ml t o  d a t e  a f t e r  n periods at' time. Ue shall conmider b w e  tho 

I' weal. 1s i n  i n r e r t i n a  t h o  a a p i t a l  war an i n t e r v a l  d" t i n m  period n o  

.{I . u a l d a e  t h e  t o t a l  ro turn  an % n r s r t n n t .  There m y  exist cmr or 

c 1 iavlsstosut oppor tuni t ies  and t h e  anaunt in rea tad  t o  any or t h e  wpar- 

: lity l a  probmbiliotia,  thm r e t u r n  on i a r e m t u n t  depondi% uyar t he  eaamt 

$9 s h a l l  a a a l a e  t h a t  th*  i n o i 4 m  r * r r  1s in tarswtr :  i n  n a r i a l s i n g  

- '.war-rll r e t u r n s  due t o  iavomtment of aapit .1 aver RI given i n t o r v u l  of' 



. M m r s t s  f o r m h t i o a .  

1.wt us dofins tho f o l l w i q  g u n t i t i s 8  I 

, I x a  n) a the probabil ity tbt rn unit8 u o  i n v r t d  Prm o l .oW 

ar.iLnbla capital  of x uni t s  t o  *.h3 it" opt ortunity. 

Ira o) = tho probability that no u a r n t  i8  invast ,d t o  the 1 t h  

oppmtunity whoa tho q l t l  avai lable  i s  x unitcl. 

da .hall dn"ine f(x) t o  be the n.psotsd value nf *he -n~*w-all -?turn 

tho a r a i k b l o  opvmt.unitlea &en u ampita1 of x u d t s  aro a d l a b l s  - 
I n v w  t . e n t  



::ont,inuau i'armulatioa 

. x i n  very l u  !e the  mthod of solution, n a  deearibeii abwn 

.. ::I1 r*muirom that r ( x )  bm aaprrted for al.1 values :ri' x , 1.. t im 

.lta~llainc ttnd taiirua. S o w t i ~ s ,  t h u o  i m  e n s  advantage if' va i a i t . i ~ l l ~  . - 
, !d~ilol: the p r w o m  i n  oontinuoum form, doterminn the d3qr:te nf enol.incit,y 

then use bho propartiem aP tho m ~ l u t i o n  t o  cut doun tho a o l ~ m h t l o n .  



.ouwer, u l t i r k l y ,  a11 o o p u t a t l o ~  are t o  ba nrrid out i n  di~orat. 

u. de w e  B o l l m n ' ~  n t h a d  [IU d r u o o u ~ i r e  approxirti-  t o  

I r t  the probl- 

,r'l.labls l'or l m e ~ t r a t  i. x unit. a d  an o p t i r l  i n r m t v n t  policy 10 

vma ntm ehw that fa(.) i m  wno%oal~ . l l j  inornming runation. F r a  
a - 

. I1 jr vu have 



. " - 2, vs got 



(a. ser 



A t  . to  boginning of tho proooaa, tba d~MiaiOa - arkor b e  x u d t a  

~api taL f o r  iavoatmnt. h u r n  o i t h u  invoat a11 t h e  cap i t a l  during tho 

t t  t j a l  pmriod or invest  pa r t  of it during the Pi ra t  poriod and rooorwe t.b> 

~j rum, i t o r  imuatmont during t h o  ~ 0 0 o a U a g  periada. th. problcl. l a  to  

,.n,tdan the t o t a l  d i e o a r n t d  return on invea tun t ,  uhon tho planning 

%> '~xan i:maidts a' n puiodm d q u a 1  longth. Let (1) the rofdwn 

> r.n# m y  poriod b aaaumd t o  bo indopodoat ol' tho period under cooli- 

r l l i % ~  but is a f u m t i o a  uf tho u o u n t  1nveat.d ao t h a t  ~ ( B J  dnaotoe 

roturn during anr  period uhon B u d t a  arm i n v e ~ t d ,  md ( i i )  l o t  

r , a )  <:mot. tho probmbilitr tht n uni te  u n  inrea ta l  fra a total 

w:l.1able o a p i k l  (of x unita during any period. tlonae p(x,o) donotea 

p r o b b i l i t f  of n d  W a g  q i m ~ r t m n t  during any poriod vhon t h e m  

r r~ ina  x unit. for  i m s o t n n t  d u r i q  tho m i n i n g  puioda. 

t l a a n t  of inveotmont during m y  poriad i o  probabilimtAo .ad this 

.tmuillty of i n r e s k . n t  i o  iadepeadent d tho pariod under cmnideratlon. 

Lait f,,(x) be tbe v x h  u p w t d  d iacountd  raturn oa 1.avootmnt 

r w:Lb whoa an o p t i m l  dooision mkinr  poliay f o r  invpstment is 

. o y d  during the planning horiaon of n periods. The function fn(x)  

I. b e  tlm r s a u l t  of a coq11.x procsos tbt imludos thn muber at' 

I 11 &a, 'tho aequence of probabili ty funobicnre ttm ara i lab lo  m c n ~ ~ ~ t  of 

~vid,mlxnt a d  the seguenos of Optimal doaisioa rulea o q ~ l o r d .  ' h a  

1 4  w= IhlLmn'a pr inciple  of a p t i m l l t y e  we hrvc 



r or lug. n, the oqun t im (3.42) oan be w r i t t e n  us 

? < ?  i ' 1 . w e  have 

-on ?b , s~rve  t h a t  t h e  aoeulpt ion  p(x,oJ # i u  not  su ientiml her*. 

.:e n- coneidor tho  aontinuoua vera ioa  af t ba  prohlom. ht ria) 

,:be v&:Lue or tho  r e t u r n  vben 8 u n i t a  are i m e a k d  during thm perlod 

or ormrideration and l o t  tF(x,m) denote tho  p r o b a b i l i t y  d s n s l t r  

,.I. t.lon i i  t bo  r a w n t  of imurtmont, m, dur ing  a w o r i o d  d ien  tho  d e c i e i b b  

> - w  hm x unit. far imcatment. Lst I(.) be t h e  urximum wa:peoted 

..,li.unt.t~i r e t u r n  on i n v e a t s n t  vhon t h o  deaisl.on m k o r  ham A c a p i t e l  ,I 

~ n i t l :  m d  an o p t i d  dooiaian d i n g  p l i c y  is  eqla~rd. 'Tben tho 

, :  ro3ponling reourreno. r e l a t i o n  i s  given by 




