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ZU.b A Water-Resource Model

srate 0, I, or ?, and replacing it when i( is in stare 3. The minimum expected iorat
discounred cosr of the syslem sraning in srale i, i = O, l, 2, 3, and evotving for one
p€riod is Siven by 0, 1,0O0,3.000, and 6,000, respecrively. The.priml sorUrio" i"
the two-penod machiDe mairtenance model is

Period I LEaye r,^chine alone when ir is in state 0 of t.
Overhaul machine when ir is in srab 2.
Replace machine when ir is in state 3_

Pcr iod 2 teav. machine alone wheD i t  is  in stare 0,  l .  o.  ?.
Replace nachine when h is in srate 3.

The nininum expected total discounred cos! of lhe system sraning in srare i. i = 0.
l ,  2,  3.  ed evolv ins fo.  rwo per iods;s given by 1,294,2,688, 4,900. and 6,000.
rcsp€ctrvcly. Fillally, thc oprimal solution ro rhc th,.ee-period model is

^,(i { ,od /  I  Lrdve mrLr.ne atoi"  when 
' r  

i ,  in srarp 0 or I
d,A J Overhaui nachiDe when i1,is in slare 2.
Penod 2 | Replace macbine when ir ;s in srare 3.
Penod 3 Lave machine atone when it is in s!a!e O, I, or 2.

Replace macHne when ir is in siare 3.

The mirimum expected ro(al discounre{l cosrs over thJee periods, if lne sysrem nans
iD stare i ,  i  = 0,  l .  2.  3,  are given by 2,730, 4,04r,  6,419, dd ?,165, .especr jvety
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A mulripurpose dam is used for gcnerariog electric power as qetl as fo. flood conrrol
The caprciry of the dam is 3 units. 'Ihe probabiliry disriburion of rhe quanriry of
ware. ,  lv , ,  rhar f lows in lo rhe dam dur in8 monrh, ( for ,  = 0,  t ,  _ .  . )  is  g iven b\
P' ,  r , .  t  .er-

Pw(0):Ptw_0i=i

Pw(r)=P{w=ri=*

?\ , t2)= PIW=21 =i

Pw(3)=P{w=3}=+.

For rhe purpose of generaring elecrric power, I unir of warer is requi.ed Ar rhc
bcgin.ing oi each monrh. lvater is released ffonl lhe da!n_ The firsr uni( is used ra
gene.ate electic powc. and then used fo. itriEarion pu,poses, rhe tarte. funcrioi b.L.:l
\o,rhS L\0.000 I faddirrondl  uar(s ar"  -et-areo. rh"y Lan atso b- Js-d ro,  , r r r 'n
purposes, and each un;r is wonh 9100,000 {f rhe dam cor{a;ns less rhan I unir ar rh.
beginniog of a monrh. additional powe. must be pu.chased ar a cos! cf $300,000 la
at nny lim€ the warer in rhe dam cxceeds rhe capaciry of I lnils. rhe ercess war.r ,:
releas€d rhrough the spillways ar no cosr o. ga,n.

A .elease policy is sought. Policies rrc ro bc compared on rhe basis olexpec(.d
discounred cos(, lvirh discounf factor d = 0.99. 't1^e poli.y nnprcve,nent ol|arith','

5r nnght cal l  n
g 2 uni l



Lcr X, denore rhe .mounr of  warc.  in rhe dam ar t imc /  Then X.
Th. nrr ! ra l  lMs of  No( ion tb.  rh is systenr (no rvare. .ereascd) are

= 0.  l .2.3. .793

[or exampte, rhe elcmenl in dre second row and fourth column, prr. is obtaincd aj
tol lops: I f  rhc dam connins I  unir  of  water now, , t""  i " .  ; ,  .  

" i "" i .  
L" i , ,  J(arer a mon(h later, 2 or I unirs ol warer mus, no* i..,r.," au- au;ng,l. *o"ii

rdcal l  thar dan cipa. i ly is I  unns, so rhar a f low or:  , ,nirs * i rr  res,r t  ;  j  ,n i t  U. i"e
dt.ased rhrou3h rhe spi l lways).  this occu.s wirh probabi l i ry i  + t  = l .There tuc L\ree possibte decnions (har c.n be made ar the ;egiming of each

Ir is ctear rhar relearing no unirs is nor a sensible action, becluse I unit is neded for

ii':il T :"'# i :::i i:'i". T I : i"Jr:*i;.: :tlt";,lruti:l:
l.t*J ;","1"; ;:irull: i: ;t,"1 l:i:llilj'*::tfl";:J,..,j"".till
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cosr iniomarion can bc obraioed from rhc following dalaj C"p +

c.,, +

To find l!

stare 0 (dar
!- The

TIre policy Rr w;tl
;nrprovenenr algorirhnr.

be used in the value-dereminarion srep
Using the cosr infornalion jusr given,

(s(ep 1) of  $e po icv
th€ ralues of CJ,, are

*

f inding rhe t

C,1, - t

C., = -2

Cu'  = -z-

The following four equarions musl be solvcd:
va(R,)  ,  0.o9f lyo(R,,  lv . ,n, . -+ lv, , . i  r  |  . i !  , l  . l
v,(R,) '  I  + 0.99t*vo(R,) r .  l%(R,) + +%(.q,)  + iy,(R,) l
%(,R,) = -? + 0.99t*vo(R,) + lv l( ,R,) + j%(^,)  + tvr(R,) l
vr(^ ' )  -  2 r  0.e9i  *v,(n,)  l . t%(R,)  + iv,(R,) t .

The simulraneous sotur ion ot rhesc equat ions resurrs u {he vatoes

v6{, t  )  = 103.881. y,(R,) = t07 88t,
and v,( i )  = _l08.SSl.  yr(Rr)  = _ 0 158.

SIcp 2 can iow be appl ied. Wc wanr ro nnd an inrp.oved pot icy ,1,  rhir  has ,1, .
I  ornv ' l , r r  do( )rr  {Y.  drrR.)  _ r l .  z i  r , r , r  .  r ; .  i .d d ,n, ,  _ . ;  . , " , , .  =,  . -
lo l lowrng erpEssions.

(0) c4s + 0.99{_ L03.88lpoo(r}  _ t0?-88lpor(r :)
_ t08 88lpol(r !)  I  l0.358Podtg) l

(r)  cr( ,  + 0.99[ 103.33lp,o(t l )_ l07 88lp,r(( ])

-  ros 8slp,,( l l )  -  o_158p1.(r l ) l

r l f
, . r  I  I



(2) Cat + 0.99[ 103.881r]0((;) - 107.881p:,(/r i)

t08 88lP:?Gl) _ t r0.358P,r(k:) l

( l)  crt + 0.991 ro:l  38rrv,(( l) r0?.88lpri(c)

r08.8srpr1(rj) _ I l0. l582rr(t l)1.

To nfd. t?.  r l re besr dccis ior  whcn rhc sysren is in stare 0,  i t  is  neccss..y (o
cldLuarc rhe f i rs(  expressio.  for  a l l  possibte decis ions. I r  is  c lear drar whcn rhe sysrcm
is in slare 0 {dam enpry), rhe.c is .o ctroicc amons (he decisions bccause they at1 are
e!! ,valcn( lhe dara Ior  

'h.  
t reccssrry .a lcutar ions for evaluat ing exp.ession (0)

1.2,1 l -  103.33r

195

a C,r ar. Simildly, fo. srate I rhere
cquivalent. Thc data fo. lbe

is no choicc anong lhe decisions because lhey
nccessary calcularions fo. evaiualing folow:

For rr"  
' .mai t r in8 

No 5'are. .  th-  " . .proDriare r .ansir io l  probabi t r r res and o ts
gcncrally dcpcDd upon Ihe decisions made. The data for the necessary calcutalioos
fo. finding the best decisions, given rhc dtun is in siate 2 or j, follow:
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196 rhus 4(n,)  = l :  = d,(Rr)  = k l  = L,2,  or  3 i  d,( l r )  = t l  = l i  and dr(R.)  =
t ] -2 Hence pol icy nr cal ts for  reteasing al l  the warer whcn rhcre i .  r  * i i  i , iL
danr, I unil of warer when thele de 2 lnirs avaitable in lhe dam. and 2 unirs lhen
rhe.e are 3 un;ts available in rhe dam. Tbis poticy d;tters from R,, so thar anorhc,
nerarion is requi.ed- For rhe value-dcier,ninarion slep, (he equarions thar must ro*

yo(,R,) = 3 .f  0.99i+yo(nr) +.r%(,c,) + iyr(R,) + *yr(^,) l
vL(R,) = r + 0.991+vo(R,) + tv,(Rl) + 4y?(n?) + +v.(R,)l
v:(R,) = i  + 0.99[ tyr(x?) +:y"(R,) + rr%(R1)]

yr(n?)= -2+0.991 _ iy,( , {z)+{vz(Rr)+}%(R?)

The simultaneous solur;on of rbese equarions lesulrs in rhc values ylR.) =
-t19.642,vJR) = -  t23.642, v,(R) = 125.119, and yr(n,)  = 126 l t9

Srep 2 can no\r be applied. we wanr rojnd .n improved poticy R3 rhar hr\ rhc
prop.fly rhar do(Rt : 4, d,(R,) = rl, dr(Rtr) = tl, lnd dr(Rr) = tl m;nimizes rh.
foLlow;ng exp.cssions:

'0 , ,  + 0.091 o.b42po(rh r . j .Mrpo,{ lo,
125.1l9po,(t : )  _ r26. L tgpor(kro) l

(r)  c,r  + 0.991 LL9.&2p,0(t j )  ta3.642p I  t lk]r)
-  125.119p,,( t l )  _ 126 I  l9p,r(kl) l

(2) 4.,, + 0.99i- I 19 6.12p,o(4) t23_642p,(k1)
,  125 I  rgp,,(r i )  126. 9p:r(4) l

{r)  cI '  + 0.991- 1r9.642pr.(d) r23,642pr(C)
,  t25. L l9pr,(kl)  t26.I  tgp!( t l )J

lhe data on the transiiion maFices xnd rlre costs from rhe previous ilera(loi in
a:ain be usedi rhe resulting valucs of rhe cxpress'on are

-  l : l  | l9 r?5 691

rhls.10(^r)  = 13 = .11(R.)  = r j  = I ,2.o.  l r . / , (^ t  = l j  = r ! ' r

dr(sr)  = t l  = 2.  Hence pol icy Rl  ind pol icy R: erc idcnt ic i l ,  rnd the op( imalr i ld{
pol icy cxl ls fo. .e leasing al l  rhe wnter whcn rherc is t  uniL in rhe dam. 1 lnf t  o l  $J ' ' r

when rhe.e ire 2 trnirs avaihble in rh. d.n). .dd 2 unirs *tren rnere are 3 unirs r"r,L'hL'

Oi cou.se. di .ect  enu,ner.r ior  wol ld hnvc bee. jusr as s imple r  recht iqu'  r '

!sc in rhis s i t !ar io i .  b! t  rhe pol icy improvcrnenr x lgor i thnr wrs us€d ibL i l lunr i i l "
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