"HAPTER B

1Y RAMIC PROGRAMMING TECHNIQUE AND OPTIMIZATION PROBLEMG

S ION T 2 AR OPTIMAL DECISION PROCEDURE UNING DYRAMIC PROQGRAMMING

TINTCE

“ 1.1 INTRODOCTION
we shall econsider a situation vhere customers deposit = gertain

» wat of noney every month with a trading concern continuously over u
ciration of time, say N months. At the end of ¥/2 (N s considered
t- s oven) months, the trading concern will issue eredit cards to the
ina.omers warth o double the amount of what they have actually deposited
'i1: then, under the assumption that they {ocustomers) would continue to
sxy their monthly subseription up to ths end of N months, 10 thet the
riaiomers oan purchase goods [rom an authorised dealer sguivalent to that
ysount, There is a certain amount of loss due to the poassible discontinu=
»1an of payment by the cuastomers soon after thay are being issued vith
»=iit onrds for the purchase of articles (i.e., soon after the purchuse

irticles from the dealer). Hovever, the desler would pay a certain
. errpntage of commission to the trading ooncern ae remuneration towards
17 new btusiness affered to the dealer by the trading coocern. There may
+inn be some mdditional incidental axpences towards sstablishment, etc,,

i wourred by the trading comcern,

Because of thase physiocal characteristice of the process, it may not

+» vary economical (1,e., the lose inourred by the trading concern may be



5 6

:#v hirh ss compared to the coamission allowed by the dealer) to continue
ine process for & length of N moaths and a decision has to be taken aa
i <hen the process should be revised, If the revision costs were sars,
»+ e 1s 1lnelined to revise the process mar: freguently (4.o., there
+:v bo mary cycles of shorter duration}., However, since there is a certein

#=t up cost per cycle, there rasults in scycles of longer duration.

"

P, @ FOIMULATION OF THe PrOBL:M
Let us suppose that, at the beginning of the process, ve know the

«'nte ol the aystem, 1.,e., the values of the parameters ..and - (say)
-nish will determine the ovir-all loes Af we continue the prucesa over the
- raxion of n , say, months where ( may be ths faotor contributed by the
w1 incurred due to the possible discontinuation of payment during the
i~ tar jart of the planning horison and © may be the faotor nontributed by
- guir due to the percentage of commisaion allowed by the dea)er. Lat us
*invw denote the loss incurred during this eycle consisting of n wmonths

v funetion Y <, -, n )

Cur problem is to minimisn the sxpeoted total ioss vhen the process
1: noptinued over a duration of N months., Juce we £now tha parsmetors
il and the revision policy we intend to wdopt (which tells us wvhen
" ravise the process vhen once . and ° are known), the sxpseted over-sall
trax over the noxt N months will be u function of ., and H oaly.
1 up denote this policy, vhen the optimal decision procedure ims ussd, by
e fusction €o( (s © ), the imsediate loss (when the process is carried

‘w:+ n wuonths) being ) ¥ » a2 N ke



#.1.%  DYRAMIC PROGRAMMING APPROACH

The loss over the remsining duratiom of (N - n) months (1,s,, ut the
“wy ol the first oycle) will depend upon the new values ~f the paramsters

« % » when the proaess 1s revised, and the duration, N-n, of the

- ouoes. Thue, using the principle of optimality (Bellman [-11_7 }» the

. 1imal loss gver the remaining duration of (¥-n) months would be
fN-n( 1o W) (3.1)

“g { snd < are the resultant parameters at the snd »f n months
+ "y the parametera at the start of ths next cycle corrssponding to the

.1 7inal parametera < and {5 rewpactively).

Since ue do not kndow the axsot foarm of the new parameters ¢ ama .79 ,
- *nall have to estimte the values of these peramsters on the busis of
-~ past information, That 1s, ve assume the joint probabllity density

ieation of the psramsters Y and b 18 of the form “G{ v, - s

Therefore, the sxpesoted loss over the remaining durution of (K-n)
tha would be (using 3.1)
f
J j!‘n-n( Y e ) Ad( ¥, W) (3.2)
W
Henea, uging the prinaiple af optimality, the recurrence relation
v the over-all expsoted sinimum loss for the K month time period can

- axprassed as

£,04s 20 = Mn LUy ni e 0 (0060 Y,.50 7 (3,3)
‘ o«n-N \ ‘{J '{7
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dnlalze the over-all losa when the process is contipusd over a long duration

ann obtaln the solutioa of (3.3) as follows :

Generally, one is interested in fiuding an optimal poliey which will

tjuey lezey whon N tends to infinity, Under certain conditions

o £n51_7, thite [9(_7), f"( =y ¢ ) takes the form 1

ru( _y" » _ﬂ ’ = N‘ + f( L p !- i {3.4)
> and where g 4is the average loes per unit time.

Using (3.4 und for large N, ws cep write the squation (3,3) se

£ {9 L"I)) s Min 1( PR ﬂ} - hEg * j jf( "ﬁ,df}( ‘i',;h?) s (305)

10 W
Loabitullng
JJ £{ (s ) AG(YV 5,5 ) = “ (3.6)
sua write (3,5) as
t{ As 5) = Mn . l(w\.é. B, -ng+ (3.7)

It the loss ower tha ipitic] cycle of duralion of n months 15 af
Tord

1('»»( s op n) = x - ".‘a"l L (2.8)

Ly ) = H"f(*’(l;s) * dﬂ(t‘\.:’) where x!“("(l‘)fk L

cae nrd | ‘}Iﬂ (x» >) | npesd only be uniformly bounded far all

) dpd N -

o



cazre @ is & oonstant (this factor may be the fixed set-up oost) then,

ibatituting (3.8) 1n (3.7), we have

.‘l'(,‘,ﬁ; = Min %‘Io‘/a-(r‘:oﬂ}n.‘u;nx

2

n: o -
4 ( 2
- P t * ) . .
= Min M’[n - L8 .7 + Mo m = ---—--E- ' (3.9)
n:g,Oi 2 4 - '

From (3.9), it can be seen that the aminimum value of f{., ) is

arainet whep

\)0 8
n = (%10)
20
i the minimm value of the over-all loss 1s
‘ 2
(2w g
{ypy0) = "ol e cmmm——— (8,11,

4 «

Using this result in the definition of “* (i,e., using (3.11) in

%, 5!;, we have

- (dc 8)
“a o Tenaw J a6l (, o
I . 4
\( o
ian)ifying, we get
{Wweg )
as{ (, .9 ) {312

-

‘mee we have solved (3,18) for the value of gz , we oan obtain the

Frhe —

S

o A ji n f!’ﬁ. (3. 10)- -
4 SILUTION O g WHEN o ANW > ARE IND:PSNDENTLY OL Tii1BUTED

Let the two parameters . and - be indcpendently distributed so that



"o J et probebility density CunotioniG( v, V) (the resultant parumoters

and . are zlso independently distributed) can be expresszd us
dG( 1, ) = df( ¥) a8(w ) (3.13;

‘vostituting (3.13) in (3.12), we get

w o= L) a0 JL (et aeto 7 (214,
X R
S tlag

kK =, - dp V]

o
{3.14/, wo can wurite

J (or @ a8l v = e {3.15)
o

. iad ARTICULAR CAH:S

i shall now derive the asxplicit solutions for gmnama, sxponentiul,

)l whia beta dliatrivutions.

P ,
. b‘ 'l lexp‘in-b(;'dr
u’j(") = 9 for /205 a, b - 0
iTa)
d  d=1
< W JXP i-«;wi dw
de{. ) = y Lar >0 3 cpd - 2
i'(d)

# the Joensity funotlions of Y and W respectively. Thoen we have

s ) ‘
b :U 1 r“"l exp - = by g
M{a) Jo ¥ < g




taplidying , we qat

b
K & = , w - 1 {9,16)
8 =1

)

e 2 d ’ 2 d-}

: . [} -

g (e g) ae( o) = J (e g) v axpl = ew: dw

o1 JT(d) 0 :
5 mplificetion, we have

( 2 ( d{d + 1, d 2

. L (v - - 2R - 3,

e

Jeing (3.16) and (3.17) in (3.15), we get

. 4 a3 v 1; n(n - 1
P - 3418
& ¢ 28 — 3 - (3,18

. 18) cun be solved to obtain the velue of g.

\ = dends snd - = exponential

4e 3hall now sssums th&t thn deasity function at' > 1s & the Iorm
WE ) = Nemp = qundw , for 20, 40

- that o 2 e 2
% (we g/ a0 (W) = ,Ua (Wr g) exp = Aw-d.V

~plifyingy we get

z a -1 -(.:
(Weg) ad( ) = o2z 4 3 13, 19)
Q
vy Xrom (341600, (3.19) and (3.15,, we got
2 -1 -2 dn{a - 1) ,
€ 2 » +2 A = — \3,20)

b



+hich oan be solved Lo ocbtain the value of g,

4= gAsma and - normal
We shall now assume that the randoa varisble v follows & normal

“Hatribution with sero mean and standard deviation .  so that

1 a2
Jﬁ ( P ) = -—‘-:—- .xp ¢ - ;rj /2 L' d o » -
AL '

i-h @lo) wo small that negutive valuea of .’ are insigniticant,

Then

- 2 T ., 2 2 2

(2o giade(.7) = —— (e g) eaxp .= /3. " d .
s R TG 2 )

o ’ o
-+ that, on simplifiocation, we get

2

2 -
D(eg) do(w) = ge2g. 2.+ (3.21)
JO " i
sbatituting (3.21) and (8.168) in (3.13), we get
' 4a(a-1)
‘24 2g . —nr— .. 2 - ---;-— (3,22)

‘anze we oan solve (3.22) and ocbtain the walue of g.

.= beta and - -~ batas
Let us now ssgume that the density funotions of ¥ and .0 belong to
- heta family given by
| {a + b) a-1

. Cb=1 _
10 (V) a cmmmmeme— ¥ T {le ¥} T d¥, for J-v.1l, e, b o0
' i'(a)['(b)



I1(° ‘d} 0-1

_ d=1
l.‘le‘ Lfl'} } E : w3 (1- \.8" d._;'j » fﬂ" [+ EENRWE T4 1' "' a PR - }
['(e} 17(d)
') 1(
|'(a + b) 1

kK = u L ey S gy

(a)(b) o Y
L lifyling, we get
k = il 3 » a -1 (3ozal
a-=1
" 1
[ (¢ » q)

2 , 2 o=l d=1
(We g) d8(w) = (e g) = (2-9)Aw

(o) TH{d) 7
teplifying, we obtain
c efcrly

.
(e gt da8(w) = gzq- 2g * (3.24)
; ced {ced) (cedel)

sowtltuting (3,23) and (3.24) in (3.15), we obtain

clesl) 4a(a - 1)

ga., zg ___0 [ ] (3.25)

oed (c+d)(ceds1) aeb=1
~3ah oun bs solved to obtain the value of g .
~. 1,6  NUMERICAL SNLUTION

In the previous ssction, under 5.2, we have assumed that .« follows
gvwaa type distribution with parameters a and b and > follows an sxponen-
‘' inl tyoe distribution with parameter A ., In particular, lot & =3, b =1
=1. let m = 10, so that from {3.30) ve obtain

‘24- 28 ¢+ 2 = 80



olving this for g and taking the positive vulue (since we are interosted
v the average loss per unit time,, we get g = 7,39, Then, for

= 0,5 mad = 2,5, the optimul value of n (from (3,10)) is approxi
wtaly equal to 10, so that the optimal decisi-m policy is to colleot the
cmont over a duration af 10 months initially, and then Lo carry on the

.rowadure depending upon the new values of the parametsr,
. CONCLUSION

Hure, one oan suppose that . depende upon the probability of non-
~aymant of money by the customers during the seocond ~ half of the aycle
s dependes wpon the amount of moathly deposit by ths customers and
he rate of commission allowved by the dealar to the trading comcern. The

s»stant B may be some fixed revision ar set up cost,

%ith some modificetions, the problea ¢an also be viewed as a maxisisa-
isn problem and s solution to the problem can be obtained / 92_7, Such of
‘hase problems can arisec whon a manufacturer wvants to latroduce a new
raiuet to the market. To eapture the market, initially, for a curtaln
.wration af time the manufacturer would like to zive gome incontive to the
ustomers whereby ho may incur s loss and thus he would like to know the
wiimam length of the time period so as to miniaisze his expocted total loss,

i swed in another direction, in some situatiocna, the decision meker would
“t.a to know the optimum nusber o persons (instead of months) to be grouped ‘
rvethur at 8 time 80 ua to give them some benafits on the purchases made

v them uo as to minimize the ovir-all expaotod losa. In such a situation,

)

™



~ia use aof optimisation technique will help the decision maker to run the

~oess most efficiently.

4n 1deal situation of this type has been desoribei by Arnnld

nett [ 27 in his novel which can be summerised as follovs : Many tradesman
4 the Flve Towns had formed olubs se that their ocustomera pay so much
ariny overy month to the tradesmen, who charged them nothing for keeping

. wnd at the end of the agrosd numver of mouths they purchaasd goods

orth 0l the total maount depoaited by them. Denry, a philanthropist of

it Five Townsy wanted to start a new club and as & special inducement amd

o prove superior advantages to the ordinmary clubs, wvanted to allow his

coehtomers to spend their (oustomers') full nominal subsoription to the alub

- noon a3 they have aotually paid only half of it. Thus, for example,

i ter peying rifty dollars (say, ten dollars a month) the customer oould
i me hundred dollars in Demry's chogen shops and Denry would settls
~th the shops at once, while colleating the balence svary month {roa the
g .omers, These benefits to the customers were vithout any chaige
-sistgoevor to them, The factor that influences the decision is the loss
“rwurred to Deary due to the possible discontinustiom of paymsent by the

sxt.omara duripg the later part of the planoing horison (1.e., after the
~urdhase of srticles from Denry's chosen shops). There 1a a certain smoumt

" resupneration received by Denry from the shop-kespers 1.0 wvhom Denry would
¢y pew customers, They (shop=keepers) were to allow him a certain

e onentage of discount on all transsotions aileoted through Denry. The

. ~ablem fueed to Deary was how long the collection at a time (i.s., the

~aration af the periocd) be made 80 ms to sinimise his total losa, taking



N

i ntry oonnlderation the loas inaurrsd due to the discomtimmation of paymant
- the customers and the coomission alloved by the shopukeepers. In
Atnations o this type, the dynasie programsing technigue would sive an

¢ 'ul wolution.



LTION IX s OPTIMAL DECISION RULS3S FOR A STOCHASTIC INVESTMENT

LS AR

Z,1  INTRODUCTION

« ptoghastie investment problem arises when a declsion maker with
- ,uital (cash) to invest 1s confronted by a paquence of investment opportu-
~itivs wnd the amount of investment to any oppartunity is specifiied by the
.o aabllity distribution, the return on investment depending upan the aaocunt
~v:ated, At a specified time, the declaion maker, given the investment
ortunities, must coupare his present expected gain with his future
~timated return and on some basis must decide which investment opportunity
t~ s1¢oopt, We shall develop here a method for optimsl decision rules oasad
the dynamlc programaing teshnique (White / 93_7) for a class of such

- vaatmeat problems.

¥aury suthors have attempted to determine the values of invostmant
“ sartunities [or the purpose of investment selestion. Of thens,
~vandfer /. 40_/ gives the present velus method snd Luta, st, al. / e.q_?
iy the cmpital supply and demand method. These methods do not take into
s walderation either the future inveatment opportunities aveilsble to the
. »ision amker or the total capital availsble for investment. Fisher / 40_/
2 studied this problem under the mssumption that (1) the empital of the

“welgion paker 1s fixed at soms point in time and that his interest is in

-
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iavesting them over soms future intwrval, and (1i) the capital of the
-acislon meker 1s augmentsed throughout time and the decision meker's
srorest 18 10 invest a stream of assests, Cord [25_,7 hae riven an
sorodch for optimally selecting capital inveatmente with co:rtain returns
wiwr the conditlons of limited {unde and a constraint on the maximun
virage varisace allowvad in tho {ipal investaent package. “This study

'« similar to Markovits's / 68_/ work on partfolia selection. white 2w

i stuiied this problem under the assumption that therae are situations

-4 which investaent wvalues, independent of present conditions and oppor-

B

‘ities, do exlet, and with in this class, there are others where the

r~9ant worth valuation is correct, Purther, he assused that ths system
+ 3ilosod, the arrival of opportunities are probabilistic ani ths income

L znmg [or each opportunity is also probabilistic andi that the objeative

e

Lo msximize tha expacted sum of liquid reserves plus ths total wash
v ante] Lo date after n perioda of time, We shall consivder haere the
v, lowlng class of inv .stment decision meking provlem. The cupiial (cash)
" %the daclglion maker ia fixed at the beginning of the periad ami hias
1 araest is in investing the asapital over an intervel of time period »eo
+v Buxlmiaze the total roturn on invoesteent. There may exiat one or

iy investment opportunities and the amount invested to any o the oppor-
it {ty 1s probabilistie, ths return on investaent depending upon the esaount
cutedy

SPCOCTUN: OF THS PHOALSM

.0 shall ass:me that tha Jaclsion meker 1g interestec in maxializing

te rgar=s1l returns dus to investment of capital over = riven intervel of



“ixa poriod, Lot the decision~mmker, at the beginning o the planning
» Liony, huve a certaln amount of capital, say x unite, for investment,
v thar, let us asgume that he is faced with a soquence of investaent
-nriunitiea and the amount invested to uny opportunity ie probabiliatic,

w total amount thiis invested being e ual to the avallable capital. The

tura sasnciated with each opportunity is a function o the amount inveated.

~wa the problem 1s one of devioing en optimal polioy for declding how
~ 1 Lo invest to the opportunities available in order to maximize the

1o ber value of retura.
1L DYNAMIC FHOGHAMMING APPROACH

1. Disorats formulationm.
Vot us defiins the following quantitlas
1y ixy m) = the provbability that a units are invested fram a total

avallable capital of x units to th2 g opl-ortunity,

« {x, 0} = the probability that no amount is invested to the gth

opportunity when the capital available is x unita.

1 ;i = the roturn rom the 1.“:l opportunity when =» unils are

inesstod,

Wa ghall derine f(x) to ba the axpeoted value nf the ~wir-all raturn

- thn avallable opvortunities vhen u ompital of x units are available

Lnventmant,

‘tThen, using the prinoiple of optimality {(3ellman [ 11 _; P

994
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A Wy
x

x
t{x) = Illi [ >_ ri(.) Pi (X.l) * > ’_ f(x—l} pj (X'I)J (:!oz‘)
n=0 m=0 )

noera fix-m) 19 the expeoted value of the return from ths resaining

ortunities wvhen = units are invegted to the 1t'h oopartunity.

e shall assume that p (x,0) # ° for any x and 1, so that

x x
Ty - Pi(X:OJJ f£(x) ~ s 2. ri(l} Pih") ¢ >.. £ (x-u) p'_(x;.n) J
' a0 =l ’
pd x- x‘ / )
vy - 4 ALY py(xm) o 5 fix-m) pilx,ll_7/£ 1.p1(x,o)_] (3.27)
) o]

ror some value ot i we heva the equality sign 1 the sbave
ationy 80 that we get
LR x - .
(x) = maxy : . 2::6 rl(n) Py (xsm) o 2:'1 £{x-m} pi(x.l)_?/i 1~pi(tp0)_7—;:> (3,20)

s tlally, wou asjums that f{o) = 0 90 that we can obtadn f£(1), and

~aen comeute f(x) induatively for all values of x .

;ontinuous formulation.

il x 1s very lar 'e ths methad ol aolution, as dasoribed abova
< sh reouires that [{x; be computed for al] values of x , 1a timm
sisming and tedious, Yometimes, there is eome advantage if we intltially °
rialder the process in continuous form, detormine the dagrae of eontinecity

then une the propertiep of the solution to cut down the computation.



1]

“ouwpver, ultimately, sll computations are to be esrried out in disorete
csrame  We use Bellman's methad [ 11/ of successive approximations to

iy the problea,

et ry(m) be the valus of the return from the 1! epportuaity
“:3 @ unite are invested, and let F,(x,m) be the probability density
iation of the mmount of iavestment to the 1% opportunity when, at
"« beginnlng af the operation, the deoision-maker bas & capital of x

ke far inveatmsnt,

lsfining f(x)} to be the axpested valus of return when the capitel
-vgilable for investment 1s x units and an optimal investaent policy is

4]y thisn
x

x
1{x} = =ax, [j rl(n)dﬁ(x.-) ¢-J r(x-l)di’i(x.n)] (3.29)
o

o

Following Bellman's method of successive a.proximations, wve cbtain

. molution for (3.29)., Let us define

x
tl(z) = wax, [Jﬂ ri(l) dfi(x,-)_] (3.30)

. for a s 2, x x
t‘n(x) = wax, Ve Jo ri(nJ ar, (x,m) « J;, tn_l(x-l} di"i(x,l)_? (3.31)

+ aan now show that f, (x) 1s monotonically increasing function. From

« M)y wo have

L . ‘
£ (x) - rn_l(x) 7 wing j [fn_l(x-l) - fM(x-l)]drih,l) 5 (8.32)

!

L0



n =2, ve gt
x

EE(’) - fl(x) 5 llin‘i J fl(!-l) dli(x,l) }\
A _

(3.33)

1nas tie expression on the right hand aide of (3.33) ia groster than zaro,

"1 aVé .
ta(x) 7 rl(x) {3.34)

-yoneding similarly and by the industive method, we can show that
tn(x) 7 fnp-l(” (3.3%)
show that

LY rn(x) 1s a monotonieally iporeasing functiom, We oan also

'x} ooaverges to f{x) with the help of the method utlined in

iman 117

Let us sssuse that the distribution functioa is independent of n.

x x
T{1,x,f) = J ri(n) dFl(!.I} . J £ (x=m) dFl(x,u)
o o

(3.%)

“nan, the equation (3.29) ocsn be expressed as

f(x) = max, [ tu,xt) 7 (3.%)

- sach m > 1, let 1n be the value of 1 for which

ch !'!fﬂ ) attains its maximum, We, then, have

J

A

‘er L 'L'(I.n.l » Xp fn ) 7 T(ln » X fn



fo= T, xf o T4

s

¢ )

n'--xj ne1? *? Fomy

wirining these two inequalities, we can obtelin

' i.n-iv‘.. - rll | < max ‘i‘ T“nol’ x L) - Tunop x, £, 4} | »
| T4 X0 £ 0 ) = T4 x, £ )]
LBy
x
| Uy = fp | < max { J | folx-a) - £, (x-m) | dFy (x,a),
o
x P
J. | £olx-m) - £ . (x-a)| dFy (x,m) *
Ut Y B
x
max | £ (xd = £x) | < wax | Ealx) = £ ()| | dF (xomy

o3
x

ot dFy(xm) 0 and | ¢ (x,m) <
Q

RLD 4

wax | £y 000 = £y00 )< max | £ - £, G0

(3,28,

(3.99)

(3. 41,

wa, the serles ) (f,,,(x) = £,(x}) converges uniforaly in a finite

2]

durval {for all x > 0, and thus rn(z) converges to f{x) for all x - o

cot.s USE OF DISCOUNT FACTOR

“s now give an altarpstive spproack to the above iavestment probles

.iiat the diseount fastor. The problem ie restated ap follows :

LK

J
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At the beginning of the proocess, the decision - muker has x units
aspilal for investment, He can elther invest all the capital during the
sitial period ar invest part of it during the first period end reserve tho
wiangs for inveostsent during tho succeeding periade. The problem 1s to
raximdge the total discounted return on investment, when the planning
“w imon consists of n periods of equal length, Let (i, the return
wwing eny period be assumed to be independent oif the period under consie-
‘atiosn but is & function of the amount invested so that r(m;) denotes
“+ roturn during sny period when m units are investsd, and (1) let
“irym) ‘ienote the probability that m units are invested from a total
cexilable capital of x units during any period., Henes p(x,0) denates
probability of not meking any inveetment during any period vhen there
shelne X un:lt... for invastasnt during the remaining periods. Thus,
“ep amount of investment during any periad is probabilistic and this

< oimdility of investment ie independent of the period under consideration,

Lt fn(x') be the maximus expected discounted return on investment
»  units vhen an optimsl decision mekins policy for investwant is
v Loyed during the planning horizon of n perlods, The function £ (x}
i1 bw the result of & complex process that includes the number of
. wri.eda, Yhe sequence of probability funotions, the available mount of
‘avnsatment and the sequence of optima]l decision rules employesd. Thus

~iin~ Ballman's principle of optimality, ve luve

x -
b e) = wax L TOW) Blrm) e< 2 fpglxmi pxmi ] (3.42)



x
£f,x) = mx/ 5 r(=) p(x,n) 7 (3.43/
m=0
-r3 -9 © <« .y . 1, 1s the discount factor.

ror large n, the equation (3.42) can be written s

x x
i'{x) = max [ >_r(l) plx,m) & > i f(x-a) p(x,n) _7 (3.44)
m=0 B=0
S o 4 <. 1 , ve have

x x
(1= ocp(x,0i/ £(x) = wax [ ‘>_ r(m) p(x,m) « ) f(x=m)p(x,m)_/

w0 L o |
Lt
_ X X ,
i o= max o L ) r{mip(x,mi e f(x-n)p(x,u)_]/[p-,, p(x,0)_7 (3,45)
: a=o =] .
ren dbserve that the assumption p(x,0) # 1s not eanantial hers.

/& now consider the continuous version of ths problem. Lot ria)
~he velue of the return when a units are invesated during ithe period
-~ ar ermajderation and let !F(x,m) denote the probability density
rxtlo of the sasunt of invostment, @, during anyperiod when the decision-
v huy x units for inveetment. Let f(x) be the maximum expseted
snounted return on investment vhen the decision maker han a cspitel »f
inits and an optimm] decision meking plicy is employed, Then the
+u roapomling reourrence relation is given by

x : 4
rix) =wax /7| r(m) dF(x,n) . ; £(x-n) d¥(x,n; ] (3.40)
Q =]



‘ns unulysis of the solution of (3.46) 1is an an'.ansion of ecarlier approsch,

wa bhave thus considered the problem of optimal decision rules fa
. izatment as a stochastle model (both diocratn and continuous versiom)

7, the same 1s woalysed with the help of funotional squation approech

't dynemio pregrasming.



