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Introduction:

This memo. is a continuation of the previous memo. dealing
with the computer applications to the solution of inventory -
problems (deterministic models) Here, however the demand for the
goods as commodities is probabilistic and is specified by a given
distribution function. The models presented here treat different
inventory situations which are of practical applicability. The
methods for solving the models are given. Also the computer
program written in FORTRAN coding lahguage'is presented for the
models. The reader will find the details for using each program
so it could be used directly without further investiations about
the method of programming.

BElements of Probabilistic Inventory lModels:

The following sysmbols will be used as indicated below
Let :

C = Purchase cost per item.

= amount ordered per period.

r = . revenue per item.

v o salvage value per item, 

B e h@lding cost/item/period.

P = penalty.cost/item/periodo

B(§ = demsnd density function/period. }“3, 0

In the following models our objective will be to determine the
optimal y which maximizes profit. In the previous models we have
treated the same problem which minimizes costs. The.difference
between the two cases depends on the viewpoint of the decision-
maker,



MODEL I. (One-Pericd wmodel)

In this model it is assumed that demand is continued for
one period (seasonal)unly. An example of this would occur with
style or fashion items. The total profit function in this case
will be equal to the bLotal expected revenue less the cost of
_purchasing the ordered amount and the holding and penalty costs.
Expressing this mathc abically the total expected profit is given

jycrjwcy-j)-h -P ¢(‘§) a§
-ﬂ:ry-—p(?—yj B

= prectcd revenue when demand lcvel is less than

by :
Expected profit

i

-

stock
+ Bxpected revenue when demand level is higher
than stock - purchase cost.

The formulation of the above expected profit is determined
so follows:

1. demnand is less then stock level(i.e, $< y), in which case
a holding cost is accumulested. This holding cost is given
by ‘yf h (y - f) @ (i) df . Since we assume that unsold

0

item can be returned at a reduced price (v), then expected
revenue from salvage is given by Zr v(y- f) ) df . To get
5

the revenue from selling f items this is given by r{fb(ﬁ)
d?, + This gives the elements of the first 1ntegral

2. demand is higher than stock level (i.e. >’Y) in which case
a penalty cost is accrued. This 1s gjlven by i-—y)

@ (%-) di . While the revenue in this case w1ll be given
by r ye. These give: the terms for the second integral.

Lt
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To solve for optimal order quantity y , the ebove profit
function is differentiated with respect to y. To do this in an
integral equation we use the following formulas

102 S du du
d ‘ 3 . - : L
S epar- [ 2D e 2w, B2y
u () us(y)

So, applying this to the above equation gives

Do F(v—h)@<f>d§-0+rw<y>
dy ‘
0

+

60
f(r+p) Q(i)dg-ry g (y) + O
y

- G = 0

This gives
y
(v=h) g (&) d (r+p) 59( Yed Bin=8 150
VIOJ’ { ?4- T+p - f {
5
Since p(§) a§ = 1- Jo(g)
But Sinc Of f df 1 ff d}'

Substituting, this gives,

ot i ) of ¢(§) ag +wp = c

. & B4 Pp.=C -
or rﬁki)d§—r+l}+h,v—ﬂ, (say)
: 0
The solution of this last equation is obtained by noticing
that
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Piog{& y} - jd w.(f)dg,

In other words, the optimal yx can be determined so that the
probab;.l:,ty that demaond Eg‘ ¥ is equal to the given value A,
This is shown in Fig: 2 1 below. ? ;

Bl et

{S

For the purpose of writing a computer program for solving this
problem, we shall consider a special case where takes discrete
values. In this case 1% w1li be possible to feed in the different
discrete values  tnat can be assumed by % together wlth the
corresponding probablllty of their occurence. This is shown by
the following numerical example:

Ly 1 4

il ol
2 e
5 ol
4 )
now suppose =405
P= 5
el
h = 4
v = 6



2 r+p=C _ 10+5 - 8 N 7 L e
hence A = TEURS = TI0+ovE6 - I5 = 02389

From the above table, for the discrete demand case it is clear
that the value of ?f satisfying optimal conditions is given by

§'=y19

p( %éﬁ; ) 2k

Applying this, it is clear that for =
PC%;@;&) = i3 =ik
i :
Hence = 2 gives optimal amount to be ordered; i.e- 7= 2.

We shall use this procedure to illustrate the compuater case.,
Figure 2 gives the flow diagram for the problem.

In page No. (9Y) a program for the problem, written 1in
FORTRAN language 1s given. )
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Compute A

R T+p—C
T r+p+h-v

!

Determin p('i < yx)

such that p(f {\yx),gA

!

Optimal ,yHE determined

YIS

'

NO
_(new parameters )

Print yx and
barameters

NO

new p( f() ? )I—ES.-

A

__3%

k/

-

END



Preparation of Input Data :

le . Birgh card :

Should include the number of discrete values of
the demand 1 according to FORMAT I2

2. Secoﬁd N cards:

Should include the values of ? and the corresponding
values _p(} ) according to the FORMAT (gF4.0)

5y i rd card:

Includes the different parameters ;. Dy Vs C, ang
h. according o the FORMAT (§F4.0) '



Pirst Card

o

PCY)

EPE

=

L-v“'w’

Second Cerds

i)

Taird Card




DiMENS]OND(20,20)

—

FORMAT (5Fk, 1)
FORMAT(/////31HPROBABILISTIC DEMAND - MODEL 1 )
FORMAT(/19HHOLDING COST/UNIT =,E11, 1)
FORMAT (/ 19HPENALTY COST/UNIT =,E11.h)
FORMAT (2 O4SALVAGE - VALUE/UNIT =,E11,54)
FORMAT(ZZHPURCHASING COST/UNIT = E11 u)
FORMAT ( 14HREVENUE/UNIT = 511 h)
FORMA*(//!?HOPT%MAL Y = 16)

FORMAT(&Z)

FORMAT(2F4 3)

READO,N

Do16i=1,N - -

REAbsv”car 4),9=1,2)

READT R P CH

AD{R+?~C)/(R+P+H»V)

SUM=D,

pDo1ij=1 N

SUM=SUM+D (1 ,2)

iF(SUMnAJIZ 13 1

......

o

—
TON

; 12 Repael
CUM=SUM+D (K, 2
IF(CUM-A) 11,20, 13

L L
GO TO 13

11 CONTINUE

13 NOPT=D(1,1)



_ =10~
PRINTZ

P
PRITS !

PRINT!, P

DIMTS
PRI B _),\/

PRINT6,C
PRINT7,R

PRINT8, NOPT
GO TO 15

END



S

ILLUSTRATIVE SOLVAED, BXAMPLE

e

PROBLEu NO. 1 .
PROBABlLISTIC DFMAND - MOnEL ]

HOLDING COST/UNIT = S.OOOOE—OI e i

PEMALTY COST/UNIT = 2, 00C0E-0C
SALVAGE VALUE/UNIT = 2,8000:-00

PURCHASING COST/UNIT = 3 C00CE~ 00

REVENUE/UNIT =5, 0000E-00-

OPTIMAL Y = L

PROBLEM NO. 2

PROBABILISTIC DEMAND - MODEL 1
HOLDING COST/UNIT = 8 00005-01
PENA‘TY COST/UNIT = 2 . 0000E- 00
SALVAGE VALUE/UNIT =. 2,8900£-00

PURCHASING COST/UNIT = 3,0000E-00
REVENUE/UNIT = S.OOOOE-OO

OPTIMAL Y = 6



5 )

MODEL II. (Infinite number of periods)

In this model we assume an infinite number of periods.
We assume that delivery of ordered amount is immediate and
that lost demand is backloged.

Let y = amount on hand after an order
s o o e before an order
o€ = discount rate per period.
1k
1+ interest rate

Let f(x) be the oﬁtimal expected profito This is given by

mazt

£(x) = e - cly-=x)'+ j (ri -h(y-{)df(f)di

J’Lr y +o(1‘(i =) =p( —y)}q)( )d%
s ff(y—})cp(?)cig

Solving for the value of y using the same procedure given in
liodel I above. This gives:

yx
_ P+ (1-a) (r-c)
ofdp (l)di =

p+h+(l-o) r

The solution of this problem follows an exact procedure as in
model I so we do not need to repeat it here.

CONCLUSION:S ,

The problems presented here skow an application to a real
problem that is encountered in production and warehousing
situation. The computer can further-gg.usedffor solving more
complex problems. However, we have pfesented some simple

problems to get a feeling of tane use of the computer.
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