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DESCRIPTION AND DEVELOPMENT OF PROBABILISTIC
INVENTORY MODELS

4.1 INTRODUCTION :

Many times it is noﬁ possib1e to keep.both EOQ and number
of periods per cycle fixed and uniform because either demand
or leaavtime or both are random variables.

Tﬂe EOQ models considered so far assumes that demand for
the item under coﬁsiderati&n is certain, continuous and
constant. In reality, however, the demand is more likely to
be uncertain, discontineous and varisble. Another assumption
in the EOQ models is that all demand is supplied immediately
and there is no question of a shortage. However, even vhen
the demand and lead tdime are knbwn and constant, stock out may
~be deliberatgly rermitted. When démand and lead time are not
certain the EOQ models needs modification and safety’stock are
required to be kept. The EOQ model is based on the assumption
that the unit price is the same. Further uniforﬁity of the
unit holding cost and of the cost of placing an order is the
other underlying assumption. If either or both of these
assumptions  are not’ satisfied. Finally the implicit
assumption in the EOQ model that the entire quantity ordered
for would be received in singly lot may not‘ hold true
sometimeé. Therefore probabilities are used to represent

them.
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The probabilistic models considered here will be

concerned with answering the following question. What should

be the optimum levelA&t the beginning of & planning peripd

during thch uncertain demand is likely to occur.

ASSUMPTION MADE UNDER PROBABILISTIC INVENTORY MODELS :

1.
2.

The lead time is zero.
Decision regarding replenishmenf are made at regular
equal interval of time.

Costs of carrying surpluses and shortades of inventory

items are linear quantity.

Demend is instenteneous and units replenishment is ‘
descrete (Model-1). |

Demand is instanteneocus and units replenishment is

contineous (Model-2).

Demand is continecus and units replenishment is descrete
{Model-3).
Demand is instantaneous and units replenishment is also

contineous and with set-up cost to be fixed (Model-4).

MOTATIONS USED UNDER PROBABILISTIC INVENTORY MODELS :

w
i

£(D)

i

reorder period, it ;s fixed and known.

1

Lead time.
the quantity required or sold, it is a random

variable which can' be discrete or contineous.

il

probability density function of D, it could be
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either discrete or contineous as per the nature of

. random variable D.

2
"
il

cost of carrying (or holding) a surplus of one unit
for one interval of time'due to over stocking.

C; = cost of shortage (or penalty) occur during the period
due to under stocking.

I = number of items on hand before an order is placed.

Q = Economic Order Quantity.

. EC{8) = the total expected costs associated with an inventory
level of S5(=1 + Q) units.
C. = cost per unit of an item,

iy,

MODEL-1 \

PROBABILISTIC INVENTORY MODEIL

SINGLE PERIOD.PROBABILISTIC MODELS WITHOUT SET-UP COSTS,
INSTANTANCEOUS DEMAND AND DESCRETE UNITS REPLENISHMENT.

The single period model considers a situation where an
item can be ordered only once to satisfy the demand of a
specific period of time and no further orders can be made
tc replenish inventory. After the period is over, there is a
coét associated with the stock of left over at the end of the
reriod and'the corresponding cost for shortage. ‘

Since demand D is intantaneous, therefore total demand
is filled at the bedinning of the planning period. Let I be

the amount of inventory at the beginning of the said period.
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Since demﬁnd D is instenteneous, therefore total demand
ig filled at the beginning of the planning period. Let I be

the amount of inventory at the beginning of the said period.

Now the question is that, what should be the best level Q* of
inventory with which to start the pefiod so as to sétisfy the
uncertain demand during the comming period and to minimize the
total expected cost associated with surpiuses and shortages.
There may be two cases depending upon the relation of D and Q.

CASE-1 : DEMAND IS LESS THAN STOCK.
In this case the carrying cost will be C,t(Q - D) as

sﬁown in the following figure.

1 77
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Thus the expected carrying cost if we have Q items on hand

at the beginning of the period will be

6, S @-meem o | (1

CASE~2 : DEMAND 1S MORE THAN THE STOCK.
In this case the ‘shortage cost will be C,t(D - Q) as

shown in the following figure;

|

//'

/ l
///i TIME

. ]

DEMAND > supPLy !

Thus the ...pected shortade cost if we have Q items on hand
~

at the beginning of the period will be
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(<) )
C, +.(D-Q tfD) D>aQ (2)
D:Q . ' ‘ -
If the initial inventory I is zero, then the total expected |
siggle period cost EC(S) associated with an inventory level

of S =@ wiil be

EC(Q) = Ct & (@ - D) £(D) + C,t D% {D - Q) £(D) (3)

-
'

In order to find the optimum value Q* so as to minimise EC(Q)
the following condition

ac(Q*- 1) < 0 < ac(@")
must hold,

Now replacing Q by (@ + 1) in equation (3) we get

1
Bcca+1) = e, £ @s1-0) £
D=0
. |
+C, L (D-@-1) £M}t
C " p=as2 .
= ‘{Cx f: (@ - D) £(D) + C, & £(D)
<] (<]
+C, Y. (D-Q £(Dy-¢C, . f(D)} t
D=@Q+1 : D=Q+1
= BC(Q) + {(C,+ C,) F(@ - C;} ¢ (4)

- 8ince the term D = Q@ + 1 is zeroc in both the summations

i » 1o e
where  F(Q) = ). £(D) sapd t.  £(D) =1 - ). £(D)
D=0 D=a+1 D=0



71

(<)
because E: f(D) =1

Similarly
 EC(@-1) = EC(Q) - {(C,+ C,) F(Q-1) - C,} ¢ (5)

By differential calculus, we know that

aC(@*y = c(@*+ 1) - c@%)
= (Cy+ C) F(@%) - ¢, 2 0 :
aC(Q¥%- 1) = EC(Q@*- 1) - EC(Q%) (6

- (Cy+ C) F(@*) + ¢, 2 0]

~ For any integer value (Q+1) more than @Q and for any integer
(@-1) < Q .inequalities (6) would hold because F(Q) is non-
decreasing for increasing Q. Hence if (6) hold, then for

local minimum and EC(Q) we must have

EC(Q*- 1) 2 EC(Q*) (@*- 1) < @*

(L

and . EC(Q%+ 1) 2 EC(@¥*) (@%+ 1) > Q¥

Thus Q¥ is the value of Q@ which ﬁinimizes the EC(Q)
satisfying (6).
Rearranging inequalities (8) we have

C.

'S * .
T+ G, F(Q") , (7}

F(a*- 1) ¢

Where F(Q) is the cumulative probability distribution for

F(D) and is ec2]l to the probability that D £ Q.
[

ooy = S

P(D £ @) = F(Q)
D=0 - G+ G

(8)



ALGORITHMIC PROCEDURE FOR THE ABOVE MODEL IS AS FOLLOWS :

STEP-1 :

STEP-2

STEP-3 :

- STEP-4 :

e m—»

STEP-5 :

MODEL -2

Calculate Cam

= where € is cost/unit of an item,
i z .

pro@ided it is to be considered.

Determine cumulative probability distributionaF(Q).

Determine value Q*’qnd Q@*- 1 where the ratio

C,+ C,

lies in the cumulative distribution F(Q).

Take the higher value as optimum level (Q@%) to start
the period. )
The optimél ordering policy in tbe.presepce of
I1(< @%) must have
i) order Q%1 if @*> 1

ii} do not order if Q% ¢ 1.

PROBABILITY INVENTORY MODEL

SINGLE PERIOD PROBABILISTIC MODELS WITHOUT SET-UP COST,
INSTANTANEOUS DEMAND AND CONTINEOUS UNITS REPLACEMENT

This

’,

model is similar to Model-1 except that the problem

is formulated as a contineous’probleﬁ. If £(D) is defined as

the contineous probability distribution of having a demand of

exactly D units, then equation (3) under Model-1 becomes
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| Q G ' '
EC(Q) = C, f (@-D)t £(D) dD + C, Qf (D-Q)t £(D) dD (9).
0 o

For getting the optimum  value of Q s0 as to mmimize EC(Q),

first differentiate (9) w.r. to @ and equate it to zero.

That is

4 Q o
4EC) = ¢, [ #(mad- ¢t [ £(drad
e o | Q

Q [ e Q

=¢t | £map - ¢t | [ smap- [ £mrap

o la: o -

Q- f Q

= ¢t [ 2D - ey g1 - f £(D)dD

04.

(<]
Since { f(D)4dD = 1
04.

C,t F(Q) - Cpt + .C,t F(Q)

| R
[(C,+ C) F@) - Clt  +.+ £(Q) = Of £(D)dD

The EC(Q) will have a relative minimum at Q* if

d _EC(Q) - y F@¥)y - ¢, =
£ {Q=Q* (Cy+ Cp) (@) - ¢, = 0
c
=  F@Q% = —2_. (10)
C.+ C, |
Since  47EC(Q) = (C,+ C,) £(@H)t 2 0
dQ®  lq=q*

C, 20, C, 20, £(Q >0.
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It follows +that EC(Q) attain minimum value at Q = Q¥ and

therefore it also satisfy (10). Thus the oondition for

opbimality which gives the optimum value, Q* to have
quantity on hand at the beginning of period is

- LI C. | .

Hence we must order QF- I units, I < Q¥
ALGORITHMIC PROCEDURE IS AS FOLLOWS :

D = Demand is assumed to be rectangular between [A, B]

iae-’ D e U [A, B]

STEP-1 : Read C,, C,, I,, A, B (lower and upper limits in

rectangular distribution).

STEP-2 : Compute R = C,/(C,+ C.,}

"STEP-~-3 : Assuming distribution of demand is uniform over

{A, Bl, equate

C, - 3 -
C,+ C, B-A [Q-A]
C
g = Q¥ = —% _ x - = —
Q=Q A+Cx+cz (B-A) = A + R(B-A)
STEP-< : Find Q = @¥
' ! % : *
STEP-5 : order Q*- 11 if I1<Q

do not order if I1 > @*
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MODEL~3 "
PROBABILISTIC INVENTORY MODEL

SINGLE PERIOD PROBABILISTIC MODEL WITHOUT SET-UP CBST,
CONTINEQUS DEMAND AND DISCRETE UNIT REPLACEMENT 8

"This model ié ‘similar to Model-1, exéept that demand is
contineous. Like Model—-1 here also two cases arises.
I. Demend is less than stock.
1I. Demend is more than stock.

CASE-1 : DEMAND IS LESS THAN STOCK

In +this case only carrying cost will incur. This cost

is deternined with the help of the situation described in

- following figure.

TIMEE



Averade carrying inventory [a - —g—]

0

. Averagde shortage inventory

Carrying cost = C, X Inventory area of DABC

]
OA

. ¥ —— {AB + DC} DB

=C, x 2-1{@a-D+Q}t

_%_ C, (2@ - D)

‘Thus expected carrying cost is given by

2 c t f: (2@ - D) £(D) D ¢ Q
2 D=0

CASE-2 : DEMAND IS MORE THAN STOCK

In this case only the shortade cost will incur. This
cost is determined with the help of the solution desbribed in

following figure.

.

iy




Lo
RVRK

Average carrying inventory = ~Q;
: 2D
"Average shortage inventory = LD%%Lf
Inventory area aQAD = ~%— iD’X OA)
- { :
- o)
=1 @+
2 D

Also by the property of similarity of aDEC and «0AD we have

DO_ . _OA Q - OA
DE ) £

- _at |
oa = -2

In the above figure shortage is shown by &ABC

n

.t Area of @ABC AD % BC
(EC-0A) ¥ BC
(t - -%&) (D-Q)

(D-Q)* ¢.

col N]L o ool

The expected shortage cost is then diven by

Q* t C. o) E
[c, 55t * e (0@ t] £(D), D> Q

2
D=a+1

Thus the total expected cost is given by

EC(Q) = C,t §: Q@ - 2y £y
D=0 2
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[<d
STo[lc @t S (paq¢ .
+ b§§+1A[ 5 Ci Lpt v 2 (D-Q) t] £y (12)

In order to‘calculate-the optimum valﬁe Q¥ of Q which
ﬁinimiées EC(Q) the following condition |
SEC(Q*- 1) < 0 < aEC(Q%)
must hold.
By differential calculus, we know that
&EC(Q) = EC(Q + 1} - EC(Q)
Thus rgplacing Q by Q@+ 1 in éqnation (125 we get

«

Loy ey s e, 3 L&D en)

_ +1
EC(Q+1) = C, §: (Q+1
' D=0

ﬁ§§+2
) |
ve, & @t f(D)] TS
D=Q+2 2D

Now

+1 :
c, ﬁ: (@+1 - -2ye(py = ¢, §: (Q+1 - —g-) £(D)
=0 2 | D=0

+ C @+l - @%l> £(Q+1)

D=0 D=0

= ¢, g: Q - -g—) £(D) + C, ?:'f(Di

+ c,(ﬂgl) £(Q+1)
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T eyt . 3 et
c, . 2 e(dy = ¢ ), £(D}

D=Q+2 D=Q+1 2D P
+¢ @ . £D), 2 Y D)
D=q+1 D 2 p=+1 D
- ¢, Qél £(Q+1)

[<<] - R
and C, ! {D-Q-1)% . C, 1. D)% p(py

p=a+2 &b pD=Q+1 2D

< A (<4 o
-¢c, . FD)Y+C,Q y. KDY, L ¢ 7 KD
D=Q+1 D=Q+1 D 2 p=a+1 D
Thus from equation (12) and (13) we have.
- | ) |

SEC(Q) = {<c‘+ Ct){F(Q) @+ -1y YO £ L Cz}t (14)

i - 2 p=+¢1 D 4 T
vwhere F(Q) = g:'f(D)

D=0 .
o .
Let 1(Q) = F(Q) + (@ + Ly Y £(D)
PR 2 D=Q+1 D
then équation {14) becomes
SEC(Q) = EC(Q+1) - EC(Q) = [(C,+ C,) L(Q) - C,lt (15)

Similarly, substituting (Q—l) for @ in equation (15) we have
AEC(Q-1) = EC(Q) - EC(Q-1) = [(C,+ C,) L(@-1) - C,lt (16)
But aEC(Q) > O ahd afC(Q~-!)} < 0 for minimum of EC(Q)
thereforevconsﬁler_now such a value of Q say Q¥ such thgt

‘(c,+ Cz).L(Q*) ¢ 20 ]

. . (17)
and (C,+ C,.) L(@¥- 1y ¢, ¢ 0 f A j
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-

For eany (@%+ 1) > @*¥ and (@% 1) < @*  inequalities (17)
holds since L(Q) is non-decreasing for increasing Q. Thus
'faarranging the terms in (17) we get

c

. *__ 5“ 2.‘ s ; E 4
L{Q*- 1) T L(@*)
where
‘ @
L(Q) = F(Q) + (@ + —+) Y. D
‘ 2 D=a+1 D
" ALGORITHMIC PROCEDURE FOR THIS MODEL IS_AS FOLLOWS :
STEP-1 : Read C,, @, £(D), D=0, 1, 2,..., 6
STEP-2 : Find lower bound
N
...1 '
B= Sem +a--by b ED
D=0 2 p=q D.
UP = §: £(D) + (@ + —1-) EZ £(D)
D= o 2 p=@+1 D
STEP-3 : Set C: . 1p =— C, = (C,+ C,) LB
C1+ Ck
‘ : C. LB
==} find C, = Iéiﬁ" (1-LB) C, = C, LB
==} (, = C, LB/(1-LB)
STEP-4 : Set C: . ygp = C, = C, UP/(1-UP)
c,+ C, :

STEP-5 : Print C, lies in LB and UB

i.e., 1B £ C, ¢ UB
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MODEL-4 o .
PROBABILISTIC INVENTORY MODEL

SINGLE PERIOD PROBABILISTIC MODEL WITHOUT SET-UP CPST,
CONTINEOUS DEMAND AND DISCRETE UMIT REPLENISHMENT

Thisrmodel is identical to Model-2 éxcept that thé fixed
set-up cost say K is associated with buying or making items
in e diven time period. Let I be the initial inventory
before starting of the period. This implies that an order of
‘size Q-1 items will be placed to bring the on hend inveﬁtory

of the item up to Q. Thus expected cost will become

Q
EC’(Q) = K + C(@-I) + C, I (@-D) £(D) dD
Do

)
+¢, [ (@ £ ap
D=Q

= K + EC(Q) . (18)
- where optimal value of @ sa§ Q* that minimizes EC(Q) is

given by ' ¥

¢ F(@%)

N

FQ%- 1)
C,- C

OIDf‘D}dD = C;+ c:

Since K is constant, therefore minimum value of EC’(Q) must

"

where F(Q)

alsc be diven by the same condition as given in (7) and (8)

end hence @* will also minimize EC’(Q).



Let S = Maximum stock . level, and, s = reoxdered level
i.e., wvhen stock level fall on s, an order is placed to

bring the stock of inventory items up to 'S. Thus the value

of 8 = Q* the value of 8 is determined by the relationship
EC(s) = EC’(S) = K + EC(8), B8 < 8 |
As I is +the initial inventory before starting the period,

" then “to’ determine the order size to bring the on hand

inventory of items upto Q¥ the following 3 cases may be
snalysed '
iYI < s i.e., Initial inventory < Reorder level.
ii) 8 ¢ I ¢ S i.e., Initial inventory lies between
reorder level and maxiﬁum stock level.

S i.e., Initial inventory exceeds maximum level. .

\J

v

iii) .1

CASE-1 : (I < s)

PR A1 A— S

If we start the veriod with I units of inventory and do
not buy or more, then EC(I} is expected cost. But if we intend

+0 buy additional (Q-I) units sc as to bring inventory ievel

upto Q¥ then EC’(Q*) will include the set-up cost also. Thus
for all I < s, the condition for ordering is

min i

I {EC’(Q')} = EC’(8) < EC(I)
i.e., when inventory level reaches S = Q¥ order for @Q-I

units of inventory may be placed.
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CASE-2 : S £ 1 ¢Q

eIy

In this case if 1 < Q, the order size is determined by

4
the condition

EC(I) ¢ gy EC’(Q) = EC’(S)

This implieslth&t no ordering is less exéensive than ordering.

, Hencé é* = I. | A

| CAGE-3 : If (@ > I), then expected cost fdr an order upto Q

will be more than total expected cost of no order is placed
i.e., EC(Q) Z'EC(I) |

Hence it is better not to place order and then Q* = I.

4



1a REM

28 REM

9 REM

4¢r REM

59 REM

&0 REM
REM
86 REM
REM

7o

A%
166
110
126
130
140
156
166
176
1686
196
200
216
226
230
240
256
260
279
2g8e
299
514
219
26
A
210
T80
b
7D
IBe
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40
416
426
436
4443
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4bH
47¢
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49¢)
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516
528
536
548

REM
REM
REM
REM
REM
REM
REM
REM
REM
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REM
REM
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REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
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REM
REM
REM
REM
REM
REM
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SOFTWARE FOR FPROBARILISTIC INVENTORY MODELS IS DEVELORED RY *
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DIFFERENT NOTATIONS USED FOR DEVELORPING PORGRAM FOR MODEL Ist ARE AS
: FOLLOWS 3
Ci H INVENTORY CARRYING COSTHOLDING) COST FPER UNIT
o2 r SHORTAGE COST FER UNIT

¢ F(ID FROEB. DISTN. OF NO. OF UNITS REQUIREDR (OR SO0OLD :
: I : QATY ON HAND BEFORE AN ORDER IS PLACED :
: CP(Id: CUMULATIVE PROB. DISTRIBUTION '
2 Q :  OPTIMUM ORDER QUANTITY :

e fotrs o - - 0 A > S H4R4S AN PSSt HOS4 Mo ok SAAen Poor WSt SAfet R See Sety TS e bt Sriat S0400 pese et PRP Soo PSP Govee PuMS SEAR O By Wi Sha Gomen (HIO® (U8 FBIK dBeNe Wt Sebe e eits S s LS Letee DA et o A Tosed M et Shuet et e bl e e s Sk o BEND PROAE

: DIFFERENT NOTATIONS USED FOR DEVELOFING FORGRAM FOR MODEL IInd ARE :
: AS FOLLOWS .8
: THIS MODEL ASSUMES DISTRIBUTION OF DEMOND TO BE RECTANGULAR :
: ORDER [A,R] :
: C1% : L.OBS DUE TO SALE OF LEFT OVERS :
: C2 1 PROFIT MADE PER EVERY FPOUND SOLD :
: Il :  GUANTITY ON HAND BEFORE AN ORDER IS PLACED . g
T A :  LOWER LIMIT FOR DEMOND AS PER RECTANGULAR DISTRIBUTION :
: B :  UPPER LIMIT FOR DEMOND AS PER RECTANGULAR DISTRIBUTION :

AR " - - o> 0o - Voot L7 s M reboe Sbrem Ioesd Seade §00ee Sross AOUIA St i S SR M SO Sense Febad At SAANE SuNID ke VIR YR S Vb L0000 SAN SAHS SOV BOLOH 4N AR L00ts Siatn Sodln S F4n a0 SHetn Bhum Saem e e betar S St Smss S FOAS Sen Seets s anAn Sl P MR S4MAA £OHR

DIFFERENT NOTATIONE USED FOR DEVELOPING PORGRAM FOR MODEL IIIrd ARE
A5 FOLLOWS :
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FD(I): FROBABILISTIC DISTRIBUTION FOR MONTHLY SALES

i1 D : LOWER BOUND :
T UR :  UPPER BOUND :
: LBC2 @ LOWER BOUND FOR SHORTAGE COST z
r UFBR2 @ UPPER ROUND FOR SHORTAGE COST :
1 Ci :  INVENTORY CARRYING COST H
: O : DFT. QUANTITY AT THE BEGINING OF MONTH :
: N : MAXIMUM LIMIT OF MONTHLY GALES :
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DIFFERENT NOTATIONE USED FOR DEVELOFPING PORBRAM FOR MODEL. IVth ARE
AS FOLLOWS

s BT gy BB

1 FUD)Y ¢ RECTANGULAR DISTRIBUTION

: £ t UNIT PRICE

: C1 1 INVENTORY CARRYING COST PER UNIT :
1 £2 : SHORTAGE COST FPER UNIY :
: I : INVENTORY AT THE BEGINNING OF THE FERIOD :
I 4 :  SET UP COST IN Rs. :
: L : LOWER LIMIT FOR RECTANGULAR DISTRIBUTION :
s L : UPFER LIMIT FOR RECTANGULAR DISTRIBUTION :
1 81 : MAXIMUM STOCK LEVEL :
1 82 : REQORDER LEVEL :
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S5a
360
372
560

oo
<

REM FROBABILISTIC INVENTORY MODEL SOFTWARE
CLs

FRINT STRINGS (7@, "-")

FRINT "PROBABILISTIC INVENTORY MODELS "

595 PRINT STRING$ (78, "-")

600 FRINT FRINT

61p PRINT "1. SINGLE PERIOD FRDB. MODELE WITHOUT SET UP COST , INSTANTANEOUS DEMA
ND ,DESCRETE UNITS REPLENISHMENT °

629 PRINT .

636 FRINT "2. SFFM WITHOUT SET UP COST , INSTANTANEOUS DEMAND,CONT. UNITS REFLENI
SHMENT *

&46 FRINT |

650 PRINT "3. SFPM WITHOUT SET UP COST , CONT. DEMAND AND DESCRETE UNITS REFLENI
SHMENT *

66 PRINT

64783 PRINT "4, SPPN>NI?H SET UFP COST ., INSTANTANEOUS DEMAND AND CONTINECUS UNITS
REFLENISHMENT " ’

&80
&7
T
7ie
726
730
740
73
76
77D
7EQ
799
Beo
=
B2
830
B4v
859
B&o
2870
8eo
89a
FED
FLa
2D

3B
40
Fo
6B
7O
86
0

13606
1010

FRINT "5, STOF EXECUTION v

FRINT :PRINT :PRINT.

INFUT “ENTER YDUR CHDICE (1,5) : “,I

ON 1 BOTO 749, 127@, 1760, 2316, 2750

FRINT "..... INVALID CHOICE..... TRY ABAIN " :PRINT

B6OTO 5S40

REM FROGRAM TO FIND OFTIMUM ORDER GTY WHICH MINIMIZES THE TOTAL COST
REM Cl= INVENTORY CARRYING COST(HOLDING ) COST FER UNIT

REM C2= SHORTAGE COST FER UNIT

REM P(I)= PROE. DISTN. OF NO. OF UNITS REQUIRED OR SOLD

REM Il= GTY ON HAND BEFORE AN ORDER IS FLACED

REM CP(I) = CUMULATIVE PROB. DISTRIBUTION

REM 0 = OFTIMUM DRDER QTY

CLS

INFUT "ENTER INVT. CARRYING COST FER UNIT :v,Ci

FRINT 3 INFUT "ENTER SHORTABE COST FER UNIT : “,C2

PRINT :INFUT “ENTER QTY ON HAND REFORE AN ORDER IS FLACED(I1) :",Ii
R=C2/ (C1403)

INFUT "ENTER LAST VALUE IN THE DISTRIBUTION OF QTY REQUIRED IS N : ",N
PRINT :FPRINT "ENTER FROB. DISTRIBUTION

FRINT :FOR I=0 TO N

READ F(I) zNEXT I

DATA .@1,.14,.20,.30,.25,.16

CLS

FRINT STRINGE (79, "—")

FRINT “THE DATA SUPFLIED FOR EMC MODEL EK SD BREAK 1S AS FOLLOWS®
FRINT :PRINT

FRINT STRINGS (79, "-")

FRINT :FRINT “INVT., CARRYING COST PER UNIT Ci = "3C1:PRINT
FRINT "SHORTAGE COST FER UNIT C2 = ";C2:FRINT

FRINT "QTY ON HAMD BEFORE AN ORDER IS PLACED 11 = "3I1i
FRINT

CP ) =F(3)

FOR I=1 TO MN:CP(I)=CP{I~1)+P (1) sNEXT I

1820 PRINT STRING3(75,"~")

10360

FRINT “DEMAMD ", "FROBABILITY","CUMM. PROB."

1649 FRINT STRINGS(7S,"-")

1050

FOR I=0 TO N sPRINT I,F(1),CP(I}:NEXT I:PRINT STRING$(75,"-")

ie6e FOR I=0 TO M

ia70

IF CR{I)<R THEN 1100

12860 Q=1



1690 GOTO 1120

1166 MNEXT 1

1116 PRINT

1126 IF Qx11 THEN 1190

1136 PRINT "PRESS FS TO SEE THE OUTFUT " 1PRINT :FRINT

1146 STOP

1156 CLE:FRINT STRINGB® (75, "-") .
1160 FRINT "THE OQUTPRUT OF MODEL I FOR SUPPLIED DATA IS AS FOLLOWS ":PRINT STRING
7S, "=

1476 PRINT :PRINT “..... DO NOT ORDER .....":PRINT :PRINT STRINGS$ (75, "-")
11886 GOTO 1256 :

1196 PRINT "FRESS FS5 TO SEE THE OUTFUT "iPRINT :FRINT :STOF

1206 CLS:PRINT STRINGH(SS, "~") :PRINT “THE O/F OF MODEL I IS AS FOLLOWS "
12:@ PRINT STRING® (55, "%") ‘

1229 PRINT

1230 PRINT "0OFT. ORDERING FOL.ICY IS T0O ORDER “;Q~I1;"UNITS®

1240 PRINT STRINGS (55, "#")

1256 PRINT. "PRESS F5 TO STOP EXECUTION ":STOF:GOTD 2750

1269 REM FROGRAM TO FIX OPTIMUM ORDER QTY WHICH MINIMIZES TOTAL. COST

1276 OLS

12680 "PROBARBILISTIC INVENTORY MODEL IT.

1299 © IT ASSUMES DISTRIBUTION OF DEMAND TO BE RECTAMNBULAR OVER (A, B]
1206 INPFUT "ENTER LOSS DUE TO SALE OF LEFT OVERS Civ,C1

1318 INPUT "ENTER PROFIT MADE FER EVERY FOUND SOLD C2v,02

1320 INFUT "QTY ON HAND BEFDRE AN ORDER IS PILACED Ii",I11

1336 PRINT "QTY ON HAND BEFORE AN DRDER IS5 FPLACED I8 = “";11i

1340 R=C2/(C1+02)

1356 INFUT "ENTER LOWER LIMIT FOR DEMAND AS FER RECTANBULAR DISTRIBUTION",A
13466 INFUT “ENTER UPFER LIMIT FOR DEMANMD AS FER RECTANGULAR DISTRIBUTION ",B
1376 PRINT

1320 FD=1/(B-Aa)

1390 Q=0+R/FD

1436 PRINT STRINGS (55, "~") T

1419 PRINT "THE INPUT DATA FOR MODEL I1 I8 AS FOLLOWS ¢

1420 PRINT STRINGS (55, "-")

14360 PRINT

1440 PRINT "LOSS DUE TO SALE OF LEFT QUVERS I8 Ci= "3(1

PASG PRINT ;

1460 PRINT “"PROFIT EARNED FPER EVERY PDUND SOLD I8 ="y30R

1470 FRINT

1486 FRINT "GTY ON HAND BEFORE AN ORDER IS FLACED ITiv,11

1496 PRINT

1506 PRINT "LOWER LIMIT FOR RECTANGULAR DISTRIBUTION IS5 A=":14

1519 PRINT '

152¢ PRINT "UFPER LIMIT FDR RECTONBULAR DISTRIBUTION IS B=":P

1550 PRINT

1540 PRINT STRINGS (55, ")

1550 FRINT "FPRESS FS TO SEE THE OUTeuT @

1540 STOR

1570 IF 11 <8 THEM 1670

15360 OLS

1596 PRINT STRINDSE (55, ") :

1&ea  PFRINT "THE OUTFUT  FOR MODREL I IS AS FOLLOWS v
1616 PRINT STRINGS (55, ")

156 PRINT



1630 PRINT STRINGS (55, "—")

1649 PRINT "DO NOT ORDER

1656 FRINT STRINGS (55, "—'")

16469 GOTH 1756

16760 CLS

1686 PRINT STRINGS (55, "—")

1696 PFPRINT °"THE QUTFUT FOR MODEL II IS AS FOLLOWS *

1766 PRINT STRINGS (55, %-")

1710 PRINT

17260 PRINT STRINGS (55, "—~")

1730 PRINT "OPTIMUM ORDER QTY IS :";f; "UNITS®

1748 PRINT STRINGS (55, "—") .

1750 PRINT "FPRESS FS TO STOF EXECUTION “:PRINT :FRINT :STOF :60TD 2756
1769 REM FROGRAM FOR FROBABILISTIC MODEL II1I

17768 REM PROGRAM TO FIND SHORTAGE COST WHEN OPT, ORDER mTv () IS5 KNOWN
1786 CLS ‘

179¢ REM FD(I)= PROB. DISTRIBUTION FOR MDNTHLY SALES

1806 REM D= LOWER BOUNMD ,UB =UPPER BOUND, LBCZ2=L0WER BOUND FOR SHORTAGE COST 02
1816 REM UFB2 = UFFER BOUND FDR SHORTABE COST C2

18260 INFUT “ENTER INVT. CARRYING COST €1 :"3Ci

1830 PRINT : INPUT "ENTER OFT. GTY AT THE BEGINNING OF MONTH (): *,Q
1840 INFUT "ENTER MAX. LIMIT OF MONTHLY SALES (M) :",N

16858 FRINT “"ENTER PROB. DISTN. OF MONTHLY SOLES ":FPRINT

1866 PRINT

1876 REM ...

1880 FOR I= © TO N

1896 READ FD(I)

1906 NEXT I

1910 DOATA .02, .09,.30,.27,.20,.10, .04

1920 REM TO FIND LOWER BOUND FOR COST RATIO

1933 FOR I=& TO Q1 ‘ .

1940 S1=51+FD(I) .
1956 NEXT I

1960 FOR I=( TO N

1976 SR=82+FD(I) /1

1986 NEXT I

1996 LE=S1+(Q-.5) %82

20600 LBC2=(C1*LB) /7 (1-LEB)

2019 REM COMPUTATION OF UFPER BOUND

2020 FOR I1=0 T0 G

2OTO SI=CTH+FD (1) ,

2040 NEXT I *

2056 FOR I=f+1 TO N

2060 S4=84+FD(I) /1

2076 NEXT I

7OB9 UB=S3I+(Q+.5) *54

2090 UBC2=(C1#*UB) /7 (1-UB)

2100 FRINT STRINGS (75, "~")

2116 PRINT "INFUT DATA SUPFLIED FOR IMPLEMENTATION OF MDDEL I1I IS5 AS FOLLOWS"
2126 FRINT STRINGH (7S5, "—")

2130 PRINT «PRINT “INVT, CARRYING COST C1 = “3Ci

2140 PRINT

2159 PRINT "OFT. ORDER QTY AT THE BEGINNING OF EACH MONTH @ ="3;
2160 FRINT



2178
2ige
2198
2200
2210
e lelnle

22T

al alen

PRINT
FRINT

STRING$ (75, ". ")
"SALES", "FROB. "

FOR I=00 TO N

FRINT

MEXT I

FRIMT
CLS

T,FD(I)

STRINGH(75,"."™)

2243 FRINT STRINGS (75,"."):FRINT “THE O/F FOR MODEL III IS AS FOLLOWS ":PRINT ST

RING$ (7S, V.

2256
22469
2770
CRIBG
raranls
2360
2310
2"?6
2330
2541
2158
2360
2I7T0
2380
2EQ6
2460
2410
2426
24756
2440
2456
24460
L.OWS
2476
2480
2496
2
251
2520
2530
2548
2550
2560
2576
25
2590
2HDO
2&16
2620
2636
2646
2656
2a60
26760
&80
2690
2706

FRINT
PFRINT
FRINT
FRINT

ll)
"LOWER BOUND FOR C2 = "jLBLCZ2
"UFFER BOUND FOR C2 = "jUBL2

"HENCE VALUE OF C2 MUST LYE IN THE FOLLOWING INTERVAL

LBC2; "<= C2<= ";UBCR

GOTO 275a
REM PROBABILIETIL INVENTORY MODEL IV
REM SPFM NITH SET UF COST

11}

REM F(D) ASSUMES TO BE RECTANGULAR DISTRIBUTION
REM C IS UNIT FRICE

CLS

INFUT "ENTER INVT. CARRYING COST FER UNIT C1 ¢",Cl:PRINT

INFUT "ENTER SHORTAGE COST PER UNIT €2 =";C2:PRINT

INFUT “ENTER INVT. AT THE BEGINNING OF THE FERIOD I = “sI:PRINT
INFUT “"ENTER SET LUF COST IN Rs. (K) :",KiFRINT

INFUT "ENTER LOWER LIMIT IN RECTANGULAR DISTRIBUTION (L) :",PRINT
INFUT "ENTER UPPER LIMIT IN RECTANBULAR DISTRIBUTION (W) :%,UsFRINT
INFUT "ENTER MAX . STOCK LEVEL S1 ="3;S1:PRINT

INFUT "ENTER REORDER LEVEL S2 ="3;82 sFRINT

F=1/(U-L)

Q=(C2-C) / (C1+E2) % (=L

CLS :FRINT STRINGS (75,".")

FRINT "THE INFUT DATA SUFFLIED FOR THE IMPLEMENTATION OF MODEL IV IS AS FOL
FRINT STRINGS(75,". ") :PRINT

PRINT "INVT. CARRYING COST FER UNIT Cl= ";C1:PRINT

FRINT "ENTER SHORTAGE COST FER UNIT C2 =";C2: PRINT

FRINT "INVT. AT THE BEGINNING OF FERIOD I = “5I:PRINT

PRINT "SET UF COST IN Rs. K= "jH:PRINT

PRINT "LOWER LIMIT IN THE RECTANGULAR DISTRIBUTION L ="jL

FRINT :

FRINT "UFFER LIMIT IN THE RECTANGULAR DISTRIBUTION U= “jU:FRINT
FRINT "MAX. STOCK LEVEL §1 =“;S1{:PRINT

FRINT "REORDER LEVEL S2 = “382:FRINT

FRINT

FRINT STRINGS(75,".™)

PRINT "FRESS F3 TO SEE THE OUTFUT"

STOP

FRINT STRINGS (76,". ")

£LS n

PRINT STRING$(75,"."):FRINT "THE O/F OF MODEL IV IS AS FOLLOWS"
FRINT STRINGS(75,".")

FRINT

IF 1481 THEN 27¢e
IF G-I THEN 272

FRINT

"FLACE AN ORDER OF "3 Is" UNITSY

G0TO 2750

FRINT

"FLACE AN ORDER FOR "jQ-T3" UNITS"



89

2718 GOTD 2756
27260 FRINT "BETTER NOT TO ORDER "

2739 PRINT :PRINT "OPT. ORDER QTY IS INITIAL QTY ON HAND BEFORE BEGINMNING OF THE
FERIOD °

2740 PRINT STRING$(75,".")

2750 CLS

2766 LOCATE 12,10 :FRINT STRINGS (55, "%")

2776 LOCATE 14,15 :PRINT "...... EXECUTION OVER ..... "

2780 LOCATE 16,15 :FRINT " ..... THANK YOU ....."

2799 LOCATE 18,15 tPRINT "...... HAVE A NICE TIME ....."

2800 LOCATE 26,10 :PRINT STRINGS (55, "%")

2010 END



