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Abstract

A production inventory model for a new product is developed incorporating inflation and
time value of money. It is assumed that lifetime of the product is random in nature and
follows exponential distribution with a known mean. So planning horizon of the model is
random in nature. Here learning effct on production and set-up cost is incorporated.
Model is formulated to maximize the expected profit from the whole plan-ning horizon
and is solved using Genetic Algorithm (GA). The model is illustrated with some numerical
data. Sensitivity analysis on expected profit function is also presented.
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INTRODUCTION

In the existing literature of inventory control
problems it is implicitly assumed that life-time
of the product is infinite and models are
developed under finite or infinite planning
horizon [1-3]. But for real life inventory
problems, infinite lifetime of a product is of
rare occurrence because the costs are likely to
vary disproportionately and because of change
in product specifications and design or its
abandonment or substitution by another
product due to rapid development of
technology [4]. Again assumption of finite
planning horizon is not appropriate if it is crisp
in nature, e.g., for a seasonal product, though
planning horizon is normally assumed as finite
and crisp, it fluctuates in every year de-
pending upon the environmental effects and it
is better to estimate this horizon as fuzzy or
stochastic in nature. Moon and Yun [5]
developed an Economic Order Quantity
(EOQ) model in random planning horizon.
Recently Roy et al. [6] and Maiti et al. [7]
developed an inventory model with stock
dependent demand and two storage facilities
over a random planning horizon. Till now,

none has developed EPQ model incorporating
lifetime of a product as random in nature.

Production cost of a manufacturing system
depends upon the combination of different
production factors. These factors are (a) raw
materials, (b) technical knowledge, (c) pro-
duction procedure, (d) firm size, (e) quality of
product etc. Normally raw material costs are
imprecise in nature. In the existing literature
cost for technical knowledge, i.e., labor costs
are usually assumed as constant. However, in
many realistic situations, because of the firms
and employees perform the same task
repeatedly; they learn how to perform
repeatedly. Therefore, processing cost of per
unit product decreases in every cycle. Simi-
larly part of ordering cost may also decrease in
every cycle. This phenomenon is known as the
learning effect in the literature. Although
different types of learning effects have been
studied in various areas [8], it has rarely been
studied in the context of inventory control
problems. Effect of inflation and time value of
money in inventory problems is well
established.
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The initial attempt in this direction was made
by Buzacott [9]. He dealt with an EOQ model
with inflation subject to different types of
pricing policies. In the subsequent vyear,
Bierman showed that the inflation rate does
not affect the optimal order quan-tity per se;
rather, the difference between the inflation rate
and the discount rate affects the optimum order
guantity. Though a considerable number of
research work has been done in this area none
has consider this effect on EPQ model,
especially when lifetime of the product is
random.

Incorporating the above shortcomings, here an
EPQ model of an item is developed in a
random planning horizon, i.e., lifetime of the
product is assumed as random in na-ture and it
follows an exponential distribution with
known mean. Unit production cost decreases
in each production cycle due to learning
effects of the workers on production. Similarly
setup cost in each cycle is partly constant and
partly decreases in each cycle due to learning
effects of the employees. Model is formulated
to maximize the expected profit from the
whole planning horizon and is solved using
Genetic Algorithm (GA). The model is
illustrated with some numerical data.
Sensitivity analysis on expected profit function
is also presented.

GENETIC ALGORITHM

After development of Genetic Algorithm (GA)
by Holland [10-12], it has been extensively
used/modified to solve complex decision
making problems in different field of science
and technology. A GA normally starts with a
set of potential solutions (called initial popula-
tion) of the decision making problem under
consideration. Individual solutions are called
chromosome.  Crossover and  mutation
operations happen among the potential
solutions to get a new set of solutions and it
continues until terminating conditions are
encountered. The following functions and
values are adopted in the proposed GA to
solve the problem.

Parameters: The different parameters on
which this GA depends are the number of
generation (MAXGEN), population size
(POPSIZE),  probability  of  crossover
(PCROS), probability of mutation (PMUTE).

Chromosome representation: An important
issue in applying a GA is to design an
appropriate chromosome representation of
solutions of the problem together with genetic
operators. Traditional binary vectors used to
represent the chromosome are not effective in
many non-linear problems. Since the proposed
problem is highly non-linear, hence to
overcome the difficulty, a real-number
representation is used. In this representation,
each chromosome V; is a string of n number of
genes Gj;, (j=1,2,,n) where these n number of
genes, respectively denote n number of
decision variables(X;, i=1,2,.,POPSIZE).

Initial population production: For each
chromosome V;, every gene Gy is randomly
generated between its boundary (LB;j, UB;))
where LB; and UB; are the lower and upper
bounds of the variables X, j=1,2,..,n and
i=1,2,...,POPSIZE.

Evaluation: Evaluation function plays the
same role in GA as that which the environ-
ment plays in natural evolution. Now,
evaluation  function (EVAL) for the
chromosome V; is equivalent to the objective
function PF(X). These are the following steps
of evaluation:

1. Find EVAL(V)) by EVAL(V)=f(Xy, X, .,
Xn), where the genes Gj represent the
decision variable X;, j=1,2,..,POPSIZE and
f is the objective function.

2. Find total fitness of the population

F=Y""9P12E BVAL(Y)),

3. The probability p; of selection for each
chromosome V; is determined by the
formula:

EVAL(V;)
pi = 7 :

4. Calculate the cumulative probability Y; of
selection for each chromosome V; by the
formula:

Y= Z;:J)j-

Selection

The selection scheme in GA determines which
solutions in the current pop-ulation are to be
selected for recombination. Many selection
schemes, such as Stochastic random sampling,
Roulette wheel selection have been proposed
for various problems. In this paper, we adopt
the roulette wheel selection process.
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This roulette wheel selection process is based
on spinning the roulette wheel POPSIZE
times, each time we select a single
chromosome for the new population in the
following way:
(a) Generate a random(float) number r
between 0 and 1.
(b) If r < Y, then the first chromosome is V;
otherwise select the i-th chromosome
Vi (2 <1 < POPSIZE) such that Yi-1 <r <
Yi.

Crossover

Crossover operator is mainly responsible for
the search of new strings. Crossover operates
on two parent solutions at a time and generates
offspring solutions by recombining both parent
solution features. After selection chromosomes
for new pop-ulation, the crossover operator is
applied. Here, the arithmetic crossover
operation is used.

It is defined as a linear combination of two
consecutive selected chromosomes V,, and V,
and resulting offspring’s V., and V , are
calculated as:

V n=C.V,+(1-C).V,

V ,=c.V,+(1-C).Vn

where, ¢ is a random number between 0 and 1.

Mutation

Mutation operator is used to prevent the search

process from converging to lo-cal optima

rapidly. It is applied to a single chromosome

V;. The selection of a chromosome for

mutation is performed in the following way:

1. Setie1

2. Generate a random number u from the
range [0,1].

3. If u < PMUTE, then we select the

chromosome V;.

Seti«— i+l

If i < POPSIZE then go to step 2. Then the

particular gene Gj of the chromosome V;

selected by the above-mentioned steps is

randomly selected. In this problem, the

mutation is defined as G™j = random

number from the range (LB;, UB;)

o ks

Termination

If the number of iteration is less than or equal
to MAXGEN then the process is going on,
otherwise it terminates.

Proposed GA procedure

Start

{

t<—20

while(all constraints are not satisfied)

initialize Population(t)

evaluate Population(t)

while(not terminate-condition)

{

t«—t+1

select Population(t) from Population(t-1)
crossover and mutate Population(t)
evaluate Population(t)

}
Print Optimum Result

}

end.

ASSUMPTIONS AND NOTATIONS
The Mathematical model in this paper is
developed on the basis of following
assumptions and notations:

Assumptions:

1. Demand rate is assumed as constant.

2. The time horizon(a random variable) is
finite.

3. The time horizon fully accommodates first
N cycles and end during (N+1) cycles.

4. Lead time is negligible.

5. Production rate is finite.

6. Shortages are not allowed.

Notations:

1. qg(t)= On hand inventory of a cycle at time

t, - DT <t<jT (=1,2,...,N).

t;= Production time period in each cycle.

P = Production rate in each cycle.

D= Demand rate in each cycle.

C;= Holding cost per unit item per unit

time.

Cd = C; + Cse” is setup cost in j-

th(=1,2,...,N) cycle.

7. poe ™= Production cost in j-th(j=1,2,...,N)
cycle, po, y> 0.

8. mepee P= Selling price in j-th(j=1,2,...,N)
cycle, mg, po, v > 0.

9. N=Number of fully accommodated cycles
to be made during the prescribed time
horizon.

10. T = Duration of a complete cycle.

abrwn

o
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11. i = Inflation rate.

12. r= Discount rate.

13. R=r-i.

14. P (N, T)= Total profit after completing N
fully accommodated cycles.

15. H= Total time horizon(a random variable)
and h is the real time horizon.

16. HC, = Holding cost in last cycle.

17. SR = Sales revenue in last cycle.

18. s;= Reduced selling price in last cycle.

19. E{TP.(T )}= Expected total profit from
last cycle.

20. E(TP)=Expected total profit from the
planning horizon.

F 3 ql:t)
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Fig. 1(a): Inventory Level when Nt < h < Nt + t;.
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Fig. 1(b): Inventory Level when Nt +t; <h < (N + 1)t.

MATHEMATICAL FORMULATION
In the development of the model, we assume
that there are N full cycles during the real time
horizon h and the planning horizon ends
within (N + 1)™ cycle, i.e., within t = NT and t
= (N + 1)T . At the beginning of every j" (j =
1,2, ...N + 1) cycle production starts at t = (j —
DT and up to t = (j — DT + ty, inventory
gradually increases after meeting the demand
due to production (cf. Figure 1(a) and 1(b)).
The inventory falls to zero level at the time t =
jT, as the stock is depleted at the rate of D.
This cycle repeats again and again. For the last
cycle some amount may be left after the end of
planning horizon. This amount is sold at a
reduced price in a lot.

Formulation for j"(1<j<N)  Cycle: The
differential equations describing the inventory
level q(t) inthe interval j — DT <t <jT (1 <j
<N) are given by,

dqd_itI = P-D, (j-UT<t<(j-1)T+4
(1)

dzii) — —D, (j—UT+t <t<jT
)

where, a, B, 06 >0and 0 <t; < T, subject to the
conditions that, g(z) = 0 at t = (j — )T,
and
gt)y=0att=jT.
oT

NOW, DT:Pt]_::) = P

The solutions of the differential Egs. (1) and
(2) are given by,
(t) = (P-D), (j-1)T<t<(-1)T+1
M= DT-1), G-1I)T+t<t< T
@)
Present value of holding cost of the inventory
for the j"(1 <j < N) cycle is given by,
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(—1)T+t 5T
HC; = Cl_/ q(t)e Fdt + le g(t)e Ftdt
L

—-1)T (j—1)T+t1

- —o(P- D){w 4 L}E—R{u—unfl}

R R?
+COy (P — D){ g + };2} ~RiT 4 L}‘?T{S—Rw—nﬂn} _ e—R(;r'—l)T}
+C‘1.DH% + %} e Rl — {7@ — l])%T th %}e—mﬁ—”’”‘l}}
(4)
Present value of production cost for the j"(1 < j < N) cycle is given by,
_ (G—1)T+t
PC; =pe P / et
G-1uT
_ pge—’TJ P {e—R(_j—l)T—e_R{U_l)T"'tl} }
B (5)
Present value of ordering cost for the j"(1 <j < N) cycle is given by,
Ci=Cy+Cse e ™7 C; C5,p>0. (6)
Present value of sales revenue for the j"(1 <j < N) cycle is given by,
4 JT
SR; = mo.pg.e_”/ D.e_tht, mp > 1
G-1T
_ mo.po.e_"”.D{e_RU_l}T ~ G—RJT}
R
‘ ()
So, P(N,T) = i SR; — i(PG +HC; +C4)
®)
N _R[ _l)T 1 _ e_‘\.rRT
Now, 3, e M7 = (=)
= (9)
So,
v R
PINT) = T(E 1) P{m
_P-_Pﬂ Efrr(l _ E-ﬁ‘.n) o=+ RT) ] = ¢~ NOr+AT)
R : | 1= e-(r+RT)
o p T (eI — (=RNT) C(N- 1)e-RNT b i e I
R (1-c-RT)2 (1—cHT) R | — o-RT
-NRT -hT -RNT P -RNT
+l,.c'm‘ 1-e¢ N -cp-) Tf(e™ e N ) (N1 ‘
R 1-c-FRI R| (1-c M) (1= ¢-AT)
+.l— 1 _e-n'm‘ C DT‘, —Ii'!] B _m) l_e—z\'m
AN R 1— AT
(e—m' -m.-\-'+!1'r) Ne RN+ e RT e~ NET
-G D[R{ (1- ¢RIy (1- e T T ( —RT )
1 = ¢~ N(B+RT)
-NCy-Che? (-—-)
- ~(3+RI
1 — g=l84RT) (10)
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Here, we consider the planning horizon H is a random variable, follows exponential dis-tribution with
p.d.fas:
| Ae ™ h=0

otherwise

(11)
Since the planning horizon H has a p.d.f f(h), the present value of expected total profit from N
complete cycles is given by,
(N+1)T
E{P(N,T)} = Z / P(N,T). f(h)dh
\7_ N
= {mo.po.D (e —1) - Fo (1 - e_R‘tl)}.e_(’HRﬂ X

R R
1_( . ) e—m_(i)
1_e— (V¥ ETFAT) T 1_e—(RFNT
—-R.fH -

S I R e

1— e—/\T —{R+/\) 1
1— e—RT) ( 1—e [R+A)T}2 (1— e—[R+»\)T))}

g
Etl )y ()

_|_.

R R? 1 — e HT R (1 — e BT)2
1 — g=AT e—(R+AT 1
1 — e—RT (1 — e (RHNTY2 (1 — e~ (RHNT)

, 1{1(%)}}W(emlem){1(%)}

' R? 1—e KT R 1— e &T
e—RT _ 1-T
_CI_D E 1—e—(R+N)T B e—RT(-_I _ B—AT)_B—(RH]T
R (1 _ E—RT)E (1 _ e—(R+A)T}2

1—e=?
] 1=\ =@ AT
bl Rf{ H (- e {cg.

R? - (1= T2

—[— Og e_'B l _ 1
(1 — e—(ﬁ+RT}) 1 — AT | _ o—(B+RT+XT) 12)

Formulation for Last Cycle
The differential equations describing the inventory level q(t) in the interval NT < ¢ < (N + I)T are

given by,

di—g) = P—-D, NT<t<NT+#H
(13)
da®)  _ —D, NI'+#4H <t<(N+1)T

Subject to the conditions that,
qINT)=0&q(N+1)T=0

The solutions of the differential Egs. (13) and (14) are given by,
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— D), NT<t<NT
q(t):{ (P—D), NT<t<NT+#

DT —-¢t), NT+H <t<(N+1)T
( ), p <t < (1 ) (15)

In last cycle, we consider two cases depending upon the cycle length value Let h be the real
corresponding to the random variable H.

Case-I (NT < h < NT + t,): Present value of holding cost of the inventory for the last cycle is given
by,

h
HCp =C / q(t)e ®dt

NT

NT 1 A h 1] _
= 01.(P— D) |:{? + ﬁ}S_R‘\T — {E + ﬁ}e Rh:|

(16)
Present value of production cost is given by,
h
PCp  =ppe "Wt p / e Rt
NT
e YA+ p ;
_bo o~BNT _ —Rkh
R | 1
Present value of ordering cost= Cs+C 5.6 PN*D-g NRT
Present value of sales revenue is given by,
h
SRLl = mo.pg.e_ﬂ"\r—'—l).D/ S_tht
NT
mg.po.” "W). D [ _RNT —Rh]
= € — €
R
(18)

Case-1l (NT + t; <h < (N + 1)T): Present value of holding cost of the inventory for the last cycle is
given by,

NT+t) h
HCp =0 / g(t)e™dt+ ¢y / g(t)e ™ dt
NT NT+t)
) NI+t 1\ rorsey  (NT 1) _pr
—Cl.(P—D)|:—{ R ‘\‘ﬁ}ﬂ ‘|‘ ?‘i‘@ €
_01-RD-T [B—Rh B e—R(z‘\"T+t1)]
(19)
Present value of production cost is given by,
NT+4
PCpy  =ppe®p / e Rt
NT
—y(N41
_ o€ 1+ p [B—RNT _ o~ RINT+h)
& | (20)
Present value of ordering cost= Cs+C 5.6 P™*™-e ™NRT present value of sales revenue is given by,
NT+4, h
SR = mg.pg.e_"’m H].D/ e Rtdt 4 -mg.pg.e_’?[‘ﬂ‘ +1).D/ e Rt
NT NT+4
—y(N4+1
_ map.po.€ 7N+ )D S—R.'\'-T _ G_Rh‘
R
(21)
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So, expected holding cost for the last cycle is given by,

oo (N+1)T
> / HCy .f(R)dh
N—g YNT

oo (N+1)T

NT+t,
— Z / HCpy - f(h)dh+ ) / HCpy . f(R)dh
N=0 NT+t (22)
Expected production cost for the last cycle is given by,

) (N+1)
> ] PC; . f(R)dh

N=0 YNT
o0 NT+#; oo (N+1)
=> / PCry.f(h)dh + j PCro . f(R)dh
N—p YNT Neo JNT+t (23)
Expected sales revenue for the last cycle is given by,
oo (N+1)T
> / SRy, .f(k)dR
N=0 Y NT
NT+t; (N+1)T
= Z / SR;;. f(h}thrZ / SRrs.f(R)dh
N—=0 Nep JYNT+t (24)
Expected ordering cost for the last cycle is given by,
oo (N+1)T ) )
> f {Cg - cg.e—-ﬁ(‘“'“?.e—“’f"} f(h)dh
N=p “NT (25)
Expected reduced selling price from the last cycle is given by,
0o (N+1)T
51y / e Bhg(h) . f(h)dh
n=0 JNT
(N+1)T
= SIZ / e Mg(R) . f(h)dh + slz / e fhg(R) .f(R)dh
N Nop YNT+t (26)

So, expected total profit from last cycle is given by,

BIPT)) - mo.;ﬂo.D{ (1—eT).e }+ mopo.D A {( e~ (RO _ 1) e_,,}

R |1 - e 0rHRTHAT) R R+ —(HRT+AT)
T —(y+AT+AT)
+my.py.(P — D).Xe™ [(R Y { (= H
1 1 T 6—(R+.\)t1 e—("r+RT+}\T]
e e L e

b 1 (BN L
AR RS 1= e~ O+RTH))

DT e~ (R+N)h e (BT
— —
tmypo-e (R+A) [(1 — e HRTHT)) (1 - ,g—(”r+RT+AT))]
T o~ +RT+AT) g~ (HHRT+AT) 1
_r:,l -
+my.pp.D. e { ) { ([ = e-Gr P2 + - 8_(7+RT+,\T))}
¢~ (RHNT 1 R T ¢~ (rHRTHT)
R+ AR (1 - 7+RT+AT)) (R+A) (1— e OtRTHT))2

t 1
+(R+A R+A)( e—(n,+Rr+,\T))H
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_pﬂ-P{ (L —.8"“‘)-6"‘“}_;:0.15 by {( (R _ 1) ¢ _7}

R | 1— e OtRTHT) R R+ )| 1-eGRTHT)
» —(RHAT —(R+J\}t1 (RA)E
_G.(P—D) Al Te E t1.e”
R (1—e(BHAT2" R4 ) (R +A).(1 — e~ (RHNT)
o (R e~ (R A T e—(R+XT 1
TR @) (TR _ @) R\ ®VE Ry
1 1
+(R + 2.1 — (@Y B R2.(1— e~ (R+NT)
T “ e~ (RENT (e—m ~1)
+C1.(P - D) [E{(e -1) (1= e~ RENT) T RZ (1 — ¢~ (R+AT)
T _p @RS T e~ (RANT
‘]‘Cl(P - D) [{EB —(1 — 6—{R-{—x\)T)2 - E.G —(1 — 6—(R+/\)T)Q

_]_

(e — ™) T o~ Bt-AT e (BT
R2.(1 — e~ (R)T) R (1— ¢~ (BAT)2
T zean e—(RHAT (e-RE=AT _ g~(Red)nn) }
—.6

t
R (1 — e (R+) ) R (1 — e~ (BHAT)

1 e\ T—Rt1 —(+RE
_@{( _ —(R+A}T) (1-et R+A)T)H
/\01 D.T RANT _ —~(R+M)h e—Ru=AT _ —(R+A)h
v (e S )
(1—8"‘“")

—Cy—Che®.
(27)

Total Profit from the System
Now, total expected profit from the complete time horizon is given by,

E(TP(T)) =E(P(N,T))+E{TP,(T))

= {mogo'D(eRT -1)- %.emﬂ(l - e‘R‘“)}.e_("f*RT} X

1= —RT 1T

Sl S ] A
CpPe 0|~
|3}

{ 1 — g~(+ET)

(1-eFT)2

1T o~ (BN 1

- (1 _ e—R]") ((1 — (BT h (1— e—(R-H\)T})}
AT B _T

by e ()
i mf{m]-erola{

1— e—AT e—[H+A)T 1
(=) (e o)

1T

1 1- (1_5—LR+MT
+?{ 1—e T

g en S

R
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KT ( 1T )
T | e (BT B—RT(I E-AT)_B-[RH)T
—w }

(1 7y (1= ¢ @)

1 e'*T - [3+RT+AT) H
_mopo.D moppD) A [ (-1
R 1 e ’r+HT+AT) TR ReA| I
T (R
tmy.po(P - D).he q{(}ﬁ_)ﬂ'{“ - 5—[T+RT+AT))2}

1 1 T R o~ (HRTHT)
RO o) (RN {W}

tl 1 e—(RH]l !
B @RS (et

, _,T D.T.A{ o~ (BN o~ (BT
my.po.€
(

TR V)| (1= 0T - (1 ¢-0+TAT))
T g~ ORI+ g~ +RT+AT) |
1
tmmDAe { (RN '{(1_8—(7+RT+AT))Q T (1_6—(7+RT+/\T))}
| (BT 1 gy T o~ (HARTHAT)
' (R4 N (1 - e-ttRre)) (R4 ) (1 - ¢ tATHTI)E

(R:l/\ (R i /\)2) (I- e—(imn) H
_M{w} nP ) {( ) —7}

R |1 = (HRI+AT) R R+/\ | — g~ (HHRTHT)

\ { T ¢RI e-um)fl e
(L

OlP ‘D){R — - BTR R4 (RH)(I (BT

o~(R+Nji

E-{R+)\Jt1 ) T.e'(RH 1
| (R+A)2.(1-e—tﬁ+m} i RR.(1 - ¢(RHY) _R{(l—e‘(RH)T)?'RH

] 1
"RENI- e—tRwT)} TR(- e‘(RH}T)]
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T o—(RHNT (e 1)
(T _ ¢ (BT T L e~ (BT
0ulP=D) _{R'e (IS A (e
(e T T (BT
| R2.(1— e~ (RHAT) R '(1 — e (BRTY2
T (R e~ (RHAT . t_l(B—Rta—AT (R
R (1—e @R TR (1 ¢ (RNT)
1 ¢~ XT-Rty o~(MR)E
e o |
AC,.D.T g~ (RHAT _ o—(R+A)h e—RE=AT _ —~(R+A)h
R (R+))(1 - e (BT M1 — e~ (BT
1— =T
~Cy-Cle®, (1-¢")

(1 — e~ (B+AT+RI))

Problem Formulation
So, the above problem can be formulated as:

Maximize £(TP(T)) (29)
subjectto, P>D

NUMERICAL ILLUSTRATION
The following numerical data are used to
illustrate the model.

C; = $50, C; = $100D = 20, P = 25, C; = $1.0,
y=0.05,$=0.05,A=0.01,my=1.8, m =0.8
r=0.1,i=0.05,ie., R =0.05 in appropriate
units.

The optimal values of T along with maximum
expected total profit have been calcu-lated for
different values of P and D and results are
displayed in Table 1.

Table 1: Results for above Inventory Model.
P D T E(TP)
19 2251 195.74
25 20 24.11 468.32
21 25.88 765.12
24 22.86 660.49
30 25 24.25 949.55
26 25.72 1258.43

(28)

Sensitivity Analysis

Results are obtained for above parametric
values and different values of  and presented
in Table 2. It is observed that profit increases
with B. It hap-pens due to the fact that increase
of B decreases the setup cost in different cycles
which in turn decreases profit.

Table 2: Results due to Dif#rent f.

B T E(TP)
0.03 2481 443.76
0.04 24.45 456.33
0.05 2411 468.32
0.06 23.82 479.76
0.07 23.55 490.65

Results are also obtained for above parametric
values and different values of ’resultant effect
of inflation and discount rate’, R, and
presented in Table 3. It is observed that profit
decreases with R, which agrees with reality.

Table 3: Results due to Dif€rent R.

R T E(TP)
0.051 23.83 463.92
0.052 23.58 458.78
0.053 23.36 453.01
0.054 23.15 446.69
0.055 22.97 439.88
0.056 22.82 432.65
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CONCLUSION 5.
In this paper, for the first time an EPQ model
has been considered under inflation and time
discounting over a stochastic time horizon.
Also for the first time learning effect on 6.
production and setup cost are incorporated in
an EPQ model. The methodology presented
here is quite general and can be applied to the
inventory problems with dynamic demand,
allowing shortages, etc. 7.
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