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Abstract

Our purpose of the paper is to propose an inventory modelmemory
effect.Generally, in deriving the solution of the cieakinventory model, first
order differential equation is considered. The integerratiferential equation is
not able to incorporate the memory or past experienddenfnventory system.
But in case of real life inventory problems, the past egpee or memory effect
has great impact. We also want to give importance dwvaga value of an
inventory system. A comparisonalso has beenbuilt with oevigus developed
paper where salvage value is not considered. The papetaashew the result of
long memory effect and short memory effect on theirmized total average cost
and the optimal ordering interval. The numerical exaniplpresented toillustrate
the purpose of the paper.

Keywords:Fractional order derivative; Fractional Laplace transf method,;
Memory dependent inventory model

1. Introduction

Fractional calculus was developed by the mutual thought&ednitz and
L'Hospital. The subject of fractional calculus didtmscape from the attention of
well- known scientists like Euler, J.L.Lagrange, Lagr®t.S.Laplace [1].The first
conference about fractional calculus was held in 1975 [&t&dfter, necessary
definition of fractional order derivative and fractiomatler integration was
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developed by great scientists Grunwald, Riemann-Liouvillae T™eveloped
definition of Riemann creates a problem by contradictivg ordinary calculus.
The Ordinary calculus gives the derivative of constamhtbecomes zero but R-L
fractional derivative gives derivative of constant tesrmon -zero. To eradicate
the difficulties from the definition of fractional deative, Caputo[2] developed a
definition of fractional order derivative. Thereafter,npalefinition of fractional
derivative was developed by Jumarie [3].One importangthof all mathematical
definition of derivative are geometrical interpretathich actually connect to
the reality. Fractional derivative has an important mafsnterpretation which is
memory of the system. The fractional order of fiacal derivative and
integration is an index of memory. So, this curioug fzan be applied to the
system which has any past experience effect like innbentory system [4, 5],
economic model [6, 7],and epidemic model[8].Fractionaiidak has also used to
generalize the model as non—integer model in the difféogrc of mathematics
[4, 5, 8, 9],physics [9, 10]etc. But we want to include memeffect in an
inventory model with quadratic type demand rate and salvage.val

Inventory model is an important research topic of opanatresearch as well as in
organizational management. It is very difficult to detesrthe company’s profit
with its optimal ordering interval without study of mathatical models. This type
mathematical model is well known as inventory modahfiwhere it is found that
the minimized total average cost of the total businesk @ptimal ordering
interval optimal order quantity with different conditiaxi the demand rate. The
history of Inventory problem goes back to the B0 century. First, Harris and
Wilson [11, 12] developed the EOQ model. Wilson formulatednhéhematical
work. Then, this subject received attention from sdvwesearchers. Silver and
Meal [13] proposed an approximate solution technique of a rdetistic
inventory model with time-dependent demand. Donaldson [14] gave@ea of the
optimal algorithm for solving classical no-shortage ingeyntmodel with linear
trend in demand over fixed time horizon analyticallytcRie [15] gave a simple
optimal solution for the economic order quantity witie&r increasing demand.
Salvage value is also an important part of discussioth@finventory system.
Mishra and shah et al [16]developed an inventory model oé tilependent
deteriorating Items with Salvage Value. Mishef al[17]also developed an
inventory model with salvage value with clear numericahneple. Here, an
inventory model with quadratic type demand rate and salvages V&s been
developed with taking into account memory effect via fometl calculus.

Authors expect that inventory system is a memory tdtesystem. For example,
if an object gets its popularity in the market then its aeanwill increase or if it
gets poor impression then its demand will gradually decreaseme sense
demand of any object depends on dealing of the shopkeepeafbofstthe
company with the customer i.e. the selling of any product dispen the quality
as well as the shopkeeper’s attitude or environment otaolngpany or shop or
public relation. The associated cost has been developédfractional effect.
Integral memory index comes from the developed assdoiats.
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The classical inventory models are described by the angidifferential
equations which contain integer order derivatives with spe time. The
differential equations with derivatives of integer ordeualty describe only the
instantaneous change of the inventory level. It has neepdo incorporate
memory effect of the system. But order of fractiodafivative and fractional
integration is physically treated as an index of memarg the strength of
memory depends on the fractional order. Due to the faet have choosed
fractional order derivative and fractional order int¢igra to include to the
inventory model.

Our purpose is to compare the result of memory effecthenminimized total
average cost and optimal ordering interval between an iomemhodel with
salvage value, time varying holding cost and without salvadeejMd.Almost
same memory effect has found which is discussed irettt®os-5.

The rest part of the paper has arranged in the followingasgain the section-2
review of fractional calculus is given, Classicalentory model is given by in the
section-3, fractional order inventory model has presknte the section -
4,Numerical example with sensitivity analysis hasubsed in the section-5, the
graphical presentation is given in the section-6,at lastesconclusions is
discussed in the section-7.

2. Review of fractional calculus

2.1Caputo fractional order derivative
M.Caputo defines the left —sided fractional derivativehia following form as
follows
a 1 ¢ (n-a-1) ¢ q

DI f(x))=——|(x-7) f"(r)dr

( ) r(”‘a)'e[ (1)
Wheren-1<a<n
The left-sided and right —sided Caputo derivatives are lioparators

D5 (3)+9(9) =03 ( () + o7 (9 (¥) @
The Caputo-fractional derivatives of constant is zero.
2D5(M)=0

2.2 Fractional Laplace transforms method
The Laplace transform of the functioh(t) is defined as

00

F(s)=L(f()= je'st f (t)dt
0
where s>0 and is the transform parameter

The Laplace transformation of order derivative is defined as
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L{f"(t)) =s”F(s)—gs”_k_lfk(O) €)

wheref ”(t) denotesi-th order derivative of the functidnwith respect td and for
non — integemit is defined in generalized form as,

L(fm(t))=smF(s)—§skfmkl 0) 4

Wherenissuch that (n—1)<msn.

3. Classical model

The classical inventory model is developed with theoWihg assumptions and
notations.

3.1 Assumptions

In this paper, the classical and fractional order EO@eisoare developed on the
basis of the following assumptions.

(i) Lead time is zero.(i))Time horizon is infinitai{There is no shortage.(iv)There
is no deterioration.(v)Demand rate IS

R(t) = (a+ bt +ct2) wherea> 0p ¢> Q(vi)Holding cost is time varying as
C,t per unit time.

3.2 Notations

(i)R(t) ‘Demand rate (i1)Q: Total order quantity

(iii)P: Per unit cost (iv)C t:Inventory holding cost per
unit

(v)C, :Ordering cost or setup cost (Vi)I(t):Stock level or inventory
level

(Vii)T :Ordering interval. (viiiyHoC, , :Inventory holding cos}
per cycle for the classical inventory
model.

(iX)T" :Optimal ordering interval (yTOCY,: Total average cost during
the total time interval

(xi)yToc, , :Minimized total average cost(xii)(B,.),(T",.)Beta function and

during the total time interv{ﬂ),T]for the| 9&mma function respectively.

classical model.

(xiii)T;ﬁ :Optimal ordering interval.

Table-1: Used symbols and items.
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3.3 Classical M odel Formulation

Here, we have first developed a classical inventory nideleending on the above
assumptions. During the total time inter{/@JT], the inventory level depletes due
to quadratic demand raRgt) = (a+bt +ct?),a> 0,b,& (, where shortage is not
allowed. The inventory level reaches zero level aetnT. Therefore, inventory
level at any time during the time intervflD,T] can be represented by the
following first order ordinary differential equation as,

dld_?) =—(a+bt+ct®) (5)

with boundary conditions (o) = @ and (T)=0.

4. Fractional order inventory model formulation with memory
ker nel

To study the influence of memory effects, first the edéhtial equation (5) is
written using the memory kernel function in the follagiform [8].

%:—jk(t—t')(a+bt‘+C(t')2)dt' ©)

in which k(t-t" plays the role of a time-dependent kernel. This type oheder

promises the existence of scaling features as it i afteinsic in most natural
phenomena. Thus, to generate the fractional order maedel consider
k(t-t")= 1

rl-a)
Using the definition of fractional order derivative [8he equation (6) can be
written to the form of fractional differential equats with the Caputo-type
derivative in the following form as,

di(t) _ —(a—1 >
= oD (@ )((a+bt+ct )) (7)
Now, applying fractional Caputo derivative of order-1)on both sides of (7),

and using the fact at Caputo fractional order derre and fractional integral are
inverse operators, the following fractional diffetial equations can be obtained
for the model

gff(' (t)) :—(a+k1 +d2) or equivalently

‘ d(tlit))=—(a+bt+ct2) 0<a<1.0, 0st<T (8)

with boundary conditiongry=o0andi (0)=Q .

(t-t)"?, where 0< ¢ < 1andr(a) denotes the gamma function.

4.1Fractional order inventory model with itsanalysis
Here, we consider the fractional order inventorydelowvhich will be solved by
using Laplace transform method with the initial dion. In operator form the
fractional differential equation (8) can be represd as
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da
dt?

where the operatdd” stands for the Caputo fractional derivative with the
operator (D = §D/).

we get the inventory level for this fractional order inwey model at time which
can be written as

at’ bt 2ctl*?

1 (t) = - - - 10
() [Q Frl+a) r(2+a) r(3+a) (10)

Using the boundary conditiofr )= 0 on the equation (10), the total order quantity

is obtained as

a (a+1) (a+2)
Q= aT® ,  bT L 2T (11)
Frl+a) r(a+2) r(3+a)

and corresponding the inventory level at tinbeing,
a a a b a+l a+l 2C a+2 _ a+2
I\t)= T° -t )+ —<\T" —t"" ) +—|\T 12
) [F(1+a)( ) F(2+a)( ) F(3+a)( )Ja2)
For the model (9), thé- (0<B<1.0)[4]order total inventory holding cost
which is time dependent, is denotedH6C, ,(T) and defined as

SD7(I1(t))=-(a+bt+ct?) , D= 0<tsT (9)

I—OZ;,(T)—Q( ()= gjtTt"”) t))dt wrereO<t<T

qm*"‘* Har
¢t
+r2(2+5r(ﬁ)(5(2,@—30'+4@)

Bis considered as integral memory index.
Total purchasing cost is denoted BE, , and defined as

ar® bt ZcT(‘”z)J

F(1+a)+r(a+2)+r(3+a) (14)

The S -th order total salvage value is denotedby, and defined by

PC, ,=PxQ= P[

S, =y(Q-D* (arbt+at?))= y(Q—1}(T—t)ﬂ-1(a+bt+ctz)dt]

r(8)s
_, aT® N b T N 2¢ T(@*2) B aT” N b T(ﬁ+1)B(2”8) . c T(ﬁ+2)B(3”8)
Fl+a) r(a+2) r(3+a) ra+p) r(B) r(B)
(8L,,#0 for azp<1) (15)

Therefore, total average cost is as



Sudy of memory effect in an inventory model 215

TOC?, = ( PC st ch:a,/_ir(T) +G _S‘Hﬁ)

= AT™? +BT7P+CT™ P2+ DT+ ET +FT™ 4+ GT7 4+ HT  +IT# 43T (16)

A:%(B(Z,ﬁ)—B(m 2,8)) Bfﬁbu)(B( 265)-B(a+ 3p))
. xg (s _(P-p)a (P—y)b _2(P-)
“Hgr(asy A Oy F s PRy
& _bB(2.8) , _ _

_r(ﬁil)’H_ rg ' r(p 76

Now, we shall consider the following cases to studybigavior of this fractional
order inventory modéi)0<u<1.0,044 <1.0, (i)p=1.0and 0«<1.0,

(i)o=1.0and 08<1.0,(iv)a=1.08=1.0.

(i) Case-1l: O<a<l1.0and &B< 1.C
Total average cost is
TCII: - A-I—a+ﬂ +a-|—a+ﬂ+l +C-|—a+ﬂ+2 +D-|—a—1 +E-|—a +F-|—a+l +G|—ﬂ—l + H-I—ﬂ +|Tﬂ+1 + J-I——l (17)

= a+ - Gb -Bla+
(,B)F(a+1)( (2:3) ( 2:3)) B (,B)F(a+2)(B( 2»3) B( 35))
P-ya _ (P-))b P-
g oeA-eleaa) o e R0
_a _bB2p) _oB3h . _
T R
Inventory model can be written as follows
{Mnmﬁ — A-I-mﬁ +a-|-a+ﬁ+l +C-|-a+p+2 +D-|-a—1 +ET? +|_—|-a+l +G-|-ﬁ—1 + HT/? +|-|-ﬁ+1 + J-I-—l
Subjecttd > 0

(18)

(a)Primal-Geometric programming method

To solve (18) analytically, the primal geometriogramming method has been
applied. The dual form of (18) has been introdumgthe dual variable (w) .The
corresponding primal geometric programming probkers been constructed in
the following form as,

W W, W Wy Wy We Wy Wg Wg Wio
wati=() (2] (&) (2) () () () (o) () () e
V\i V\é W3 W4 W5 W6 W7 WS W9 Wl
Normalized condition is as
W+ W, + W, + W, + W+ W+ W, +W+wW+tw, =1 (20)
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Orthogonal condition is as

[(a+ﬁ)wl+(a+ﬁ+1)w2+(a+ﬁ+ 2w, +(a-DYw,+(a)w,+(a+ ])W6J‘0(21)
HB-Yw, +(B) e+ (B+Ywe +(~Jw,

and the primal-dual relations are as follows

AT** =wd(w), BT =w,d(w),CT"#? =wd(w)

DT =w,d(w),ET? =wd (w),FT** =wd(w) GT** =w,d(w), (22)

HT# =wd (w), IT#* = wd (W), IT ™ =w,d (w)

Using the above primal-dual relation the followirags given by

A, Bw, (sz jﬂ “ Dw, Aw, Dw, Aw, Ew, (szj(”‘ﬂ 7 Gw,
Bw

Blwl ONZ , C\N4’ BWI EW4’ BWl FW 5, BW FW 7 (23)
B+2
AW, _ Hw, [ Aw, _ vy
Blwl |W8 , Bl\N 1 IWlO
along with
T=2% (54
W,

1
Solving (20), (21) and (23) the critical vale,i =1...1Cof the dual variable
w,i=1...1Can be obtained and finally the optimum valli® of Thasbeen
calculated from the equation of (24) substitutihg tritical values of the dual
variable. Now the minimized total average cd’@C;ﬁ has been calculated by

substitutingT*in (18) analytically. The minimized total averagestand optimal
ordering interval is evaluated from (18) numerigalsing matlab minimization
method.

(i) Case-2: f=1.0and &xa < 1.

Therefore, the minimized total average cost becases

TOC, = AT + BT +CT*+ DT +ET? +FT *+GT +HT *+IT"* (25)

Ay (Bl -elos29) 2P B S0 (el 2)-elos 3

_ G oo (P2 o (P-y)b
C——s)(B(Z,])—B(a+4,:)), g JE=

rr(a+ a+) " r(a+2d’
_a _byB(2, _oB(31
i nl R

The inventory model can be written as follows

(26)

MInTOC, = AT + BT +CT "+ DT '+ET" +FT *+GT +HT *+IT"*
Subjecttd > 0
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In similar case-1 using primal-geometric programming appra&ehminimized
total average cost and the optimal ordering intervabligained from (26)
analytically.

(iii)Case-3: ¢=1.0, 0<1.0.
Here, the total average cost is

TOCH, = AT*/ +BT*/ +CT*/ + DT+ ET '+ FT *+GT/ "+ HT/ +IT"} (27)

.a cyB(3,5 _ b
AT - G e ez -e(4n)
_(P-y)a _(P-y)b __2c(P-y) ’

C:LI)(B(ZB) B(5.5)).D r(2 '~ r(d ' r(d

r(B)r(4
_a _byB(2,8) | _
G_I‘(,B'l:-l)'H - yr(,B) =5

In this case, the inventory model can be written as
MInTOCY, = AT/ + BT*# +CT*# + DT+ ET '+ FT >+GT# +HT/ +IT"*
Subjecttd@ = 0

In similar way as case-1, the minimized total ageraost and the optimal
ordering interval is obtained from(28).

(28)

(iv)Case-4: 0=1.0,3=1.0.
In this case, the total average cost is

TOCY = AT2 +BT*+CT*+ DT +ET *+FT (29)
A=t (e(ed-e(ag) TN AN 5 B (e 2 4)

yla a P-y)b byBZ
orrlad oo et e T e e

To find the minimum value offOC™ (T)we propose the corresponding non-

linear programming problem in the following form darsolve it by primal
geometric programming method.

{MinTOCf; = AT +BT3+CT*+DT +ET*+FT} 30)

Subjecttd = 0

In similar case-1,the minimized total average castl the optimal ordering
interval is obtained from(30).
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5.Numerical Example

We consider a numerical example toillustrate thetitvaal order model with
proper units
a=40b=20c= 2C = 15C,= 20(R= 30¢,= O.

a B T, , TOC, ,

0.1 1.C 2.957¢ 1.376x10"

0.z 1.C 2.672¢ 1.496(x10"

0.2 1.C 2.382! 1.603:x10"

0.4 1.C 2.085¢ 1.692:x10"

0.5 1.C 1.7800t 1.7544x10l(decreasing)

0.6 1.C 1.466" 1.7823x10*(maximum
value)

0.7 1.C 1.142¢ 1.7667x10Ll(decreasing)

0.6 1.C 0.813: 1.6972x1(

0.€ 1.C 0.494( 1.5624x1(

1.0r(growing 1.C 0.251° 1.3569x1("

memory effect)

Table-2:Minimized total average cost and the optimal orderingrirtl for
£=1.0, anda varies from 0.1 to 1as defined in section 4.1.

In this paper [4](table-4), the inventory holding costn& time varying and
salvage value is not considered. There is a critical mgeftect (o =0.6) where
minimized total average cost becomes maximum and thetu@ha decreases
below and above.Table-2 shows that there is same raftalanging the result of
memory effect on the minimized total average cost asrigpEere,in the table-
2, there is also found same effect of the differentia@émory index.But
considering time varying holding cost and salvage valuentineerical values of
the minimized total average cost is high compared toowit salvage value model

[4].

a B T, TOC, ,

1.C 0.1 0.254 1.3581x1(
1.C 0.z 0.2253: 1.3583x1("
1.C 0.2 0.252¢ 1.3583x1("
1.C 0.4 0.251¢ 1.3582x1("
1.C 0.5 0.251! 1.3580x1("
1.C 0.€ 0.251! 1.3578x1("
1.C 0.7 0.251! 1.3576x1(
1.C 0.8f(growing 0.251: 1.3574x1(

memory effect)

1.C 0.€ 0.251¢ 1.3571x1(
1.C 1.C 0.251" 1.3569x1("

Table-3:Minimized total average cost and optimal ordering intieiaMea =1.0,
andg varies from0.1to 1 as defined in section 4.1
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Holding cost is not time varying and salvage value is naisidered in the
paper[4].Here, in the table-3, there is also found alnareeseffect corresponding
integral memory index. The numerical values of the mimed total average cost

of paper ([4]i.etable-4) is low compared to the table-2 and 3.

@ (b)

a T, 5 TOG, Jé T, 5 TOG,

( x10% ( x10%

0.0951 3.3023 1.3643 0.1 0.2523 1.361

0.1 3.2830 1.3708 0.166991 0.2507 1.3643
0.2 2.8981 1.5004 0.2 0.2498 1.365
0.3 2.5267 | 1.6171 0.3 0.2473 1.3673
0.4 2.1649 1.7136 0.4 0.2449 1.368

0.5 1.8098 1.7817 0.5 0.2430 1.3685
0.6 1.4597 1.8123 0.6 0.2417 1.3681
0.7 1.1145 1.7954 0.7 0.2408 1.367
0.8 0.7778 1.7207 0.8 0.2405 1.3664
0.9 0.4669 1.5776 0.9 0.2406 1.3653

1.0 0.2409 1.3643 1.0 0.2409 1.3643

Table-4:Minimized total average cost and optimal ordering intieiathe
model[4]

5.1Senditivity analysis

We will now study the effects of changes in the valud the parameters
a,b,c,C ,C,,P,y on the minimized total average cost and the optimdérarg
interval using the above numerical example.

It is found from the table-4 that the minimized total ager cost is gradually
increasing with gradually increasing value of the parameters b,c,C,,C,.but
for gradually increasing value afP, the changes of the minimized total average

cost for gradually increasing or decreasing feel disturbatee, in low memory
effect,y is not also sensitive. Heee P are critical inventory parameters for the

decision maker.
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aramete | Paramete * * arame | Paramete * *
P Change(%) Tas TOC o, (T) gr Change (%) Tas TOC o, (T)
a +50% 3.474¢ 1.599(x1C” C, +50% 2.752: 1.701107
+1094" 3.0745 1.4234x16 +1094" 2.9107 1.6980x10
-10% 2.8327 1.3272x16 -10% 3.0093 1.6963x10
-50% 2.2002 | 1.1062x161 -50% 3.2729 1.6926x1061
b +50% 2.741: 1.717x10° C +50% 2.967¢ 1.709x10°
+1094" 2.9109 1.4449x16 3 +1094" 2.9599 1.6996x10
-10% 3.0072 1.3071x161 -10% 2.9560 1.6947x161
-50% 3.2296 1.0280x16 -50% 2.9483 1.6847x10
C +50% 2.647( 1.469:x10° o) +50% 3.142¢ 2.0208x10"
+1094 2.8864 1.3958x10 +1094" 3.0028 1.5054x16
-10% 3.0356 1.3558x1061 -10% 2.907@8 | 1.2465x10
-50% 3.4312 1.2662x106 -50% 2.6164 7.2400x18
y +50% 2.957: 1.376x10°
+1094" 2.9578 1.3762x10
-10% 2.9581 1.3761x161
-50% 2.9586 1.3760x10

Table-5:Sensitivity analysis

on T;landTC*a'l(T) fora =0.1,4=1.0i.e long memory

effect(heré uses for increasing value for gradually increasing vatfitise parameter anduses
for decreasing value for gradually increasing valugh@fparameter).
It is found from the table-4 that minimized total averagsst is gradually increasing with

gradually increasing value of the parameters a,b,c,C,,C,,P,ybut
increasing value g, the changes of the minimized total average cost i vegligible. Hence,
for long memory effecty is not sensitive for market studies.

for

gradually

paramete | Paramete * * parame | Paramete * *
Change (%) Tas TOC o, (T) er Change (%) Tas TOC o, (T)
a +50% 1.072¢ | 2.3531x1f C, +50% 0.793’ 1.7015x1¢
+1094 0.8686 | 1.8312x10 +10%4 0.8091 1.6980x10
-10% 0.7560 | 1.5613x10 -10% 0.8137 1.6963x10
-50% 0.5131 | 1.9470x18 -50% 0.8349 1.6926x161
b | +50% 0.606. | 1.8324x1¢ C +50% 0.839: 1.7093x1¢
+1096" 0.7617 | 1.7269x10 3 +1096" 0.8185 | 1.6996x10
-10% 0.8713 | 1.6657x10 -10% 0.8077 1.6947x10
-50% 1.1994 | 1.5185x1061 -50% 0.7853 1.6847x161
C +50% 0.78(4 | 1.7057x1¢ o) +50% 0.808: 2.5290x1¢
+10%4 0.8062 | 1.6989x10 +1094 0.8120 1.8635x10
-10% 0.8519 | 1.6954x10 -10% 0.8145 1.5308x10
-50% 0.7937 | 1.6879x1041 -50% 0.8239 8.6527x10
y +50% 0.813( 1.697x1C°
+10%4 0.8131 1.6972x106
-10% 0.8132 1.6972x106
-50% 0.8132 1.6972x106

Table-6: Sensitivity analysis oﬁ";landTC*m1 (T) fora = 0.8, = 1.0i.e short memory effect

(herd uses for increasing value for gradually increasing valtigsegarameter anduses for
decreasing value for gradually increasing values of éhanpeter)
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6. Graphical Presentation

Graphical presentation of minimized total average casiugetime horizon-T and
salvage value per unit using the above numerical example.

total avrage cost for alpha=0.1 when beta=1.0 total avrage coal for alphan0.d whan botaw1.0

S
e
=

=

r

w

el avsrape cos

total average cost

Ordoring intorval-T e on
Crdering interval-T 0 o . Galvage value per unit
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Fig-1: Total average cost versus 0rderinglr?j-ezr:inTOitrE?tlea:\\;er?rgcho(l)zgx/earsgsval o
interval-T and salvage value for long 9 9

memory effect(here =0.1,5 = 1.0) fgr:sQ%rtﬂm:eT%;y effect(here

7.Conclusion

This paper deals with problems of time varying holding coish &ssociated
salvage value inventory model with taking into account menedfigct. Here, a
comparison between two inventory models have been proposede inventory
model time varying holding cost with associated salvegjee is taken but in
another model is not taken. Consideration of time warymolding cost with
associated salvage value in the inventory modelthere ggmificant change of
the result of the numerical values of the minimizedltatverage cost and the
optimal ordering interval as[4].The salvage value hasamsitive effect for long
memory effect or short memory effect for marketing sieci. The salvage value
only exist for a #  without considering deteriorating items. The sensitivity
analysis shows that in long memory effect or shomory effecta, Pare critical
parameters for the decision maker.This model can bendedefor deteriorating
item inventory model with taking into account memory etffe
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