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ABSTRACT
Atwo-warehouseinventoryproblemfornon-
instantaneousdeterioratingitemswithexponentialdemandrateunderdifferent dispatching policies is
planned. While formulating theinventory model for deteriorating items, usually it is assumedthat
the items start deteriorating as soon as they enter into
thewarehouse.However,therearenumerousproductslikedryfruits,foodgrainsetc.thathaveashelf-
lifeandstartdeterioratingafteratimelagthatistermedasnon-instantaneous deterioration. Moreover, the
price discount, lowcost storage, huge demand etc. and under such a situation onemay decide to
procure large quantity of the items which wouldarise the problem of storing. As the capacity of
own warehouseis limited, therefore one has to hire another rented warehouse tostore the excess
quantity.A numerical example is given toillustrate the model. Sensitivity analysis of the optimal
solutioniscarriedout.

Keywords:Inventory,non-instantaneousdeterioration,two-warehouse,exponential demandrate.

INTRODUCTION
In recent years, inventory problems for deteriorating items havebeen widely studied. Deterioration is defined as
decay, changeor  spoilage  such  that the items are not in a condition of
beingusedforitsoriginalpurpose.Electronicgoods, radioactivesubstances,grains,blood,alcohol,gasoline,turpentinea
reexamples of deterioration items. For any business organization,it is major concern to control and maintain the
inventories ofdeterioratingitems.
The problems on classical inventory models which are found inthe existing literature generally deal with single
storage facility.ButwhentheoptimallotsizedictatedbytheEOQmodelbecomes more than the total amount that can
be stored in theexisting storage facility (Warehouse owned by the managementOW) the question of acquiring
some extra storage facility tostoretheseexcessquantityarises.Thisadditionalstoragefacility may be a rented
warehouse (RW) with sophisticatedpreservationfacilityandabundantspace.
A model with exponentially decaying inventory was initiallyproposedby GhareandSchrader(1963).
CovertandPhilip(1973)formulatedmodelwithvariabledeterioratingrateoftwo-parameter ~ Weibull  distribution.
Philip (1974) generalizedthismodelbytakingthree-parameterWeibulldistribution.After that many researchers
such as Goyal(1987), Raafat et al.(1991),Wee(1993),andothersdevelopedmodelson
deterioratingitems. AdetailedreviewofdeterioratinginventoryliteraturesisgivenbyGoyalandGiri(2001). Thereisa
vast inventory literature on deteriorating items under
differentconditions,theoutlinewhichcanbefoundinarticles(2001),(2003),(2006),(2008),(2011)and theirreferences.

However,inmanyinventorysystems,thedeteriorationofgoods is a realistic phenomenon. It is well known that
certainproducts such as refrigerated food, fruit and vegetable, freshseafood and many others have a high
deterioration rate. Mandaland Phaujdar (1989) developed a  production inventory
modelfordeterioratingitemswithuniform rateofproductionandlinearlystock-
dependentdemand.Giri,Pal,Goswami,andChaudhuri (1996) studied the model of Datta and Pal (1990)
fordeterioratingitems.Meanwhile,GiriandChaudhuri(1998)extended Goh’s model (1994) to consider the
inventory modelwithaconstantdeteriorationrate.PadmanabhanandVrat(1995) considered an EOQ model for
perishable items with aconstantsellingpriceand linearlystockdependentdemand.

Inventory model with double storage facility ow and RW
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wasfirstdevelopedbyHartley(1976).SahuandBishi(2017)extended the inventory deteriorating Items under
permissibledelay in payments. After his pioneering contribution, severalother researchers have attempted to
extend his work to variousother realistic situations. In this connection, mention may
bemadeofthestudiesundertakenbySarma(1983,1990), MurdeshwarandSathe(1985), Pakkala andAchary
(1992),Dave (1988), Bhunia and Maity (1997) Yang (2004), Singh andSahu(2012),Lee (2006), Yang (2006),
Dey et al.(2008) tonameonlyafew.

In this paper we consider a two-warehouse inventory problemfornon-
instantaneousdeterioratingitemswithexponentialdemand rate under different dispatching policies s
planned.While formulating the inventory model for deteriorating

items,usuallyitisassumedthattheitemsstartdeterioratingassoonas they enter into the warehouse. However, there
are numerousproducts like dry fruits, food grains etc. that have a shelf-lifeand start deteriorating after a time lag
that is termed as non-instantaneous deterioration. Moreover, the price discount, lowcost storage, huge demand
etc. and under such a situation onemay decide to procure large quantity of the items which wouldarise the
problem of storing. As the capacity of own warehouseis limited, therefore one has to hire another rented
warehouse tostorethe excessquantity.

1. ASSUMPTIONANDNOTATIONS
Thefollowingassumptionsandnotationshavebeenusedintheentirepaper.
Assumption

0 Replenishmentrateisinstantaneous.

(i) Lead-timeisnegligible.

(iii) Theplanninghorizonoftheinventorysystemisinfinite.

(iv) tqis the length of time during which the product has nodeterioration.

(V) TheOW hasafixedcapacityofW units;theRWhas

unlimitedcapacity.

(vi) TheunitinventoryholdingcostperunittimeinRWishigher thanthatinOW andthe deterioration

rateinRW islessthanthatinOW.

(vii) Unsatisfied demand/shortages are allowed. Unsatisfieddemandispartiallybackloggedand
thefractionofshortages

Iy () TCRTCL;B(t)

L(t)

whereOOt O T
inventorylevelintheRWatanytimet

whereO[] t[1 T
totalrelevantcostperunittimeforcase
i01,2
totalrelevantcostperunittimeforcase
i01,2

backloggedlevel atanytimetwhere
tw 1t T
numberoflostsalesatanytimetwhere
tw I tOT

backloggedis adifferentiableand decreasingfunctionoftimet
,denotedbyg(t),wheretisthewaitingtimeuptothenextreplenishment. We have defined the partial backlogging
rateg(t) (] ¢ where( | isapositiveconstant.

Notations
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Inaddition the following
notationsareusedthronghowuthizpaper.

ordenngcostper order
purchasingcostpenmit

capacityoftheownedwarchouse

demandratepermmittime

maximmuminventorylevelpercycle

holdingeostperumitpenmittirneinCOW
holdingcostpenmitpenmittimeinEW,

A

g

W

e

QJ orderquantityper cycle
3

H

F

[= N unitopportunity costdueto
lostsale iftheshortageislost

CL deteriorationrateind W_where0=<or<1
B detenorationrateinBE W where

0=p<l;p=o.

e

timepenoddummgwhichnodeteriorationoc
curs

L timeat whichtheinventorylevelreaches

RW

£

where(<s <T

I inventorylevelintheR Watanytime?
where0<t<T

()T totalrelevantcostperunittimeforcase
i=12

(.F‘T totalrelevantcostperunittimeforcase

=12

i backloggedlevel atanytime/where

1<t<T

CL

B(1) numberoflostsalesatanytime/where
t <i<T
L(1)

MATHEMATICALMODELFORMULATION

In the present study a two warehouse inventory model has beendeveloped, where the OW has a fixedcapacity of
W units andthe RWhas unlimited capacity. The units in RW are storedonly when the capacity of OW has been
utilized completely.Demand is assumed to be constant.  Shortages are  allowed
butarepartiallybacklogged. ThegoodsarestoredinOwnedWarehouse (OW) initially after satisfying the OW;
remaininggoods are stored in Rented Warehouse (RW) but uses the goodsof RW prior to the goods of OW to
satisfy the demand in orderto reduce the inventory carrying charge (holding cost). Whereasthose goods are sold
that are stored first in order to maintain thefreshnessofproductwhichresultsingreatercustomersatisfaction. Which
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ultimately boost the sales and increase
thevalueoftheorganizationinthelongterm. Thefollowingsectionsdiscussthemodelformulation forboththepolicies.

Casel:Whenty[

whereF[J H

S thebackloggingcostperunitperunittime,

ifshortageisbacklogged

C1 unitopportunitycostdueto lostsale,iftheshortageislost

During the time interval[0,tyJ , there is no deterioration.  So,theinventoryinOW  Io(t)

isdepletedonlyduetodemandwhereasinRW,inventorylevelremainsthesame.Further,
duringthetimeinterval[ty, ty]theinventorylevelinOW

0 deteriorationrateinOW,where0r] [1 (] 1

0 deteriorationrateinRW,where
lo(t)isdroppingtozeroduetothecombinedeffectof
demandanddeteriorationandtheinventoryinRWI(t)gets

www.ijceronline.com Open Access Journal Page 102



Two-Warehouse Inventory Model for Non-Instantaneous Deterio rating Items ...

0000000

tq timeperiodduringwhichnodeteriorationoccurs
ty timeat whichtheinventorylevelreaches

zeroinRW

depletedduetodeteriorationonly.Now,duringthetimeinterval[t,,t] depletion of inventoryl, (t) occurs in RW
duetothecombinedeffectofdemandanddeteriorationanditreachestozeroattime ty
.Moreover,duringtheinterval[t,, T]thedemandisbacklogged.So,B(t)representsthe

tw timeatwhichtheinventorylevelreacheszero inOW
T thelengthofthereplenishmentcyclein
year

levelofnegativeinventoryattimetduringtheintervallt,,T]
.Thebehaviorofthemodeloverthetimeinterval[0, T]hasbeenrepresentedgraphicallyinfigurel.

lo(t)
inventorylevelintheOWatanytimet

Ir(D0 (5

O wye ©@7 0
Dty

(©) ;

I(t)_D_e(: DO Dt Pty [ ]

r ooo v
Tt

(10)
B(t)DD:e‘ I0(T \t)De\ I0(T! \tr);t

OO T 5 r

(11)

Thenumbers oflost sales attimetisL(t)given by

4

0 t, L, 1S

Figurel:Two-warehouseinventorysystem,
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Therefore thedifferentialequationsthatdescribetheinventoryleve
| in the RW and OW at time 7 over the Period (0,7)

aregivenby:
dO_a0 o<, (1)
dt
dlu’f) / °(()=—7\.eu x SISI". (2)
dl (t
,(’ )=0,0sxs: d 3)
4O B =0 .1, <, (4)
dB(t ~
dBo _p, 571 LT (6)

dt

ThesolutionoftheaboveWiththeboundarycondition

1,(0)=W.do(1, =01 (1)=S,— W.I,(1,)=0,

B(1,)=0
Kp)=(w+1)—e™* . O=<r=z, D
_.7\-_ FOM — O Gt
()= . er &Mt ] i<t ©
. Pl i
1(t)=(S, —~W)e i PE. <. % (9)

I(I)‘_:)\-—e[;n"B)h—Bl _e;».l ,l ] s SISI, (10)
AP

3(,):1—’2{8«5( T-)_g-80-10)

Thenumbers oflost sales attimefisL({)given by

C<ti<T (1)

T
L)y =[p {1— e’ﬁ‘r'”}dt t<t<T

=L; (t—t )_l{ o OT_ T—lr)}-|', <<T

| 5 g
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I(0=S, withl(0)=S, O=sr=iy (13)

Consideringthecontinuityo tly (Hatt=ty .itfollowsfrom

equation( 7)and(8),weget
MOOA [(}.m):“-at ll]
W+l—e = e d
o 1 M A+ Y
= —trA lpel— (1+W-e )
Ao A+ 2

(14)

Consideringthecontinuityof/ (f)atf=1,,.itfollowsfromequation(9)

and(10),we get
; ~t,)_A A+B)—Br |
S, —mePlat b DBr—pr._ s,
& r+B e{ ]
S= IV+H6(A+B)'o"H’d L eﬁ(l,.—td)—)_!_]
B

(15)

Puttingf=Tinequation( | 1), Themaximumamountof
demandbackloggedpercycle is

Bsza (1_ e-s(T—t,)) (i
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Thereforetheorderquantityoverthereplenishmentcyclecanbedete
rminedaseqn. (14) &(16),we get

QF-S} + B(T)

A [o.+m—ﬂr Bt —r)—M]
QFW"’ ;U_‘_Be r d —e w o "
+%1 o r-:,)) (17)

Hence, (0.7)thecostsduringthecycleareevaluatedas
follows

(a) Orderingcostpercycle=A
(b) Thelnventoryholdingcost percycleinRW

HC,, =H ii,(:)d1+j1,(r')'d:+jl,(:)d/l

o 1y L
Byusingthevalue ofS;~Winequation(9) weget

It ):lgL”-*ﬁ)’r“ Bty _ Bl tw—ld)—ll..] Pl
' +B
(18)
Then

TN r;» A+PB)e, -2,

HC,, =FS{ Be {0+ (P2 r}
-1) Bt —t) A (-1 (24+B)=P(e—1)

B wd + _4_ e— r o
p Je AP

B %e Ml,—lw)]-'} I
)]

(¢)Thelnventoryholdingcost percycleinOW

HC,, =H fi{.(:)dujl.,(:'idrl 1
I_O i _I

1
HC,, = H|||:(W+l)r i ‘f Ms 1)
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;\. ! l— e(l’*’a)’w—u‘“w"d) + le )‘(lw —Id )b“
rala A |

gt
(d) Thebackloggedcostpercycleis= IB(t)dt

SC=Sd l—[ l+T—t ] oo T—z,)]

g"a iE - |

(e} Thc?pportunitycostductolostsalcis

=C10_[r {l e T_t)}dt

=DrT-t _ll_e—B(T—m]
Jre o]

(f)Thedeteriorationcostpercycle

[ t 1
=d B_[I, (ndt+a J' I, (t)dt |
1 w
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Fk_{ ((B-M:. (h+P, ] L)
e -

=f| EwB 3]
(1 (+By-Ble-1) (et )“
1 e r - + _e ™ l}
\B A )]

+@ { 1 SO, —ault, 1) 1 M~y )]}]
A+alo A J

Now,theTotalrelevantcostpertimeunittimeduringthe
Cycle(0,7) usingequationisgivenby

ICF1(, T )=1[0C +HC +BC +0C +DC)T

={[4+FS / ,%{AMBN, _e‘mu.}

+

: L
( - lL\ Blt.—t,) A [ -1 (A+P)t—PBlr—t,)
— e ———

+
P, P 1
Mty +i: = &% =1

3 f Hw
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e

+1—t
8[_' ) 18

A ! 1 (on—alt—t)
e

+ ie Mt —t, )]}—I|

A )]
;e«w 7-1)]

)

i l{ - —S(T—r,)}]

+ c,qL o 5

Bt —1)
(B2 )t_ (4P Je _w d
(L 0+By-Blt—s) 1 A, )|
LB 3 )
4 ( e](lm)tu-am—rd) N l ek(tu-rdﬂ (19)
Ao A A
Case2:When!>1,,

In thiscase timeduringwhichnodeterioration
occursisgreater thanthe time
duringwhichinventoryinOWbecomes
zeroandthebehaviorofthemodeloverthetimeinterval

[0, 7] hasbeengraphicallyrepresentedbelowinFigure2.

0

4
0

0 (A r,‘\|
+ ’ :

Figure2:Two-warehouseinventorysystem,whentq (] .

*
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Therefore thedifferentialequationsthatdescribetheinventory
levelintheR WandOWattimeZovertheperiod(0, T )aregivenby:

d;’/(') M o<, (20)
d '(’)=0,051sr
= 4 1)
dl'(’)_—k M St (22)
dt w d
dlfn) \pr(y=2e™ 1, <<t (23)
d_(_lljj B_ 5y~ (T-1) 4 <t<T (24)
!

Thesolutionoftheabovedifferentialequation Withthe
boundary condition I(0)=W , (L, )=S-W

1(t,)=0,B(t)=0

I(=(W+1)y-e™ o<, (25)
I(0=S,~W-eMie *t M <1<t ) (26)

}J ( ZL\ o i
1(1)=' (JL B| 7~+B| | (P Bl‘
\

(<1<t 27)
B(’)=_8 {e"S‘T" )_e-a(r-:,)}‘, L <SIKT (28)
L(t=W,0<t<t, (29)

The Numbers oflostsales at timeZisL(/)given by
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T
L(2) =j'1) {1— e”&r-')}dt &t <t<T

= Iy )_L{e—&r—r)_e—&r—rr)p‘

t=t<T (30)

w
Nowatf=t,. whenfy (1) =0we getl,— D —_

Consideringthecontinuityof/ ()atf=I ;. itfollowsfromequation(26)
and(27).weget

& —iW +L Gt P Vg S e TR R
+ A+P
(31)

Putting =T mequation(28), Themaximumamountof
demandbackloggedpercycleis

B(T):Q8 (1__ 8_8( ]-_,r)) (32)

Thereforetheorderquantityoverthereplenishmentcyclecan
bedeterminedas

Q_f‘ =Sf" B(T)
Usingequation(31)&(32) weget

)"'d aJ + A'e (l+ﬁ_)lr_Bld

O=W+ 5 +e =
+1_§(1 _ eﬁa)f—l,)) (33)

Thetotalcostspercyclecostofthefollowing

(a) Orderingcostpercycle=A
(b) HoldingcostpercyclemRW
r W ' 1,
HC,y =Fl {1,(r)d1+ [10)des [ 1.0 |
0 Iw

Lt

eld w!

Wt +(S W+ -
d ! d w I
e)“ 7 A At +Biy

[ —"
B PP
(c) Holdingcosrp' cyclemOW

ow U]
=HC =H I (t)dt
HC = ] E x
ow [‘4'_( W+1)lw—k(8— -1 )J
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(d) Thebackloggedcoslpercyclcns—sjB(t)dl

_sDi1 “{Tz l -8(1‘-:,)7
als 5 |

(e) Theppportunitycastdueto Salesis
{ -0(T-1)

¢ D.[ l-e Ddt
—eD T+ i
L 73 J
I,
) Thcdctcriorationcostpcrcycle:cBIl,(t)dt
w

_‘Cli BY t—1,) A~ 9’4)1
e r B
A+p L B J

Now,theTotalrelevantcost pertimeunittimeisgivenby

TCF2(t, -T)= : Loc+HC+BC+OC+DC)

lr I At ' un el‘"'—'-"

= —| 4 We(S—W+e Wi, 1, ) —e M- —
A ~+p
At
I S 1+ [ aase . 7 “'—1)1
P 1A& - oa ]
(1 1
+T—¢ 1 (1)

L 15 r |
+ —r __L{l T }1

c,qT =

3

+4—ﬁic+'31i e Moty )+2L—ei; B | [l (34)

L A 11

Case3:When!;<I,

Duringthetimeinterval[ 0,7, |thereisnodeteriorationsothe
inventory inRWis depletedonly duetodemandwhereas

inOWimnventorylevelremainsthesame. Further,duringthetime
interval[z 7]theinventorylevelinR Wisdroppingtozero
duetothecombinedeffectof demandanddeterioration and the

SRR AP/ Storalens N

inOWduetothecombinede ﬂ'cc tofdcmandanddelerioration
anditreachestozeroattimer .Moreover,duringthe

interval[z,_ , 7|thedemandisbacklogged. Thebehaviorofthe

modeloverthetimeinterval [0, T'|hasbeengraphically
representedbelowinFigure3.
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4
5 = |
+ 1™\
| ‘ —
5, - S —
3 ‘~.\
R \
\
")
|
L ]
A T
L 1 Y L < Sna—
o L r I, ":f\\J

Figure3:Two-warehouseinventorysystem,whenty O ¢.

Therefore, thedifferentialequationsthatdescribetheinventorylevel
mtheR WandOWattimeZovertheperiod(0, Tare

givenby:
M-ke; = 0=<r=t, (35)
dt
dl(1) e
T +BL(t)=Aed! gy <I<1, (36)
dl(1)
—L—tad (1)=0 gy <11, (37)
drt
di, (1
o (9 o o(=—neM, <<, (38)
dB(l)= e T—:)J <<T (39)
d’ "
dhssaimirnofthenbyedifpgsnialeayptionWiththg
r L r r
I(t)=W.I(1,)=0.8(1,)=0
1 (=S —}’V+l—e;" O=r=y1, (40)
(1) =4 Vot (2 Y (Py—Pr
> = e + e ;
i B o
t <1<t (41)
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K=we "y <, (42)

! m“fi}wa | \e"‘-y(}J—%.-mL\eo"’“)'""w,
\ ) \ )

L<I<t, (43)

D
Bl 800 e—&r—:.)} AT (@)

)
Thenumbersofcostsalesattimelisf=[; itfollowsfrom
equation(40) &(41)
At (=) =y
S, ~W+l-e =14, e .
B )
S eosprop (45)
\A+B)

Thenumberoflost salesattimelis

L(:):jL; (l—e —5(7_,)) . WS<T

=J (1t )_l -5(7—1)_8—5(7'—!“-)}-' (46)
- ]
. ¥
S =W—I+Le 4 s e;““‘ _’}- e(k+B)l,—B1,
! A+p A+
(47)
Consideringthecontinuity lu(l)att=t, Jtfollowsfrom
ofequation(42)and(43),weget
—alt-t) A o A (ay -
We ‘-I R w r
=. g b @&
1 At A+
t? lnl— (A+a) W ey +e(l+a)l,-| (48)
o | TR J

Putting/=7 inequation(44), Wewillgetthemaximum
amountofdemandbackloggedpercycleis

B( 7')=Q (1 —e oIty )) (49)
o
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Thereforetheorderquantityoverthereplenishmentcyclecanbedeter

minedas
, B At,
QF'SI +B(T)=W-1+ A_-{.-ﬁ e +€’J"
)h_(7.+[3)!—[31 D —8(T-1)
+. .€e 4
A+ § 1- “') (50)
p 5 ( e
Thetotalcostspercycleofthe followingelements
(a) Orderingcostpercycle=A
(b) HoldingcostpercycleinRW
[ 3
HC,, =H [L(de+[1(0)dt |
0 ty J
RS, —wely, ~d 1)
L d N J
L7L+|3 B(A+P)
(¢) Inventoryholdingcostin OW
rld I [ . -I
HC,, =Hl I\s’dl+jlu(t)d!+_[lo( f)dt |
I'_() 17 ir
HC = 1 [}.41“.—:,; A kt,.,+ou,p]
on H'HW"" e | +o? }
-W iyt
—e
a

T
(d) TheBackloggedCostpercycleis=s I B(t)dt

sDI 1 (1 ]—S(T—I)T

SC= 5—[8 —ig +T-ttg | ¥ J

{e) TheOpportunityCostduetoSalespercycleis

=cl_[rDl-{e -&T-”} dt
L

= r- t —lﬁ- e—«S(T—-tw)}]

Cqu " s J
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(f) TheDeteriorationCostpercycle

[t ty
=d le,(t)dm-a jl(,(t)dt|

wr

[ (
=—C [[;‘Tﬁte Mi—1y) +L e&h‘ﬁfd)l J}
L L

+0. [ }"(’M'_fr) +Le A‘l"'_B’r)]
A a

Now theTotalrelevantcostisgivenby

TCLl(t,r])zl [(_1);C+HC+0C+DC+BC]

| o
EAE )

_ 1 e?.(l,—ldn+ A e}.l,+B{d-|
A+p B(2+B) J
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1 [t A :‘J.,-HI!,J

r
+]-4LI’VIJ "_<e.l t=8 i

A+aL
T i 1 s ]
W —t _.<_+T—t‘,>e (T:..,|

- €&

o 1 88 (8 J J

+cLI] Lﬁ—r ) -‘IBI { (T4 }J
'.B_f{lé:—t)- d 4 A eM—Bt)L {
J

+(-¢
[ A+BL p
+G_Q7é (bt ke P ] (51)
Aol a J

Cased:Whenly; >,

Inthiscase, timeduringwhichnodeteriorationoccursisgreater than
the time  during  which mnventory in RW
becomeszeroandthebehaviorofthemodeloverthewholecyele[0,T
]

hasbeengraphicallyrepresentedasinFigured.
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Cased:Whenly > L,

Inthiscase timeduringwhichnodeteriorationoccursisgreater than
the time  during  which inventory n RW
becomeszeroandthebehaviorofthemodeloverthewholecycle[0,7

]

hasbeengraphicallyrepresentedasinFigure4.

4

Figure-4: Two-warchouseinventorysystem,whent >7

Therefore, thedifferentialequationsthatdescribetheinventorylevelin
theRWandO WattimeZovertheperiod((), T are
givenby:

dl(1) nt
——hedt Es ik
dl(r) At
0
o 1 <t<t 3
= el ’ -
dln(’) afﬂo(lk_le}" Ay SISI, (39)
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dB(1) DeHT-1

o <pTT (55)
dt

ThesolutionoftheabovedifferentialequationWiththe
boundarycondition/, (z, )=0./, (. )=01 (. )=w,
1(1,)=0.8(1,,)=0

Hoy=e""—M 0=t=t

i (56)
At At
Iy(t)=W=+e —e <1<t (57)
A (royt—at nt
l"(’)'__;, 2 —e [l =<I<t, (58)

D
B(n=" —S(T=1)_,—d(T—1,.)
 {ersmn_ s},

Thenumberoflostsalesattimelis

L(t)y= j'D(l—e )d, 1,<t<T
== - l{—S(r—n_ —S(T—t )}]

LT_(I t.) 5€ e |J (60)
Consideringthecontinuityofeq  fy(!)atf=t,.itfollowsfrom
uation(57)and(58),weget

Iy [ M
W+e)"'—e d =;“ e(;‘-""a)’w'ﬂfd —€ d] (61)

& Ao
=" | It 2
t= R S o) W+e,4,)_aeu,]

w d

Mta hta }_ A A J

(62)

Nowatt=0.1 (f)=S,~w bythefollowingequation
(56), Wewillgetthemaximuminventorylevelis
S, =W+eMr-1
S, =W-1+e™" (63)
Puttingt=T,in(59),chillgctthcmaximumamountof
demandbackloggedis

D
BO=" i 51} -

o
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Thereforetheorderquantityoverthereplenishmentcyclecanbedeter
minedas

0=s +B(T)=W—-1+e™ +l_;(, (1))

(65)
Thetotalcostspercycleofthe followingelements
(a)Orderingcostpercycle=A
i,
(b) Holding cost percyclemRWisHC ;. =F] {I,(t)dl |
o

(c)InventoryholdingcostinOW=

e t f —l
HC,,, =H |wdt+ [1(t)de+ [1()dt |
HC Xt = i )..u,,—lJ.
oW 1'4 Wt, +e 7z —
gt e A\
_ «! oMty + _enr —) 1}
itala A “ )]
r
(d)ThebackloggcdcostIB(I)dt
[
sDi1 |1
SC=ﬁ_— [_+<T—l ] oo T—tw)-l
| |
'8 |3 y |
: -8(T-1)
fe) TheopponunitycosFClID{l —e }dt

=cD[ Tt __1_{] _8—8(7‘-:,.-)}]
i L v 5 J
t

i Thcdcteriorationcost:cajlo(t)dt
@

4“ | tmaaty 1 Mt )|
k+ata A lJ
Now, theTotalrelevantcostisgivenby

TCL2(t ,T)=l[0C+I~IC+0C+DC+BC]
‘ T
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al =7
rcL2a, - = ;f[ F‘_l + € v 7\.])_]

r e, 1 }.u,,—tp
+H Wige  (t-t)-
y 1 A.l A0l 3- Mlu—ld)]_l

A.*a—a- 9
soi1 A f J
+ - 4{—7‘—1 | —S(T—z,v)_l
F = ok
4 R8I __i{ e —JS(T-t )}-I -’
c,qLT " _|
[1 M..—cud 1 Ml :,)Tl (66)
A+0J la A _“
SotheTotalrelevantcostis
TCF(t;T)JTCFl(I"n: ift, <t, 67
| TCF2(:,. 7Y, ity =2,
(TCL1(z,,1); ift, <t
TCLE D= {rcraety: i, >, (5%)
Where

OTCFILT) | (0.5(-3+"%) _ x
ot, L ylos yfn\.v?

» [206 +{~0.06+0.06x)y -1.06+0.06x
)

0513y ana)

~0.0291262(~1.(~34x. )y 003
+0.03(3+x)y ~1+0.03{-3+x) )

+01 2(__1 (=3 100N ] 1035006
—l.(3+.l’)y —1+0.03(3+x) _0-5(]--}"0 Dﬁr)\
103

7

+0.75|(f—' —-0.0291 262(— L(=3+x)y -1:00%-340
097

+0. 03} 3 +Y)y"'°‘m' 3.~:|)

0.1(=x+y) \
+200| 1+10 Dl -\ __ _-0.1Log| )
+2000( y-ou x+y)_ -0 1{- rn)(lo x+y))
0.1(=x+y)
(—- e -0.1Log[y] | (a)
Ly )
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OTCRA.T)_(_16.6667 0%

ar
- 00509709( l},—l).03(-3+x)LogD,]

‘}JS-O()(»oomLosb]_'_O 5( lyoou 3“’L0g[v]

(-3 r)L b
~0.03+0.06x 0.03(-3=x)
+012( Ly Log[y]- 1; Log[Y]
0.03(-3+x) 003|3+r)
'Ii3v0 933 %e%[]}’] 5 200(~ ' ”-"’Log[v])
+2000.(y 10, 1y‘°-“-“~"(10.—x+y)Log[v]))
b
STICLI(r ,T) ™
— H ~leen
ot, o
ml(-bny: sy, FPAEBEA |
__\ B )
ﬁ+l — 1 H{=h+x)
I . —15(b-cP. _(b‘C)}" A
+ka (b—ch Ty
_J,,-ubgmxl( b +x1)
Bfﬁﬁu)
~14b3. —t+ch by bk ;\\
+ (b-c)l by A—cy A+ y P e 5 )
\ B )

bR (BAL)))

A
( —-x+)8 B+ -(—x+_r)6( ) l\\
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([~ (xe9)8 -8Loglyl\
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( o \
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+

}J
5 | (c)

)

\
8TCL2(t,T) s
3 =Dr(~14y" " Log[y])
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( " )'b‘k‘lllLOgb']\

mBy™  ALogly]+ 8 J
P+A

+F((b-c)y ") Logly]

_)"( _bﬂ};')\. T Og[)"] _ y”"*"'kzl.og b']\ I
—Ph—— —PiPri— i

-2 )

& TCL1(1,T)

— —-0.5(—2+x ;‘1*0-03(—2..:1
_16.6%7(0.06+o.03x)y—o.o}10 L
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&TCF1(1,T) "
_of " =0015(-3333334x)py  100n
" (1. 1.09\
—0.116505 4—+2.09
g -10.032-x) —140.03x
+0.75°1.2—)y 0432y

002912621 " 42,09 ||

o J}

ey )
+2(l+l?.y - |- YUY b 110gp] D}
+2OO()-"'_V_O =3+ _}'.—0 (-3 r}'|(7-+)’)

0.1(=3+y )
(- —(——1 -0.1Log[y] |)) (2

}}

ST CF2(1,T) =0.75(-y 003 +] .y 0032-0 Log(y]
T /
+0.03(2-x)**Log[y])+0.5(" "

+0.03(-33.3333+x)y" " Log[y]) "

Optimality:TheNecessaryconditionforoptimalityis

orCL, Ty TCLET)_,
o, or
FTCL(t 7 T) >0—E&ICLE =Ty 50

2 2
or, or

and
STCL &TCL éTCL &TCL
b'4 - * >
o or-  éTar, AT
oTCA,T)_, 8TCAt.T)
L a ' _er
ETCEW]) n & TCF(1,T)
> (), "
or or?

r

and

O*TCF &TCF & TCFXE.Q ICF
or. er érer,  oaoT

Now,theTotalrelevantcost pertimeunittimeisgivenby
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1

Case-4:0; > I,
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NUMERICALANDSENSITIVITYANALYSIS

To illustratetheresult, letusconsideraninventorysystemwith

%Chang ChangesVaJ Different Ratio= % Changes
fromOriginalV| Different/Origin wSignifica
alue alues nt

+50 3481.68 +4.95 +0.0015 0.15%
Up
+25 3479.76 +3.03 +0.0009 0.09%
Up
-25 3475.31 -1042 0.04%Dow
-0.0004
-50 3473.59 -3.14 0.08%Dow|
-0.0008

TCLL[[] [10.03](12657.22

%Changes| Changes | Different Ratio=Different/ %
Value | fromOriginalVa| OriginalValues | Changeswi

lues thSignifica

nt

+50 3377.46 -5.61 -0.002 0.2%
Down

+25 3380.05 -3.02 -0.001 0.1%
Down

-25 3384.31 +1.24 +0.0004 0.04%
Up

-50 3385.77 +2.70 +0.0008 0.08%
Up

% Changes | Different | Ratio=Different/Original %
Changes | Value | fromOri Values Changeswi
ginalVal thSignifica

ues nt

+50 | 2613.36 | -43.80 -0.016 1.6%
Down

+25 | 2630.80 | -26.42 -0.010 1%
Down

-25 2669.28 | +12.06 +0.0045 0.45%
Up

-50 2790.39 | +133.17 +0.050 5%
Up

TCL2[[J1] 0.03]01 3197.35

%Changes |Changes [Differen|Ratio=Differe%
Value [tfromOr nt/OriginalVa/ChangeswithSi
iginalVallues gnificant
lues
+50 3210.19 +12.84 [+0.004 0.4%
Up
+25 3205.16 [+7.81 [+0.002 0.2%
Up
-25 3183.98 |-13.37 |-0.004 0.4%
Down
-50 3156.71 |-40.64 |-0.013 1.3%
Down

TCF1[[J [J 0.03]7 3383.07
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%Changes [Changes|Differen Ratio=Differe% Changes
Value tfromOr|ntOriginal  withSignificant
iginal  [Values
Values
+50 3379.28 -3.79  -0.001 0.1%
Down
+25 3380.74 -2.33  -0.0007 0.07%Down
-25 3387.46 [+4.39 +0.0014 0.14%
Up
-50 3397.85 (+14.78 [+0.0043 0.43%
Up

TCF2[[1 [10.03](1 3476.73

%Changes |Changes|Differen Ratio=Differe(% Changes
Value tfromOr|ntOriginal  withSignificant
iginal  [Values
\Values
+50 3482.51 +5.78 +0.0017 0.17%
Up
+25 3480.51 |+3.47 +0.0009 0.09%
Up
-25 3470.94 -5.79  |-0.0017 0.17%Down
-50 3459.36 -17.43 -0.005 0.5%Down
TCL1[L [ 0.03]012657.22
%Changes  [Changes|Differen Ratio=Differe% Changes
Value tfromOr|ntOriginal  withSignificant
iginal  [Values
Values
+50 2668.72 (+11.50 +0.0043 0.43%Down
+25 2664.10 +6.88 +0.0022 0.22%Down
-25 2645.84 -11.38 |-0.0043 0.43%
Up
-50 2623.28 -33.94 0.0130 1.3%
Up

TCF1[D[ 100]C] 3383.07

TCL2[[] [10.03]11 31985

% ChangesV|Differentfro|Ratio=Differ % Changesw
Change alue m enOriginal [iSignificant
S OriginalVal|Values
ues

+50  14766.02 [+1082.95 [+0.320 32%  Up
+25  14074.55 (+691.148 [+0.204 20.4%Up
-25 2691.59 |-691.148 |-0.204 20.4%Down
-50 2000.12 |-1082.95 |-0.320 32%

Do

wn
TCF2[D 100]7 347673

% ChangesV|DifferentfroRatio=Differ %Changesw
Change alue m enOriginal [iSignificant
S OriginalVal|Values
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ues

+50  [4859.68 [+1382.95 +0.3977 39.77%Up
+25  4168.20 [+691.47  (+0.199 19.9%Up

-25 2785.25 |-691.47 -0.199 19.4%
Down
-50 2093.76 |-1382.95 |-0.3977 39.77%Dow
n

TCL1[D 100]7 2657.22

% ChangesV/|Different  |Ratio=Diff %  Changes
Change alue froOriginal ent/OriginawitSignificant
Values |
\Values
+50  14040.17 +1382.95 [+0.520  [52.0%Up

+25 3348.69 [+690.74  |+0.529 25.9%Up
-25 1965.74 |-691.48 -0.261 26.1%Down
-50 1274.26 |-1382.96 |-0.520 52.0%Down

TCL2[DI1 100][1 3197.35

% ChangesV/|Different  |Ratio=Differ %Changesw

Change jalue fromOrigin enOriginal  fiSignificant
S al Values
Values

+50  14620.55 |+1423.20 [+0.445 44.5%Up
+25 3908.95 [+711.60 |+0.223 22.3%Up
-25 2485.75 |-711.60 -0.223 22.3%Down

-50 177415 |-1423.20 |-0.445 44.5%Down

TCF1[WLI 200]C1 3383.07

%Changes [Changes|Differen Ratio=Differe% Changes|
Value tfromOr ntOriginal  withSignificant
iginal  [Values
\Values
+50 3197.35
+25 3197.35
25 3197.35 NotChanged
-50 3197.35
% Changes Different | Ratio=Different/| %Changeswi
Changes| Value fromOri iginal Significant
ginal Values
Values
+50 3633.07 +250.00 +0.074 7.4%
Up
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+25 3508.07 +125.00 +0.037 3.7%

Up
-25 3258.07 -125.00 -0.037 3.7%Down
-50 3133.07 -250.00 -0.074 7.4%Down

TCF2[W I 200]71 3476.73

% ChangesV/|Differentf [Ratio=Differen/% Changes

Change falue romOrigi t/iginal withSignificant
S nal \Values
\Values
+50  [3801.73 [+325.00 [+0.093 9.3%
Up
+25  [3639.23 [+162.5 [+0.047 4.7%
Up
-25 3314.23 1625  |-0.047 4.7%Down
-50 3151.73 |-325.00 0.093 9.3%Down

TCL1[W 200]1 2657.22

% ChangesV Differentf |Ratio=Differen% Changes

Change falue romOrigi t/iginal withSignificant
S nal Values
\Values
+50  [2507.22 [-150.00 |-0.056 5.6%Down
+25  [2582.22 |-75.00  0.029 2.9%Down
-25 2732.22 [+75.00 +0.029 2.9%
Up
-50 2807.22 [+150.00 +0.056 5.6%
Up

TCL2[W 200]( 319735

% ChangesV Differentf |Ratio=Differen% Changes

Change falue romOrigi t/iginal withSignificant
S nal Values
Values
+50  [3347.35 [+150.00 [+0.047 4.7%
Up
+25  [3272.35 +75.00 [+0.024 2.4%
Up
-25 3122.35 |[75.00 0.024 2.4%Down
-50 3047.35 [-150.00 |0.047 4.7%Down

TCF1[A 100]0 3383.07

% ChangesV Differentfro|Ratio=Differ % Changes
Change falue m enOriginal  withSignificant
S OriginalVal|Values
ues
+50  [3433.07 [+50 +0.015 1.5%
Up
+25  [3408.07 [+25 +0.008 0.8%
Up
-25 3358.07 |25 -0.008 0.8%Down
-50 3333.07 |-50 -0.015 1.5%Down
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TCF2[AT] 100]11 3476.73

% Changes Different Ratio=Differen, % Changes
Changes| Value fromOriginal | Original withSignificant
Values Values
+50 3526.73 | +50 +0.014 1.4%
Up
+25 3501.73 | +25 +0.007 0.7%
Up
25 3451.73 | -25 -0.007 0.7%Down
-50 3426.73 | 50 0.014 1.4%Down
TCL1[A[1100]11 2657.22
% ChangesV Different |Ratio=Diff % Changes
Change jalue fromOrigin ernt/OriginwithSignificant
S al al
Values Valu
+50 2702.22 +50 +0.019 1.9%
Up
+25 2682.22 |+25 +0.01 1%
Up
-25 2632.22 |-25 -0.01 1% Down
-50 2607.22 |-50 -0.019 1.9%Down
TCL2[A[1100]713197.35
% ChangesV Different |Ratio=Diff % Changes
Change jalue fromOrigin ernt/OriginwithSignificant
S al al
Values Valu
+50 3247.35 [|+50 +0.0156 [1.56%Up
+25 3222.35 [+25 +0.0078 [0.78%Up
-25 3172.35 |-25 -0.0078  [0.78%Down
-50 3147.35 |50 -0.0156  [1.56%Down
TCF1[F[1 0.5]71 3383.07
% ChangesV/|Different  [Ratio=Differ % Changes
Change falue fromOrigin enOriginal withSignificant
S al 'Values
Values
+50 5024.60 [+1641.53 [+0.485 48.5%Up
+25 4203.84 [+820.77  [+0.243 24.3%Up
-25 2562.30 |-820.77 -0.243 24.3%Down
-50 1741.53 |-1641.53 |0.485 48.5%Down
TCF2[F[] 0.5]113476.73
% ChangesV |Different  |Ratio=Differe[% Changes
Change falue fromOrigin ntOriginal  withSignificant
S al \Values
Values
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+50  [3559.77 |+83.04 +0.024 2.4%
Up
+25  [3518.25 |+41.52 +0.012 1.2%
Up
-25 3435.21 |-41.52 -0.012 1.2%Down
-50 3393.69 |-83.04 -0.024 2.4%Down

TCL1[F[1 0.5](1 2657.22

% ChangesV/|Different  [Ratio=Differ (% Changes
Change alue fromOrigin enOriginal withSignificant
S al \Values

Values
+50  [2657.06 |-0.16 -0.00006 0.006%Down
+25  [2657.14 |-0.08 -0.00003 0.003%Down

-25 2657.29 [+0.07 +0.00003  |0.003%Up
-50 2657.37 [+0.15 +0.00006  |0.006%Up

TCL2[F[J 0.5]1 3197.35

% ChangesDifferent  [Ratio=Differe % Changes
Changes Value [fromOriginalnt/OriginalVValwithSignifica
\Values ues nt

+50 3189.01 -8.34 -0.0026 0.26%Down
+25 3193.18 -4.17 -0.0013 0.13%Down
-25 3201.52 +4.17 +0.0013 0.13%

Up
-50 3205.69 +8.34 +0.0026 0.26%

Up

TCF1[HDO 0.75]00 3383.07

% ChangesV Differentfro|Ratio=Differ % Changes

Change falue m enOriginal |withSignificant
3 OriginalVal|Values
ues

+50 3547.70 [+164.63  |+0.0486 4.86%Up
+25 3465.39 |+82.32 +0.0243 2.43%Up
-25 3300.75 [-82.32 -0.0243 2.43%Down
-50 3218.44 |-164.63 -0.0486 4.86%Down

TCF2[H[ 0.75]1 3476.73

% ChangesV/|Different  [Ratio=Differ [% Changes

Change falue fromOrigin enOriginal |withSignificant
S al Values
\Values

+50 3701.19 [+224.46  |+0.0645 6.45%Up
+25 3587.46 [+112.23  |+0.0322 3.22%Up
-25 3364.50 |-112.23 -0.0322 3.22%Down
-50 3252.26 |-221.46 -0.0645 6.45%Down
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TCL1[H 0.75]01 2657.22

% ChangesV/|Different  |Ratio=Differe[% Changes|

Change falue fromOrigin ntOriginal  |withSignificant
S al Values

\Values
+50  [2506.15 F151.07 -0.0568 5.68%Down
+25  [2582.69 |-74.53 -0.0284 2.84%Down

-25 2732.75 [+74.53 +0.0284 2.84%Up
-50 2808.28 [+151.07  +0.0568 5.68%Up

TCL2[H[ 0.75]01 3197.35

% Changes Different Ratio=Differen| % Changes

Changes| Value fromOriginal | Original withSignificant
Values Values

+50 3334.40 +137.05 +0.0428 4.28%Up

+25 3264.96 +67.61 +0.0214 2.14%Up

-25 3128.82 -67.61 -0.0214 2.14%Down

-50 3060.29 -137.05 -0.0428 4.28%Down

TCF1[1] [7 0.1]13383.07

% ChangesV/|Different |Ratio=Differ[% Changes

Change alue fromOrigin enOriginal  wiSignifican
§ al Values t
Values
+50  [2580.35 |-802.82 -0.2408 24.08%Dow
n
+25 2903..51 |-479.56 -0.1477 14.77%Dow
n

-25 4373.63 [+790.56  [+0.2372 23.72%Up
-50 5738.45 [+2355.88 [+0.6873 68.73%Up

TCF2[111 0.1]01 3476.73

% ChangesV/|Different |Ratio=Differ (% Changesw

Change alue fromOrigin enOriginal |iSignificant
§ al Values
Values
+50  [2673.91 |-802.82 -0.2308 23.08%Dow
n
+25 2997.17 |-479.56 -0.1377 13.77%Dow
n

-25 4267.29 [+790.56  [+0.2272 22.72%Up
-50 5832.61 |[+2355.88 [+0.6773 67.73%Up

TCL1[ 1 0.1]01 26522

% ChangesV/|Different  |Ratio=Differ %Changesw
Change alue fromOrigin enOriginal |iSignificant
§ al Values

Values
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+50 1854.40 |-802.82 -0.3021 30.21%Dow
n
+25 2177.65 |-479.57 -0.1804 18.04%Dow
n
-25 3447.78 [+790.56  [+0.1800 18.00%Up

-50 5013.10 [+2355.88 [+0.8866 88.66%Up

TCL2[(] [10.1]01 31935

% ChangesV/|Different  |Ratio=Differ %Changesw

Change alue fromOrigin enOriginal |iSignificant
S al \Values
Values

+50  [2333.47 |-863.58 -0.2701 27.01%Dow
n
+25 2686.25 |-510.80 -0.1595 15.95%Dow
n
-25 4021.63 [+824.58  [+0.2577 25.77%Up

-50 5623.62 [+2426.57 [+0.7588 75.88%Up

TCF1[[J OJ 1]01 3383.07

% ChangesV/|Differentf Ratio=Differe% Changes

Change alue rom ntOriginal  withSignifica
S OriginalV [Values nt
alues

+50  [3382.88 |-0.19 -0.000056  |0.0056%Dow
n
+25 3382.96 |-0.11 -0.000042  |0.0042%Dow
n
-25 3383.24 |+0.17 +0.000052  0.0052%Up

-50 3383.57 [+0.50 +0.000148  0.0148%Up

TCRF2[J0 1101 3476.73

% ChangesV Differentf |Ratio=Differen|% Changes
Change falue rom t/iginal withSignificant
3 OriginalV [Values
alues

+50  [3476.73
+25

3476.73 NoChanges
-25

3476.73
-50

3476.73

TCLL[D] O 1 2657.22

TCL1[s1 2] 2657.22

% ChangesV Differentf |Ratio=Differe% Changes
Change alue romOrigi ntOriginal  withSignificant
S nalValues [Values
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+50 4080.42 |+1423.2 [+0.5355 53.55%Up
+25 3368.82 [+711.60 [+0.2678 26.78%Up
-25 1945.62 |-711.60 |[-0.2678 26.78%Down
-50 1234.02 |-1423.2 |-0.5355 53.55%Down
TCL2[s 2] 3197.35
% Changes Different | Ratio=Different/ | % Changes
Changes| Value from iginal withSignificant
Original Values
Values
+50 2456.95 -200.27 -0.0753 7.53%Down
+25 2578.51 -78.71 -0.0296 2.96%Down
-25 2691.21 +33.99 +0.0128 1.28%Up
-50 2656.33 -0.89 -0.0003 0.03%Down
% ChangesV | Differentfr| Ratio=Different | % Changes
Changes| alue omOrigina| Original withSignificant
IValues Values
+50 4620.55 +1423.20 | +0.4451 44.51%Up
+25 3908.95 +711.60 +0.2225 22.25%Up
-25 2485.75 -711.20 -0.2225 22.25%Down
-50 1774.15 -1423.20 -0.4451 44.51%Down
TCL2[] [ 1100 31985
TCF1[c,
% Changes Different | Ratio=Different % Changes
Changes| Value from Original withSignificant
Original Values
Values
+50 3342.82 -40.25 -0.0119 1.19%Down
+25 3362.95 -20.12 -0.0059 0.59%Down
-25 3403.19 +20.12 +0.0059 0.59%
Up
-50 3423.32 +40.25 +0.0119 1.19%
Up
% Changes Different | Ratio=Different/ | % Changes
Changes| Value fromOri iginal withSignificant
ginal Values
Values
+50 3193.46 -3.39 -0.00106 0.106%Down
+25 3196.17 -0.40 -0.00028 0.028%Down
-25 3196.87 -0.48 -0.00015 0.015%Down
-50 3197.80 +0.45 +0.00014 0.014%Up
1 2]01 338307
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TCF1[s(] 2]01 3383.07

TCFZ[C]_
% Changes Different | Ratio=Different % Changes
Changes| Value fromOri Original withSignificant
ginal Values
Values
+50 3436.48 -40.25 -0.0116 1.16%Down
+25 3456.60 -20.12 -0.0058 0.58%Down
-25 3496.85 +20.12 +0.0058 0.58%
Up
-50 3516.97 +40.25 +0.0116 1.16%
Up
[12]13476.73
% Changes Different | Ratio=Differenf % Changes
Changes| Value fromOri Original withSignificant
ginal Values
Values
+50 4806.27 +1423.20 | +0.4207 42.07%Up
+25 4094.67 +711.60 +0.2103 21.03%Up
-25 2671.47 -711.60 -0.2103 21.03%Down
-50 1959.87 -1423.20 | -4207 42.07%Down
TCF2[s[] 2] 3476.73
% Changes Different | Ratio=Differenf % Changes
Changes| Value fromOri Original withSignificant
ginalVal Values
ues
+50 4899.93 +1423.20 | +0.4093 40.93%Up
+25 4188.33 +711.60 +0.2046 20.46%Up
-25 2765.13 -711.20 -0.2046 20.46%Down
-50 2053.53 -1423.20 | -0.4093 40.93%Down
TCL1[c,
[ 2]712657.22
% ChangesV Differentf |Ratio=Differe[% Changes
Change jalue romOrigi |ntOriginal  withSignificant
S nal Values
Values

+50 2616.97 |-40.25 |-0.01514 1.51%Down
+25 2637.09 |-20.12  |-0.00757 0.75%Down

-25 2677.34 |+20.12 |+0.00757 0.75%
Up
-50 2697.46 |+40.25 [+0.01514 1.51%Up

TCL2[c (] 2] 3197.35
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% ChangesV Differentf |Ratio=Differe% Changes
Change jalue romOrigi ntOriginal  \withSignificant
S nal Values

Values

+50 3196.95 |-0.40 -0.000125 |0.0125%Down
+25 3197.15 |-0.20 -0.000063  0.0063%Down
-25 3197.55 [+0.20 +0.000063 |0.0063%Up
-50 3197.75 [+0.40 +0.000125 |0.0125%Up

TCF1[c( 4]0 3383.07

% Changes|Differentf Ratio=Differen (% Changes
Change VValue romOrigi t/Oginal withSignificant
S nalValues |Values

+50 3378.78 |-4.29 -0.00126 0.126%Down
+25 3380.93 |-2.14 -0.00063 0.063%Down
-25 3385.21 (+2.14 +0.00063 0.063%Up
-50 3387.36 [+4.29 +0.00126 0.126%Up

TCF2[c[ 4]0 3476.73

% ChangesV |Differen Ratio=Differen [% Changes
Change falue tfromOr t/Oginal withSignificant
3 iginal  Values
\Values
+50 3474.64 |-2.09 -0.00060 0.06%Down
+25 3475.68 |-1.05 -0.00030 0.03%Down
-25 3477.77 |+1.05 [+0.00030 0.03%
Up
-50 3478.82 [+2.09 +0.00060 0.06%
Up
TCL1[c[] 4]0 2657.22
% ChangesV |Differen Ratio=Differen % Changes
Change falue tfromOr t/Oginal withSignificant
S iginal  Values
Values
+50 2723.04 |+65.82 1+0.02477 2.47%
Up
+25 2690.13 [+32.91 +0.01238 1.23%
Up
-25 2629.31 [-32.91 [-0.01238 1.23%Down
-50 2591.39 [-65.82 [-0.02477 2.47%Down
TCL2[cl] 4](13197.35
% Changes Different| Ratio=Different/d % Changes
Changes| Value fromOri | ginal withSignificant
ginal Values
Values
+50 319411 | -3.24 -0.0010 0.1%
Up
+25 319553 | -1.82 -0.0006 0.06%
Up
25 3198.36 | +1.01 | +0.0003 0.03%Down
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-50 3199.78 +2.43 +0.0008 0.08%Down

TCFA[tg[1 2](1 3383.07

% ChangesV/|Differentf Ratio=Differe% Changes

Change alue romOrigi ntOriginal  withSignifica
S nal Values nt
Values

+50 5291.76 [+1908.69 |[+0.5642 56.42%Up

+25  {4315.14 |+932.07 [+0.2754 27.54%Up

-25 249553 |-887.54 |-0.2621 26.21%Down
-50 1652.51 |-1730.56 |-0.5113 51.13%Down

TCF2[tg( 2]1 3476.73

% ChangesV|Differentf |Ratio=Differe% Changes

Change falue romOrigi ntOriginal  withSignifica
S nal Values nt
Values
+50 [3576.45 [+99.72 |+0.0288 2.88%
Up
+25 3526.59 [+50.14 +0.0150 1.50%
Up

-25 3426.86 |-49.87  |-0.0149 1.49%Down
-50 3376.98 [-99.75  |-0.0289 2.89%Down

TCL1[tyg 2]01 2657.22

% ChangesV|Differentf |Ratio=Differe% Changes

Change alue romOrigi ntOriginal  withSignifica
S nal Values nt

Values
+50  |-6187.20 |-8844.42 |-3.328 332.8%Down

+25 934.05 |-1723.17 |-0.6484 64.84%Down

-25 3031.34 [+374.12 [+0.1407 14.07%Up

-50 3068.42 [+411.20 [+0.1546 15.46%Up

TCL2 [tq7 2] 3197.35

% ChangesV/|Differentf Ratio=Differe%  Changes

Change falue romOrigi ntOriginal  withSignifica
S nal Values nt
Values
+50  [3340.44 |+143.09 [+0.0448 4.48%
Up
+25 3270.05 [+72.70 [+0.0225 2.25%
Up

-25 3123.48 |-73.87  |-0.0226 2.26%Down

-50 3049.02 |-148.33 |-0.0510 5.10%Down

TCF1[[] £0.03,[] [10.03,0] [10.1,01 0 101 3383.07
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% ChangesV|Differentf |Ratio=Differe% Changes

Change jalue romOrigi ntOriginal  \withSignifica
S nal Values nt
Values

+50  2571.20 |-811.87 |-0.2399 23.99%Down
+25 2898.13 |-484.94 |-0.1433 14.33%Down
-25 4182.43 +799.36 [+0.2361 23.61%Up
-50 5765.16 [+2382.03 [+0.7041 70.41%Up

TCF2[7 [10.03,07 [10.03,01 (1 0.1,01]11 3476.73

% ChangesV Differentf |Ratio=Differe[% Changes
Change falue rom ntOriginal  withSignificant
S OriginalV|Values

alues

+50 2684.76 |-791.97 0.2277 22.77%Down
+25 3003.70 |-473.03 |-0.1360 13.60%Down

-25 4256.31 [+799.58 +0.2298 22.98%Up

-50 5799.52 |+2322.79 [+0.6678 66.78%Up

TCL1[O 0 0.03,00 0 0.03,00 110.1,00 O 1]07 2837

% ChangesV Differen Ratio=Different/|% Changes

Change falue tfromOr [Orinal withSignificant
S iginalVaValues

lues
+50  [2162.44 |-494.78 -0.1862 18.62%Down
+25  [2079.39 |-577.83 -0.2171 21.71%Down
-25 3514.69 [+857.47+0.3225 32.25%Up
-50 5111.42 [+2454.2+0.9235 92.35%Up

0

TCL2[(070.03,00 (7 0.03,00 0 0.1,00 00 1107 3197.35

% ChangesV |Differen [Ratio=Different/|% Changes|

Change falue tfrom  |Orinal withSignificant
S Original Values

Values
+50  [2346.31 |-851.04 |-0.2661 26.61%Down
+25  [2692.54 |504.81 |-0.1585 15.85%Down
-25 4008.58 [+811.23+0.2536 25.36%Up
-50 5582.23 |+2384.8 +0.7456 74.56%Up

]

TCF1[D0[ 100,W[J1 200,A7 100]07 338307

% ChangesV Differentf |Ratio=Differen% Changes|
Change falue rom t/iginal withSignificant
S OriginalV|Values

alues
+50  [5066.02 [+1682.95 (+0.4974 49.74%Up
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+25 4224.55 [+840.95 +0.2483 24.83%Up
-25 2541.59 |-841.48 [-0.2484 24.84%Down
-50 1700.12 |-1682.95 |-0.4974 49.74%Down

TCF2[D[] 100,W[] 200,A[] 100] 3476.73

%Changes Changes Different | Ratio=Different/| %
Value fromOri iginal Changeswi
ginal Values | thSignifica
Values nt
+50 5234.68 +1757.95 | +0.5053 50.53%Up
+25 4355.70 +878.97 +0.2525 25.25%Up
-25 2579.75 -896.98 -0.2610 26.10%Dow
-50 1718.78 -1757.95 | -0.5053 50.53%Dow

TCL1[D[1 100,W(1200,AT 100](1 2657.22

%Changes [ChangesV Differentf [Ratio=Differe %
alue romOrigi nt/iginal Changeswi
nal Values thSignifica

Values nt
+50 -9329.24 |-11986.46-4051 451%Dow
+25 -7758.22 |-10414.441-3.92 392%Dow
-25 -4616.17 |-7273.39 -2.73 273%Dow
-50 -3045.15 570237 [-2.14 214%Dow

TCL2[D 100,W1 200,A7 100]07 31935

% ChangesV Differentf |Ratio=Differen|% Changes

Change alue romOrigi [t/iginal witSignifican

S nal Values t

Values

+50  5038.63 [+1841.28 1+0.5758 57.58%Up

+25  14189.54 [+992.19 +0.3102 31.02%Up

-25 2491.34 |-706.01 }-0.2208 32.08%Dow
n

-50 1642.24 |-1555.11 }-0.4863 48.63%Dow
n

In TCF1, By changing the value of the parameters there is asignificant changesin optimum valuehappeningwith
nochangestheTCF1takesamount3383.07%changesindifferent parameters makes effect less or more amount
onTCF1lgivenintables.

Aschangingofparameter HinquarterlypercentilethechangesinTCF1 occurs2.430%inrightmanner.

Asparameter[ changesquarterlytleeffectonTCF113%

inoppositetoright mannerfromitsoriginal value.

Asparameter(changesquarterlytheeffecton TCF1

changesatveryless0.0042%fromitsoriginalvalue.

Asparameterschangesquarterlypercentilethechangesin

TCF1lveryhighat21.03%fromitsoriginal value.
Asparameterc,changesquarterlypercentilethechangesinTCF1changesat0.59%fromitsoriginalvalues.
Asparametercchangesquarterlypercentilethechangesin

TCF1changesat0.063%fromitsoriginal values.

As parameter tachanges quarterly percentile in changes
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inTCF1changeshighlyinrightwayat27.54%fromitsoriginalvalues.

Asparameter[ changesquarterlypercentilethechangesin

TCF1changes0.1 %fromitsoriginal value.

Asparameter (] changesquarterlypercentilethechangesin
TCF1changesverylessat0.07%reverseorderfromitsoriginalvalues.

As parameterD changes quarterly percentile the changes inTCF1changes20.4%fromits originalvalues.

As parameter W changes quarterly percentile the changes inTCF1 changes at 3.7 % from its original value in
right order.As parameterA changes quarterly percentile the changes inTCF1 changes at 0.8 % from its
originalvalues in rightorder.

As parameter F changes quarterly percentile the changes inTCF1changesat24.3%inrightorderfromitsoriginal
AsparameterD ,\W,A  changesquarterlypercentilesimultaneously the changes in TCF2 changes
at25.25%fromitsoriginalvaluesinrightorder.

In TCL1, By changing the value of the parameters there is asignificant changesin optimum valuehappeningwith
nochangestheTCL 1takesamount2657.22%changesin

different parameters makes effect less or more amount onTCL1givenintables.

value.
Asparameter(] []
[l and

changesquarterlypercentile
AschangingofparameterHinquarterlypercentilethechangesinTCL1 occurs2.84 %inreversemanner.

simultaneouslythechangesinTCFlisat14.33%fromits

originalvaluesinreverseorderfromitsoriginalvalue.

AsparameterD ,W,A changesquarterlypercentilesimultaneously the changes in TCF1 changes at 24.83
%fromitsoriginalvaluesinrightorder.

In TCF2, By changing the value of the parameters there is asignificant changesin optimum valuehappeningwith
nochangestheTCF2takesamount3476.73%changesindifferent parameters makes effect less or more amount
onTCF2givenintables.

AschangingofparameterHinquarterlypercentilethe

Asparameter( ] changes  quarterlytheeffectonTCL118.04%inoppositetoright mannerfromitsoriginal valuein
reverseorder.

Asparameter(IchangesquarterlytheeffectonTCL1

changesatveryless2.96%fromitsoriginalvalueinreverseorder.

Asparameterschangesquarterlypercentilethechangesin

TCL1veryhighat21.03%fromitsoriginalvalue.
Asparameterc;changesquarterlypercentilethechangesinTCL1changesat0.75%fromitsoriginalvaluesinreverse

changesinTCF2occurs2.430%inright manner.
Asparameter] changesquarterlytheeffectonTCF2
order.

Asparameter
cchangesquarterlypercentilethechangesin

changesat3.22%inoppositetorightmannerfromitsoriginalvalue.

g changesquarterlytheeffectonTCF2no

changesfromitsoriginalvalue.
Asparameterschangesquarterlypercentilethechangesin

TCF2 changes at very high 22.25% from its original value. Asparameterc;changesquarterlypercentilethechangesin
TCF2changesat0.58 %fromitsoriginalvalues.
Asparametercchangesquarterlypercentilethechangesin
TCF2changes0.03%inreverseorderfrom itsoriginalvalue.
Asparametertschangesquarterlypercentileinchangesin

TCL1 changes 1.23% in reverse order from its original valueinrightmanner.
Asparametertschangesquarterlypercentileinchangesin
TCL1changeshighlyinrightwayat64.84%fromitsoriginalvaluesinreverse order.
Asparameter([] changesquarterlypercentilethechangesin
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TCL1 changes 1% from its original value in reverse
order.Asparameterchangesquarterlypercentilethechangesin
TCL1changesverylessat0.22%reverseorderfromitsoriginalvaluesinrightmanner.
AsparameterDchangesquarterlypercentilethechangesinTCL 1changes20.3%fromitsoriginalvaluesinright
TCF2changeshighly in rightway at 1.5%fromitsoriginalvalues.

manner.

Asparameter

wchangesquarterlypercentilethechangesin

Asparameter[] changesquarterlypercentilethechangesinTCF2changes0.09 %fromitsoriginalvalue.
Asparameterchangesquarterlypercentilethechangesin
TCF2changesverylessat0.09%reverseorderfromitsoriginalvalues.
AsparameterDchangesquarterlypercentilethechangesin TCF2changes19.90 %fromitsoriginalvalues.
Asparameterwchangesquarterlypercentilethechangesin

TCF2 changes at 4.7 % from its original value in right order.As parameterA changes quarterly percentile the
changes inTCF2 changes at 0.7 % from its originalvalues in rightorder.

As parameter F changes quarterly percentile the changes inTCF2changesat 1.2%inrightorder.

Asparameter(_ [1,[J and Ichanges quarterly

percentile simultaneouslythechangesin TCF2isat13.60%fromitsoriginalvaluesinreverse order.
TCL1changesat2.9%fromitsoriginalvalueinreverse

order.

As parameterA changes quarterly percentile the changes inTCL1 changes at 1.0 % from its original values in
rightorder.

As parameter F changes quarterly percentile the changes inTCL1 changes at 0.003 % in reverse order from its
originalvalue.

Asparameter(] /1,1 andJchanges quarterly

percentile simultaneously the changes in TCL1 is at 21.71 %from its original values in reverse order from its
originalvalue.

AsparameterD ,W,A changesquarterlypercentilesimultaneously the changes in TCL1 changes at 392 %
fromitsoriginal valuesinverse order.

In TCL2, By changing the value of the parameters there is asignificant changesin optimum valuehappeningwith
nochangestheTCL 2takesamount3197.35%changesin

different parameters makes effect less or more amount onTCL2givenintables.
AschangingofparameterHinquarterlypercentilethechangesinTCL2occurs2.14 %inrightmanner.
Asparameter(] changesquarterly theeffectonTCL2 15.95

% in opposite to right manner from its original value inreverseorder.
Asparameter(changesquarterlytheeffectonTCL2
changesatveryless0.015%fromitsoriginalvalueinreverseorder.
Asparameterschangesquarterlypercentilethechangesin
TCL2veryhighat20.46%fromitsoriginalvalue.
Asparameterc,changesquarterlypercentilethechangesin
TCL2changesat0.0063%fromitsoriginalvaluesinreverseorder.
Asparametercchangesquarterlypercentilethechangesin

TCL2 changes 0.06% in reverse order from its original valueinreversemanner.
Asparametertschangesquarterlypercentileinchangesin
TCL2changeshighlyinrightwayat2.25%fromitsoriginalvaluesinrightorder.
Asparameter(] changesquarterlypercentilethechangesin

TCL2 changes 0.41 %from its original value in right
order.Asparameter [Jchangesquarterlypercentilethechangesin
TCL2nochangesfromitsoriginal values

inrightmanner. AsparameterDchangesquarterlypercentilethechangesin TCL2changes26.1%fromitsoriginalvaluesinri

ghtmanner.

Asparameterwchangesquarterlypercentilethechangesin

TCL2 changes at 2.4 % from its original value in right order.As parameterA changes quarterly percentile the
changes inTCL2 changes at 0.78 % from its original values in rightorder.

As parameter F changes quarterly percentile the changes inTCL2 changes at 0.13 % in reverse order from its
originalvalue.
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Asparameter(] [1,[] and Jchanges quarterly

percentile simultaneously the changes in TCL2 is at 25.36 %from its original values in reverse order from its
originalvalue.

AsparameterD ,W,A changesquarterlypercentilesimultaneously the changes in TCL2 changes at 32.08
%fromitsoriginalvaluesinrightorder.

CONCLUSION
In this study, a two-warehouse inventory model for non-instantaneous deteriorating items with exponential
demandrate under time varying holding cost has been

developed.Shortagesareallowedandcompletelybacklogged. Thedeterioration rate in OW is assumed to be higher
than in RWandtheholdingcostinRWisgreaterthanthatinOWhbecause of the difference in the storage facilities of
bothwarehouse.Whileformulatingtheinventorymodelfordeteriorating items, usually it is assumed that the items
startdeterioratingassoonastheyenterintothewarehouse.However,therearenumerousproductslikefooditems(dry
fruits,foodgrainsetc.),electronicitems(refrigerator,television, etc.), that have a shelf-life and start
deterioratingafteratimelagthatistermedasnon-
instantaneousdeterioration.Moreover,thepricediscount,lowcoststorage, huge demand etc. and under such a
situation onemay decide to procure large quantity of the items whichwould arise the problem of storing. As the
capacity of ownwarehouseislimited,thereforeonehastohireanotherrentedwarehouseto storetheexcessquantity.

The proposed model can further be extended by includingsomemorerealisticfeatures,suchasinventory-level-
dependent demand, price-dependent demand, inflation andpermissibledelayinpaymentsetc.
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