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Abstract- This paper develops inventory models for deteriorating
item; the rate of deterioration is Weibull distribution
deterioration with two parameters. It considers ramp-type
demand. Shortage is allowed and it is completely backlogged. In
these models, we consider time dependent holding cost. These
models are developed under two different replenishment policies;
(i) without shortage (ii) with shortage. The aim of these models is
to find the optimal solution for minimizing the total inventory
costs for both the above mentioned policies. To optimize the
models numerical illustrations have been carried out and
sensitivity analysis occurred to evaluate the result of parameters
on assessment variables and the entire cost of these models.

Index Terms- Holding Cost, Ramp-Type Demand, Shortage,
Weibull Deterioration.

l. INTRODUCTION

I nventory is a fundamental part of manufacturing, distribution,
retail infrastructure and demand plays an important role in
choosing the beneficial inventory strategy. Researchers were
developed the inventory models assuming the demand of the
objects to be constant, stock dependent, linearly increasing,
linearly decreasing, exponentially increasing and exponentially
decreasing with time etc. after that , it has been noticed that the
above mentioned demand policies do not accurately describe the
demand of assured objects such as newly launched cosmetics,
garments, fashion items, electronics etc., for which the demand
increases with time as they are launched into the market and after
some time it becomes stable. Ramp-type demand pattern is
introduced to consider the demand of such types of materials.
Mostly the ramp- type demand rate is increasing for some time
when new variety of consumer goods comes to the marketplace.
In case of ramp-type demand pattern, the demand increases
linearly at the beginning and when the market comes into a
steady state, the demand becomes stable until the end of the
inventory cycle. For example, the demand of festival greetings
likes sweets, gods and goddess’s pictures, phatakhes, paintings
etc., follows ramp-type demand rate. At the beginning demands
of these items increases linearly from starting of October to the
end of November month, after that demands of these items
becomes constant.

The inventory of deteriorating items is a big problem for any
organization in the supply chain system. The finished goods are
deteriorating with time in inventory. Some items used in daily
life like fruits, vegetables, milk products, meat etc., are

deteriorating at higher rate instead of other items. It is necessary
that consume these items within time limit to avoid deterioration.
The inventory model with ramp-type demand rate was projected
by Mandal and Pal [9]. Wu and Ouyang [2] developed a
replenishment inventory model for deteriorating items with
ramp-type demand rate. Wu [3] developed an economic order
quantity inventory model for deteriorating items. He considered
weibull distribution deterioration, partial backlogging and ramp-
type demand. The inventory model with Weibull deterioration
and related issues have been studied by many researchers. Silver
[6] presented a heuristic for deteriorating items inventory model
with time dependent linear demand. Goyal and Giri [5] extended
review on deterioration inventory model. Covert and Philip [1]
presented an inventory model where the time to deterioration is
described with two parameters Weibull distribution deterioration.
Ghosh and Chaudhuri [7] developed an inventory model for
deteriorating items with two parameters Weibull distribution
deterioration, shortages and quadratic demand rate. Sanni [8]
developed an inventory model for three parameters Weibull
deteriorating items, quadratic demand rate and shortages are
allowed. Shortages are permitted and customers will wait till the
next order arrives i.e. called a backorder model. All demands are
fulfilled instantly. Ghare and Schrader [4] developed an
exponentially deteriorating inventory model. In this paper, they
considered stable rate of deterioration with no shortage. There
after a lot of research work has been done. Holding cost is
considered as known and constant in most of the models. Now,
holding cost may not be considered as constant, it is varying with
regular change in time value of money and change in price index.
There is lot of competitions in globalization, so holding cost may
not remain constant over time. Naddor[10], Van Deer Veen [13],
Weiss [14] assumed holding cost as a non-linear function over
time for which the items are held in inventory and the amount of
the on-hand inventory. Roy [11] proposed an EOQ model for
deteriorating items in which deterioration rate and holding cost
are considered as linearly increasing function of time, selling
price is dependent on demand rate and shortage is allowed and
completely backlogged. Tripathi [12] presented an inventory
model for non-deteriorating items under permissible delay in
payments where holding cost is a function of time.

The aim of this paper is developing inventory models where
rate of deterioration is two parameters weibull distribution
deterioration. Holding cost as a linearly increasing function of
time. These models have been studied under two different
inventory policies such as without shortage and with shortage.
The main purpose of this paper is to show that there exist a
unigue optimal cycle time to minimize the total inventory cost
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per unit time. To optimize these models numerical illustrations  the result of parameters on assessment variables and the entire
have been carried out and sensitivity analysis occurred to study  cost of these models.

Il. ASSUMPTIONS

We consider the following assumptions for developing mathematical model:
1. The inventory system consider single item.

2. T is the fixed unit of time for each ordering cycle.

3. The replenishment rate is infinite.

F(t
4. The demand rate ( ) is a ramp type function:

F(t)z{

Dt s positive and continuous fort < [O’T ] .

Dt, t<uy,
Du, t>yu,

5. The lead time is zero.
6. Shortage is allowed and completely backlogged.

7. Holding cost H. per unit is time dependent:

Hc(t)=a+bt,where a>0andb>0
8. The rate of deterioration is two parameters weibull deterioration denoted by

— b1
0=aft , Where a>0, 'B>Oand0StSt1.

9. Q is the ordering quantity.

I1l. NOTATIONS

We consider the following notations for developing mathematical model:

1. D, is the deterioration cost per unit per item.

2. H isthe parameter of the ramp type demand function.

3.tl is the time when inventory level reaches zero.
4. b is the optimal point for the replenishment policy.

5. S is the shortage cost per unit per item.

I (t 0T
6. ( ) is the on hand inventory level at time t over the ordering cycle[ ]
7. T is considered annually.

IV. MATHEMATICAL MODEL

These models are developed for the following two different replenishment policies:
(i) Without Shortage.
(ii) With Shortage.

V. MODELS WITHOUT SHORTAGE
The inventory model is starting with no shortage. At this stage, the inventory level reaches its maximum level and then production

0t =
is stopped. The inventory depletes to zero due to demand and deterioration during the time interval [ 1] and falls zero att b .Thus,
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shortage occurs during [tl ] which is completely backlogged. Therefore, the inventory is described by the system of differential

equations:

9%%12:_0LJ1y—F(0,oststl -0 (1)

I (t
with boundary condition a( 1)

— ) F(t),t, <t<T
dt () 1

-0 -(2)

I (t
with boundary condition P ( 1)

)t< i)t>
We considered two cases, ( ) ’uand ( ) # for solving these differential equations:

5.1Case (i): t<u

From equation (1), we get

l,(t)=De %(tf —t2)+%(tﬁ*2 ~t72) - (3)

Equation (2), solve by the following two ways:

OIIzl—t(t)=—Dt, t, <t<u ..(1)

d'g_t(t):_[)#, HSt<T, (e )=1(w.) ...(ii)

We have
D 2 2

NOES\EY ~(4)
= Dﬂz

1, (t)

—D,ut+%t12 .(5)

0t
Total deterioration amount during [ 1]

t t
D = [ Dte™ dt — [ Dtdt = 22t 72 (6
= [ predt-[ D=5 (6)

Total holding cost during [O'tl] is

b

b —at? 1 2 42 +2 +2
Hc:!Hc(t)la(t)dt=j(a+bt)oe {E(t1 ~t )+ﬁ(tf —t )} dt

0

3
HC =D| Pt + Qt/** + Rt /** + St /*° +%t;‘ +%} -(7)
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See Appendix-A
T
Lost sale amount during [t1 ]IS

S, :]'—Ib(t)dt :T—Ib(t)dt+]—lb(t)dt =T%(t2 —tlz)dt+]-(Dyt—D_'uz_2 Zjdt

4 H 4 2 2

=%(A&—3th+2tf) (8)

See Appendix-A
Order quantity is

0Q = je"“ Dtdt—Djtdt ijdt_Dj (1+at”) tdt+Djtdt+ijdt

4 u 4 u

t12 a ﬁ+2_£ 2
0Q = D(z o Soh 2t1j+A2 -(9)

See Appendix-A

0,T _ _— TC =HC+S,+D
Total cost during [ ]= holding cost + lost sale amount + deterioration cost = * (tl) ¢ ¢

TC, (t1): D{Ptizﬂ“‘ QU RYS St o tl/;+z t N gtg __t1 N 2&} .(10)
5.1.1 Solution:
T P(2B+4)t7"° +Q(2B+3) " +R(B+4)t/° +S(B+3)t/**
L (11
o, +at/ +gt13 +2t2-Tt, (1)

X P(28+4)(2B+3)t"?+Q(28+3)(28+2)t"" +R(B+4)
OTC _p 3 -(12)
at? (B+3)t72+S(B+3)(B+2)t/ +a(B+1)t” +?t12+4t1—T

Main objective to minimize the total relevant cost for the model starting without shortage, the necessary condition to minimize the

total relevant cost is

oTC,

6t1 , We get
DP (28 +4)t""° +DQ(28+3)t,”"* + DR(B+4)t”" + DS (B +3)t/**

+Dat /" +D7bt13 +2Dt’ - DTt, =0 ..(13)
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TC,(t
Using the software Mathematica, we can calculate the optimal value of b by equation (13) and the optimal value 1( 1) of the

total relevant cost is determined by equation (10). The optimal value of b satisfy the sufficient condition for minimizing total relevant

o°TC,
>0 ..(14
costTCl(tl)is 8t12 ( )

The sufficient condition is satisfied.

43.0
Inventory Cost
36.9 1
30.7 1

24.6 1

18.4 1

12.3 1

(0.46,12.81)

tl

Time 1

Figure 1: Graphical representation of total relevant cost without shortage.

5.1.2 Numerical Example:

Let us consider

a=3%1/unit,b =$0.5/unit,S, =$1/unit/ year,d, =$5/unit,a =0.02, f =2, T =1year,
D =100, £ =0.8 year.

P =-0.00000625,Q =-0.00002,R =0.0004, S =0.003, A =0.99, A, =16

Thus, the optimal value of bt > 046<u

TC,=12.81

0Q =16.02

. The optimal ordering quantity is .The minimum relevant cost is

5.1.3 Sensitivity Analysis:
To know, how the optimal solution is affected by the values of parameters, we derive the sensitivity analysis for some parameters.

The particular values of some parameters are increased or decreased by +25% , —25%ng +950% , —50% | After that, we derive
the value of b and TC, with the help of increased or decreased values of S anddc . The result of the minimum relevant cost is
existing in the following table 1.

Table: 1
Parameters | Actual 50% 50% pecreased | 29% Increased | 29%
Values Increased Decreased
S, 1 1.5 0.5 1.25 0.75
d, 5 7.5 2.5 6.25 3.75
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t’ 0.46 0.55 0.31 0.51 0.4
TC, 12.81 13.28 7.4 14.96 10.32
0oQ 16.02 16.045 | 16.005 16.034 16.013

From the result of above table, we observe that total relevant cost and ordering quantity is much affected by deterioration cost and

shortage cost, other parameters are less sensitive.

5.2 Case Il: LZH
Equation (1), solve by the following two ways:

dl;—t(t)+t9la(t)=—Dt, O<t<y g 1(p)=1(s) ..(i)
d';—t(t)Jrela(t):—Dy, u<t<t, I(t)=0 ..(iiN)

We have

d';—t(t)+a,6’tﬁ—1|a(t)=—Dt, O<t<y 1(p)=1(s,)

I, (t)=De" {%(ﬂz —t2)+%(ﬂﬁ+2 —tﬁ*2)+u[(ﬁ—u)+ﬁ(aﬁ” —ﬂﬁ“)j}---(ﬁ)and
Ia(t)=e‘“‘ﬁDy{(tl—t)+ﬁ(t1ﬁ”—tﬁ”)}, p<ts<t, ..(16)

From equation (2), we get

di, (t) _

—g ~ P4 ustsT, (t)=0 1, (t)=-Dpu(t-t,)
Total deterioration amount during [o’tl]

u ] Yy
at? at? a p+1
Dcszte‘dt+Dyje t dt—DyIdt:D{S+ymtl } .(18)
0 u u
See Appendix-B

Total holding cost during [O'ti] is
[ H I’

HC = [ H, (t)I, (t)dt = [(a+Dbt)l, (t)dt+ [(a+bt)l, (t)dt
0 0 Y7

HC = aD[(% +7{(H*#)+ﬁ(tf”*ﬂ”ﬂ}*{“%utf —ty+t Py + 17y +HZ”*ZKH
+bD {7[ + p(tl +Lt1/”1)+ {ﬁtf —pt +E+t Pt M9 +t12’“3QH
B+l 6

See Appendix-B
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p+1

_ Gy 1 pe1
HC—&DHé1 U e +gj+2,ut1 +1; (,3 i

+ + 27 +
bD{;z+§+tf ‘r+tf l(ﬂ—fl+l9J+t12ﬁ 3Q+%t13}

HC =aD [% Y7 T S RV N | | +ER} +bD [%tﬁ +t77Q+t +tlﬂ*1Y+‘I’}...(19)
See Appendix-B
Lost sale amount during [H’T] is
t)d \d Lirz .2 T? t?
S, =—j| t_Dyjt ~t,)dt = Du 2(T —t?)-t,(T-t,) | =Dy 5T |-(20)

Order quantity is

H 4 T
OQ = [ Dte™dt+ Dy dt+ Dpuf(t—t,)dt = D(%,utlz +ut, — pt T +212j -(21)
0 u t

Total cost during [O’T ] = holding cost + lost sale amount + deterioration cost

2 2
a(%utlz + 7 e+t Py At ST+ SRJ + ,u[T?+ % _tlTj
TC, (tl) =D

24+3 p+3 p+L p+1
TCZ(tl):HC+SC+DC +b( 2+t Q+t P+t Y+‘PJ+S+IB t

5.2.1 Solution:
aut, +a(B+ )t/ TI+a(pf+2)t  y +a(2p+2)t "«

- +b(ﬁ+3)t1ﬂ+2r+b(ﬁ+1)t1w+b(2ﬂ+3)tfﬂ+2gz+b7“tf (23)

1
+out” + p(t,-T)
) au+a(p+1)pt  M+a(B+2)(B+2)t y+a(28+2)(28+)t 7/«
OTC, _D|4b(p+3)(f+2)t s +b(f+1) BT +b(25+3)(25 +2)t24 Q + by, + (24)
+aupt” " + u

Main objective to minimize the total relevant cost for the model starting without shortage, the necessary condition to minimize the
total relevant cost is

oTc,
o , We get
bDQ(28+3)t**? + aDx (28 +2)t* +bDr (B +3)t** +

bDu tlz

+aDy (B+2)t/" + D((all+bY)(B+1)+au)t” + Du(a+1)t, —DuT =0 ..(25)
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TC,(t
Using the software Mathematica, we can calculate the optimal value of b by equation (25) and the optimal value 2 ( 1) of the

total relevant cost is determined by equation (22). The optimal value of b satisfy the sufficient condition for minimizing total relevant

o°TC,
>0 ...(26
costTC2 (tl)is 8t12 ( )

The sufficient condition is satisfied.

5.2.2 Numerical Example:
Let us consider

a=3%1/unit,b =$0.5/unit, S, =$1/unit/ year,d, =$5/unit,a =0.02, f =2,T =1year,
D =100, £ =0.8 year.

0,=0.17,y =¢=0.637, £ =0.25, y = 0.0013, = —0.0042, x = -0.000018, 7 =—-0.153,
£=0.136, p =0.25,7 = 0.0016, 9 =-0.0034, Q =-0.000011, R =-0.092,
IT=0.000047,Y =-0.0017, ¥ =-0.017,S =0.32, Z,, =0.082,S = 0.32

Thus, the optimal value of bk 2 0.92> u

TC,=191.92

0Q =42.06

. The optimal ordering quantity is .The minimum relevant cost is

VI. MODELS WITH SHORTAGE

0t . : :
Now, inventory model starting with shortage during the period[ 1]and is completely backlogged. Replenishment brings the

inventory level up toQafter timetl. The inventory level depletes and falls to zero at! =T because of demand and deterioration

during[tl’T] . Two cases occur
Q<A
(i) 0 = H

6.1 Case (i) L<u

. I(t). : _ _ _ .10, T
Therefore, the inventory ()IS described by the system of differential  equations durlng[ ]:

dq;—t(t)z—D(t), 0<t<t,, q(0)=0 .(27)
dqé—t(t)ﬂng(t):—Dt t <t=<y, q(y,)ZCI(M) ---(28)
dqét(t)+49q3(t):—Dy u<t<T, q(T)=0 ...(29)

From equation (27), we have
t

ql(t):—D_[tdt:—%tz, o<t<t ..(30)
0

From equation (28), we have
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70( o o ﬂxf 1 +
q,(t)=e'D {jte‘du Jetdt} ‘[D(Zlg—gtz—%tﬁZJ,HStSﬂ---(Sl)

See Appendix-C
From equation (29) we have

g (t)=¢'D Ie“t dt=e" Du{Zu—t—ﬁt“}, p<t<T -(32)

See Appendix-C

T
Total deterioration amount during [t1 ]

gt at” at” t2 +2
D, = 1{the dt+Dyje dt}3 D{(l at, ){2 ﬁtf +c2H (33)

4

See Appendix-C

Total holding cost during [T ]_is ]
N, + uN, —aZ,t, —%bzlstl2 +%t13 +§tl4 +((ﬂ+ 20)(?ﬂ+ e 2(251 4)}1/”4
oGy me) G

See Appendix-C

N, +uN, —aZt — bzlgt1 += t1 +— t1 + Nt/ + N, A

HC =D (34)
abZ,, t1ﬁ+2 aaZlS t1ﬂ+l _ N5t1213+4 _ N6t12ﬂ+3

(B+2) p+1

Lost sale amount during [O'ti] is

" 1., 1 D
S =D|(t -t)tdt=D{=t>-=t3*}=—"+t3 ..(35
e (2)

Order quantity is

OQ:DtjtdtJre {th (1+at”) dt+D,uI l+atﬁ)dt}
0

1

1 +2 +2
P A At

+/J(T—ﬂ)+ﬁ(1—ﬁﬂ—#m)

.(36)

0Q=D %tf +(1—at/”)
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10, T . I
Total cost during [ ]=hold|ng cost + lost sales amount + deterioration cost

3 1 2, 8.5 by pra pra | OOy o
N, + uN, —aZ.t, 2b213t1 +6t.1 +8tl + Nt + Nt +(,8+2)t1
TC,'=D . . . (37)
AxLy5 4 g1 _ N 12644 N 2P0 o8 et [ W X e
TC,'(t)=HC +8, +D, Pt TN TR [2 "pe2t +C?J
6.1.1 Solutign: .
—ale,—b213t1+%t12+%tf’+Ns(ﬂ+4)t1/”3+N4(,B+3)t1”+2
Lgtcl' = D| +abZ, /" +aaZ, 4 Ny (25 + 4L N, (28 +3)t/7 -(38)
1., 41 1 t12 o 42
_+§tl +(1-at/)(t, + ot ) - apt? (2+ﬂ+2t1'5 +C2J_
%l?tf+N3(ﬂ+4)(ﬁ+3)tlﬁ*2+N4(ﬂ+3)(ﬂ+2)tlﬂ”
+abZ, (B+ 1Y +aaZ, pt/ — Ny (28+4)(28+3)2
2 '
_5;?1 =D| -Ny(28+3)(28+2)t"" +(1-at/ )(1+a(B+1)t") | ..(39)
—aft (4 +at/ ) -apt!? (t + ot/ ) -bZ,, +at,
2 a .
_—aﬁ(ﬂ_l)tlﬂ [%+mtlﬂ ’ +C2j+t1 |

Main objective to minimize the total relevant cost for the model starting with shortage, the necessary condition to minimize the
total relevant cost is

aTc
at,

, We get
—az,,-bz,, +%t12 +%t13 N (B2 + N, (B+3)L07
D| +abZ " +aaZ,t — Ny (2+ )20 =N, (25 +3)t22 | =0 ..(40)

2
t1—+Ltl‘”2 +CZ]

+%t12 +(1-at/)(t, +atf”)—aﬂtfl( 7 542

Using the software Mathematica, we can calculate the optimal value of b by equation (40) and the optimal value ! (ti) of the

total relevant cost is determined by equation (37). The optimal value of b satisfy the sufficient condition for minimizing total relevant

o°TC,"
i U (41
costTCl (ti)is 8t12 ( )

The sufficient condition is satisfied.
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6.1.2 Numerical Example:
Let us consider

a=3%1/unit,b =$0.5/unit, S, =$1/unit,d, =$5/unit,a =0.02 § =2,

T =1year,D =100,0 =1, £ =0.8 year.

Z,=0.48,Z,,=1.006,C, =0.162,N, = 0.35,N, = 0.083, N, = —0.00042, N, = —0.001,
N, =0.00000625, N, = 0.000014

Thus, the optimal value of b istl —0.09<u 0Q =485

TC,'=118.4

. The optimal ordering quantity is

6.2 Case (ii) &= 4

11

.The minimum relevant cost is

. I(t). . _ _ _ .10, T
Therefore, the inventory ()IS described by the  system of  differential equations durlng[ ]:

dqét(t) —D(t), 0<t<u, q(0)=0 ..(42)
dqg, (t

;—t()=—D(ﬂ), pts<t, q(u)=a(w) ..(43)
1) hg(t)=-Dp, t,<t<T, o(T)=0 (44)
From equation (42), we have

t

ql(t):—Djtdtz—%tz, O<t<u ...(45)
From equation (43), we have

o, (t ——Djtdt—Dyjdt_ [,ut—%,uz} p<t<t ...(46)
From equatlon (44) we have

o (t) =" Dyje“t dt = ‘“tﬂDy{Ml—t—ﬂ+1tﬁ+l} L <t<T ..(47)

See Appendix-D
T
Total deterioration amount during [t1 ]

D, =e™' Dufe™ dt—(T -t )dt = D,u{(l—atlﬂ)[Ml ~t, —ﬁtﬁ“]—(T —tl)}..(48)

tl
Total holding cost during [tl’T ] is

HC = }(aert)q3 (t)dt= aﬁ 05 (t)dt} bﬁtqs (t)dt}

4 4 %

I 1 + aM + + |
D1+a[—|\/|ltl+§tl2 +D,t/*? +mtlﬂ LDt 2]
HC =Du .(49)
M 1 aM
+b _ 142 += 3 + D tﬁ+3 1 tﬁ+2 2p+3
( o o T3 DL —(ﬁ +2) Dty }
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Lost sale amount during [O'tl] is

H 4 1
S, = [ o (t)dt+ [ q, (t)dt = D{—
0 H

3 l 2 1 2
o ut?-=
g1 oM 2#%

Ordered quantity is

u 4 T
0Q = Djtdt+ Dyjdt +e Dyje““ dt
0 H

0Q = DHW + +e“‘1’fﬂ[(T -t,)

Total cost during [O’T

TC,'(t,)=HC+S, +D,

)|

]= holding cost + lost sale amount + deterioration cost

+,u£aD +
TC,'(t,)

I
)

—ouM t” +§(1+a—b|\/|l)tl2

+,u(%,u2 -T+D,+ Mlj

6.2.1 Solution:

orc,"

[2but, ~buD, (28 +2)(2+3)t 2 +buD, (5 +2)(5+3)t"

_—a,uﬂﬂ—lMltf 2 +,u(1+ a—le)

t12ﬂ+1 + azﬂ(zﬂ‘*‘l)
F+1

aM; 1
('B+1)((ﬂ+1) - [+1

Y7,
—u| aM, +—
_”( 12)

t?’ +y(,3+2)[aD2 + abM, ]tlﬂ*l-kay

(A+2)

+1}V—aﬂﬂ'\/‘&ﬂl+ﬂ(1+a—b'\"1)tf

ZaZyﬁ(Zﬂ +1)

_ 2p
auD, (28+1)(28+2)t* + Al

[aD2

t7 7+ u(B+1)(B+2)

abM, ). aM, 1 ).
5 2)}1 ranp(p >[(ﬂ+1) ﬂ+1+l}l

b'utl blLlth'B+3+b,LlDtﬂ+3 aﬂDstlz,mz

o] e (e

ﬂ(aM1 +§Jt1

 but? —buD, (28+3)t2? +buD, (B +3)t"? —auD, (28 +2)]

12

(50

(50)

zfu t12ﬂ+l_
p+1

(54)

Main objective to minimize the total relevant cost for the model starting with shortage, the necessary condition to minimize the
total relevant cost is
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atc,’

o , We get

but? —buD, (28+3)t2? +buD, (B +3)t”? —auD, (24 +2) |

a’u(2B+1) 25 abM,; | 5.

+—ﬂ+1 t, +y(,3+2)£aD2-|r—(ﬂ+2)]t1

D —0 ..(55)
+ay(ﬂ+1)((;|\ﬁll) —ﬁ+l]t1ﬁ —oupM " + p(1+a—-bM, )t}
{4 |

TC,'
Using the software Mathematica, we can calculate the optimal value of b by equation (55) and the optimal value 2 (ti) of the

total relevant cost is determined by equation (52). The optimal value of b satisfy the sufficient condition for minimizing total relevant

82TC2'
, >0 ...(56
costTC2 (tl)is 6t12 ( )

The sufficient condition is satisfied.

TC2
43.0 T

36.9 T
Inventory Cost

307 1
(0.8,285)

24.6 T

6.1 1

Figure 2: Graphical representation of total relevant cost with shortage.

6.2.2 Numerical Example:
Let us consider

a=3%1/unit,b=$0.5/unit, S, =$1/unit,d, =$5/unit,a =0.02 f =2
T =1year,D =100,6 =1, £ =0.8 year.
M, =1.007, D, = 0.587, D, =-0.003, D, = 0.00002, D, = -0.0026, D, = 0.000019
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We fingh = 0-62
> 08=u 0Q'=48.05 TC,'=28.5

. The optimal ordering quantity is .The minimum relevant cost is

6.2.3 Sensitivity Analysis:

14

> tup= .
, which does not satisfytl =H , S0 the maximum point is max{ 1 ,u} ,u. Thus, the optimal value of b

To know, how the optimal solution is affected by the values of parameters, we derive the sensitivity analysis for some parameters.
The particular values of some parameters are increased or decreased by +25% , —25%ng +90% , —50% | After that, we derive

TC

the value of b and 1 with the help of increased or decreased values of S anddc . The result of the minimum relevant cost is

existing in the following table 2.

Table: 2
Parameters Actual +50% -50% +25% -25%
Values Increased | Decreased | Increased | Decreased
S 1 15 0.5 1.25 0.75
C
5 7.5 2.5 6.25 3.75
C
t1* 0.8 0.8 0.8 0.8 0.8
TC, 28.5 41.5 15.5 35.0 22.0
0oQ” 48.05 48.05 48.05 48.05 48.05

From the result of above table, we observe that total relevant cost and ordering quantity is much affected by deterioration cost and

shortage cost, other parameters are less sensitive.

VII. CONCLUSION

We developed order level inventory models with time varying holding cost for weibull deteriorating items. We considered ramp-
type demand rate and holding cost is not constant varying over time. The deteriorating item is deteriorated with two parameters
weibull distribution deterioration. The models are developed under two different policies (i) without shortage and (ii) with shortage,
which is completely backlogged. The total relevant cost with constant holding cost is less than the total relevant cost with time varying
holding cost. The total inventory cost with constant holding cost is more realistic than the total inventory cost with time varying
holding cost. Advance research in this way can be carried out such as stochastic demand and finite replenishment rate, quantity

discounts and permissible delay in payments.

Appendix-A:
Po_ a’b B ab b __ab . ab
2(/3+2)2’ 2(8+2) (B+2)(B+4) 2(B+2) 2(p+4)
o aa’ aa’ aa aa aa aa

Where. (ﬁ+2)(2ﬂ+3)_(ﬁ+1)(ﬂ+2)’8:ﬁ+2_(ﬂ+2)(ﬁ+3)_2(ﬁ+1)+z(ﬂ+3)

— D 2
A=u(3T* 3T+ i) A=~ p+Du(T —p)
Appendix-B:
2

S— H a g2 au”?

= +—lu
Where, 2 p+2 p+1
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5=lu_3+a(ﬂ+2)luﬁ+3_('B+2)a2ﬂ2ﬂ+3 _ 2_(Z,Llﬂ+2 gzﬂ_3_aﬂ2
LT T (pen)(pe3) (B0)(2p+3) T F (s T 2 gt
. au”? _ 20p au _ou a’u”? oyl
(B+1)(B+2)"" " B+2 (p+1)(B+2) B+1" (p+1f AL
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(ﬁ+npﬂ+2)(ﬂ+gz 8 2(B+2)(B+4) 4ﬁ+2y 2 (B+2)
OC,U'B+1 azﬂms a,u3 #3 ayﬂ+3 ,UA aﬂﬁ+4
S 9= _ L S Sy L
(’H /3+1j (B+1)(p+2) (0" 2 (ﬂ+2)ec 3 (p+1)(4+3)
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B+3 (B+1)(28+3) _(,B+1) 2 pf+2 p+3)
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(ﬂ+1)(2ﬁ’+3) (ﬁ+1)(ﬁ’+2)
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Appendix-C:
Where
1, a ) a
7. === B2 T )+ 2 (TP 1
13 2/1 ,B+2'u ,U{( ,U) ﬂ+1( H )}

a a
2, =T +-2 T/ Cy= g T—put -2 (TP
14 L+1 2 'u( # ﬁ+1( # )
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+ +
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See Appendix-D:

M, =T +—2 T4
B

Where, +1

= e a e oMy a B2 0—'—2 2p+2
D, =a)M,T 2T (5+1) ,B+2)T (5+1) (5+2) (B+1)(28+2) i

b &Tz_}-l—z_ a TA3 _ aM, B2 o 543 o’ 2543

2 3 (,6’+1)(ﬂ+3) (/3+2) (,6’+3) (,B+1) 2ﬂ+3)

D - o . «a D. — a? D — o . a

2B (B+2) (B+2) 7 (B+))(28+2) " (B+1)(B+3) (B+3)
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