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Abstract

Economic production quantity (EPQ) research has typically focused on the
cost of production processes, but has not employed accurate calculation to
assess factors influencing ordering costs, because one of their assumptions is
the raw materials that are product timely. However, the production and
transport process of raw materials are influencing factors and increase the
holding cost of raw materials, either by increasing or reducing the total relevant
cost. [1] combined [2]’s concept of holding cost of raw materials and [3]’s
two-level trade credit and limited storage capacity model to develop innovative
and detailed EPQ model that considers the holding cost of non-deteriorating
raw materials to closer to the real world. However, some raw materials have
deteriorated should be considered. Therefore, this research extends [1]’s
model to consider the holding cost of deteriorating raw materials. Four theo-
rems for determining the optimal cycle time and the total relevant cost were
developed using cost minimization. Finally, sensitivity analyses are used to
find out the effects of the parameters to determine the ordering policies.
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1. Introduction

[4] and [5] first developed the concepts of the economic order quantity (EOQ)
and the economic production quantity (EPQ). These models facilitate the use of
mathematical analysis for inventory management. For convenience, researchers
have used various assumptions and parameters to account for unimportant fac-
tors; an example of such parameters is, the ordering cost, which involves the rel-
ative cost incurred during pre-production processes. A supply chain is consist-
ing of suppliers, manufacturers, transporters, warehouses, retailers, and custom-
ers. When suppliers provide raw materials, the holding cost of raw materials can
be affected by factors such as the shipment and acquisition prices; ultimately, the
total relevant cost is affected. [2] modified the EPQ model to incorporate the
holding cost of raw materials, thereby enhancing its practicality [6] [7].

[8] developed an EOQ model that includes the condition of permissible delay
in payment (also called trade credit). [9] and [10] have extended the model de-
veloped by [8] to two-level trade credit, providing a fixed trade credit period A/
between a supplier and a retailer as well as, a trade credit period Nbetween a re-
tailer and a customer which is different between [9]’s and [10]’s payment terms
as follows:

1) In [9]’s payment terms, if a customer buys one item from a retailer at time
te [O,T] , then the customer receives a trade credit period N —t and makes the
payment at time N. Therefore, retailers allow a maximal trade credit period N
for customers to settle the account [11]-[21].

2) In [10]’s payment terms, if a customer buys one item from the retailer at
time te [O,T] , then the customer obtains a trade credit period N and makes the
payment at time N +t. Therefore, retailers allow a maximal trade credit period
Nfor customers to settle the account [22]-[27].

Trade credit stimulates retailers to purchase larger quantities of goods, as well
as more storage capacity in which to store those goods. [28] developed an EOQ
model for a two-warehouse solution: if an owned warehouse (OW) has
insufficient storage capacity, then a rented warehouse (RW) can be used [3] [12]
[29] [30] [31] [32].

[3] developed an EPQ model according to [10]’s payment terms (denoting it
as “alternate due date of payment”), finite replenishment rates, and limited
storage capacity. Furthermore, [1] combined [2]’s concept of holding cost of raw
materials and [3]’s two-level trade credit and limited storage capacity model to
develop innovative and detailed EPQ model that considers the holding cost of
non-deteriorating raw materials. However, raw materials such as grain, metal,
energy, and fiber are often volatile and time-sensitive, hence, the necessity of
considering the tendency of raw materials to deteriorate [33]. Therefore, we
organize the relevant literatures on two-level trade credit, limited storage
capacity, and raw materials, as shown in Table 1.

As mentioned above, we found there is lack about the holding cost of

deteriorating raw materials in the total relevant cost. Moreover, [1] developed a
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Table 1. Summary of related literature for inventory models with two-level trade credit,
limited storage capacity, and raw materials.

Author Model N+t LSC NRM DRM

[35] EPQ v

[22] EPQ v

[12] EPQ \%

[34] EOQ \%

[14] EOQ A\

[23] EOQ v

[36] EPQ v

[24] EPQ A v

[30] EPQ v

(37] EOQ A v

(2] EPQ v
[25] EPQ A

(3] EPQ A v

(6] EPQ v
(7] EPQ v
[26] EOQ A\

[27] EPQ v

[10] EOQ A\

[38] EOQ v

[39] EPQ A\

[40] EOQ v

[20] EOQ \ \

[41] EPQ \ A

This research EPQ v v \% A%

Note: Column N+t for [10]’s payment method, LSC for limited storage capacity, NRM for the holding
cost of non-deteriorating raw materials, and DRM for the holding cost of deteriorating raw materials. For
the answers, V for Yes and empty for No.

complete inventory model by incorporating the holding cost of non-deteriorating
raw materials with two-level trade credit and limited storage capacity. Therefore,
this research extends [1]’s model to develop a new inventory model by
considering the holding cost of deteriorating raw materials to determine the
optimal inventory policies, two-level trade credit and limited storage. According
to the cost-minimization strategy, four theorems are developed to characterize
the optimal solution. Finally, sensitivity analyses are performed to determine the
critical impact factors and draw the conclusions.

2. Notations and Assumptions

2.1. Notations

Qthe order size.
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Pthe production rate.
Dthe demand rate.

A the ordering cost.
T'the cycle time.

D
—1-250,
P P

L,.x the storage maximum.

I, (t) the inventory function for raw materials.

0 the deterioration rate, 0<8 <1.

s the unit selling price per item.

cthe unit purchasing price per item.

h,, the unit holding cost per item for raw materials in a raw materials
warehouse.

h, the unit holding cost per item for product in an owned warehouse.

A, the unit holding cost per item for product in a rented warehouse.

I, the interest rate payable per $ unit time (year).

L. the interest rate earned per $ unit time (year).

£, time in years at which production stops.

M the manufacturer’s trade credit period offered by the supplier.

Nthe customer’s trade credit period offered by the manufacturer.

W the storage capacity of an owned warehouse.
tw, the point in time when the inventory level increases to W when the

roduction period is .
P P PD

tw, the point in time when the inventory level decreases to W when the
. L W
production cease periodis T o

tw, —tw; the time of rented warehouse is
DT p-W N DTp-W

P-D
0, if DTp<W.

, if DTp>W

TRC(T) the total relevant cost per unit time of the model when T >0.
T" the optimal solution of TRC(T).

2.2. Assumptions

1) Demand rate Dis known and constant.

2) Production rate Pis known and constant, P> D .
3) Shortages are not allowed.

4) Backlogging is not allowed.

5) A single item is considered.

6) Time period is infinite.

7) Replenishment rate is infinite.

8 h2h,2h,, M>N,and s2c.

9) Storage capacity of raw materials warehouse is unlimited.
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10) If the order quantity is larger than the manufacturer’s OW (owned
warehouse) storage capacity, then the manufacturer will rent an RW (rented
warehouse) with unlimited storage capacity. When demand occurs, it is first
replenished from the RW which has storage that exceeds the items. The RW
takes first in last out (FILO), and products in the OW or RW will not
deteriorate.

11) During the period the account is not settled, generated sales revenue is
deposited in and interest-bearing account.

a) When M <T, the account is settled at t =M , the manufacturer pays off
all units sold, keeps his or her profits, and starts paying for the higher interest
payable on the items in stock with rate 1.

b) When T <M, the account is settled at t =M and the manufacturer does
not have to pay any interest payable.

12) If a customer buys an item from a manufacturer at time te[0,T], then
the customer receives a trade credit period N and makes the payment at time
N +t.

13) The manufacturer can accumulate revenue and earn interest after his or
her customer pays the amount of the purchasing cost to the manufacturer until
the end of the trade credit period offered by the supplier. In other words, the
manufacturer can accumulate revenue and earn interest during the period from
Nto Mwith rate |, under the condition of trade credit.

e

14) The manufacturer keeps the profit for use in other activities.

2.3. Model

The model considers three stages of a supply chain system. It assumes that the
supplier prepares the deteriorating raw materials for production, and the
deteriorating raw materials are expected to decrease by the inventory function
I, (t) with the deterioration rate @ (from time 0 to t). The quantity of
products is expected to increase with time to the maximum inventory level
(from 0 to t,); the products are sold on demand at the same time. After
production stops (at time t,), the products are sold only on demand until the

quantity reaches zero (at time 7), as shown in Figure 1.

3. Annual Total Relevant Cost

The annual total relevant cost consists of the following element.

As shown in Figure 1, the raw material inventory level can be described by the
following formulas, and we set the time in years at which production stops t,
the optimal order size Q and storage maximum L :

dl, 1)

01, (t)=-P, 0<t<t,. 1
gt () ey

By using the boundary condition |, (t, ) =0, we obtain

Im(t):g(e‘g(tS't)—l), o<t<t,. @)
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Raw Materials
Inventory Level

A
0
1,(1)
0 1 T ;Time
Product
Inventory Level
A
DT}~ _ _
Lobo——__ \_\_\_\_\:_
|
(P-D)t | -Dr
I
: s
0 2 T " Time
Figure 1. Raw materials and product inventory level.
We will then set the cycle time 7"and the optimal quantity Q.
(P-D)t,—D(T -t,)=0,
D
ts = FT (3)
021
Q:|m(o):E£e P 1J 4)
0
3.1. Annual Ordering Cost
Annual ordering cost is
A
- 5
T (5)
3.2. Annual Purchasing Cost
Annual purchasing cost is
1 _cP( opr
CxQx==—/|e P -1|. 6
SHETE .
3.3. Annual Holding Cost
Annual holding cost is
1) As shown in Figure 1, annual holding cost of raw materials
D
hmxj‘ﬂm(t)dtxi:hm—'3 e 1|-Br . @)
0 T 61|86 P
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2) Two cases occur in annual holding costs of owned warehouse.
a) DT p<W, asshown in Figure 2.

Annual holding cost in owned warehouse is

py x e L BT, ®)
2 T 2

b) W < DT p, as shown in Figure 3.

Annual holding cost in owned warehouse is

(e )T W 1 Wi,

. €]
° 2 T ° 2DTp )
3) Two cases occur in annual holding costs of rented warehouse.
a) DT p<W, asshown in Figure 2.
Annual holding cost in rented warehouse is
0. (10)
b) W < DT p, as shown in Figure 3.
Annual holding cost in rented warehouse is
W, — W, )¢ Ly W h (DT p-W)*
py s Mo ) (Lo W) 11 (DTp=W) (11)
2 T 2DTp
Product
Inventory Level
A
W _____________
DT}~ _
[
[
[
[
[
[
! >
0 Z T " Time
Figure 2. Annual holding cost when DT p <W .
Inventory Level
A
DT}~ _
F A T
|
/\
wh---=s :
I I :\
| | I
| | I
0 w, l w, r " Time

Figure 3. Annual holding cost when W <DTp .
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3.4. Annual Interest Payable

Four cases to occur in costs of annual interest payable for the items kept in

stock.
1) 0O<T<M-N.

Annual interest payable is

PM

Figure 5. Annual interest payable when M < o <T.

0. (12)
2) M-N<T<M.
Annual interest payable is
0. (13)
PM
3) MSTZ o as shown in Figure 4.
Annual interest payable is
2
T-M)xD(T-M cl,D(T-M
C|p>< ( ) ( ) XEZM. (14)
2 T
PM
4) M< o <T, as shown in Figure 5.
Product
Inventory Level
A
DT _
Lmax -________::_;T\\
L7 T~ -
<7 ~<
D(T-M)}--====7C———p——mm——-T =
P |
// I
s |
al : >
0 8 M T " Time
. . PM
Figure 4. Annual interest payable when M <T < o
Product
Inventory Level
A
DT
Lmax
(P-D)M
0 " Time
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Annual interest payable is

TxDTp Mx(P-D)M) 1 cl,p(DT?—PM?)
cl, x — X— = . (15)
2 2 T 2T
3.5. Annual Interest Earned
Five cases to occur in annual interest earned.
1) 0<T<N and T <M —N, asshown in Figure 6.
Annual interest earned is
T+N)-N [xDT
sl x [(T+N)-N] +[M —(T+N)]xDT <L
2 T
(16)
B sIeD(ZM —-2N —T)
= 5 .
2) 0<T<N and M —N <T, as shown in Figure 7.
Annual interest earned is
M -N)xD(M =N sl D(M —=N)?
sl x ( )xD( )] L_stD( ) : (17)
2 T 2T
3) NST<M and T <M —N, as shown in Figure 8.
Annual interest earned is
$
A
DT f-————- SRS S
I
I
I
I
I
I
I
I
I
: >
0 T N T+N M Time
Figure 6. Annual interest earned when 0<T <N and T<M -N.
$
A
DT ———————— r
I
i
D(M-N) |- O
I
I
I
: >
0 T Time

Figure 7. Annual interest earned when O0<T <N and M -N<T.
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Dl t—————-— 1______________/_/|_ ______

0 T T+N M " Time
Figure 8. Annual interest earned when N<T <M and T<M-N.
T+N)-N [xDT
sl x [(T+N)-N] +[M —(T+N)]xDT <L
2 T
(18)
_SIeD(ZM—ZN—T)
= 5 .
4) N<T<M and M —-N <T, as shown in Figure 9.
Annual interest earned is
M -N)xD(M =N sl D(M =N)?
s, M-N)*D(M-N) 1 _sL.D(M-N) 19)
2 T 2T
5) N <M <T, as shown in Figure 10.
Annual interest earned is
2
M-N)xD(M =N 1 sI.D(M-N
[ (M =N)<D(M-N)] 1 st.D(M-N)" o)
2 T 2T

3.6. Annual Total Relevant Cost

From the above arguments, the annual total relevant cost for the manufacturer
can be expressed as TRC(T) = annual ordering cost + annual purchasing cost +
annual holding cost + annual interest payable — annual interest earned.

Because storage capacity W = DT p, there are four cases arise:

1) W mM-nN,
Dp

2) M-N<Y (M,
Dp

Case 1. ﬂ<M—N.
Dp

According to Equations (1)-(20), the total relevant cost TRC (T) can be
expressed by
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$
A
DT p=====-= ity B Il r——-—-->1
| | | -~ |
DMN) }——————— T R ez
| | { |
| | |
| I |
| | |
| I [
| I |
| | |
I I ! >
0 N T M T+N Time
Figure 9. Annual interest earned when N<T <M and M -N<T.
$
A
DT f=====-~ it === e i =
I -7 Pragi|
| - I_-- |
I Py _-1 I
1 -7 | - I 1
DOMN) |- R eIl IR A ]
I -7 I I
- | |
- I I
- | I 1
-~ | | | >
0 N M T T+N Time
Figure 10. Annual interest earned when M <T .
. W
TRC, (T), if0<T <— (21a)
Dp
L W
TRCZ(T), if —<T<M-N (21b)
Dp
TRC(T): TRC3(T), if M-N<T<M (21c)
TRC, (T), if M <T <% (21d)
TRC, (T), if %ST (21e)
where
A cP( o1 hoP| 1 o2t D
TRCI(T):?_{—E e P -1 +£]? 5 e P -1 —FT
(22)
+DTh0p SIED(ZM—ZN —T)
2 2 ’
D D
D. h P D.
TRC, (T) =24 P ¢'s" | P Lh%T 4| Dy
T o1 R P
(23)

+Wh

w2h,  h (DTp-W)" sI,D(2M —2N -T)

A +
2DT p 2DT p

2
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D D
TRC,(T) = TA+;T—P[eHPT - j+ ETP {%[egPT —1]—%T}

2 W2 N2
JrWhO_W h, +hr(DTp W) _SIeD(M N)
2DTp 2DT p 2T

D D
TRC, (T) =T§+;T_P(eHPT _1]+ tg‘TP E[eeﬂ _1J_ET}

P

(24)

2y h (DT p-W)
+Wm_ng+r( p-W)
2DTp 2DTp
cl,D(M-N)* sI,D(M-N)’
2T 2T

(25)

+

D
TRC, (T):TA+;T—P(GHPT

W ?h,

h (DT p-W )’

+Wh

+

) — +
2DTp
cl,p(DT?~PM?) sI,D(M-N)’

2DTp

D
1|+ P LF%T 1| Dy
ar | o P

2T

W

w
TRC{D—’DJ:TRCZED—pJ, TRC, (M —~N)=TRC,(M -N),

)

TRC, (M) =TRC, (M), and TRC4(

Case2. M—-N Sﬂ<M .
Dp

PM

2T
TRC (T) iscontinuousatT, T e [0, 00) because of

J-res
D D

PM

(26)

According to Equations (1)-(20), the total relevant cost TRC (T) can be

expressed by

TRC,(T), if0<T<M-N

TRC, (T), ifM-N<T <2

Dp

TRC(T)={TRC,(T), if = <T <M

where

D
TRC, (T):TA+;T—P(egPT —1J+hm—PF[e P

TRC,(T), if M <T <—

TRC,(T), if —<T

o1 | 6

,DThyp sl.D(M —N)Z.

2

2T

(27a)

(27b)

(27¢)

(27d)

(25e)

DOI: 10.4236/0alib.1105795

12

Open Access Library Journal


https://doi.org/10.4236/oalib.1105795

G.-F. Yenetal.

TRC (T) is continuousat T, T € [0,00) because of
TRC, (M —N)=TRC, (M -N), TRC, [DﬂJ ~TRC, [ﬂj
12

Dp
TRC,(M)=TRC,(M), and TRC, (%) _TRC, (%j'
Case3. M Sﬂ<m,
Dp D
According to Equations (1)-(20), the total relevant cost TRC (T) can be
expressed by
TRC,(T), if0<T<M—-N (29a)
TRCG(T), ifM-N<T <M (29b)
TRC, (T), if M<T <ﬂ (29¢)
. W PM
TRC, (T), if —<T<—— (29d)
Dp D
TRC, (T), if % <T (29€)
where

D D
TRC, (T):TAJF%[JPT _1J+ %TP{%( 05T 4}‘%1—}

(30)
N DThOp+c|pD(T—|v|)2 sl,D(M -N)’
2 2T 2T '
TRC(T) iscontinuousat T, T €[0,00) because of
TRCl(M —N)=TRC6(M —N), TRCG(M)zTRC7(M),
TRC, W =TRC, W ,and TRC, (mj =TRC, (Mj
Dp Dp D D
Case 4. mﬁﬂ
D Dp
According to Equations (1)-(20), the total relevant cost TRC (T) can be
expressed by
TRC,(T), if0<T <M —N (31a)
TRCs(T), if M=N<T <M (31b)
TRC,(T), if M <T <m (31c)
TRC(T) = oM "
TRG,(T), if —<T<— (31d)
D Dp
. W
TRC,(T), if —<T (31e)
Dp
where
D D
TRC, (T)= 24 Pl _g| MmP Lg% 4| Dy
T 07 o1 | o P
(32)

. DTh0p+C|pP(DT2 ~PM?) s1,D(M-N)’
2 2T 2T '
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TRC(T) iscontinuousatT, T € [0,00) because of
TRC,(M —N)=TRC,(M -N), TRC,(M)=TRC, (M),

TRC, [%j =TRC, (%} , and TRC, [DﬂJ =TRC, {Dﬂj :
p p

For convenience, all TRC, (T)(i =1~ 8) are definedon T >0.

4. The Convexity of TRC;(T)(i=1~8)

Equations (22)-(26), (28), (30), and (32) yield the first order and second-order

derivatives as follows.

D b D(h p+sl
TRCY(T) == A—{ e+ || Pl 1| pre®’ REIUTALT Y G
T 0 )6 2
o o 2,0
TRC/(T) =%{2A+(c +%ﬂj{2g[e9; —1J—ZDTe9PT +9%T2e€PT}}, (34)

D D
TRC)(T) =2 ) 2a-2[c+ || Ple’ 1] pre’e
2T 0 )0

(35)
W2 (h, —h,) )
+————>+D(h p+sl)T?},
Dp
D D
TRC(T) = = {2a+ e+ || 2P’ 1| opTe’”
T o) 0
2, o0r | W2(h -h ©o
bR peeet [ W)L
P Dp
D D
TRC(T) = =1 2A—2[c+ ™ || Ple’s" 1| pre’’
21 0 )0
(37)
W?(h,=h,) 2 )
=51 D(M —N) +Dh T},
Dp
o or D240
TRCH(T) == f2A+[ e+ o || 2P "™ 1| opre’®” 49D 12
T o) 0 P o8
wW?(h -h,) 2
=0 g D(M-N) L,
Dp
D D
TRC, (T) === —2A—2[c+h—”‘ Ple’ —1|-pTe’®’
21 0) 0
W2 (h, ~h,) : 9
+——2—"2—cl DM’ +5l,D(M =N)"+D(h p+cl,)T*},
Dp
o o 2,0
TRC(T) == {2a+[co M| 2P 1| 2pTe’s 10D 12"
T 0) 0 P
W?(h, —h,) 2 “o
=0 el DM =sI,D(M - N)’{,
Dp
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o Sr 1 W?(h,—h
TRCL(T) = = —2A—2(c+h—mj Pl q) pre’e” [ W (=)
o7 )0 Dp )

+cl,(P-D)M?+s1,D(M -N)*+Dp(h, +clp)T2},

D 2 0Bt

D
TRCé’(T)=Ti3{2A+[C+%"“j{zg(egpT —1J—ZDTegPT +9%T2e P }

Wz(g;p_h")—clp(P—D)Mz—sleD(M —N)z},

1 B gET
TRC,(T)=—51-2A- 2 c+— P —1|-DTe ®
} (43)

(42)

+

+51,D(M =N ) +Dh, T

D

D
Tch(T)zTis{zA{c +%mj{2g(eg” —lJ—ZDTeHPT
(44)

2 ,D
+9D—T2e9PT}—SIeD(M _N)z},
P

D D
TRC(T) =2 ) 2a-2[c+ || Ple’® 1] pre’
2T 0 )0 s

~cl,DM? +s1,D(M —N)2+D(hop+c|p)T2},

D D
TRC!(T) = Tig{zm(c +%mj{2g[e9” —1J—ZDTe9F’T
(46)

2 D

+HD_T290PT}+CIpDM2—sIeD(M —N)Z},
P

D D
TR, (T) = = 1 2A-2 it || PLe%T 1| pre’e”
o7 o) o )

+cl,(P-D)M?+s1,D(M -N)*+Dp(h, +c|p)T2},

and
D

TRCé'(T):TiB{ZAwL(C +%mj{zg[e9“ 1} 2DTe’
(48)

D?_, o2t
+0- T * }—clp(P—D)Mz—sleD(M —N)z}

021
P

Let
e } (49)

D. oP1 2
Gl=2A+(c+%mj|:2%(egPT ] 2DTe'® +¢9D T%'"
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D ) 2,0
G, = 2A+(c+%m){2£[egPT —1]—2DTegPT +€%T2eHPT:|

6
2 (50)
L Wi(h-h,)
Dp ’
D D 2 ,D
G; = 2A+(C+h7rn l:Zg(eHPT —1J—ZDTegF’T +9%T2e6PT}
51
w2 (h, —h,) ) Gy
+ r2)_s1,D(M-N)*,
Dp
D D 2 ,D
G, =2A+ c+%m {zg[e”—1}—2DTe9PT+e%T2e9PT}
(52)
Wz(h -h ) 2
+——" 22 4cl DM?-sI,D(M -N)’,
Dp
D D 2D
G, =2A+ c+%m {zg[e%T - ]—ZDTeBPT +6%T2e6PT}
(53)
W2 (h, —h, ) )
+——t 22 ¢l (P-D)M?-sI,D(M-NY’,
Dp
I L2 2 240
G :2A+(c+%’"j 25( e —1J—2DTe9PT +9%T2e9PT} o0
54
~sI,D(M-N)?,
[ L2 L2 240
G, =2A+[c+%m] 2%[ e —1]—2DTe0PT+9D?T2e0PT} 5
55
+cl,DM? ~sI,D(M - N,
and
D D 2 D
G = 2A+(c+%){2%(egPT —1J—ZDTeHPT +9%T2ef’pﬂ
(56)
~cl,(P-D)M?~sI,D(M -N)".
Equations (49)-(56) imply
G, >G;>G; >Gy, (57)
G, >G, >G, >G;, (58)
and
G, >G, >G, >Gg. (59)

Equations (33)-(48) reveal the following results.
Lemma 1. TRC/(T) is increasing on T>0 if G;>0 for all i=1~8.
That is, TRC,(T) isconvexon T>0 if G, >0.

<0, ifO<T<T’ (60a)
TRC/(T)=4{=0, ifT=T (60b)
>0, ifT, <T<w (60c)
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Equations (60a)-(60c) imply that TRC, (T) Is decreasing on (0
increasing on [T oo) for all i=1~8. Solving optimal cycle T, (T)(i

by TRC/(T)=0(i=1~8).
5.The Values of A; under Different Cases

Case 1. ﬂ<M—N.
Dp

Equations (33), (35), (37), (39), and (41) yield

TRe;[ Y| otrey| W |- B
br Dp Z[Wj
Dp
TRC; (M —N)=TRC}(M — N)=— 22
’ ’ 2(M -N)
TRC; (M) =TRC} (M) = =
3 4 2M2'
TRC; (PMJ Tch(PMj: Bo
b D 2(PMJ
D

where

h, —h
+;r)+sleD(M ~N)* +Dh pM?,
Dp

A45=_2A_2[C+ e jlg(;sm_1]_,3(%;2@1]

WZ(h, —h,)

] and
1~

8)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

, 2 2 PM Y’
+———=——cl ,DM? +sI.D(M =N )" +D(h p+cl ) -

Dp
Equations (65)-(68) imply

Ay <Ags <Agy <Ay

(69)
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Case2. M-N Sﬂ<M .
Dp

Equations (33), (37), (39), (41), and (43) yield

A
TRC/(M —=N)=TRC/(M -N)=—"—% (70)
{(M=N) =TRE; (M -N) =28 s
TRC, ﬂ =TRC, ﬂ :ip (71)
O Do)y W
Dp
' ' A34
TRC;(M)=TRC, (M)=—2%, (72)
2M
TRc;(m}TRc;(PMJ: Bep = (73)
D D (PM )
2 -
D
where
D D
A16=—2A—2(C+—mj E{eHP‘M " 1J—D(M ~N)e P
¢ (74)
+D(h,p+sl,)(M-NY,
o2 D(w.
A ——2A—2(C+—”‘j[£[e P[Dpj—lj—o(ﬂje P(Dﬂ]]
Dp
(75)
2
+5s1,D(M —N)2+Dh0p[ﬂJ .
Dp
Equations (67), (68), (74), and (75) imply
A SAg <Ay <Ay (76)
Case3. M £ﬂ<m,
Dp D
Equations (33), (39), (41), (43), and (45) yield
A
TRC/(M —=N)=TRC/(M =N)=—"—% (77)
{(M=N) =TRE} (M =N) =8 s
' ! A67
TRC;(M)=TRC; (M )=—L, (78)
2M
TRC, ﬂ =TRC, ﬂ :Lz, (79)
o) e
Dp
A
TRc;(m}Tch(PMj: L, (80)
D > o)
D

where
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h P 02m 02m
Ay, =—2A-2|c+—>||—|e? —-1|-DMeP®
0 ) 6 (81)

+51,D(M =N)* +Dh,pM?,

Au:_ZA_Z(H%)H;B[&J_1]_[)%);2[;:)]

(82)
W 2
2 2
—cl ,DM? +sI,D(M -N) +D(h0p+clp)(D—pj :
Equations (68), (74), (81), and (82) imply
Ay <Ay <A, <Ay (83)
Case 4. ﬁsﬂ
D Dp
Equations (33), (41), (43), (45), and (47) yield
A
TRC,(M =N)=TRC,(M -N)=——2% | (84)
{(M =) =TRC{ (M ) R
[ ! A67
TRC;(M)=TRC; (M )=—5L, (85)
2M
TRC, [mjoch[PM j= A = (86)
D D (PM)
2 -
D
TRC; w =TRC/ w :iz, (87)
Dp Dr) (w
Dp
where
99 M ,99 PM
Ay =—2A-2 C+h—m L e p( D]—l —D(mje P[ P ]
o) 6 D
(88)
2
~cl,DM?+sI,D(M —N)’ + D(hop-i-clp)[%J :
92 w 92 w
Ags = —2A-2 LY i P[D”j—l _p| Ve P[D"]
) 6 Dp
(89)
W 2
+cl, (P-D)M?+s1,D(M —N)2+Dp(h0+c|p)[D—p] :
Equations (74), (81), (88), and (89) imply
Ay <Agy <Ay < Ag. (90)

Based on the above arguments, the following results holds.
Lemma 2.

1) If A, <0, then

a) G,>0 and G, >0,
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b) T, and T, exist,

¢) TRC,(T) and TRC,(T) areconvexon T >0.
2) If Ag <0, then

a) G, >0 and G, >0,

b) T and T, exist,

¢) TRC,(T) and TRC,(T) areconvexon T >0.
3)If A, <0, then

a) G;>0 and G, >0,

b) T, and T, exist,

¢) TRC,(T) and TRC,(T) areconvexon T >0.
4) If Ay <0, then

a) G;>0 and G; >0,

b) T, and T, exist,

c) TRC, (T) and TRC, (T) areconvexon T >0.
5)If Ay <0, then

a) G,>0 and G, >0,

b) T, and T, exist,

¢) TRC,(T) and TRC,(T) areconvexon T >0.
6) If A,y <0, then

a) G, >0 and G;>0,

b) T, and T, exist,

¢) TRC,(T) and TRC4(T) areconvexon T >0.
7)If A, <0, then

a) G, >0 and G, >0,

b) T, and T, exist,

¢) TRC,(T) and TRC,(T) areconvexon T >0.
8) If Ay; <0, then

a) Gg>0 and G, >0,

b) T, and T, exist,

¢) TRC,(T) and TRC,(T) areconvexon T >0.
Proof 1. (a) If A, <0, then

ZAZ_Z(H%){;[;E(&J_1J_D[Dﬂp]eez(3p)]

+D(h0p+s|e)(Dﬂj2.

Yo,

Equation (91) implies

2 P
SN AU UL P R B RS
Dp o P

2
G, > D[ﬂ]
Dp

o2( W
(c+hij39eP[WJ+np+sh > 0.
2 P

(91)

(92)

(93)
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Equations (59), (92), and (93) demonstrate G, >G,; >0.

b) Lemma 1 implies that T, and T, exist.

c) Equations (34), (36), and lemma 1 imply that TRC; (T) and TRC, (T)
are convexon T >0.

2.a)If A <0,then

Dov- Dov-
2A2—2(c+h—mj P egp(M N)—1 —D(M —N)egp(M ")
o) 6 (94)

+D(hp+sl,)(M—=N).

Equation (94) implies

D
G,>D(M —N)Z[[c+%mj9%eg"w N)+h0p+sle}>0. (95)
2 hy ), D _ooM-n)
G, >D(M-N) c+7 GFe P +h,0|>0. (96)

Equations (59), (95), and (96) demonstrate G, >G; >0.

b) Lemma 1 implies that T, and T, exist.

c) Equations (34), (44), and lemma 1 imply that TRC,(T) and TRC,(T)
are convexon T >0.

3.a)If A, <0, then

h P 02m PLIY
2A>-2|c+——2||—|eP —-1|-DMeF
0 )6

, (97)
W*(h,—h
+M+5IGD(M ~N)* +Dh pM?,
Dp
Equation (97) implies
D
G, >DM? Hwh—mjegegw +hrp} >0. (98)
0 P

) h,),D oom

G, >DM c+7m HFe P +hrp+clp > 0. (99)

Equations (57), (98), and (99) demonstrate G, >G, >0.

b) Lemma 1 implies that T, and T, exist.

c) Equations (38), (40), and lemma 1 imply that TRC, (T) and TRC, (T)
are convexon T >0.

4.a)If Ay <0, then

2A2_2(C+h?m}{;[eez(&1_1J_D(Dﬂp%ez(&}}

2
+cl, (P-=D)M? +sl,D(M —N)2+Dp(ho+c|p)(Dﬂj .
Jo,

(100)

Equation (100) implies
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Dp 0 Dp

2 D(W
G, > D[Dﬂ] [(c+h—m)9%e9p[0p] er(h0 +clp)} >0. (102)

0 o

2 D W 2(h _
G52D(ﬂj I:(C+h—mj0569P[Dp]+p(ho+C|p)}+w>0. (101)

Equations (57), (101), and (102) demonstrate G, >G4 >0.

b) Lemma 1 implies that T, and T, exist.

c) Equations (42), (48), and lemma 1 imply that TRC,(T) and TRC,(T)
are convexon T >0.

5.a)If A, <0,then

ZAZ_Z[H e jlg[;sm_1J_D(%;sm}

(103)
2(h 2
+VM—CIPDM2+SIED(M—N)2+D(hrp+clp)(mj .
Dp D
Equation (103) implies
2 oD(PM
GAZD(%) {[c+%"j9%e F’{Dj+hrp+pr]>O. (104)
2 4D PM.
GSZD[%j [(c+h7mj9%e P( Dj+,o(hr+clp)}>0. (105)

Equations (57), (104), and (105) demonstrate G, >G; >0.

b) Lemma 1 implies that T, and T, exist.

c) Equations (40), (42), and lemma 1 imply that TRC,(T) and TRC;(T)
are convexon T >0.

6.a)If A, <0, then

ZAZ_Z(H e jlg[;sm_1J_D(%;zm]

(106)
2
_clpDM2+sIeD(M—N)2+D(h0p+clp)(%j :
Equation (106) implies
PMY'[( h), D (%
G,>D|— | [|c+—=|0=e P P/ +h p+cl |>0. 107
7 ( D j [( H] P op p ( )
PMY|( . h.,),D op(™
GSZD(?] Kc+7j93e +p(h,+cl, ) |>0. (108)

Equations (58), (107), and (108) demonstrate G, >G; >0.
b) Lemma 1 implies that T, and T, exist.
c) Equations (46), (48), and lemma 1 imply that TRC,(T) and TRCy(T)

areconvexon T >0.
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7.a)If A,, <0, then

ZAZ_Z(H%){;(;B(&J_1]_D[;vpj;zw}

2
~cl,DM? +sl,D(M —N)2+D(hop+c|p)(Dﬂpj .

(109)
Equation (109) implies
2
6> D(ﬂ]
Dp

w Y h,).D “alo,
G, ZD(D—pj [[c+?mj93e P[Dpj+(h0p+c|p):l>0. (111)

Equations (58), (110), and (111) demonstrate G, >G, >0.
b) Lemma 1 implies that T, and T, exist.

b, . (110)

D( W
(H%mjgg;pw+(hop+c.p)}m>o

c) Equations (40), (46), and lemma 1 imply that TRC,(T) and TRC,(T)
are convexon T >0.

8.a)If Ay <0, then

h P( 62m L 2 )
2A> -2 c+7m vl e? —1|-DMe P |+sI.D(M—N) +DhpM? (112)

Equation (112) implies

2 oR( W
G,>D w (c+ hmjege P(Dpj+hop > 0. (113)
Dp o) P

2 D(w.
G72D(Dﬂp] [(H%mje%egp[wj+(h0p+c|p)}>o. (114)

Equations (58), (113), and (114) demonstrate G, >G, >0.
b) Lemma 1 implies that T, and T, exist.

c) Equations (44), (46), and lemma 1 imply that TRC;(T) and TRC,(T)
areconvexon T >0.

Incorporate the above arguments, we have completed the proof of Lemma 2. O

6. The Determination of the Optimal Cycle Time T" of TRC(T)
Theorem 1. Suppose W <M-N.
Dp

1) If 0< Ay, then TRC(T")=TRC,(T,") and T"=T,.

2) If A, 0< Ay, then TRC(T")=TRC,(T,) and T"=T,.

3) If Ay <0<A,,, then TRC(T")=TRC,(T;) and T"=T,.

4) If Ay <O<A, then TRC(T™)=TRC,(T,) and T =T,.

5) If Ay <0, then TRC(T")=TRC,(T,) and T"=T,.

Proof 1) If 0<A,,, then 0<A, <Ay <Ay <A,. So, lemmas 1, 2, and
DOI: 10.4236/0alib.1105795
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Equations (60a)-(60c) imply

a) TRC,(T) is decreasing on <O,Tl*] and increasing on [T;,Dﬂ]
P

b) TRC,(T) isincreasing on |:Dﬂ M - N} .
Yol

c) TRC, (T) is increasing on [M -N,M ]
d) TRC,(T) is increasing on [M ,%} .

e) TRC,(T) isincreasing on {%,wj.

Since TRC(T) is continuous on T >0, Equations (21a)-(21e) and 1.1-1.5
reveal that TRC(T) is decreasing on (O,Tl*] and increasing on [Tl*,oo).
Hence, T"=T, and TRC(T")=TRC,(T,).

2) If A,<0<A,, then A, <0<A,; <A, <A,. So, lemmas 1, 2, and
Equations (60a)-(60c) imply

a) TRC,(T) is decreasing on {O,ﬂ} .
Dp

b) TRC,(T) is decreasing on {Dﬂ’ﬁ} and increasing on [TZ*, M - N] .
e,
¢) TRC,(T) isincreasingon [M —N,M].

d) TRC,(T) isincreasing on [M ,%} .

PM
e) TRC,(T) isincreasing on [F,wj.

Since TRC (T) is continuous on T >0, Equations (21a)-(21e) and 2.1-2.5
reveal that TRC (T) is decreasing on (O,Tz*] and increasing on [T;,oo).
Hence, T" =T, and TRC(T")=TRC,(T,).

3) If Ay;<0<A,,, then A, <A,; <0<A; <A,. So, lemmas 1, 2, and
Equations (60a)-(60c) imply

a) TRC,(T) is decreasing on {O,K} .
Dp

b) TRC,(T) is decreasing on [Dﬂ' M - N} .
P

¢) TRC,(T) is decreasing on [M -N ,T;] and increasing on [T;, M ] .

d) TRC,(T) isincreasing on [M ,%} .

e) TRC, (T) is increasing on {%,ooj.

Since TRC (T) is continuous on T >0, Equations (21a)-(21le) and 3.1-3.5
reveal that TRC(T) is decreasing on (O,T;] and increasing on |:T3*,oo).
Hence, T"=T, and TRC(T")=TRC,(T,).

4) If A;;<0<A,, then A, <A,; <A, <0<A,. So, lemmas 1, 2, and
Equations (60a)-(60c) imply
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a) TRC,(T) is decreasing on {O,ﬂ .

b) TRC,(T) is decreasing on [ﬂ M — N} .
[

c) TRC, (T) is decreasingon |M —N,M ]
d) TRC,(T) is decreasing on [M ,T;J and increasing on [T;,%} :

e) TRC,(T) isincreasing on {%,wj.

Since TRC(T) is continuous on T >0, Equations (21a)-(21e) and 4a-4e
reveal that TRC(T) is decreasing on (O,T:] and increasing on [T:,oo).
Hence, T"=T, and TRC(T")=TRC,(T,).

5)If A <0,then A, <A, <A, <A, <0.So,lemmas 1, 2, and Equations
(60a)-(60c) imply

a) TRC,(T) is decreasing on {0,

U|g

b) TRC,(T) is decreasing on [

O
b|5
|—|

d) TRC is decreasing on [ J

e) TRC,(T) is decreasingon [F, 5*} and increasing on [TS*,oo).

Since TRC (T) is continuous on T >0, Equations (21a)-(21le) and 5.1-5.5
reveal that TRC(T) is decreasing on (O,Ts*] and increasing on [T;,oo).
Hence, T"=T, and TRC(T")=TRC,(T,).

Incorporating all argument above arguments, we have completed the proof of

(T)

c) TRC,(T) is decreasingon [M —
«(T)
)

theorem 1. o
Applying lemmas 1, 2, and Equations (27a)-(27e), the following results hold.
Theorem 2. Suppose M —N < W <M.

Dp

1) If 0< Ay, then TRC(T")=TRC,(T,") and T"=T,.
2) If Ay <0<Ag, then TRC(T™)=TRC,(Ty) and T"=T;.
3) If Ay <0< Ay, then TRC(T™)=TRC,(T,) and T" =T,
4) If Ay <0<A, then TRC(T")=TRC,(T,) and T"=T,.
5) If Ay <0, then TRC(T")=TRC,(T,) and T"=T,.
Applying lemmas 1, 2, and Equations (29a)-(29¢), the following results hold.
Theorem 3. Suppose M < W < m

Dp D
1) If 0< Ay, then TRC(T")=TRC,(T) and T =T,.
2) If Ay <0< Aq,, then TRC(T")=TRC,(T;) and T"=T,.
3) If A <0< Ay, then TRC(T")=TRC,(T,) and T"=T,.
4) If A,y <0<A,then TRC(T")=TRC,(T,) and T =T,

5) If Ay <0, then TRC(T")=TRC,(T,) and T =T, .
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Applying lemmas 1, 2, and Equations (31a)-(31e), the following results hold.
Theorem 4. Suppose M < W .

D Dp
1) If 0< Ay, then TRC(T")=TRC,(T,") and T"=T,.
2) If Ay <0< Ag,, then TRC(T")=TRC,(T;) and T"=T,.
3) If Ag; <0< A, then TRC(T")=TRC,(T,) and T"=T,.
4) If Ay <0< Ay, then TRC(T")=TRC,(T,) and T"=T,.
5) If Ag; <0, then TRC(T")=TRC,(T, ) and T =T,

7. Sensitivity Analyses

To find out the critical parameters in this research, [1], and [3] models, we use
Maple 18.00 to execute the sensitivity analyses and increasing and decreasing
25% and 50% of the parameters to determine the unique solution T, when
TRC{(T*) =0,i=1~8. Wegive P =9000 units/year, D =5500 units/year,

W =800 units, A=$1000/order, s=$14/unit, c=$6/unit, 6=0.1,

h,, =$0.7/unit/year, h, =$1.5/unit/year, h =$4.5/unit/year,

M =120 days =120/365 year, N =65 days = 65/365 year, | =$0.4/year, and
I, =$0.21/year.

From the computational outcomes, we can determine T~ and TRC (T*)
from the sensitivity analyses for for this research, [1], and [3] models as shown
in Table 2 and Table 3, and derive a relative comparison of the impact of the
parameters on T  and TRC (T*) in the sensitivity analyses as shown in
Figures 11-16.

According to Table 2 and Table 3 and Figures 11-16, it can be seen the
variables impact order cycle time T" for this research, [1], and [3] models:

1) this research model

a) Positive & Major: the ordering cost A.

b) Positive & Minor: the unit holding cost per item for product in a rented
warehouse A,

c) Negative & Minor: the unit selling price per item s, the unit holding cost
per item for raw materials in a raw materials warehouse A,, the unit holding cost
per item for product in an owned warehouse 4., the interest rate payable /,, and
the interest rate earned L.

d) Negative & Major: the unit purchasing price per item c and the deterioration
rate 6.

2) [1]’s model

a) Positive & Major: the ordering cost A.

b) Positive & Minor: none.

¢) Negative & Minor: the unit selling price per item s, the unit purchasing
price per item ¢ the unit holding cost per item for raw materials in a raw
materials warehouse A,, the unit holding cost per item for product in an owned
warehouse A, the unit holding cost per item for product in a rented warehouse

A, the interest rate payable 7,, and the interest rate earned /.
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Table 2. The sensitivity analyses for T~ of this research, [1], and [3] models.

Parameters +/- this research [1] [3]
A -50% 0.323796413 0.336873359 0.353809894
-25% 0.356136518 0.370559305 0.389189423
0% 0.380988522 0.396450476 0.416382291
+25% 0.404310371 0.420751426 0.441904987
+50% 0.426353536 0.443723500 0.466031997
s -50% 0.389714048 0.405541903 0.425930795
-25% 0.385376100 0.401021954 0.421183603
0% 0.380988522 0.396450476 0.416382291
+25% 0.376549626 0.391825666 0.411524966
+50% 0.372057574 0.387145613 0.406609619
c -50% 0.406384273 0.417864966 0.447136879
-25% 0.391824025 0.405680770 0.429428145
0% 0.380988522 0.396450476 0.416382291
+25% 0.372601550 0.389210740 0.406358844
+50% 0.365912858 0.383377581 0.398410010
B -50% 0.389613329 0.406049944
-25% 0.385227856 0.401164096
0% 0.380988522 0.396450476
+25% 0.376887341 0.391899198
+50% 0.372916925 0.387501152
ho -50% 0.391628615 0.407536772 0.428025957
-25% 0.386345341 0.402031840 0.422244261
0% 0.380988522 0.396450476 0.416382291
+25% 0.375555056 0.390789406 0.410436607
+50% 0.370041463 0.385045114 0.404403516
hr -50% 0.382462299 0.401566710 0.426988203
-25% 0.381654883 0.398746393 0.421093248
0% 0.380988522 0.396450476 0.416382291
+25% 0.380429265 0.394545054 0.412530499
+50% 0.379953137 0.392938258 0.409322090
I -50% 0.396194694 0.417864966 0.447136879
-25% 0.387619621 0.405680770 0.429428145
0% 0.380988522 0.396450476 0.416382291
+25% 0.375705573 0.389210740 0.406358844
+50% 0.371396477 0.383377581 0.398410010
I -50% 0.389714048 0.405541903 0.425930795
-25% 0.385376100 0.401021954 0.421183603
0% 0.380988522 0.396450476 0.416382291
+25% 0.376549626 0.391825666 0.411524966
+50% 0.372057574 0.387145613 0.406609619
4 -50% 0.388544380
-25% 0.384723975
0% 0.380988522
+25% 0.377335518
+50% 0.373762524
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Table 3. The sensitivity analyses for TRC (T*) of this research, [1], and [3] models.

Parameters +/- this research [1] [3]
A -50% 35267.01504 34992.21730 1613.304009
-25% 36021.43281 35691.12590 2266.223520
0% 36650.11429 36273.54970 2810.323113
+25% 37278.79577 36855.97352 3354.422706
+50% 37907.47725 37438.39734 3898.522299
K} -50% 36880.93796 36487.38963 3010.092101
-25% 36765.52613 36380.46967 2910.207607
0% 36650.11429 36273.54970 2810.323113
+25% 36534.70246 36166.62974 2710.438620
+50% 36419.29063 36059.70978 2610.554126
c -50% 19908.61022 19695.93987 2687.620477
-25% 28279.36227 27984.74479 2748.971795
0% 36650.11429 36273.54970 2810.323113
+25% 45020.86635 44562.35461 2871.674431
+50% 53391.61838 52851.15952 2933.025750
hm -50% 36414.30792 36021.07272
-25% 36532.21111 36147.31121
0% 36650.11429 36273.54970
+25% 36768.01747 36399.78820
+50% 36885.92065 36526.02669
ho -50% 36332.28614 35934.95967 2454.531969
-25% 36491.20021 36104.25469 2632.427541
0% 36650.11429 36273.54970 2810.323113
+25% 36809.02837 36442.84472 2988.218684
+50% 36967.94245 36612.13974 3166.114256
hr -50% 36646.73504 36256.45940 2772.085535
-25% 36648.42467 36265.00455 2791.204324
0% 36650.11429 36273.54970 2810.323113
+25% 36651.80392 36282.09484 2829.441902
+50% 36653.49354 36290.63999 2848.560691
I -50% 36610.72995 36195.93987 2687.620477
-25% 36630.42212 36234.74479 2748.971795
0% 36650.11429 36273.54970 2810.323113
+25% 36669.80647 36312.35461 2871.674431
+50% 36689.49864 36351.15952 2933.025750
I -50% 36880.93796 36487.38963 3010.092101
-25% 36765.52613 36380.46967 2910.207607
0% 36650.11429 36273.54970 2810.323113
+25% 36534.70246 36166.62974 2710.438620
+50% 36419.29063 36059.70978 2610.554126
14 -50% 36445.25871
-25% 36547.47934
0% 36650.11429
+25% 36753.16317
+50% 36856.63035
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Figure 11. The sensitivity analyses for T  of this research model.
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Figure 12. The sensitivity analyses for TRC (T*) of this research model.

d) Negative & Major: none.

3) [3]’s model

a) Positive & Major: the ordering cost A.

b) Positive & Minor: none.

¢) Negative & Minor: the unit selling price per item s, the unit holding cost
per item for product in an owned warehouse /,, the unit holding cost per item
for product in a rented warehouse A,, and the interest rate earned /.

d) Negative & Major: the unit purchasing price per item cand the interest rate
payable Z..

Therefore, when making decisions on the order cycle time, variables with a

relatively large influence must be considered as priority, while those with a small
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Figure 14. The sensitivity analyses for TRC (T*) of [1]’s model.

influence can be processed later.

On the other hand, it is seen that the variables impact the annual total relevant
cost TRC (T*) for this research, [1], and [3] models:

1) this research model

a) Positive & Major: the unit purchasing price per item ¢

b) Positive & Minor: the ordering cost A, the unit holding cost per item for
raw materials in a raw materials warehouse 4., the unit holding cost per item for
product in an owned warehouse /,, and the interest rate payable .

c) Negative & Minor: the unit holding cost per item for product in a rented
warehouse A, the interest rate earned 7, and the deterioration rate 6.

d) Negative & Major: none.
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Figure 16. The sensitivity analyses for TRC (T*) of [3]’s model.

2) [1]’s model

a) Positive & Major: the unit purchasing price per item c

b) Positive & Minor: the ordering cost A, the unit holding cost per item for
raw materials in a raw materials warehouse A, the unit holding cost per item for
product in an owned warehouse A,, the unit holding cost per item for product in
a rented warehouse A, and the interest rate payable .

¢) Negative & Minor: the unit selling price per item s and the interest rate
earned /.

d) Negative & Major: none.

3) [3]’s model

a) Positive & Major: the ordering cost A and the unit holding cost per item for
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product in an owned warehouse 4,.

b) Positive & Minor: the unit purchasing price per item ¢ the unit holding
cost per item for product in a rented warehouse 4, and the interest rate payable
I

c) Negative & Minor: the interest rate earned .

d) Negative & Major: the unit selling price per item s.

Therefore, when making decisions on the annual total relevant cost, variables
with a relatively large influence can be considered as priority, while those with a
small influence can be processed later.

We can organize the relative parameters impact to T" and TRC (T*) for
this research, [1], and [3] models, as shown in Table 4 and Table 5.

8. Conclusions

One of traditional EPQ model’s assumptions is that the raw materials required
for production are timely, so that the holding cost of raw materials will be
ignored. [2] pointed out the importance of the holding cost of raw materials will
affect the total relevant cost, and [1] combined [2]’s the concept of holding cost
of raw materials and [3]’s two-level trade credit and limited storage capacity
model to present an inventory model with the holding cost of non-deteriorating
raw materials. And this research further develops with the holding cost of
deteriorating raw materials.

We reach the following conclusions in management practice after the sensitivity
analyses:

1) When making decisions on the order cycle time T~ under limited
resources, it gives priority order to the ordering cost A and the unit purchasing

price per item c.

Table 4. Comparison of the relative parameters impact to T~ of this research, [1], and
[3] models in the sensitivity analyses.

Impact this research [1] [3]
Positive & Major A A A
Positive & Minor b
Negative & Minor 8, Am, ho, I, I S, G hm, ho, Br, I, I S, ho, hr, I
Negative & Major G0 [

Table 5. Comparison of the relative parameters impact to TRC (T*) of this research,

[1], and [3] models in the sensitivity analyses.

Impact this research [1] [3]
Positive & Major c c A, ho
Positive & Minor G hm, ho, Ip G hm, ho, By, I G hy Iy
Negative & Minor h, L, 6 s, Ie L
Negative & Major s
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2) When making decisions on the annual total relevant cost TRC (T*) under
limited resources, it only considers the unit purchasing price per item c.

This research provides more precise decisions for practical business decisions.
Although adding the holding cost of raw materials increases the complexity of

the model, but it’s useful and contributes to the field of industrial management.
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