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I INTRODUCTION

In a highly competitive environment of business,
tisobserved that mutual coordination berw
buyer systems is more profitable as con
mdividual systems. As in the supply (-
main objective of the vendor and the
the joint total expected cost. Gova

cen vendor-
inared to their
svsiem, the

S nlinimize

ieved to
be the first who introduced the o e joint
opimuzation. 1ater, Banerjee [ 171 ¢ model
with the assumption that the vend.: ures at a
fimte rate and considered a lot fo lHa and
Kin [7] discussed about the mtegrat time (JIT)
|N-\p|iuing model for smoothimg thy css by using
mltiple shipments in small lots. NMany researchers

Goval 120}, Goyal and Nebebe 191 111 Hill [18])
trcady discussed v
of shipme
th

arious models with distinet policies
s between the vendor and the buyer. But,
¢ focus was mostly on the production shipment
;fhcdulc between both partics concerming size and
*Queney of apder under the deterministic scenario i.e.
Mhen the Jeag time and demand are known.

Recently, various rescarches have proposed

n:fr;”:d “l\"'”“":,\ models mvolyving v ;{ridblc lead Illme;
v‘"«!m‘ .\;‘”«\1‘1[1\‘1 Hariga [14] u,\n?nlll&‘\[ the mitcgr‘ulcwd sdm;:;‘l;
Varigh| N:; ‘13115}'1 model w nl‘\ ,\toch;wl; i“"tilnacd
heyy Mode] | /Hl‘u tor buyer. Chang, %.‘l a 'lf} e ‘

the Y laking the crashing of ordering cost for

Uyer . : :
YT Where Jeqq time and ordering cost are linearly

ordered quantity and d,
ad time f;

Model with Negative Exponential
Crashing Cost

deals with integrated vendor buyer model where vendor s
ve are different. Vendor s objective is to reduce materialy
ossible to compete in the market. A vendor produces the

elivered it (o the buyer in ‘m’ number of shipment
or each order is not the same, which distinguishes

previous study. Buyer's aim is to earn a good reputation in
/

ling the customer s demand on time with higher service

d model Jomtly optimizes buyer s ordered quantity, number
vendor's Je.

Its.

ad time. Numerical examples are presented to
8 cost, Inventory control, Lead time reduction, Service

dependent. There are also some integrated inventory
models invoiving variable lead time with quality
improvement (Yang and Pan [9], Ouyang et al. [12],
Hoque [16], Wu et al. [10], Yu [3]). Unfortunately, none
of them considered the reduction of lead time and setup

cost for the vendor which helps speed up the production
process/delivery of the orders.

Further, Just-In-Time JIT) philosophy includes
the successful execution of all manufacturing activities
that are required to produce the product and its fast
delivery for an end user. On the other front, it helps in
continuous improvement of the manufacturing process
and in the elimination of waste, which ultimately help
the vendor to provide better product and services at a
lesser cost. In recent production management,
controllable lead time is important for business success
and helps the firm to compete in the market. The JIT
philosophy also advocates in favor of comparatively low
iead times to order the small lot sizes. Tersine [17]
suggested that the materials lead time is composed of
diﬁi«rent components viz. administration, raw-material
requisition, manufacturing, inspection and
transportation. Thus, it is completely possible to crash
these components at an extra cost. Liao and Shyu [4]
presented a probabilistic inventory model in which the
order quantity was predetermined and lead time was
unique decision variable, which was further extended
by Ben-Daya and Raouf [13] with the consideration of
the lead time and the ordering quantity as decision
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variables without considering any shortages. Since then,
different authors have presented the stochastic
inventory models with lead time reduction (Hahn and
Choi [5]. Hariga and Ben-Daya [15]. Chuang et al.[2]).

In all these articles. the authors concentrated on
the benefits driven by reduction of lead time/setup cost,
either for the vendor or for the buyer. In this paper, we
considered a different situation where a vendor is
interested in reducing his materials lead time and setup
cost. Buyer's lead time for the first batch is higher as
compared to remaining (m-) batches. It is assumed that
lead time of buyer for batches consists of transportation
time only. The demand during lead time is considered
10 be normal; and the model jointly optimizes the buyer’s
ordered quantity. lead time and number of shipments
and vendor's material lead time and setup cost. F indings
are also validated with the help of examples along with
the sensitivity analysis.

II. Notations and Assumptions

Notations

D Average demand per year at the buyer

Ay Buyer’s ordering cost per order

A, Vendor’s setup cost per setup

L, : Length of materials lead time

L(Q): Lead time for the buyer

£ - Transportation cost of the buyer

b : Fixed delay due to waiting and setup time T

and transportation time Ty

s . Reorder point of the buyer

h, : Holding cost per unit per year for the vendor
hp - Holding cost per unit per year for the buyer
Z; - Vendor’s fixed penalty cost per unit short
§  : Safety stock

7y - Buyer’s unit shortage cost per unit short
m - The number of shipments in one production

cycle, a positive intege
© : Lot size (order quantity)
P : Production rate at the 1 endor

Assumptions

I. Inventory is continuously reviewed and buyer
Places the order whenever the inventory level falls
to the reorder s point . The reorder point 5 =
e€xpected  demand during lead-time + safety stock,

that is s = DL (Q) +S-DL(Q)+,‘0 ‘[L(\

where is a safety factor. (VF

The product is manufactured wip a

production rate P and P > D.

3. The lead time for the buyer for first bagcp, Ly
(O/P) + b.

4. The buyer places an order of size Q and the Ve
produces with a finite mQ production . e
one setup, but ship quantity QO to the buyer over

times.

III. Mathematical Model

An integrated single vendor — single buyer
inventory model for a single commodity has been
considered. The vendor’s cost and buyer’ cost have

been given below.

Vendor Cost

The integrated model is planned as follows: the
vendor produces mQ units with a finite production rate
at one setup and P > [ Lo 1 - cuantity Q to the
buyer over times. Fig:: "¢ behavior of

vendor’s inventory p- ’s average
inventory is the differc..c. sccumulated
inventory and buyer’s zc.. -ory as in [8].

Sometimes, it is difficult ¢ break down the lead time
into all its components and estimate the duration and
cost of each component, thus we have considered
aggregate information to solve the purpose of crashing
cost estimation. The total crashing cost is negative
exponential function of lead time. Thus, the total

expected annual cost function for . =ndor includes
the setup cost, inventory hoid stock out cost
- the lead time

(Penalty or delay during pr.
crashing cost.

e, (Q: L,,m)z (%)’.(MTQJLW 3~ %) ~1 +ZTD]

m
Dx D
= JL —aqe P R
+mQ o, JL,y(k)+ 0 ..
Buyer Cost

A continuous review inventory model has been
considered where the demand during the stock out Pe"i“’d
is partially captive. Suppose the buyer places the order at
time f = 0 when his inventory level reaches the l'eo"_ia
point.s , where g — DL(Q)+ ko JL{Q). The vendor begins

manufacturing the product a time T, , which includes



Time

fg) - (@) Vendor’s production level and transportation timings
n-_*,,’, imveatory level and replenishment timings
e and setup time. delivers the first batch of products
picbuer artime 7, -(O P). and stops the production
g, -(mQ P).The buver receives the first batch at
geome 1, = L(0)=(0 P)- & .Since. it is assumed
#m 3 production rate is greater than the demand rate, so
wador has sufficient products and able 1o deliver the
wceod batch at the timers =1 - (0 D)-Ty .
Therefore. the lead time of the second ba o~

1= only T .
The mventory level of the buver - Iy 1is
#=DIy; - 5. The ume 75_when b receive
ks second batch of < =
£-Tp=: - (0 D) Hencethelead: batch
s fx The 1otal annual expected cost 7. is the
s of ordering cosL. transportation - "¢ cost

ad shortage cost.

Therefore. the total annual expected cost for the
Seer is given by
D4 D
C,Qm)=—"t F= ,ph| *S\]
0. m)-— i ,’

“2 s ~— m — sr
_Q[b(l(Q)v( 6(sr.7,))]

9] |CQ

[§]

ey Te €Xpected shortages during the lead time of
“his given by

‘("L(Q»= j‘(xl - :)f(xl)iflw‘l is the demand

during the lead time of the first batch with pd.f. flx).
We assumed that the lead time demand with Is normally
distributed with mean DL(Q)and standard

deviation o [715) . where the safety stock Is given by

Slk‘qm I

s, Q)= o %)mw(k.) o 4

where )= fle-mlakin oo o
&
stock of the first batch.

Similarly, the expected shortages during the lead
time  of j™ patch is  given by

Her. L))~ J(” oV} s he demand during

the lead time of the first batch with P.D.f. fyy) forj -
2.3, ..m. The demand during the lead time of the it
batch is also normally distributed with mean DTy, and

the standard deviation o7, for The safety stock can
also be given as

S=kzaﬁ ...5

and expected shortages of the other batches b(sr,7;)
is given by

bsr,Ty) =0Ty wlky) ()

where k3 is the safety stock of the j'" batch for

J = 2,3,...m. Obviously k; <k, and ki) > wlk,) because
L(0)> 1 .Substituting the value of b(.r,L(Q)) and
b{sr.2(0)) from (4) and (6) into (2) provides

7C ,(Q,m)= %+ F %+ h,(%—)+

x,0D
hko J©/P)+b)+ nl:Q x

[W@T w6+ -n)JrTw(k,)]]
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v

pstitute the value of different sery;
.4 on service level set by vendor
in (8) and compute O'.

17 5 ot
psa 2 (2 J.irf ~0|~0 . then compute
the value of lead time L, using (9) ang obtain
the value of total expected cost JTEC © L,
m).

”5:"}9'—0 = Q and go 1o step
3, otherwise move to step 6.
g:Set m = m + 1, repeat steps 2 - 5 (o get

M(Qim)vL'V(m)’”')'

gep ¥

ce factors
and buyef

>0, then set Q’
Step

ep 7: I JTEC©@{m)- Lvimy.m)

snEC(Q{,,-n)L'v(m-n).m—l) » then go to step 6.
Otherwise, go to step 8.

Step 8: Set (Q'.L'V.ml)= (Q(i-—l)’L..(.‘.w”’_l) » then

(Q.Ly,m) is the optimal solution.
Iv. Numerical Example

Inordet to illustrate the model, an inventory system
with the follewing data has been considered: =1000
units/year, Ab=$50/0rder, Av=$400/sctnp, /1b= $5/unit/
year, h,=$4/unit/year, n=$50/unit. 7=$100/unit,
o,=Sunits/week, o=Tunits/week, P " units/year, b
=001, F=$25, « = 156, B = 1.

We consider that vendor’s s vel of 95%

with safety factor k = 1.64 and ’114, where
a buyers has service level of 80% st batch and
95% as a service level for remair catches (m-1),

which have only lead ime of transpori.:tion. Therefore,
0845, w(k;) =0.1120 and K,=1.64. =0.02114 (Silver
“d Peterson [6]). The optimal solutions without the
“ashing of lead time are presented in Table 1.

Table 1: Optimal solutions without erashing of lead time

time L, = 8 weeks

[ —————
- Q 5 JTEC | Vendor | Buyer
— cost cost
1 1740 557 5761 1323 4439
2 1027 333 4140 1483 2657
3 736 242 3505 1565 1940
4 575 192 3165 1615 1550
L 472 159 2954 1648 1306
—

One can observe from the Table 1 that the reorder
level decreases as the number of shipments increases.
Then, applying suggested iterative procedure and the
crashing of lead time has been done where the lead-
time demand follows the normal distribution. The optimal
results with crashing of lead time are presented in Table
2.1t is found that significant savings could be obtained
by the joint effort of both members.

It is observed that the expected cost for both the
members reduces with the employment of JIT (Just-
in-time) technology whereas buyer generates slightly
more benefits as compared to the vendor. It is observed
that the ordered quantity and reorder level decreases as
the number of shipments increases since buyer would
like to place an order frequently instead of keeping large
amount of safety stock and moreover he knows that
the lead time of batches is comparatively small. It is
interesting to find that as the number of shipments is
high, then vendor would not like to adopt the crashing
of his materials lead time as having enough stock to
fulfill the buyer’s demand that is why the last row of

both the tables Table 1 and Table 2 shows the same
optimal solution.

Table 2: Optimal solutions with crashing of lead time

ﬁ L Vendor Buyer Savings (%)
¢ ’ IEC Y cost cost Total- Vendor Buyer
cost cost cost
\
\
: 7.78 5.53 845
~—_ 1588 509 5313 5.44 1249 4064
2 I 1 5.05 424 5.49
—~—__%7 315 3931 6.19 1420 25
. 1514 1863 3.66 3.31 3.94
~—__704 232 3377 6.63
‘ -\556\ 6.94 1574 1505 271 2.57 286
,S\\J() — » 1306 0.00 0.00 0.00
! 159 2954 7.77 1648 :
\_-
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Table 3 represents the results obtained when the
service level of vendor becomes 98% instead of 95%.
Similarly. Table 4 shows the results obtained when the
level of service of buver becomes 95% for first baich
and 95% for rest of the batches.

Findings from Table 3 and Table 4 clearly show
Fhal the vendor’s and buver’s cost increases with the
increase in their service levels.

Table 3: Optimal results when vendor’s service level =98%

- @ | s | umc | r [ vendor i Buver |
i cost cost

I | 2735 | %68 | 3766 | 400 . 1863 €902

2 1910 | 610 | 7336 | 478 2499 = 1836

3 1366 240 | e1s5 | 523 1 2666 = 3479

4 1065 345 | 5496 | S55 0 1763 1°:2

s ~99 262 4634 | 579 | 2604 - 2079

Table 4: Optimal results when buver’s service level =95% for
first batch and 95% for other batches

f
I om o s JIEC | L Vendor  Boyer
| : COsT sos
| -
I 1736 i 560 5749 | 544 1320 4335
2 1025 | 336 4136 | 619 1481 2653
3 34 244 3500 | 663 1562 =8
5 sTT 1 194 3165 | 694 ¢ 1613 I3
| s 2 162 295- | IS © 1648 1309

V. Conclusion

This paper presents integrated
thar analyzes the returns obrained by employing
In-Time (JIT) technology when the :rashng COSt o1
lead time is negative exponentizl and carried out on
vendor’s part. Further. it is assumed that bu_\er's lea
time for the first batch is higher as com ‘
remaining batches as the production rate is
higher than the demand rate at the vendor
joint total expected cost of both the parties mcludes the
setup cost. ordering cost. holding cost. stock out cost
and lead-time crashing cost. The overall cost of the
integrated inventory system reduces with the
coop;ratxon of both parties. Moreover. findings clearly
show that significant savings could be obtained by
crashing the components of the lead time for the

vendor.
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