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Cost Reduction in Supply Chain Management by Shorter Purchasing
Lead-time: A Case Study of Ilexible Printed Circuit Boards

I-Chiang Wang
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Abstract: A shorter lead-time can capture competitive advantage and mcreased market shares. The purpose
of this study was to explore the supply chain cost structure from a manufacturing perspective. By utilizing the
proposed total cost reduction model, a guideline for an incentive program in which the vendor will be motivated
to reduce the lead-time for each purchase can be obtained. Accordingly, competitiveness of the supply chain
can be further enhanced. To illustrate this cost reduction approach, a case study of manufacturing flexible
printed circuit boards with a sensitivity analysis was undertaken. From the results, two findings are obtained:
First, purchasing lead-time reduction will result in cost advantages with regard to inventory, transportation and
capacity. Second, there exists a trade-off between transportation and expected capacity costs.
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INTRODUCTION

Supply Cham Management (SCM) encompasses
materials/supply management from raw material to
finished product (Tan et «l, 1998). A supply chain
contains four levels, supplier, manufacturer, distributor,
and consummer, where each may be comprised of numerous
facilities (Beamon, 1999).

A shorter lead-time implies better customer service,
less mventory, and higher efficiency, and thus is more
and more wnportant for obtamning competitive advantage
and increased market shares (Wedel and Lumsden, 1995).
Taking made-to-order manufacturing as an example, 54%
of the delivery time is waiting, which suggest that there is
significant potential for improvement (Jahnukainen and
Lahti, 1999).

The definition of a supply chain has changed along
with the various technology breakthroughs seen in the
last few decades. In the early and middle 1990°s, a supply
chain was defined as a group of firms/organizations which
function as a network flowing from raw material to final
product or service (Ellram, 1991). With the rise of the
Internet, business entities within the supply chain became
more strategically allied and began to exchange more
information to accelerate business processes.

Disregarding the finer points of these changes mn
definition, a supply chain is commonly seen as bemng
organized into several groups for specific purposes,
which are raw material supplier, sub-component supplier,
assembler/manufacturer, distribution providers,
customer/consumer (Thomas and Griffin, 1996; Kopczak,

and
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1997). Beamon (1999) defined that a supply chain
contained the suppliers, manufacturers, distributors and
consumers, and they were grouped differently depending
on whether they play as a supplier, producer, wholesaler,
or retail outlet.

Shin et al. (2000) constructed a supply chan
measurement model mn terms of supplier and buyer
performance. Supplier performance includes cost, quality,
delivery reliability, lead-time, and on-time delivery.
Beamon (1998) presented a different measurement
approach based on both qualitative and quantitative
aspects. Furthermore, Beamon (1999) also identified
output and flexibility as the major performance
measurements. Accordingly, most of the available
performance measurement models have been cost-related.
Lawrence (1999) argued that the cost of safety stock and
stock out were influenced by lead-time and variability, as
well as the results of Gilbert and Ballou (1999) study. In
addition, Tyworth and Zeng (1998) found that the
expected total annual logistics cost is the sum of
transportation, holding, ordering, and shortage costs, in
which transportation cost 1s further related to the freight
rate, annual demand, and weight of goods. The
application of SCM or cost reduction is often found in the
management literature (Ahmadi and Teimouri, 2008,
Ebralumipoor et af., 2009; Emongor and Kirsten, 2006,
Hemalatha and Vivekanandan, 2008; Kocsoy ef al., 2008;
Lee et al., 2008, Algedra et al, 2011; Reaz et al., 2009,
Shafia et af., 2009, Shirazi et al., 2008).

The aim of this study was to understand how
purchasing lead-time at the mamufacturing level
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influenced the overall cost of the supply chain. A cost
model constructed m this study was used to analyze the
effects arising from a reduction in purchasing lead-time.
Furthermore, a case study of flexible Printed Circuit
Boards (PCB) was included to illustrate this approach.

THE OPTIMAL EXPECTED TOTAL COST
REDUCTION MODEL

This study investigates how a manufacturer can
reduce the costs resulting from the vendor’s delivery
lead-time which 1s 1dentical to manufacturer’s purchasing
lead-time. Utilizing the proposed optimal expected total
cost reduction model, guidelines are developed for an
incentive program in which vendors will be motivated to
reduce the lead-time for each purchase. This model 1s
constructed under the following conditions (1) material
will be brought solely from a single vendor, (2) the quality
of material from this vendor is acceptable and constant,
(3) the vendor 1s able to reduce the purchasing lead-time
at a constant ratio of p (0<B<1) when encouraged by the
mcentive program, (4) the quality of products
manufactured is acceptable and constant and (5) the
manufacturer has to use the fastest transportation method
to ensure on-time delivery. The Expected Delivery Time
(EDT) of a menufacturer in a supply chain is composed of
the following three major elements, as shown in Fig. 1:

Expected lead-time of purchasing (ELTP): The
expected time frame from placing an order to the
receipt of raw material

Expected lead-time of manufacturing (ELTM): The
expected time frame from the receipt of material to the
finished products being shipped

Lead-time of transportation (LTT): The time frame
from shipment to the receipt by customers

The top of Fig. 1 represents the EDT of a
mamufacturer that purchases from a supplier with the

F—pmhuhgﬁvmasuppﬁerbeforethemhasbeenmduwd —>|

Expected lead-time Expeoted lead-time Expected lead-time
of purchasing of puanufacturing of transportation
(ELTF) (ELTm) (LTT)

! o Iy 1
d >

ELTPR t
|— purchasing from a supplicr after the ELIP has beon reduced by f —b|

Fig. 1: The structure of manufacturer’s expected delivery
time (EDT)
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regular ELTP. The bottom represents the EDT of a
manufacturer who purchases from the same supplier after
conducting EL TP reduction by P. In order to objectively
compare the manufacturer’s cost of purchasing from the
same supplier before and after this reduction, the
manufacturer’s EDTs remain identical, regardless of the
changes in the ELTP. As a result, when the manufacturer
purchases from a supplier with reduced ELTP, the ELTM
and/or the .TT tend to have more flexibility to respond to
the changes m the schedule.

The following symbols and notations used
throughout this study are as follows:

. Direct labor cost (amount per thousand units)

: Cost of the material (amount per item)

: Annual demand of the material (units per year)

: Daily demand of the material (units per day)

: Unit normal loss integral

. Equipment depreciation (amount per thousand
umnits )

F. : Freightrate of approach i wherei=1,2,3, ..., n
(amount per kg)

. Holding cost (expressed as a percentage of the
item cost)

: Stock out cost (amount per arder)

: Daily shipment (thousand umts per day)

: Economic Order Quantity (EOQ) after the ELTP
has been reduced by P (units per order)

: Economic Order Quantity (EOQ) before the ELTP
has been reduced (units per order)

: Ordering cost (amount per order)

: Working days (days per vear)

. Transportation lead-time for approach i where i =
1,2,3,...,n(days)

. Increased transportation lead-time, compared with

egan o

sl

4]

oo o

fial

the first approach when using approach 1 where 1
=1,2,3, ...,n(days)

: Weight per thousand umnits (kg)

: The number of standard deviation

. Lead-time reduction ratio for each purchase
(percentage)

. Variance of daily material demand

: Variance of purchasing lead-time

: Daily demand of product (thousand units per day)

. Daily production capacity (thousand units per
day)

. Daily  production  capacity when  using
transportation approach 1 (thousand umnits per
day)

When the EDT remained, any changes in ELTP,
ELTM and LTT might mfluence the total cost. For a given
B, the reduced lead-time is (1-B) ELTP and the standard
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deviation and variance are (1-B)o, and (1-pY o’
respectively. The above change will result in (1) cost
reduction in relevant inventory, (2) cost reduction in
transportation method and (3) cost reduction in capacity.

The effect of a reduction in ELTP on expected relevant
inventory cost: The influence of a reduction in ELTP on
the inventory cost 1s explored n this subsection where
the cost structure 13 based on the following assumptions:

The demand 1s continuous and given

The purchasing lead-time and demand are both based
on normal distribution

The ordering cost is constant

The back order is not allowed

The holding cost is linear and

The lead-time can be reduced by a ratio of P for each
purchase

Based on the relevant cost model presented by
Lawrence (1999) and Ballou (1992), the following
equations are developed by this study where the
Expected Relevant Inventory Cost (ERIC) before ELTP
reduction can be obtamed as follows:

ERICZBXS+IXCX%+IXCXSS+EXde2XGiTP+ELTPXG§ xE(z)
q

q
(1
where, q (EOQ) 15
2 2 2
o 2D[s + k(& x}oiz + ELTPx 0} x E(2) | )
Ic

and Safety Stock (ss) is:

5§ = Zsz %Gl ++ELTPx o} 3)

According to Eq. 1, the first term 1s the cost of order
processing, where the period can be of any length.
However, it must be long enough to last through a
purchasing cyele. Yearly demand is a common choice for
this cycle which can be divided by q (EOQ) to obtamn the
number of orders placed in a year. In the second term, the
cost of holding average inventory is presented where ¢
divided by two represents average inventory. The next
term is the cost of holding safety stock. The final term is
the cost of stock outs, where the combined term of:

sz % 6ip ++ELTP % 62 xxE(z)
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represents the expected numbers of stock outs during an
order cycle. When Z 1s 1.645 for the desired service level
of 95%, B, 1s then equal to 0.0211 (Balleu, 1992).

According to the above when the purchasing
lead-time is reduced by p for each purchase, the ERIC, q,
and ss would be reformulated as follows:

ERIC:%XS+IX Cx%+IxCxSS

+%>< K < (1-B) 6y + (1= PELTP x 67 x E(2) W
where, Q (EQQ) 1s:
o 2D[s +k(d2x(1-p) ol +(1-B)ELTP o3 | E(Z)J )
Ic
and Safety Stock (S3) is:
88 = ZyJe x (1-B) 0%y + (1~ PELTP x o (6)

When comparing Eq. 1 and 4, one can see that when
the ELTP is reduced, EOQ will also decrease. This thus
results in an mcrease in the cost of order processing and
a decrease in the cost of holding average inventory. In
addition, the reduction in both ELTP and variance will
cause the cost of holding safety stock and stock outs to
decrease.

Based on the above, if provided with the purchasing
lead-time reduced by p for each purchase, the
Expected Cost Reduction of Relevant Inventory
(ECRRI) can be obtained by subtracting Eq. 4 from 1, as
follows:

ECRRI:DxSx(%)HxCx
q

FELTPxo} o x[1- B} ol + (1= PFLTPx o}
Q I

%-FIXCX(SS—SS)

F]
+ka><E(z)x(Jd xcsf_.nj
q

9

In Eq. 7, the q, 58, Q, and SS are those stated n
Eq. 2, 3, 5 and 6. The first term presents the cost difference
of orders processing in Eq. 4 and 1 which 15 always a
negative value to illustrate the increasing cost.

The effect of a reduction in ELTP on transportation
cost: According to Tyworth and Zeng (1998), the freight
rate and weight affect the transportation cost. The
assumptions of transportation are as follows:
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The transportation cost is weight related

The freight rate is based on transportation time which
normally requires more money to deliver with n a
shorter time, and

There are n available transportation methods

According to the above, the first transportation
method (T)), the most expensive and fastest way to
deliver products, has been normally selected to avoid any
delay. The reduction in transportation cost comes from
extra transportation time being allowed, which results from
the reduced ELTP, provided there 15 a fixed EDT. The extra
transportation time obtained, t;, can be expressed as:

t, =LTT,-LTT: fori=1,2,3,.n (8)
where, L.TT, is the lead-time of transportation approach i.

Accordingly, t, can be employed to utilize other
flexible transportation approaches with less cost. The
Cost Reduction of Transportation approach 1 (CRT,) can
be formulated as the equation below, which also uses the

most expensive freight rate, F, as the basis for
COIILPAriSOns:
CRT,=s P x w = (F:—F ) fori=1,2,3,-.n (%)

where, s is the number of working days in a year.

When a transportation approach with less cost is
adopted, a cost benefit, CRT,, can be achieved. The
optimal approach 1 happens while the sum of CRT; and the
Expected Cost Reduction of Capacity for approach i
(ECRC)) reaches a maximum value.

The effect of a reduction in ELTP expected capacity
cost: The required production capacity can be analyzed
based on the M/M/1 queuing model presented by Gilbert
and Ballou (1999). The assumptions of the queuing model
are as follows:

The processing times are exponentially distributed
The arrival of material 1s a Poisson process

There 15 only one set of production equipment
available and

The finished products must be shipped instantly

According to the M/M/1 queuing model, the ELTM
can be obtained as follows:

ELTM=—— (10)

TS

then,
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1
+
ELTM

(11)

p=">x

As shown in Fig. 1, based on the ELTP being reduced
by a ratio of P and the LTT increased by t, the Expected
Lead-Time of Manufacturing for approach i (ELTM;) can
be formulated as follows:

ELTM, = ELTM + ELTPxp—t,  fori=123,-.n (12)

Assuming constant demand, the following equations
can be derived using the M/M/1 quening model and daily
production capacity for approach 1 () can be obtained
with the following equation:

L1
ELTM,

(13)

W =4 fori =1,2,3, --.n

Replacing ELTM, in Eq. 13 for that in Eq. 12 when
ELTP is reduced by a ratio of p and LTT is mcreased
by t, Eq. 13 can be further updated to:

1

v fori=1,2,3, .n (14)
ELTM + ELTP < —t,

By=2

From Eq. 11 and 14, the following can be obtained:

A =p-p = ELTPp-t, fori=1,23, --.n
ELTM x (ELTM + ELTPx B—t.)
(15)
where, Ay refers to the reduction m capacity for
approach 1.

Maintaining the excess capacity leads to cost
increases due to production equipment, labor force, and
storage space (Lawrence, 1999). Since the cost of space is
very difficult to measure, only equipment and direct labor
costs are considered in this study. The ECRC, can thus be
obtained, as follows:

ECRC, =sx Ap, % (e + b) fori =1,2,3, -.n  (16)

In Eq. 16, multiplying the reduction of capacity for
approach i (Aw) by the sum of unit equipment and direct
labor cost (etb) gives the daily capacity cost reduction
for approach i. Replacing the Ay, in Eq. 15 for that from
15, then:

ELTPx Bt

ECRC, =sx
: FLTM x (ELTM + ELTP % f—t,)

x(e+b) fori=1,2,3, ---,n

(17)

From Eq. 17, the equipment investment and labor cost
are reduced when the ELTM increases.
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total
modeling: Based on the above equations derived, lead-
time reduction ratio, B, for each purchase will lead to cost
reductions for ECRRI, CRT, and ECRC,. From Eq. 7, 9 and
16, the Expected Total Cost Reduction of approach i
(ETCR;) in a year can be obtamed Furthermore, the
Optimal Expected Total Cost Reduction (OETCR) mn a year
resulting from ELTP reduction, when using approach i, is

The optimal  expected cost reduction

givenas follows:

OETCR = Maximize { EICR,}
PEFENY
ETCR,
= ECRRI+ CRT, + ECRC,

DxSx(b)+IxCxﬁ+IxCx(SS—ss)
Qq 2

+Dx k< E(z)x W_sz X(I_B)j O?_n, +(1_B)ELTPXXO?1

q Q

ELTPxp-t,
ELTM x (ELTM + ELTP = f —t,)
fori=1,2,3,---,n

+sxPxwx(F-E) +sx x(e+b)

(18)
Subject to

0<p<l,
t=T-T,
=1,
t<ELTP=p and
Fir<F;

In the Eq. 18, there is a trade-off between CRT, and
ECRC,. The longer the t; is, the greater the OETCR
becomes. Since the growth of ECRC, 1s limited, only one
t exists for a given OETCR. If the first approach has been
selected, the reduced ELTP can be achieved by utilizing
ECRC, instead of CRT,.

Fig. 2: The Supply Chain of the Flexible PCB Processing
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CASE STUDY

A flexible Printed Circuit Board (PCB) manufacturing
company located in Taiwan, which 1s a supplier to
notebook PC, printer, hard disk drive, and digital camera
manufacturers, has been investigated to venfy the
proposed appreach. Similar to other electronic comparues,
the subject company has to deal with short delivery times
and rush orders, which often results n excess mventory
and capacity. Accordingly, the subject company would
like to aggressively reduce the ELTP to pursue more cost
effective operations.

Optimal expected total cost reduction model solution: The
flexible PCB production flow is shown in Fig. 2 which
includes design, front processes, patterming, lamination,
surface treatment, and back processes. During the
patterning process, etching has always been a bottleneck
due to low yield. Cover lay 1s the mamn raw material, which
has to be purchased in rolls. The subject company’s
detailed information 1s listed in Table 1.

As to the CRT;, it takes 1.6 rolls of cover lay for every
1,000 pieces output. Accordingly, 12.8 rolls are needed for
the daily 8,000 output, 281.6 rolls for monthly (22 working
days) production, and 3,380 rolls for annual demand (D).
Based on Eq. 12, the EOQ can be obtained as 30 rolls. As
mentioned before, if the desired service level 18 95%, then,
the 7 and F are 1.645 and 0.0211, respectively. As to the
stock out cost per order (k), three scenarios are presented.
First, the customer requests a stock out item and 13 willing
to wait based on the regular lead-time. Second, the
customer requests a stock out item and is unable to wait
for the regular lead-time, and so the company has to
initiate an expedited order. Third, the sale will be lost
when the material is stock out (Lawrence, 1999). In case of
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Table 1: Information about the Flexible PCB manufacturing company

Table 3: Maxirmum cost reduction of i for different b levels

Factors Values B (% i t ECRRI CRT; ECRC; ETCR; OFETCR

Demand in ayear (D) 3380 unit/year 10 1 0 2135 0.0 21.893 24.028 Optimal

Demand in a day (d) 12.8 unit/day 2 1 2135 8.571 0.0 10.706

Variance of demand (¢?) 12.807 20 1 0 4296 0.0 24326 28622

Cost of the material (C) $600.0 2 1 4296 8571 21.893 34.760 Optimal

Holding cost (percentage of the item cost, I) 28% 3 2 4296 13470 0.0 17.766

Order cost (S) $22 30 1 0 6487 0.0 25261 31.748

Expected purchasing lead-time (FEL.TP) 10 days 2 1 6487 8571 24326 39.3%4

Variance of purchasing lead-time (”.1e) 19.579 3 2 6497 13470 21.893 41.860 Optimal

Waorking days per year (5) 264 days (3: Percentage of lead-time reduction ratio for each purchase

Equipment cost per thousand unit capacity (e) $13.415

Direct labor cost per thousand unit capacity (b) $12.5 . .

Desired Service Levels 05% Table 4: Scenarios analysis of case study _

Stock outs B (% i t ECRRI CRT, ECRC, OETCR R (%9

Probability of normal lead-time backorder 209 10 1 0 2135 0 2893 24028 119

Probability of expedited lead-time backorder 70% 20 2 1 4206 8571 21.893 34760 171

Probability of lost order 10% 30 3 2 6.487 13.470 21.893 41.850 2.06

F, (T, =2 days) $8.696 50 3 2 10,900 13470 25261 49721 245

Fy (T, =3 days) $6.667 60 3 2 13.343 13470 25.757 52570 2.59

F: (T;=4 days) $5.507 70 3 2 15714 13470 26.063 55.247 272
80 3 2 18.204 13470 26.272 57.946 2.86

e TecmpiGes % 2 nwhoyxm en

] & L < Ry [3: Percentage of lead-time reduction ratio for each purchase; R*: Percentage

10 6 =37 232 1.366 334 2.133 of the OETCR to total annual purchased amount ($2,028,000)

20 72 -92 588 3.132 668 4.296 T

30 69 -136 840 4.697 1.086 6.487

40 65 -203 1176 6.263 1.480 8716 depreciation period 1s three years, the equipment cost per

50 60 -298 1.596 7.829 1.863 10.990 : : :

P 56 oy Lo32 0413 5385 13313 1,000 pieces share (e) 18 $13.415. Upder (.:un"ent operatlor.lal

70 51 517 2.352 10.964 2.915 15.714 arrangements, the equlpment requires five operators with

gg ‘3‘; -géé g-?gg ﬁﬁg 4312?15 ;ﬁ-égg a wage of $20 per operator per day. The direct labor cost

100 30 1573 4116 15.962 s 662 24203 per 1,000 pieces (b) 1s thus equal to $12.5. As a result, the

CR;: Cost reduction of orders processing; CRy: Cost reduction of holding
average inventory; CRy: Cost reduction of holding average inventory; CR,:
Expected cost reduction of stock out

the first and second scenarios, the added ordering costs
will be 20 and 50%, respectively. Under the third
circumstance, the cost of the lost sale for the company 1s
$1,000. Based on the Table 1, the expected stock out cost
is equal to $108.58, considering the probability for each
scenario provided. Accordingly, Eq. 14 is used to obtain
the ECRRI for different B, and these are summarized in
Table 2.

As for the ECRC, air freight is used to transport
products from Taiwan to Japan in order to meet limited
time frame. The product weighs two kgs per 1,000 pieces.
There are three approaches to be considered. The freight
rate of the first 15 $8.696 (F)) per kg, which takes only two
days (T,); the second is $6.667 (F,) per kg, with three days
(T,) needed; and the third 1s $5.507 (F,) per kg in four days
(T,). Therefore, the CRT, of each transportation approach
for different p can be obtained with Eq. 9.

As for the ECRC,, if the daily output (4) is 8,000
pleces, this 1s also number of the shippmg umts. To
manage rush orders and variations in quality, the daily
capacity (L) has to be mncreased to the level of 12,000
pieces, which results in an ELTM of 0.25 day in Eq. 10.
Since the manufactiring equipment costs $85,000 and the
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ECRC, of each transportation approach for different p can
be obtained from Eq. 17.

Consequently, given the ELTP reduction ratio, p, the
variance can be lowered proportionally. By substituting
B with 10, 20, and 30% in Eq. 18, Table 2 can be obtained,
where the ETCR, reaches its most cost-effective status
with 10% ELTP reduction when i equals one. As [
becomes 20 and 30%, the maximum ETCR; (OETCR)
occurs when 1 15 equal to two and three, respectively.
Table 3 also reveals a trade-off between ECRC, and ECRC.
When [ equals 10%, if the one day saving in ELTP can be
applied to the ECRC, the cost can be reduced by $21,893
while the CRT, reduces it by only $8,571. When utilizing
the time saved in ECRC,, an i equal one becomes the most
cost effective option when P equals 10%. Accordingly, it
also results in 1 equals two and three with a  of 20 and
30%, respectively, to achieve a similar outcome. More
information about i with different levels of p is given in
Table 4.

Vendor policy: The vendor can usually be motivated to
reduce the lead-time for each purchase through the
utilization of the proposed total cost reduction model. For
a manufacturer, the ELTP varies from one vendor to
another, and thus different cost reductions can be
achieved. R* the maximum benefit ratio from ELTP
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Table 5: Sensitivity analysis in OETCR

ELTP=10 ELTP =20 ELTP =30
o i =10 Frp=20 Frp=30 i =10  FAp=20 chprp=30 i =10  oip=20 oip=30
10 1 23.693 23.986 26.859 2 32912 33.301 33.877 3 36.819 37.444 37.848
20 2 33.764 34.653 35.817 3 40.914 42,153 42.967 3 41.803 43.555 44.390
30 3 41.352 41.842 43,.097 3 43.9306 45.714 47.968 3 44.667 46.113 47.611
40 3 44.070 46.482 48.308 3 46.243 48.576 50.237 3 46.477 48.986 50.649
50 3 46.999 49.975 52.239 3 48.070 51.058 53.323 3 48.353 51.345 53.612
60 3 49.108 52.609 55.288 3 50.008 53.480 56.363 3 50.048 53.869 56.408
70 3 51.242 55.401 58.560 3 51.936 56,.098 59.272 3 52,121 56.298 59.469
80 3 53.347 58.414 61.690 3 53.989 58.606 62.424 3 54.082 59.570 62.375
90 3 55.482 60.630 65.093 3 55.946 61.400 65.555 3 56.101 61.670 65.652
100 3 58.358 64.431 69.146 3 59.234 65.357 70.018 3 60.031 65.905 70.396
[3: Percentage of lead-time reduction ratio for each purchase
Table 6: Sensitivity analysis in R

ELTP=10 ELTP =20 ELTP =30
B (%0 i o =10 ipp=20 oipe=30 i o = 10 Frrp =20 o =30 i =10 oip=20 oip=30
10 1 1.17% 1.18% 1.32% 2 1.62% 1.64% 1.67% 3 1.82% 1.85% 1.87%
20 2 1.66% 1.71% 1.77% 3 2.02% 2.08% 2.12% 3 2.06% 2.15% 2.1%%
30 3 2.04% 2.06% 2.13% 3 2.17% 2.25% 2.37% 3 2.20% 2.27% 2.35%
40 3 2.17% 2.29% 2.38% 3 2.28% 2400 2.48% 3 2.29% 2.42% 2.50%
50 3 2.32% 2.46% 2.46% 3 2.37% 2.52% 2.63% 3 2.38% 2.53% 2.64%
60 3 2.42% 2.5%%0 2.73% 3 2.47% 2.64% 2.78% 3 2.47% 2.66% 2.78%
70 3 2.53% 2.73% 2.8%% 3 2.56% 2.77% 2.92% 3 2.57% 2.78% 2.93%
80 3 2.63% 2.88% 3.04% 3 2.66% 2.8%% 3.08% 3 2.67% 2.94% 3.08%
90 3 2.74% 2.99%% 3.21% 3 2.76% 3.03% 3.23% 3 2.77% 3.04% 3.24%
100 3 2.88% 3.18% 3.41% 3 2.92% 3.22% 3.45% 3 2.96% 3.25% 347%

[3: Percentage of lead-time reduction ratio for each purchase

reduction, provides a reference for the manufacturer to
share profits with suppliers. As to vendor policy, an
incentive feedback program is worth establishing.
Table 4 offers the feedback guidelines with respect to
various vendors’ time reductions for delivery to
encourage continuous unprovement. Moreover, vendors
can use these guidelines to enhance their managerial and
manufacturing performance m order to obtain mcentives

from a reduction in ELTP.

Sensitivity analysis: The sensitivity analysis is used to
explore the major factors of cost reduction when the EL TP
18 reduced at different levels of p. ELTP and variance
reduction against cost reduction 1s presented by
assuming that both EL. TP and variance have three levels
of 10, 20, and 30. In Table 5 and 6, the cost reduction and
reduced ratios are listed. In Table 6 it can be seen that the
cost reduction 1s mainly mfluenced by ELTP with a lower
B. Taking [ at 10% and EL.TP at 20 as an example, the cost
reduction rates under different variance levels are 1.62,
1.64, and 1.67, respectively, which demonstrate sumilar
results. On the other hand, as to a fixed 0°,;; of 20 with
different ELTP at 10, 20, and 30, the cost reduction rates
are 1.18, 1.64 and 1.85, respectively. Accordingly, the cost
reduction depends mainly on the ELTP, to which P makes
only a minor contribution.
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In contrast, with the same ELTP level of 20 with 5 at
100%, the cost reduction rates are 2.92, 3.22, and 3.45 at
various 0’1 levels. In addition, as to a fixed 0% 1 of 20,
the cost reduction rates are 3.18, 3.22, and 3.25 when P 1s
equal to 100% for different EL TP levels. Accordingly, the
cost reduction 1s mainly affected by the variance of the
ELTP instead of ELTP itself when P is close to 100%.
When P increases, the variance decreases dramatically,
which also leads to a significant improvement in ECRRI.
Furthermore, CRT, and ECRC, are mainly affected by the
reduced ELTP.

Although B can increase up to 100%, there exists
only three possible transportation approaches, which limit
the reduction scale of CRT,. In addition, it 1s clear that
ECRC, can not be mmproved sigmficantly based on the
results of scenario analysis. The situation described
above can be explained by Table 4, where the ECRRI 1s
mainly influenced by the reduction 1 variance, while the
CRT, and the ECRC, are mainly influenced by the ELTP.

CONCLUSIONS

This study focuses on variation in supply chain cost
when the ELTP can be reduced with the required EDT
unchanged. An illustrative case study of a flexible PCB
company validates the proposed model through
sensitivity analysis. The following conclusions can be
presented:
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With regard to the cost reduction, a reduction in
ELTP leads to lower expected total cost, which jointly
comes from the reductions in expected relevant
inventory cost, transportation cost, and expected
capacity cost

There exists a trade-off between transportation cost
and expected capacity cost

Overall, an improved ELTP can reduce manufacturing
cost, and the savings cab be shared with vendors through
an incentive feedback program. Accordingly, the total
cost in the supply chain tends to become lower, which will
definitely enhance firm competitiveness.
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