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An Integrated Ordering and Setup Cost Reduction Model

Chang-Hwan Lee*

n Abstract m—

A vendor supolies a product to a sole/malor buyer on a lot~for-lot basis under deterministic inventory contral
conditions The baslc premise is that the setup cost reduction technologies are avallable to both the buyer and
the vendor, and that the vendor's inventory and setup reduction investment costs differ from the buyer’s
Therefare, an Individually designed ardering and setup cost reduction policy will likely cause mismatches between
the vendor's and the buyer's optimal cycle times. For thus situation, we show that a joint optimal setup cost
reduction and ordering policy, together with an approprigte side payment (quantity discount or premium price)
schedule, can he designed In a spirt of coordination to eliminate mismatches I individual optimal cycle times

1. Introduction

The success aof the setup cost reduction pro-
gram in reducing production lot sizes and in—
creasing the [llexihility of the production sys-
tem has led to a substantial lterature on how
a company should invest in such a program to
reduce cycle times (see, for example, Porleus
(1985, 1986ahl, Spence and Porteus [L987],

Fine and Porteus [1989], Paknejad, Nasri, and
Affisco [1992], and Leschke and Weiss [1997]).
However, a few research has been done [rom
a multi-echelon standpoint. The purpose of
this study is to extend the problem of in-
vesting in setup cost reduction from a single-
echelen situation to a two—echelon situation.
Although the idea may be simple, many

questions arise, especially with regard to the

+  Financial assistance for the completion of this research from the Daewco Research Foundation 15 gralefully

acknowledged



50 “ % B

joint problem of order delivery, selup cost re-
duction coordination, and cost-sharing.

To gain a hetter understanding of this issue
we moedel a hypothetical two-echelon, EOQ-like
inventory system consisling of a vendor and a
sole/major buyer. The basic premises are that (1)
the setup cost reduction technologies are available
to hoth the vendor and the buyer, and that (2)
the vendor's inventory and setup reduction in-
vestment cost structures differ from the buyer’s.
Therefare, individually designed ordering and
setup cost reduction plans will Lkely cause a
mismatch between the vendor's and the buyer’s
optimal cycle limes. Under these premises, a de—
sirable practice should regard two parties as a
single unit and involve the design of an integrated
order and setup cost reduction policy so as to
minimize the joint cost of the distrihution channel.

Quantity discount has been presented in the
literature as a coardination mechanism in the dis-
trihution channel designed 1o eliminate mis-
matches in cycle times The basic premise is that
the vendor's inventory cost structure differs from
the buyer’s, leading the buver's cyvele time to differ
from the vendor's. With this situadion in mind,
Monahan (1984, 1988} developed a model from a
vendor's perspective for estabhshing an optimal
~ discount schedule, and showed a price discount
schedule with a single hreak point achieving the
desired outcome for the vendor. Monahan's work
has been advanced by Banerjee (1986a,b), Lee and
Roesenblatl (1986), Goyal (1987), Joglekar (1988),
Drezner and Wesclowsky (1989), Rubin and
Carter (1990), Kohli and Park (1989, 1994), Weng
and Wong (1993} and Weng {1995a,b), among
olhers. The purpose of these models 15 to show
a mutually profitable “Joint Order Quantity” that

differs from each individual's optimal order

quantity, and which can be obtained in a spirit
of cooperation. The coordination mechanism
works generally as [ollows @ One party develops
a jont policy of ordering and offering a brealc-
even discount or price increase to hus counter
party with the ohjective being to entice thal party
to alter his order quantities to achieve a mutually
agreeable delivery schedule. The cost sacrifice by
the conceding party will be offset by the break-
even quantity discount or price increase. In this
study, along a similar vein. we try to develop and
introduce a “Joint Ophmal Ordering and Setup
Cost Reduction Model” aimed at synchronizing
individually optimal ordermng and setup cost re-
duction programs. Our model differs from the ex—
isting literalure in not only considering a mon-
etary side payment {quantity discount or premium
price) as a means of synchronmzation, but also
comsidering synchronizing the setup cost reduc—
tion programs for a distribution channel to elirm—
nate mismarches in cycle times.

This paper is slructured as follows. In §2. a
problem description, assumptions, and nolations
are presenled and the objective [unctions of the
buver and the vendor are developed ; then, the
individual optimal policies and their effects on the
counter parties are analyzed. In § 3. we discuss
the issue of how 1o eliminate rmismatches in
individual optimal eycle times. In § 4, we discuss
a model in which the vendor follows a produce-
to—stock preduction principle, with produced lot
size as an integer multiple of the buyer's order

size. Finally, a briel discussion is provided in §5.

2. Model Description

We begin our analysis hy bhrefly introdicing

the notations.



D = Buyer's vearly demand rate ;

A, e = Setup costs per order for the vendar and
the buyer respectively ;

A", q" = Setup costs before implementing the
setup cost reduction programs ;

AT a%= Reduced setup costs after implementing
the setup cost reduction programs ;

M =Vendor's vearly production ratel M=
ny;

H, k= Per unit annual inventory holding costs
mcurred by the vendor and the buyer ;

&, q =Order size variables for the vendor and
the buyer ;

Q. 4" = Individual optimal lot sizes (I0Q} in
which setup costs are not reduced ;

QF, 4% = Individual optimal lot sizes in which
setup costs are reduced

J = Jointly agreeable (optimal) order size
(JOQ) variahle ;

R, » = Tractional per unit time opportunity cost
of capitals for the vendor and the buye
r; and

E, g = Retrievable fractions of investment on
the setup cost reduction programs for

the vendor and the buver. In addition,

let H = HD/M and 8= H/h.

Assuming that the buyer's setup cost reduction
mvestment function is logarithmic as discussed
hy Porteus (1985, let br =( &’/ @) the setup cost
reduclion investment cost of changing the setup
cost from 2" to @ &>0 represents the cosl of
making ahout a 63% reduction in the setup cost.
Spence and Porteus (1987) painted out that in
practice, the setup cost reduction nvestment
function may not be in this form or even known.

Nevertheless, in common with other works (for
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example, Porteus [1985, 1986a,b]), we employ this
function as an approximation. We use exactly the
same cost structure with different parameter
values for the vendor. In particular, the vendor's
mveslment cost in setup cost reduction program
is given by BRIn(A% A) where B0 represents
the cost of making about a 63% reduction in the
vendor's setup cost. Finally, let a = BE/br.

Our model is restricted to & simple transaction
scenario. A buyer periodically orders some quan-
tity from a vendor. The vendor, afler receiving
an order, produces the required quantity of the
product, following an order—{or-order principle.
That 1s. bis production quantity exactly equals
the buyer's order size, and he ships the entire lot
to the buver. In section 4, we have relaxed this
assumption to include those occasions in which
the vendor follows a produce-to~stock production
principle, with produced lot size as an integer
multiple of the buyver's order size,

Lel Cglg, a) denate the buver's annual inven-
tory cost and setup cost reduction investment for
a given pair of order quantity and setup cost.
Then :

Cs(q,a):%+q2i+brha(—‘§). (L

The cost function 1s the sum of the three
components © sefup cost ( Da/g) + holding cost
{ gh/2) + setupreduction cost { b7 In (A% 2)). Add-
ing setup, holding, and setup cost reduction in—
vestment, and letting € £ @, A)dencte the vendor’s
annual cost, the vendor’s annual cost is given by

the [ollowing expression (see, for example,
Banerjes [1986a])

0
cu@m=2+ 20 o (41 @
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The individual optimal order size (JOQ) and
setup cost (individual oplimal setup cost, IOS) for
the vendor is summarized in <Table 1. The
buyer's I0Q and I0S can be ohtamed similarly.

<Table 1>1 shows that the vendor's setup cost
18 designed as a direcl proportion of I0Q. We now
consider a siluation in which the buyer, being the
dominant party, refuses to fully cooperate with
the vendor, and insists on his own optimal order
size so that the vendor is forced adopt the buver's
[0Q. Obviously, now, the vendor will he worse
off from this arrangement. Let C{g", Al4™

(&) denote the vendor's annual inventory-

related cost when the buyer forces the vendor to

adjust the current order size @ to ¢ .

*Ti B
Colq", AJA™ Q) =z—‘i1+ “’2H +BR111(~‘§1;)

+ (]—E)BR]n( A;?Q.)]

, (3)

where B =[0,1] if A™(@"<A and AYQ")
+A°% andE=1 if ANQ")>A or A™(Q")= A",
The first two terms represent the standard
inventory related costs (inventory carrving and

setup cost) for the order size ¢". The third term

represents the setup reduction investment cost for
the new setup cost level, and the last term
represents the recover of the setup reduction
investment when the adjusiment leads to a new
setup cost! .A) higher than the original one{ A*

(&), The mode! specifies that if A% Q) <A
then only a portion E< [, I] of the original setup
cost reduction investment can be recovered. 1s
included in the formulation to account for the
penalties of breaking the “lease,” if any, resulting
from reducing the investment in the setup cost
reduction program. One example of such a penalty
15 poor quality control resulting [rom increased
production lot size. (See Porteus [1986a) for the
relationship hetween lot sizing and quality con-
trol.} Although we have included to account for
possible adverse side elfects, explicit formulalion
and in depth analvsis of possible adverse side
effects such as poor qualily control are not given
in this paper, and warrant further study. The
possibility of adjusting the setup cost reduction
policy is based on Porteus (1985), who slates that
the setup cost reduction investment can be re~
garded as a lease that can he broken on oceasion,
and a new setup cost level selected. The new setup

{Table 1> Vendor's Indvidual Optimal Policy, Optimally Adjusted Poiicy, and Cost Penalty

[. Individual Optimal Policy

@A) =V 2DAQYH, A(Q@)=mn[A°, ARQ"], AR Q") = BRG™/D, ANQ®) =20 BR)*/DH, and Q" A") = 2BR/F

I1. Inventory Cost and Adjusted Setup Cost
When ¢7>@ = QF A%(¢") = min[A", max (A%, ANQ%)], A% (¢") = EBRy" 1D
When ¢"=@"=¢" or 0" A"(¢")=min[A", A7(a")], AM¢") = BR"/D.
[I. Penalties for Adopting the Other Party's Optimal Lot Size.{Dropping the superscript for R)+

Sensitinty Value

Cilq, AlpIAL N}
C(Q, Al

_ et By mlAYAG) + 0 -B) B AWAW) |

2+ In (A% AL

Difference i Invenrory Costs

Clg, Al A Q) — C{Q, ACEh)
=BR(Ala—2+E(1—In{ Ee)))

= We assume both the vendor and the buyer can reduce their setup costs individually - See Appendix 1



cost (or optimally “adjusted” setup cost) is given

in Table LIL Table LIII summarizes the vendor's
penalty from adopting the buver's I0Q when A*
(¢"y=A%g™. Tt telis us that the penalty
increases as the mismatches between the two
[0Qs— ¢/ Q"= p/a( Q% /g% = o/ ) —increase.
For example, a high 2implies that the vendor's
mventory holding cost is relatively more costly
compared to the buyer's ; a low @ would mean
the vendor's setup cost reduction investment cost
is relatively less costly compared to the buyer's.
Therefore, the vendor's reduced setup cost will
likely be lower than the buver's. As a result, an
extremely high &/« will likely lead to a relatively
larger I0Q for the buver and a smaller I0Q for
the vendor, We also see that the penalty decreases
as retrievahle fraction increases. [Figure 1] shows
plots of the sensitivity values Caf Q, al @)|al ¢))/

Celyg, alg)) and Culq, A(QIAQ)/ Cy (Q,
A against two parameters, 1/8and . Here,

we assume E, e=1

Vender Haver

[Figure 1] Sensitivity Values for the Vendor and
the Buyer

3. Synchronizing Individual
Optimal Policies

Having outlined the drawbacks resulting from
adopting individual optimal policies, we now turn
to the problem of designing a coordinate means

of settlement that focuses on synchronizing

mismatches in [0Q and I0S. To address this
problem, we need to consider two cases { "< Q"
and "> @Q"). Let us concentrate on the case of

¢ < @". Two synchronization arrangements can
be considered. In the first arrangement, the vendor
initiates the synchronization process. We label
this Arrangement 1. {Arrangement 1 withcut the
setup cost reduction option has been discussed
in Meonahan (1984)) The synchronization ar-

rangement works as {ollows :

(1) Buyer's Adjustment Stage : The vendor pro-
vides a Quantity Discount Pricing Schedule
to mduce the buyer to adjust his I0Q to be
jointly agreeable. Given that the buver has
accepted this request. he then designs a new
setup cost according to the jointly agreeable
order size, so as to minimize the cost penalty
incurred from the synchronization arrange-
ment, Here, the cost penalty incurred by the
buyer from making the cooperative adjust-
ment will be compensated by the vendor
through a “break-even” quantity discount
schedule. Therefore, the buyer is at least in—
different to the synchronization arrangement.

2

ey

Vendor's Adjustment : The vendor designs
an order size (that are agreeable to hoth pa—
rties) and setup cost that minirmizes both the
buyer’s cost penalty (“break—even” discount),
and his own cost penally incwred from the

synchronization arrangement.

Next. the buyer Intiates the synchronization

process {we call this Arrangement 2).

(1) The buyer provides a Premium Pricing
Schedule to induce the vendor to simulia-
necusly modify order size and seiup. cost.
Again, the extra cost incurred by the vendor
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when making the cooperative adjustment will
be compensated by the buyer through a “hreak-
even” premium pricing schedule. Thus, the
vendor is at least indifferent fo the syn-
chronization arrangement

{2) The buyer modifies his order size and setup
cost acco-rding to the jontly agreeable order
schedule.

Arrangement 1 1s given by the following
EXpression,

I'JI?iIl{dC;'(f,A,G’*.A*(G*))'*'
min ACx(J, @, 4", a"(g"))}, where
ACK(J,a.q",a"(g"))= CpJ, da’ (")) ’
—Cplg™,a"(g")

ACAT A a" A (@™ N =Cy(J,AIAT(Q7))
= Cylg", A (gAY E))

and

For example,

0
Cell,da’ (g )= D—f + g—* + & In (%M

(—zbr 111(

@ ) ’
a'(q")
where e=[0,1] if 2"(¢") <z and a'(g")+d",
and e=1if a'(g")=a or a'(g")=a". Arrange
ment 1 is identical to the problem min{ C{J, A
fA
ANG )+ minCg(J, da” (¢"))} which can hbe

shown to be equivalent Lo the jomt optimization

prohlem

Rin CALA, da (g, A(Q)
= Cp(J da™(g") + CplJ, AJA™(Q").

Therefore, in what follows we will label {J°,
A", ") obtamed from Arrangement 1 as jointly
optimal order gquantity (JOQ) and setup costs
(JOS), It is clear that the sumn of the two parties’

costs as generated by adepting either one’s
indrvidual optimal policy cannot be smaller than
that generated by adopting a jointly oplimal policy
that minimizes the Lwo party’s joint cost. Al-
though this could mean that one will be worse
off from implementing the jointly oplimal pohcy,
the cother party will certainly benefil from this
process {otherwise, the jointly optimal policy
would not generate a mimmum sum of two costs
after all). Therefore, the two parties can design
a fair arrangement for dividing the joint cost
savings so that neither is worse off from the
process. Both Banerjee (1986a) and Rubin and
Carter (1990) have used this approach mn their
work.

‘We will now provide a detaled analysis of the
synchronization Arrangement 1. {Arrangement 2
can he analyzed similarly.) Due to the complexity
of the problem. we will focus our analy=is o a
special case n which @' = min[@%(A4%), "=
g = g"(&®). We partition the siluation mto four
cases— CNY=(CRE, CR0, COR, C¥)-—in which
we use "R” to represent cases in which the buyer
or the vendor can invest in reducing ssetup cost
after the synchronization arrangement, and “0" to
represent complementary cases. The first script
stands for the buyer and the second script stands
for the vendor. We apply this (o the superscript
systernfe.g., 7™ represents the JOQ for those
occasions where, after the synchronization
arrangement, only the buyer can reduce his setup
cost), Let 6%¥ = FYd"(a"™), X, Y= R, Orepre-
sent the ralic between the buyer's I10Q and the
JOGQ. In what follows, we will label as the buyer’s
adjustment factors. In order to describe the JOS,
we further partition the buyer's case "R’ into two
mutually exclusive cases—-(CX=] and Z——in
which €1 apphes when 1<e8¢a"/ 2% (), and 2



applies when < 8¢1/&. Combining the two par-
titioning systems X=1.2, and (, Y=R and 0, we
obtain six cases CXY. The JOS and JOQ are
provided in Proposition 1.

Proposition 1 (Proof. See Appendix 2)
"An optimal ordering and setup cost reduction

policy exists for Arrangement 1.

(1.1) The optimal order size, setup costs and
adjusiment {actors are provided in <Table
2-1>.

{1.2) For case Y=F and {: (i} Case CIY (C2Y)
implies 87 (<) 6*Y. For case X=1.2, and
0 (i) Caze CX0 (CXR) implies 87<(3)
&,

(1.3) The optimal solutions provided in <Table

Hehs 23 56

2-1> correspond to six mutually exclusive
and collectively exhaustive cases listed in
<Table 2-2>

The vendor and the buyer design the jointly
optimal order sizes and setup costs by consulting
<Table 2-2> first. After determining the corre-
sponding cases CXY, they then design the order
sizes and setup costs from < Table 2-1>. Assuming

Q= QF, and case CIR apply, the mismatch in
order sizes increases as af # increases ; therefore, as
a counter-measure, 8% increases, and 8"°8/ a(the
vendor's adjustment factor J*%/Q%= (/*F/4®)

(¢®/ Q%) = "%/ a) decrease as o/3 increases.
Consequently, <Table 2-1>» reveals that the buy-

er's JOS { B} increasesimore rollback ad-

{Table 2-1> Optimal Qrder Size, Setup Costs, and Adjustment Factors

5=Vl A" U +a" UOU(H + ), where A™(J"y=min[A®, AR(J*9], and
ARy — (3 a)8 AR QP = a5 (™), X=1, 2, and O
Jointly Optimal Setup Cost a'(J") and Adjustment Factor & for the Buyer
Case CXFR, X=1, 2. 0 < Case CX0, X=1, 2. 0

ET@  poaR _ R Ry R o, etV E€+400+ HAY (")
15 % (J7y=es"a" (g™} Case C10: 6% Y ,
aR(]]U}zsalﬂaR( (]R)

. 2R. E}’+Vﬂ‘2+4(1+,@) Ry 2R\ _ Ry R 0y Ry R ‘
Case CIR: & 21+ A La I =a%a") race com 60 f il+f}iaﬁ(a ) , @ () =™

Case CIR. &'%:

? TR F
Case COR: 8% atVa +24((11_: ,f))a fala) , Case COO: c?c“'\; 2'{a"(g") + A% a" (™)
o 1+a '
L =4 P

{Table 2-2

Cla= (&1, =AY+ g/a"< 1" a", &),
At a2 A1+ 8/a)

Ca0= {K1, &> A1+ A/ a"=K1,1),
1+ A=K A" a®, &)}

Co0= {K " a®, < AN + A%,
A1+ A/ a® = KA a®, o))

ClR:= ((1+ A<(e+ a)ea®(1+ A}/ a®,
(et a@)at AN+ B)/a™} *
Com= ((e+ el +8<1+a, 1+8<KA  a®, a)}*»

CoR= {1+ A/ o™= (e ade,
a1+ A/ a® KA o, &)}

- af\’: EZH(GR)

e UK, ¥h = (XL 8 V- X1+ 8
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justrent) as e and &% increase. and the vendor's

JOS{ AR Y ) decreasesas af 2 increases. <Ta-
ble 2-1> reveals thal the second expression of
the vendor's JOS ( 2®(g®)as*™ s closely related
to the buyer's [0S, the ratio of setup cost reduction
mvestment costs, and the buyer's order size
adjustment factor. Thereflore, for example, {3} the
higher the buyer's 108, or (1i) the more the buyet's
order size adjusiment, or (iii) the more expensive
the vendor's setup cost reduction investment cost,
the fewer efforts are concentrated on the setup
cost reduction program. The result reveals that
case CIR and CZR apply (both the buyer and the
vendor will make investment in setup redociion
after the synchronization arrangement) under five
circumstances. First, if the vendor's setup cost
reductioninvestment cost is relatively inexpensive
50 that he can reduce his setup costin a less costly
fashion. Second, if the vendor's carrving cost is
relatively expensive, sc that he has strong moti-
vations to reduce the setup costs. Notice that the
[irst and the second conditions lead to a smaller
value /4 ; thisinturnresultsinasmaller huyer's
adjustment factor & Third, il the initial unreduced
setup costs are relatively expensive for the vendor
and the buyer. Fourth, if the retrievable fraction
is relatively small for the buyer, rendering the
buyer reluctant to rollbaclk adjust his setup cost.
Finally, and fifth, 1f the buver's I0S 1s relatively
small.

We now proceed fo analyze the quantity
discount schedule previded by the vendor as a
synchronization arrangement. Let C{x) and ()

denote the huyer's annual mventory costs, includ-
ing the mventory purchasing costs (see <Table
3>

Here the umt price for order of size /¥ is P¥
(¢ 15 PY). One may regard P° as the original
price level, and P* as a new price level (quantity
discouni price) designed by the vendor to induce

the buyer to increase order size from ¢” to F*.
Subtracting C(x) from €{0), and leiting C()/
D () /D= AC /D =10, then

BY=P — AC P, & (5, a (), a8, a® g™ D (4

Given AC(x)=0, equation (4) specifies an iso-
cosl curve in the (J%, P*) space as illustrated
in [Figure 2].

P}!
PU
P ; \ ACB"[D
P \ \ Qunaht}r Discount
\\ ~ACD
Pm.m
AC(x)—(]
ATI{%) =0 \
T ,
v T o F

[Figure 2] The Quantity Discount Price

For AC{x)=0 the iso-cost curve passes
through (g™, P". and for AC(x)>0 the buver is

on an iso—cost curve that is closer to the origin.

{Table 3> Inventory Cost Functions

Clxy=Cu(~, a" ()™ ™) + DP¥

&' (Fy=minla", max(“(J%), a"(a™], a®(F) =2br7"I D

[Iix) = DPY— Cu P A (FIAT(GEY)
AN =mm[A", A%, AR Y= BRIYID

C(D)I CB'[QFR. al\’(gn‘))_l_DPﬂ

IN0) = DP'— Cu (g™, A" (g™ A @'
A" =min[A", A%(¢™)], A%(¢™) = BRI D




The slope Da™ (Y (FO? = 2/2 of .the 180-cost
curve AC(x) =0 is zero at F*= ¢, and strictly
negative if 7> ¢®. We also see that the iso—cost
curve is & shrictly concave function of F.

Similarly, let T1(x) and I1(0) denocte supplier's total
profits. Let (II{)-T1(0))/D = AT1(x)/D=0, then

PY=P +4C,(J*, A", % A (¢ D (5)

Given a value of AT1(x), equation {5) specifies
an iso—profit curve in the (%, PXspace that is
a convex function of /%, For AT1(x)=0 the iso~
profit curve passes through {g®, P*), and for 4
TI{x)>0, the supplier is on an iso—profit curve that
is further away from the origin. Referring te
[Figure 2], the slope H/2— A*(FYD? of the
tso—profil curve is zero at JX= @*, and strctly
negative if /%< ", We see that, first, the iso-
profil curve for ATI(x)=0 is strictly convex, de-
creasing if /< §", and passing through (g%,
F%. Second, the iso-cost curve for AC(x) =10
is strctly concave and strictly decreasing if
75> g%, and passing through (g%, P"). The two
curves must intersect at some pomts, and there
always exist a Josintly agreed values of
(¢"<J*< Q. P*) for which 4IT>0 and 4C>0
simultanecusly. That is, both the vendor and the

buver henefit from the synchronization
arrangement. Let (7%, A'(J"),a’(J™) be the
JOQ and JOS obtained from Arrangement 1, and

PP PP — ACK(T, & (J7), a%, a®(a™)/ D and
Pre= P AC{T T, AT, 65 A (™D,
The annuval quantity discount offered by the

vendor should at least cover the buyer's vearly
cost penalty D(P"- P™ )= AC(J", &*(J*). %,

& (¢%)) so that the buyer is at least indifferent

1o the synchromzation arrangement, but be no

more than the vendor's cost savings D(P"- P™®)
== ACUJ", AT, %, A*(¢")). The upper and
lower hounds for the unit quantity discount price
P are then set by P™ =p%=p™  After
providing the “break-even discount” (equals IX
P~ p™=}) iy the huyer, the vendor's cost
savings, net the breakeven discount (amounts to
D(P™ — P™), can then be fairly divided by the
two parties via a mutually agreeable arrangement.
Assume now that case CI applies, and &= 1/8
The “break-even discount” (equals D(P*- P™*))
incurred from the synchronization arrangement

after some algebra can be arranged as !
ACHTE, a* (1), %, (™)

By ittt L 2;' /8%

The penalty exactly equals the “Break Even
Discount” dxD discussed in Monahan(1984).

Although in this model we have explicitly
assumed that the price and the mventory carrying
cost are unrelaled. in a real~world application a
majar portion of the Inventory carrying cost s
commornly the opportunity cost of capital tied to
inventory. Therefore, it may be argued that when
ane party offers a price change (quantity discount
or premium price) to induce the other party to
adopt the jointly optimal policy, the latter may
recompute his I0Q). To address this question, we
need to consider four cases involving two
arrangements (Arrangements 1 and 2), and two
cases (¢'<@" or ¢"=@Q"). [Figure 3] illustrates
one of the four cases in which Arrangement 1

and case ¢"<@" apply. Let us now assume that
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some portion of the unit annual holding cost
consists of the opportunity cost of capital tied up
m inventory. Then, the new 10Q (g'), after
recerving the quantity discount may move toward
the right. However, regardless of ¢"+¢", the
Quantity Discount{QD), so long as it 1s larger than
the buyer's cost penalty ACg(J", «"(J7), ¢,
a'(g")}, will always reduce the buver's total cost
from Cpla”, a*(a™) to Ca(J™), " (J7)a (g™
— D, so that the buyer henefits from the process.
In the lmiting case in which the total quantity
discommt equals ACe(F, @™ (F), ¢, 2™ (")}, the
buyer’'s cost penalty will at least he rermbursed
by the vendor. Therefore, a single break point can
achieve the desired oulcome [or the vendor. The

other three cases can be ilustrated similarly.

|
CtJ*-QD| — —— = g e : i
|

|
S R S

ACp<QD = Quantuity Discount <- JCy
Cp'= Buyer’s Inventary Cost Curve Withour Quanlity Discotntt

Ch= Buver's Inventory Cost Curve With Quantily Discount
Cv = Vendor's Inventorv Cost Curve

[Figure 31 Cost Curves for Changing Order
quantity from o* io case q*{J* {Q*

Here the numerical example furnished in
Menahan[9] is provided to betier understand the
model. Let, 2'=100, D=10,000, %=2, +=0.2, and
M=20,000. All numerical parameters have heen

kept with a few exceptions to the new parameters.

We lel @®=100, #=5000, 2"=500, and E=1. The
model experiments with dilferent levels of =1,
25 and 10, A°=800, 500, and H=14, 2 respec-
tivelv. For the purpose of comparison, in the
following analysis, we Wil restrict our analysis
on three relevant cost components, the setup cost,
holding cost, and setup reduction investment
costs. <Table 4-1 and <Table 4-2> summarize
the numerical experiment. ¥or example, & cost
provides the cost of the situation i which the
buver orders and the vendor produces vendor's
individual optimal order quantity ; ¢ cost gives
the cost of the situation in which the buyer orders
and the supplier produces buyer’s individual
optimal order quantity. J cost exhibits the joint
optimal moclel. For example, R1 and R2 give the
supplier’s (buver's) cost before Quantily Discount
{Premuum Pricing). Quantity Discounl(QD) can

{Table 4-1% Results of the Numerical Example

A= 800 A"=500
e=1]e=25l v =05 a=10| a=1la =1]|a=23[ «=I0

CASE CIR | Cilt{ CIR | Cl0 | C1R | CIR | C10 | C10
g 143 | 259 | 233 {283 | 148 | 133 | 243 | 233
g 48 | 250 | 233 | 283 | l4H | I3 | 233 | 233
A 148 | w7 | 583 | B0 | 148 ) 133 | 500 | 50
JCOST
R{ Supplier 3203 | 393h 7 | FHAB 2h1 | 2961
D &t 63 7K 2 431 | B
Abter QD J230 | 457 507 | 2824 M5 | Mde
F2 Buyer 3658 | 428 439 | 3598 4085 | 4093
Alter Q1D 265 | BN JE0B | 609 309 | 208
(RI+ED geng | B3 216 | 6133 03 | 705
& COST

a 2857 0 A0 | 2R 0| 50
A 28577 | &0 &0 12T 20 50
R3Suppler A5 | 23 36 | 2562 445 | 243
14 buver L7 | BR3E REEG | 17 5102 | Bl02
(RI+R4) 745 | 9173 G| 6078 TT | 77
g COST

ks LX) | 250 80 110 20 | B
R5 Sapplisr 3429 | B3R 532 | 255 40a2 | B350
R6 Buver 3608 | 3600 360 | 3650 3900 | 00
(Ha-RiE) 7038 | Y367 11955 | 6568 S1EG | WD

= The buver's breal-even preroum price = max(0, B1-R3]

» ‘The supplier’s break—cven quanbily discounl = max((, R2-R6]

* The & comesponds 1o cases in which Supplber's holding cost
equals 2



be obtained from R2-R6. Therefore, all together,
when the buyer's (supplier’s) individual optimal
order quantity is adopted, the supplier's (buyer's)
costs including QD{PR) can be obtained from
R1-QD(R2+PR), and the buyer's {supplier's) cost
after QD{PR) can be obtamed from R2-QIXR1-
PRR). In <Tahle 4-2>, the cost savings generated
from implementing the buyer’s (suppher’s} SR/FR
(SR/QD) are presented. For example, when the
supplier (huyer) is the dominant party, the buyer’s
{supplier's) cost savings from adjusting order size
fram @(g"} o J* can be obtained by max[0, 4
- 2] ( max[0,R5- R1]).

¢Tablzs 4-2» Extra Cost and Savings

A" =800 Al =50
¢=1]2=325] o=10] a=1[e=25] a=10
Buyer's SR/PR(Vendor being the dominant party}

*  Premmim Price 4 0 0 0 0 0
++ Cost Saving 719 1982 | 1354 | 718 | 1000 | 1008
Net 719 | 1783 | 1354 | 719 | 1009 | 1009

Vendor's SRAQD(Buyer being the dominant party)
® Cuantity Discownt 20 | 630 | Y90 | 89 | 484 | 484
e (o3t Saving 024 | 1823 | 4333 | 224 | 1621 | 2539
Net 135 | 1184 1 3743 | 13 | 1137 | 105
## The huver o Cost saving=max[(,R4-R2]

# # The supphers Cost savmg=max[0,R5-R1]

<Table 4-1> verifies ( ¢, A", 8*) increasing
m B, and decreasing in . <Table 4-2> shows
us that the vendor's net cost savings increases
as B increases. This result iz apparent, since in
the optumal policy, a larger B leads to a smaller
reduction in the vendor's setup cost. Hence,
comparing to reactively following the buyer's
arder size and investing in a expensive selup
reduction program, more savings are generated
by actively inducing the buver to ncrease his
arder size to joint optimal order quantity. The
numenrcal example shows that our model provides
a cooperalive policy that minimizes the total cost

of the supply chain.

4. Extension to Include Prod
uce-to-Stock Policy

In this section, rather than applying a lot-for-
lot production prninciple, the vendor follows a
produce-to—stock Iproduction principle, and de-
signs an optimal mix policy of quantity discount
and production lot s1ze as an integer multple of
the buyer's order size. As 1 Section 3, we assume
that the buyer can individually reduce his setup
cost. The synchronization problem analogous to
that provided in <Table 2> can be shown as (see,
for example, Joglekar[1983])

min{4C (g% ns, A, g AT+

w4, A

min ACx "8, a, g%, a"(d"))} . where

Clq™ns, AJAT(Q™)

:( fﬁa)

L @ (= 1)M/D—(n— 2N H

‘ 7

Y BR In (ATU) L (i~ EBR In (‘A*?Q*) )

(6)

nin equation (6) represents the integer multiph—
er of modified order size 8¢". Here, allowing the
vendor's production cycle time to he an integer
multiple of the buyer's arder cycle, a JOQ is
mitially decided by the vendor and the buyer
cooperatively. A production lot size n times the
JOQ is then independently decided by the vendor.
Lastly, the vendor and the buyer adjust thewr setup
cost according to the modified order schedule,
where the buyer's order size is designed according
to the JOQ( ¢®8). and the vendor's order size is
designed according to the integer multipher of the
TOR( g®né). Proposition 2 summarizes the opti-

mal solutions.
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Proposition 2 {The Proof is similar to that
in Proposition 1 ; hence, it is omitted here.)

An optimal ordering and setup cost reduction
policy exists [or Arrangement 1.

(2.1) The simultaneously optimal order size, setup
costs, and adjustinent factors are provided
in <Tahle 3-1>. By allowing fractions, Table
a-1 also provides us with an approximated
solution to the integer multiplier by using
standard calculus,

(2.2) The optimal solutions provided n <Table
b—=1> correspond to six mutually exclusive
and collectively exhaustive cases listed in
<Table 5-2>.

It is seen that vendor's order size ¢"du=
v 2ADEH(1 — D/ M) gives a classical Economic

Manufacturing Quantity. Proposition 2 reveals

that the vendor tends to produce a larger lot size
(larger n) for large values of «, 1/@, and A°.
They lead to a larger (smaller) vendor’s (buver'’s)
[0Q. Proposition 2, cases CIR and G2K. reveals
that hoth the vendor and the buver can invest

on the setup cost reduction program il
&2 ¢a"®/a"(¢")(buyer can invest in setup cost
reduction) and &’ @AY/ a"(3™)& (vendor can
mnvest in setup cosl reduction? apply. They apply
under the conditions identical to those obtained

in the previous sections.

6. Conclusion

An EOQ-like mnventory system is presented
that consists of a vendor and a buyver. Mismatches
oceur in individual optimal cycle times due to
differences in inventory and setup cost reduction
investmenl cost structures. With this situation in
mind. we have tried to provide answers regarding
when and how to eliminate mismatches in indi-
vidual optimal cycle times. Qur study indicates
that when both parties can invest in reducing
sefup cosls, the mismatch in the individual opti-
mal cycle times increases as a/f increases (de-
creases). For example, a combination of a high

e/# will iead to a relatively larger, individual
optimal order quantity (I0Q) for the vendor and

(Table 5-1» Optimal Order Size Adjustment

L. Joint Order Quantity and Setup Cost Reduction :

n' AT, ) =V (2" + AT )8 @a™(e+ n"), n*(6", AV =V A" 0718, md A™(n", 8%, 2" =min[A°. 2¥&"n"5"]

Case CIR

Case COR:

CLE= {D (¢’ D [a® oA D [2%) -
CoR= {12 ® 2¢" 4*<A°D /afe);
COR= { £24"® /2" &=A"D/ o e

3 g/ D, n'F affe
Case CIR: &V 1/0 #°F 2o/ 1/ 0
S e, n sl BN

where &= Q2D+ {k—HM/E/(M—D) and ®= H( —D/M& k= 1+ H2D/M~ 1)/ 4,
II. Simultaneous Solutions of Adjustment Factor and Integer Multiplier
Case CXR, X=1, 2, 0 Case CX0 X=1, 2,0

Case C100 8" &/ @, #'" vV £04%a%/s

Case C20: &V17@, n:v £4%a®

Case C0O: 6% 270, n: £4% 4"

{Table 52>

ClO= {@ <" D /4, oP2A'D 1272
C20= {12® =& P2A D jofe)
COO={ &2a"d /a® o*2A"D /a"g




a relatively smaller I0Q for the buyer. Therefore,
1t will impose a great cost burden on the vendor
or the buyer if the other party insists on adopting
his own IOQ. A jointly decided order quantity will,
in this case, be most beneficial to hoth parties.

We would expect synchronization between two
mndividual parties to be helpful, hut what is much
less readily apparent is how to design a coordi-
nated means of settlement that focuses on syn-
chronizing mismatches between individual apti-
mal policies. We have provided answers to this
questicn by designing a coordinated ordermg and
setup cost reduction policy and a side payment
schedule (quantity discount) to facilitate the fair
sharing of joint inveniory cost savings. The logic
behind the process is intuitively clear @ The joint
mventory cost generated by adopting either
party’s individual optimal policy can never be
smaller than that generated hy adopting a policy
that minimizes the joint inventory cost. Therefore,
a Pareto-efficient solution can be obtained, and
the two parties can design a fair arrangement that
divides the cost savings generated from adopting
the joint optirnal ordering and setup cost reduction
policies. This analysis can be carried out from
two perspectives ! first, the vendor grauts a
quantity discount to induce the buyer to adjust
his I0Q ; and second, the buyer gives a premium
price to entice the vendor to adjust his supplying
frequency. We have provided a detailed analysis
for the first case.

Although the approach guarantees a mutually
beneficial outcome for both parties, as Banerjee
{1986a) and Rubin and Carter (1990} have peinted
out, a number of practical hurdles must be re-
moved before adopting the seemingly “not too”
complicated arrangement suggested here. Among
these, the greatest hurdle may reside in requiring

=)
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both sides to release camplete mformation to each
other. Rubin and Carter (1990) suggest using a
neutral consultant or arbiler to facilitale the
negotialitm. However, in a real-world application,
requiring complete disclosure may not eﬁsure
sincere attempts. Therefore, a truly rational and
trustworthy relationship has to be developed
before this kind of coordination can cccur. Perhaps
this 18 one reason recent studies of channel co-
ordination advocate a long—ferm relationship
hetween a purchaser and a small number of re-
liable suppliers ; the group works together con-
tinuously to remove problems that obscure the
effective operation of the supply chains.

The primary limitation of the research is the
assumption of complete symmetry between the
buyer and the vendor ; hence, no one party dormi—
nates another. In many recent studies of channel
coordination, the assumption of symmetry is
widely applied io avoid the need to view the
system in the principal-agent setling. and to be
able to take an unbiased approach to the coor-
dination problem under consideration. Futuwre
work estending the model to account for the
nonsymmetrical relation between the huyer and
the vendor would certainly shed further light on
the topic.

Appendix 1.

After dropping the superscript i, we derive the

sensibivity value for the vendor as follows :

Clg, Al | AQ)
C. (@, AQ)

__Haf2t+ Alg\Dfa+ BR In (A" A+ (1~ E}BE In LALQ)ACG)
VIA(QDI+ BRIn (A /A

Hql? _
V2A(ODHE+ BRIn(AY A(G)
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Eq‘jz - QJ’IQ
HQ+HQIn (A" AQ)/2 2+ In(A%AlQ)

Since HQ=2EBR

The remaining terms can be obtamed similarly.
The sensitivity value can be obtained from adding
the four terms. Let AC,= C\{g, A(QIA(Q)-

CiQ, A(Q). Here, we show ACyincreasing in
af/Afor @) f andincreasing in Afafor e<f Let
x=pf{a and Q(x)= x~C-In(Ex). We see that 40
(x)/ 3 yo1=(1-E/x)<0 ; therefore, AC, increas—
ing in /8 when a> 8. Similarly, 782V dx.01
=(1-1/x)>0; therefore, AC increasing in 8/«

when a<§.

Appendix 2. Proof of Proposi-
tion 1

(1.1) We see that adCg/da=Di]— cbria (&
AC,/8A = DfJ— EBR/A), which has the same
sign as DafJ—ebr{ DA/J— EBR). We con—
sider the latter function to be defined for all 2=0
( A=Q). It is negative when a=0(.A=0), pos-
itive when a=o0{ A=ce), and strictly increas—
ing in a{ A). The necessary conditions can be

obtained from the first derivarives

DjJ—ebria==a" = ebr)] D= cJa™( %)} "

= eda™(¢™), and

DI~ EBR/A=0=4a"= BRJ{D= A% Q% i Q"
E=11if Jg*

= (g® /@Y JaDANQ®)
= (8/a)dA™( Q"
or = (BR/ AT X brg®™i D)

= 8a™(g")

These conditions are further partitioned mto =1x
cases hased on the two partitioning system :
CXY, X=12 and Q, and Y=R 0 The six cases
provided m <Table A-12> are based on the specific
values of 3,

For example, case C1R implies both the vendor
and the buyer can reduce their setup costs afier
the synchronization arrangement. That is, =87
a®(g®y<a® and ad'® a®(g®) (A" {or AR(Q")
ARIoR AN,

Clii= {1=e8® ¢ a a®( g™, 8% A% 22™(4™))

If the second condition of CIF does not hold
{that is, the vendor cannot reduce his selup cost),
while the first condition holds(the buyer can
reduce his setup cost), then case CI0 will apply.
If & is such that a®(g®)<ed"a®(¢™)< a"lead-
ing to CI11/e< 8¢ a" 1ea®(4™)). then the roll-
back adjustment results in a new setup cost a°

(I =ed®a®(¢®). To the contrary, if a™ g™y
82" (¢™). then, by definition, £=1. Assume
now that ea™(g™)<es™a®(¢™) < a™(¢®)(leading
to (2 1<8F¢1/e); then case (2 applies and
the setup costis & (J")= a™(¢™). The six simul-
tanecusly optimal adjustment factors given in
<Tahle 2-1>> are chtained from substituting &
(77) and A*(J") as given there. Far example,

{Table A-1> Srx Collectively Exhaustive and Mutually Exclusive Cases

CLR= {1<es® o' a®, 8% (A" faa)*
C2R:= (158", 8¢ e, "¢ A" aa™)
COR:= {28z a" 2®, 6"¢ A% 2a™}

Cl0i= {1<e89¢ a% 2%, oV 2 A% aa®)
Cati= {1=62, 69¢1 /e, M= A" 2}
COO= {8202, 8 =A% 0™

* ah'= aR(qR)



813 _ [AR(]lR)+QR(f1R)]k
a"(d(H + k)
_ chr+ BR h__ &ta
br r+H 1+8 (]

(1.2} Assume CLR applies. Suppose, for the
purpose of contradiction, that ¢e=1 and §*%e<1
hold. &% X=1.2 can be rearranged fo :

("Y1 + ) — 8" — 8"Ra=10.....(A21), and
(L + B —1—8%Fa=0 .. [A22)

Substituting 8%Fe<1 into (A.2.2) vields (52
(1+ A —8™e— 6> 0...(R.1). Resuit (R.1) and
equation (A.2.1) imply 3'%(&F U1+~ (e+
N1+ @~ (e+e)), which leads to
&y 8% This then contracdicts 8'fe=1 and
&*2¢ 1. Therefore, 1t follows that for case CIR,
=1 holds ; this leads to 8*f< 8™ through
a similar analysis. Other cases can be verified

similarly.

(1.3) The conditions listed in <Table 2-2> are
obtained [rom substiluting §*= %Y provided in
<Tahle 2-1> into the s1x cases listed in <Table
A-1>. For example, C2R satisfies 82R<AI0 faa®

{g™), 8'"<1/¢ (see <Table A-1>), and 1<3*
Now, substituting 6= (e+V &*+4(1+8)/
200448 (see <Table 2-1>) mto 8¢ A% aa”
(™) leads to 1+8<I(AY a®(¢®), @), Similarly,
8¥¢1/e and 1< lead to (e+ @e<]+p<
1+a. We now show that CTE is disjointed {rom
the other cases. Using a similar argument, it is
not difficult to show the remaining cases. CIR,
COR, and CZR are easily seen to he disjointed.
To show that CIK and G20 we apply the result
of proposition (1.2}, Tt tells us that that case C1R

implies 3%=48°". This and the condition &%¢
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A%ea™q®) IR imply §*°¢A"/aa"(g").
Proposttion (1.2) (i) reveals 8%=d% for case
C20. This and 8¢ AYau®(d® implies §%¢
A% wa™(¢"™), which contradicts the second con-
dition of C20 (see <Table A-1>). CIR and COR,
and CIR and G0, can be verified similarly. [ ]
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