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1. Introduction the case that the optimal EOQ solution for the separate buyer

may be unacceptable to the vendor. Likewise, the optimal EOQ

With growing focus on supply chain management, firms real-
ize that inventories across any associated entire supply chain
can be more efficiently managed through greater cooperation
and better coordination among the associated decision activities.
Recalling inventory theory, it is well known that the economic
order quantity (EOQ) formula can give an optimal solution for
each of the associated problems if any vendor and buyer in-
ventory problems are treated in separation. However, it is often
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solution for the separate vendor may be unacceptable to the
buyer [17].

In a typical purchasing situation where the vendor negotiates
with the buyer about both price and lot size, the outcome often
depends on balance of market power between them. Sometimes,
collaborative arrangement between them is enforced in some
contractual agreement. For example, from the vendor’s point
of view, Monahan [20] has developed a model offering quantity
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discount so as to induce the buyer to order in a quantity that
maximizes the vendor’s profit. Banerjee [2] has generalized
Monahan’s model by incorporating a vendor’s inventory carry-
ing cost. Rosenblatt and Lee [22] have also considered the mod-
el, by removing the assumption of Monahan [20] and Banerjee
[2] that the vendor performs his part of negotiation based on
a lot-for-lot policy.

Goyal [11] has considered a joint economic lot size model
where the objective is to minimize total relevant cost for a
one-vendor one-buyer system. In the lot size model, the lot-for-
lot policy is incorporated, and everybody can contribute himself
to the whole system rather than his own benefit. Banerjee [2]
has generalized Goyal’s model by incorporating a finite pro-
duction rate for the vendor. Goyal [9] has also generalized
Banerjee’s model by removing the lot-for-lot policy for the ven-
dor, and showed that his model provides a lower (or equal)
joint total relevant cost.

Goyal [10, 12] and Hill [13, 14] have studied very interesting
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problems associated with production and shipment policy for
a one-vendor one-buyer system. Sharafali [24] has presented
some stochastic models of cooperating one vendor and one
buyer. In other words, they have considered only the single-
product (1:1) supply chain network.

Lu [17] has considered heuristics for a single-vendor mul-
ti-buyer multi-product problem with infinite production rate al-
lowed under the assumption that one type of product should
be delivered to only one buyer and each buyer can purchase
only one type of product. In the problem, neither lot-for-lot
policy nor inventory cost at the buyer’s side is incorporated,
but only the vendor can have market power (negotiation power),
and the objective of minimizing the total cost of the vendor
is considered.

This paper considers an extension of the single-vendor sin-
gle-buyer (1: 1) supply chain network to a multi-product (1 :
1:N) supply chain network with a cyclic production policy
incorporated, under the assumption that the time range on prod-
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<Figure 1> An Example of the (1:1:A) Supply Chain Network
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<Figure 2> An Example of the Multi-Product Production System with the Cyclic Production Policy Incorporated



uct shipment interval for each buyer is provided through nego-
tiation between the vendor and each buyer. The cyclic pro-
duction policy is a manufacturing policy concerned with pro-
ducing multiple types of products sequentially in a fixed manu-
facturing order so as to produce multiple products type by type.
Given that only one facility is available for the vendor’s manu-
facturing system, multiple types of products will be produced
via the cyclic production policy on a single facility, where their
manufacturing sequence is fixed in every production cycle.
<Figure 1> depicts a simple example of the associated (1:1:
N) supply chain network and <Figure 2> depicts an example
of the multi-product production system with the cyclic pro-
duction policy incorporated.

The cyclic production policy has been practically considered
in flexible manufacturing situations where multiple products
need to be produced to meet with a variety of different small-
sized demands frequently occurring at a single facility. The poli-
cy has gained increasing acceptance in practice due to its sched-
uling simplicity, ease of control, and increased system visibility,
along with the prevalence of the just-in-time (JIT) management
philosophy in repetitive manufacturing, which has been dis-
cussed in Bahl and Ritzman [1], Campbell and Mabert [5],
McClain and Trigeiro [19], Kim and Mabert [15]. The policy
has been studied for various lot-sizing problems such as dynam-
ic lot sizing problem, discrete lot sizing and sequencing problem
and economic lot scheduling problem, referring to Bahl and
Ritzman [1], Campbell and Mabert [5], Kim and Mabert [15],
Elmaghraby [7], and Kim, Mabert and Pinto [16].

As seen in the literature, any integrated model of the ven-
dor-and-buyer coordination and the cyclic production policy has
not been considered yet. Moreover, the integrated model is
known as complex to solve in any existing approach. This pro-
vides the motivation for us to consider the addressed problem.

The addressed problem considers a kind of more realistic
extension of Lu’s model, by considering the assumption of a
finite production rate for the multi-product production system
with cyclic production policy incorporated and also the assump-
tion that each type of products can be delivered to any number
of buyers but each buyer can purchase only one product type.
The objective is to minimize total cost per unit time of the
whole system (supplier, vendor and multiple buyers involved). In
other words, this paper considers an integrated multi-product
(1:1:N) inventory model in which a supplier supplies raw
material to a vendor who produces multiple products via a cy-
clic production policy (Chan and Song [6]) and supplies them
to N buyers.
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Coordinating the production planning (associated with the
vendor) and the shipment planning (associated with the buyer)
within a single model has been a promising research trend in
recent years. It has been discussed that any solution model con-
sidering buyer and vendor inventory problems in separate (e.g.
individual EOQ models) cannot provide a good solution for
the entire system, referring to Goyal [9, 10, 12], Hill [13, 14],
and Lu [17]. Therefore, this paper considers an integrated prob-
lem of establishing both production planning and shipment plan-
ning simultaneously in a multi-product (1:1:N) inventory
model by incorporating both vendor-and-buyer coordination and
cyclic production policy. As seen in the literature, any research
associated with the cyclic production policy has not considered
yet the vendor-and-buyer coordination issue but only one-ven-
dor situation (in (1 : 1) network) in separate. The addressed in-
tegrated model is an extension of the vendor-and-buyer coordi-
nation problem with the cyclic production policy additionally
incorporated, which can also be viewed as an extension of the
cyclic production policy consideration into a (1:1:N) supply
chain network with the vendor-and-buyer coordination addition-
ally incorporated.

The proposed model is applicable to some manufacturing
processes with injection molding process involved, such as pa-
per product manufacturing processes (Bankston and Harnett
[4]), glass-containers (bottle and jars) manufacturing processes
(Fransoo et al. [8]), and most automobile-part (nuts, bolts, wash-
ers, springs etc.) manufacturing processes (Nori and Sarker
[21]). As an example, a manufacturing process having its in-
dividual sub-processes of heating, forming, and cooling of mul-
ti-products can be considered, where all the associated products
are produced via cast in a mold at high heat and pressure. They
are all made of the same material, but may differ in size, shape,
function, or combinations thereof. Once any desired mold is
put into its manufacturing equipment’s slot, it is heated up to
its required production temperature. Such heating time for the
equipped mold is regarded as the production setup time for
each product type manufacturing.

The proposed model of this paper is also applicable to auto-
mobile manufacturing processes. For example, as stated in
Mabert and Pinto [18], Kim, Mabert and Pinto [16], “Ford
Motor Company’s Plant assembles eight tail lamp models using
two flexible assembly systems (FASs), one dedicated to the right
tail lamps and the other to the left. The critical issue in this
repetitive manufacturing environment is how to reduce in-
ventory levels and meet shipping schedules.” By treating each
automobile with tail lamps not installed yet as a type of raw
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material, the proposed model can be applied to this Ford Motor
Company’s plant.

Moreover, this paper considers a circumstance under which
the time range on product shipment interval is provided through
negotiation between the vendor and each buyer. Thereby, the
time range on product shipment interval is given as the follow-
ing inequality;

buyer i’s

buyer i’s buyer i’s

lowest bound ~ shipment interval ~ highest bound 1

While the inventory level associated with a buyer can be
reduced by shortening the shipment interval, the associated de-
livery cost of the vendor may increase, since the shortened ship-
ment interval may incur to increase the frequency of shipments.
Thus, the buyer will want short shipment interval, but the ven-
dor will want long shipment interval. Therefore, the associated
shipment interval decision is important, for which negotiation
may be needed between the vendor and the buyer to resolve
such conflict of interest. Accordingly, the objective of the pro-
posed integrated multi-product (1 :1:N) inventory model is
now restated in more compact terms as to minimize the total
cost per unit time of the whole system (supplier, vendor and
multiple buyers involved) subject to some time range constraints
on product shipment interval for each buyer. In order to have
a better cooperation with the buyer, the vendor may need to
pass part of his saving to the buyer. Imposing any time range
constraints for each buyer is a way for the vendor to pass part
of his savings to the buyer, since any portion of vendor’s sav-
ings is determined based on negotiation between the vendor
and each buyer for the time range on product shipment interval.
That is, the wider the time range is, the more part of saving
the vendor will pass.

The remainder of this paper is organized as follows. Section
2 describes the detail assumptions and notation, and presents
the model formulation for the proposed integrated multi-product
(1:1:N) inventory problem. Section 3 characterizes some sol-
ution properties, with which a solution algorithm is derived.
Section 4 gives a numerical example and the validation of the
proposed algorithm, and Section 5 states conclusions.

2. Assumptions and Model Formulation

The proposed integrated multi-product (1 :1:N) inventory
problem considers a single raw material supplier, a single ven-

dor (facility), N buyers, a single type of raw material, and M
different types of products (M < N). It is assumed that demand
rates, production rates and all the associated procurement and
inventory costs are known and constant, and also that no short-
ages are allowed for raw material and finished products. More-
over, replenishment of raw material and finished products are
all made instantaneously so as to have no lead time. It is further
assumed that during every production cycle, one setup asso-
ciated with each product type is required with negligible setup
time, and the product-manufacturing sequence is fixed. More-
over, if each product demand is fixed, then the product will
have the same amount of production in each consecutive cycle,
once the amount is determined based on the associated demand.
The assumption “single facility” in this paper can be represented
by a single machine, a critical or bottleneck work center, or
an entire assembly line with a set of machines, referring to
Kim and Mabert [15]. The assumption “constant demand” has
often been considered in many researches. For example,
McClain and Trigeiro [19] have commented as “There are many
situations where constant demand is not a bad assumption. For
example, the assembly schedule for automobile production is
likely to be constant over long periods.” There are many other
studies which have considered the constant demand assumption ;
referring to Lu [17], Goyal [9, 10, 12], and Hill [13, 14].
Let index i denote the i-th buyer, index j denote the j-th

product type, and m; denote the set of buyers purchasing product
M

type j, so that Y, lm = N, where |- | denotes the number
j=1

of elements included in a set of buyers. Buyer i purchases only
one product type from the vendor at annual demand D;, ordering
cost 4; and annual inventory holding cost Hb,. Let T be the
vendor’s time interval between two consecutive setups of one
product type, which is the time length of one production cycle,
and let the assigned time proportion for manufacturing product
type j be r; and the vendor’s annual production rate of product
type j be P; such that Pr; > 3. D for Vj and i[:rj: 1.
= j=1
Then, each associated feasible r; value can be determined as
follows;

M

=3 Q/Pj+[1—2( Z q/qﬂ/zu, forj=1,2 -+ M(Q

iEm j=1\iEm

Note that if the term 7' D,/ P; is interpreted as the actual
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manufacturing time of product type j during the given cycle,
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i=1

then the remaining portion 7°

M Di/ﬁ)}/M can be

1Em;

interpreted as the facility idle time, given the assigned manu-
facturing time r7.

This paper considers an integer-ratio delivery policy where
each type of finished goods are delivered to the buyer in an
integer number (or reciprocal of an integer) of delivery runs
during the vendor’s production cycle time 7 (Lu [17]). For ex-
ample, k delivery runs indicate that the specific goods are deliv-
ered k times during a given cycle T, and 1/k delivery runs in-
dicate that the goods are delivered once during & cycles. Then,
T/k; is defined as the time interval between two consecutive
purchases of buyer i (that is, per repetitive purchase interval),

}U{23411

the product at the amount D;T/k; each time. Therewith, the in-
equality (1) can be expressed as in the following constraint ;

where k,=1{1, 2,3, - --}. Buyer i purchases

< T/k; < w,, for I, w,€ER  andi=1,2,---, N (3)

where /; and u; denote buyer i ’s lowest and highest bounds
of the shipment interval range, respectively, which is provided
through negotiation between the vendor and each buyer.

The objective of the proposed integrated multi-product (1
:1:N) inventory problem is to minimize total cost per unit
time of the integrated model subject to the constraints (3), where
the total cost per unit time is represented by the sum of the
supplier’s total cost, the vendor’s total cost and the buyers’
total cost per unit time. The total cost per unit time of each
buyer i is derived as

kA,

TC, =~ 4

The first term on the right side in Eq. (4) represents the
ordering cost per unit time and the second term represents the
holding cost per unit time of the product. Then, the total cost
per unit time of N buyers is

A gl )

i=1 t=1

o

Similarly, the total cost per unit time of the raw material
supplier can be derived under the assumption that one shipment
of the raw material is made from the supplier to the vendor
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at the beginning of each production cycle, which is commonly
adapted in the most references in the literature. The annual in-
ventory holding cost of the raw material cost shipped from the
suppler is Hs, and the required raw material amount for the

vendor to manufacture one unit of product type j is fj, so that
M

the supplier makes shipping of the amount 7+ Y} 33 (D, - f,)

j=lEm;
each time to the vendor. Let g be the sum of the fixed trans-
portation cost of the raw material and the supplier’s production
setup cost. Then, the supplier’s total cost per unit time is derived

as

TC,

o |
.

g
supplier — ? +

M
2D YD)V RY ARG

The first term on the right side in Eq. (6) represents the
sum of the fixed transportation cost and the setup cost per unit
time, and the second term represents the holding cost per unit
time of raw material. Finally, the total cost per unit time of
the vendor shall be derived. Note that the total cost of the ven-
dor is represented by the sum of the raw material ordering cost,
the finished product transportation cost, the production setup
cost, the holding cost of raw material and finished products.
The vendor’s ordering cost for raw material is B, the fixed
transportation cost for buyer i is e;, and the setup cost for manu-
facturing product type j is s;. Therefore, the sum of the vendor’s
raw material ordering cost, the transportation cost and the pro-
duction setup cost per unit time is derived as

B M 1 M
? JEMEZW e, ?FEIS] (7)

In order to calculate the vendor’s raw material holding cost
per unit time, the manufacturing sequence for M products
should be decided, since the associated raw material inventory
amount depends on the manufacturing sequence.

In this paper, the manufacturing sequence is represented by
the decreasing order of the required raw material amount, f;
of each product. It can be easily seen that raw material inventory
cost can be minimized by considering the associated manu-
facturing sequence in decreasing order of the required raw mate-
rial amount of each product. Thus, letting fj; be the rearrange-
ment of f; in the decreasing order, the manufacturing sequence
is decided as in the order of fj;, where fi; > fiy = =+ >
fng, as depicted in <Figure 3>.
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<Figure 3> Raw Material Inventory Levels for the Vendor

This paper determines, for convenience, the manufacturing
sequence in decreasing order of the required raw material
amount of each product. However, the proposed model and sol-
ution algorithm procedure in this paper can be used without
any modification, but only with modifying the associated input
sequence of the required raw material amount f;, in any situation
where some more important factors (e.g., customer service) are
additionally considered so as to require any original manufactur-
ing sequence modification.

Let the annual raw material inventory holding cost for the
vendor be Hr. Then, the vendor’s raw material holding cost

per unit time is

oa-T-H,
M-1 1 M M
where o = El [25[” (Zkfiﬂ - B+ E fb By
M
+or- E f[,] 5[,]}4‘ —fui (Bug)® ®)

Now, the vendor’s holding cost per unit time of each product
type j shall be derived under the assumption that production
of product type j starts at the beginning of the assigned manu-
facturing time for product type j, which is commonly adapted
in the most references in the literature. This paper considers
two cases of k; > 1 (partial delivery allowed before a lot pro-
duction completion) and k; < 1 (no partial delivery allowed)
together in the total cost minimization. For the case where k; > 1,
an illustration of inventory level is depicted as in <Figure 4>.

The vendor’s annual inventory holding cost for product type
J is Hv;, so that the vendor’s holding cost per unit time for

the case of k; > 1 is derived as

M D, T(k;+1)

];ij. ;7 % ’ (;np)} ©9)

<Figure 4> Inventory Levels of Item /for Two Buyers and
5 ltems with Az = 4 and 4, = 3.

For the case of k; < 1, it is assumed that the setup associated
with each product type occurs once in each production cycle
and the production amount of each product is constant in every
production cycle, which is commonly adapted in the most refer-
ences in the literature, as depicted in <Figure 5>.

Inventory Level

of Item j
Shipment cycle to

buyer a (k, =1/3)
T/k,

time

<Figure 5> Inventory Level of Item j for One Buyer and
5 Items with ka = 1/3

The vendor’s holding cost per unit time for the case of &;

< 1 is derived as

M D, Tk, +1)
Eij . [E 7210

j=1 1Em;

-z (ZD) } (10)

Combining expressions (9) and (10) together, the vendor’s
holding cost per unit time is expressed as

3t - (11)

j=1

D

1Em; iEm

Then, the vendor’s total cost per unit time is derived as

m

+—ZZ€ k +— Es-‘rQ H-T

j—lem J*l

[;% Y2 ( by D) } (12)

iEm

1c,

vendor —

M
+ E ij .

j=1



Then, the total cost per unit time of the integrated (1:1: N)
model is derived as

Total Cost (TC) =
M

Z Z Tc;y, + TCW,ppHrar + TCv

vendor (13)
Jj=1liEm;
This total cost expression is formulated as the following
mixed integer programming problem (SVB) which can be used
to determine T and £/’s.

(SVB)
Min TC(T, ki, ks, =, kn) =

M
5 - T*%*Z 3 %(Hb,,+ij) - D,

i

k
. ?T+—'(Ai+ei)

j=li€m,
s.t. T7>=0

I, < T/k; <w;, forl, w,€SR andi=1,2,---, N (14)

ke{1,2, 3, --~}u{

M
where n= g+ B+ Esj
i=1

i=

m

§:a-HT+Z %HSZ(QJCJ)_%(ZD/)Q

Jj=1 1Em; J \i€Emy

Hy, - 2]

1Em;

- 2

3. Solution Procedure for the Integrated
Multi-Product(1:1: N) Inventory Model

It appears very difficult to find the optimal solution of the
(1:1:N) problem (SVB), since the mathematical formulation
is a nonlinear programming of decision variables. Thereupon,
in this section, an iterative heuristicsolution procedure will be

proposed based on Theorem 1.

Theorem 1 : Given any particular value of T > 0, the ob-
jective function TC(T, ki, k2, -+, kn) of the problem (SVB) is
convex with respect to each ki. On the other hand, given any
-+, and ky, the function TC(T, ki,

ks, -+ ky) is convex with respect to T.

particular values of ki, ks

Proof : It is straightforward.
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According to Theorem 1, with any given particular value
of T > 0, the optimal values of £;’s can be determined easily,
and so can the optimal value of T when ki’s values are all
known. In other words, k;’s cannot be determined easily without
knowing T, and T cannot be determined easily without knowing
ki’s either. Therefore, the iterative heuristic procedure for the
problem (SVB) will be derived.

Some feasibility conditions for the problem (SVB) are speci-
fied in Theorem 2 and Theorem 3. Note that given a value
of T > 0, from the constraints (14), all £’s should satisfy the

relation

I, < T/k; <wyi=1,2,--, N (16)

Theorem 2 : Under the condition that w; > 2 - I, and with
any given value of T > 0, there is at least one integer or the
reciprocal of integer k; satisfying the relation (16).

Proof : Consider two cases where 7/u,> 1 and 7/1,< 1.

First, consider the case where 7/w,> 1. It holds that l—T - T

i i

(w,~1)T 1,-T
>

7

T .
= — >1, due to the condition wu; >

u; - 1 u; - 1 u;

2 - 1,. This implies that there is at least one integer £; satisfying
the relation (16). Now, consider the case where 771, < 1. It holds

u, (u;—1;) l;
that — — — = —>

T T T T

w, =2 - 1.

>1, due to the condition

This also implies that there is at least one reciprocal of in-
teger k; satisfying the relation (16).
This completes the proof.

Theorem 3 : Let 7" /k, be the optimal repetitive shipment
interval for the proposed integrated multi product inventory
problem. In the situation where EOQ, = 2EOQ),, it holds that
T'/k; €|EOQ,, EOQ,]. Otherwise, it holds that T/k;E

E0Q,
[ 2
and EOQ), denote the optimal shipment interval (EOQ solu-

L EOQ, ), or T'/k; €|EOQ,,2 - EOQ, ], where EOQ,

tion) for buyer i and for the vendor associated with buyer i,
respectively, each of which is found from the associated vendor-
and-buyer (1 : 1) inventory problem by treating the associated buy-
er and vendor sub-problems in separation.

Proof : Denoting by i the shipment interval for buyer i,
the total ordering and inventory cost per unit time of buyer

i

.. . = 1 = L
i is derived as 7C,= + EHbj « T, - D, which is an

i
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EOQ formula for buyer i. The total cost function is charac-
terized as a convex function of JA“, Also, denoting by JA“, the
shipment interval for the vendor associated with buyer i, the
total setup and inventory cost per unit time of the vendor is
(ei+sj) +l Ho; - T, - D,

* which is an
T; 2 "iPi

derived as 7C,, =

EOQ formula for the vendor associated with buyer i, and also
characterized as a convex function of 7;. Let EOQ, and EOQ,
be the optimal shipment interval (EOQ solution) for buyer i,
and the optimal shipment interval (EOQ solution) for the ven-
dor, respectively, which are the results from separate solution
search (20Q, < EOQ, ). Then, the optimal shipment interval,
T"/k;, for the proposed integrated multi-product vendor- and-buyer
(1:1) inventory problem can be seen as belonging to the range
[EOQ,. EOQ, ], since TC, and TC,, are the convex function
of 7, and 7}, respectively, and EOQ, < EOQ, .

It is seen from the results of Theorem 2 that when £OQ),
= 2E0Q),, there is at least one integer or the reciprocal of
integer k;, for any 7" > 0, satisfying the relation (16) with
w=FO0Q, and ;= EOQ, . This leadsto 7" /k, € [EOQ,, EOQ, .

Similarly, it is seen that when EOQ, <2EOQ,, there is
at least one integer or the reciprocal of integer k,, for any
T" > 0, satisfying the relation (16) with u; = EOQ, and [; =

EOQ,
-, or with u; = 2+ EOQ, and I; = EOQ,, which leads

EOQ,

v
i

to T*/kje[ ,EOQ,U], or T'/ke [EOQ,, 2 - EOQ,].

This completes the proof.

The results of Theorem 3 can be used to provide a guideline
for negotiation between the vendor and buyers. Moreover, in
the situation where there is no negotiation between the vendor
and buyers, the results of Theorem 3 can be used to provide
the time range on product shipment interval.

Now, consider part of the third term in the objective function
of the problem (SVB), which is denoted by the following func-
tion f,(k;) ;

1 k;
f,;(ki)ZE(Hb,ﬁLij) - D - T

i

+ —(4;+e;),

Rl

T/u, <k, < T/1,. (17)

Note that fi(k;) is a convex function of k. Then, consider
three associated cases, including 771, < 1, T/u; = 1, and
T/u, < 1< T/L,

MY - BYE - OlU

Case 1: T/l;, < 1 : k; can only be the reciprocal of an integer.
Using Schwarz’s result [23], the function fi(k;) achi-

IS an

eves the minimum at k?,.(T), where —
' k(T)

i

integer satisfying the relation

1 1 np 2(Ai+ei)
z@(T)(z;(T) ) (Ho,+ Ho,) - D, - T°

1 1
R(D) (zém o

i

, where 7/u, < k,(T) < T/1,.

Thus, the optimal solution of fi(k;) is found at

Case 2: T/u; > 1 : k; can only be an integer. Then, the
function fi(k;) achieves the minimum at k(7),

where k,(7) is an integer satisfying the relation

(Hb, + Hv;) - D, - T*
2(4;+e;)

k,(T)(k,(T)+1), where T/u, < k,(T) < T/1,.

2

k() (k,(T)—1) <

Thus, the optimal solution of fi(k;) is found at

k:(T)Zmax{ [ T/ui] ,min{ | T/l,;J , E,(T)}}

Case 3: T/u, <1< T/, : k; can be an integer and also
the reciprocal of an integer. Therefore, applying the
results of Cases 1 and 2, the function fi(k;) achieves

the minimum at & (7)), which is found as
k; (T) =arg min{f,(y) yE G },

where

@:{max{1/ {%J ,l%(T)},

min{k,(7), L 7/1,1 }}},

The results of the three cases provide the basis for finding
the optimal k,(7) for the associated part of the third term in
the objective function of the problem (SVB), as specified in
Theorem 4.



Theorem 4 : The optimal ki(T) values associated with any
given value of T > 0 and Eq. (17) can be found by use of the
Jollowing search procedure which is derived from the above three
cases including T/l, <1, T/u; <1, and T/u, <1< T/,

Search Procedure : Finding the optimal £(T) with a given
particular value of T.

Step 0 : If T/1, <1, go to Step 1. If 7/u; > 1, go to Step 2.
Otherwise, go to Step 3.

Step 1 : Calculate the integer satisfying the relation

1
k,(T)
1 N 2(4;+e¢;)

E.(T)(JQ.(T) ) (b, + Ho) - D, - T*

and then compute the asso-

ciated optimal

K (1) = max{l/

U;
T

11 -
,min{1/ El ,ki(T)}}.Stop.
Step 2 : Calculate the integer k,(7) satisfying the relation

(Hb, + Hv;) - D, - T*
2(4;+e;) ’

1

Dk, (T)-1) <
<k (D)(k,(D)+1),
and then compute the associated optimal

B (D =max{ [ T/u, | I, k;(D}}. Stop.

,min{ | T/l,z.

Step 3 : Calculate the integer P (1T) satisfying the relation
2(A4;+e;)

! L
&(T)(@(T) ) (i, + Hv;) - D, - T*

1 1 .
= +1| and calculate the integer
k( )(/c(T) )
k,(T) satisfying the relation
_ _ (Hb, + Hv,) - D, - T*
B()E(7)—1) < =5 o

<k, (T)(k,(T)+1)
and then compute the associated optimal

k (T) =arg min{f,(y) |yE G}, where

i

q={max{1/ {%Jém} min{k, (7), L 774, }}.
Stop.
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Once all &/’s values K = (ki;, ks, -,
range of T can then be determined from the constraint (16)

ky) are determined, the

as in

Lok < T<w-k,i=1,2 -, N

Therewith, the necessary and sufficient conditions for a fea-
sible value T(K) > 0 are derived as in Theorem 5.

Theorem 5 : Given any K = (k;, k»,***, kv), the following
feasible value T(K) > 0 can be found as 7( k)
min{a(K), T(K)}} if and only if a(K) < a(K), where

:rnax{oz([()7

a(K) = T kb (k) = 0 ki, (18)
M
[n+2 Nk (A4, +e,)
— . j=1lEm,;
and 7(K)= (i, H0) D) (19)
5+ = Z My —
] li€m; 1

Proof : The results can be easily derived via derivative ap-
proach in association with K. This completes the proof.

The results of Theorem 5 can immediately be applied to the
initial stage of the following heuristic procedure HSVB which
starts with the initial setting k; = 1, V.

Now, these all procedures for finding 7 and &/’s are put together
to derive a heuristic procedure, called HSVB, for the proposed
integrated multi product (1 :1:N) inventory problem.
Heuristic Procedure HSVB
Step 0 : Set ks =1,i=1,2, -+, N

Find a(A) and a(K) by Eq. (18).
If a(K) < a(K), find 7(K) by Eq. (19),
and compute

T(K) = T(K)}}.

SalB) +a(K)).

max {a(K), min{gz (K),

Otherwise, let 7(K)=
Step 1 : Find k’s by using the Search Procedure.
If all k’s values are the same as those obtained
in the preceding iteration (indicating a local solu-
tion finding), stop. Otherwise, go to Step 2.

Step 2 : Find a(&) and a (&) by Eq. (18), and find 7'(K)
by Eq. (19), and compute 7'(K)=
min{a(K), T(K)}}. Go to Step 1.

max {a(X),
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4. Computational Results

Although the range parameters u; and /; can be obtained
through negotiation between the vendor and each buyer, this
paper simply arranges the parameters, for this experiment, based
on the results of Theorem 3 such as having I; = £OQ), and

ui = EOQ, in the situation where £0Q, = 2E0Q),; otherwise,
EO0Q,

,

having [; = -~ and u; = 2 - EOQ,, which, in fact, satisfies

the feasibility conditions.

A Numerical Example

An experiment was made with a numerical example of 5
buyers and 3 product types to illustrate the heuristic procedure
HSVB which was implemented in the Computer Language C++
on IBM PC (Pentium IV Processor/1.4GHz, 512MB memory).
<Table 1> gives the relevant data and buyer’s optimal EOQ
solutions.

<Table 1> Data for a Numerical Example with M = 3 and

N = 5.
Bt’h‘l’fr Pi‘;ﬂﬁd (g‘; D, gfi’ (g) EOQy EOQ| | | u
Purchase
I 1 |20 |100] 20 | 15 | 0.4 | 621 |0.14]621
2 1 |40 5010|1504 |879 04879
3 2 125|120 | 15 | 15 | 0.7 | 629 |0.17 | 629
4 2 |20 |80 |25 | 15 | 014 | 771 |0.04 | 771
5 3 15130 | 20 | 50 | 022 | 533 |022]5233
Prodl(J’\cAt) type P y s | H | & -6
I 450 | 4 | 80 | 8 |o036|/F7
2 400 | 3 | 120 | 12 | 053 gz 1320
3 360 | 3 | 110 | 15 | 0.1

MY - BYE - OlU

<Table 2> Summary of the Results of the Procedure HSVB

Buyer(A) Buyer's order interval, &' 7"
1 0.1667
2 0.6666
3 0.1667
4 0.1667
5 0.3333
Vendor’s production cycle length, T =03333
Total cost of the integrated model per unit time = $ 5112.32

The numerical example shows that the heuristic procedure
HSVB converges after the third iteration, giving the solution
summarized as in <Table 2>.

For comparison, this paper solves three integrated single-pro-
duct (1 :1:N) inventory models individually for each product
type, and presents their solutions in <Table 3>. It can be seen
from the solutions that by coordinating replenishments of all
the different product types, the proposed integrated multiproduct
(1:1:N) inventory model can reduce the total cost per unit time
by about 16.3%. Thus, coordinating the replenishments of all
the different product types is more effective than determining
individual replenishments separately.

Validation of the heuristic procedure HSVB

The proposed heuristic procedure HSVB was also tested for
its effectiveness and efficiency with more 25 numerical problems,
including 15 three-product (1 : 1:5) numerical problems (models)
and 10 four-product (1: 1:7) numerical problems (models). In
order to evaluate the performance of the procedure HSVB, the
obtained heuristic solutions are compared with the associated
optimal solutions which are found through full enumeration
searches for all the potential ks values. <Table 4> presents
the experimental results for all the 25 numerical problems. The
column “cost reduction (%)” represents the percentage of the cost
reduction of HSVB solution compared with the cost sum of the
single-product (1:1: N) inventory models for each product type.

<Table 3> Solutions of Three Integrated Single-Product (1:1:N) Inventory Models for Each Product Type

Buyer’s order Vendor’s production Total cost
Product type Buyer interval, A’ 7" cycle length, 7° unit time ($)

1 0.1598
Inventory Model 1 1 0.3195 2237.61

2 0.639

3 0.2685
Inventory Model 2 2 0.2685 2793.45

4 0.2685
Inventory Model 3 3 5 0.389 0.778 1079.63

Total cost per unit time($) = $ 6110.7
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<Table 4> The Experimental Results for 25 Numerical Problems

sof sof Procedure HSVB Obtained Optimal Solution Single product(1:1:A)

buyer ftem type iteri?ii)ns Cost (TSIQQS Oggrsrt]al %’2‘; inv%%?gr?/ur;o%fels oo r((‘?/?)UCtlon
1 5 3 5 7096 417 6938 2.2 8496 16.4
2 5 3 2 6365 4.18 6365 0.0 7688 17.2
3 5 3 1 7615 4.17 7594 0.3 9116 16.5
4 5 3 2 5990 417 5970 0.3 7411 19.2
5 5 3 2 6860 417 6773 1.3 8039 14.7
6 5 3 6 8305 4.15 7980 4.1 9729 14.6
7 5 3 2 8587 4.14 8587 0.0 10474 18.0
8 5 3 3 7669 4.15 7641 0.3 9404 18.4
9 5 3 3 7276 4.15 7184 1.3 8744 16.8
10 5 3 4 8202 4.14 8056 1.8 9957 17.6
11 5 3 2 7622 417 7352 3.6 9112 16.3
12 5 3 2 6626 415 6577 0.7 7875 15.9
13 5 3 3 5929 4.15 5929 0.0 7260 18.3
14 5 3 2 7721 4.18 7684 0.4 9378 17.7
15 5 3 3 7570 417 7401 2.2 8753 13.5
16 7 4 7 9597 290.2 9405 2.0 12041 20.2
17 7 4 2 9870 204.5 9870 0.0 11882 16.9
18 7 4 2 9403 253.9 9297 1.1 11734 19.8
19 7 4 2 11227 3123 9859 13.8 12600 10.8
20 7 4 5 10993 259.5 10895 0.8 13888 20.8
21 7 4 2 10977 352.5 10801 1.6 13450 18.3
22 7 4 3 10425 395.5 10317 1.0 13060 20.1
23 7 4 2 10003 299.5 10003 0.0 12796 21.8
24 7 4 2 11739 3755 10485 11.9 13269 11.5
25 7 4 2 9053 354.5 9049 0.04 11108 18.5

H~U(10, 15), H~U(S, 10), g~U(150, 200), B~U(30, 60), 4~U(10, 50), D~U(30, 150), Hb~U(15, 30), e~U(15, 30), P~U(600, 800),

S~UG@3, 8), s~U(80, 150), Hv~U(8, 12).

As observed from <Table 4>, the numbers of iterating the
procedure HSVB to find all the required feasible solutions are
small, and the solution gaps between the heuristic solutions and
the associated optimal solutions are also small. So, it may be
claimed that the proposed procedure HSVB is efficient and
effective. Also, the average percentage of the cost reduction
of HSVB compared with the sum of the cost of the single
product (1:1:N) inventory models is about 17.2%. Therefore,
it can be claimed that coordinating the replenishments of all
the different product types is more effective than determining
individual replenishments separately.

Now, a comment is made on the robustness of the proposed
solution algorithm in its practical application. In the real field,
a variety of different unanticipated production bottlenecks can
destroy their associated production schedules, and any repeating
production schedule by use of such cyclic production policy

is not exceptional. For example, some unanticipated production
bottlenecks include breakdowns of machines, failure of a vendor
to deliver on schedule or in sufficient quantity, low production
yield, or absence of a key worker. In such bottleneck situations,
any associated analytical methods for re-establishing any repeat-
ing production schedules may be very hard to derive and vary
with bottleneck situations. Therefore, it could be better to invest
in prevention methods, rather than adapting any (complex)
methods of recovering from any unanticipated production bottle-
necks. In this connection, safety stock and safety lead time have
been considered as two common preventive measures that can
be used to protect such production schedules (McClain and
Trigeiro [19]). Of course, such safety stock and safety lead
time measures can immediately be adapted in the model of this
paper. In this way, the proposed algorithm can take care of
those production bottlenecks.
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5. Conclusions

This paper considers an integrated multi-product (1 :1: N)
inventory model where a supplier supplies raw material to a
vendor who produces multiple products via a cyclic production
policy and supplies them to N buyers. The objective of the
model is to minimize total annual cost per unit time of the
whole system (supplier, vendor and multiple buyers involved)
subject to some constraints of time range on product shipment
interval for each buyer, under the assumption that the time range
is provided through negotiation between the vendor and each
buyer. Some solution properties are characterized, with which
an iterative heuristic solution procedure, called HSVB, is de-
rived, and tested with 25 numerical problems to show that the
total cost per unit time can be reduced by coordinating replenish-
ments of all the different product types by 17.2% on the average.
Based on the computational experiments, it is concluded that
the derived procedure HSVB is efficient and effective.

The derived heuristic procedure may be immediately applied
to manufacturing processes with injection molding processes in-
volved, such as paper product manufacturing processes, glass-con-
tainers manufacturing processes (bottle and jars), and most automo-
bile-part (nuts, bolts, washers, springs etc.) manufacturing processes.
Its application for automobile assembly processes is also possible.

Further research may focus on development of any quantity
discount pricing policy to maximize total profit of the integrated
multi-product (1:1:N) inventory system.

References

[1] Bahl, H. C. and Ritzman, L. P.; “A cyclical scheduling
heuristic for lot sizing with capacity constraint,” Int J Prod
Res, 22 : 791-800, 1984.

[2] Banerjee, A.; “A joint economic-lot-size model for purchase
and vendor,” Dec Sci, 17 : 292-311, 1986.

[3] Banerjee, A.; “On ‘A quantity discount pricing model to
increase vendor profits’,” Mgmt Sci, 32 : 1513-1517, 1986.

[4] Bankston, J. B. and Harnett, R. M.; “A heuristic algorithm
for a multi-product. single machine capacitated production
scheduling problem,” Com Oprn Res, 27 : 77-92, 2000.

[5] Campbell, G. M. and Mabert, V. A.; “Cyclical schedules
for capacitated lot sizing with dynamic demands,” Mgm¢
Sci, 37 : 409-427, 1991.

[6] Chan, G. H. and Song, Y.; “Rotation cycle schedulings for
multi-item production systems,” Eur J Opl Res, 135 :
361-372, 2001.

[7] Elmaghraby, S. E.; “The Economic Lot Scheduling Problem
(ELSP) : Review and Extensions,” Mgmt Sci, 4, 1978.

[8] Fransoo, J. C., Sridharan, V., and Bertrand, J. W. M.; “An
hierarchical approach for capacity coordination in multiple
products single-machine production systems with stationary
stochastic demands,” Eur J Opl Res, 86 : 57-72, 1995.

[9] Goyal, S. K.; “A joint economic-lot-size model for purchase

a comment,” Dec Sci, 19 : 236-241, 1988.

[10] Goyal, S. K.; “A one-vendor multi-buyer integrated inven-

tory model : a comment,” Eur J Opl Res, 82 : 209-210, 1995.

[11] Goyal, S. K.; “An integrated inventory model for a single

and vendor :

supplier-single customer problem,” Int J Prod Res, 15 :
107-111, 1977.

[12] Goyal, S. K.; “Determination of economic production-ship-
ment policy for a single-vendor-single-buyer system,” Eur
J Opl Res, 121 : 175-178, 2000.

[13] Hill, R. M.; “The optimal production and shipment policy
for the single-vendor-single-buyer integrated production-
inventory problem,” Int J Prod Res, 37 : 2463-2475, 1999.

[14] Hill, R. M.; “The single-vendor single-buyer integrated pro-
duction-inventory model with a generalized policy,” Eur
J Opl Res, 97 : 493-499, 1997.

[15] Kim, D. and Mabert, V. A.; “Cycle scheduling for discrete
shipping and dynamic demands,” Com Oprn Res, 38 : 215-
233, 2000.

[16] Kim, D., Mabert, V. A., and Pinto, P. A.; “Integrative cycle
scheduling approach for a capacitated flexible assembly
system,” Dec Sci, 24 : 126-147, 1993.

[17] Lu, L.; “A one-vendor multi-buyer integrated inventory mod-
el,” Eur J Opl Res, 81 : 312-323, 1995.

[18] Mabert, V. A. and Pinto, P. A.; “Production batch sizes
in a repetitive flexible assembly system,” Prod Inv Mgmt,
28 @ 34-37, 1987.

[19] McClain, J. O. and Trigeiro, W. W.; “Cyclical assembly
schedules,” IIE Trans, 17 : 346-353, 1985.

[20] Monahan, J. P.; “A quantity discount pricing model to in-
crease vendor profits,” Mgmt Sci, 30 : 720-726, 1984.

[21] Nori, V. S. and Sarker, B. R.; “Cyclic Scheduling for a
Multi-product, Single-facility Production System Operating
Under a Just-in-time Delivery Policy,” J Oprl Res Soc,
47 : 930-935, 1996.

[22] Rosenblatt, M. J. and Lee, H. L.; “Improving profitability
with quantity discounts under fixed-demand,” I/IE Trans,
17 : 388-395, 1986.

[23] Schwarz, L. B.; “A simple continuous review deterministic
one-warehouse n-retailer inventory problem,” Mgmt Sci,
19 : 555-566, 1973.

[24] Sharafali, M. and Co, H. C. l.; “Some models for under-
standing the cooperation between the supplier and the buyer,”
Int J Prod Res, 38 : 3425-3449, 2000.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


