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| Abstract ®

We consider an integrated supply chain model in which multiple suppliers replenish items for a single buyer's
demand. Also the buyer specifies a basic replenishment cycle and the suppliers replenish the items only at those
time intervals. Namely, we propose a model to study and analyze the benefit by coordinating supply chain inventories
through the basic replenishment cycle time. The objective of this model is to minimize the total relevant annual cost
of the integrated inventory model. After developing proposed coordinated models, we suggest heuristics for searching
the solutions of our models. Finally, numerical and computational experiments for each policy are carried out to evaluate
the benefits of those models and the compensation policy is addressed to share the benefits.

Keyword : Joint Replenishment, Coordinated Inventory Management, Supply Chain

1. Introduction importance in the industrial field as one of the
main marketing processes that have positive in-
SCM (Supply Chain Management) has gained fluences on shareholder value. The more it is
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growing importance of SCM, the more it is con-
centrated on not only the information sharing of
the chain but also the interrelationship of the
participants. The characteristic of buyers and
suppliers relationship has been undergoing dra-
matic changes over the last decades. There have
been some research works, showing that the
buyers and suppliers relationship has evolved to-
wards cooperation in order to respond to intensified
competition in industry. Therefore, researchers
extensively have studied the cooperative inter—
actions between the buyers and suppliers.

In the context of inventory on cooperation be-
tween them, since the late 1970s, many re-
searchers have studied the integrated inventory
models. Goyal [5] suggests that if the supplier
and the buyer, instead of determining their poli-
cies independently, decide to cooperate the eco—
nomic joint inventory policy, then considerable
savings can be achieved. And he also develops
a joint economic lot size model where the ob-
jective is to minimize the total relevant costs for
both the single supplier and the single buyer.
Banerijee [1] analyzes the model by incorporating
a finite production rate and following a lot-
for-lot policy for a supplier. For all these models,
it is assumed that the supplier previses buyers’
annual demands, inventory holding cost and or-
dering cost. In this typical purchasing situation,
single supplier and single buyer may negotiate
both price and lot size, and the outcome depends
on the negotiating power between the two par-
ties or some contractual agreement. Moreover,
these research works are devoted to single prod-
uct models while most businesses are operating
in a multi-item environment.

Even though there are many single supplier

situations, it is quite common that there are a

lot of big buyers who need a great variety of
items replenished from many suppliers in
practice. Such buyers are like motor companies,
department stores, electronics companies and so
on. In this circumstance, a big buyer orders the
required products to many suppliers and he/she
wants to be replenished at any particular time
for the products. However, the buyer bearing the
freight and inventory related costs wants to re—
duce the relevant costs without sacrificing prod-
uct quality or service level. Thus, we must con—
sider the coordinated inventory model with mul-
tiple suppliers and a single buyer in a supply
chain. Furthermore we suggest the joint replen—
ishment strategy as one of the many coordinated
decision policies.

We consider the situation in which multiple
suppliers implementing the joint replenishment
strategy share the inventory information each
other. Each supplier delivers the quantity pro-
duced during his period to the buyer, and this
period is determined by the integer multiple of
basic replenishment cycle. [Figure 1] presents
the situation in which suppliers deliver their

products at their own replenishment cycle time.

(| —PE =

Buyer

T : basic replenishment cycle
m,: integer multiple (=1, 2,..., n)

Supplier 4

[Figure 11 Joint replenishment by basic replenish-
ment cycle

Compared to the many researches for the in-
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tegrated one-supplier one-buyer problem, a few
research works address the integrated one-sup-
plier multiple-buyer model. Lu [10] develops a
model based on the assumption that the supplier
has an advantage over the buyers in purchasing
negotiation. The focus of this model is to mini-
mize the supplier's total annual cost subject to
the upper limit of the cost the buyer can bear.
Viswanathan and Piplani {12] study the in-
tegrated supply chain similar to Lu's [10] frame-
work. They propose a model to study and ana-
lyze the benefit of coordinating supply chain in-
ventories for a single product by means of com-
mon replenishment time period. p

Over the last two decades, many researchers
have studied the problems that determine the
economic order quantities for jointly replenished
items. For the joint replenishment problem (JRP),
an optimal solution approach is proposed by
Goyal [4]. However, this approach is based on
the enumeration and the running time for the op~
timal solution grows exponentiélly with the
number of items. After Goyal [4], many more ef-
ficient heuristics have been developed to find
solutions about the JRP. Silver [11] suggests an
efficient heuristic method for solving the JRP.
This approach has been further improved by
Goyal and Belton [6] and Kaspi and Rosenblatt
[9]. Kaspi and Rosenblatt [9] suggest a new heu-
ristic method called RAND by adopting Silver's
improved heuristics. The result” of applying
RAND shows that it outperforms all previous
solution procedures which are not enumerative.
Goyal and Deshmukh [7] provide a better lower
bound for the basic replenishment cycle time,
which further improves the performance of
RAND. A tighter lower bound is helpful because

it reduces the range of the basic replenishment

cycle time from which m equally spaced values
are obtained.

Most of the integrated inventory literatures
deal with the environment of single supplier with
single buyer or single supplier with multiple
buyers. But, in this study, we basically consider
another situation of the integrated inventory
model with multiple suppliers and single buyer.
In this circumstance, we adopt the joint replen-
ishment strategy to coordinate the inventory
management. The objective of our study is to
minimize the total coordinated relevant cost for
both the multiple suppliers and the single buyer.
We suggest a new heuristics to determine the
basic replenishment cycle time and integer mul-
tiples of the basic replenishment cycle time. Also,
the performance of our new solution approach is

compared with the one of RAND.

2. Model Development

We restrict our discussion and analysis to a rel-
atively simple purchasing scenario like Banerjee
[1]. That is, a buyer periodically orders some
quantity, @, of an inventory item. With the re-
ceipt of an order, the supplier produces the or-
dered quantity of the item (i.e, the suppliers fol-
low a lot-for-lot policy) and, on completion of
the batch, he delivers the entire lot to the buyer.
In addition to deterministic conditions, we as-
sume that there are many suppliers dealing with
just single item and we ignore the time to deliver
the completed lot to the buyer. In reality, demand
rates and lead times are stochastic. Furthermore,
real world scenarios are likely to be more com-
plex than the one we outline. For example, in a
just-in-time (JIT) environment, the buyer favors

a relatively small lot size and seeks the most po—
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tential sources of supply. The supplier prefers to
move closer to the buyer’s position by lowering
his/her setup cost through technological chan-
ges. In other cases the monopolistic supplier,
knowing that no other supplier exists for the item
in question, may be in a position to take undue
advantage of the situation.

In this particular occasion, the supplier’s pro-
duction/delivery cycle equals to the buyer’s re-
plenishment cycle. Also, we assume that the
buyer takes charge of the transportation cost for
product deliveries and it is involved in buyer’s
ordering process. In this paper, we emphasize a
basic replenishment cycle for the multiple suppli-
ers to minimize the total coordinated system
costs. The relevant costs considered for the co-
ordinated decision policy are similar to those in
the individual decision policy, except that the
major ordering cost charged by the buyer. The
cost of placing an order for a number of different
items consists of two components : (1) a major
ordering cost which is independent of the kind
of supplied items per replenishment interval ;
and (2) a minor ordering cost which depends on
the kind of different items in the buyer's order.
This problem is similar to the JRP. In this study,
however, we consider the integrated supply chain
with multiple suppliers and one buyer.

We compare two decision policies, i.e., the in-
dividual and coordinated decision policy. In the
individual decision policy, a buyer individually
makes the inventory decisions for the individual
items. However in the coordinated decision poli-
cy, the joint replenishment strategy is used for
all suppliers and the buyer. [Figure 2] depicts the
coordinated inventory levels for three suppliers.
It illustrates that suppliers deliver to the buyer
with the multiple intervals of basic replenish-

O po--- S, (m;=1)

Y | 5, (my=2)

L S, (m;=3)

[Figure 21 Multiple suppliers’ inventory level with
the basic replenishment cycle time

For our models, the following assumptions are
used.

1) The demand rate and production rate, and rel-
evant costs are known and constant.

2) No shortages are allowed and the buyer's
storage space is not limited.

3) Replenishment lead time is constant and re-
plenishment is instantaneous for all suppliers.

4) The buyer’s ordering cost for each item i in-
volves the transportation cost of the each item
replenished from suppliers.

5) Each supplier deals with only one item.

6) The suppliers’ production capacities are suffi-
“cient to meet demands.

7) Every participant shares all information.

The following notation is used in the model.

i = the supplier index, i=1, 2, **, n

d. = the annual demand rate (unit/period) of
buyer for item i

p; = the production rate (unit/period) of suppli-

er for item i
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= the buyer’s major ordering cost per order

e, = the buyer’s minor ordering cost per order
for item ¢

s; = the supplier’s setup cost for item ¢ per pro-
duction

h, = the buyer’s inventory holding cost for item
i per unit time

h,; = the supplier's inventory holding cost for
item i per unit time

T, = the buyer's order replenishment cycle time
for item ¢ under individual decision policy

T = the basic replenishment cycle time, com-
mon to all suppliers under coordinated de-
cision policy

m,; = the positive integer multiples of 7" between

two consecutive replenishment interval

We now present two cost models for two-level
supply chain, one derived by the individual deci-
sion policy and the other by the coordinated deci-
sion policy. We assume that the buyer and the
suppliers perfectly interchange information about
inventories and purchasing schedules each other.
In the individual decision policy, a buyer focuses
on minimizing his own total inventory related
cost without consideration for the suppliers. In
the absence of any coordination between the
buyer and the suppliers, a buyer places economic
replenishment orders at time interval 7;,. The re-
plenishment orders can be arrived at any time
and thus deterministic demand can be met
immediately. The suppliers follow a lot-for-lot
policy, which means they produce as much as
the order quantity placed by the buyer. The as-
sumption of a lot-for-lot policy might be re-
strictive, but it is useful to focus the analysis on
the benefits of implementing the coordinated

strategy, and to make the analysis simpler.
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Before deriving the coordinated model, we first
consider individual decision model for the two
levels. Then, we propose the coordinated supply
chain model to minimize the entire supply chain
system cost.

2.1 Individual decision policy

In this policy, we assume that the ordering
cost involves the fixed transportation cost. Under
the individual decision policy, the buyer decides
the replenishment cycle 7;; for each individual
item independently. And the total annual cost for
supply chain system is equal to the sum of every
supplier's and buyer’s total relevant cost.

2.1.1 Buyer’s total cost

Such as a simple purchasing scenario in
Banerjee {1], the buyer periodically orders some
quantity, @;, of an inventory items to all the
suppliers. Under the individual replenishment
policy, the buyer decides the replenishment order
cycle, 7;;, for each item on an EOQ basis. In EOQ
policy, the buyer orders a quantity of Q,=d,7;, for
each item i at every replenishment cycle time.
Hence, the total relevant cost of n items per unit

time for the buyer is given by

TC( Ty, T,) = S0 (A+a)/ T, +d Tk, /2) (1)

i bi

It is easy to see that 7°¢ is convex function
in Z;. In addition, Z,,.., T, are independent each
other. Therefore, the optimal replenishment cycle
time for each item 4 can be obtained easily by
differentiating equation (1) with respect to 7,
and by setting the n equations equal to zero.
Accordingly, the optimal cycle between succes—
sive replenishments at the buyer for item i can

be obtained as follows :
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Ti = (2(4+a)/d k)" 2)

Correspondingly the total cost per unit time for
the buyer as follows :

TC( Ty T) = Sy, (24, (A+a)) (3)

2.1.2 Suppliers’ total cost

With the receipt of an order, each supplier fol-
lowing a lot-for-lot policy produces @; from the
buyer respectively and, on completion of the batch,
delivers the entire lot to the buyer. If the suppliers
follow the buyer's replenishment policy, every
supplier’s total cost per unit time is given by

1T, (721 v Iy, )= pI (si/Y;i +d? yl’n'hsi/Qpi) (4)

Therefore, the sum of TG, and TC gives the
total cost of two level inventories in a supply

chain system.

mnd = m + ICs (5)

2.2 Coordinated decision policy

In the coordinated decision policy, the basic re-
plenishment cycle and multiple integer repre-
senting the replenishment time of each supplier
are determined so that the total cost of supply
chain system is minimized. The relevant costs
considered in this policy are similar to those in
the individual policy, except for the major and
minor ordering costs to the buyer.

The buyer who is responsible for the trans—
portation cost will specify that the ordering for
multiple items is placed only at particular points
in time. The suppliers adopting this policy must
participate in the joint replenishment strategy.
This means that the consolidated items among

suppliers are periodically delivered to the buyer.

If the practice already exists in the channel, then
suppliers will accept it without any objection.
However, if the suppliers are already used to de-
liveries of replenishment order at any point in
time (more convenient to them), they may be re-
luctant to accept deliveries only at specific time
periods. Therefore, suppliers may request ad-
equate compensating incentives, such as a bene-
fit sharing or price discounts.

Under the coordinated policy, the replenishment
interval for each item ¢ ordered by the buyer is

where m; =1 and integer.

By a joint replenishment among a family of
items, the total cost for the buyer per unit time
is as follows :

JTG(Tmy,my,-..ym,.)
=A/T+Z)_a/mT+XZ!_ mdh,

i bi

72 (6)

And the total cost for every supplier per unit

time is as follows :

JIC (Timy,my,--m,, )
=3 5,/m,T+Z_ mdih

i =171 that Rt T

T/2p, (7

In the above models, {m;} represents a set of
the integer multiples of the replenishment cycle
for each item i. Similar to the individual policy,
the total relevant cost of the coordinated decision
model is obtained by summing of J7G, and JIC,.

JTC(Timy,my, -, )

=2, si/mli T+ 2 ]mid/?hsi T/2p,

+A/T+ T a/m, T+ 20 mydhy, 172

g

8)

In equation (8), we can see that our integrated
model is similar to the general JRP and produces
n+1 decision variables corresponding to the ba-

sic replenishment cycle and » integer multiples.
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3. Development of Heuristics

During the last two decades, many heuristic
procedures for the JRP have appeared in the
literature. Though Goyal [4] presents the effi-
cient solution procedure based on an enumerative
approach, the enumerative procedure requires
substantial computational effort to obtain sol-
utions for large problems. Thus, we use a much
simpler and non-enumerative approach which is
convenient and has produced excellent results on
a number of problems. In our study, it is also
very difficult to find the optimal solution except
for the case when Vvm, =1, For any particular
value of 7>0, the optimal values of m;’s can be
determined easily, and likely, we can determine
the optimal value of 7 when m’s values are
given, But m,’s cannot be determined without
knowing 7, and T in turn can not be determined
without knowing m;’'s.

The problem is to determine 7 and the integer
m,’s to minimize equation (8). The integer re-
quirements, as well as the interdependence of the
effects of the values of the control variables (e.g.,
the effects of altering the value of a particular
m, depend upon the values of 7 and the other
m;’s), make the determination of the optimal sol-
ution very difficult.

We can calculate the optimal replenishment
cycle ™ for a given any particular integer multi-
ple set {m;} as follows :

T = ((2(A+ L a/m, +Z;':1s,./mi)/
(Zinzl mid?hsi/pi +Z?=1midihbi))]/2 (10)

After ignoring A4/ T of equation (8) which is in-
dependent of m;, we can select the m,’s to mini-

mize the following equation (11)

Z(Tﬂl sMyy 0y MYy, )
=3 s/m T+ mdlh T/2p,

=1 i s

+3_ 0 /m T+ Z_ mydhy, T/2 (1D

=1

The general idea suggested for solving this
problem assumes that the m, values are known
so that the optimal 7"is obtained by the equation
(10). Then, given the value of 7, the optimal val-
ues of m; is determined by the following suffi-

cient condition :
Z(mr) < Z(m; —1) and Zm}) < Zmd +1)  (12)
From above inequality (12), we obtain

m; (mf -1)< (21’1' (‘li +si)/T2di (pihhi +dihsi))

<mi{mf +1) (13)

3.1 Iterative algorithm

In our model, we extend the iterative heuristics
adopted by Brown [2] and Goyal [3]. This heu-
ristic method uses equations (10) and equations
(13) to get the efficient solutions. Our approach
first requires an initial estimate of {m;}, in our
algorithm we assumed initially m, =1(i=1,2,...,n)
to determine 7 value from equation (10). This
T value is then plugged into equation (13) and
new estimates, m;,’s are obtained. The iterations
are stopped if values of m, (i=1,2,...,n) in the ¢”
iteration are the same as those in the (g-1)"
iteration. The procedure of our iterative algo-

rithm to obtain solutions is as follows :

Step 1. (Initialization) Set m, =1(i=1,2,...,n)
and ¢=0,

Step 2. Set ¢g=gq¢+1. And compute
T=((2(A+Z:.’:la,./m,. +Z;’=1s,/mi)/

/
(Zi”:l mid?hsi/pi +20_ md, hbi))l 2~

Step 3. For T and each product i, compute
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m, = (2p,(a,+5,)/ T%d; (p;h,; +d;1,,)).

Step 4. Find m%, for each i where m,,= L if
L(L—1) =mi, < L(L+1),

Step 5. If ¢=1 or m,, #m,,_, for any i, then
go to step 2. If m;,q =m,, ,, then go to
next step.

Step 6. Compute JTC for this {75,m} 4,-..,m},).

3.2 RAND algorithm

After an efficient heuristic algorithm has been
developed for solving the JRP by Silver [11], the
heuristics was further improved by Goyal and
Belton [6], and Kaspi and Rosenblatt [9]. Silver's
improved heuristics is a basis for a new heu-
ristics proposed by Kaspi and Rosenblatt [9]. It
is based on computing several equally spaced
values of the basic replenishment cycle within its
upper and lower bound [T, To.e].

Then they apply Silver’s improved heuristics
at each value of 7. This new heuristic algorithm
called RAND, performs better than all previous
heuristics except for the full enumeration.

Thus, we adopt the extended Kaspi and
Rosenblatt {9]'s RAND algorithm to obtain the
solution of our coordinated inventory model. The

algorithm procedure is as follows :

Step 1. Compute 7,,, =(24+Z_, (q; +s,))/
(Z,-":l d2h,, /o, + 27 1dihln‘))1/2
T

i = min{(200, +8))/((d2h,./p )+ d 1))

and

Step 2. Divide the range of [Zins Tnax ] 10t [
equally spaced intervals of 7(7;,..., T,
.T). And ! is to be decided by the
decision maker. Set p=0.

Step 3. Set p=p+1 and ¢=0.

Step 4. Set q=g+1.

For 7, and each product i, compute
me = 2p, (o, +s,)/ (phy; +d,h,) T d,.
Step 5. Find mi, for each ¢ where m,,= L if
LZ-1) £ml, < I(L+1).
Step 6. Compute a new cycle time 7, accord-
ing to
T =204+ Z7_ a/my g + T 5,/my )
/(2;;1 mi,qd? h’si/pi + Z?:lmisqdihbi))~
Step 7. If g=1 or m,, #m,, , for any i, then
go to step 4.
Compute JTC for this (Z,my,g..om, )
Step 8. If p=! then select (T} ,m},,...,m} ) with
the minimum JTC.
Otherwise go to step 3.

It should be noted that, at the step 1, 7, is
minimum value among those of all items when

the major ordering cost, A4, is zero.

3.3 Numerical Examples

Now we carry out numerical experiments to
investigate the performance of joint replenish-
ment for the coordinated inventory model. To set
the solutions for our models, the iterative and
RAND algorithms are coded by Excel Visual
Basic for Applications. At first, optimal solutions
for the individual model are obtained, and then
we determine the value of basic replenishment
cycle T and integer multiplier m, by the iterative
algorithm and RAND algorithm, which minimize
the total inventory related cost of the coordinated
inventory model.

For illustration, we use the set of parameters
in <Table 1> which shows the buyer’'s demand
rate and the costs associated major and minor
ordering and inventory holding, and the suppli-

ers’ production rates and the costs associated



with setup and inventory holding.

{Table 1) Data for numerical example for 10
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ably, in joint replenishment strategy for the co-
ordinated inventory model, RAND algorithm
saves cost about 1.11% more than iterative

algorithm. Also, we know that the basic replen-

(Table 2> Result of the individual decision policy

suppliers
Buyer Supplier
Item d; A a; Py ; S; hg
(unit/yr)| (§/cycle) |(Sorder) &/ unit/yr)| (unit/yr) |(8/setup) ($/unitfyr)

15000 8 22 12 | 700 7 1
2 110000{ 8 2 1 {12000 5 | 075
3| 1000| 8 2 15 | 12000 8 12
4 | 2500| 8 3 2 3600| 6 1
5 115000| 8 1 1 120000 2 05
6 | 4000 8 1 2 6000, 5 1
712000 8 3 3 3300 8 15
8| 530 8 5 2.3 60| 11 2
9 | 1200 8 2 2 80 7 | 17
10| 1000 8 2 15 | 1500 7 05

We get the results for the independent decision
polig:y and for the coordinated decision policy us-
ing the iterative algorithm and RAND algorithm.
The computational resuits are summarized in
<Table 2>, <Table 3> and <Table 4>.

As mentioned above, in the individual decision
policy, the buyer determines the optimal replen—
ishment cycles which minimize his inventory re-
lated cost of n items and the suppliers follow
these replenishment cycles for their items.
Therefore, we can get the entire supply chain
system cost by summing up the costs of the
buyer and every supplier. <Table 3> shows the
result of joint replenishment strategy for the co-
ordinated decision policy by iterative algorithm.
We get cost saving of 22.33% compared with the
independent decision policy. In this example, the
basic replenishment cycle is 0.0385year. It im-
plies that supply chain system can reduce its to—
tal annual cost by coordination of the replenish-
ment of different suppliers. <Table 4> shows
another solution by RAND algorithm. Remark-

Buyer Supplier
Item
Ty G, T, TCy;
1 0.0583 349.86 0.0383 22417
2 0.0447 44721 0.0447 251.56
3 0.1155 173.21 0.1155 127.02
4 00663 | 33166 0.0663 148.03
5 0.0346 519.62 0.0346 155.16
6 0.0474 37947 0.0474 16865
7 0.0606 363.32 0.0606 187.76
8 0.146 178.03 0.146 13843
9 0.0913 219.09 0.0913 140.58
10 0.1155 173.21 0.1155 79.87
TCha $ 4755.32

(Table 3) Result of the coordinated inventory
model by iterative algorithm

Iteration| m, | m,| my | m, | my | mg | mq | mg| mg|myy| T
o111 ]1]|1]1 |00
2 1(1(2|1¢1(1}1}13(1]21(0041
3 (231114171 ]1312¢2]10039
4 1p1f2)11(1)1(1]3f2]3](0035
5 1{1)2(1(1]1])1}3[2] 310038

T 0.0385yr
JTe $ 3693.35
Saving 22.33%

(Table 4> Result of the coordinated inventory mod-
el by RAND algorithm(/=10, 20, 30)

l my | my | mg | my | mg [ mg | my | mg | myg My, T
0121132111 ]2]5 4 10,0275
204121 1)1 |2]4]2]}3]0022
30121 2(1(1(2]|4)2] 3100292
T 0.0292yr
JIC $ 3650.94
Saving 23.22%
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ishment cycle decreases by 0.0292year. That is, Now we take one more numerical example for
RAND algorithm performs slightly better than 20 suppliers. <Table 5>, <Table 6>, <Table 7 >
iterative algorithm in this numerical example. and <Table 8> show the data and results.

{Table 5> Data for numerical example for 20 (Table 6> Result of independent decision policy for

suppliers 20 suppliers
Buyer Supplier Buyer Supplier
Item
Item| g, A a B P; 5 hy; Tp TG Ts TCs
(unit/yr) |(S/cycle) ($forder)($/umit/yr) (urit/vr) |(8/setup) ($/unit/yr) 1 0.0438 547.72 0.0433 29897

1195000 8 | 4 | 25 | 6000] 6 1 2 | 0035 | 4772 | 00365 19627

2 110000| 8 2 15 (12000 3 075 3 0076 42,05 0.076 1263

3| 1500] 8 5 3 3000 7 1.2 4 0.08 300 0.08 144.44

41 2500] 8 | 4 | 15 | 360] 6 1 5 | 0102 25495 | 0102 16572
5]2000] 8 | 5 | 12 | 3200| 65 | 16 6 00725 289.83 00725 23272
614000) 8 | 25| 1 |580] 6 | 15 7 0.0148 14832 00148 21911
72000 8 3 1 05 | 300] 5 2 8 0.2828 98.99 02828 | 233807

8| 30| 8 6 1 650 7 | 05 9 0.1826 10954 0.1826 471

9 600 8 2 1 1000 5 06 10 0.1211 181.66 0.1211 81.03
10 1000| 8 3 15 200 6 13 11 0.0606 363.32 0.0606 20.465
11| 5000 8 3 12 6200 5 1 12 0.0447 222.49 0.0447 196.09
12110000 8 2 1 13000 3 0.75 13 0.0989 331.66 0.0939 79.78
13| 1500 8 3 15 27001 3 12 14 0.0663 282.84 0.0663 132.96
14 2500 8 3 2 36001 5 1 15 1 00707 400 0.0707 161.85
15| 20001 8 2 2 3600 7 16 16 0.05 34641 0.05 266.67
161 4000| 8 2 2 6000 10 1 17 0.0677 1255 0.0577 147.75
171 2000| 8 2. 3 3300| 55 15 18 0.1434 116.19 0.1434 7378
18] 30| 8 1 25 5501 6 2 19 0.1549 173.21 0.1549 62.36
19| 600 8 1 125 | 1300 8 05 20 01156 4721 0.1155 76.66
20 1000 8 2 15 1800 7 05 TChu $ 8511.16

{Table 7> Result of the coordinated inventory model by iterative algorithm

Iteration My [ My | Mg My | Mg | Mg | My | Mg | Mo | My [ My [ Mo | Mg | 7 | My | M6 {7 | Mg [ Mg [ My T
1 1|11yt p1 {11111 {1jrj1r|1rf1rjy1rf{r{1r}j1]1]00523
2 11|11 1|y )1 532|111 f1]1+1(1}2]3]|2]0049
3 112121125 (32|11 1111 |1]2]3]2]}0048
4 1121212111216 (312112111113 ]3]21}]0033
5 li1j212(2;1}12]613|3j1|1]2(1(2]1)1(3]4]3]/]0031
6 112221112714 13[1 |1 2{1]2]1]1]3]4]3]0039
7 111{2{2(2 1217143112112 |1]1]|3]4{3/0039
T 0.035%yr
JTC $ 6386.22
Saving 2497%
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(Table 8> Resuit of the coordinated inventory model by RAND algorithm

l my my my m, ms5 Mg msy mg My | My | My { Mg | My | My | Mys { My | Mg | Mg | Mg | Moy T
10 11113213 319({514|2]14(2|2]|2{2|2|4]|5]| 410023
20 111131213 3191151421222 1212]4]|5]4/]0023
30 11113123 3 4121 21212{4|5]| 4]0.023

T 0.0263yr

JI¢C $ 6381.27

Saving 25.02%

Interestingly, for 20 suppliers case, perform-
ance of iterative algorithm is slightly better than
that of RAND.

4. Compensation Policy

As mentioned in previous section, even the co-
ordinated inventory decision policy cannot guar-
antee that all participants of supply chain are
necessarily better off. If some of the suppliers
joining the coordinated decision policy have less
benefit than before, they are reluctant to join the
coordinated supply chain. Accordingly, if they do
not want to join the supply chain, the whole ben-
efit from the coordinated decision policy is
decreased. Namely, the more suppliers join the
coordinated supply chain, the more cost savings
can be achieved. Therefore, it is very important
how cost savings are allocated among the
participants. We suggest a method to compen-
sate the suppliers experiencing a loss due to co-
ordinated decision policy and to share the re-
mained benefits.

At this point, we use the cost allocation meth-
od used in Goyal [5]. Goyal [5] suggested that
the total annual cost should be allocated to the

suppliers and buyer as follows :

Cost of suppliers = Z - V(C*,S*)
(1_Z) * V(C'*HS'*)

Cost of buyer

where Z= V8)/(V8§)+WG)).

WS,) and V(G) are the minimal chjective val-
ues of the total cost per unit time for suppliers
and the buyer in individual decision policy
respectively. And WV(C*,8%) is ghe minimal ob-
jective value of the coordinated decision policy.
We adopt this allocation method to our coordi-

nated model and derive the following equations.

Cost of buyer =4, - JTC(T",m;,ms,...,m,)
4 =TG5, By T TG T Ty 0 Ty,

+TC(T, , By ) (14)

and

Cost of supplier | =Z,; « JIC(T",m,ms,...,m, ).
7, =16, (5;)/(16(

+ 1T Ty T,

)

With the data in <Table 1>, we carry out the

numerical example for the compensation policy.

(15)

We get the 23.22% of cost savings by the coor-
dinated decision policy. However, the buyer’s
total cost is decreased from $3134.67 to $1924.02
through the coordinated decision policy, where-
as most of suppliers’ cost are increased. Therefore,
we need to share fairly the benefit of cost sav-
ings to all the participants. Adopting compensa-
tion policy to allocate cost savings by equation
(13) and (14), we can obtain the following re-
sults :
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Cost of buyer
=Z - JIC(T" ,m} ,m},...,m},) = $2406.7
Z=TG(T; Ty s TINTG( Ty, Ty oos T,
+TCAT, By oo T, ))= 06502

Cost of supplier 1
=27, - JIC(T" ,m},m,...,m},) =$172.11
Zsl = TCsl (I;l )/(IQ(I;; 771:2 1'"71—}:")
+TCAT, By T, )= 0.0471

J

All other Z, (i=2,3,..,n) can be obtained by
the same way. <Table 9> shows the result of

compensation policy for 10 suppliers.

{Table 9> Result of compensation policy for the
coordinated decision policy

FA% -

A%

5. Computational Experiments

In this section, we perform the computational
experiments comparing the coordinated decision
policy with the individual decision policy using
RAND algorithm. Fifty different examples are
solved and compared for various set of data. For
the buyer’s data, the demand for each item is
generated from a uniform distribution between
100 and 20000 ; the minor ordering cost from a
uniform distribution between 0.5 and 5; the hold-
ing cost from a uniform distribution between 0.2
and 3. And for the supplier’s data, the production
rate for each item is generated from a uniform
distribution between 1.5 and 2 which is a multiple

Individual Coordinated | Compensation of each item’s demand; the setup cost from a uni—
Item| _ Policy(®) policy($) policy($) form distribution between 05 and 5 ; the holding
Supplier| Buyer | Supplier| Buyer |Supplier| Buyer cost from a uniform distribution between 0.1 and
1 | 217 2ALT 172211 2. It should be noted that the generated supplier’s
2 | BLY 2261 16314 holding costs exceeding buyer’s holding cost for
3 | 12702 1352 97.52 each item are excluded. In addition, four values
4 | 14303 15352 11365 of n are considered (n= 5, 10, 15, 20) and five
5 | 116 313467 1506 199402 119.13 U067 different values of A, the major ordering cost, are
6 | 16865 21038 12948 also considered (4= 0, 5, 10, 15, 20). Thus, 20
7| 18176 15021 14415 different combinations are considered.
8 {13843 144.73 106.28
9 | 14058 160.87 10793 (Table 10> Data for computational experiments
10| 7987 9462 61.32 parameter Buyer Supplier
TG 162065 172692 1244.24 d; v(100, 20000) '
Total| 475632 365094 3650.94 % U055
h; (0.2, 3) Uv(0l, 2)
P : d; - U(15, 2)
According to this compensation policy, the 5 . U053, 5)

buyer bears the suppliers’ increased costs and
shares the benefit of coordinated decision policy.
Since the buyer compensates the cost savings of
$1210.65 with the suppliers, it is reasonable for
suppliers to accept and maintain the coordinated

decision policy.

A summary of results for these combinations
is presented in <Table 11>. Also we randomly
generate 50 problems for each combination and
total of 1000 different examples are solved by
RAND algorithm and by iterative algorithm. The



results of these computational experiments are

summarized in <Table 12>.

{Table 11) Results for the individual and the
coordinated (RAND) policy

FE FF Akl Ao =y , 125

is zero, we can obtain some savings. Also, we
can find that the higher the major ordering cost
becomes and the more the joining suppliers are,

the more the cost savings are.

n A ) ) TCS (%) {Table 12> Comparison of efficiency between
219836 | 206544 391 [terative and RAND aigorithm
5 208473 | 244199 1819 n A @ @
5 10 335326 | 246344 26.52 2 28
15 44472 | 283%.78 3201 40 10
20 438794 | 284537 35.09 5 10 39 11
0 429957 | 416533 3.12 15 43
5 564325 | 4402.89 22.32 20 45
10 10 720073 | 489815 3218 21 29
15 87777 | 4991.20 3767 31 19
20 897982 | 5211.02 4178 10 10 38 12
0 650537 | 6332.46 2.84 15 41 9
5 889489 | 6812.80 23.39 20 43 7
15 10 1061513 | 6947.08 34.05 12 38
15 1199416 | 7087.18 40.73 ; 2% 26
20 1362484 | 745621 45.18 15 10 31 19
0 871300 | 846266 3.09 15 R 12
1159142 | 879769 24.21 20 40 10
2 10 1373268 | 884300 35.69 0 17 3
15 1643945 | 951356 4202 25 %5
20 | 1760475 | 9329.01 4707 20 10 35 15
Maximum Saving | 1760475 | 932901 | 47.07% 15 39 11
Minimum Saving | 650537 | 633246 | 284% 20 3 16

Note) @ : TCira,
®@ : JTCranp, TCS : Total Cost Savings (%).

Our computational experiments complement:
the weakness of deterministic situations against
more real-world complexities, i.e., stochastic de-
mands and productions. Analyzing the result in
<Table 11>, it is obviously seen that the coordi-
nated decision policy dominates the individual
decision policy. For all examples, the coordinated
decision policy is superior to the individual deci-
sion policy. Even though the major ordering cost

Note) @ : the number of JTCrreration = JTCranp,
@ : the number of JTCireration ¥ JTCranp.

The results by RAND algorithm listed in
<Table 11>, <Table 12> are based on dividing
the ranges between 7,;, and Z7,,, into 20 equally
spaced values. We also experiment the case of
different values of ! (=10, 20, 30). However, in
our computational experiments, any differences
in solutions between RAND20 (1=20) and
RAND30 (1=30) are not occurred. Thus, from our

perspective it is sufficient to consider only 20
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values of- 7 between T,,;, and T,,.. From the re-
sults in <Table 12>, we can see that the coordi-
nated total cost by iterative algorithm has a big-
ger probability to be equal to the total cost by
RAND algorithm as the major ordering cost

grows.

6. Concluding Remarks

In this study, we introduce the supply chain
circumstance with multiple suppliers and single
buyer. We first develop the coordinated in-
ventory models and focus on minimizing the co-
ordinated joint total cost in the context of in-
formation sharing. Through the numerical ex-
amples, we find that our coordinated model ach-
ieve cost savings due to the major ordering cost.
Especially, since the basic replenishment cycle is
a critical factor in the coordinated inventory
model, we adopt the joint replenishment strategy.
Also, we suggest the compensation policy to in-
duce suppliers to remain in the coordinated sup-
ply chain. Finally, we conduct the computational
experiments to complement the weakness of de-
terministic situations against more real-world
complexities. And we compare RAND algorithm
with the iterative algorithm.

The numerical examples present some im-
plications to manage the supply chain. First, the
coordinated inventory decision policy is always
superior to the individual decision policy, espe-
cially when the major ordering cost is high. And
in our integrated model, the RAND algorithm and
iterative algorithm have a great chance to get the
same joint total costs when the major ordering
cost is high.

We can get some insights into the strategies

to manage supply chain and the application of the

suggested coordinated decision policy makes it
possible to increase the efficiency of supply

chain.
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