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Abstract

Generally, the joint replenishment problem (JRP) means to decide a replenishment policy that minimizes the total cost of replenishing
multiple items from a single supplier. In this paper, we deal with more complex JPR where items are procured from a multisupplier.
For this problem, we used a heuristic algorithm, especially Genetic Algorithm (GA). The purpose of the proposed algorithm in this
paper is to minimize the total relevant costs per unit time. The effectiveness of the proposed algorithm is shown through a simulation

study.
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1. Introduction

The joint replenishment problem (JRP) means to decide a
replenishment policy that minimizes the total cost of replenish-
ing multiple items from a single supplier. In such a system, the
ordering costs are decided by a major common ordering cost S
incurred whenever an order is placed and a minor ordering cost
si incurred if item i is ordered. In addition, there is also an in-
dividual inventory holding cost involved as well. The structure
of an optimal strategy can be very complex, even for systems
with only a few products. For all items, the demand is known
and constant [Brown, 1967; Goyal, 1973; Goyal, 1974; Goyal,
1982; Goyal and Satir, 1989].

Arkin proved that the JRP is a NP-hard problem [Arkin et al.,
1989]. Goyal proposed an enumeration approach to obtain an
optimal solution [Goyal, 1974]. Kaspi and Rosenblatt proposed
an approach based on trying several values of the basic cycle
time between a minimum and maximum value [Kaspi and
Rosenblatt, 1991]. Olsen proposed the direct grouping for JRP
[Olsen 2005]. Especially, Roundy [Roundy, 1985] introduced
two simple policies called g-optimal integer-ratio and optimal
power-of-two. Jackson, Maxwell and Muckstadt [Jackson et al.,
1985] presented an efficient procedure for the joint replenish-
ment problem under the restriction that the reorder intervals
must be power of two times a based period length. However,
these papers concerned a JRP with a single supplier.

This JRP can be extended to the JRP with a multisupplier.
Benton presented an efficient heuristic algorithm for evaluating
alternative discount schedules under conditions of a multi-item
and a multisupplier [Benton, 1991]. Moon and Cha proposed
an approach for JRP with a multisupplier using a genetic algo-
rithm (GA) [Moon and Cha, 2005]. However, that GA is very
simple. The accuracy of searching for a solution can be im-
proved.

In this paper, we propose a new approach for the JRP where
items are procured from a multisupplier. In solution algorithms,
a heuristic algorithm, especially a GA is used. The purpose of
the proposed algorithm is to minimize the total relevant costs
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per unit time.

The rest of this paper is organized as follows: In Section 2,
the problem is mathematically formulated. Section 3 introduces
the GA methods and describes implementations used for this
problem. Then, the experimental results are shown in Section
4. Finally, Section 5 provides discussion and suggestions for
further work on this problem.

2. Mathematical model for JRP

Several assumptions are defined.

» The demand rate for each item is constant and deterministic.

* The replenishment lead time is known duration.

» Shortages are not allowed.

* The entire order quantity is delivered at the same time.

* There are no quantity discounts.

» The inventory holding cost for each item of each supplier is
known and constant, independent of the price of each item.

The JRP is formulated as follows:
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Where, i i =1, 2, ..., m)is index of item and j (=1, 2, ...,
n) is index of supplier. m is total number of items and # is total
number of suppliers. d; means demand rate of item 7, S means
major ordering cost, s; means minor ordering cost of item i
purchased from supplier j, 4, is inventory cost of item 7 per unit

time, p; is price of item 7 ordered from supplier j. Besides these
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parameters, we have three decision variables; x;, T and k;. x; is
binary variable equal to 1 if item i is ordered from the jth sup-
plier, otherwise 0. 7 is basic cycle time and £, is integer number
that decides the replenishment schedule of item i.

Equation (1) is our objective function and means to minimize
the total relevant costs per unit time. The total relevant costs
are composed of the ordering cost, inventory cost and purchase
cost. From Equation (2) to (5) are the constraints of this prob-
lem.

3. GA approach
We use a heuristic algorithm, especially a GA, for JRP.

3.1 Encoding

A chromosome involves the information of the selected sup-
plier and the replenishment schedule of each item at the same
time. The length of a chromosome is the same to the total num-
ber of items m. The ith gene has two meaning, the index of the
supplier j where item i is purchased from and &; which decides
the replenishment schedule of item i. Each value of gene is gen-
erated randomly from O to 1.

3.2 Decoding

In the decoding procedure, the decision variable x; is decided
as follows:

x; =1, x, =0, j# ', Vi ©)
Where, j can be computed from chromosome as follows:
j= 1+Lnxv(i)J (7

Where, v(i) is the value of a ith gene.

The decision Variables T and k; are decided as follows:
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Where, £"® and k,"® are the upper bound of %, and the lower
bound of k,, respectively. &,"* and k,"” are calculated as follows:
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3.3 Selection and GA operators
For selection, we used a roulette wheel selection [Gen and
Cheng, 1997; Gen and Cheng, 2000] and for GA operators, we

used the one cut point crossover and the swap mutation.

4. Validation

Several numerical tests were performed. We compared our
proposed approaches with Moon’s GA [Moon and Cha, 2005]
and Khouja’s algorithm [Khouja et al., 2000].

For the numerical test, price s;, minor ordering cost p,,

i
inventory cost /; and demand rate d; are generated randomly
based on exponential distribution and normal distribution. The
total number of suppliers and major ordering cost S are set to 3
and 10, respectively.

Numerical tests were performed with two items set: 30 and
50 items.

Table 1 and 2 represent the results of the tests based on expo-

nential distribution.

Table 1: The comparison (30 items, exponential)

Terms F(x,T,k) CT (msec)
Khouja’s algorithm 279,003 333
Moon’s GA 279,292 376
Proposed GA 278,717 341

Table 2: The comparison (50 items, exponential)

Terms F(x,T.k) CT (msec)
Khouja’s algorithm 422,927 598
Moon’s GA 423,399 649
Proposed GA 422,437 609

Table 3 and 4 represent the results of the tests based on nor-

mal distribution.

Table 3: The comparison (30 items, normal)

Terms F(x,T)k) CT (msec)
Khouja’s algorithm 312,078 386
Moon’s GA 314,003 392
Proposed GA 310,295 389

Table 4: The comparison (50 items, normal)

Terms F(x,T,k) CT (msec)
Khouja’s algorithm 478,238 607
Moon’s GA 492,003 641
Proposed GA 470,923 621

In these tables, CT means computation time. In these tables,
the time of the proposed GA to find a solution is shorter than
that of Moon’s GA. Total relevant costs per unit time of the

proposed GA are better than that of the other two algorithms.
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5. Conclusion

The joint replenishment problem (JRP) involves determining
a replenishment policy that minimizes the total relevant cost
of replenishing multiple items from a single supplier. In this
paper, we proposed a new approach for the JRP where items
are procured from a multisupplier. In solution algorithms, the
Genetic Algorithm (GA) was used. The performance of the
algorithm is improved compared to that of Moon’s algorithm
by reducing the length of the chromosome. The purpose of the
proposed algorithm in this paper is to minimize the total rel-
evant costs per unit time. From the numerical results, the result
of the proposed approach is better than Moon’s GA and Khou-
ja’s algorithm. We plan to design a hybrid genetic algorithm for
JRP with a multisupplier considering the resource limitations.
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