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Abstract. This paper considers the economic lot-sizing problem with
multi-supplier in which the retailer may replenish his inventory from sev-
eral suppliers. Each supplier is characterized by one of two types of order
cost structures: incremental quantity discount cost structure and multi-
ple set-ups cost structure. The problem is challenging due to the mix of
different cost structures. By analyzing the optimal properties, we reduce
the searching range of the optimal solutions and develop several optimal
algorithms to solve all cases of this multi-supplier problem.
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1 Introduction

The classical Economic Lot-Sizing (ELS) problem was first introduced in [1] and
it has been widely extended during recent years. The extended ELS problem
becomes the focus of extensive studies and continues to receive considerable at-
tention. Many versions of the ELS problem build on different cost structures.
For example, the ELS problems with both all-unit quantity discount and incre-
mental quantity discount cost structures were proposed and solved by dynamic
programming(DP) algorithms in [2] with complexity O(T 3) and O(T 2), respec-
tively. T is the length of the planning horizon. See also [3] for additional ob-
servations. Zhang et al.[4] presented the general model with multi-break point
all-unit quantity discount cost structure, and designed a polynomial time DP
algorithm. Indeed there are some other theoretical results for the ELS problem
with other cost structures and assumptions (see[5],[6],[7],[8],[9] for example).

However, most of the literature discussed above assumes that products can be
ordered from only one supplier. Sometimes this is not a valid assumption in real
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life. In order to replenish inventory with economical cost, the retailer usually
faces not a single supplier but many suppliers. He should determine from which
supplier and how many units to order in each period. Thus the ELS problem
with multiple suppliers has more wider domain of applications.

In this paper, the ELS problem with multiple suppliers is called multi-supplier
ELS problem. To the best of our knowledge, there are few results about the
multi-supplier ELS problem. The first result about the multi-supplier problem
we are aware of is the one proposed in [10]. Their ELS problem with multi-mode
replenishment is equivalent to a multi-supplier ELS problem. They analyzed
two structural properties for the N(N > 2) suppliers problem, and presented
a DP algorithm without a detail description for its calculation. Instead, they
focused on a two-supplier problem. For the two-supplier problem, they discussed
three special cases according to two types of cost structures (fixed set-up cost
structure and multiple set-ups cost structure) and designed a polynomial time
algorithm for each case. The ELS problem with multiple products and multiple
suppliers was considered in [11]. In the model, the purchase cost and holding
cost are stationary in each period, and they are simple linear functions about
purchase and holding quantities. These linear cost functions help to prove two
properties: there is no period where an order is made and inventory is carried
into the period for each product, and no product is ordered from two (or more)
suppliers in the same period. Based on the properties, enumerative and heuristic
algorithms were given to solve the problem. However, the two properties are not
true for piecewise linear cost functions, such as multiple set-ups cost function.

In this paper, we propose a multi-supplier ELS problem in which each sup-
plier is characterized by different order cost structures including the incremental
quantity discount cost structure and the multiple set-ups cost structure. In this
problem, the purchase cost and holding cost vary from period to period, and
are more general cost structures. This multi-supplier ELS problem can be di-
vided into three cases according to the different combinations of the order cost
structures. They are: (1) each supplier has an incremental quantity discount cost
structure; (2) each supplier has a multiple set-ups cost structure; (3) some sup-
pliers have incremental quantity discount cost structures, others have multiple
set-ups cost structures. Since only two optimality properties are given for the
case (2) in [10], this paper will continue discussing this case and give an optimal
algorithm to solve it. We develop two polynomial time algorithms for the case
(1) and a special case of case (3), two optimal algorithms for case (2) and case
(3). Some previous literature results are the special cases of this multi-supplier
ELS problem, such as [1], [10], [12], and so on.

2 Notations and Formulations

The multi-supplier ELS problem proposed in this paper consists of N suppliers
and one retailer, N ≥ 2. Each supplier is characterized by a different order
cost structure. The retailer is the decision maker. He must determine: 1)from
which supplier to order; 2)how many units to order and 3)when to order so as
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to minimize his total cost within a finite time planning horizon. Let T be the
length of the planning horizon, and N be the total number of the suppliers. For
each t = 1, . . . , T and n = 1, . . . , N , we define the following notations.

• dt = the demand in period t.
• xnt = the order quantity from supplier-n in period t.

• xt = the total order quantity in period t. It is easy to know that xt =
N∑

n=1
xnt.

• cnt = the unit order cost from supplier-n in period t.
• It = the inventory level of the retailer at the end of period t. Without loss of

generality, assume the initial and the final inventory during the planning horizon
are zero. That is, I0 = 0, IT = 0.

• ht = the unit inventory holding cost in period t.
• S1 = the set of the suppliers who offer an incremental quantity discount

cost structure.
• S2 = the set of the suppliers who offer a multiple set-ups cost structure.
• Knt = the fixed set-up cost when order from suppler-n in period t.
• Ant = the fixed set-up cost per standard container when order from supplier-

n in period t, n ∈ S2. Ant = 0 if n ∈ S1.
• Wn = the standard container capacity when order from supplier-n, n ∈ S2.

Wn = 0 if n ∈ S1.
• rnt = the discount rate given by supplier-n in period t, n ∈ S1. rnt = 0 if

n ∈ S2. If the order quantity in period t is greater than the critical value Qn

(Qn is a positive integer and is determined by supplier-n), the discounted unit
order cost is implemented to the excess quantity xnt − Qn.

• �a� = the smallest integer that is greater than or equal to a.
• �a� = the largest integer that is less than or equal to a.
• δ(a) = 1 if and only if a > 0; otherwise, δ(a) = 0.
• Cnt(xnt) = the cost of ordering xnt units from supplier-n in period t. When

n ∈ S1, Cnt(xnt) belongs to an incremental quantity discount cost structure,

Cnt(xnt) =
{

Kntδ(xnt) + cntxnt, xnt ≤ Qn

Knt + cntQn + cnt(1 − rnt)(xnt − Qn), xnt > Qn
. (1)

When n ∈ S2, Cnt(xnt) belongs to a multiple set-ups cost structure,

Cnt(xnt) = Kntδ(xnt) + Ant�xnt

Wn
� + cntxnt. (2)

With above notations, this multi-supplier ELS problem can be formulated as

min
T∑

t=1

[ N∑

n=1
Cnt(xnt) + htIt

]

s.t. It−1 + xt − dt = It, t = 1, . . . , T

xt =
∑N

n=1 xnt, t = 1, . . . , T

I0 = 0, IT = 0
It ≥ 0, xnt ≥ 0
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This paper will discuss three cases of the multi-supplier ELS problem:
(1) each supplier offers an incremental quantity discount cost structure, P1

problem for short;
(2) each supplier offers a multiple set-ups cost structure, P2 problem for short;
(3) some supplier offer incremental quantity discount cost structures, others

offer multiple set-ups cost structures, P3 problem for short.
For convenience, we use the traditional definitions of most ELS problems.

Period t is called an order period if xt > 0. If It = 0, period t is a regeneration
point. xnt is called a Full-Truck Load(FTL) shipment if xnt = lWn for some
positive integer l, n ∈ S2, otherwise, it is a Less-than-Truck Load(LTL)
shipment. xt > 0 is called a full order if

∑

n∈S1

xnt = 0, and xnt is zero or an

FTL shipment for all suppliers n ∈ S2; otherwise, it is called a partial order.
For 1 ≤ i ≤ j ≤ T , let

h(i, j) =
j∑

l=i

hl, d(i, j) =
j∑

l=i

dl, H(i, j) =
j∑

k=i+1

h(i, k − 1)dk.

If i > j, we define d(i, j) = 0, h(i, j) = 0 and H(i, j) = 0. By this definition,
we can calculate d(i, j), h(i, j) and H(i, j) in O(T 2) time for all i and j with
1 ≤ i ≤ j ≤ T .

In practical situation, the more frequently an item is ordered or dispatched,
the more favorable its relevant cost is. Considering this situation, we assume
that for each n ∈ S1 ∪ S2, Knt, Ant, cnt and ht are non-increasing functions on
t, and rnt is a non-decreasing function on t. In other words, for 1 ≤ t ≤ T − 1,
we have Knt ≥ Kn,t+1, Ant ≥ An,t+1, cnt ≥ cn,t+1, ht ≥ ht+1 and rnt ≤ rn,t+1.

Let F (j) denote the minimum total cost of satisfying the demand from period
1 to period j and C(i, j) denote the minimum cost of satisfying the demand from
period i to period j, where i − 1 and j are two consecutive regeneration points
with 1 ≤ i ≤ j ≤ T . Set F (0) = 0, the multi-supplier ELS problem can be solved
by the following DP algorithm

F (j) = min
1≤i≤j

{F (i − 1) + C(i, j)}, 1 ≤ i ≤ j ≤ T (3)

Obviously, the objective function of P1 problem is F (T ). If the value of C(i, j)
for all 1 ≤ i ≤ j ≤ T is known, the value of F (T ) can be computed in no
more than O(T 2) time via the formula (3). Hence the remaining task is how to
compute the value of C(i, j) in an efficient time.

3 Optimality Properties and Algorithm for P1 Problem

In this section, the first case of the multi-supplier ELS problem in which each
supplier offers an incremental quantity discount cost structure is discussed, that
is, S1 = {1, . . . , N} and S2 = ∅ hold in this section. To simplify the proof,
we first analyze the optimality properties of P1 problem with two-supplier. The
optimality property of P1 problem with N (N > 2) suppliers can be proved via
the induction on the number of suppliers.
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Lemma 1. There exists an optimal solution for the two-supplier P1 problem
such that if period t is an order period then the retailer orders products only
from one supplier.

Proof. Suppose that there is an optimal solution for P1 problem such that 0 <
x1t < xt and 0 < x2t < xt. Order x2t units in period t from supplier-1 instead of
from supplier-2 if the unit order cost from supplier-1 is less than the one from
supplier-2. Otherwise, order x1t units from supplier-2 instead of from supplier-1.
After this perturbation, we can obtain a solution with non-increasing total cost.

Using above Lemma, Theorem 1 can be proven by induction on the number of
suppliers.

Theorem 1. There exists an optimal solution for P1 problem such that if period
t is an order period then the retailer orders products only from one supplier.

Theorem 2. There exists an optimal solution for P1 problem such that It−1xt =
0, t = 1, . . . , T .

Proof. Suppose that there is an optimal solution for P1 problem such that xt > 0
and It−1 > 0. Since It−1 > 0, there exists an order before period t. Let s be
latest order before period t. Then we have Ik ≥ It−1 > 0 for all s ≤ k ≤ t − 1.
Using Theorem 1, we assume that xs = xms, xt = xnt, m, n ∈ S1.

The proof can be completed via discussing four subcases: (1) xnt > Qn and
xms > Qm; (2) 0 < xnt ≤ Qn and xms > Qm; (3) xnt > Qn and 0 < xms ≤ Qm;
(4) 0 < xnt ≤ Qn and 0 < xms ≤ Qm. The discussion of these cases is similar,
so we only discuss the first case in detail.

In case (1), if cms(1 − rms) − cnt(1 − rnt) + h(s, t − 1) ≥ 0, we decrease
the value xms by Δ with Δ = min{It−1, xms} and increase xnt by the same
amount. After the perturbation, we obtain a new solution with either xms = 0
or It−1 = 0. The total cost of this new solution is either reduced by at least
[cms(1 − rms) − cnt(1 − rnt) + h(s, t − 1)]Δ ≥ 0, or not changed. Otherwise, we
cancel the order from supplier n in period t and increase the value xms by xnt

units. The total cost of the new solution is reduced by Knt + cntrntQn +[cnt(1−
rnt) − cms(1 − rms) − h(s, t − 1)]xnt > 0 after this perturbation.

For the other three cases, we can decrease the value xms by min{It−1, xms}
and increase xnt by the same amount if cms(1−rms)−cnt+h(s, t−1) ≥ 0 in case
(2), or cms−cnt(1−rnt)+h(s, t−1) ≥ 0 in case (3), or cms−cnt +h(s, t−1) ≥ 0
in case (4). Otherwise, we let xnt = 0 and increase the value xms by xnt units.
The total cost of the new solution is not increased after the perturbations and
we finish the proof.

Basing on the above theorems, we develop a polynomial time algorithm to cal-
culate all C(i, j). From Theorem 1, we know that the order cost in period t
is minn∈S1 Cnt(xt). By Theorem 2, there exists only one order period between
the two consecutive regeneration points i − 1 and j. This means that the order
quantity in order period i is exactly d(i, j). Thus for each pair of i and j with
1 ≤ i ≤ j ≤ T , the value of C(i, j) can be computed by
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C(i, j) = min
n∈S1

Cni

(
d(i, j)

)
+ H(i, j), 1 ≤ i ≤ j ≤ T (4)

Obviously, the computational complexity of the formula (4) is no more than
O(NT 2) for all 1 ≤ i ≤ j ≤ T . So the total computational complexity of the DP
algorithm for the P1 problem is O(NT 2).

4 Optimality Properties and Algorithm for P2 Problem

In this subsection, each supplier offers a multiple set-ups cost structure, that is,
S2 = {1, . . . , N}, S1 = ∅. We propose two optimality properties and design an
optimal algorithm to solve it.

Theorem 3. [10] There exists an optimal solution for P2 problem such that
there is at most one partial order during two consecutive regeneration points
i − 1 through j.

Theorem 4. There exists an optimal solution for P2 problem such that if xt is
a partial order, then only one shipment is an LTL shipment in period t.

Proof. Suppose the statement of this theorem is not true. That is, there exists
an optimal solution of P2 problem such that xmt and xnt are two LTL shipments
in period t, m, n ∈ S2. Without loss of generality, we suppose cmt ≥ cnt. We
extract min{xmt, �xnt

Wn
�Wn −xnt} units from xmt, and add them to xnt, then we

can obtain a new solution with equal or more lower total cost.

Corollary 1. There exists an optimal solution for P2 problem such that if xnt

is an LTL shipment then cnt = max
k∈S2

ckt.

Suppose cn0t = maxn∈S2 cnt, that is, xn0t is a potential LTL shipment in order
period t. Let xnt = mnWn, mn = 0, 1, . . . , � xt

Wn
� for all n ∈ S2 \ {n0}. Then, for

i ≤ t ≤ j we have

xt =
∑

n∈S2\{n0}
mnWn + xn0t.

Recall that i − 1 and j are two consecutive regeneration points, we have

d(i, j) = xi + · · · + xj .

The value of C(i, j) is the minimal total cost to satisfying demand d(i, j) among
all combinations of xnt, n ∈ S2, t = i, . . . , j. That is, we can calculate the
value of C(i, j) in O(T (�d(1,T )

W∗ � + 1)NT−1) time for each pair of i and j, where
W ∗ = min

n∈S2
Wn. After computing all value of C(i, j), we can solve P2 problem

by the formula (3) in O(T 2). So the total computational complexity of solving
P2 problem is O

(
T 3(�d(1,T )

W∗ �+ 1)NT−1 + T 2
)
. Obviously, it is not a polynomial

time algorithm but an optimal one.
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5 Optimality Properties and Algorithms for P3 Problem

In this section we propose some optimality properties for P3 problem, in which
some suppliers offer incremental quantity discount cost structures, others of-
fer multiple set-ups cost structures. That is, S1 �= ∅, S2 �= ∅ and S1 ∪ S2 =
{1, . . . , N}. After that we give an optimal algorithm for P3 problem whose run-
ning time is non-polynomial. Then we show that there exists an polynomial time
algorithm for a special case of the P3 problem, we denoted it by SP3 problem in
this section.

Theorem 5. There exists an optimal solution for P3 problem such that if t is
an order period then only one of the following two situations will happen:
(1) There is at most one n1 with xn1t > 0 in set S1, and xnt is zero or an FTL
shipment for all n ∈ S2.
(2) xnt = 0 for all n ∈ S1, and there is at most one n2 such that xn2t is an LTL
shipment in set S2.

Proof. Suppose that the statement is not true, that is, there exists an optimal
solution for P3 problem with xn1t > 0 and xn2t �= lWn2 . According to Theorem 1,
we know xn1t = xt. According to Theorem 4, we know that xnt is zero or an FTL
shipment for all n ∈ S2 \ {n2}. Let c′n1t be the unit purchase cost, c′n1t = cn1t

when xn1t ≤ Qn1 , c′n1t = cn1t(1 − rn1t) when xn1t > Qn1 . If cn2t ≥ c′n1t, we
increase the value xn1t and decrease xn2t by xn2t units. After that, we can
obtain a new solution with xn1t > 0, xn2t = 0 and non-increasing total cost. If
cn2t < c′n1t, we increase xn2t and decrease xn1t by min{xn1t, �xn2t

Wn2
�Wn2 − xn2t}

units. After that, we can obtain a new solution in which xn1t = 0 or xn2t is an
FTL shipment. The total cost of the new solution is much lower.

Theorem 6. There exists an optimal solution for P3 problem such that there is
at most one n1 ∈ S1 with xn1s > 0 or at most one n2 ∈ S2 with an LTL shipment
xn2t between two consecutive regeneration points i − 1 and j, i ≤ s, t ≤ j.

Proof. When s = t, the Theorem reduces to Theorem 5. So we only prove the
case where s �= t. Without loss of generality, let s < t. Suppose that this Theorem
is not true, that is, there exists an optimal solution for P3 problem such that
xn1s > 0 and xn2t is an LTL shipment, n1 ∈ S1, n2 ∈ S2, i ≤ s < t ≤ j.
If cn2t − c′n1s − h(s, t − 1) ≤ 0, decrease the value xn1s and increase xn2t by
min{xn1s, �xn2t

Wn2
�Wn2−xn2t}, we can obtain a new solution with a non-increasing

total cost, in which xn1s = 0 or xn2t is an FTL shipment. Otherwise, decrease
the value xn2t and increase xn1s by xn2t, we can obtain a new solution with a
lower total cost, in which xn1s > 0 and xn2t = 0.

It is easy to verify that Theorem 3 and Theorem 4 are true for P3 problem.
Recall that periods i− 1 and j are two consecutive regeneration points, we have

d(i, j) = x1i + · · · + xNi + · · · + x1j + · · · + xNj (5)
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According to Theorem 6, at most one period could be the potential partial
order between two consecutive regeneration points i − 1 and j. Let period t is
the potential partial order, t = i, . . . , j. For each such period t between two
consecutive regeneration points i − 1 and j, either there is at most one n1 ∈ S1

with xn1t > 0, xnu = 0 for all n ∈ S1 \{n1}, and xnu is zero or an FTL shipment
for all n ∈ S2, u = i, . . . , j, or there is at most one n2 ∈ S2 with an LTL
shipment xn2t, xnu = 0 for all n ∈ S1, and xnu is zero or an FTL shipment for
all n ∈ S2 \ {n2}, u = i, . . . , j. So the number of purchase policies between two
consecutive regeneration points i − 1 and j is not more than O

(
T |S1|(�d(i,j)

W∗ �+
1)|S2|T + T |S2|(�d(i,j)

W∗ � + 1)|S2|T−1
)
, where W ∗ = min

n∈S2
Wn. In other words, it

takes at most O
(
T |S1|(�d(i,j)

W∗ � + 1)|S2|T + T |S2|(�d(i,j)
W∗ � + 1)|S2|T−1

)
time to

calculate C(i, j) for each pair of i and j. So the total complexity to calculate
C(i, j) for all i and j is at most O

(
T 3|S1|�d(1,T )

W∗ �|S2|T + T 3|S2|�d(1,T )
W∗ �|S2|T−1

)
.

After that, we can use formula (3) to find the optimal value of P3 problem in
O(T 2) time. Obviously, it is a non-polynomial time algorithm.

Fortunately, the P3 problem have more optimality properties when |S2| = 1.
These optimality properties help to explore a polynomial time algorithm. Let SP3

problem denote this special case of P3 problem. In other words, in SP3 problem
only one supplier has a multiple set-ups cost structure, the rest of N−1 suppliers
have incremental quantity discount cost structures. Without loss of generality,
assume that supplier 1 has a multiple set-ups cost structure in the SP3 problem.
For this SP3 problem, we obtain several optimality properties in addition.

Theorem 7. There exists an optimal solution for SP3 problem such that x1t ∈
{0, xt, � xt

W1
�W1} for any t = 1, . . . , T .

Proof. Suppose that there exists an optimal solution for SP3 problem such that
0 < x1t < xt and x1t �= � xt

W1
�W1. According to Theorem 6, if x1t is an FTL

shipment, there exists at most one n0 ∈ S1 with xn0t > 0, and xnt = 0 for all
n ∈ S1 \ {n0}. If x1t is an FTL shipment, and there is no n ∈ S1 with xnt > 0,
then we have xnt = 0 for all n ∈ S1. If x1t is an LTL shipment, we have xnt = 0
for all n ∈ S1. The above two cases mean that x1t = xt, which contradicts the
fact 0 < x1t < xt.

Now we assume that x1t is an FTL shipment but x1t �= � xt

W1
�W1, and there is

only one n0 ∈ S1 with xn0t > 0. Without loss of generality, we let n0 = 2 ∈ S1,
that is, x2t > 0. Since x1t is an FTL shipment and x1t �= � xt

W1
�W1, Let x1t = lW1,

then we have l �= � xt

W1
�, and x2t ≥ W1. If A1t

W1
+c1t ≥ c′2t (c′2t = c2t when x2t ≤ Q2,

c′2t = c2t(1− r2t) when x2t > Q2), we cancel the order from supplier 1 in period
t, and increase x2t by x1t units, then we get a new solution with a non-increasing
cost. Otherwise, let Δ = �x2t

W1
�W1, increase x1t by Δ units and decrease x2t by

the same amount. After this perturbation, the total cost is reduced.

Theorem 8. There exists an optimal solution for SP3 problem such that for
any t = 1, . . . , T ,

(1) x1t > 0 only if It−1 < min{dt, W1};
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(2) For some supplier n with n ∈ S1, xnt > 0 only if It−1 < min{dt, W1} or
dt − W1 < It−1 < dt.

Proof. Since [10] provided the same property for their model, and the proof of
result (1) in this theorem can be completed using the similar approach, so we
only prove the proposition (2).

Following Theorem 1, the retailer orders products only from one supplier in set
S2 in period t. Here we suppose that there exists an optimal solution such that
xnt > 0 and min{dt, W1} ≤ It−1 ≤ dt −W1, n ∈ S1, which means that dt ≥ W1.
Furthermore, we have W1 ≤ It−1 ≤ dt − W1. This means that there exists an
order period before period t. Let s be the latest order period before period t. Then
we have xs = x1s ≥ Is ≥ · · · ≥ It−1. By proposition (1) of this theorem, x1t = 0
holds if It−1 > W1, that is, xnt = xt ≥ W1 since It−1 ≤ dt − W1 and It ≥ 0. If
c′ntW1 ≥ A1s + W1c1s + h(s, t− 1)W1, we increase x1s by W1 units and decrease
xnt by the same amount. c′nt = cnt when xnt ≤ Qn, c′nt = cnt(1 − rnt) when
xnt > Qn. The total cost will not increase after this perturbation. Otherwise,
we increase xnt by � It−1

W1
�W1 units and decrease x1s by the same amount. After

this perturbation, the new solution has a lower cost which is a contradiction.

The above properties for SP3 problem also hold for the two-supplier problem
in which supplier 1 has a multiple set-ups and supplier 2 has a fixed set-up
cost structure studied in [10], since the fixed set-up cost is a special case of
incremental quantity discount cost with Qn = +∞. In other words, [10] be-
comes a special case of our problem. Using their optimality properties, they
develop a polynomial time algorithm with complexity O(T 4) based on the dy-
namic programming-based shortest-path-network approach to solve their prob-
lem. With the Theorems 3, 7 and 8, it is easy to show that SP3 problem can be
solved by their algorithm, except the calculation formula of order cost. Here we
use the following formula to calculate the order cost.

Ct(xt) = min
{
C1t(xt), min

n∈S1
Cnt(xt),

C1t(� xt

W1
�W1) + min

n∈S1
Cnt(xt − � xt

W1
�W1)

}
. (6)

So there exists a polynomial algorithm with running time O(T 4 + NT ) for SP3

problem.

6 Numerical Example

In this section, we illustrate the optimal algorithm for P3 problem with an ex-
ample. The algorithm is written in the runtime environment MATLAB 7.0, and
is achieved and executed on an Lenovo personal computer with a 2.16 GHz Intel
Core 2 processor and 1 GB RAM. The running time of the algorithm is 39.15
seconds. The planning horizon of the considered example contains 4 periods,
that is, T = 4. There are 3 suppliers in this example, that is, N = 3. Supplier 1
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Table 1. The value of parameters

Parameter Value Parameter Value

T 4 K1 (21,17,10,8)
N 3 K2 (20,16,12,7)
S1 {1} K3 (19,19,9,9)
S2 {2,3} A1 (0,0,0,0)
Q (20,0,0) A2 (45,45,45,45)
d (14,9,28,13) A3 (30,30,30,30)
h (3,3,3,2) c1 (3,3,3,3)
W (0,20,15) c2 (2,2,2,2)
r1 (0.2,0.3,0.3,0.4) c3 (2,2,2,2)

Table 2. The results of C(i, j)

i \j 1 2 3 4

1 63.0000 115.2000 276.6000 344.6000
2 0 44.0000 171.2000 237.5000
3 0 0 86.8000 153.1000
4 0 0 0 47.0000

Table 3. The results of F (j)

j 1 2 3 4

F (j) 63.0000 107.000 193.8000 240.8000

Table 4. The value of i correspond with F (j)

F (j) F (1) F (2) F (3) F (4)

i 1 2 3 4

is in set S1, suppliers 2 and 3 are in set S2, that is, S1 = {1}, S2 = {2, 3}. The
other parameters are expressed by vectors (see Table 1).

The computation results of C(i, j) and F (j) are in Table 2, Table 3 and
Table 4. From the computation results, we know that the optimal value of P3

problem is F (4) = F (3) + C(4, 4) = 240.8, F (3) = F (2) + C(3, 3) = 193.8,
F (2) = F (1) + C(2, 2) = 107, F (1) = C(1, 1) = 63. The optimal solution of P3

problem is x11 = 14, x12 = 9, x13 = 28, x14 = 13, xnt = 0 for all n = 2, 3,
t = 1, 2, 3, 4.
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7 Conclusion

This paper extends the classical economic lot-sizing problem to the multi-supplier
ELS problem. Each supplier has one of the two types of order cost structures:
incremental quantity discount cost structure and multiple set-ups cost structure.
We analyzed all possible cases for the multi-supplier ELS problem. After propos-
ing corresponding optimal properties for each case, we find that there exists a
polynomial time algorithm for P1 problem, in which each supplier offers an in-
cremental quantity discount cost structure. It is difficult to find a polynomial
time optimal algorithm for P2 problem and P3 problem. The optimal algorithm
for P2 and P3 problems given in this paper can find an optimal solution in a
short time for a small size of the problem. However, there exists a polynomial
time algorithm for SP3 problem, which is a special case of P3 problem with
|S2| = 1. More future research includes multi-echelon economic lot-sizing prob-
lem with multi-delivery modes problem and economic lot-sizing problem with
multi-supplier multi-item and multiple cost structures.
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