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1 Introduction

In this abstract, we adress a multi-item uncapacitated lot-sizing problem motivated by a real
supply chain problem at Califrais, the digital operator of Rungis (the largest fresh product
market in the world). Depending on demand, the company orders products from suppliers to
meet customer needs. These suppliers set a minimum order quantity that must be respected.
The commands are then stored in a warehouse with limited capacity. As the products involved
are fresh, they cannot be distributed after a certain lifespan.

Several aspects of the considered problem have been studied independently in the literature.
Polynomial-time algorithms have been proposed for the single-item lot-sizing problem with a
minimum order quantity in [3, 5]. A single-item lot-sizing problem with an inventory bound
is studied in [2]. The multi-item version of the problem has been proven NP-hard in [1].
Perishability constraints have been considered in two different ways: continuous deterioration
[4] and complete deterioration after a certain lifetime [6].

2 Problem statement

The problem under investigation is an uncapacitated lot-sizing problem with an inventory
bound, lead time, perishability, and a minimal order quantity. The objective of the problem is
to determine a production plan for N items from the set Z = {1,..., N} over T periods from
the set 7 = {1,...,T}. The demand for each item ¢ € Z in period ¢ € T is denoted by d;.
This demand must be fully satisfied through orders. Two ordering modes are considered: the
standard mode and the urgent mode. In the standard mode, there is a lead time [; between the
ordering period of an item ¢ and the period when it is in inventory. Placing an order for item
1 in period ¢ incurs a cost p; per unit of item 4 ordered. Moreover, a minimum order quantity
¢k .. must be respected for all products supplied by supplier k. The urgent mode allows items
to be received on the ordering period. For an item 7 ordered in period ¢, this mode incurs a
unit ordering cost pj,, with pl, > pj.

An item 7 can be stored between its arrival period and its consumption period. It occupies
a storage volume V; in a warehouse with a capacity of Spax. Each item has a maximum selling
lifetime wu; after its arrival at the warehouse, beyond which it cannot be consumed. At the
beginning of the planning horizon, an initial inventory Iy; is available for each item .



Let 24 and x}, be the quantities of item ¢ ordered in the period ¢, and s;; be the quantity of

item ¢ stored in the end of period t. A mixed-integer linear programming model of the problem
will be presented at the conference.

3

Solution method

As stated above, the multi-item uncapacitated lot-sizing problem with inventory bound is NP-
hard in the strong sense. Thus, relaxing inventory bound constraints allows us to decompose
the problem into several polynomial problems. A Lagrangian relaxation heuristic is therefore
proposed to solve the problem as described in Algorithm 1.

Algorithm 1: Lagrangian Relaxation Heuristic

Input: order prices {pi }icz.te7, holding prices {h }iez e, demand {dit }iez e7
Output: Lower bound L(\), upper bound U B, order quantity {Z; }iezteT, stock
quantity {§z’t}z’ez,te7’
Initialize multipliers A > 0 ;
repeat
Compute lower bound L(A) using polynomial DP algorithm ;
Build a feasible solution # (repair heuristic) ;
Compute upper bound value UB = ¢''% ;
Update multipliers A ;
until UB — L(\) < ¢
return L(\), UB, &

Two cases are considered, where relaxed problems are solved with different polynomial algo-

rithms:

1. One item per supplier: a polynomial dynamic programming (DP) algorithm is used to
determine the best policy for each item while ensuring minimum order quantities and
perishability constraints. The algorithm provides an optimal solution in O(T?).

2. Several items per supplier: The demand for the different items from the supplier is
aggregated, and the algorithm used in case 1 is applied. The resulting aggregated solution
is then disaggregated using a minimum-cost flow algorithm. The algorithm is proven to
compute an optimal solution in polynomial time.
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