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Abstract
The paper deals with a relevant scheduling problem associated with moulding injection machines. A footwear
company, equipped with advanced automation machinery, faces true difficulties in planning the injection
equipment production. It is crucial to respect delivery times without disruptions.
There are many conditions associated with footwear and technological issues to consider, such as the weekly
demand for different models and sizes, which is major to satisfy them on time. The moulds for each size of a
model and distinct available machines, with varying quantities of positions for the moulds, are other concerned
matters. Changeover times, which occur when changing moulds, are critical. Stocks are also considered. The time
horizon attains tens of weeks.
We developed an integer optimisation model with the objectives of minimising both changeovers and stocks. That
initial model underwent a few simplifications, acceptable from a strategic and technological point of view, due to
the impossibility of reaching admissible solutions. The new version can solve the real dimension problems
optimally, those that matter. The paper describes one case, and the solution obtained.
The new approach followed, and the solutions obtained, are essential for the company, given the planning
difficulties; moreover, the method may also be relevant for any footwear industry facing similar combinatorial
optimisation problems.
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1.

Introduction

Survival of industries depends enormously on being ahead of other competitors. They can attempt that in several
ways, and the footwear industry will not be an exception. Just like any other technological area, this industry is
closely linked to innovation. This paper describes a project's essentials to solve a company's critical problem,
producing for large international sellers. The company invests in innovative footwear production technology. A
large international company with a network of malls that sells sports goods designs its own line of full and partially
injected shoes and outsources its production to a manufacturing partner. Each year the company determines which
products will be on sale and forecasts their demand based on historical data, characteristics and trends. The
resulting needs plan to be passed to the manufacturing company, which is characterised by diverse demand peaks
in certain periods for distinct shoe models, respects the shoe injection machines' overall aggregated production
capacity.
The problem involves scheduling moulding injection machines for a long time horizon. Satisfying a delivery time
without disruptions is vital in that company, which the proposed solutions must reflect. The new technological
procedure, which produces shoes using moulds and injecting the adequate materials, impose various planning and
technical constraints. They will be described along with the paper and, in particular, when the Optimisation Model
presentation. Figure 1 shows a machine on the shop floor of this company.

Figure 1: An Injection Machine in the Company.
The schedules must satisfy the production plan, considering the defined delivery time, while accounting for the
stocks. There are different shoe models with varied characteristics. Each model has different sizes of shoes,
different production times, and each size has its mould. Furthermore, there are some moulds in common among
distinct models. There are two types of setup times; the first is a considerable setup time when the machine model
is changed to another. The second one is changing the mould for different sizes of shoes. This setup time is less
than the first one. It is fundamental for the company to guarantee production, avoiding ruptures in the face of
existing orders for a long time. Figure 2 depicts and explains the way an injection machine operates. The machine
has several positions; a mould is placed in each position, and the machine injects the materials into the moulds.
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Figure 2: Diagram of a Machine with Different Positions.
We could not find in the literature any case similar to the one treated here. That is possibly due to the type of
industry and innovative equipment used. However, starting now, we indicate publications in some way related to
injection moulding. Nagarur et al. (1997) address scheduling injection moulding with production planning. Chang
et al. (2000) present a fast and effective methodology for optimising the injection moulding process parameters,
for glass fibre composites. Wang et al. (2006) use ant colony optimisation for a scheduling problem, and a heuristic
algorithm to determine the job sequence. Lopes et al. (2016) solve a scheduling optimisation problem applied to
a moulding injection machine. Lee et al. (2020) schedule the mould production to satisfy the delivery date,
employing deep reinforcement learning.
The scheduling case investigated in this work is complex, namely due to its combinatorial dimension. We
developed an integer optimisation model, which was solved by Cplex, after some acceptable simplifications.
Pinedo (2012) and Conforti et al. (2014) are book references for Scheduling and Integer Programming,
respectively. The approach followed, and the solutions obtained are essential for the company, given the enormous
difficulty in obtaining feasible and valuable long-term production plans.
Concerning the footwear industry, the more generic references are mentioned here. Costa & Ferreira (1999) did a
simulation analysis for a flexible flowline scheduling problem in the footwear industry. Zangiacomi et al. (2004)
solved a production planning and scheduling problem for mass customisation systems; Suer et al. (2009) used a
three-phase hierarchical method for solving cell loading and scheduling; Chen et al. (2012) proposed a GA on a
hybrid ow shop scheduling problem. Quyen et al. (2017) solved a resource-constrained assembly line balancing
problem in a single model line and, Sadeghi et al. (2018), dealt with MALBP in this industry. Fani et al. (2020)
combined simulation and optimisation into a footwear company model to solve a planning and scheduling
problem.
In conclusion, this paper scientifically contributes with both a new optimisation model and a practical application
in injection machines' scheduling. Besides, it has the potential to adapt to other similar footwear industries.
The paper is organised as follows: Section 2 describes the new moulding injection scheduling problem in a
footwear company. Section 3 presents an integer optimisation model. Section 4 includes the data of a real case
and explains the procedure to reach the solutions. Finally, in Section 5, conclusions are drawn, and some lines of
continuity of work are indicated.

2. Problem and Challenge
There are distinct ways of producing shoes. In most of the factories, the workpieces are cut, and then the cut
workpieces are stitched together and finally assembled. The company of this project follows the entirely
distinctive procedure of injection. According to the contracting needs plan, the manufacturer has a primary
objective to assure on-time production and availability of models and sizes. As a secondary yet essential objective,
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is managing the production capacity and minimising costs efficiently. However, some difficulties may arise in
this setup.
On the one hand, a large number of model and size variations to be produced, the characteristics of the injection
machines, the machine-injection mould compatibility, the limited number of injection moulds per model, size and
the changeover times, among other restrictions, makes the production capacity vary significantly with the planned
product manufacturing sequence. On the other hand, the high demands in specific periods, exceed the production
capacity in those periods. So, the production must be anticipated to prevent failing to deliver on-time.
Our work's challenge is to design, test, and implement a scheduling optimisation model for the injected machines,
which also helps to deal with the difficulties mentioned above.
There are different models of shoes with varied sizes in the production order, the long time horizon is typically
38 weeks, and the demand is defined for different models and sizes at the end of each week. Furthermore, there
are some stock amounts for each model and size at the beginning of the time horizon. There is a specific mould
for each size and model. Besides, there are some moulds in common between different shoe models. Figure 3
depicts a small instance with two models (models A and B) with varied sizes to offer a simple overview of the
problem and challenge. For example, model A has sizes 36 to 40, and model B has sizes 36 to 41. Some moulds
are in common between two models (sizes 36 and 40); the stock for a 4 week time horizon is given in this example.

Figure 3: An Illustrative Example.

There are other constraints related to the injection machines. Three different machines are on the shop floor, and
could only use one of them from a specific week, and two others could be used from the beginning of the time
horizon. Each machine has various positions to place the moulds. One machine has 6 positions, and the other two
have 8 positions. When a machine starts to work, it is impossible to have an open position with no moulds, which
causes producing different sizes of a shoe model with no real demand. In addition, the production rates of different
models differ, and the number of working days in each week can also vary. Another crucial aspect is the setup
times. There are two types of setup times as below:
1. Setup times, when the models are changed in each machine. It is usually huge and around 8 hours.
2. Setup times, when changing a mould in a machine for another size. This is around 30 minutes for each
position.

The problem has been described, and the corresponding Optimisation Model is detailed in Section 3. The
challenge is obtaining good scheduling for the footwear production in moulding injection machines, for a long
time horizon.
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3. Optimisation Model
In this section, we present an Optimisation Model, which intends to minimise changeovers and stocks. Every day,
each injection machine can only produce one type of shoe model. Changing moulds and models can occur on any
day (but not necessarily every day).
The Optimisation Model is described in the following:

Indices:
𝑖𝑖: 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, 𝑖𝑖 ∈ [𝐼𝐼], [𝐼𝐼] = {1,2, … … , 𝐼𝐼}

𝑠𝑠: 𝑠𝑠ℎ𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 𝑠𝑠 ∈ [𝑆𝑆], [𝑆𝑆] = {1,2, … . , 𝑆𝑆}
𝑗𝑗: 𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑖𝑖𝑖𝑖𝑖𝑖, 𝑗𝑗 ∈ [𝐽𝐽], [𝐽𝐽] = {1,2, … . , 𝐽𝐽}

𝑝𝑝: 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑖𝑖𝑖𝑖𝑖𝑖, 𝑝𝑝 ∈ [𝑃𝑃], [𝑃𝑃] = {1,2, … , 𝑃𝑃}

𝑑𝑑: 𝑑𝑑𝑑𝑑𝑑𝑑, 𝑑𝑑 ∈ [𝐷𝐷], [𝐷𝐷] = {1,2, … , 𝐷𝐷}

𝑤𝑤: 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤, 𝑤𝑤 ∈ [𝑊𝑊], [𝑊𝑊] = {1,2, … . , 𝑊𝑊}

Input parameters:

𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖 = production forecast of model i of size s in week w

𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖 = production rate of model i on machine j in position p, per day
𝑀𝑀𝑖𝑖𝑖𝑖 = available number of moulds of model i of size s
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = initial stock of model i of size s

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑗𝑗 = number of positions available on each machine j

Decision variables:

𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1: if model i of size s is assigned to machine j in position p in week w in day d; 0: otherwise

𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1: if model i is assigned to machine j in week w in day d; 0: otherwise

Yjwd = 1: if a changeover of the models occurs on machine j in week w in day d; 0: otherwise
STisw: stock of model i of size s in week w

Objective Function:
The objective function minimises the changeovers and stocks:
𝐽𝐽

𝑊𝑊

𝐷𝐷

𝐼𝐼

𝑆𝑆

𝑊𝑊

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 �𝛼𝛼 � � � 𝑌𝑌𝑗𝑗𝑗𝑗𝑑𝑑 + 𝛽𝛽 � � � 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 �
𝑗𝑗=1 𝑤𝑤=1 𝑑𝑑=1

𝑖𝑖=1 𝑠𝑠=1 𝑤𝑤=1
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The constraints are explained in the following:
1.

2.

3.

The stock of any model i of any size s in the first week (w = 1) is defined as the initial stock:
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖1 = 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑖𝑖 ∈ [𝐼𝐼], 𝑠𝑠 ∈ [𝑆𝑆]

Machine m can be used from week n:

𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 0, 𝑖𝑖 ∈ [𝐼𝐼], 𝑗𝑗 ∈ [𝐽𝐽]: 𝑗𝑗 = m, 𝑤𝑤 ∈ [𝑊𝑊]: 𝑤𝑤 < n 𝑑𝑑 ∈ [𝐷𝐷]

Production amount of any model i of any size s in any week w should fulfil the forecasted amount of that
model from that size on that week, also by considering the stock amount of that model from that size on
that week. The remaining amount is equal to the stock of the next week (w+1):
𝐽𝐽

4.

𝑃𝑃

𝐷𝐷

� � ��𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗𝑗𝑗 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 � + 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖(𝑤𝑤+1) , 𝑖𝑖 ∈ [𝐼𝐼], 𝑠𝑠 ∈ [𝑆𝑆] , 𝑤𝑤 ∈ [𝑊𝑊]
𝑗𝑗=1 𝑝𝑝=1 𝑑𝑑=1

Number of used moulds for any model i of any size s in any week w in any day d should be less or equal
than the number of available moulds of that model of that size:
𝐽𝐽

𝑃𝑃

� � 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 𝑀𝑀𝑖𝑖𝑖𝑖 , 𝑖𝑖 ∈ [𝐼𝐼], 𝑠𝑠 ∈ [𝑆𝑆], 𝑤𝑤 ∈ [𝑊𝑊], 𝑑𝑑 ∈ [𝐷𝐷]
5.

𝑗𝑗=1 𝑝𝑝=1

In any position p of a machine j on a week w in any day d only one model i of a size s can be allocated:
𝑆𝑆

𝐼𝐼

6.

� � 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 1, 𝑗𝑗 ∈ [𝐽𝐽], 𝑝𝑝 ∈ [𝑃𝑃], 𝑤𝑤 ∈ [𝑤𝑤], 𝑑𝑑 ∈ [𝐷𝐷]
𝑖𝑖=1 𝑠𝑠=1

If any machine j in any week w in any day d, is used then, all the positions of that machine should be
occupied:
𝐼𝐼

𝑆𝑆

𝑃𝑃

𝐼𝐼

� � � 𝑍𝑍𝑖𝑖𝑖𝑖 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 = 𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑗𝑗 � 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑖𝑖 ∈ [𝐽𝐽] , 𝑤𝑤 ∈ [𝑤𝑤], 𝑑𝑑 ∈ [𝐷𝐷]
7.

8.

𝑖𝑖=1

𝑖𝑖=1 𝑠𝑠=1 𝑝𝑝=1

If a model i of size s is assigned to machine j, on position p in week w in day d, then this model is assigned
to that machine on that week (eliminating size, position and day):
𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 , 𝑖𝑖 ∈ [𝐼𝐼], 𝑠𝑠 ∈ [𝑆𝑆], 𝑗𝑗 ∈ [𝐽𝐽], 𝑝𝑝 ∈ [𝑃𝑃], 𝑤𝑤 ∈ [𝑊𝑊], 𝑑𝑑 ∈ [𝐷𝐷],

Each machine j on a week w in day d should produce only one model:
𝐼𝐼

9.

� 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 1, 𝑗𝑗 ∈ [𝐽𝐽], 𝑤𝑤 ∈ [𝑊𝑊], 𝑑𝑑 ∈ [𝐷𝐷]
𝑖𝑖=1

If model i is assigned to machine j in week w in day d and this model is not assigned to that machine on
that week in day d + 1, then a changeover occurs on that machine on that week in day d + 1 (changeover
in a week):
𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖(𝑑𝑑+1) ≤ 𝑌𝑌𝑗𝑗𝑗𝑗𝑗𝑗 , 𝑖𝑖 ∈ [𝐼𝐼], 𝑗𝑗 ∈ [𝐽𝐽], 𝑤𝑤 ∈ [𝑊𝑊], 𝑑𝑑 ∈ [𝐷𝐷], 𝑑𝑑 ≤ 𝐷𝐷 − 1

10. If model i is assigned to machine j in week w in day D and this model is not assigned to that machine in
week w + 1 in day 1, then a changeover occurs on that machine in week w in day D (changeover between
weeks):
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𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝑋𝑋𝑖𝑖𝑖𝑖(𝑤𝑤+1) ≤ 𝑌𝑌𝑗𝑗𝑗𝑗𝑗𝑗 , 𝑖𝑖 ∈ [𝐼𝐼], 𝑗𝑗 ∈ [𝐽𝐽], 𝑤𝑤 ∈ [𝑊𝑊], 𝑤𝑤 ≤ 𝑊𝑊 − 1

11. The stock of each model i of any size s in any week w should be greater or equal than zero:
𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 ≥ 0, 𝑖𝑖 ∈ [𝐼𝐼], 𝑠𝑠 ∈ [𝑆𝑆], 𝑤𝑤 ∈ [𝑊𝑊]

12. The moulds of model ma of size sa and model mb of size sb, are shared with each other. These models and
sizes could be any models and sizes which have shared moulds with each other:
𝐽𝐽

𝑃𝑃

� ��𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑍𝑍𝑖𝑖′𝑠𝑠′ 𝑗𝑗𝑗𝑗𝑗𝑗� ≤ 𝑀𝑀𝑖𝑖𝑖𝑖 ,
𝑗𝑗=1 𝑝𝑝=1

𝑖𝑖, 𝑖𝑖 ′ ∈ [𝐼𝐼]: 𝑖𝑖 = 𝑚𝑚𝑎𝑎 , 𝑖𝑖 ′ = 𝑚𝑚𝑏𝑏 , 𝑠𝑠, 𝑠𝑠 ′ ∈ [𝑆𝑆]: 𝑠𝑠 = 𝑠𝑠𝑎𝑎 , 𝑠𝑠 ′ = 𝑠𝑠𝑏𝑏 , 𝑤𝑤 ∈ [𝑤𝑤]

The Optimisation Model run on Cplex. However, no solution could be attained when considering real data due to
its large dimension. Various shoe models, sizes, and a horizon planning of almost 40 weeks are involved.
Consequently, it was decided to implement some simplifications, in particular, to eliminate the possibility of daily
changeovers, allowing that they could only take place maximum of twice a week.
The week is then divided into two parts; we call them cycles. The time horizon in cycles will double the number
of weeks. Changeovers may then arise in each cycle. The new indices, input parameters, decision variables and
objective function change as the following:

Indices:
𝑖𝑖: 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, 𝑖𝑖 ∈ [𝐼𝐼], [𝐼𝐼] = {1,2, … , 𝐼𝐼}

𝑠𝑠: 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠ℎ𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 𝑠𝑠 ∈ [𝑆𝑆], [𝑆𝑆] = {1,2, … , 𝑆𝑆}
𝑗𝑗: 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓 𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑖𝑖𝑖𝑖𝑖𝑖, 𝑗𝑗 ∈ [𝐽𝐽], [𝐽𝐽] = {1,2, … , 𝐽𝐽}

𝑝𝑝: 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑖𝑖𝑖𝑖𝑖𝑖, 𝑝𝑝𝑝𝑝 ∈ [𝑃𝑃], [𝑃𝑃] = {1,2, … , 𝑃𝑃}

Input parameters:

𝑐𝑐: 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑥𝑥 𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝑐𝑐 ∈ [𝐶𝐶], [𝐶𝐶] = {1,2, … , 𝐶𝐶}

𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖 = production forecast of model i of size s on cycle c

𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖 = production rate of model i on machine j on position p, per day

𝑀𝑀𝑖𝑖𝑖𝑖 = available number of moulds of model i of size s

𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = initial stock of model i of size s

𝑊𝑊𝑊𝑊𝑐𝑐 = number of working days in each cycle c

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑗𝑗 =number of available positions of each machine

Decision variables:

𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1: 𝑖𝑖𝑖𝑖 model 𝑖𝑖 of size 𝑠𝑠 is assigned to machine 𝑗𝑗 on position 𝑝𝑝 on 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐; 0: otherwise
𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 = 1: if model 𝑖𝑖 is assigned to machine 𝑗𝑗 on cycle 𝑐𝑐; 0: otherwise
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𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 : stock of model 𝑖𝑖 of size 𝑠𝑠 on cycle 𝑐𝑐

Optimisation model:

The objective function minimises the stocks.
𝐼𝐼

𝑆𝑆

𝐶𝐶

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 �� � � 𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 �
𝑖𝑖=1 𝑠𝑠=1 𝑐𝑐=1

The constraints of the new model are as before, after removing constraints 9 and 10. Observe also that variables
Yjwd are disregarded.
The next section includes a computational experiment and complements the explanation of the simplifications
made, namely what concerns the changeover's withdrawal from the objective function.

4. Computational Experiments
We will characterise a real scheduling case below and present the obtained solution. The company must guarantee
a level of production, avoiding ruptures, in the face of existing orders, for a long time. The actual situation is that
the managers have many difficulties in finding adequate answers. In particular, the company could not reach a
feasible solution for this case.
Table 1 shows a real case from the company, with the number of models and shoe sizes for the 3 machines.
Table 1: A real case from the company.
Number of Models
9

Maximum Number
of Sizes
18

Combination of
Models and Sizes

Time Horizon (cycle)

79

76

Number of Machines
3

More information and strategic steps to reach a solution:
1.

The optimisation model is run on by using the Solver IBM ILOG CPLEX optimisation Studio, version
12.8. The computational test was run on an Intel (R) Core (TM) i5-5200U CPU with 8 Gbs of Random
Access Memory. It runs for the whole scheduling time horizon.

2.

In the optimisation model, each half a week is considered a cycle. Therefore, the time horizon of 38
weeks turned to 76 cycles. Meanwhile, working cycle days are considered integer values, but not float.
This means that, if a week has 7 working days, then after division into two cycles, working days are 4
and 3.

3.

Regarding the high dimension of the problem, finding a feasible solution was not possible. Therefore,
the whole cycle is divided into three intervals.
(a) Interval 1, is from cycle 1 to 26;
(b) Interval 2, is from cycle 27 to 52;
(c) Interval 3, from cycle 53 to 76.

4.

A major issue in reaching a solution is transferring some forecasted demand from an interval to the
previous interval. The stock amount at the end of each interval is considered the initial stock of the ahead
interval.

5.

Setup times associated with changeovers are not considered in the model directly; instead, the production
rate is reduced to accommodate them. There are 24 working hours in a day, but the model considers 21
hours. This procedure provides more free times for changeovers (maximum setup time is 8 hours).
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Therefore, in some weeks, the production amounts, in reality, may be higher than the values of the given
model.
6.

There are some constraints related to the company's specific situation, which may change according to
the calendar and the shop floor existing conditions:

7.

8.

(a) Machine 3 could be used from a specific cycle (constraint number 2);
(b) Some moulds are shared among some models and sizes (constraint number 12).

Figure 4 depicts the optimal results for variable Xijc by running the model on Cplex. Furthermore, using
the cycle instead of a week, the time horizon changed from 38 weeks into 76 cycles.
A comparison between the reality in the company and the optimisation model gives a better view of the
proposed method's advantages. Figure 5 depicts the reality in the company, and Figure 6 shows the
optimisation model results. In both figures, the stock, production rate, and demand are considered in each
week, and the red colours indicate the production plan is not satisfied. As it is apparent in the company's
reality, some models could not be produced, while the optimisation model gives us a solution. Figure 7
shows these two outcomes in one frame.

Figure 4: Results for the Variable Xijc,. Different Colours Picture Different Models.

Figure 5: The reality in the company results in calculating (Initial stock + Production amount – Demand).
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0

412088 - BOOTS…
412104 - BOOTS…
559702 - BOOTS…
559725 - BOOTS…
559745 - BOOTS…
936805 - BOOTS…
936821 - BOOTS…
936848 - BOOTS…
936892 - BOOTS…
2658021 - NEW…
2658023 - NEW…
2658025 - NEW…
1173809 - LOW WELLIES…
1173811 - LOW WELLIES…
1154686 - LOW WELLIES…
1259189 - LOW WELLIES…
1259192 - LOW WELLIES…
1408912 - LOW WELLIES…
1731541 - LOW WELLIES…
765835 - LOW WELLIES…
765842 - LOW WELLIES…
1259186 - LOW WELLIES…
1259188 - LOW WELLIES…
322140 - WELLIES…
322170 - WELLIES…
322200 - WELLIES…
322348 - WELLIES…
894030 - BOOTS SH100…
894035 - BOOTS SH100…
1832641 - BOOT ARP 50…
1832643 - BOOT ARP 50…
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Figure 6: Optimisation model results in calculating (Initial stock + Production amount – Demand).

The comparison of (Initial stock + Production amount – Demand) values
in the company with those obtained by the optimisation model.

3000

2500

2000

1500

1000

500

Optimisation model

Company

Figure 7: Comparison between the reality in the company and optimisation model results.
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5. Conclusions and Future Work
Production with mould injection machines is one of the possible processes to manufacture footwear. In particular,
it is used for technical and performance footwear. The company is equipped with advanced automation machinery.
However, there is a need to plan production on that injection equipment to avoid delivery failures. But this is a
critical and challenging problem.
This paper investigated and solved such a scheduling problem, having as planning horizon tens of weeks. The
problem's characteristics are: the demand for different models and sizes is defined weekly; each size of a model
has its mould or moulds; some of these moulds are common among some models and sizes; there are distinct
machines with different quantities of positions for the moulds.
A new optimisation model to minimise the changeovers and stocks was developed, which seemed to best represent
the situation under study. Nevertheless, it was impossible to attain the optimal solutions for the cases that matter
in practice. Consequently, some simplifications understood by the company were performed, which did not
compromise the solutions' viability and quality. In conclusion, the optimisation procedure could obtain good
solutions, satisfying the weekly demand, for a long time horizon.
The future work will start by focusing on the presented optimisation model and using an approximate method to
solve it, based on Metaheuristics. In this way, we expect to avoid some taken simplifications.
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