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ABSTRACT 

Plywood is a widely used wood-based product. Among others, plywood is used for buildings, furniture, or 

sports. Plywood is typically made in production plants, where the incoming material is processed through 

several transformation stages to satisfy the needs of the customer. Therefore, the production process is a 

complex procedure. Furthermore, production scheduling is a difficult and time-consuming task, as multiple 

orders, different machines, and production lines have to be taken into consideration simultaneously. 

Scheduling of production systems has been widely studied in the literature but production scheduling in the 

plywood industry has received little attention.  

The scheduling problem of a plywood plant has been formulated through careful analysis of the selected 

problems in order to specify their hard and soft constraints and define their objective functions. In the case 

of long-term production planning, external aspects should also be taken into consideration. Unforeseen 

events, e.g., material shortage, changes in demands, disrupted processes, and quality issues can render the 

production plan infeasible. In such a case, the functionality of the system should be restored quickly, with 

minimal additional expenses and impact as possible. Recently, material resource availability disruptions 

have become a frequent issue due to epidemiological and geopolitical events affecting global supply chains.  

In previous work, the authors formulated Mixed-Integer Linear Programming models to minimize the cost 

caused by such supply disruptions in a plywood production facility. The results showed limited applicability 

for planning with long time horizons. Thus, the application of heuristic approaches is preferable. This study 

presents a Genetic Algorithm-based scheduling procedure for the plywood production process. 
The aim of the proposed approach is to minimize penalties for order cancellations and deadline 

modifications. The operator of the facility may change the timing of each production step and swap the 

deadlines of orders from the same client to achieve this goal. The presented approach has been tested on 

numerous generated examples based on real-life industrial data from a Central European mill. 

INTRODUCTION 

Scheduling problems appear in almost every part of life (e.g., finding the shortest path by car to the 

destination or providing a robust execution plan for a manufacturing project). The goal is to assign tasks to 

some scarce resources and to time intervals in the most favourable way for a certain objective, while 

satisfying the constraints of the problem definition (Hegyháti 2015). Scheduling has an important role in 

the operational decision-making process in the manufacturing and service industries (Pinedo 2009). 

In the frame of our research, plywood manufacturing was the focus. The plywood industry plays a 

significant role in hardwood utilisation and interesting scheduling problems arise at the processing of wood 

into final products. Several problems were investigated not only in the past (Koenigsberg 1961; Carlsson 

1982) but also recently (Rikala & Sipi 2012; Mäkinen 2020; Ferretti 2021). Production planners are 

experienced employees in the plywood mill, who are responsible for scheduling the operation. Manual 

production planning is a time-consuming task that needs years of professional experience in the domain. 

Several customer orders, parallel processing machines (e.g., presses), and materials (e.g., peeled veneer, 

bought veneer) should be taken into consideration while production disruption is a daily factor. 

Furthermore, external factors like pandemic and energy supply disturbances can affect the production. 

Thus, any automated support for this kind of decisions is very beneficial. 
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The resolution of disruptions that occur to existing production schedules can happen in a variety of ways 

depending on their nature (Vieira et al. 2003). While disruptions that arise during the execution of a 

preliminary schedule must be addressed by a quick, small modification of the schedule as soon as possible 

to restore operational order, others, such as future material shortages can be foreseen earlier, and the 

remaining schedule can be reworked completely. 

This paper introduces a long-term production planning problem for a plywood manufacturing plant, where 

the incoming orders cannot be satisfied necessarily on time, due to the shortage of incoming raw material 

deliveries. In addition to producing a feasible production schedule, decisions also have to be made about 

either cancelling certain orders or modifying their deadline by swapping them with ones that would be due 

later. The problem tackled in this paper was studied by the authors in a previous work (Őszet al. 2022), 

where exact solution approaches were implemented. However, these approaches were only tractable on 

small- and medium-sized problems, hence the motivation for the solution method developed in this paper. 

The outline of the paper is the following. First, the plywood scheduling problem is introduced, and the 

constraints of the arising optimization problem are defined. Then, a Genetic Algorithm-based (GA) solution 

method is introduced for the proposed problem. Finally, computational results of this method are shown on 

randomly generated instance sets. 

PROBLEM DEFINITION 

Plywood manufacturing has two major stages: veneer production and plywood production. Both stages 

have several process steps, the key ones that were considered are shown in Fig. 1. 

 
Figure 1: Simplified process flow of plywood production 

 

Each order is completed by the sequence of 5 or 6 steps: peeling, drying, patching, pressing, sawing, and 

sanding. Patching is only required for certain subset of orders. Each step has dedicated machines with given 

throughput, and it is assumed that the storage space is sufficiently large between each stage, thus, an 

Unlimited Intermediate Storage policy can be considered. 
Orders are placed by clients and entail a wood type, a quantity, and a deadline. Ideally, all the orders can 

be completed, and the mill accepts orders until they can be fit into its schedule. Recently, however, the 

supply of logs became unreliable. Thus, situations often occur, when the delayed supply shipments render 

the timely completion of the already accepted orders impossible. 

Cancelling an order has major repercussions, however, there is often a less drastic option available: a client 

may allow to swap the delivery deadline of its orders for a certain (much smaller) fee. After these decisions, 

the operator has the freedom to time and allocate each of the production steps of accepted orders to the 

available machines. 

 

The planner has the flexibility to decide: 
• Whether an order is cancelled or not. 

• Assignment of orders to agreed deadlines from the same client. 

• Assignment of the steps of accepted orders to available machines. 

• Timing of the steps of accepted orders. 
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The constraints of the problem are as follows: 
• Each step of all the accepted orders must be completed in the correct order. 

• A machine may not work on two orders at the same time. 

• The completion of an order can only start when the required amount of wood logs is available. 

• An accepted order must be completed before its assigned deadline. 

• At any given time, the number of operators required by the machines cannot exceed the total 

number of operators at the facility. 

The objective of the optimization problem is to minimize the total cost of order cancellations and deadline 

reassignments. 

PROPOSED APPROACH 

This paper suggests a Genetic Algorithm (GA) based approach. Genetic algorithms have been applied 

widely to various optimization problems, including project scheduling (Hartmann 1998; Hartmann 2001), 

various timetabling problems (Ross et al. 2003), and optimal job scheduling (Chang et al. 2005; Pezzella et 

al. 2008). Due to the nature of population-based evolutionary algorithms, the optimality of the best-reported 

solution cannot be guaranteed usually. However, it was concluded in the aforementioned work (Ősz et al. 

2022) that exact approaches are only suitable for small and medium problems. For long-term scheduling, 

only heuristic approaches can be considered. 

While a GA-based algorithm has many configuration parameters, its key parts are the chromosome 

representation, mutation and crossover operations, and the fitness function. The following subsections 

briefly introduce these parts of the approach. 

Chromosome representation 
In the proposed approach, each solution is represented by a single, homogeneous array of real numbers, g. 

The length of a vector is the total number of production steps. Technically, g does not encode the solution 

itself. Rather, it represents a blueprint from which a feasible schedule is generated deterministically within 

the fitness function. Each value within the array, g[s] encodes a lot of information about the production 

step s: 

• The integral part represents the index of the assigned machine. 

• The fractional part of g[s] indicates a priority among activities. Smaller means earlier. 

• Cancellation of a step and thus its order is encoded in digits for the hundredths, thousandths, etc.  

Fig. 2 illustrates this representation. The τ parameter for cancellation is a configuration parameter of the 

algorithm, like the population size, mutation/crossover rate, etc. 
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Figure 2: Explanation of chromosome representation 

 

The only decision not encoded in a chromosome is the swapping of deadlines. That decision only affects 

the cost, not the schedule generation and it is handled in the fitness function. 

Fitness function 
The role of the fitness function is to provide a goodness value for a solution represented by a chromosome. 

In the proposed approach, the fitness function is more sophisticated, as it tries to fix infeasible solutions 

and finds the best suitable deadline assignment of orders. The schematic behaviour of the fitness function 

can be described as follows: 

 
best := ∞ 

for all deadline assignments: 

  while True: 

    if cost(g, assignment) < best: 

g.preprocess() 

try: 

s := schedule(g, assignment)  

best := cost(g, assignment) 

break 

except deadline violation of order o: 

g.remove(o) 

return s,best 

 

For each possible deadline assignment that have a promising cost, a preprocessing step avoids recipe 

infeasible step priorities and excludes steps of a cancelled order. Then, a priority-based scheduling 

procedure tries to schedule the accepted orders. If the deadline of any of those gets violated, the scheduling 

is restarted with that order removed. If a feasible schedule is found, the solution is kept. At the end, the cost 

of the best solution is returned. 
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The schedule subroutine 
The role of the schedule subroutine is to time each production step. Its schematic logic is as follows: 

 
steps := g.get_ordered_active_steps() 

timing := {} 

for all s in steps: 

timing[s] := max ( 

    earliest_start_by_recipe(s, timing), 

    earliest_start_by_operators(s, timing), 

    earliest_start_by_machine(s, timing), 

    earliest_start_by_log_shipments(s, timing) 

) 

if timing[s] > assignment.get_deadline(s.order): 

    raise Deadline_violation(s.order) 

return timing 

 

First, the subroutine returns a sequence of steps for not cancelled orders, ordered by their priorities 

(fractional parts of the chromosome). The starting times of steps will be non-decreasing in this order. There 

are 4 circumstances that provide a lower limit on the starting of a step: 

• the finishing time of the previous step in the order 

• the earliest time when a sufficient number of operators are available 

• the earliest time when the assigned unit becomes available 

• if the step is peeling, the earliest time, when a sufficient amount of wood logs is available 

The maximum of these 4 lower limits is the earliest time when the step can start. If that timing violates the 

assigned deadlines, an exception is raised.  

Chromosome preprocessing 
First, each chromosome gets preprocessed to avoid trivially infeasible solutions. If the fractional part 

(priority) of a step is lower than that of one of its predecessors, the resulting schedule cannot be feasible. 

Thus, the fractional part of the subsequent step is set to a slightly greater value than that of the predecessor 

step. 
Moreover, if the cancellation of a step is indicated by the chromosome values, all steps of the order should 

be removed from consideration.  

Mutation and crossover 
Since the chromosome is an array of real numbers, where each number has a valid interpretation, very 

simple mutations and crossover functions are available. 

The mutation first determines the number of changes to carry out, as a random integer between 1 and 5. 

Then randomly selects this many g[s] values from the chromosome and changes it by a random real value 

from the [-1,1] interval. If the result is negative or higher than the number of suitable machines, a modulo 

operation is used to normalize the value. 

For crossover, a classic 1-point crossover operator is used. An index s is chosen randomly, then lower 

indexed values are copied from one parent, and the other values are copied from the other parent. 

Algorithm parameters 
The genetic algorithm has parameters that can be configured to finetune its behaviour. The population size 

can be adjusted based on the complexity of the fitness function, the available computational power, and the 

time limit. The crossover rate sets the ratio of solutions created by crossover of parents from the previous 

generation. Similarly, the mutation rate sets the ratio of solutions where the mutation operation is applied 

on them. Based on preliminary tests, crossover rate was set to 0.7, and mutation rate to 0.4. 

Elitism can also be used to carry the best solutions to the next generation without altering them, thereby 

guaranteeing that the objective does not degrade over the evolution. The best 10% of the solutions were 

copied over this way in each generation. 
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Several stopping criteria can be used, which can also be configured through parameters. We used 2 criteria 

for stopping: if the best objective value did not improve for 100 generations, or the change of the average 

objective value of the generation is below a threshold for 50 generations. 

EMPIRICAL TESTS & RESULTS 

The described method has been implemented and ran on several randomly generated test cases. An open-

source C++ genetic algorithm library, openGA (Mohammadi et al. 2017) was used for the efficient 

multithreaded implementation of the high-level algorithm, and the fitness function and genetic operators 

were implemented as described in the previous section. To validate the efficiency of the proposed method, 

its solutions were compared to those obtained by the MILP (Mixed-Integer Linear Programming) models 

presented in (Ősz et al. 2022). 

Test setup 
The tests were carried out on a laptop with an Intel i7-8750H 2.20 GHz CPU and 16 GB RAM. For solving 

the MILP model developed in our earlier work, Gurobi 9.5 was used. The population size for the GA was 

set to 2000. 

Test instances were randomly generated with different parameter settings. The plant parameters such as the 

equipment inventory and the number of operators were the same for each case, only the parameters of 

clients, their orders, and the raw material deliveries were varied: the number of clients and orders, deadline, 

quantity, wood type, cancellation and swapping penalty, and incoming delivery times and quantities. 

Smaller instances were generated for evaluation purposes, as these can be solved to optimality in a 

reasonable time by the MILP models developed earlier. This dataset includes 20 cases with 3 jobs belonging 

to 1 client, and 20 cases with 4 jobs with 2-2 belonging to 2 clients. These cases consider a 7-day-long time 

horizon. 

Long-term scenarios were generated for a 30-day time period, in 4 datasets containing 10/10/12/15 jobs, 

belonging to 4/5/5/10 clients, with 10 instances in each dataset. 

Results 
From the 40 smaller test instances, the proposed GA was able to find the optimal solution in 36 cases. In 3 

cases, it cancelled more orders than necessary, and in 1 case, it found the correct combination of orders but 

reported a solution with unnecessary swaps of delivery deadlines. For problems with this small size, exact 

approaches are more suitable, but this test showed that the GA metaheuristic can find optimal solutions in 

many cases. Some instances proved to be very difficult despite their size, as the MILP solver did not finish 

within 10 minutes in 4 cases and took more than 1 minute in 3 other cases, while the GA finished within 2-

6 seconds consistently. The best solution was usually found in the first 10 generations, and the remainder 

of the runtime was spent on trying to improve it before a stopping criterion was met. 

Fig. 3 presents the test results for the 4 long-term datasets. The MILP solver was stopped when the 10-

minute time limit was met, and the best solution found until then was reported. It could only prove 

optimality for 2 instances within the time limit (599 s and 571 s), in both cases a 0-cost solution was found. 

For every other case, the GA solver returned a significantly better solution in a much shorter time. The 

difference between solution times of the datasets is caused by the number of possible deadline permutations. 

As delivery times can only be swapped if the orders belong to the same client, increasing the number of 

orders per client results in a higher computational load for building and evaluating schedules. If the number 

of permutations becomes too large, the proposed fitness function is not suitable. This shortcoming is a 

potential area for further research. 

The number of generations varied between 112 and 266 for each dataset, but remained under 200 in most 

cases. The reason for stopping was the same in each case, that the best solution did not improve over 100 

generations. Outstanding generation numbers and higher solution times for some cases were the results of 

the algorithm finding improving solutions after seemingly getting stuck in a local optimum. The most 

extreme example of that is instance 4 of dataset 1, where 266 generations were explored. The changes in 

the objective values over these generations are shown in Fig. 4. Such behaviour of the search is the reason 

behind the high values of the stopping criteria. Mutation and crossover operations can help the search in 

escaping from local optima. 
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Figure 3: Results for long-term test cases 

 

 
 

Figure 4: Improvement of the objective over generations 

CONCLUSIONS 

This paper studied the scheduling problem of a plywood plant under resource shortage, which might prevent 

the timely fulfilment of existing orders. To resolve this, cancellation of orders or the exchange of their 

deadlines was allowed as a scheduling decision. In order to acquire good quality schedules in a short time, 

a Genetic Algorithm was proposed for the solution of the problem. The efficiency of this algorithm was 

tested on randomly generated test instances, and the quality of the solutions was compared to ones given 

by MILP models under a time limit. The proposed GA managed to find better quality solutions than the 

MILP model in most of the cases in a significantly shorter running time. 
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