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Abstract: The paper deals with the scheduling problem and it is proposed to implement 
a hierarchical problem structure that puts the travelling salesman problem at the top and 
replaces the nested one with a simulation model. The paper considers using adaptive 
parameters control method for Ant Colony Optimization.  The performance comparison 
with such algorithms as Lin-Kernighan heuristic, Genetic Algorithm, and Intelligent 
Water Drops Algorithm is fulfilled and competitive results are demonstrated. 
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1. INTRODUCTION 
 
In the modern world companies in many areas face serious competition, so they 

need to respond to the requirements on product quality, production speed and cost. It 
is increasingly difficult to satisfy these requirements without constant deployment of 
modern information technologies including decision support systems (DSS). One of 
the important systems of this kind is a planning system able to construct an optimal 
schedule of activities or operations in terms of productivity increase, production cost 
reduces and real-time plan deviations control. 

                                                        
1 This research is performed with the financial support of the Ministry of Education and Science of 

the Russian Federation within state assignment № 2.6757.2017/БЧ. 
2 The full paper is proposed for including in the IEEE Xplore Digital Library 
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Operational production planning (OPP) and automation associated with it are an 
important part of a modern production process but, at the same time, this DSS is one 
of the hardest to develop. It is quite difficult to fully switch to automated solutions due 
to the fact that most software products for operational planning are based on simplified 
models, which reduces their practical significance or allows them only to use iterative 
processes of obtaining a feasible solution by problem-oriented heuristics. Usually, they 
operate on the basis of general concepts that do not consider the specifics of a particular 
production process, equipment and workers availability, workflows variability and 
many other details that actually form a specific production process. But the authors 
propose to take into consideration all the details of a production process in the 
simulation model and distinguish such model parameters that can be optimized in some 
way which leads to a hierarchical system. 

2. PROBLEM STATEMENT  
Scheduling theory is a section of operations research concerned with 

mathematical formulations and algorithms for sequencing problems in the field of 
projects planning [1]. Well-known problems like bin packing problem, knapsack 
problem, traveling salesman problem (TSP), as well as scheduling problem can be 
formulated as resource-constrained project scheduling problem (RCPSP) [2]. The 
problem is to find a schedule with minimal duration by assigning a start time and 
resources to each activity subject to the precedence relations while resource availability 
restrictions are respected. 

Most of the known scheduling problem statements operate only with one project, 
a small number of resource types and static workflows. Some problem statements 
consider several types of resources, combining workflows of several projects, different 
resource performance, equipment repair times and some other details, but not all of 
them at the same time. But real-world problems often require considering of all these 
statements at the same time as well as a possibility of dynamically appearing 
operations, a dependence of the activity duration on current project parameters, shifts 
of employees and much more. This paper deals with a job-shop scheduling problem as 
a hierarchical structure with a lot (projects) ordering as the top-level problem that can 
be formulated as travelling salesman problem [3] and nested RCPSP replaced by a 
simulation model.  

3. ALGORITHMS DESCRIPTION 
The classic method for solving optimization problems is a local search which in 

the case of combinatorial optimization is a so-called k-opt algorithm. This paper deals 
with a special case k=3 (that means 3-opt algorithm) because it is more efficient. This 
multi-start 3-opt algorithm is called Lin-Kernighan heuristic (HLK) [4]. 

Genetic algorithm (GA) [5] is a widely known global search heuristic inspired by 
principals of evolution, but combinatorial GA has some difference from the classical 
version. The main difference is the representation of a chromosome as a permutation 
of the numbers 1 to n [6]. Combinatorial GA, as well as the standard one, has many 
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adjustable parameters such as mutation type, mutation probability, type of selection. 
So, 384 variants of algorithm settings were considered in this work. 

Intelligent water drops algorithm (IWDs) [7] based on the properties of river 
formation process is an autocatalytic global optimization algorithm. The algorithm’s 
effectiveness depends on many parameters, some of them were fixed in experiments 
according to the recommendations of the algorithm's author. For the remaining 
parameters was considered 81 variants. 

Ant colony optimization algorithm (ACO) [8] is inspired by the behavior and 
organization of ant colonies in nature. Being almost blind, they can find the shortest 
path from the nest to the food source because of pheromone that they leave on the path 
for information exchange. In this work 16 variants of settings were considered.  

As seen, all bionic algorithms have a lot of adjustable parameters what is their 
serious disadvantage. At the same time, the best settings of an algorithm on each task 
may differ and it is impossible to foresee them in advance. The way to fix this situation 
is methods of the parameters control, that means an algorithm needs to set itself while 
solving the problem. This paper considers the adaptation technique borrowed from [9] 
which has proven itself in previous works for bionic algorithms solving TSP [6]. 

4. EXPERIMENTAL RESULTS 
A simulation model containing such entities as machine tools, employees, 

operations, lots and workflows was created. The simulation model takes a list of lots 
in the order of their processing as input and consistently puts all necessary operations 
for each lot in the schedule at the nearest free point with an available machine tool and 
available employee. The algorithms’ effectiveness was compared on 6 randomly 
generated tasks with different dimension - it is used 10, 20, 30, 40, 50 and 60 lots for 
tasks 1-6 respectively. 

All algorithms were compared on the same objective function calculation amount 
equal to 1000000. Experiment results were averaged over 50 runs and then averaged 
by tasks. The best-found criterion value averaged by all runs was used as a solution’s 
quality indicator where the criterion is minimum makes pan. For each algorithm the 
best setting on each task was chosen and thus, algorithms with the best settings and the 
ones averaged over all possible settings were considered. Figure 1 shows the sum of 
algorithms’ results for all 6 tasks averaged by runs divided by the worst result for each 
task, that means that if an algorithm shows the worst effectiveness on the task its value 
equals 1. Effectiveness of algorithms on a specific task depends on the settings, so in 
case of solving a real-world problem the effectiveness of the algorithms will be 
approximately equal to the mean by runs and settings value on this task and not to the 
best value. Although on average the adaptive ACO cannot outperform the conventional 
ACO with the best settings, it shows a better result than ACO averaged by settings. 



PROCEEDINGS of the 33rd International Conference InfoTech-2019 4 

 
Fig. 1. Algorithms comparison averaged by tasks  

5. CONCLUSION 
In this paper the performance of some heuristic algorithms of combinatorial 

optimization was compared, such as Lin-Kernighan heuristic, intelligent water drops 
algorithm, genetic algorithm, ant colony optimization algorithm and its adaptive 
version. The adaptive method shows competitive results that are better than the one 
averaged by settings. This result also shows that it is necessary to move towards some 
kinds of adaptive methods that allow tuning algorithm parameters during their work 
for all bionic algorithms.  
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