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ABSTRACT 
Increasing costs and competitive business strategies are pushing sawmill enterprises to make an effort for opti-
mization of their process management. Organizational decisions mainly concentrate on performance and reduc-
tion of operational costs in order to maintain profit margins. Although many efforts have been made, effective 
utilization of resources, optimal planning and maximum productivity in sawmill are still challenging to sawmill 
industries. Many researchers proposed the simulation models in combination with optimization techniques to 
address problems of integrated logistics optimization. The combination of simulation and optimization technique 
identifies the optimal strategy by simulating all complex behaviours of the system under consideration including 
objectives and constraints. During the past decade, an enormous number of studies were conducted to simulate 
operational inefficiencies in order to find optimal solutions. This paper gives a review on recent developments 
and challenges associated with simulation and optimization techniques. It was believed that the review would 
provide a perfect ground to the authors in pursuing further work in optimizing sawmill yard operations. 
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1. Introduction 
The optimization problems in any domain are specific 
concern for managers and decision makers. Even though 
there are technological developments in the field of op-
timization techniques, the need for more efficient tech-
niques which can solve such problems will always exist. 
With increasing competitiveness in real world scenarios, 
mathematical models of such problems are getting more 
and more complex. In order to deal with such problems, 
sophisticated tools and techniques are needed which can 
efficiently solve such problems. In recent years, many 
researches have focussed on combinatorial optimization 
problems using simulations and optimization techniques 
to improve profits and performance. Accordingly, many 
areas of supply chain management have adapted optimi-
zation techniques to improve and optimize their resources 
efficiently. 

The supply chain logistics is considered as an inte-
grated process in which a group of several organizations, 
such as suppliers, producers, distributors and retailers, 
work together [1]. One of the most important problems in 
supply chain logistics is the optimizations of resources 
and it is a very complex problem that deals with the 
planning, handling and control, for the storage of raw 
material between arrival and production [2]. Further, 
supply chain management includes logistics transporta-
tion, resource allocations, storage bin arrangements, 
scheduling and routing. Several areas of logistics trans-
portation, resource allocation and arrangements (storage 
area/containers etc.) within organization demand proper 
planning and optimization techniques in order to attain 
significant reduction in operational costs. This review is 
an attempt to gain a better understanding of the tech-
niques or methodologies used in supply chain manage-
ment and to provide a basis for research in sawmill yard  
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operations. In most of the sawmill industries, efficient 
planning and optimization of resources are key factors 
for successful reduction in operational costs. Storage bins 
in sawmill yard have a significant impact on the re-
sources and production supply, whereas, resources are 
essential equipment for transportation, loading and unload-
ing of logs from one place to another within sawmill yard. 
Inefficient utilization of resources results in unnecessary 
operational costs. In order to attain significant reduction 
in operational costs, a comprehensive and systematic 
approach for optimization of operations in sawmill yard 
is required. There isn’t enough of literature available on 
the problems encountered in the sawmill yard, i.e. be-
tween arrival and production, whereas problems encoun-
tered in sawmill production line, automatic debarking 
and grading have been investigated in the past. However, 
the problems in sawmill yard are rather similar to most of 
the problems encountered in supply chain logistics. 
Therefore, we try to map the literature, which are imme-
diately relevant to current area of investigation and study. 

Most of the researchers are focussing towards devel-
oping new methodologies and techniques which can not 
only provide reasonable good solutions but are also com-
putationally fast. Existing researches in supply chain 
domain using various Artificial Intelligence, Simulations 
and Mathematical optimization techniques have been 
investigated. AI techniques are one of the most popular 
and fascinating tools to solve the real world optimization 
problems. Further, they are more feasible to solve com-
plex optimization problems compared to traditional tech-
niques. 

The aim of this paper is, therefore, to make a review of 
the work carried out thus far on operational optimization 
using various optimization and simulation techniques. As 
an enormous amount of literature available in domain of 
optimisation, we will focus mainly on techniques used 
for decision making within the organisation that improves 
overall performance. The main issues to address include: 
what are the main problems within operational routines 
that have been investigated using combinatorial optimi-
zation (CO) and discrete event simulation (DES) tech-
niques? What optimization techniques have been em-
ployed? What are the main findings and achievements up 
to date? And finally, discussion concerning the possible 
use of such techniques in current areas of investigation is 
presented for further research directions. Only the classi-
fied techniques that are immediately relevant to the area 
were covered in this review, due to the wide scope of the 
subject. 

This paper is organised in five sections. Subsequent to 
the introduction in Section 1, the review methodology is 
mentioned in Section 2. AI and optimization techniques 
are briefed in Section 3. Section 4 describes the current 
area of investigation and examines the research of apply- 

ing AI and DES techniques to various optimization pro- 
blems in sawmill. Then key findings are concluded. Fi- 
nally, a summary of existing research and a discussion on 
the future research directions are provided in Section 5. 

2. Review Methodology 
The search process was carried out with scientific data-
bases. The review papers were sorted out from more than 
30 journals (Table 1) such as European Journal of Op-
eration Research, International Journal of Production eco-
nomics, Computers & Industrial Engineering, IEEE jour-
nals and Expert systems with Applications etc. Given the 
specific interest on how Optimization and Artificial In-
telligence techniques were used in combination with 
simulation models to optimize the supply chain logistics 
operations. More than 100 papers including the journals, 
conference, book chapters and books were reviewed for 
this study. 

Scope 
The concept of simulation optimization has been ana-
lysed by many researchers from various perspectives. 
However, it is beyond the scope of this paper to address 
all problems in detail. In an attempt to provide a more 
intensive review of existing papers in this area, this paper 
mainly focuses on problems which are immediately rele-
vant to problems in sawmill yard logistics. The problems  

 
Table 1. List of journals reviewed. 

Journals References 
Advance Engineering & Informatics 1 

Applied Mathematics and Computation 1 
Applied Soft Computing 2 

Automation in Construction 2 
Computer and Chemical Engineering 6 
Computer and Industrial Engineering 11 

Decision Support System 1 
Environmental Management 2 

European Journal of operation Research 13 
Expert System with Application 5 

IEEE Journals 5 
Int. Journal of Production Economics 6 
Int. Journal of Production Research 2 
Int. Journal of Science & Applied IT 1 

Journal of Intelligent Leaning Systems & Applications 2 
Operation Research Spectrum 1 

Production Planning and Control 2 
Renewable Energy 1 

Robotics and Computer Integrated Manufacturing 2 
Simulation Modelling Practice and Theory 3 

Transport Research Part E 1 
Others 11 
Total 80 
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related to automatic grading, production scheduling and 
efficient debarking techniques will not be discussed in 
this paper. 

3. Optimization Techniques 
According to [3] optimization models are used to quanti-
tatively tackle many emerging logistics challenges. The 
challenges in supply chain design problem comprises the 
decisions regarding the number and location of produc-
tion facilities, the amount of capacity at each facility, the 
assignment of each market region to one or more loca-
tions, and supplier selection for sub-assemblies, compo-
nents and materials [4]. The supply chain design is re-
lated to the definition of the structure of the chain, i.e. the 
sequential links between different sourcing, production 
and distribution activities or processes [5]. Enormous 
amount of literature can be found on supply chain logis-
tics with different objectives and using various method-
ologies. However, the goal of each methodology is to 
optimize the supply chain process. The different factors 
which have been considered, namely: costs, location, al-
location, capacity, routing, agility and transportation. 

An efficient algorithm to optimize complex real world 
problems has been a challenge to researches over the 
years in different domains. Simulation-optimization meth-
ods have proved to be powerful tool to reduce opera-
tional costs and facilitate effective design operations for 
optimization problems, and have become an area of ex-
tensive investigation over the past decade [6]. Optimiza-
tion problems are normally expensive and time-con- 
suming. It is then important to develop tools that can help 
identify the most cost-efficient ways of implementing 
and solving optimization problems. Simulation models, 
when used alone, cannot guarantee that the design strat-
egy is optimal. They can handle what-if scenarios/ques- 
tions, but are weak in seeking answers to which one is 
the best [7]. The optimization techniques can be catego-
rised into three groups: 1) Linear and Integer Program-
ming; 2) Artificial Intelligence based methods; and 3) 
Discrete event simulations incorporating optimization 
techniques (Table 2). 

3.1. Linear and Integer Programming  
Mathematical programing has been used in a number of 
supply chain optimization and management problems. 
Ryu et al. [8] presented a bi-level modelling approach 
comprising two linear programming models, one for 
production planning and one for distribution planning. 
Ozgur and Fusun [9] provided a probabilistic linear pro-
gramming model to make strategic resource planning 
decisions in supply chain. Oh and Karimi [10] put for-
ward a linear programming model that integrates produc-
tion and distribution planning for a multinational firm in  

Table 2. Field of Study. 

Subject Area Number of Papers 
Ant Colony Optimization 9 
Discrete Event Simulation 33 

Genetic Algorithm 19 
Linear & Integer Programming 11 

Multi-Agent System 12 
Neural Networks 4 

Simulated Annealing 12 
Swarm Optimization 6 

Others 22 
Total 113 

 
the chemical sector. Yue Wu [11] studied a time staged 
linear programming model for modelling production 
loading problem with import quota limits, where, deci-
sion regarding quantities of used resources, machines, 
labour, initial quotas, inventory and outsourcing levels 
were considered. Jung et al. [12] compared linear pro-
gramming models for centralized and decentralized pro-
duction and transport planning environments. Kanyalkar 
and Adil [13] used a linear programming model for ag-
gregated and detailed production and dynamic distribu-
tion planning in a multiproduct and multi-plant supply 
chain. Kallrath [14] presented a mixed integer linear pro-
gramming model for production, distribution and sales 
planning with different time scales for business and pro-
duction aspects. Silke et al. [15] presents a linear mixed- 
integer modelling approach for basic components in a 
biomass supply chain. The main focus of this work was 
to represent the relationship between moisture and en-
ergy content of different kinds of biomass and to handle 
long-term processes in the optimization like passive dry-
ing effects. Yavuz et al. [16] introduced a generalized 
mixed integer programming (MIP) formulation that al-
lows iterative interaction with a simulation model by 
taking into account the impact of uncertainty on the ob-
jective function value of previous solutions. Talluri and 
Baker [17] used a multi-phase mathematical program-
ming approach for effective supply chain network design 
to meet the constantly changing needs of customers at 
low cost, high quality, short lead times and high verity. 
Panagiotis and Lazaros [18] proposed an integrated model 
based on a detailed mathematical programming formula-
tion that addresses some of the complex issues related to 
the design and operations of global supply chain net-
works. 

The above mentioned studies used Linear or Integer 
programming algorithms for dealing supply chain op-
timizations problems. Most of the authors focused on 
financial and tactical operational aspects within the or-
ganization taking into account production operations, dis-
tribution efficiency, resource planning, operational costs, 
customer satisfaction and product quality etc. 



Simulation and Optimization Techniques for Sawmill Yard Operations—A Literature Review 

OPEN ACCESS                                                                                      JILSA 

24 

3.2. AI Based Methods 
Artificial Intelligence is basically a branch of computer 
science concerned with making computers behave like 
humans or emulation of human behaviour (McCarthy, 
1956). AI is nothing but the ability of a computer pro-
gram to evaluate information and make a decision ac-
cording to pre-established criteria. Recently, there has 
been a growing interest in using artificial intelligence 
techniques to solve optimization problems. This is mainly 
because the challenge existing in the solution process 
that usually requires incorporating complex simulation 
models into optimization framework. This leads to the 
difficulty in seeking the globally optimal solution with 
conventional non-linear optimization algorithms [6]. 

AI techniques are suitable in addressing the qualitative 
aspects of decision support system, which are not ade-
quately captured when using analytical models [19]. AI 
techniques has been used in different fields, however, 
this paper focuses on the problems related to supply chain 
logistics and transportation. The artificial intelligence tech-
niques, in particular Genetic Algorithm (GA), Ant Col-
ony optimization (ACO), Particle Swarm Optimization 
(PSO), Simulated Annealing (SA), Neural Networks (NN) 
and Multi-agent systems has been analysed to solve op-
timization problems in supply chain logistics for reduc-
tion in operational costs and increase efficiency. 

3.2.1. Genetic Algorithm 
Genetic algorithm (GA) is a stochastic searching method 
that mimics natural evolution and is based on the concept 
of “survival of the fittest”. GA is implemented as a 
computer simulation in which a population of abstract 
representation of candidate solution to an optimization 
problem evolves towards better solutions [20]. Evolu-
tionary algorithms were invented to mimic some of the 
process observed in natural evolution. Evolution occurs 
on chromosomes organic devices for encoding the struc-
ture of living beings. Processes of natural selection then 
drive those chromosomes that encode successful struc-
ture to reproduce more frequent than those encode failed 
structures. By using simple encoding and reproduction 
mechanism, the algorithm can then display complicated 
behaviour and turn out to solve some extreme difficult 
problems [21]. 

Genetic Algorithms (GA) are robust adaptive optimi-
zation method based on biological principals, GA is an 
efficient algorithm to solve combinatorial optimization 
problems by exploring a large and complex search space 
in an adaptive way guided by the equivalent biological 
evolution mechanisms of reproduction, crossover and 
mutation [22]. The most important advantage of GA is 
their ability to use accumulative information about the 
initial unknown search space in order to move the next 

search into useful spaces [23]. In the past decade, a large 
number of combinatorial optimization problems and so-
lution methods have been presented in the literature on 
integrated supply chain management [24]. 

Gjerdrum et al. [25] proposed a mathematical pro-
gramming model to reduce operational costs, while 
maintaining customer order fulfilment at high level of for 
a supply chain network. Amodeo et al. [26] presents a 
simulation based multi-objective optimization method for 
the optimization of inventory policies of supply chains 
considering total inventory cost and service level. Reza 
and Mahsa [27], introduced a new model for a distribu-
tion network in a three-echelon supply chain, which not 
only minimizes the total costs but also follows Just-in- 
time distribution purposes in order to better represent the 
real-world situations. Fulya et al. [28] have used a steady- 
state genetic algorithm (ssGA) for the single-source multi- 
product multi-stage supply chain network design prob-
lem, to satisfy the customers demand with minimum 
costs. D’Souza et al. [29] developed a Genetic Algorithm 
and Artificial Immune System to tackle the “Pickup and 
Delivery” problem effectively giving optimal solutions. 
By using these meta-heuristic methods the authors have 
optimize overall transport between different destinations 
leading to better utilization of time and resources. David 
et al. [30] considered the problem of finding an opti-
mized schedule for the just-in-time production and deliv-
ery of ready-mixed concrete. The scheduling algorithm 
combines a GA and a set of constructive heuristics, 
which guarantee the determination of a feasible schedule 
for any given set of requests. Lau et al. [31] uses a sto-
chastic search technique called fuzzy guided genetic al-
gorithm (FLGA) to simultaneously optimize travelling 
time and travelling distance in a multiple depot vehicle 
routing problem. Daniels and Parsons [32] proposed the 
use of hybrid algorithm that combines an agent-based 
approach with GA global search operator to show that it 
is both faster and more effective than either a pure GA or 
a pure agent-based simulation to space arrangement 
problems. David et al. [33] proposed a hybrid algorithm 
based on GA and LP to minimize the distribution costs 
for a pulp producer. GA are the most studied and applied 
meta-heuristic in the optimization field, because GA are 
very easy to implement in all sorts of problems, and usu-
ally guarantee good solutions, whatever the type of solu-
tion space [2]. 

A variety of problems concerning the simulation based 
optimization have been widely handled using Genetic 
Algorithm. One of the promising methods of optimizing 
problems were performance can be evaluated by a simu-
lation model is the use of GAs [34]. Shin et al. [35] pro-
posed a simulation model incorporating genetic algo-
rithm for optimal hoist planning in building constructions, 
uses simulation to test the optimal hoist plan whereas GA 
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searches for a set of hoists that optimizes rental costs. 
Yeh and Lin [36] proposed a GA method to obtain a near 
optimal solution for hospital emergency department. Fur-
ther, simulation has been used to evaluate how system is 
impacted by various nursing schedules. Shin and Iima 
[37] proposed a GA o find the best classroom seating 
arrangement based on the questionnaire results and analy-
sis of the observation of behaviour between students. 
According to authors, the satisfaction of students for the 
proposed method is higher than the traditional class room 
seating arrangements. 

3.2.2. Simulated Annealing 
In traditional problem solving strategies, some of them 
guarantee finding a global solution, others don’t, but they 
all share a common pattern. Either they guarantee dis-
covering the global solution, but are too expensive (i.e., 
too time consuming) for solving typical real world prob-
lems, or else they have a tendency of getting stuck in 
local optima. Since there is no chance to speed up algo-
rithms that guarantee finding the global solution, i.e., 
there is no chance finding polynomial time algorithm for 
most real problems as they tend to be NP hard, the other 
remaining option is to design algorithms that are capable 
of escaping local optima. After reaching a local optimum, 
a new starting point is generated and the search is com-
menced all over again. Two main approaches that we’ll 
discuss here are based on an additional parameter called 
(temperature) that changes the probability of moving from 
one point of search space to another or a memory, which 
forces the algorithm to explore new area of search space. 
These two approaches are called Simulated Annealing 
and Tabu Search. We will focus on Simulated Annealing. 
It’s a method that simulates the physical process of an-
nealing. Annealing is where a material is heated and then 
cooled usually for softening and making the material less 
brittle. Simulate annealing; therefore, exposes a solution 
to heat and cools producing a more optimal solution [33, 
38]. 

Simulated annealing is the deterministic search ap-
proach based on the annealing process of metal. This 
procedure can be considered a hybrid method of local 
search and usually employs a downhill algorithm unless 
probability is decreases to 0. In this situation, uphill 
moves would be applied for increasing probability [39]. 
Simulated annealing (SA) is inspired in the physical an-
nealing process. The randomized nature of the procedure 
permits asymptotic convergence to optimal solution un-
der mild conditions [40]. Vaidyanathan and Anthony [41] 
studied the applicability of simulated annealing as a very 
effective and useful solution approach to complex prob-
lems involved in supply chain management to reduce 
costs and improve efficiency. Chibeles-Martins et al. [42] 
presents a meta-heuristic approach, based on the simu- 

lated annealing to optimize the computational burden of 
supply chain network. Kathryn et al. [43] proposed a 
hyper heuristic driven simulated annealing approach to 
minimise the packaging waste by optimizing storage and 
transportation shipper sizes. Hamid and Keivan [44] uses 
a simulated annealing approach for optimizing the fleet 
size and freight car allocation problem wherein car de-
mands and travel times were assumed to be deterministic 
and unmet demands were backordered. Kathryn et al. [43] 
developed a simulated annealing based hyper heuristic 
model for determining shipper sizes for storage and tran- 
sportation. Allaoui and Artiba [45] considered a multi- 
objective optimization problem taking into consideration 
the system constrains. Suman [46] used a Pareto domi- 
nated simulated annealing for multi-objective optimiza- 
tion problems where he has made extensive comparisons 
of multi-objective simulated annealing algorithms. Mah- 
moud et al. [47] presented a simulated annealing algo- 
rithm for solving multi-objective stochastic optimization 
problem. The algorithm uses hill-climbing feature to es- 
cape the local minimalistic trap. A new Pareto set for 
multi-objective stochastic optimization is also introduced 
to assist the simulated annealing algorithm attain opti- 
mality. Further, simulation is used to estimate the objec- 
tive function values. 

3.2.3. Ant Colony Optimization 
Ant colony optimization (ACO) is a technique of prob- 
lem solving inspired by the behaviour of ants in finding 
paths from the nest to food and a new search metaphor 
for solving combinatorial optimization problems, and has 
been unexpectedly successful in recent years [48,49]. Ant 
colony optimization is a relatively new optimization tech- 
nique that has been gaining followers in the past decade, 
since it is especially suited for problems with dynamic 
behaviour [48]. The ants cooperate using an indirect form 
of communication mediated by pheromone trails of scent 
and find an optimal solution to their tasks guided by both 
information (exploitation) which has been acquired and 
search (exploration) of the new route. Therefore the pre- 
mature convergence probability of the system is lower 
[50]. 

Silva et al. [51] proposed an ant colony optimization 
technique to optimize the different operational activities 
of generic supply chain. Further, simulation results sug- 
gested that new methodology is more efficient than a 
simple decentralized methodology for different instances 
of a supply chain. Luis et al. [52] uses a multi-objective 
ant colony optimization to supply chain design to opti- 
mize total supply chain cost while keeping the total lead 
times within required delivery due dates. Wei and Arun 
[53] presents a meta-heuristic ant colony optimizations 
(ACO) approach for solving the logistics problem arising 
in disaster relief activities, such as planning, dispatching  
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and evacuating. Chaharsooghi and Kermani [54] studied 
an effective ant colony optimization for multi-objective 
resource allocation problems in order to minimize the 
costs of resources and maximize the overall efficiency. 
Felix and Niraj [55] uses a multiple ant colony optimiza- 
tion (MACO) approach to design a balanced and efficient 
supply chain network that maintains the best balance of 
transit time and customers service. Rami et al. [56] pro- 
posed an Ant colony optimization algorithm to solve the 
transportation problem of cross-docking network to 
minimizing the transportation cost in a network by load- 
ing trucks in the supplier locations and then route them 
either directly to the customers or indirectly to cross- 
docking facilities so the loads can be consolidated. 

Aaron [57] proposed a parametric study of ACO ap- 
plied to Water Distribution System Optimization. Using 
the derived parameter guidelines, iteration-best ant sys- 
tem, has been seen to perform extremely competitively 
when compared with other optimization algorithms. 

3.2.4. Particle Swarm Optimization 
Particle Swarm Optimization (PSO), an evolutionary com- 
putation technique firstly introduced by Kennedy and 
Eberhart in 1995 [58,59], is based on the collective mo- 
tion of a flock of particle; the particles swarm. In the 
simplest version of PSO, each member of the particle 
swarm is moved through a problem space by two elastic 
forces. One attracts it with random magnitude towards 
the best location so far encountered by the particle. The 
other attracts it with random magnitude towards the best 
location encountered by any member of the swarm. The 
position and velocity of each particle are updated at each 
time step until the swarm as a whole converges to an 
optimum [60]. The swarm optimization algorithms have 
been used in different domains, however, only topics 
immediately relevant to the area of investigation are pre- 
sented below. 

Swarm Optimization (PSO) are increasingly been used 
in optimization problems related to TSP, VRP, Shortest 
Path, Resource Allocation, Scheduling and logistics dis- 
tribution etc. Further, simulations and hybrid algorithms 
were also used to enhance the results. Wei et al. [61], 
presents the model of logistics distribution centres loca- 
tion problem considering setup cost, turnover cost and 
demands of the customers as a combinatorial optimiza- 
tion problems. For the convenience of solving the model, 
some mathematical properties of the model were also 
obtained. Further, discrete particle swarm optimization 
algorithm, tabu search algorithm and sequential quadratic 
algorithm were integrated to seek the minimum of total 
cost and assignment plan of the distribution centres. Lie 
and Fanhua, [62] presented a 4-stage production distribu- 
tion problem and used the improved PSO algorithm to 
solve the problem. Further, simulation has also been used 

to show that the algorithm is effective and efficient in 
both computation and convergence. Yue-Jiao et al. [63] 
presents a set-based PSO to solve vehicle routing prob-
lem with time windows, the proposed algorithm provides 
better results than the existing best known results. Yan-
fang and Hengqing [64] proposed a new method for 
solving the shortest path problem in stochastic traffic 
networks. The approach based on combining fluid neural 
network model with PSO. This algorithm is simple and 
easy and can find quickly the shortest path without fal-
ling into local minimums, which will occur if energy 
function is used to solve the same problem. Chilukuri et 
al. [65] have proposed a PSO-based fair Resource alloca-
tion and scheduling algorithm for the IEEE 802.16 Sys-
tem. And have compared the results with the static FDMA 
algorithm and have found it better delay characteristics 
with increasing number of users while still maintaining 
the fairness and throughput utilization. This makes the 
proposed scheme absolutely useful for real-time applica-
tions. 

3.2.5. Neural Networks 
An artificial neural network consists of an interconnected 
group of artificial neurons. Such a network performs 
computation and manipulates information based on the 
connectionist approach in a similar but simpler fashion 
than the brain would perform [66]. In terms of modelling, 
remarkable progress has been made in the last few dec-
ades to improve artificial neural networks (ANN). Artifi-
cial neural networks are strongly interconnected system 
of so called neurons which have simple behaviour, but 
when connected they can solve complex problems. 
Changes may be made further to enhance its performance 
[67]. 

Combinatorial optimization problems are NP-complete 
and have received lot of interest from (Artificial Neural 
Networks) ANN researchers, many researchers have tried 
to solve it, but no method can solve it completely. As a 
result, a number of neural networks have been developed 
to solve wide range of optimization problems. The ma-
jority of the existing studies are based on Hopfield net-
works or its extensions. This may be partly due to suc-
cessful applications of Hopfield network to the Travel-
ling Salesman Problem (TSP) and other optimization 
problems [68]. It can be shown that usually among exist-
ing ANNs techniques, Hopfield neural networks and SOM 
have applied for optimization problems. Some of the 
many ANN applications have been reported for optimi-
zation problems include Assignment Problems, clustering 
Problems, Scheduling Problems and Travelling Salesman 
Problem (TSP) [69]. 

3.2.6. Multi-Agent System 
Intelligent agents are able to perceive their environment 
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and respond in a timely fashion, exhibit goal directed 
behaviour by taking the initiative, and capable of inter-
acting with other agents, in order to satisfy their design 
objectives. Intelligent agents are autonomous, smart and 
active. They decide themselves whether or not to reform 
an action on request from another agent. Agents are dif-
ferent form objects, you order objects to do things, but 
you request agents to cooperate. The objects don’t have 
any of the behaviours either. A multi agent system is 
inherently multi-threaded and each agent is assumed to 
have at least one thread of active control [70]. 

Multi Agent systems (MAS) are increasingly been used 
in complex problems related to logistic planning, air traf-
fic control, military demining, financial portfolio man-
agement, among others [71]. Multi agent systems offer 
such a useful feature as parallelism, robustness and scal-
ability. They are highly applicable in domains and prob-
lems, where centralized approaches meet their limits. 
Multi agent based approaches are well suited for domains, 
which require the integration and interaction of multiple 
source of knowledge, the resolution of interest and goal 
conflicts or time bounded processing of data [72]. 

Multi-agent technologies start to penetrate into trans-
portation and logistics domain only recently. Intelligent 
agent represents the organizations within the logistics 
domain; model their logistics functions, processes, ex-
pertise and interaction with other organizations. Due to 
similarity in characteristics between intelligent agents and 
organizations, agent technology is an appropriate choice 
of modelling organization in the logistics domain [73]. 
Multi-agent or agent based systems that mainly are used 
to solve typical problems in the transportations and logis-
tics domain such as decision support system, logistics 
planning system, and simulation and modelling system, 
which support both decision-making and planning, where 
experts can make their decisions [74]. 

The problems in which agent technologies have been 
applied within transport logistics are planning, schedul-
ing, management etc. Many researchers have focused on 
the field of multi agent systems. A number of signifi-
cance advances have been made in both the design and 
implementation of autonomous agents. Neagu et al. [75] 
have reported Agent-Based system design to solve the 
Pickup and Delivery Problem with Time Windows 
(PDPTW) using constraint satisfaction techniques (CST). 
Kazami et al. [76] solves a production and distribution 
planning problem and compare the results through the 
use of genetic algorithm to the ones coming from em-
ploying a multi agent decision support. Vita and Janis 
[74] proposed an overview of the problem solving meth-
ods in transportation and logistics domain. Two different 
multi-agent architectures has been worked out and used 
in the real life problem within the transportation and lo-
gistics domain. This architecture support both decision  

making and planning. Persson et al. [77] analyses the 
strengths and weakness of agent-based approaches and 
mathematical optimizations techniques. According to the 
author’s qualitative evaluation, agent-based approaches 
tend to be preferable when, the problem domain is large, 
probability of node or link failures is high, time scale of 
the domain is short, sensitive information that should be 
kept locally, and mathematical optimization techniques 
when, the cost of communication is high, the domain is 
monolithic in nature, quality of solution can be guaran-
teed, it is important that a system optimal or near optimal 
solution is found. Combining the approaches into a hy-
brid approach can be a promising way.  

The potential of agent technology is also suitable for 
modelling practical supply chain management problems, 
where analytic or optimization results cannot be easily 
applied or global information sharing and central coor-
dination are difficult to achieve [78]. Liang and Huang 
[79] developed a multi-agent system to simulate a supply 
chain, where agents represent the different actors within 
a supply chain. Agents are coordinated to control inven-
tory and minimize the total cost by sharing information 
and forecasting knowledge. Ahn & Lee [78] present a 
practical collaboration framework for supply chain man-
agement wherein multi-agent systems form dynamic in-
formation network and co-ordinate their production and 
order planning according to synchronised estimation of 
market demand. Caridi and Cavalieri [80] provide a 
critical analysis of agent based approaches applied to 
supply chain management domain, pointing out the lack 
of real world applications and the low maturity level of 
agent based manufacturing technology. Akanle and Zhang 
[19] proposed an Agent based model for optimizing sup-
ply chain configurations to meet customers demand with 
minimum costs. 

3.3. Simulation Techniques 
Supply chain simulation is often carried out in general 
purpose simulation software as reported in [81] or using 
special purpose analysing tools as reported in [82]. 
Simulation, as a generic technique, has been identified as 
a suitable tool for the analysis of complex and dynamics 
systems such as supply networks [83]. Computer simula-
tion and simulation models can be used to model com-
plex supply networks close to real systems, execute those 
models, and observe system behaviour. Simulation also 
provides the ability to simulate the effect of particular 
events on supply network performance and experiment-
ing with different scenarios without huge investments 
(time and money) and process disruption [84]. Simula-
tion can be defined as the process of designing an ab-
stract model of a real system and conducting experiments 
with this model for the purpose of either understanding 
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system behaviour or evaluating various strategies within 
the limits imposed by a set of criteria for the operation of 
the system [85]. Simulation enables managers to study 
and evaluate alternative solutions to analyse the effect of 
process or operation modification [86]. 

The simulation based approaches to assess the opera-
tional routines within the domain and the impact of lo-
gistics is not a new concept. Many simulations models 
are increasingly being used for optimization and decision 
making purposes in most of the organizations. The com-
mercially available simulation packages have also being 
increased. Many newer simulation packages now offer 
object-oriented modelling architecture; therefore the simu-
lation applications are more portable and scalable than 
before [87]. Simulation models have been successfully 
used in different domains, such as, berth planning, re-
sources optimization and resource allocation at container 
terminal [88,89], manufacturing activities in an automo-
bile supply chain, automotive industry [90,91], fright 
transportation analysis [92], optimization of supply chain 
network, management and demand uncertainty [93-100]. 
Xiatao et al. [101] and Amalia & Marianthi [102] emer-
gency department in health care [36,103] water resource 
management [104], multiple performance measures [105], 
scheduling system, production line in industry and flexi-
ble transport services [106-108]. 

Discrete Event Simulations 
Discrete event simulation can be particularly useful in 
non-stable environments such as supply networks that are 
characterized by a high degree of interdependences and 
where logistic processes play important role, and also 
there is a need for process optimization [109]. However, 
as a descriptive method, discrete event simulations can 
only be used to perform optimization through “what if” 
case studies involving the comparison of several cases or 
scenarios [101]. Simulations are often developed to check 
the validity of the model or to evaluate its efficiency. It 
permits examination of the behaviour of real world sys-
tem by developing simplified models of real system. It 
can be used to explore the behaviour of artificial systems 
in order to predict what might happen should such a sys-
tem come into existence in the real world [110]. Simula-
tion allows researchers to study processes in ways nature 
prohibits, given that it can be run many times with the 
values of the model parameters modified in each run and 
changes observed in outputs. According to, computer 
simulation can be applied for different purposes, namely 
prediction, performance, entertainment, training, educa-
tion, confirmation and discovery [111]. 

Recently, other techniques have been combined with 
discrete event simulations techniques in supply chain 
domain. Jaroslav and Pavel [96] proposed an integer 
based simulation optimization, where, local search algo-

rithm minimizes the number of evaluations and simula-
tion optimizes the objective function. Carvalho et al. [97] 
presents a supply chain simulation study for an automo-
tive supply chain. The study was to evaluate alternative 
supply chain scenarios for improving supply chain resil-
ience to a disturbance and understanding how mitigation 
strategies affect each supply chain entity performance. 
Taejong et al. [98] proposed a hybrid algorithm for dis-
crete event simulation to reduce the computational load 
and to improve the efficiency of supply chain. Tu Hoang 
et al. [99] combines Integer programming and GA to 
produce supply chain configuration design. Moreover, a 
reference model of supply chain has been established 
based on distributed simulation and business process mod-
elling techniques [100]. Xiatao et al. [101] presents an 
extension to the simulation-based optimization frame-
work for optimizing supply chains under uncertainty. 
Amalia and Marianthi [102] proposed a hybrid simula-
tion optimization approach, where, combination of mathe-
matical programming and agent based simulation model 
has been investigated to minimize the summation of 
production cost, transportation cost, inventory holding 
and shortage costs, subject to capacity and inventory 
balance constraints in a supply chain management. Fur-
ther, Georgiana [112] presents a use of simulation and 
multiple linear regressions to improve operational ineffi-
ciencies of a small scale process industry. Ye et al. [113] 
proposed a simulation-optimization approach to improve 
clinical supply chain management including patient de-
mand and demand scenario forecast. Young et al. [114] 
proposed a combined discrete and continuous simulation 
model for evaluating and optimizing supply chains as 
supply chain systems are neither completely discrete nor 
continuous. Fengli et al. [115] describes the development 
of a simulation model for biofuel supply chain, where 
harvesting or processing, transportation and storage were 
the key activities in the model in order to minimize feed-
stock cost, energy consumption and GHG emissions.  

4. Sawmill Yard Operations  

4.1. Bergkvist Insjön AB—A Case Study 
Bergkvist Insjön AB1 is one of the large privately owned 
sawmills in Sweden with an annual production volume of 
around 400,000 cubic meters. A brief description of the 
work routine has been provided to the sake of clarity. 
Typical operations at the Bergkvist Insjön AB begin with 
the arrival of logs. Trucks loaded with timber arrive at 
sawmill where they are unloaded by a log stacker. 
Unloaded timber is allowed to pass through a measuring 
station in which a human inspector checks for the quality 
of the timber. Further the timber passes through a 3-D 

1http://www.bergkvist-insjon.se/ 

http://www.bergkvist-insjon.se/
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scanner that will determine the type and dimension of the 
wood. Depending upon the type and dimensions, timber 
gets placed into appropriate storage bins which are ranged 
alongside a long transport band. Depending on the pro-
duction requirements, timber from specific storage area 
or storage bins are emptied and fed to the saw mill with 
the aid of a second log stacker. Timber is then passed 
through a second 3-D scanner. The role of the second 
scanner is to double check that the right type and dimen-
sion of timber is being selected for production. Lack of 
proper control at this stage seriously compromises qual-
ity of the end product. Timber that is rejected by the 
second scanner is sent back to the measurement station. 
Such timber are reassigned a new (timber) class and ap-
propriate storage bins as per the new grade and the proc-
ess continues. Upon acceptance, the logs are processed 
and are directed to further stages of production. 

To be able to meet with the production and supply 
challenges, Bergkvist Insjön AB has been constantly up-
dating its resources (for handling operations) over time. 
In spite of the adaptive nature, Bergkvist Insjön AB has 
been facing severe challenges that are threatening the 
overall efficiency and thereby limiting profit margins of 
sawmill. A particular challenge concerns the unexpected 
arrival of trucks loaded with timber. The trucks arriving 
at sawmill have to be unloaded before they can leave. 
Further Bergkvist-Insjön AB is bound to pay certain 
amount of waiting fee to the truck drivers for keeping 
them waiting beyond certain time limit. Unexpected ar-
rival of several trucks within intervals is imposing enor-
mous amount of pressure on the internal resources (log 
stackers). Unexpected arrival of trucks is not an internal 
problem that can be regulated by Bergkvist Insjön AB 
due to the presence of large number of actor’s such as 
small enterprises making delivery of timber, truck drivers, 
timber procurers etc. Informing the truck drivers (prior to 
their arrival) about possible serving times i.e. the best 
time that one could come in to avoid delays, could be 
seen as a way to cope up with the problem. However the 
ability to provide the drivers with arrival information is 
largely dependent on the efficiency and predictability of 
internal operations such as loading and unloading proce-
dures, storage capacity, arrangement of storage bins, 
number of resources, measuring and processing speed 
etc. 

Bergkvist Insjön is facing difficulties in managing 
their resources, especially when many trucks (loaded 
with timber) arrive unexpectedly at the same time. Achiev-
ing better routine to carry out internal operations is es-
sential. Hence, the main objective of this review is to 
investigate and propose a means of optimizing all inter-
nal operations at Bergkvist, thereby helping them to im-
prove overall performance and promote efficiency. Fi-
nally, it is expected that such an improvement will help 

the truck drivers in planning better timber delivery rou-
tines. 

4.2. Future Work 
The efficient optimization of sawmill yard operations is a 
complicated task, involving a variety of factors with 
storage bin arrangements, unexpected arrivals and rejec-
tions. Many traditional solutions based on experiences 
and empirical analysis, which may not represent optimal 
strategy at sawmill yard. Simulation and optimization 
models based on sawmill operational routines is an im-
mediate requirement to examine and evaluate sawmill 
yard operations, bin arrangements and behaviour of log 
stackers. The ultimate goal here is to minimize usage of 
resources and maximize supply of logs to sawmill for 
production. However, the possibility for accomplishing 
this goal could be affected by many constraints, and 
limitations that exit in sawmill yard and its operational 
routines. 

The operational inefficiencies of sawmill yard seri-
ously threatens the overall efficiency and profit margins 
of sawmill. Several types of optimization techniques and 
simulation models can be used to investigate problems 
causing operational inefficiency in sawmill yard. Further, 
new strategies and behaviors can be adopted to improve 
the overall performance in sawmill yard. Problems con-
cerning the sawmill yard operations were studied re-
cently using discrete event simulations [116]. Further, 
discrete event simulation can also be combined with op-
timization algorithms to improve and optimize the opera-
tional routines. As there are several optimization algo-
rithms and each technique have their own benefits, so it 
is left to uses to make a choice of best suitable technique.  

Optimal arrangements of storage a bin is one of most 
important operational inefficiency among others in saw-
mill yard. It takes enormous amount of time to simulate 
all possible arrangements, as n becomes large exhaustive 
search is computationally infeasible. Therefore, an effec-
tive simulation model incorporating Genetic Algorithm 
(GA) to optimize the arrangement could be a promising 
alternative, as GA has been used very efficiently by 
many researchers. Further, agent based simulation model 
or discrete event simulation can be used in combination 
with GA. 

5. Conclusions 
The papers reviewed were from more than 30 different 
Journals (Table 1); it is due to the fact that optimization 
problems are application driven. Hence, most of the pa-
pers reporting the use of Simulation and AI techniques to 
solve optimization problems were found to be published 
in Operation Research Journals and other Journals im-
mediately relevant to the area compared to pure Com- 
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puting or AI based Journals. The current literature review 
has been done with the intention of focussing on the lat-
est advancements and trends provided by employing AI 
techniques to solve operational optimization problems. 
AI based approaches are the most popular techniques 
adopted to solve optimization problems, particularly in 
transportation and logistics domain. Further, simulations 
are also used in combination with the techniques to solve 
uncertainty of a system to predict performance under 
various scenarios. Techniques such as neural networks, 
multi-agent simulation, genetic algorithm, ant colony 
algorithm, simulated annealing, discrete event simulation 
and mathematical programming etc. have been used to 
handle a variety of problems in supply chain domain. 

Identifying the best optimization technique that can be 
combined with simulation models to solve operational 
inefficiencies is impossible since all optimization algo-
rithms, which have been used so far exhibits benefits of 
their own. Therefore it is left to the users to make a 
choice for the most suitable algorithm that can be incor-
porated into simulation model. Moreover, selection of 
appropriate technique depends on the usage, application 
and complexity of the task. It is hoped that this review 
provides a good platform for researchers interested in 
pursuing further work in optimizing sawmill yard opera-
tions. 

An interesting aspect that has been recognised during 
the review was that the combinations of AI techniques 
with simulation models greatly enrich the flexibility of 
problem solving. Therefore, there may be a great poten-
tial for further research either to improve the efficiency 
and effectiveness of existing practice or to create a new 
paradigm by integrating more practical algorithms. The 
operational inefficiencies in different domains have been 
addressed by Simulation and AI based optimization tech-
niques, there are some specific areas which have not yet 
been well explored. The in-house operations of sawmill 
yard logistics, therefore, it is expected that this paper can 
stimulate more research in the field of sawmill yard op-
erations. 
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