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Abstract 

 

In direct reference to the saying “time is money”, nowadays scenario simulations play a key 

role in the tasks people perform. Optimizing the time length of tasks and synchronizing them 

properly is essential to increased profits in any line of business.  

In this thesis the Bergkvist-Insjön sawmill yard process will be computer simulated. As the 

number of trucks arriving at the sawmill is unknown, the unexpected arrival of trucks would 

produce a high pressure on internal resources and handling operations. The aim of this paper 

is to optimize the usage of the resources in the Bergkvist-Insjön sawmill, by running three 

different scenarios built based on the real system simulation. 

Scenario number three, in which a log stacker only has the tasks to unload the trucks and 

supply the measurement station, has been found most efficient. In the simulation of this 

scenario, the number of logs processed by the sawmill is the highest one. Also, the time spent 

by the log stackers between their tasks is the shortest one from all scenarios. 

 

The results of this thesis revealed that the most efficient improvement of the sawmill yard 

would be gained by a different tasks’ priority for the operating log stackers. 

 



Vlad Stefan Degree Project October, 2011 

 E4185D  

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

III 

 

 

 

ACKNOWLEDGMENTS 

 

This dissertation could not have been written without Dr. Siril Yella, who not only served as 

my supervisor but also encouraged and challenged me throughout my academic program. He 

and assistant Asif Ur Rahman Shaik guided me through the dissertation process, never 

accepting less than my best efforts. I thank them both.  

The credit also goes to other faculty members: Dr. Pascal Rebreyend, Dr. Hasan Fleyeh, Dr. 

Westin Jerker, Prof. Mark Dougherty and Mr. Roger Nyberg, without whom I would not have 

reached the final destination of my studies and master thesis.  

I also wish to thank my colleague Sunil Veer Kumar Mandipally, for the team work and 

contributions to our joint thesis project.  

Last but not least I would like to thank my family for their support and confidence in me. 

 

 

 



Vlad Stefan Degree Project October, 2011 

 E4185D  

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

IV 

 

 
Table of Contents 

 

1. Introduction ....................................................................................................................... 1 

1.1 Problem Description ................................................................................................................ 1 

1.2 Proposed Solution ................................................................................................................... 3 

2. Methodology ...................................................................................................................... 4 

2.1 Multi-Agent Systems ............................................................................................................... 5 

2.2 Concepts in Discrete-Event Simulation ......................................................................................... 6 

2.3 World Views:  Orientation for developing a model ...................................................................... 7 

2.4 Steps in Discrete-Event Simulation ............................................................................................... 8 

3. Modelling Process ............................................................................................................. 9 

3.1 Bergkvist-Insjön sawmill yard simulation model ................................................................... 10 

3.1.1:  SawMill Agent ..................................................................................................................... 10 

3.1.2: Measurement Station Agent ............................................................................................... 10 

3.1.3: Pockets Control Agent ......................................................................................................... 14 

3.1.4: Log Stacker Agents .............................................................................................................. 14 

3.1.5: Dispatcher Agent ................................................................................................................. 16 

3.1.6: Truck Agent ......................................................................................................................... 16 

3.1.7: Database .............................................................................................................................. 17 

3.1.8: Graphic User Interface Agent .............................................................................................. 20 

3.2 Unified Modeling Language (UML) ............................................................................................. 21 

4. Software Development .................................................................................................... 22 

4.1 Scenario #1 ............................................................................................................................ 23 

4.2 Scenario #2 .................................................................................................................................. 24 

4.3 Scenario #3 ............................................................................................................................ 25 

5. Discussions ....................................................................................................................... 26 

5.1 Sawmill process speed........................................................................................................... 26 

5.2 Sawmill supply volume in logs ..................................................................................................... 26 

5.3 Trucks waiting times .................................................................................................................... 27 

5.4 Log Stackers time distribution ..................................................................................................... 28 



Vlad Stefan Degree Project October, 2011 

 E4185D  

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

V 

 

 

6. Conclusions and Future Work ....................................................................................... 30 

7. References ........................................................................................................................ 32 

8. Appendix .......................................................................................................................... 33 

A 1 Proposed Input data .................................................................................................................... 33 

A 2: Proposed input data results Evaluation and Comparison .......................................................... 36 

A 2.1 Sawmill process speed ......................................................................................................... 36 

A 2.2 Sawmill supply volume in logs.............................................................................................. 37 

A2.3 Trucks waiting times.............................................................................................................. 37 

A 2.4 Log Stackers time distribution .............................................................................................. 38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Vlad Stefan Degree Project October, 2011 

 E4185D  

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

VI 

 

 

LIST OF FIGURES 

 
Figure 1.1 Bergkvist-Insjön workflow ....................................................................................... 2 
Figure 2.1 Agent Environment ................................................................................................... 5 

Figure 2.2 Agent topology ......................................................................................................... 5 
Figure 3.1 Database trucks table description ........................................................................... 17 
Figure 3.2 Truck Distribution in time ...................................................................................... 17 
Figure 3.3 Logs Distribution .................................................................................................... 17 
Figure 3.4 Simulation database input data between 05:32 and 12:08 ...................................... 18 

Figure 3.5 Simulation database input data between 12:08 and 23:59 ...................................... 19 
Figure 3.6 Graphic User Interface ............................................................................................ 20 
Figure 3.7 Model UML Class Diagram ................................................................................... 21 

Figure 4.1 Scenario 1 UML Class Diagram ............................................................................. 23 
Figure 4.2 Third Buffer ............................................................................................................ 23 
Figure 4.3 Scenario 2 UML Class Diagram ............................................................................. 24 
Figure 4.4 Scenario 3 UML Class Diagram ............................................................................. 25 

Figure 5.1 Trucks' waiting time................................................................................................ 27 
Figure 5.2 Model time distribution .......................................................................................... 28 

Figure 5.3 Scenario 1 time distribution .................................................................................... 28 
Figure 5.4 Scenario 2 time distribution .................................................................................... 29 

Figure 5.5 Scenario 3 time distribution .................................................................................... 29 

file:///C:\Users\VIS\Desktop\Discrete%20Event%20Simulation%20of%20a%20Sawmill%20Yard%20Using%20Multi-Agent%20System.doc%23_Toc307836427
file:///C:\Users\VIS\Desktop\Discrete%20Event%20Simulation%20of%20a%20Sawmill%20Yard%20Using%20Multi-Agent%20System.doc%23_Toc307836428


Vlad Stefan Degree Project October, 2011 

 E4185D  

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

VII 

 

 

LIST OF TABLES 
 

Table 1: The Bergkvist-Insjön 2009/2010 Pine Logs Distribution .......................................... 12 
Table 2: The Bergkvist-Insjön 2009/2010 Spruce Logs Distribution ...................................... 13 
Table 3: Log Stackers Timing .................................................................................................. 15 
Table 4: Sawmill speed ............................................................................................................ 26 
Table 5: Sawmill supply volume in logs .................................................................................. 26 

Table 6: Trucks waiting time ................................................................................................... 27 
Table 7: Log Stackers time distribution ................................................................................... 29 



Vlad Stefan Degree Project October, 2011 

 E4185D  

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

 

1 

 

 

1. Introduction 

 

Bergkvist-Insjön sawmill yard is described in Section 1.1 and the proposed 

improvements are briefly described in Section 1.2. The proposed improvements are presented 

as distinct simulations ran on a sawmill model.  

 

1.1 Problem Description 

Technology offers various synthetic compounds as alternative raw materials for 

furniture manufacturing; however wood is still widely used around the world. One of the first 

steps in the process of making furniture is turning the tree logs into boards. This is usually 

done in sawmills.  

Bergkvist-Insjön is the largest sawmill in Sweden “owned by one family”. At this 

sawmill, located in a small town from Dalarna prefecture in Sweden, Insjön, there are 150 

employees 
[1]

.    

About 86% of the production is exported. To successfully accomplish this, a container 

terminal is used on Insjön property. In 2006 the Bergkvist-Insjön invested and incorporated 

the latest technology in Europe for sawing industry. This development changed their status 

from being a traditional Swedish sawmill to a high technology one.   

The sawing process is done according to each customer’s preferences, such as 

dimension, drying, planning, strength classification and quality. 

 The estimated production of 300.000m3/year is 60% (180.000 m3/year) whitewood 

(white spruce) and 40% (120.000 m3/year) redwood (red pine) 
[2]

. 

The products sawn from whitewood are specifically dried to be used as lamina, and 

are exported to Japan and Europe.  Also, the products sawn from redwood are dried for 

lamina use and for furniture. 

The Bergkvist-Insjön is the first sawmill company in Europe that was JAS certified in 

2003. The products sawn in JAS certified facilities meet the Japanese construction standards. 

Also, Bergkvist-Insjön is licensed from 1999 by the United States West Coast Lumber 

Inspection Bureau (WCLIB). This means that they provide products according to the 

American rules and measuring specifications. 
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The sawmill workflow can be described in four distinct operations as follows:  

1. Trucks unloading 

2. Measurement station buffer supply 

3. Measurement Station Pockets unload into Sorted Timber Yard 

4. Sawmill Buffer supply with requested log class from Sorted Timber Yard. 

All these tasks described below are accomplished by two distinct log stackers as 

shown in Figure 1.1. More details regarding the sawmill yard operations can be found in 

Chapter 3. 

 

 
Figure 1.1 Bergkvist-Insjön workflow 

 

The aim of this thesis is to simulate by computer the Bergkvist-Insjön AB Sawmill 

yard operations. Based on this simulation, different scenarios will be run in order to observe 

how they would affect the sawmill’s performance under different conditions.  

This simulation was developed in collaboration with my colleague, Sunil Veer Kumar 

Madipally. For this shared project six different scenarios were developed. They will be briefly 

described in the proposed solution Section.  

An important mark for this project is that the access to the Bergkvist-Insjön AB 

Sawmill yard Global Positioning System (GPS) data was not provided. 
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1.2 Proposed Solution 

For the Bergkvist-Insjön AB Sawmill yard computer simulation the discrete-event 

simulation type was chosen as a proposed solution.  

The Discrete-event simulation can be defined as a modeling of the system in terms 

of its state at each point of time.  The state variables are changed only at a discrete event 

occurrence.  

In order to be able to draw conclusions, my colleague, Sunil Veer Kumar 

Madipally and me, developed, ran and analyzed six distinct simulation scenarios. In the 

following they will be briefly described. 

Scenario 1 represents the developed simulation with the third buffer at the 

measurement station. This scenario was developed, run and analyzed in the present paper. 

A more detailed view of this scenario can be found in Section 4.1. 

 Scenario 2 is the developed simulation with the third buffer at the measurement 

station but without taking into consideration the ground deposit of the arrived trucks. This 

scenario will also be presented more in depth in Section 4.2. 

Scenario 3 is the developed simulation with a different task priority for the log 

stackers.  This scenario is further detailed in Section 4.3. 

The other three scenarios imply the developed simulation without the ground 

deposit of the arrived trucks, the developed simulation with only one log stacker operating 

and the developed simulation with a different task priority for the log stackers but without 

the ground deposit of the arrived trucks. The details on these three scenario simulations 

can be found in my colleague’s Sunil Veer Kumar Madipally’s  thesis.  
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2. Methodology 

 

A lot of research was done in computer simulations, and many researchers have 

proposed different types of simulations.   

In this thesis the discrete event simulation will be used with the Multi-Agent 

system, as it is the most suitable for the sawmill yard simulation. In discrete event 

simulation, the system is modeled in terms of its state at each point in time.  

 

The main types of the computer simulations are briefly presented below:  

 Static simulation: Also called Monte-Carlo simulation, generates random numbers, with 

the probability of a given value being determined by the associations of random numbers 

to that variable.  These simulations are not applicable in the sawmill environment. 

 Dynamic simulation: The dynamic simulation is done by stepping through a time interval 

and calculating the integral of the derivatives by approximating the area under the 

derivative curves. These simulations are likewise not applicable in the sawmill 

environment. 

 Stochastic simulation: These simulations are based on transition probabilities per unit 

time, and they are again not applicable here. 

 Deterministic simulation: These simulations are based on a model that contains 

determined variables which are classified (nothing random). They are also not applicable 

in this project. 

 Continuous simulation: This model uses a continuous flow of inputs to build a 

simulation.  Continuous simulations may be used in the sawmill environment under 

specific circumstances. 

 Discrete-event simulation: These simulations are based on state variables, which are 

changed only at a discrete set of points in time.   
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2.1 Multi-Agent Systems 

A multi-agent system is one that consists of a number of agents, which interact 

with one-another. In other words, the agents will be acting on behalf of users with 

different goals and motivations. To successfully interact, they will require the ability to 

cooperate, coordinate, and negotiate with each other. 

  

 

 

 

 

 

 

 

Agents which have some degree of autonomy can cooperate with other agents on 

tasks and activities, for their own or for mutual benefit.  Agents communicate in order to 

better achieve either their own goals or those of the society/environment in which they 

exist. 

Also, the agents can be defined in three behavioral attributes
 [3]

: 

 

 Autonomy:  

 Co-operation   

 Learning 

 

 

 

 

 

 

 

 “An intelligent agent is an entity that is capably of flexible autonomous action, in 

some environments”
[4]

. The flexible autonomy of an agent can be described in terms of 

reactive, proactive and social characteristics of an agent. 

The reactive characteristic is defined by intelligent agent’s ability to see their 

environment and take action to changes what happen in it, in order to satisfy their 

objectives. 

 

Figure 2.1 Agent Environment 

Figure 2.2 Agent topology  
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The proactive characteristic can be described as intelligent agents who are able to 

show their goal by directed behavior. They take the initiative in order to satisfy their 

designed objectives. 

The social characteristic is defined by intelligent agents who are capable to work 

together with other agents (and possibly humans), in order to achieve their designed 

objectives. Intelligent agents can select a specific protocol for their interaction, such as 

inform, request-inform, request-when inform, advertisement and brokering. 

 

2.2 Concepts in Discrete-Event Simulation 

There are several main concepts in the Discrete-Event Simulation, which are 

briefly described in the following 
[5]

:  

 The System is a collection of entities that interact together over time to accomplish one or 

more goals. In this case, the system there will be the Bergkvist-Insjön sawmill yard. 

 The Model is an abstract representation of the system. Usually it contains structural, 

logical or mathematical relationships to describe the system. This description is made in 

terms of entities, their attributes, sets, processes, events, activities, and delays.   

 The System State is collection of variables that contain all the information necessary to 

describe the system at any time.  In other words, the system state is given by the entities’ 

status. 

 The Entity is an object or component in the system, which requires explicit representation 

in the model. In this work the entities will be: the Sawmill, Measurement Station, Log 

Stacker 1, Log Stacker 2, Dispatcher, Measurement Station Pockets and the Trucks. 

 The Attributes are the properties of a given entity. In this case, a Log Stacker can be busy 

or free.  

 The Queue is a collection of associated entities, ordered. In this paper there will be a 

queue of the trucks, ordered by their arrival time.  

 The Event is an instantaneous occurrence that changes the state of the system. It can be 

the arrival of a new truck, the sawmill’s requirement for logs, etc.  

 The Event Notice is a record of an event to occur at a moment, along with associated 

data, necessary to execute the event. In this simulation there will be messages between 

agents containing the associated information.  These messages will be ranked in the Event 

List by the event notice time. 
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 The Activity has a duration of time of specified length, which is known once the activity 

has begun. For example it will last precisely 10 minutes for the Measurement Station to 

sort one truck. 

 The Delay is the duration of time of unspecified time length, which is not known until this 

has come to an end. In this simulation there will be a delay for the trucks until the 

Measurement Station buffer will be released.  Thus, it can be stated that the truck unload 

process is a Conditional Event. 

 The Clock is a variable representing the simulated time. 

 

2.3 World Views:  Orientation for developing a model 

The three main approaches in a model development process will be briefly 

described as follows.  

2.3.1. Event scheduling Algorithm: This algorithm is based on the sequence of 

the actions that a model must perform to advance the clock and built a new system 

snapshot.   

The main steps are described below: 

 Remove the event notice from the event list, for the eminent event; 

 Advance the clock to imminent event time; 

 Execute imminent event, update the system state, change the entity attributes, and set the 

membership as needed; 

 Generate future events (if necessary) and place their event notice on event list, ranked by 

the event time; 

 Update cumulative statistics and counters. 

 

2.3.2. Process interaction: This approach is based on time sequenced list of 

events, activities and delays that define the lifecycle of one entity, as it moves through a 

system.  Usually many processes are active simultaneous in a model, and the interaction 

among processes can be quite complex. 

 

2.3.3. Activity scanning: In contrast to the process interaction, this orientation 

uses a fixed time increment and a rule based approach to decide whether any activities can 

begin, at each point in simulated time. In other words, at each clock advance, the 

conditions for each activity are checked. If the conditions are true, then the corresponding 

activity begins. 
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2.4 Steps in Discrete-Event Simulation 

The entire development process of a Discrete-Event simulation can be briefly 

described in a few steps. 

1. Problem formulation: At this point, the problem statement is defined;  

2. Setting of objectives and overall project plan: The next step is to define the 

simulation objectives (questions to be answered) and the overall project plan to 

accomplish the objectives.  A plan can also be defined as a statement of the simulated 

system and a method to evaluate it.  

3. Model conceptualizations: At this step, the essence of the real system is 

comprehended. Best way to do this is to start with a simple model and built toward 

greater complexity.  This complexity needs to not exceed the one required to 

accomplish the purpose; 

4. Data collection: “There is a constant interplay between the construction of the model 

and the collection of the needed input data” 
[6]

; 

5. Model translation: To accomplish this step, the Unified Modeling Language (UML) 

was used; 

6. Model Verification: This step was accomplished by comparing the model with the 

Bergkvist-Insjön real sawmill yard; 

7. Model Validation: Also, this step it was accomplished by comparing with the 

Bergkvist-Insjön sawmill yard; 

8.  Experimental design: This step is considered as being one of the most difficult. In 

order to accomplish it the JADE (Java Agent DEvelopment Framework) and MySQL 

tools were used; 

9. Production run and analysis: Many runs were made through this simulation 

development. Based on their results, the experimental design was improved; 

10. More Runs; 

11. Documentation and reporting: Here the simulation achievements are presented.  

Based on this, the responsible persons can decide if the initial investment is worth 

making or not; 

12. Implementations: This step will not be accomplished by the present thesis work; 
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3. Modelling Process 

 

A Model can be described as an abstract representation of the system. Usually it 

contains structural, logical or mathematical relationships to describe the system. This 

description is made in terms of entities, their attributes, sets, processes, events, activities, 

and delays.   

In the modeling process, the “activities to the actors” approach was used. In this 

way, the existing activities in the sawmill yard will first be identified, and after that, the 

suitable actors will be indentified. 

Following this approach, the agents were modeled with the proper communications 

between them. In this way, if one agent is busy doing a task, then another capable agent 

will carry on this task, instead of changing the agent state to idle. By modeling the 

communications between the actors, the waiting time will be reduced and an efficient 

management of the available resources in the Bergkvist-Insjön sawmill yard will be 

provided. 

In order to more clearly describe the designed model, the Unified Modeling 

Language (UML) methodology was used. 

The Agent Oriented Modeling Process can be briefly described in 4 steps as 

following:  

1. Agent Modeling: Conceptualize the entities as agents with roles and 

responsibilities.  At this step we define the agent classes and the interactions between them.  

Also, here we define the agent’s internal states. 

2. Agent Abstractions:  Create high level agent classes (without unnecessary 

details). At this step we generalize the model and define the cooperation between the agents.  

3. Agent-Oriented Analysis: Process which includes all activities to discover, 

document and maintain the set of specifications. This step is defined by the following steps:       

 Identifying all Actors; 

 Determining the Roles; 

 Determine the Interactions between Actors; 

 Removing Duplicate and Redundant Information; 

4.   Agent-Oriented Design: Process where the Agent Model is created. Steps : 

 Designing various Agent Classes; 

 Defining Agent Interactions; 

 Generalization and Aggregation; 

 Identifying Behavioral Abstractions in cooperative societies; 
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3.1 Bergkvist-Insjön sawmill yard simulation model 

During the modeling process, nine distinct actors were identified and developed, 

each of them with a specific function.  Also, at this stage, the communications between 

the actors were defined. 

In the following, each actor and the communications between them, in the 

designed simulation, will be briefly described. 

 

3.1.1:  SawMill Agent  

 

The main function of the Bergkvist-Insjön sawmill yard is to process the raw logs 

provided by the forest owners. In reality, this task is accomplished by the Sawmill factory.  

In this thesis simulation, the Bergkvist-Insjön sawmill, will be defined as an agent. 

The sawmill agent will start the operations at 8 o’clock AM. 

The sawmill agent will process one log every 3 seconds (1200 logs per hour), and 

only one type of log during the simulation. In this project, the F11 pine class is to be 

processed. 

The sawmill agent is also defined with a buffer of maximum 300 logs. When the 

sawmill factory starts a new process cycle, the agent is emptying the buffer and sends a 

message to the log stacker, to refill the buffer.  

In order to improve the Bergkvist-Insjön sawmill yard performance, the sawmill 

agent will first search after the nearest free log stacker, in order to refill. If both log 

stackers are busy, then the agent will call the nearest one. 

Due to technical issues, the sorted log deposits will be managed by the Sawmill 

agent. There are 31 deposits for the pine sorted logs (F) and 49 deposits for the spruce 

sorted logs (G). 

 

3.1.2: Measurement Station Agent 

 

In order to function properly, the sawmill factory needs to be supplied with a 

specific class of logs. The sorting process is made by a third party actor between the 

Bergkvist-Insjön sawmill yard and the logs owners, the measurement station. 

In this simulation the measurement station will be represented by a distinct agent 

that will start the operations at 6 o’clock AM. 



Vlad Stefan Degree Project October, 2011 

 E4185D  

 

 
Dalarna University  Tel: +46(0)23 7780000 
Röda vägen 3S-781 88  Fax: +46(0)23 778080 
Borlänge Sweden   http://www.du.se 

11 

 

 

The measurement station agent will sort one truck in 10 minutes. Even the number 

of logs can vary from a truck to another; the sorting time is taken as average time spent for 

sorting trucks.  Also, the measurement station agent is defined with two distinct buffers 

that can each load a truck.  

When the measurement station starts a new process cycle, the agent is emptying 

the first buffer, and shifts the second buffer with the first one.  

At the end of the each process cycle, the measurement station sends a message to 

the pockets control agent to check the last sorted truck logs type (pine or spruce). This 

message is sent in order to avoid having one of the pockets full.  The pockets control 

function will be modeled into a distinct agent, because of technical issues.  

The sorting algorithm of the provided logs is built on the last two years classified 

and processed logs data. Based on this historical data, a ratio of each class, from the total 

number of processed logs, of the specific type, was developed. The F class pockets are for 

the pine type logs and the G class pockets are for the spruce type logs. These ratios are 

presented rounded to 3 decimals in the Tables 1 and 2 for each pocket.  

In this way, when the measurement station receives one truck to sort, the agent is 

increasing the corresponding type pockets by the truck number of logs multiplied with the 

above mentioned ratios. This is one of the problems in this simulation: the number of logs 

in the pockets is not a realistic one, as it is not integer. (e.g. 170*0.002 is 0.34, which is 

not happening in reality). 

To solve this problem, the pockets log number decrease was modeled to be done 

with precisely 80 logs.  In this way, the sawmill agent is operating on integer numbers. 
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Table 1: The Bergkvist-Insjön 2009/2010 Pine Logs Distribution 

Logs Type Total nr. of logs Class Number of logs Class Ratio  

Pine 1680185 

F13 25257 0.015 

F14 58547 0.035 

F14 L 41 15629 0.009 

F15 117008 0.070 

F16 47405 0.028 

F16 L 41 67602 0.040 

F17 L 41 115396 0.069 

F17 L 51 78254 0.047 

F18 81402 0.048 

F18 L 51 42609 0.025 

F19 L 41 95527 0.057 

F19 L 51 69099 0.041 

F20 41398 0.025 

F20 L 41 73599 0.044 

F20 R 74732 0.044 

F21 56133 0.033 

F21 R 84782 0.050 

F22 43866 0.026 

F22 L 41 44941 0.027 

F22 R 67846 0.040 

F23 89824 0.053 

F24 78668 0.047 

F25 75523 0.045 

F26 38746 0.023 

F27 39548 0.024 

F28 15075 0.009 

F29 18144 0.011 

F30 14753 0.009 

F32 5844 0.003 

F35 2171 0.001 

F37 863 0.001 
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Table 2: The Bergkvist-Insjön 2009/2010 Spruce Logs Distribution 

Type 
      Total 
nr. of logs Class 

Number 

of logs 

Class 

Ratio Class 

Number 

of logs 

Class 

Ratio 

Spruce 1219249 

G13 28734 0.021 

   
G14 40724 0.032 

   
G15 L 41 49757 0.038 

   
G15 L 51 17852 0.014 

   
G16 L 41 39831 0.031 G28 L 41 4456 0.003 

G16 L 51 17416 0.014 G28 L 56 9945 0.008 

G17 L 41 68851 0.053 G28 L 61 5323 0.004 

G17 L 51 35787 0.029 G30 L 41 3742 0.003 

G18 L 41 77344 0.064 G30 L 56 7708 0.007 

G18 L 51 85421 0.071 G30 L 61 4240 0.004 

G18 L 61 25930 0.022 G32 L 41 1641 0.001 

G19 L 41 62150 0.052 G32 L 56 4188 0.004 

G19 L 51 70294 0.059 G32 L 61 2289 0.002 

G20 L 41 53107 0.044 G34 L 41 1082 0.001 

G20 L 51 67807 0.057 G34 L 56 2641 0.002 

G20 L 61 22523 0.019 G34 L 61 2197 0.002 

G21 L 41 33915 0.028 G37 1606 0.001 

G21 L 51 49897 0.042 

   G21 L 61 19462 0.016 

   G22 L 41 30459 0.026 

   G22 L 51 39330 0.033 

   G22 L 61 18092 0.015 

   G23 L 41 22254 0.019 

   G23 L 51 21077 0.018 

   G23 L 56 3782 0.003 

   G23 L 61 13672 0.011 

   G24 L 41 28803 0.024 

   G24 L 51 10546 0.009 

   G24 L 56 22697 0.018 

   G24 L 61 12705 0.011 

   G25 L 41 12529 0.009 

   G25 L 56 22571 0.019 

   G25 L 61 11914 0.010 

   G27 L 41 7222 0.005 

   G27 L 56 15791 0.013 

   G27 L 61 7959 0.007 
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3.1.3: Pockets Control Agent 

 

As mentioned before, the measurement station is sending a message to the pockets 

control agent at the end of each sorting cycle. This message contains the last sorted truck 

log type. 

The pockets control agent checks all pockets of the received type every 90 

seconds. In other words, if the last truck sorted by the measurement station was a pine 

one, the pockets control agent checks at each 90 seconds all pockets between F13 and 

F37.  If one of the pockets is full, the pockets control sends a message to the log stacker. 

After 90 seconds, the pockets control starts a new checking cycle. 

Also, in order to improve the simulation, the pockets control agent will first search 

after the nearest free log stacker, in order to release the pocket full. If both log stackers are 

busy, then the agent will call the nearest one. 

 

3.1.4: Log Stacker Agents 

 

The log stacker agents are one of the most important resource of the Bergkvist-

Insjön sawmill yard. Their role is to handle the provided logs during all process in the 

sawmill yard.  

The log stacker agents will start the operations at 6 o’clock AM. In the following, 

the log stacker’s tasks will be briefly described, into sawmill’s yard order. 

 At the beginning, the provided logs are unloaded from the truck, into one of the 

measurement station buffers if one of them is free. If the measurement station buffers are 

both full, then the log stacker will unload the truck on the ground. 

If one of the log stackers is free, and also one of the measurement station buffers is 

free, then the log stackers will check the ground after deposited logs. If there are ground 

deposited logs, then the log stacker will load one batch into the measurement station’s free 

buffer.   

After the logs are sorted by the measurement station agent, the log stacker agents 

transfers the sorted logs from the measurement station pockets to the sorted log deposits, 

managed by the sawmill agent.   

At the end, the most important task for both log stackers is to supply the sawmill 

agent with the required class logs.  

The priority of these operations is different between the log stacker agents, as it 

will be presented into each log stacker description. 

An important detail of this model consists of the time spent on the move between 

tasks for each log stacker agent. These timings are presented in Table 3.   
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Table 3: Log Stackers Timing 

 

 

 

 

 

 

 

Each log grabbing operation is determined to last 30 seconds.   

The truck unloading process is defined to last 300 seconds, due the fact that this 

task is made by several grabs and movements between the truck and measurement station. 

This means that will last 5 minutes to unload a truck into a measurement station pocket or 

a ground deposit.  

If the truck is unloaded into the ground, then the truck logs measurement process 

will be extended to 10 minutes. Five minutes to unload on the ground, and another 5 

minutes to load the measurement station buffer from the ground.  

Another interesting point of view is that to load both measurement station buffers 

is taking 10 minutes. Also, in 10 minutes the measurement station processes one buffer. In 

this way, the first load on the measurement station will last 15 minutes, by filling three 

buffers, if there are enough logs. Due to this fact, the time until the next buffer load can be 

extended to 10 minutes, leaving 5 minutes to process the current batch, and another 10 

minutes to process the next buffer. 

For example, if one truck is to be unloaded and the required log stacker is placed at 

pocket G, then the total time spent on this task will be 420 seconds, described as follows:  

 Traveling from the pocket G to the truck will last 120 seconds; 

 Unloading of the truck will last 300 seconds (There are several grabs and time spent 

between the truck and the measurement station); 

The sawmill supply task is accomplished by three distinct movements between the 

sawmill buffer and the specified deposit.  Since we can’t predict precisely where the log 

stacker will be at the required moment, this time can vary. 

If, for example, the sawmill is to be supplied with F11 logs and the required log 

stacker is placed at the measurement station (truck), then the total time spent on this task 

will be 540 seconds, as described in the following:  

 Traveling from the truck to the pocket F11 will last 60 seconds; 

 Grabbing of the F11 logs will last 30 seconds;  

 Traveling from the pocket F11 to the sawmill  will last 60 seconds; 

 Unloading the grab in to the sawmill buffer will last 30 seconds; 

 Traveling from the sawmill to the pocket F11 will last 60 seconds; 

 Grabbing of the F11 logs will last 30 seconds;  

Travelling Sawmill Truck Pockets F Pockets G 

Sawmill 0 90 60 90 

Truck 90 0 60 120 

Pockets F 60 60 0 90 

Pockets G 90 120 90 0 
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 Traveling from the pocket F11 to the sawmill  will last 60 seconds; 

 Unloading the grab in to the sawmill buffer will last 30 seconds; 

 Traveling from the sawmill to the pocket F11 will last 60 seconds; 

 Grabbing of the F11 logs will last 30 seconds;  

 Traveling from the pocket F11 to the sawmill  will last 60 seconds; 

 Unloading the grab in to the sawmill buffer will last 30 seconds; 

The full pocket unload task is modeled to last 60 seconds, plus the time spent 

between the current place of the required log stacker to the pocket which is full. 

3.1.4.1: Log Stacker 1 Agent 

The log stacker 1 agent will treat the full pockets unload with the highest priority, 

followed by the task sawmill log supply task.  At the end of priority queue will be truck 

unload task. 

3.1.4.2: Log Stacker 2 Agent 

The log stacker 2 agent will treat the sawmill log supply task with the highest 

priority, followed by the full pockets unload task. At the end of priority queue will be the 

truck unload task. 

 

3.1.5: Dispatcher Agent 

 

The main task of the dispatcher agent is to connect to the MySql database, read the 

trucks table and lunch the truck agents according to the database input data. 

As a simulation improvement, the dispatcher agent will first search for the nearest 

free log stacker, to unload the newly launched truck. If both log stackers are busy, then the 

agent will call the nearest one.  

First truck agent is lunched at beginning of the simulation, the following truck 

agents are created according to the database time span between the arriving time records. 

After the last truck lunching, the dispatcher agent leaves the simulation. 

 

3.1.6: Truck Agent 

 

The only truck agent task is to wait after a message from the log stacker, according 

to which the truck is unloaded. After receiving this message, the truck agent will leave the 

simulation. 

Each truck can transport between 170 and 250 logs of Pine or Spruce and it is 

identified by his unique identity code.  
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3.1.7: Database  

In order to give more flexibility to this simulation, a database is used for the input 

data. In this way, the input data can be changed without affecting the simulation’s internal 

mechanism. In this model, the database input table, trucks, will have the structure 

presented in the Figure 3.1.  

 

Figure 3.1 Database trucks table description 

For this simulation, the input is defined to reproduce the real situation on 25th of 

March, 2010. On 25th of March, 2010, 123 trucks arrived between 05:32 and 23:59 as 

shown in Figure 3.2.  This day was identified as the busiest one of the year 2010. 
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Figure 3.2 Truck Distribution in time 

  

                                                

 

 

 

 

 

 

 

 

 

Figure 3.3 Logs Distribution 
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Each truck characteristics are presented in the Figures 3.4 and 3.5.  

 

Figure 3.4 Simulation database input data between 05:32 and 12:08 
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Figure 3.5 Simulation database input data between 12:08 and 23:59 
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3.1.8: Graphic User Interface Agent  

 

The role of the graphic user interface is to dynamically present graphically all 

interactions between the actors of this simulation as shown in Figure 3.6. In order to have 

the graphic interface connected to the rest of the agents, a graphic user interface agent was 

created with the ability to communicate with other agents. 

 

 

Figure 3.6 Graphic User Interface 
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3.2 Unified Modeling Language (UML) 

The Unified Modeling Language (UML) is a standardized general-

purpose modeling language, in the field of object-oriented software engineering [7]. 

The UML diagrams represent two different views of the model: 

 Static / Structural view: describes the static structure of the system, using objects, 

attributes, operations and relationships between the system components.  

 Dynamic / Behavioral view: describes the dynamic behavior of the system, by showing 

the collaborations between objects, and the changes occurred in the internal states of the 

system objects. 

In this work the ArgoUML Software is used to represent the Bergkvist-Insjön 

sawmill yard simulation model, as seen in the Figure 3.7. ArgoUML is 

an UML diagramming application written in Java and released under the open 

source Eclipse Public License.  

 

 
Figure 3.7 Model UML Class Diagram 
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4. Software Development 

 

For the implementation of the previously described model, the JADE solution 

(Java Agent DEvelopment Framework) was used, as it is the closest solution to 

developing a multi-agent system.  Also, the “Developing Multi-Agent Systems with 

JADE” 
[8]

 book was a significant support in the software developing process. 

According to Telecom Italia, which distributes the software for free under the 

terms of the LGPL (Lesser General Public License Version 2), JADE is a software 

Framework fully implemented in Java language 
[9]

.  It simplifies the implementation of 

multi-agent systems through a middle-ware that complies with the FIPA 

specifications and through a set of graphical tools that supports the debugging and 

deployment phases. 

The Foundation for Intelligent Physical Agents (FIPA) defines and controls the 

above mentioned specifications, under a collection of standards, which are intended to 

promote the interoperation of the agents and the services that they offer.  

For the developing this simulation in JADE, the NetBeans Integrated Development 

Environment (IDE) 7.0, available for free at http://netbeans.org was used 
[10]

. This choice 

was made because of the NetBeans IDE intensive usage during the Distributed 

Knowledge Engineering laboratories.  

The database model component was developed and maintained in MySQL 

software. MySQL is a relational database management system (RDBMS) which was 

chosen because of its easy implementation with java environment. 

MySQL development project has made its source code available under the terms of 

the General Public License (GNU), as well as under a variety of proprietary agreements. 

MySQL was owned and sponsored by a single for-profit firm, the Swedish 

company MySQL AB, now owned by Oracle Corporation 
[11]

. 

MySQL database has become the world's most popular open source database 

because of its high performance, high reliability and ease of use. Many of the world's 

largest and fastest-growing organizations including Facebook, Google, Adobe and Alcatel 

Lucent rely on MySQL to save time and money powering their high-volume Web sites, 

business-critical systems and packaged software 
[12]

. 

In this thesis, six distinct simulation scenarios were developed, in order to observe 

how different improvements will affect the Bergkvist-Insjön AB Saw Mill performances, 

under different aspects. 
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4.1 Scenario #1 

Scenario number 1 was developed by me, as the model with the improvement of 

the third measurement station buffer access, as seen in Figure 4.1. In other words, the log 

stackers will be able to load three trucks into the measurement station. If it is assumed that 

the measurement station is running in this time, the only gain is that for every 25 minutes 

worked, the log stacker will have a 20 minutes brake from the measurement station, as 

shown into Figure 4.2.  

 
Figure 4.1 Scenario 1 UML Class Diagram 

  

Figure 4.2 Third Buffer 
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4.2 Scenario #2 

Scenario number 2 was also developed by me, as the model with the third 

measurement station buffer and without the ground deposit of the logs, before their 

measurement process, as seen in Figure 4.3. The lack of the ground deposit translates into 

a significant increase of the waiting time for the arrived trucks. 

 

 

 

Figure 4.3 Scenario 2 UML Class Diagram 
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4.3 Scenario #3 

Scenario number 3 was developed by me, as the model with the particularization 

of the log stacker tasks, as seen in Figure 4.4. In this scenario, log stacker 1 only has the 

tasks to unload the arrived trucks and supply the measurement station. Log stacker 2 has 

two tasks, to supply sawmill with the required logs, and to unload the measurement station 

full pockets. 

 

       

Figure 4.4 Scenario 3 UML Class Diagram 
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5. Discussions 

 

In this chapter, the model and scenarios developed by myself will be evaluated and 

compared. In order to strengthen the quality of the designed model, the results for 

different input data can be found in the Appendix.  The evaluation and comparison 

process will be done under four different evaluation scales, as follows: 

 

5.1 Sawmill process speed 

At this scale, the sawmill performance is evaluated in number of processed logs 

and breaking time. Sawmill processing is the final step in the sawmill yard, therefore 

sawmill processed logs, measures the overall sawmill performance.  

As stated before, the sawmill processes one log every 3 seconds, 1200 logs every 

hour, therefore the sawmill performances depends directly on the speed at which the 

buffer is filled. In other words, if the log stackers are failing to fill the sawmill buffer in 

sufficient time, then sawmill will stop, until the buffer is filled.  

Table 4 indicates that the second and the third scenarios have the most significant 

improvement of the sawmill yard performances.  Also, it strengths the connection between 

the sawmill yard performances and length of the brakes. 

 

Table 4: Sawmill speed 

 
Model Scenario 1 Scenario 2 Scenario 3 

Sawmill processed logs 22262 22537 26056 26643 

Sawmill breaks in minutes 231 227 139 11 

 

 

5.2 Sawmill supply volume in logs 

At this scale, the sawmill supply flow is evaluated in number of provided logs by 

the log stackers. As stated in first scale, the sawmill performance depends directly to 

supply flow. The results presented in Table 5 strengthen the conclusions drawn at the 

previously scale.   

 

Table 5: Sawmill supply volume in logs 

Logs Model Scenario 1 Scenario 2 Scenario 3 

LS1 Sawmill Supply 13328 14581 8963 - 

LS2 Sawmill Supply 8934 7956 17093 26643 
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5.3 Trucks waiting times 

At this scale, the trucks’ waiting time, from the moment they arrive at the sawmill 

yard and until they are unloaded by the log stacker, is evaluated in minutes.  This scale is 

also an important one, since the sawmill owners have to pay if the trucks spend too much 

time waiting. 

At a first look we can notice that the second scenario has an extraordinary increase 

on the waiting time. This is expected since there is no ground deposit of the arrived trucks. 

In other words, trucks are unloaded only in the measurement station buffers, and therefore 

this increase of the waiting time.  

This scale points another gain of the third scenario. 
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Figure 5.1 Trucks' waiting time 

 

Table 6: Trucks waiting time 

Minutes Model Scenario 1 Scenario 2 Scenario 3 

Average 36.3 29.9 176 12.7 

Maximum 123 99 412 48 
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5.4 Log Stackers time distribution 

At this scale, the log stacker time distribution is evaluated in minutes. The log 

stackers’ operating time are one of the most valuable resources of Bergkvist-Insjön 

sawmill yard.  The operating time of a log stacker was split into three distinct parts: 

1. Load time: time spent by a log stacker on a specific task; 

2. Run time: time spent by log stacker moving between different locations on the 

sawmill yard. 

3. Idle time: time spent by log stacker waiting after an assignment. 

 

To increase the overall sawmill yard performance we need to manage as efficiently 

as possible these timings. In other words we want to minimize the run and idle times. In 

Figure 5.2, 5.3, 5.4 and 5.5 these timings are presented for each log stackers, the model 

and each scenario. 

The results of this scale are not as concluding as the previously described scales, 

but they reveal the weakness of the third scenario.  As we can see in table 7, the third 

scenario has one of the highest idle time for log stacker 1 and the highest run time for log 

stacker 2. 
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Figure 5.2 Model time distribution 
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Figure 5.3 Scenario 1 time distribution 
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Figure 5.4 Scenario 2 time distribution 

66%0%

34%

LS1 Load
Time

LS1 Run
Time

LS1 Idle
Time

8%

22%

70%

LS2 Load
Time

LS2 Run
Time

LS2 Idle
Time

 
Figure 5.5 Scenario 3 time distribution 

 

 

Table 7: Log Stackers time distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Minutes Model Scenario 1 Scenario 2 Scenario 3 

LS1 Total Time 1484 1483 1525 1468 

LS1 Load Time 1098 1071 791 975 

LS1 Run Time 255 253 226 1 

LS1 Idle Time 129 155 502 492 

 
 

   
LS2 Total Time 1436 1439 1521 1464 

LS2 Load Time 856 829 907 1027 

LS2 Run Time 301 297 240 318 

LS2 Idle Time 279 311 369 118 
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6. Conclusions and Future Work 

  

As stated before, in scenario number 3 log stacker 1 only has the tasks to unload 

the trucks and supply the measurement station, while log stacker 2 has the tasks to supply 

the sawmill and unload the filled pockets.  

The Discussions chapter revealed that the scenario number 3 has the best 

performance. In this scenario, the sawmill is properly supplied by the log stacker 2, 

therefore the breaks in this process are the shortest. This result translates into the highest 

number of the processed logs out of all three scenarios presented. Additionally, the log 

stacker 2 has the shortest idle time.  

However, scenario number 3 also has one of the highest idle registered times for 

log stacker 1. This drawback can be solved with a good scheduling system for the arriving 

trucks. In this way, the idle time for log stacker 1 can be transformed in non-operating 

time. In other words, the operating time for this log stacker can be strictly defined by this 

scheduling. 

The scheduling system for the arriving truck would allow log stacker 1 to unload 

the trucks directly to the measurement station buffers. By doing this, log stacker 1 can 

avoid the double handling of the logs between the truck and ground deposit, and then to 

the measurement station buffer.   

Scenario 3 also gained the shortest waiting time for the arriving trucks. This is 

expected, since the log stacker 1 is only dedicated to unload the arrived trucks and supply 

the measurement station.  

Another advantage of scenario number 3 is that the running time for both log 

stackers is the shortest. In this way, the log stackers are using their limited time in a more 

efficient manner.  

As far as the other scenarios are concerned, scenario 1 reveals that the 

implementation of the measurement station third buffer would not significantly improve 

the overall sawmill performances. This happens because the measurement station’s 

process speed remains the same: one truck every 10 minutes. If the third buffer would be 

implemented, the trucks’ operating log stacker would be able to take a 20 minutes break 

for every 25 minutes of work. 
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Compared to scenario 1, in the case of scenario 2 there is no access to the ground 

deposit for the arrived trucks. Scenario 2 shows how important it is to find a scheduling 

solution for the arriving trucks. If this scenario were implemented without the scheduling 

solution, the waiting time could easily overcome 6-8 hours for some of the trucks.  

To conclude, after running the simulations for the three scenarios, the highest 

improvement of the Bergkvist-Insjön sawmill yard performances was obtained by using 

scenario number 3. That is, one log stacker is used for unloading trucks and supplying the 

measurement station, while the other one for supplying the sawmill and unloading the full 

pockets.  

As for future work, better surveillance and access to the company’s Global 

Positioning System (GPS) data at Bergkvist-Insjön would be helpful in creating better 

simulations. 

In addition, an interesting idea would be to include in simulation the sawmill trains 

supply together with the trucks supply. The fact that the trains’ capacity is much higher 

than the trucks’ ought to substantially influence the results. 

Regarding the software implementation, there is future work that can be done in 

the measurement station sorting mechanism. In this project the logs distribution ratios 

were used based on the historical data. The drawback is that the sorting process is done in 

real numbers, not in integer ones. A future work to overcome this drawback would be a 

roulette wheel heuristic selection for the sorted logs. This wheel slices can be defined by 

the distribution ratios based on historical data.  

Another technical improvement of this work can be done in regard of the queue of 

arrived trucks.  In this paper, arrived trucks’ queue is processed in “Last In First Out” 

(LIFO) manner. An improvement would be to transform this queue process in “First In 

First Out” (FIFO) manner.  
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8. Appendix 

A 1 Proposed Input data 

In order to give more flexibility to this simulation, a database is used for the input 

data. In this way, the input data can be changed without affecting the simulation’s internal 

mechanism. In this model, the database input table, trucks, will have the structure presented in 

the Appendix 1.  

 

Appendix 1: Database trucks table description 

 

For this simulation, the input is defined as 115 trucks arriving between 6 Am and 

10 Pm as shown in Appendix 2.   

 

Appendix 2: Truck Distribution in time 
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Appendix 3: Logs Distribution 
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Each truck characteristics are presented in the Appendix 4 and 5.  

 

  

Appendix 4: Simulation database input data between 6AM and 3PM. 
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Appendix 5: Simulation database input data between 3PM and 10PM. 
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A 2: Proposed input data results Evaluation and Comparison 

A 2.1 Sawmill process speed 

 

At this scale, the sawmill performance is evaluated in number of processed logs 

and breaking time. As stated before, the sawmill processes one log every 3 seconds, 1200 logs 

every hour, therefore the sawmill performances depends directly by the speed at which the 

buffer is filled. In other words, if the log stackers are failing to fill the sawmill buffer in 

sufficient time, then sawmill will stop, until the buffer is filled.  
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Appendix 6: Sawmill speed 

 

Appendix 7: Sawmill speed 

 
Model Scenario 1 Scenario 2 Scenario 3 

Sawmill processed logs 22702 22375 25412 26582 

Sawmill breaks in minutes 223 210 74 12 
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A 2.2 Sawmill supply volume in logs 

At this scale, the sawmill supply flow is evaluated in number of provided logs by 

log stackers. As stated in first scale, the sawmill performance depends directly to supply flow.  
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Appendix 8: Sawmill Supply 

 

Appendix 9: Sawmill supply volume in logs 
Logs Model Scenario 1 Scenario 2 Scenario 3 

LS1 Sawmill Supply 17302 15589 10398 - 

LS2 Sawmill Supply 5400 6786 15014 26582 

 

A2.3 Trucks waiting times 

At this scale, the trucks’ waiting time, from the moment they arrive at the sawmill 

yard and until they are unloaded by the log stacker, is evaluated in minutes.   

Appendix 10: Trucks waiting time 
Minutes Model Scenario 1 Scenario 2 Scenario 3 

Average 41.8 52.2 90.4 12.1 

Maximum 150 220 321 34 
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Appendix 11: Trucks' waiting time 
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A 2.4 Log Stackers time distribution 

 

At this scale, the log stacker time distribution is evaluated in minutes. The log stacker 

operating time are one of the most valuable resources of Bergkvist-Insjön sawmill yard. 
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Appendix 12: Model time distribution 
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Appendix 13: Scenario 1 time distribution 
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Appendix 14: Scenario 2 time distribution 
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Appendix 15: Scenario 3 time distribution 

 
 

Appendix 16: Log Stackers time distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Minutes Model Scenario 1 Scenario 2 Scenario 3 

LS1 Total Time 1450 1437 1434 1436 

LS1 Load Time 1008 1034 785 880 

LS1 Run Time 245 230 180 1 

LS1 Idle Time 193 173 469 555 

     
LS2 Total Time 1431 1437 1446 1463 

LS2 Load Time 775 743 847 1028 

LS2 Run Time 270 273 234 315 

LS2 Idle Time 384 421 365 120 


