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Abstract 

 

         Bergkvist insjön AB is a sawmill yard which is capable of producing 350,000 cubic 

meter of timber every year this requires lot of internal resources. Sawmill operations can be 

classified as unloading, sorting, storage and production of timber. In the company we have 

trucks arriving at random they have to be unloaded and sent back at the earliest to avoid 

queuing up of trucks creating a problem for truck owners. The sawmill yard has to operate 

with two log stackers that does several tasks including transporting  the logs from trucks to 

measurement station where the logs will be sorted into classes and dropped into pockets  from 

pockets to the sorted timber yard where they are stored and finally from there to sawmill for 

final processing.  

 

The main issue that needs to be answered here is the lining up trucks that are waiting to be 

unload, creating a problem for both sawmill as well as the truck owners and given huge 

production volume, it is certain that handling of resources is top priority. A key challenge in 

handling of resources would be unloading of trucks and finding a way to optimize internal 

resources. 

 

 To address this problem i have experimented on different ways of using internal resources, i 

have designed different cases, in case 1 we have both the log stackers working on sawmill and 

measurement station. The main objective of having this case is to make sawmill and 

measurement station to work all the time. Then in case 2, i have divided the work between 

both the log stackers, one log stacker will be working on sawmill and pocket_control and 

second log stacker will be working on measurement station and truck. Then in case 3 we have 

only one log stacker working on all the agents, this case was designed to reduce cost of 

production, as the experiment cannot be done in real-time due to operational cost, for this 

purpose simulation is used, preliminary investigation into simulation results suggested that 

case 2 is the best option has it reduced waiting time of trucks considerably when compared 

with other cases and it showed 50% increase in optimizing internal resources. 
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Chapter 1  

INTRODUCTION: 

 

1.1 Problem Description: 

Bergkvist Insjön AB is a sawmill yard which is capable of producing 350,000 cubic meters of 

timber every year this requires lot of internal resources. Sawmill operations can be classified 

as unloading, sorting, storage and production of timber. Given huge production volume, it is 

certain that handling of resources is top priority. A key challenge in handling of resources 

would be unloading of trucks. The trucks arriving at sawmill have to be unloaded by log 

stacker before they leave. Unloading has to be done either at measurement station buffer or on 

ground, unloading on ground will cost more than unloading at measurement station buffer. 

However unexpected arrival of trucks within short intervals is causing pressure on internal 

resources. The sawmill deals with 80[49 G-class, 31 F-class] different classes of timber which 

are classified at measurement station before the buffer drops the logs into its concerned 

pockets, these pockets can hold around 100 logs at a time but when a pocket is full the person 

at measurement station will inform to either of the log stacker to empty the pocket for the 

incoming logs, more problems arise when a new truck arrives at this point as it has to wait 

until the log stacker complete unloading the existing truck  causing more delay in the process 

to complete. The log stacker is also responsible for transferring the sorted logs onto the 

sawmill buffer based on the requirements given by the sawmill this is done by using a GPS 

system which indicates the logs placed on ground based on its class, this makes us clear that 

the problem lies in dealing with multiple jobs that operate without proper communication 

resulting in delay in the entire process. 

 

1.2 Proposed solution: 

 

    In order to optimize resources we have to experiment on different ways of using internal 

resources, the way i have experimented is with two kinds of data. The data which is collected 

by me [contains more number of trucks arriving then in a normal day] and another is the data 

given by Bergkvist insjön AB, as the experiment cannot be done in real-time. For this purpose 

simulation is used and has come up with several sets of solutions that have been grouped into 

cases that have been discussed below. 

 

Case 1: In this case I am going to build a generalized model, where both the log stackers will 

be working in coordination. The criteria are that the Sawmill and Measurement station should 

be given first preference. The more detailed explanation can be found in chapter 4.  

 

Case 2: when the company wants to use one Log stacker in dealing with pockets and sawmill 

the other Log stacker will be dealing with Measurement station and Trucks. The more detailed 

explanation can be found in chapter 4.  
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Case 3: Here is an option to choose, when the company wants to continue running both the 

Sawmill and Measurement station only with one Log stacker. The more detailed explanation 

can be found in chapter 4.  

 

Case 4: This is the case where the company wants to use one Log stacker on dealing with 

pockets and Sawmill and the other Log stacker on dealing with Measurement station, Trucks 

and Ground scenario. 

 

Case 5: In this case we include the case 1 and we add another buffer to the Measurement 

station.  

 

Case 6: If the company wants to make Measurement station to sort the log bits faster we have 

to add an additional buffer to the Measurement station and ground Mechanism.    

 

As a part of my thesis I will be implementing Case 1, 2 and 3. The remaining will be 

implemented by my colleague. 

 

1.3 Related Work : 

 

       There are few AI techniques that have been tried using multi Agents system on several 

purposes. 

 

Yue qi Long  has used Multi agent systems in solving different kind of problems. The 

proposed method is based on multi agent system for building a business simulation[1]. The 

proposal is to build a system which can simulate the analyze and design part of a business 

using multi agent system. A multi agent based system modeling method is introduced to the 

design of the business simulation in this paper, and the inner structure and process of the 

business simulation are also analyzed. The goals and key elements of the proposed system is 

to build a business simulation using multi agent system. 

 

Nathan nikotan (et  al) has used multi agent system to schedule software projects[2].The 

purpose of this is to exploit the parallel process of software scheduling and Monte Carlo 

simulation which is used to quantify the risk effect and uncertainty, a genetic algorithms can 

be used to provide a prioritization of tasks. Within a multi-agent system, a broker Agent can 

assign project scheduling tasks to different worker Agents using different project scheduling 

algorithms [2]. 

 

1.4 Objective: 

 

     The main objective of this work is simulating different scenarios and to come up with a 

way to reduce stress on internal resources and to have a smooth flow of operations based on 

the criteria which the company thinks is important.  
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1.5 Agents:  

 

      Agents are considered one of the most important paradigms that on one hand may 

improve on current methods for conceptualizing, designing and implementing software 

systems, and on the other hand may be the solution to the legacy software integration 

problem. 

 

1.5.1 What is an Agent? 

      

       An Agent is a computer system that is capable of independent [autonomous] action on 

behalf of its user or owner [figuring out what needs to be done to satisfy design objectives, 

rather than constantly being told] [3]. 

 

         Moreover, if necessary an agent can be mobile, with the ability to travel between 

different nodes in a computer network. It can be truthful, providing the certainty that it will 

not deliberately communicate false information. It can be benevolent always trying to perform 

what is asked of it. It can be rational, always acting in order to achieve its goals and never to 

prevent its goals being achieved, and it can learn, adapting itself to fit its environment and to 

the desires of its users. 

 

1.5.2 What is Multi-Agent System? 

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

another. 

 

        In the most general case, 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, much as people do. 

 

1.5.3 What is meant by simulation? 

     Simulation is the term applied to the process of modeling the essential features of a 

situation and then predicting what is likely to happen by operating with the model case by 

case, by estimating the results of proposed actions from a series of imaginary experiments 

[imaginary because they are performed on the representation of the situation, the model, 

rather than on the situation itself][4].They are many type of simulations like : 

1. Static or dynamic simulation. 

2. Stochastic or Deterministic simulation. 

3. Continuous or Discrete-event simulation. 
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1.5.4  Static simulation: 

    Some time called as Monte-Carlo simulation, this simulation generates random numbers, 

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

to that variable [5]. By repeating this process a large number of times, a picture of the 

distribution of the output random variables may be built up. This simulation best applied in 

the field of finance, physical sciences, biology .Monte-Carlo simulation works well in areas 

where we have continues flow of inputs, But  we require a simulation method in which state 

variables change at happening of  an events at a given time we don’t have continues flow of 

inputs, So Monte-Carlo simulation method is not applicable in our environment. 

 

1.5.5  Dynamic simulation:   
 

     As mathematical models incorporate real-world constraints, like gear backlash 

(engineering) and rebound from a hard stop, equations become nonlinear. This requires 

numerical methods to solve the equations. A numerical simulation is done by stepping 

through a time interval and calculating the integral of the derivatives by approximating the 

area under the derivative curves. Some methods use a fixed step through the interval, and 

others use an adaptive step that can shrink or grow automatically to maintain an acceptable 

error tolerance. This system works well in fields like vehicle modeling, electric motors, 

econometric models, biological systems, robot arms, mass spring dampers, hydraulic systems. 

In this system the simulation is done base on calculating the effects of a motion for every time 

interval, but we require a simulation method in which state variables change at happening of  

an events at a given time, Dynamic simulation  method is not applicable in our environment. 

 

1.5.6  Stochastic simulation: 

 

    The stochastic simulation developed by Gillespie [Gillespie, 1976] has been employed 

extensively for numerically solving the chemical master equation [Gillespie, 1992] and study 

the evolution in phase space [for example, the species population size Xi, i=1,2,…,N with 

reactions Rj, j=1,…,M as a function of real time]. At time ’t’ the transition probabilities per 

unit time (or propensities) for all M reactions [denoted as Aj for reaction Rj] are computed 

based on the current population Xi, with Xi being an integer. The expressions for the transition 

probabilities per unit time[5]. This system works well in physics and mathematical fields, In 

this system simulation happens based on transition probabilities per unit time, But  we require 

a simulation method in which state variables change at happening of  an events at a given 

time, So stochastic simulation  method is no applicable in our environment. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Mathematical_model
http://en.wikipedia.org/wiki/Backlash_(engineering)
http://en.wikipedia.org/wiki/Backlash_(engineering)
http://en.wikipedia.org/wiki/Backlash_(engineering)
http://www.dion.che.udel.edu/multiscale/Introduction.html
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1.5.7  Deterministic simulation: 

 

    In this simulation model contains no random variables are classified instead we have 

known set of inputs, that will results in a unique set of outputs, This model works well in the 

environment where we know the input values. But we require a simulation method in which 

state variables change at happening of an events at a given time, So Deterministic simulation 

method is no applicable in our environment. 

 

1.5.8 Continuous simulation: 

 

    In this model we have continuous flow of inputs based on which we have simulation is 

done, this flow of inputs may be from different systems. This type of simulation works well in 

fields like Wii stations, commercial flight simulators, jet plane auto pilots, and advanced 

engineering design tools. But we require a simulation method in which state variables change 

at happening of an events at a given time, so continuous simulation method is no applicable in 

our environment. 

 

1.5.9   Discrete-event simulation: 

 

    Discrete event system simulation is the modeling of a system in which the state variable 

changes only at a discrete set of points in the time. The simulation model is analyzed by 

numerical rather than analytical methods. As in our environment we can consider an Agent 

communication as a discrete set of point in time and this affects the behavior of other agents 

so our requirement and simulation working conditions are same and suits our environment 

perfectly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Wii
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Chapter 2  

THEORETICAL BACKGROUND: 

 

2.1 Agent Technology Overview: 

 

     An agent operates in an environment, Agent perceives environment via sensors and acts on 

the environment through effectors. 

 

 
         

                                        Figure 2.1: Agent Percepts and actions. 

 

2.1.1 Agent Management : 

 

    In addition to communication, the second fundamental aspect of agent systems addressed 

by the early FIPA specifications is agent management, a normative framework within which 

FIPA compliant agents can exist, operate and be managed. It establishes the logical reference 

model for the creation, registration, location, communication, migration and operation of 

agents. The agent management reference model consists of the components depicted in the  

figure 2.1.2. 
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Figure 2.1.1 Description of agent management ontology. 

 

 

2.1.2 Agent Platform : 

 

    This provides the physical infrastructure in which agents are deployed. The AP consists of 

the machines, operating systems, FIPA agent management components and the agents 

themselves and any additional support software. The specific internal design of an AP is left 

to the developers of an agent system and is not a subject of FIPA standardization beyond the 

components discussed here. As a single AP may be spread across multiple computers, resident 

agents do not have to be co-located on the same host. 

 

2.1.3 Directory Facilitator : 

 

   The DF is an optional component of an AP providing yellow pages services to other agents. 

It maintains an accurate, complete and timely list of agents and must provide the most current 

information about agents in its directory on a non-discriminatory basis to all authorized 

agents. An AP may support any number of DF’s which may register with one another to form 

federations.  

Every agent that wishes to publicize its services to other agents should find an 

appropriate DF and request the registration of its agent description. There is no intended 

future commitment or obligation on the part of the registering agent implied in the act of 

registering. Agents can subsequently request the removal of a description at which time there 

is no longer a commitment on behalf of the DF to broker information relating to that agent. At 

any time, and for any reason, an agent may request the DF to modify its agent description. In 

addition, an agent may issue a search request to a DF to discover descriptions matching 

     Agent              

Platform 

       Agent 
        AMS 

Agent 

Description 

         DF 

       MTS 
Agent 

Service 

 Description 
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supplied search criteria. The DF does not guarantee the validity of the information provided in 

response to a search request. However, the DF may restrict access to information in its 

directory and will verify all access permissions for agents which attempt to inform it of agent 

state changes. 

 

2.1.4 Agent Management Systems : 

  

   The AMS is a mandatory component of an AP and is responsible for managing the 

operation of an AP, such as the creation and deletion of agents, and overseeing the migration 

of agents to and from the AP. Each agent must register with an AMS in order to obtain an 

AID which is then retained by the AMS as a directory of all agents present within the AP and 

their current state (e.g. active, suspended or waiting). Agent descriptions can be later modified 

under restriction of authorization by the AMS. The life of an agent with an AP terminates 

with it’s removal from the AMS. After removing, the AID of that agent can be removed by 

the directory and can be made available to other agents who should request it. Agent 

descriptions can also be searched for within the AMS, and the AMS is the custodian of the AP 

description that can be retrieved by requesting the action get-description.  

 

The AMS can request that an agent performs a specific management function, such as 

to terminate its execution and has the authority to enforce the operation if the request is 

ignored. Only a single AMS can exist in each AP and if the AP spans multiple machines, the 

AMS is the authority across all those machines. 

 

 
                            Figure 2.1.4 FIPA Message structure. 

 

2.1.5 Message Transport Service : 

  

    The MTS is a service provided by an AP to transport FIPAACL messages between agents 

on any given AP and between agents on different AP’s. Messages are providing a transport 

envelope that comprises the set of parameters detailing, for example, to whom the message is 

to be sent. The general structure of a FIPA-compliant message is depicted in figure 2.1.5 
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2.2 JADE:  
 

    JADE (Java Agent Development Framework) is a software framework, which is 

completely implemented in java. 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 agent platform can 

be distributed across machines [which not even need to share the same OS] and the 

configuration can be controlled via a remote GUI [7].Every agent as an AID (Agent ID) 

which is unique to an agent. 

2.2.1 JADE Architecture:  

   A single JVM (Java Virtual Machine) will be executing all the agents in a single host, but 

when agents are at different host we need multiple JVM and these JVM’s will communicate 

using a RMI object. 

An agent container is a collection of agents and it’s a RMI server object which manages a set 

of agents. Every agent is executed on a single thread [8]. 

 

 
         

                Figure 2.2.1 Software architecture of single JADE platform [7]. 

 

http://www.fipa.org/
http://jade.tilab.com/images/JADEscreenshot.jpg
http://jade.tilab.com/images/rma.gif
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As shown in the above figure, when an agent needs to communicate with other objects then it 

uses IIOP (internet Inter-ORB Protocol). 

 

2.2.2 Communication and coordination in Agents: 

 

   One of the main characteristics of multi-agent system is its ability to communicate and 

coordinate. This done by exchanging messages to understand each other, all the agents must 

agree on the semantic and format of messages. Jade follows FIPA standards so that ideally 

Jade agents could interact with agents written in other languages and running on other 

platforms [8]. 

Each and every message follows on a common structure. JADE message strictly follows on 

ACL (Agent Communication Language) standard 

2.2.3 Structure of a JADE Message : 

 Performative:  Inform,Query,propose(Generally type of message for). 

 Addressing:  Either to Receiver or Sender. 

 Content:  Main content of the message. 

 Conversation ID : Used to link the message of same id. 

 Language: Type of language used in messaging. 

 Ontology:  Specifies type of ontology used in message content. 

 

 

When an agent sends a message, JVM checks for three things : 

 

 If the receiving agent is also on the same agent container then ACLMessage is passed 

by event object. 

 If the receiving agent is on same platform but different agent container then RMI is 

used to send ACL Message. 

 If the receiving agent is on different platform then IIOP is used to send an ACL 

Message,but in this case ACL Message is transformed into string and is invoked by 

IIOP. 
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2.2.4Agent Execution : 

 

    An agent is created by extending to Agent class.As soon as an agent is called first its Setup 

method is called which is used to create and assign a AID to an agent,then its action method is 

called in which all the actions of the agent are coded.We can implement some of the Agents 

behaviour: 

 

 
 

                                           Figure 2.2.4 Agents behaviors [8]. 
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Chapter 3  

METHODOLOGY  : 

 

3.1 Collecting Data: 

 

   The data which had been collected is over a period of three years. The data contains total 

number of trucks arriving per hour and number of logs per truck along with the classes of logs 

to which they belong to, and then the unloading time for each truck as well as sorting time for 

each log is considered this information will be helpful while creating simulations. Then we 

have a real data given by Bergkvist insjön AB, it contains all trucks arrived over 2010. I have 

selected 2010-03-25 day data , it has more number of trucks arrived, a  total of 122 trucks.  

 
3.2 Database : 

 

    I have used Mysql server as backend tool to supply the data to the agents. The data which is 

considered is of a single day, it consists of Truck id, Log type, Arrival time, truck owner, Log 

owner and place in total it contains 99 rows. Below is an example. 

 

 
 
                          Figure 3.2 Database Table. 

 

3.3 Connection between Database and Agent: 

 

    Java Database connection (JDBC) is the Industry standard for database-

independent Connectivity between java applications and wide ranges of database 

applications.They are three important steps used for database connections [9]. 

 

Step 1:Establish a connection with a database or access any tabular data source. 

Step 2: Send SQL statements. 
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Step 3: Process the results. 

 

 
 

 
                                         Figure 3.3 Database Connection [9]. 

                                   
Although JDBC was designed specifically to provide a Java interface to relational databases, 

you may find that you need to write Java code to access non-relational databases as well. Java 

application calls the JDBC library. JDBC loads a driver which talks to the database. We can 

change database engines without changing database code[10]. 

 
3.4 Distribution of Data: 

    

 Figure 3.4 (A) distribution on collected data.   (B) distribution on Bergkvist insjön AB 
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      The Arrival of truck is not same for every hour in fact even sawmill has to be prepared if 

there is any unexpected increase in number of trucks arriving per hour, As we can see at 8 am 

we have 14 trucks and on the same day at 8 pm we have only one truck arriving in figure (A). 

 

Bergkvist insjön AB has given real data of year 2010 and to simulate I have selected a day 

which has more number of trucks arriving in whole year, and it was on 2010-03-25, where 

122 trucks arrived on same day.  

 

Each truck may contain 170-230 logs and one truck will have only one type of wood either 

spruce or pine.    

 

                                
                                   Figure 3.4 Truck distribution of wood. 

 

So a truck may contain either spruce or pine type of wood, the distribution of type of wood is 

60% of trucks arrived in a day will have spruce type of wood and 40% of trucks arrived in a 

day will be of pine type. 

 

Then we have 170-230 logs in a truck and these logs are sorted by Measurement station. The 

logs will be sorted based on its quality, type and size of wood. Wood is classified into 80 

different types of classes, out of which spruce is classified into 49 classes of spruce and 31 

classes of pine. F-class refers to pine and G-class refers to spruce. 
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3.5 Sawmill Process: 

 

     Now let me explain how process is carried out at Bergkvist insjön AB, 

 

 
 

                              Figure 3.5 process at Bergkvist insjön AB. 

 

     The above figure gives clear picture of the process in Bergkvist insjön AB. We have two 

log stackers one shown in blue and the other one in red, the blue line is how log stacker 1 will 

move around measurement station, pockets, trucks, sawmill and red line indicate the route for 

log stacker 2. 

 

Once when Measurement station sorts the logs then they are sent to pockets, if pocket is full 

log stacker will empty the pocket and then it will place them in sorted timber yard blue color 

rectangular box are trucks they arrive at random. 

 

 In simulation I have designed an image which replicates the process carried out at Bergkvist 

insjön AB. 

 

                             
                                                         Figure 3.5 GUI. 
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Chapter 4  

 IMPLEMENTATION : 

 

         Now let us discuss the implementation of the different cases as discussed above. We 

have 8 agents Measurement station, Pocket_Control, Dispatcher, Sawmill, log stacker 1, log 

stacker 2 and Trucks. Measurement station,  Dispatcher ,  Sawmill, Truck agents functionality 

will be same when implemented in all cases, but Log stacker 1 and Log stacker 2 functionality 

changes from case to case. Lets us see how these functionality change. 

  

4.1 Case 1: 

        

This is a general model which simulates the existing process in the sawmill. In this case both 

the Log stacker 1 and Log stacker 2 will be used to process the request coming from Truck 

agent, Measurement station agent, Pocket_Control agent and Sawmill agent.  

 

When a request [message] arrives both the agents will communicate and decide which of 

them is going to respond for a request. This is done by a Boolean variable called busy, which 

has two values True or False. When a Log stacker is busy in responding to a earlier arrived 

message, then this variable will be set to true, so when a message arrives it is the 

responsibility of a dispatcher agent to check wither the Log stacker is busy or not by looking 

at busy variable. 

 

If (Busy = = true){ 

  Forward the request to Log stacker 2.} 

Else { 

  Log stacker 1 will response to the request.  

} 

 

The important thing to take a note is that the Log stackers will unload a truck only if any of 

the buffers (conveyor belt) on Measurement station is empty, until then trucks have to wait. 

 

4.1.1 UML: 

 

   The Unified Modeling Language (UML) is a standard  language for specifying, visualizing, 

constructing, and documenting the artifacts of software systems, as well as for business 

modeling and other non-software systems. The UML represents a collection of best 

engineering practices that have proven successful in the modeling of large and complex 

systems.
1
  The UML is a very important part of developing object oriented software and the 

software development process.  The UML uses mostly graphical notations to express the 

design of software projects.  Using the UML helps project teams communicate, explore 

potential designs, and validate the architectural design of the software[11]. 

 

http://atlas.kennesaw.edu/~dbraun/csis4650/A&D/UML_tutorial/what_is_uml.htm#1
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                               Figure 4.1.1 UML Classes diagram for case:1. 

 

We have log stacker 1 and log stacker 2 exchanging messages with Pocket_Control, 

Measurement station and Sawmill. Dispatcher will get data from database and creates an 

instance of truck and at the same time he will also inform log stacker about arrival of truck 

and type of wood it contains, then when log stacker unloads truck on to measurement buffer, 

measurement station will start quality check and classifies logs into pockets. Pocket_Control 

will check pocket, if a pocket is full then it will send message to log stacker to empty the 

pocket and in message it specifies the pocket number which has to be empty. Once Sawmill 

starts its production it informs log stacker for type of log it requires and quantity required for 

production. 
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A table explaining the functionality of Agents. 

 

                          Table 1: Explaining about functionality of the Agents in case 1. 

 

 

 

 

Agents Dispatcher, Pocket_Control, MS, SM, Log Stacker 1, Log Stacker 2, 

GUI Agent, Truck. 

Target Constructing a real model 

All Agents Need to register their service in order to communicate with each other.  

 

Dispatcher Agent Connect to database. 

Creating a new instance of truck. 

Pocket_Control Finding the position of Log stackers. 

Validating whether this of the Log stacker is busy. 

MS Agent Sorting of Logs. 

Sending type of log information to Pocket_Control. 

Informing both Log stackers when any of the buffer is empty. 

Sawmill Agent Requesting Log stackers for specific type. 

Sorting. 

Informing both Log stackers when any of the buffer is empty. 

Truck Agent Inform Log Stackers about its arrival. 

GUI Agent Receiving messages from other agents 

Interacting with GUI. 

 

The target of having this case is to construct a real process, So that we can find what the 

problem in the process is. 

 

4.1.2 Problem with case 1: 

 

      In case 1 we have two log stackers working on Sawmill which is a problem by itself, as 

most of the time log stacker 1 will be responding to request from agents and log stacker 2 will 

be idle to understand, for this we need to refer results chapter. I have designed case 2 where I 

have overcome this problem. 

 

 

 

 

 

 

 

 

                                                             CASE :  1 
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4.2 Case 2: 

 

     In this case I have assigned agents to Log stackers. Log stacker 1 will deal with 

pocket_control agent and Sawmill agent. Log Stacker 2 will deal with truck agent and 

Measurement station. 

 

When a pocket_control and Sawmill agent wants to send a request it will be sent only to Log 

stacker 1. When Truck and Measurement station agent wants to send a request it will be sent 

to Log stacker 2. This assigns priorities to the log stackers which was a problem in case 1. 

 

4.2.1 UML: 

 

 
 

                                    

                                  Figure 4.2.1 UML Classes diagram for case:2. 

 

As from figure 4.2.1 we can clearly see the distinction between UML of case 1 and UML of 

case 2. As per case 1 we have the Pocket_control, Sawmill, measurement station Agent and 

Truck agents sending messages to both the Log stackers, but when it comes to case 2 we have 

only Pocket_control and Sawmill interacting with Log stacker 1, Measurement station and 

Truck Agent interacting with Log stacker 2. 
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                     Table 2:  Explaining about activities of the Agents in Case 2. 

 

 

 

 

Agents Dispatcher, Pocket_control, MS, SM, Log Stacker 1, Log Stacker 2,GUI 

Agent, Truck. 

Target Setting priorities to both the Log stackers. 

All Agents Need to register their service in order to communicate with each other.  

 

Dispatcher Agent Connect to database. 

Creating a new instance of truck. 

Pocket_Control Sending a message when pocket is full to Log Stacker 1. 

Validating whether this of the Log stacker is busy. 

MS Agent Sorting of Logs. 

Sending type of log information to Pocket_Control. 

Informing Log Stacker 2 when any of the buffers are empty. 

Sawmill Agent Requesting Log stacker 1 for specific type. 

Processing Log’s. 

Informing Log stacker 1 when any of the buffers are empty. 

Truck Agent Inform Log Stackers about its arrival. 

GUI Agent Receiving messages from other agents 

Interacting with GUI. 

                              

 

4.2.2 Problem with case 2:  

 

    In this case we have log stacker 2 working less time when compared with log stacker 1 this 

is because log stacker 2 will only responds to request sent by Measurement station or Trucks. 

Once arrival of trucks is stopped then log stacker 2 as nothing to do, but log stacker 1 will 

have to process request until Sawmill stop’s.   

  

 

 

 

 

 

 

 

 

 

 

                                                      CASE :  2 
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4.3 Case 3: 

 

      This is another experimental case where we have only one Log stacker doing all the work. 

Whenever a truck arrives or Measurement station’s buffer is empty or When a pocket is full 

and when Sawmill require specific class of logs for processing, all the agents have to inform 

or request to only one log stacker. 

 

This case will reduce the cost of maintaining two log stackers, which is advantageous to the 

company as the cost of production can be reduced, but on the other side it slows the 

production process as we have only one Log stacker ascertaining all the request of other 

agents, which means they have to wait until their request is being processed. Here the Sawmill 

is given the highest priority. 

 

4.3.1 UML: 

 

 
                                    

                                 Figure 4.3.1 UML Classes diagram for case:3. 

 

As per the figure 4.3.1 we can clearly observe that only one Log stacker agent is used and all 

the other agents have to inform or request only one Log stacker. This case is a high workload 

situation for Log stacker, but the company can reduce its cost of production as they need to 

spend money only on maintaining one Log stacker instead of maintaining two Log stackers. 

But it has a disadvantage which would be the time it takes to complete one process is more 

when compared to the same process with two Log stackers. 
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                  Table 3: Explaining about activities of the Agents in Case 3. 

 

 

 

 

Agents Dispatcher, Pocket_control, MS, SM, Log Stacker 1,GUI Agent, Truck. 

Target Using one Log stacker and reducing the cost of production. 

All Agents Need to register their service in order to communicate with each other.  

 

Dispatcher Agent Connect to database. 

Creating a new instance of truck. 

Pocket_Control Sending a message when pocket is full to Log Stacker 1. 

 

MS Agent Sorting of Logs. 

Sending type of log information to Pocket_Control. 

Informing Log Stacker 1 when any of the buffers are empty. 

Sawmill Agent Requesting Log stacker 1 for specific type. 

Processing Log’s. 

Informing Log stacker 1 when any of the buffers are empty. 

Truck Agent Inform Log Stacker about its arrival. 

GUI Agent   Receiving messages from other agents 

Interacting with GUI. 

                             

 

4.3.2 Problem with Case 3: 

 

        The problem is with having only one log stacker, all the agents will be sending request to 

log stacker so it will process request one by one until then all the agents will be idle, this will 

increase waiting time of all agents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                  CASE :  3 
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Chapter 5  

RESULT AND ANALYSIS: 

 

       As described earlier, the main objective of this work is to construct different sets of 

solution and run simulation on both the data sets we have. This points two things, one is if 

company has selected one of the case as its process,  then what would be the results when 

simulated with data given by Bergkvist insjön AB, other would be if there is a unexpected 

increase in number of trucks arrived, which is as per data we collected then what would be the 

result. This gives the company several options to select based on the criteria which it thinks is 

important.  

Note: The results are the outcome of the simulation which is scaled 10 times than normal. 

 

5.1 Sniffer: 

 

     The Sniffer, as the name itself points out, is a pure Java application created for tracking 

messages exchanged in a Jade based environment. The Sniffer is completely integrated in 

Jade environment and is particularly useful when debugging agents behaviours.The Sniffer is 

basically a FIPA-compliant Agent With sniffing features. 

  

When the user decides to sniff an agent or a group of agents, every message directed to that 

agent or group of agents are tracked and displayed in the sniffer gui. The user can view every 

message, save it to disk as a text file or serialize it as a binary file for later usage[12].  

 

             

 
 

                                       Figure 5.1. Sniffer image for case : 1. 

 

1 

2 

3 

4 

5 
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The figure 5.1 clearly states about communication between agents. In this case Truck agent is 

represented by other,  because whenever a truck arrives the dispatcher creates a new instance 

of a truck so instead of having more number of trucks I have considered it as other. 

 

1. Dispatcher informing log stacker 2 about the arrival of truck. 

2. log stacker 2 informing Other (Truck) about unloading. 

3. Dispatcher informing log stacker 1 about arrival of Truck. 

4. Sawmill informing log stacker 1 about type of logs required. 

5. MS informing pocket_control about type of log. 

 

In case 2 we have two Log stackers working without any communication between them. Log 

stacker 1 will be processing request coming from Sawmill and Pocket_control and log stacker 

2 will be processing the request coming from Trucks and Measurement Station. 

 

To show how this communication is going on, let me use Sniffer tool and show how it is done. 

 

 
 

                                               Figure 5.1.1 Sniffer image for case : 2 

 

The figure 5.2 clearly states about communication between agents. In this case Truck agent is 

represented by other because whenever a truck arrives dispatcher creates a new instance of a 

truck, so instead of having more number of trucks I have considered it as other. 

 

1. Dispatcher agent is informing Log stacker 2 about arrival of truck. 

2. Measurement station agent is informing Pocket_Control agent about class of log being 

sorting. 

3. Log stacker 2 is informing Others(Truck) about unloading the truck. 

4. Sawmill agent requesting Log stacker 1 for specific type of logs for production. 

1 

2 

3 

4 

5 
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5. Pocket_Control agent is requesting Log stacker 1 to empty a pocket which is full. 

 

The important point to be noted is unlike in the Case 1, where the arrival of trucks is handled 

by two Log stackers and unloading logs at Sawmill. In case 2 we have a split in jobs, at no 

point we have Log stacker 1 unloading a truck or filling Measurement station buffer, and at no 

point will we find Log stacker 2 emptying pockets or unloading at Sawmill. We have split 

jobs into two one for Log stacker 1 and the other for Log stacker 2. 

 

 

 
 

                                        Figure 5.1.2 Sniffer image for case : 3 

 

 The figure 5.2 of Sniffer clearly shows how messages are passed between agents. As we can 

see we have only one Log stacker and all the other agents will be sending messages to this 

one Log stacker. 

 

1. Dispatcher agent informing the Log stacker about arrival of truck. 

2. Log stacker is interacting with the GUI agent. 

3. Sawmill agent sends a request to Log stacker for a specific type of logs for processing. 

4. Log stacker sends message to truck informing that it will unload the truck. 

5. Measurement station agent sends message to Pocket_Control agent about the type of log 

processed. 

 

 

 

 

1 

2 

3 

4 

5 
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5.2 Output Explanation : 

 

 
 

                          Figure 5.2.1 screen shot of case 1. 

 

As it’s clearly said that case 0 is a general model and this is based on a Boolean variable busy 

 

If (Busy == True){ 

  Forward the request to Log stacker 2.} 

Else{ 

  Log stacker 1 will response to the request.  

} 

LS 2 is unloading (picking) 191 Spruce of 1098 truck and placing them on Measurement 

Station buffer, at the same time log stacker 1 is unloading 1028 truck on to the ground. As 

unloading takes much less time then filling the buffer, log stacker 1 will be free first. 

 

Then as log stacker 1 is free now it will proceeds to another request which is unloading 1401 

truck on to the ground then 1401 truck is terminated once its unloaded, mean time log stacker 

2 is free so it proceeds to another request which is filling the buffer of Sawmill with F11 class 

logs.  

 

    Now let me show the output screen shot of case 2 and explain how the process takes place. 

 

 
                              Figure 5.2.2 output screen shot of Case 2. 
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  The jobs have been split into two, from figure 5.2.2 we can clearly observe that no job has 

been executed by two Log stackers, every Log stacker has its own jobs. 

 

Once when Sawmill agent as processed then if there are no more logs on the sawmill buffer 

then it stops running. The Log stacker 2 is unloading truck 1401 then truck 1401 is terminated 

once unloading is finished. When sawmill buffer is filled by Log stacker 1 then Sawmill starts 

running. Log stacker receives a message from Pocket_control that PKTF17L41 class pocket is 

full then Log stacker 1 will empty the pocket.  

 

Now let me show the output screen shot of case 3 and explain how the process takes place. 

 

 
 

                          Figure 5.2.3 output screen shots of Case 3. 

 

The jobs in this case have been executed by only one Log stacker, from figure 5.2.3 it is clear 

that all the agents have informed or requested to only one Log stacker. If we assume that Log 

stacker is been running for last one minute, then the results of Log stacker would be as 

following. 

 

 We can clearly see if Log stacker time: 61 sec. 

 Time spent on unloading by Log stacker: 57 sec. 

 Time spent by Log stacker in moving: 4 sec. 

 The idle time by Log stacker: 0 sec. 

 

As every job is to be executed by only one Log stacker, Log stacker has no idle time. 
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 5.3 Discussion of output: 

 

5.3.1 Case 1: 

 

     After getting the result and having analyzed the output and formed a table for better 

understanding of the output. This output is for data which had been collected by me. 

 

                          Table 4: Explaining about time base on data collected in Case 1. 

 

Agents Total Time Loading Time Run-Time Idle Time 

Log Stacker 1 166 min 71 min 38 min 56 min 

Log Stacker 2 166 min 74 min 17 min 85 min 

Measurement 

Station 
145 min * 100 min 45 min 

Sawmill 180 min * 148 min 34 min 

 

*Measurement station and Sawmill has no loading time, as they have buffers. 

 

The total time taken for sorting and unloading of 99 trucks is 90 minutes. It took 50 minutes 

to unload the trucks, but trucks have been waiting for 40 minute to get unloaded. This 

simulation results are based on data collected by me.  

 

Now, let us see the results with data given by Bergkvist insjön AB where we have 122 trucks 

arriving in a day. 

 

                       Table 5: explaining about time base on Bergkvist insjön AB in Case 1. 

 

Agents Total Time Loading Time Run-Time Idle Time 

Log stacker 1 240 min 170 min 40 min 30 min 

Log stacker 2 240 min 128 min 20 min 92 min 

Measurement 

station 
185 min * 112 min 73 min 

Sawmill 240 min * 192 min 48 min 

 

*Measurement station and Sawmill has no loading time, as they have buffers. 

 

The data given by Bergkvist insjön AB contains 122 trucks arriving, So it takes more time to 

process all the trucks, that’s the reason for increase in times of all agents when compared with 

the results of data which is collected by me. The difference is that i have used two log stackers 

for total simulation, which i did not implemented in first case. This result gives a clear idea 

when compared with the real time.  
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5.3.1 Case 2: 

 

Now let me explain the results of case 2  

 

In this case we have priorities assigned to log stackers. Log stacker 1 will only process request 

of sawmill and pocket_control and log stacker 2 will process request of measurement station 

and trucks. The work is distributed which helps to improve the performance of the process as 

idle time of all agents will be less. 

 

                          Table 6: Explaining about time based on data collected in Case 2. 

   

Agents Total Time Loading Time Run-Time Idle Time 

Log Stacker 1 160 min 68 min 30 min 62 min 

Log Stacker 2 106 min 77 min 20 min 3 min 

Measurement 

Station 
118 min * 100 min 18 min 

Sawmill 173 min * 148 min 25 min 

 

*Measurement station and Sawmill has no loading time, as they have buffers. 

 

       In this case we can observe that idle time of all the agents has been reduced by almost 

50%.  

Now let us see the results with data given by Bergkvist insjön AB where we have 122 trucks 

arriving in a day. 

 

                     Table 7: Explaining about time base on Bergkvist insjön AB in Case 2. 

 

Agents Total Time Loading Time Run-Time Idle Time 

Log Stacker 1 210 min 89 min 33 min 88 min 

Log Stacker 2 126 min 84 min 27.5min 14.5min 

Measurement 

Station 

132 min * 112 min 20 min 

Sawmill 226 min * 192 min 33 min 

 

*Measurement station and sawmill has no loading time, as they have buffers. 

 

The table shows the result when simulated with data given by Bergkvist insjön AB, in the 

table log stacker 1 as more waiting time because at first we don’t have pockets full until some 

time, so log stacker 1 has only one job that is filling the sawmill, that’s the reason why we 

have log stacker 1 waiting time more. 
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5.3.3 Case 3: 

 

Now let us see the results of case 3. 

 

 In this case we have only one log stacker doing all the work which can be adopted by the 

company, when the company plans to reduce the cost of production to high processing time. 

Here the cost of production will be reduced because we have only one Log stacker working so 

the cost of maintaining the other log stacker is removed. 

 

                               Table 8: Explaining about time in Case 3. 

 

Agents Total Time Loading Time Run-Time Idle Time 

Log Stacker 1 206 min 143 min 55 min 8 min 

Log Stacker 2 -- -- -- -- 

Measurement 

Station 
160 min * 100 min 60 min 

Sawmill 212 min * 148 min          64 min 

                                   

*Measurement station and sawmill has no loading time, as they have buffers. 

 

   As we can see from the above table that all the agents idle time has increased, this is 

because of waiting for log stacker to unload, where as log stacker is busy with other agent’s 

request but idle time for sawmill is less this is due to log stacker having sawmill as first 

priority. 

 

                    Table 9: Explaining about time base on Bergkvist insjön AB in Case 3. 
 

Agents Total Time Loading Time Run-Time Idle Time 

Log stacker 1 248 min 168 min 61 min 18 min 

Log stacker 2 -- -- -- -- 

Measurement 

station 

184 min * 116 min 68 min 

Sawmill 260 min * 192 min 72 min 

 

There is one advantage with this case, if company decides on cutting down the cost of 

production then the company can adopt this case, as this case will be working only with one 

Log stacker. 
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5.4 Idle time of  all Agents: 

 

5.4.1 Trucks: 

 

 
 

                              Figure 5.4.1 waiting time of trucks in all cases. 

 

        In the above figure we have waiting time of trucks considered from all the cases. This 

gives us a clear picture on how trucks can be managed in peak hours and non peak hours. So 

when we have trucks queuing the waiting time of the trucks queuing will be more as they 

have to wait until truck in front gets unloaded. In case 2 we have idle time of trucks less than 

in any other case. 

 

   Now let us have a look at idle time of agents in all the cases. 

 

5.4.2 Log stacker 1: 

 

            
                                   Figure 5.4.2 idle time of Log stacker 1 in all case. 
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In case 1 idle time is bit less when compared with case 2 because in case 1 we have log 

stacker working on all agents but in case 2 we have log stacker working on only sawmill and 

pockets. Where as in case 3 we have very less idle time, this is due to having only one log 

stacker.  

 

 

5.4.3 Log stacker 2:  

 

          
  

                                              Figure 5.4.3 idle time of Log stacker 2 in all case. 

 

As per the above figure we have case 1 waiting time more than Case 2, which was vice versa 

in case of log stacker 1. This is because log stacker 2 will be working on all the agents but 

when a message is received, first check will be done with log stacker 1 in case if its busy then 

only it will be sent to log stacker 2 this makes log stacker 2 to have more idle time because 

most of the work is carried out by log stacker 1. 
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Chapter 6 

CONCLUSION AND FUTURE WORK: 

 

      I have used simulation and tested different scenarios and came up with different solutions 

for different criteria’s. The company should keep their criteria in view before selecting the 

process which is to be implemented. 

 

The obtained results showed to be promising, i have eight agents and every agent has goals, 

and no agent will take a decision against its goals. The performance of the system mostly 

depends on the actions taken by log stackers, by changing the priority of log stackers I have 

come up with three different cases which gives different options to the company for selection 

and the result will give an idea about its outcomes. 

 

If company decides on sawmill and measurement station as their first criteria then Case 1 

would be a best option, as we have two log stackers having their priority that either sawmill or 

measurement station should not be ideal.  

 

If company decides that truck should not be waiting for long time as well as the sawmill and 

measurement station should not be idle, then case 2 would be the best option, as we have two 

log stackers working on different agents instead of working on same agent as in case 1. Case 

2 will not only satisfy the criteria of the company but also will optimize the utilization of the 

resources. 

 

If the company decides on reducing cost of production sacrificing time then case 3 would be 

the best one to implement, has it has only one log stacker working and the company can 

reduce the cost of having two log stackers. 

 

The data considered is of worst case, company can use a combination of two cases. When the 

truck arrival is more, then it can implement case 2 and when truck arrival is less than it can 

implement case 3 by implementing this company is not only reducing waiting time of truck 

but also reducing cost of production. 

 

There are some more works which can be done to make the work more efficient. My work 

gives a clear picture to the company only in worst case, because results are based on worst 

case data, instead of considering worst case if a normal day data is considered the company 

will get a clear picture of outcomes even on a normal day. 
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6.1 Future Work: 

 

         As a future work this entire process could be enhanced if we have access to the GPS 

data, which is not accessible for me right now, has it gives a clear idea of the location of the 

logs during the process cycle. 

 

Our application, though being specific to solve problems faced in a sawmill, can also be used 

in several other real-time scenarios that have similar issues of allocating resources when the 

input into the process system is unknown, our adaptable solution can make this system ready 

to face unexpected situation and at the same time maintain delivering high quality results 

keeping time and budget into consideration. 

 

More simulation can be done this time instead of considering data in worst case, we can 

consider data of a normal operational day or even a month. 

 

The company gets logs both by truck and by train, but in my simulation where only trucks had 

been considered, has a future work it will be better if train is also considered for simulation. 
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