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ABSTRACT 
 

 

 

In this thesis we presented a new direction for 

handling missing values in multi agent-based 

simulation (MABS) at micro-level by using truth tables 

and logical relations. Although micro-level simulation 

is a vast field to use logical relations with truth tables to 

find missing values but it takes values into account at 

individual levels. We used databases in form of tables 

to extract missing values. 

 Our literature review suggested us a method 

for input handling by using electronically saved truth 

tables. We have defined logical relations according to 

scenario by interacting with truth tables to find 

appropriate missing values.     

 Our conclusions suggested a method which can 

find appropriate values for input parameters when they 

are missing. Accurate results have been gained 

according to updated database.   

 In this thesis we have concluded that missing 

values would be handled in different ways, such as: 

Artificial neural network, K-nearest neighbor, 

Statistical method and Data mining; etc… These 

methods have not facilitated in finding appropriate 

missing values as we saw in literature. We have created 

a method that can find missing values and produce good 

results. We have run our method on a specific scenario 

to check the efficiency of input handling that motivated 

us to arrange database in a proper way to handle 

missing values along.  

 

Keywords: Input handling, multi agent-based 

simulations (MABS), Truth tables, Logical relations. 
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1 INTRODUCTION 

 Background 1.1

1.1.1 Simulation 

It is hard to determine the origin of simulation, when it came into our daily life. But, we have 

some information, when the simulation is used to solve the problems. In the World War II, 

the simulation was used to study random neutron diffusion and statistical sampling theory 

and was top secret research at that time [2]. The people came to know more about the 

simulation in the late sixties when the race to get to the moon begins [1] [3] [4]. Until that, a 

vast majority of the people round the globe was unaware of the simulation, because it was 

used by the people who knew about that. After successful landing of the spacecraft, the 

people showed there interest to know how it could happened to predict the accurate landing, 

time calculations, and assuming the feasible environment [1]. Then simulation came into the 

everyday use and spread in many application domains such as: transportation, health, 

economics, and etc... The enhancement and improvement in simulation is still growing and 

needs research to make more appropriate simulations for real life applications such as 

economics, sociology, biology, and etc.   

The designing of an actual or real system, executing the model, and analyzing the execution 

output is referred as simulation. Simulation has the basic principle of “learning by doing” 

[5]. Simulation tells us the final and actual output of a system before executing the physical 

system in real world. Simulation can be divided into three parts to understand the whole 

system of simulation; model design, model execution, and execution analysis as mentioned 

by Fishwick [5]. Before proceeding further, we should include a useful and working 

definition of the simulation as given by Hoover [2],   

“The process of designing a mathematical or logical model of a real system and then 

conducting computer-based experiments with the model to describe, explain, and predict the 

behavior of the real system.” 

1.1.2 Micro-level simulation 

Macro-level model is used for the simulation in many domains, such as transportation [7]. 

But, these models have some problems as they do not take the logistical processes into 

account and do not capture individual level aspects, as clearly mentioned by Davidsson et al. 

[8]. TAPAS, a micro-level simulator for transportation, is more powerful than the traditional 

one, as it can interact between individual actors at micro level, as described by Davidsson et 

al. [8]. We will do research to find a method for handling missing values. Micro simulations 

require large amount of input parameters such as: TAPAS. But in this research, we will 

define a scenario related to real problem with limited input parameters. In future, all input 

parameters should be included to use our proposed method.  

1.1.3 Multi-agent based simulation (MABS) 

Agent-based simulation is used to study the complex systems by creating, analyzing and 

executing a model within an environment to interact with other agents [6]. Agent-based 

modeling gives the chance to study the model at individual levels to see the certain impact of 

the model in the real time. We are going to investigate input handling in agent-based micro-

level simulations. “The micro-level simulation gives an opportunity to capture the individual 

behavior of agents”.  

A micro-level simulator is used to predict more precise information which emergent from the 

interaction between the individuals [8]. A well-defined set of parameters is required in a 
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typical simulator for which a user has to specify all of their values. In large scale problems, 

there is a problem in using the micro-level simulator to handle the large amount of input 

parameters. Simulating a complex system which has a large number of input parameters 

(such as, start and end location, mode of transport, time table, length, average speed, 

probability of delays, road tolls etc.) can be achieved by using a multi agent based simulator 

(MABS) [9]. 

 Aims and Objective 1.2

The overall objective of this research is to develop a method to handle the input parameters. 

The research focus is to handle lack of parameters values and find missing values before 

simulation. A method will be proposed after exploring and reviewing some ideas as 

mentioned in the background. 

 Contribution 1.3

After studying the related work, we will be able to define our ground and base for this 

research. We will come up with different approaches to handle missing values after 

analyzing related work. We will propose a solution to handle the missing values. It will be 

helpful for users of the simulator in handling lack of the knowledge or actual values. 

Our primary contribution would be in defining / finding a method to handle input parameters 

in agent-based micro-level simulators along with testing in defined scenarios. 

 Research Questions 1.4

We will look for the answers of the following questions in this research: 

1. How can an agent-based micro-level simulator handle the missing values of input 

parameters? 

2. How can we define or create a method to handle / set the missing values of input 

parameters before simulation by reviewing and exploring different techniques / 

methods? 

 Expected Outcomes 1.5

An efficient method for input handling in agent-based micro-level simulators is expected in 

this research. We will get recommendations to improve the situations when a user has to 

specify the values of input parameters.   

 Research Methodology 1.6

We will use the research method step by step as mentioned below: 

 We will study the related work in this field to find the achievements have been done. 

 We will use others efforts and suggestions to get the idea of the research / problem. 

 We will study proposed solutions that have been using in different applications.  

 After the complete analysis of the previous sub parts we will propose our solution 

with a new method that would be able to work in different scenarios in order to 

handle the missing values. 

 To make our research effective we will define some scenario for validation of our 

solution. 

 We will use a scenario related to TAPAS, to make our results in real application. 
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2 PROBLEM DEFINITION 

In this chapter we will present the problem definition with different scenarios. To understand 

our problem, we have created scenarios with missing values.   

Missing values are very common factors in almost every database during collection of input 

parameters values or some other reasons. Missing values could be in different types. Input 

parameters may require any type of characters such as numeric and nominal. For numeric 

values some digits are missing, negative values and unexpected values would be assumed as 

the missing values. Blanks, inaccurate or dashes may indicate the missing values in nominal 

input parameters [10]. In this research, we have considered the empty values (or input 

parameter without values) of input parameter as missing values and our research will be 

focused on the finding of these missing values.  

For this research, we will focus on TAPAS and will define a scenario with respect to 

TAPAS. TAPAS is divided into two parts: physical simulator and decision making simulator 

[8]. A transportation network is defined in the TAPAS physical simulator. The network is 

connected with nodes and links through different modes of transportation. In our scenario, 

we have used similar kind of network. A detailed transportation network of TAPAS should 

be helpful for the reader to get the big picture of our scenarios, which is already explained by 

Davidsson et al [8]. We set a small network of TAPAS. We removed actual terminals, 

production, and etc… in our defined scenario to understand the problem easily. Our defined 

network gives the idea of problem with transportation which is a part of physical simulator.  

In TAPAS, the input parameters values are stored in XML files that are provided by the 

users. TAPAS simulator takes input parameters values from XML files. We assumed that the 

user’s values of input parameters will be stored in XML files. If some values are missing in 

XML files then our research will find the appropriate values for these missing values. In next 

section, we will define the scenarios.  

We said earlier that we will find appropriate values for missing values. The appropriate in 

this research means a value that can fill the place of missing value. We will not focus on 

other kinds of values such as: accurate, exact, suitable and etc… In this thesis, we will find 

missing values (appropriate), but we expect a future research on considering other values as 

well to make the results more accurate among other available values.  

We have defined a simple scenario in Figure 1 that explains the problem with limited input 

parameters which are required according to our requirements. 

 Scenario 2.1

We studied the problem deeply and reviewed some methods (as will be presented later in 

chapter 3) for this problem. Here we will illustrate a simple scenario related to TAPAS as 

mentioned in the previous section, not going in depth. We will only focus on our defined 

scenario to find missing values and we will not go further in details of TAPAS. 

A simulator (TAPAS) has to run the simulation in order to know which transport modes are 

best suitable (among all available options) between source and destination. For example, the 

simulator has to find the best (typically cheapest) transport mode (solution) between 

Ronneby (source) and Gothenburg (destination). Here we consider a direct link from 

Ronneby to Gothenburg. However, TAPAS may generate sequences of links for constructing 

a transport chain which will be explained later in this section. In our example a link is 

defined from source to destination, there are many possible transport modes (e.g.: truck, 

train, ferry) available on this link. One or more than one of these modes can be used to travel 

on a particular link. Here we have considered two possible ways of transport modes in our 

problem scenario’s link.  
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The simple and easy way between source (Ronneby) and destination (Gothenburg) is that, 

one direct transport mode is available from source to destination. As we have mentioned 

earlier there are three different modes; truck, train and ferry. One of them could be used to 

travel between source (Ronneby) and destination (Gothenburg). The other complex way is 

that one mode is available (for example, truck) from Ronneby to Stockholm (another city). 

Then a train is available from Stockholm to Gothenburg. So in the second way, we have two 

different modes on a single link and involve another city. Our research emphasizes on the 

finding of missing values before starting the simulation of finding a transport solution.  

Typically, TAPAS finds link or chain of links between source and destination. How TAPAS 

find the transportation solution is out of our focus in this research because we cannot take the 

whole TAPAS in this research. We will focus on finding missing values instead of finding 

the link(s). We keep our scenario very simple to find missing values without any complexity. 

In future, we will take the whole TAPAS to apply our results to make TAPAS more accurate 

result oriented.  

Here, we would like to explain more about the input parameters. The user must have to 

provide some values such as the source and destination as in our scenario, whereas others 

can be constructed by using various methods explored in this research. If the user does not 

provide or misses (in XML files) these values then the simulator will not be in a position to 

run the simulation. We have defined earlier that the source and destination must be provided. 

The other values of link are optional and can be provided by the users but they are not 

necessary. We will consider it in future part of this research. All the values will be stored in 

XML files. These XML files will provide the values of input parameters to simulator. If 

some values are missing in XML files then how we can find these values before putting them 

for simulation. 

There are two main ways to handle missing values. First way is named as usual way; it 

becomes obvious when XML files (specifically in TAPAS case) don’t have values of input 

parameters. In this case, few values are missing we have to find only these missing values. 

But, in second way which is called new entry, all the values are missing. For example, when 

a new city has been introduced there is no data about this new city; its distance, available 

transport mode, and etc. What kind of input parameters values would be suitable in this case?   

We have defined that the simulator needs the values of following input parameters to run the 

simulation according to our defined scenario. In real problem (TAPAS), there are more input 

parameters than we have defined in this research. The following are the input parameters that 

will be used in this problem scenario.   

Start Location, End Location, Mode of Transport, Distance, Speed of Mode, Cost of 

Travelling, Availability of Mode, Travelling time. 

 Situations with missing values 2.2

The missing values would be occurred in different situations. There are many possibilities of 

missing values occurrences. We will consider situations in two parts: usual way and new 

entry. To understand the scenario in more detail with different situations of missing values, 

we highlighted some points as mentioned below: 

2.2.1 Usual way 

This is a usual way of having missing values before running the simulations. For example, if 

we consider the Figure 1, then there are four cities: Malmo, Gothenburg, Ronneby, and 

Stockholm. TAPAS has to run the simulation and find a transport solution between any two 

of the above mentioned cities (source and destination). The situations of missing values in 

this scenario have been illustrated below:  
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2.2.1.1 Lack of mode  

A user (of TAPAS) has no idea which transport mode will be suitable for particular link. He 

wants to know about the modes and other values as well. The user only knows about the 

source and destination, while the other values are missing due to following reasons: 

 The user does not have the knowledge, 

 The user knows about the origin, destination but not about mode, travel time, etc…  

2.2.1.2 Lack of link 

User has to specify the start location and end location. Then a link is assigned between start 

and end locations. But sometimes, there is no direct mode available on that particular link. 

Then, we have to find a link from source to another city and from that city to destination. 

The new link would be like that from Source-to-NewCity-to-Destination. In this case, 

simulator has to use two different modes on this link or might have one mode on the whole 

link. The missing values would be occurred as follows: 

 A link is not available, 

 A mode is not available on that link, 

 The user (XML file) has no knowledge about other type of links, 

2.2.1.3 Lack of speed 

The speed of desired mode is also required to calculate the travelling time. If user has no 

knowledge about the speed of mode then that would lead to missing value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of the cities 

2.2.1.4 Lack of distance 

The distance between source and destination is required to find the delivery time or 

travelling time. The missing or unknown values would be a problem.  

2.2.1.5 Lack of travelling time 

When there is no information about the travelling time from start to end location, then it 

would be regarded as missing value. The travelling time can be calculated by using the 

distance formulae; (Time = Distance / Speed). But the travelling time is dependent on the 
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values of distance and speed of the mode. If both speed and distance values are missing then 

travelling time would also lead to a missing value.  

2.2.2 New Entry 

This is the second way of having missing values. If a city does not exist in our database (or 

the simulator does not know about it, or it is a new city to be considered in the simulation), 

then we have no idea of that city and the simulator needs all the input parameter values. As 

mentioned in Figure 1, a new city “Lund” has been introduced. A user wants to run the 

simulation between Lund and any other city. The simulator needs all the values of input 

parameters. In usual way, the values of existing cities are stored in XML files. So, simulator 

can find these from these files. But, when a new city comes first time in the simulation and if 

its values are missing then simulator will have no idea what to do with these missing values.  

2.2.3 An Example of links 

A complete row represents one link. The titles of columns are input parameters. Second row 

shows the types of input parameters which are nominal (characters) and numerical. The 

values in a row against input parameters are the values which are required from the user to 

run the simulation. We have presented some examples of instances in Table 1.  

Start End Mode Speed Distance Cost Time 

Nominal  Nominal Nominal Numeric Numeric Numeric Numeric 

Gothenburg Ronneby Truck 110 200 10 distance/speed 

Ronneby Gothenburg Ferry 40 400 05 distance/speed 

Gothenburg Malmo Train 80 310 08 distance/speed 

Malmo Stockholm Truck 110 475 10 distance/speed 

Table 1. Example of link. 

2.2.4 An Example of Links with missing values 

The ideal scenario with a complete list of values has been presented in the previous section 

and Table 1. Now, we are presenting missing values in table 2. The empty spaces are 

assumed to be missing values.   

Start End Mode Speed Distance Cost Time 

Gothenburg Ronneby XXX 110 200 10 D/S 

Ronneby Gothenburg Ferry 40 XXX 05 D/S 

Gothenburg Malmo XXX XXX 310 XXX D/S 

Malmo Stockholm Truck 110 XXX 10 D/S 

Table 2. Example of Links with missing values. 
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3 RELATED WORK 

This chapter describes the summary of the work which has been done in this area and related 

to our study. We categorize the related work into four major types based on the direction of 

our research: Simulator, Micro-level simulations, Multi-agent based simulations (MABS) 

and Approaches. First, we will guide and explain the area of research by using some related 

work done in this area. In the last section, we will present the detail of related work for 

handling missing values.   

 

   

 

Figure 2. A simple structure of Simulation 

 Simulator/Simulation 3.1

Simulation is a process to model a set of input parameters, by using input parameter values, 

as illustrated in Figure 1. Each input parameter provides useful knowledge to model, which 

is used for simulation. After simulation, some output is gathered as a result of simulation. 

The simulator is a tool used for simulations which takes input, process them and generate 

results. Before starting the actual simulation, a simulator should analyze / handle input 

parameters efficiently to produce more accurate results.  

Simulator behaves like software (such as TAPAS, ARENA, ASTRA and SISD) that takes 

some input parameter values and produce results after doing simulation. There are two types 

of simulations: macro-level and micro-level. In micro level simulation, simulator models 

specific behavior of specific individual [15].  

The definition of a set of input parameters depends on the nature of the input parameters and 

values types. Some input parameters values are dependent on other input parameters. For 

example, the simulator needs the value of travelling time. In that case, if simulator has the 

values of distance and speed of transport mode then it would be calculated by using 

formulae. So, if we have some complete and individual information about the parameters 

then we can find other missing values. We can get all the values of transport modes such as: 

speed, capacity, expected delay time, number of vehicles, cost of travelling, other unknown 

expenses, and etc… A micro-level simulator (TAPAS) captures the information at individual 

levels and requires complete information [8].  

The overall structure of simulator is shown in Figure 2. In every simulator, input parameters 

provide the knowledge to run simulation. The values of input parameters should be accurate 

and complete. Some input parameters lack values that can be a cause of an incomplete, 

inaccurate and wrong result of simulation. The missing values should be managed before 

starting the actual simulation. Our primary focus is to handle the lack of input parameter 

values. We will handle the missing values before sending these input parameters to start the 

simulations. Our propose solution will handle the missing values first then send it for 

simulation.   

 Micro-level simulations 3.2

Traditionally, macro-level simulators have been used such as SAMGODS (in transportation), 

ASTRA and SISD (in computer architecture) [21]. These models do not facilitate to capture 

the individual level behaviors [11]. These models also have some problems as they do not 

take the logistical process into account, e.g., choice of carrier type and ordering strategies, 

and thus fail to model the level where the decisions are taking place [15]. They rely on 

Input 

Parameters 
Output/Results 

Simulator 

Simulation 
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assumed statistical correlation between different parameters, by using traditional approaches 

[15]. The assumed data could not produce the appropriate values every time. So, when 

accurate values are required, such as the speed of transport mode, travelling time, and etc… 

this data could lead to a wrong way.  

The micro-level simulation enables us to capture the decision making, communication and 

negotiations at individual levels as mentioned by Davidsson et al [11]. In micro-level, we 

need the appropriate values of all input parameters at individual levels to run the simulation. 

If we have some missing values then the simulator cannot produce the results. Because, in 

micro-level, all input parameters communicate and negotiates with each other. So, missing of 

some values of input parameters will also effect on other input parameters.  

 

 

 

 

 

 

 

                                Figure 3. Input handling in a simulator. 

In micro-level simulation, input parameters can be modeled and implemented as agents. 

Every agent behaves as a single entity to present the complete knowledge of individual 

agent. These agents have very close relationship to share the knowledge.  

There are many different types of input parameters and vary with different domains, such as 

transportation, bioinformatics, etc. We have considered two main types of input parameters: 

nominal and numeric (mathematical values) [9]. In nominal, all values are given in 

characters. If any character is missed then the simulators cannot handle it because simulator 

does not have information to handle the missing values. We will see some methods that can 

correct one missing character by guessing the whole word. But, in real time applications, it is 

hard to tell that whether simulator can find every missing character or not. And it is also 

impossible for simulator to find missing values when two or more characters are missing in 

one input parameter.  

On the other hand, numeric values need more precisions than nominal. If any single number 

is missed then the whole simulation will produce the unexpected result due to lack of 

numeric values. The simulator cannot guess the missing number exactly. One good solution 

to this problem is to use some assumptions but with very less surety that we are assuming the 

right values.  

As we have mentioned above, there are two main types of input parameters but in some 

applications values are taken as rules; e.g. data mining. These rules are connected with each 

other by using logical expressions and some are dependent on other input parameters values. 

For example, the delivery time is dependent on the speed of mode and distance. If the speed 

of mode and distance is given then delivery time can be calculate by using speed and 

distance. In this case, the input parameters have some predefined values from a given set of 

parameters. If any of these values are missing then by using these rules, data mining can 

adjust the missing values on the basis of logical connections. But, these kinds of input 

parameters are dependent on the application domain.  
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 Multi-agent based simulation (MABS) 3.3

MABS most often used in micro-level. MABS is a technique to study at micro-level 

simulation. The use of multi-agent based simulation (MABS) is growing rapidly in many 

fields of research (e.g., biology, ecology, economics, political science, sociology) [13]. There 

are number of software (simulators) that are agent based such as: Swarm, Repast and 

MASON [14].  

The interesting factor in using the multi-agent based simulation (MABS) in the research is; 

MABS facilitates to see the individual behaviors. When it is getting more popular, some 

areas are still needed to be addressed as we will mention in our study. An example of MABS 

application is TAPAS.  

 

  

 

 

Figure 4. MABS 

To capture the interactions between individual actors, their heterogeneity, and decision 

making process a MABS is more powerful than the other approaches [15]. MABS should be 

able to describe the structure of the collection of agents [5]. The structure of data collection 

from different agents would provide a platform to handle the input parameters.  

There are many simulation techniques in micro-level, such as Object-Oriented, Discrete, 

MABS and etc… They all have their own characteristics and we need more time to make 

experiments on them and to consider in this research. The input handling methods which 

have been described earlier does not depend on whether it is agent based simulation or object 

oriented based since both methods require same input parameters (for our knowledge). While 

we are using existing agent-based simulator TAPAS as a case study we have focused on 

agent-based simulators. Agent based simulation approaches are more suitable to handle 

missing values during the simulation at run-time, which we do not address explicitly in this 

research. Davidsson has presented all these comparisons and key points in his paper “Multi 

Agent Based Simulation: Beyond Social Simulation” [22]. 

 Approaches 3.4

In this section, we will present a short summary of different approaches which has been used 

for solving missing values. All these techniques are domain specific (heart diseases data, 

bioinformatics, transportation, etc.) and work according to different situations in micro-level 

simulation. At some situations, these approaches fail to assign the missing values correctly as 

we will show, along with each approach, in the following sections.   

3.4.1 Artificial Neural Network and Rough Set Theory 

A data mining technique, Artificial neural network (ANN) with rough set theory (RST) 

named as ANNRST, is used to predict missing values for heart diseases data. The number of 

attributes is reduced by using RST for ANN [19]. Then ANN predicts missing values by 

using random initialization of weight through MATLAB [19]. This method is accurate but its 

average accuracy is less than the accuracy of other methods as mentioned in [19].  

The above method would be helpful where we can reduce some parameters or can use 

alternatives. In our problem, we do not need to reduce the input parameters, while we have 

limited input parameters. We defined input parameters in XML files, which cannot be 

reduced during the simulation. If we reduce input parameters then we will miss other values 

as well. This method find missing values by assigning random values. The random values 

MABS 

Micro-Level 



15 

 

would not be a good solution when we need accuracy. We conclude that this method is not 

suitable for our problem. Because it works in two parts, reduces the input parameters and 

predicts values by random initialization. We do not need to reduce input parameters.  

3.4.2 Predictions 

It is very hard to determine suitable missing values. One way is to make assumptions or 

predictions with the help of existing database. We have found different criteria of making 

assumptions such as: input data set [12] and statistical data (mean, median, mode) [8] [17] 

[18]. These assumptions could not suggest and assign accurate or suitable values every time. 

In the literature review, we found that many authors mostly suggest assumptions because this 

is the easiest and common way to determine the missing values. The base of the assumed 

values depends on the application domain.  

3.4.3 Collateral missing values estimation 

A collateral missing values estimation (CMVE) is used to find missing values which can 

produce more accurate results, especially on bioinformatics data, as compare to other 

traditional approaches [16]. This method is based on K-Nearest Neighbor (KNN) method. 

This method run samples to get covariance and arrange them in rows. The most effective 

row is selected to estimate the missing values by using least square impute.   

This method is used when we have some previous data. It takes the nearest values of the 

missing values and assigns them to the missing values. In this case, both values are same that 

can produce different results. We need the exact values to run the simulation which is not 

possible by using KNN.   

3.4.4 Recycling technique 

The utilization of robust association rules predict more accurate results and don’t produce 

noises which would be possible by using statistical method (mean, median) [17]. The 

accuracy is almost 100% then C4.5 algorithm (C4.5 is a decision tree algorithm for 

classification). This technique is based on the recycling of deleted item sets [17]. More work 

is required to find more association rules which can make it more powerful [17]. 

This method uses the deleted items for missing values. For this we should have a proper 

database where we can find deleted items. In simulation, we save the results but do not keep 

the record of values. In our problem, we don’t have a database. A good way to use this 

method is delete the all values from XML files and assign these values in another XML files. 

When we come to know that some values are missing during the simulation, we can retrieve 

all values from new XML files. This method would be used in another way to make multiple 

XML files of input parameters values. If some values are missing then simulator can search 

the values from other XML files.    

3.4.5 Exhaustive fusion framework 

Currently mean, median, nearest neighbor, regression methods are in use [18]. A more 

productive one, exhaustive fusion framework has been introduced with using KNN [18]. 

This method builds classifier for all possible combinations by using 2J – 1. A “J” is feature 

or instance. This method improved performance than original KNN, mean, median. For large 

data, it requires more time and storage so it can only be performed on small data.  

This method produces all possible combinations. And it needs some initial values in the 

beginning to make all possible combinations. This method does not work in our problem 

because we do not have any initial values for input parameters. The combinations are made 

by some initial values or instances. We have a problem of missing values which means do 

not have initial values. This method would not be helpful in our problem.   
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3.4.6 Data mining 

Data mining is a discipline that can handle missing values by using many different 

techniques and algorithms [9]. These are dependent on the situations. The data mining 

techniques use databases to assume the appropriate values. The databases varies from 

domain to domain that gives the sense to classify the data according to the situation. A 

database is often classified by data mining techniques to assign the missing values by using 

different rules, e.g. classifier, logical assumptions, linear models, and decision tress. Data 

mining techniques use previous database to make logical relations. These logical relations 

classify database to use it for missing values.   

3.4.7 Truth tables with logical relation 

Another approach for handling missing values is used by using truth tables. This method is 

based on two things: storing default values in truth table and logical relations in tables [20]. 

This method is an alternative approach to the “hidden byte” [20].  

A very simple technique is used to cover missing values in this method. The default values 

are stored in truth tables with logical relations to all attributes. A complete instance is based 

on some input parameters. If some values are missing in an instance then the corresponding 

values from truth table will assign. It can be implemented by using SQL. This method totally 

depends on the truth tables default values, the relations between tables, and logical status 

tables.  

This method is very simple but produces accurate results. This method uses the logical 

relations to get the missing values from data tables. For this method, there must be complete 

truth tables with values and these tables must be connected to each other logically. This 

method would be useful for our research. We will discuss this method further in chapter 4, in 

connection to our problem. 

 Summary of related work 3.5

We do not think that the traditional approaches such as: statistical methods (mean, median, 

mode, and regression), KNN, assumption, and estimations, provide appropriate values for 

missing values as they use assumptions and values from stored databases. Some new 

techniques (e.g. truth tables) have been introduced that work better than the previous 

traditional approaches.  

The users do not keep the knowledge or values of input parameters which could be a cause 

of missing values. The missing values interrupt simulators to complete simulation. We are 

unaware to find and efficient method to handle missing values efficiently. But, there are 

some methods that make assumptions, predictions and discover patterns (data mining) to 

handle missing values. A development of approaches is required in this field to make an 

efficient method for input handling [15].  
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4 HANDLING MISSING VALUES 

In this chapter, we will present our proposed method to handle missing values. The method 

is divided in two parts: truth tables and logical relations. We will explain the truth tables and 

logical relations in this chapter. The implementation with scenario will be explained in next 

chapter, implementation. 

 Truth tables 4.1

As we have mentioned in the problem definition that the simulator needs values of input 

parameters. According to our problem scenario we have seven different input parameters. 

The simulator needs the values of these input parameters. Some instances have missing 

values as we have presented in Table 2. Now, we will explain our proposed method to find 

the missing values. 

We defined four tables according to our problem scenario, in Appendix A. Before going to 

discuss about the truth tables, we would like to explain, a little, about input parameters. We 

have defined our truth tables by using two types of input parameters. We divided input 

parameters in two categories: default input parameters and empty input parameters. 

4.1.1 Default input parameters 

The default input parameters do not require values from the users every time. The default 

values are stored in XML files and can be used many times whenever needed. We found that 

some input parameters have same values which were repeating several times. For example, 

the speed of mode does not change every time, the distance between start and end locations 

is same on one link, at every time, and etc… The simulator can fetch the values of that kind 

of input parameters from the truth tables once we stored. The default input parameters are: 

speed, distance, cost, and time. 

We defined these input parameters as default because they have the exact values which do 

not change. Once we have their values we can use them for long time. The values of these 

input parameters are same in both cases: either provided by user or by using truth tables. By 

creating truth tables we reduced the possibility of missing values. We stored those values in 

our truth tables instead of getting from the users. These truth tables values will be used in 

case if values are missing in XML files. We have defined the values of these input 

parameters in Tables 3-6, see Appendix A.   

4.1.2 Empty input parameters 

Some input parameters require values from the user to run the simulation. The input 

parameters that take values from the user are defined as empty input parameter which are: 

start location and end location. 

 Logical relations 4.2

We have defined logical relations rules connecting truth tables. We defined truth tables in 

Appendix A. Here, we will only present the idea of our rules but detailed criteria will be 

explained with implementation in chapter 5. We have six main rules to get the complete 

values of an instance.  

4.2.1 Rule 1: Link 

First rule is based on the start and end locations. We will get two values from the user 

(XML) then we will assign a link between these cities. This rule will check the start and end 
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locations. If both locations are not equal then we will assign a link(s) between these two 

cities. That link will be used further in the method.  

4.2.2 Rule 2: Mode 

The second rule will check the availability of the mode on a particular link. We have three 

kinds of modes: truck, train, ferry. Some modes would not be available on the particular link. 

This rule will check the suitable mode on the link. If a mode is available then this rule will 

allow the use of further rules. If a mode is not available on the link then it will check and 

assign an alternative mode on that link.  

4.2.3 Rule 3: Distance 

After getting the values of first two rules the method will use its logical relations to find the 

rest of the values from truth tables. If first two rules work then this rule will call to find next 

value. This rule will find the distance on the link which is from start to end location. We can 

find the distance between two cites and also get the value of travelling distance. We have 

three modes of transport and three different ways for travelling. Each mode use one 

particular way. We have three possible ways on each link such as: road, rail, and sea.   

4.2.4 Rule 4: Speed 

This rule is used to find the speed of mode. In second rule, we found the mode of transport. 

Now we can use that logical relation to get the speed of mode from truth tables. We have 

three modes and specified speed for each mode in our tables. Our rule will get the exact 

value of speed from that table associated with relevant mode without any ambiguity.  

4.2.5 Rule 5: Cost 

This rule gets the value of cost from the truth tables. We have costs for each mode in truth 

table on every link. This rule applies with rule no 3 which gives the distance. The total 

distance multiply with cost/mph gives the total cost of travelling. 

4.2.6 Rule 6: Travelling Time 

The last rule is for travelling time. We got the accurate value of distance and speed by using 

logical rules from truth tables. Now we can calculate the travelling time by using following 

formulae: 

Time = Distance / Speed 
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5 IMPLEMENTATION 

This chapter describes the implementation of the method. We have explained about truth 

tables and logical relation rules in previous chapter. Here we will adopt truth tables values 

and rules to find missing values in our scenario.  

The implementation of the method is defined step by step. For each input parameter values, 

we have each rule. We used a tree approach for implementation of our method. Each rule 

checks on per node and goes further in deep till to complete all values. Each node represents 

an input parameters, the rule will check the value of that node. How it will work and process, 

we will explain shortly.  

 Source and Destination 5.1

As we have discussed earlier, we define seven input parameters to run the simulation. Only 

two input parameters (start and end locations) require values from the user for every 

simulation but rest of the values will be taken from the truth tables (XML in TAPAS case).  

The first rule will find a link. A link is associated with a way of traffic between two cities. 

For example, if start location is “Gothenburg” and end location is “Ronneby” or start 

location is “Ronneby” and end location is “Gothenburg”, then we will assign them the same 

link because the distance will be same in both ways. But we have to check that the name of 

source and destination should not be same. This link will be used to find the distance after 

deciding the mode of transport. The complete list of links is shown in Table 1. The following 

rule will find the link or series of links from source to destination. Sometimes, one direct link 

suitable from source to destination but sometimes more links are involved. We already 

discuss about that in chapter 2. The rule to find a link(s) is defined below:  

FindLink (source, destination) 
{ 
     Find Link (S, D) 
     Else 
            FindOthersLinks  
                Get Links (otherlinks) 
} 

 Mode 5.2

The second rule will be applied after rule no 1. When a link is identified then the mode of 

transport will be taken to check the distance. If a link is given and mode of transport is also 

given then the distance will be assigned from our Table no 2. The rule for finding suitable 

mode is given below:  

Find ModeofTransport 
{ 
         Get the link(s) number  
         Check the availability of the mode on this link. 
         Find suitable mode. 
} 

5.2.1 Lack of mode 

If the value of transport mode is unavailable (missing) then our solution will find that 

missing value. We have already mentioned that our truth tables have values of transport 

modes that are available on same link. We will assign a mode which is available on that link. 
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One way to assign a mode of transport to that link is that we will check other available 

modes and assign any one of them.  

When some modes are available then it is obvious that one of the modes of transport will be 

assigned to a link. But, our focus is on missing values. For example, a mode is not available 

on a certain link; in that case we have defined our rules to find that missing value. We will 

keep the mode of transport which is provided by the user. We will search other links that are 

using given mode. Then our link will be changed accordingly. We will assign that link which 

is using the desired mode instead of actual link.  

 Distance 5.3

After getting the link and mode of transport we have two exact values of distance and mode 

of travelling. Now, we can calculate the travelling time by using the speed of mode from 

table no 3. To calculate travelling time we divide distance by speed. The method of 

calculation is also mentioned in table no 4. We have the cost of travelling on per mph. So, 

we can also calculate the total cost by using cost from table no 3. To get total cost, we 

multiple the cost with distance.   

 Time and Cost 5.4

Now, the other rules can fetch the values of rest of the input parameters from truth tables. 

We have the values of speed and distance. The time can be calculated by: 

Time = Distance / Speed 

That gives the total time for travelling.  

The cost of the travelling is given in tables on kilometer per hour (mph). Once, we have the 

distance the total cost can be calculate by: 

 Total cost = Distance * Cost (mph) 

Now, we have all the necessary information about the simulation. In the next part we will 

present our results.  

 Experimental results 5.5

TAPAS takes inputs through XML files and outputs also in XML files. In this research we 

did not use XML files. We have used Eclipse to get the output which makes it easy to 

understand the solution and output of the result. When we will use our solution for real 

problem in future, we will transform our inputs and output in XML format to adjust in 

TAPAS.  

Results 1.  
Start location: ronneby 

End location: malmo 

Link:Ronneby-Malmo 

distance is:400.0 

Mode of Transport is: truck 

The travelling time is: 3.6363637hours 

The travelling cost of truck /mph is: 10.0 

Total cost is:40.0 kr. 
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Results 2.  
Start location: stockholm 

End location: lund 

Link is: stockholm - gothenburg 

distance is:400.0 

Mode of Transport is: truck 

The travelling time is: 3.6363637hours 

The travelling cost of truck /mph is: 10.0 

Total cost is:40.0 kr. 

Link is: gothenburg - lund 

distance is:200.0 

Mode of Transport is: truck 

The travelling time is: 1.8181819hours 

The travelling cost of truck /mph is: 10.0 

Total cost is:20.0 kr. 

 Evaluation 5.6

We have presented our experimental results in previous section that shows the handling of 

missing values. The experiment shows that our input handling method can find the missing 

values. To evaluate our work we have implemented it in Java to see the results.  

We create a scenario, and elaborate some possible situations of missing values. From defined 

scenario, we also find that if a mode is not available on a certain link then our method will 

suggest best suitable mode by using other alternatives. Our method is able to handle missing 

values. But specifically it is worthwhile to use it in related scenarios as one is mentioned in 

our work. The implementation of method will be discussed in the next chapter.  
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6 DISCUSSION 
It is very important for us to discuss our research and results. In our research we have 

already mentioned the evaluation in previous chapter now we will discuss about the results.  

 Handling missing values 6.1

Our primary focus was to define or find technique or method which can handle missing 

values. Our study in related work suggests that truth tables is a technique to find missing 

values by using logical relations. We have developed logical relations on the basis of our 

defined tables. We have implemented these rules in Java Eclipse. These rules gave us our 

desired results after running application.  

 Efficient simulator 6.2

Our proposed simulator mostly depends on our defined database. The simulator has all 

necessary information which is same in all cases such as: speed of mode, travelling time, 

cost and etc. It just waits to make sure from users to assign the basic values (source and 

destination). Simulator has complete information and does not required to be familiar with 

new values. It also improves the efficiency of simulator to process on own database with 

efficient time.  
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7 CONCLUSION  
 

 Simulators 7.1

We studied many different applications / techniques, and found that it is difficult to validate 

that they works for all types of simulation models at general level. Every simulator depends 

on the area of application. Simulator process on the basis of input parameters values and one 

set of input parameters is related to one application which is different from other areas. As 

we have mentioned in chapter 1, that we will try to make a technique to handle missing 

values for general level simulator. We have achieved our desired results but it can be useful 

in applications like transportation (TAPAS), logistics, and traffic simulation domain and 

related to that area of problems.  

 Input handling 7.2

Our study suggests that input handling is easy when using truth tables with logical rules as in 

our defined scenarios while some default values are created. In future, to make our result 

more general, we have to define more generic rules to consider all input parameters. But, we 

should maintain our database (tables) in a proper way to assign appropriate values. Our 

database should be updated according to new input parameters. We have defined some rules 

and implemented them in Java and got our desired results that enforce us to say that a proper 

database would make it easy to find missing values. 

 Rules 7.3

We have defined some rules and used them to get our results. These rules we have made are 

applicable to our research problem but in future we should improve them to make more 

useful in TAPAS and other applications. We have just presented the demo that motivates us 

to use that technique with complete list of input parameters. 

 Database 7.4
 

We found in related work that databases are facing the lack of values and not connected 

properly. There are many reasons of having missing values in big databases such as: errors in 

data collection, human errors, wrong interpretation, etc… We have analyzed that most often 

techniques are used to correct or find missing values in databases. They assume the system 

or database having missing values then search for missing values by using different 

techniques. 
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8 FUTURE WORK 
We have developed a method for our problem. That method works on that particular type of 

data. To make this method more efficient and applicable on real problems some future work 

is required. We have explained some key points below: 

 Database 8.1
 

We conclude that the database plays an important role to find missing values. We suggest 

that a proper database is useful to find missing values that is properly connected. We used 

the dummy database for our designed scenario. In future, we would like to use the authorized 

database from different resources. A detailed work is required to maintain and handle the 

database to use in missing values handling.  

 Space 8.2
 

As we have noticed that the database helps to find missing values by using logical relations. 

To get more accurate and different alternative for missing values we need a detailed 

database. That database required a big space to save all the available information. We can 

improve the storage space to make database more useful.  

 Connectivity 8.3

We implement our rules in a certain scenario; we would like to recommend the improvement 

of connectivity between different scenarios to improve the efficiency of finding missing 

values. Many different scenarios give other possible alternative or suitable values for lack of 

values. Some values are missed in some scenario while in some scenarios they are available. 

So, the connectivity of different scenarios can improve the handling of missing values to 

make simulator more efficient with accurate values.   

 TAPAS 8.4

As we have already mentioned previously, we have future plans to use these results for 

TAPAS.  We will implement the results with some extension, on real time simulator 

(TAPAS) to make it effective and useable.  We would like to recommend further study to 

capture TAPAS as a whole to implement these results to facilitate TAPAS in handle missing 

values. Due to lack of time, we have used a subpart of TAPAS and defined a small network 

with reduced input parameters to find a solution.  

 Priority 8.5

Sometimes, users would like to provide some useful information. If the user has some values 

and would like to override default values then the simulator should consider it. We would 

like to suggest that in future, it should be considered that how a user can specify some 

certain values in input parameters.  

 Multi-agent based simulation  8.6

We can use MABS in future to find missing values. For instance, every missing value of any 

input parameters would be associated with an agent. We can use agents in a way: during the 

simulation, simulator find some missing values, these values are associated with input 

parameters. These input parameters will behave as agents.  Only these agents have to do 

some extra work to find missing values instead of all input parameter. The agents will 
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interact with other related agents that are connected by logical relations. In this way all of 

our agents have not to participate in finding missing values. But for this method, we have to 

work more and get fully data about input parameters. That would be a good future work to 

make all input parameters as agents and make a strong communication network among them. 

In this research, we have presented the idea of MABS in a short scenario. But, of course in 

future the performance of our solution will be improved.    
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APPENDIX A TABLES 
 

Start Location (sl) End Location (el) Link No.(rn) 

Gothenburg Ronneby L # 1 

Gothenburg Malmo L # 2 

Gothenburg Stockholm L # 3 

Ronneby Malmo L # 4 

Ronneby Stockholm L # 5 

Malmo Stockholm L # 6 

Table 3. Finding Link 
 

 

Link No. (rn) Mode of Transport(m) Distance (d) (mph) 

L # 1 Truck 200  

Train  250  

Ferry 400  

L # 2 Truck 250  

Train 310 

Ferry Not available 

L # 3 Truck 300 

Train Not available 

Ferry 600 

L # 4 Truck 400 

Train Not available 

Ferry Not available 

L # 5 Truck 350 

Train 270 

Ferry 400 

L # 6 Truck 475 

Train 540 

Ferry Not available 

Table 4. Distance 
 

 

Mode (m) Speed (s) Cost (c) / mph 

Truck 110 10 kr 

Train 80 08 kr 

Ferry 40 05 kr 

Table 5. Speed and Cost 
 

 

Distance Mode Speed Travelling time 

D  M S Time = d/s 

Table 6. Travelling time 
 
 


