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Abstract 

Simulation is one of the most important decision support tools that has been present during 

decades in the manufacturing industry. Discrete Event Simulation (DES) experiments analysis is 

an important engineering activity for efficient production. In order to improve this efficiency, 

many companies must develop a supporting framework, between engineers and the process 

information. Within DES it is also important the model provenance information because it 

validates the credibility of the model to be reused. Therefore, nowadays there is a great interest 

in the simulation community based on the reusability of the simulation models. The engineers at 

Volvo Cars Corporation (VCC) who work with DES technology, request and deliver a high 

number of Key Performance Indicators (KPIs). As a consequence it is difficult to present the 

simulation results in a standardized way. This thesis has investigated a way to reduce and 

standardize this time consuming process. Thus, by the study of what information and data must 

be documented and how it must be presented, the main goal of this thesis was to improve the 

efficiency of a company, when a DES project is being developed. A survey based on VCC 

simulation projects, was undertaken with the aim to find the output data and the information that 

must be included in a standardized report. First, the information of the projects was categorized 

in three main groups: general information, input data and output data. Within these groups, the 

provenance metadata which allows the reuse of the DES project, was identified. Then, after the 

analysis of 23 reports from DES projects, most frequent scenarios and their related output data 

were identified. All the findings were used for the implementation of a standardized and 

automated data-handling system which simplify the project documentation task to the engineers. 

This data-handling system exports the key output data from the simulation software to the report 

designed. Validation interviews show a strong acceptance among the engineers at VCC. Finally, 

in order to properly keep in track with all the provenance information when a DES project is being 

performed, a management method was proposed as well. 
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1. Introduction 

Simulation is one of the most important decision support tools that have been present during 

decades in the manufacturing industry. Through simulation it is possible to replicate a real life 

behavior and therefore it has been used for testing different scenarios. These complex and 

dynamics scenarios need to be analyzed, assessed and hence modeled in a simulation tool. When 

a simulation model is built, the engineers and managers obtain a larger understanding of real life 

systems because they will be able to replicate and test different scenarios or experiments with the 

aim to see how the system behaves. This better understanding helps them to plan and analyze a 

wide variety of possible different parameter configurations that can occur in the model. (Holst, 

2004; Tako & Robinson, 2009) 

This dissertation project is based on DES data management. DES provides a big understanding 

of the system, improves the knowledge about it and therefore, helps the organization/company to 

reduce the lead time and raise the utilization and productivity. (Tako & Robinson, 2009) 

According to Chari (2013), there is a wide amount of researchers that agree in the affirmation that 

DES has several remaining problems which have not been solved yet. One of the fields within 

DES, that can be improved, is data management and consequently, this project will establish a 

framework about how the data can be managed when a DES project is being performed. The 

relevant data that allows the realization of a well-documented simulation project needs to be 

standardized and provided in the correct format at the right place, and when it is needed. In 

essence, one of the topics which this project aims to develop, is the standardization of the data 

design and preparation, the data collection, and result reporting. 

Often, simulation models are not reused, probably due to a poor documentation if the models. 

Therefore, engineers are obliged to waste time, even to perform similar experiments over and 

over. The reusability of simulation models contribute to save time and cost during the modeling 

phase. In order to reuse a simulation model, it become important to maintain the model 

provenance. Provenance reflect the origin of a digital object. From a manufacturing point of view, 

the provenance information contains the descriptive information about the production processes. 

Therefore, a well-documented project has the descriptive information about the products, 

processes, entities that allow the traceability of the development phase. Consequently, 

maintaining the model provenance becomes essential in order to validate the credibility of a model 

to be reused (see section 3.5). Since there is a great interest in the simulation community based 
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on the reusability of the simulation models, this project will also map the standardized information 

set from a simulation project to a provenance framework. (CIMdata, 2016; Robinson et al., 2004) 

Figure 1.1 shows a general understanding of the project and its main topics. Summarizing, this 

project will study the data regarding DES projects and the relevant data that must be presented 

depending of the experiments or goals of the projects. This project will also map all the finding 

regarding the DES data to a provenance framework.   

DES
Projects

 Data
Experiment 1

Experiment 2

Experiment... N

Provenance Framework

Relevant  Data
Relevant Data

Relevantt Data

Data 
Presentation

 

Figure 1.1: Project Overview. 

 

1.1 Background and Motivation 

DES experiment analysis is an important engineering activity for efficient system development 

that involves a huge amount of data regarding products, processes, resources, etc. In many 

companies, there is a lack of a supporting framework, between engineers and the process 

information. Therefore, the creation of this framework could contribute to eliminate wasted time 

in repetitive simulation tasks. This approach intends to lead to more efficient decision making 

processes within the manufacturing industry. Due to the lack of information that does not allow 

simulation models be traceable, simulation models cannot be reused because they are not trusted. 

Therefore, an improvement on the trustworthiness of the reusability of simulation models, could 

allow the engineers and clients trace the process back to its origin. This is one of main reasons 

why a data management framework is required. (Lee et al., 2012) 
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The competitiveness of a company involves how effectively the information is transferred or 

generated, which implies to have disposal of the right information at the right time. A survey 

study carried out in a Swedish consultant company, which work with DES, establishes that in 

order to take advantages from the full capacity of the DES tool, there is a necessity for an 

automatic generated data-handling system which presents the appropriate data to the decisions 

makers during the documentation stage. (Johansson et al., 2003) 

At Volvo Cars Corporation (VCC), a group of engineers works full time with production system 

analysis and optimization, using DES technology. This group of engineers delivers and requests 

a high number of key performance indicators (KPIs). As a consequence of the high number of 

KPIs requested and delivered it is difficult to present the simulation results in a standardized way. 

Since the process of presentation the simulation results is a time consuming process, it would be 

useful to find a way to standardize it.  

Typically, in many companies the simulation projects are seen as isolated events, hence reuse of 

simulation models are normally not considered during a simulation project. In reality, there is a 

high probability that a model ought to be reused in a succeeding project. Therefore, it becomes 

important to maintain the model provenance. 

 

1.2 Aims and Objectives 

The aim with this project is to improve the efficiency of a company when a DES project is being 

developed. In order to reach that improvement this project is focused on; the reduction of the of 

the time consumed during the documentation of the results phase within DES projects, and the 

investigation of which information and data have to be stored in order to allow the models reuse. 

On the one hand, with the aim to reduce the time consumed during the documentation of the 

results phase, the information and data that have to be included in standardized reports will be 

investigated. In order find this information and data, a survey will be undertaken based on the 

documentation provided by VCC regarding DES projects. Through the survey, the resulting data 

from DES projects will be standardized according to the different simulation project objectives.   

On the other hand, in order to allow the simulation models being reused, the investigated 

information and data that allow the projects traceability, will be mapped to provenance 

framework. The identified sets of information will serve as the basis for the creation of a report 

generator that will present the different types of information and data in standardized way. 
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In order to reach the aims of the thesis, the work was divided in the next objectives: 

 Identify and define different scenarios commonly carried out at VCC and find its key 

information for both the simulation team and the clients according to each scenario. 

 Develop a provenance framework. 

 Relate the standardized information set to the provenance framework. 

 Find out which information is the most relevant to present to the clients and in which 

format. 

 Establish the basis for a standardized report generator based on the identified scenarios 

and the resulting information sets. 

 

1.3 Limitations 

This master thesis has two main limitations, the population studied, and the limited number of 

projects studied and provided. The population studied is based on the cases typically performed 

at one production plant of VCC and therefore, the findings cannot be generalized to external 

samples not included in the research. The findings are based on the scenarios provided by VCC 

and consequently they cannot be applied to external scenarios not included in the sample studied. 

Additionally, this project has taken into account a limited number of projects for the survey. 

Therefore, more documented projects and time would allow a deeper and larger survey leading to 

more accurate findings. 

 

1.4 Approach Method 

As can be seen in the Figure 1.2, the first part of the project includes a literature review based on 

the key information for simulation experiments. This literature review has included simulation 

project management, DES, simulation data management (SDM), survey research methodology, 

information provenance, simulation model reuse, KPIs and work standardization. 

The first part of the Figure 1.2 is referred to the survey where different simulation projects 

developed at VCC will be studied and also to the interviews that will be carried with the 

simulation engineers and their clients.  
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In order to analyze the simulation models and to study in which way the simulation tool present 

the results, a deep study of the Siemens software Plant Simulation will be carried out. 

The different scenarios or experiments together with their relevant related data for the simulation 

team and clients, will be studied and defined. Findings will be mapped to a provenance 

framework. Based on the findings a specification for designing a report generator will be 

developed. 

 

Figure 1.2: Approach Method. 
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1.5 Research Methodology 

Research can be defined as the generation of knowledge by the use of a specific procedure. In 

Figure 1.3 this procedure and its different research strategies can be seen. 

 

Figure 1.3: Model of the research process (Oates, B.J. 2006). 

 

Since one of the main parts of this project is based on the search of information from different 

sources in a standardized form, the research strategy chosen is Survey. This survey strategy is 

aimed to find patterns and generalizations which can provide enough knowledge regarding the 

key simulation data for the project. Taking into account that DES projects involve a huge amounts 

of data, the patterns extracted from the data collected need to be generalizable in terms of how it 

can be interpreted. Therefore, different sources formed by groups of people at VCC and also by 

simulation projects (models, documents etc) will be analyzed in the survey strategy. This project 

will be aided by different generation methods, such as interviews and documents that will be used 

during the data collection stage. Therefore, a survey strategy matches perfectly with the aims and 

approach of the thesis providing the researcher with a set of steps and tools for the simplification 
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of the information extraction. A survey methodology, which takes into account 

qualitative/quantitative methods, will be implemented. 

The main advantages that this project can obtain through the use of survey as the research 

methodology are: The information collected helps to draw general conclusions. If the survey is 

well planned, the required data can be collected in a reasonable amount of time. The right 

information does not necessarily need to be collected from a wide sample. The data collected can 

be confirmed or refuted by further surveys. 
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2. Survey 

The most important information in order to understand how the survey is compound can be 

divided in 6 parts: 

1 Data Required: Due to the limited time of the research the data required in order to extract 

the right information for the research was properly defined in the first step of the survey. 

This research has established the data required as the documentation that could be provided 

by VCC in terms of: Simulation project proposals, Simulation projects results, Results 

explanations and conclusions, and simulation projects flow charts.  

 

2 Data generation method: In the case concerning this research the data generation method 

used are interviews and documents. The simulation team and their clients went through 

different interviews which were planned and structured beforehand. Also, a search and 

analysis of published documents together with the material mentioned in the previous step 

provided by VCC was performed. 

 

3 Sampling frame: Focused on the quantification of the data used and the people involved in 

the Survey. The documentation studied include in total 23 simulation projects, and the people 

involved in interviews were the engineers Tommy Sellgren and Simon Lidberg from the 

simulation team together with their clients.  

 

4 Sampling technique: This survey has used a mixture of probabilistic and non-probabilistic 

techniques such as: Cluster sampling: This technique aims to group the sample in clusters 

which, in this case, are the simulation teams and their clients. Self-selection sampling: The 

data required is advertised and later on collected from the respondents who are willing to 

provide this information. This is a valuable technique when the researcher is not sure who 

will possess the knowledge required. In this research also the respondents willing to provide 

data/information are interviewed. Snowball sampling: In this technique the interviewees are 

asked if they know anyone else with the information required that can be interviewed. 

 

5 Response rate and non-responses: This activity goal tried to increase the number of 

responses. The number of responses was increased by increasing the population of the clients 

interviewed and projects studied until the information needed was collected. 
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6 Sample size: In the case of this research the sampling size depend on two different sources: 

The documents studied and the simulation team with their clients. Therefore, the sample 

size, from the sources, was limited to the limited number of projects studied in the period 

and the amount of people from VCC that could contribute with the research by providing 

valuable information. 

 

2.1 Generation Methods and Data Collection Techniques 

This research as explained above is aided by two different generation methods which were. 

Interviews: In order to make sure that the patterns and conclusions extracted data are correct, the 

simulation team engineers from VCC were interviewed. Also some additional information about 

how to interpret certain documents regarding the simulation results provided by the company was 

collected during the interviews. Interviews was selected due to the facility to treat confidential 

information and because the opportunity to go back and make further questions in aspects that 

could appear during the whole survey process. 

Since semi-structured interviews and unstructured interviews allow the respondents to talk and 

express the thoughts freely, they are more used for discoveries instead of confirmation theories. 

Therefore this thesis has used semi-structured interviews because, besides the predetermined 

question that the researcher prepared for the respondents, the researcher also allowed them to 

come up with their ideas. Semi structured interviews were carried out to the simulation team and 

to their clients in order to understand how they would show the experiments data in the 

standardized form and how they assessed the proposed template. (Oates, 2006) 

Documents: As previously explained documents were the other generation method chosen for 

this survey. Different types of documents were used; found documents, and researcher generated 

documents. (Oates, 2006) 

 Found documents: Are referred to documents that already exist and which were used 

for collect the data required. Hence this data collection technique was used in order to 

investigate what have been done in the topic until now and to go through the required 

documents that provide the researcher with the basic knowledge of the simulation 

software. In the case of this project this documents were publications such as conference 

papers, academic literature, journal articles, books, simulation models, excel sheets and 
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power point presentations provided by the organization, manuals and user guides 

regarding Plant Simulation Tecnomatix software etc. 

 Researcher-generated documents: Are referred to documents which did not exist at the 

beginning of the project. These documents were developed by the researcher in order to 

obtain information. This thesis has used this technique with the aim to confirm or reject 

the project results with respect to the simulation team and the clients. The template of the 

report generator developed is a research generated document in this case. 

 

2.2 Quantitative Data Analysis 

It is referred to the data or information used that can be quantified in somehow. A quantitative 

data analysis provides the knowledge of how to express and how to show the data or information. 

The quantitative analysis was applied to the documentation provided (Simulation Projects and 

Result Reports). This project has quantified how often different parameters appears in specific 

cases, how often different scenarios are performed in the company among other quantitative 

measurements. Also the findings have been properly quantified and expressed in tables and graphs 

facilitating the interpretation task. This quantitative analysis determined how trustworthy the 

research was depending of the number of simulation project studied and the findings discovered 

(Oates, 2006): 

Some advantages for using quantitative data analysis were. 

 The results were based on quantities and not in impressions. 

 With the help of statistical applications, a wide amount of data could be well analyzed 

and categorized. 

 The analysis used gave a high confidence to the researcher. 

 

2.3 Qualitative Data Analysis 

As the opposite than in quantitative data, the qualitative data is referred to the non-numeric data, 

such as in this research, interviews and some documents from which the content was not 

quantified. Therefore the qualitative analysis was basically focused in the interviews and data 

extracted from them. (Oates, B.J. 2006) 

The data was qualitative treated in terms of: 
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-The data were properly transformed from interview to written conclusions. 

-The information extracted from interviews was properly stored and duplicated after it was 

translated. 

-The data extracted was properly categorized. 
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3. Literature Review 

3.1 Standardization 

Standardized work is one of the most important lean thinking tools. By means of standardization 

the work improvement is ensured and sustained at the same time that previously unseen waste is 

eliminated. As new standards are developed in the production process, the new standards become 

the next required improvements. In other words, within production engineering, the 

standardization process is a never ending process. 

With the implementation of standardized work, new ways of data collection must be established. 

These new forms will serve engineering and operators to design and improve their job. (Ohno, 

1988) 

For decades, the simulation community has tried to generate new approaches to standardize the 

simulation procedures. Nevertheless, in the current global manufacturing industry where different 

organizations are active in many countries with many clients, software providers, etc; 

standardized work procedures are a requirement. These standardized procedures are required in 

order to reach the expected efficiency level.  

DES has evolved over the last decades and it is now going through a mature stage where 

standardization is an important part of the stage. More specifically, in the Swedish automotive 

industry, the standardization of manufacturing and simulation data is becoming essential 

(CIMdata, 2006). 

According to (Johansson, 2007), the implementation of standardized methods for data 

management within DES will reduce the time spent in the project processes and it can also 

facilitate the analysis task which implies a cost reduction of the overall project. In other words, 

the standardization of the analysis of simulation reports could lead to an easier and improved 

decision making task. 

The use of a standardized data structure, which allows the data exchange between manufacturing 

software, data bases and information systems; will increase data availability. (CIMdata, 2016; 

Johansson et al., 2007) 
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3.2 Key Performance Indicators (KPIs) 

A KPI is a process level measurement whose value is directly related to an established goal and 

is commonly expressed as a percentage. Therefore, a KPI is designed in order to see the progress 

of different processes. For these reasons many companies including VCC analyze and evaluate 

many different KPIs within their production processes. However, according to Parameter (2010) 

the huge amount of KPIs involved in the manufacturing processes, often leads the companies to 

use the wrong KPIs to measure the progress of the processes. Once a company studies its 

objectives and defines its goals, it is important to determine the progress regarding those goals. 

KPIs aid companies to quantify and define the progress within the company objectives. A KPI is 

a measurement which quantifies and shows the level of success within different company factors. 

A KPI summary represents the collected data results that are important to see together. 

It can be said that KPIs provide a set of measures which are focused on the factors which are 

critical for the success of the company. The main problem regarding KPIs is that many 

organizations normally collect a huge amount of measures and therefore, it does not facilitate the 

analytical part of the process. In order to identify the required measures and KPIs, it is necessary 

to define the goals and strategies for the attainment of the goals. 

The main Characteristics of KIPs are: They do not measure financial factors. These measures are 

evaluated frequently. The people involved in the process understands the measures and knows 

which corrected action must be taken if it is required. They are reflected in most of most of the 

company success factors. They have a good impact on the process performance. (Parmenter, 

2010) 

Is for the aforementioned reasons that in this project KPIs are analyzed in order to find the most 

relevant one the production processes typically performed at VCC. 

 

3.3 Discrete Event Simulation (DES) 

DES is a form in which complex systems are modeled and represented providing an intuitive and 

flexible understanding. DES is a powerful tool for management support within manufacturing 

industry. In order to reach desired production, at the adequate capacity and flexibility, this tool is 

classified as essential in different manufacturing companies. (Karnon et al., 2012; Johansson et 

al., 2003) 
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Model characteristics: 

A system model can be deterministic or stochastic. Deterministic models have no random 

variables. Sometimes a system needs to have stochastic variables such as machine fail, etc. In 

DES these stochastic variables are modeled in the simulation model. 

A system model can be static or dynamic. It can be said that a system model is static if time is not 

a significant variable. However, if variables are associated to time play, they are part of a dynamic 

model. 

A dynamic model can also be continuous or discrete. A model is discrete if the state of the system 

is function of the time. For instance, the work-in-process (WIP) in a queuing system is a natural 

state variable that only changes its value when a new product arrives to be processed or departs 

to be delivered. However, in a continuous model, the state variables change continuously, and not 

from one state to another.  

The three characteristic levels of the system model explained above can be seen in Figure 3.1. 

 

Figure 3.1: System Model Taxonomy (Leemis & Park, 2006). 

 

A DES model is characterized by three main properties (Leemis, & Park, 2006): 

 Stochastic: Some of the stages in the system must vary randomly. 

 Dynamic: The variables of the system evolve over time. 

 Discrete-Event: The state variables of the system will change its value according to events 

that happen at discrete time moments. 
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3.3.1 Simulation Experiments 

Companies encounter many challenges when they are involved in manufacturing operations. With 

the aim to make the companies more profitable, those operations need to be understood and in 

some cases optimized aided by DES models. However, a DES model can be very complex 

environment that need to be analyzed. This analysis which provide the engineers with a better 

understanding of how the involved operation behaves, is a difficult and costly task. By mean of 

simulation experiments, those operations that occurs in manufacturing processes can be replicated 

and analyzed. Therefore, the simulation experiments provide engineers with a valuable idea of 

how the variables involved in a model interact among each other, and in some cases how they can 

be optimized. (Campuzano & Mula, 2011) 

Some of the most significant challenging scenarios that need to be simulated or optimized in most 

of the manufacturing operations are: batch sizes optimization, bottleneck analysis, optimization 

of buffers capacity allocation, evaluation of different layouts, different production strategies and 

new variant introduction, to name a few. 

 

3.4 Simulation Data Management (SDM) 

Simulation is an important tool for different manufacturing organizations around the world. Those 

organizations use simulation tools in order to speed up their production, save costs and develop 

more quality products. As simulations become more complex as much detailed they are, they 

cover more data to be analyzed. Consequently, due to the continuous increase in size and 

complexity of the simulation data, the improvement of the simulation data management has 

become a key aspect to many manufacturing organizations. (NAFEMS, 2016) 

Currently, there is a need for managing the information not only regarding the product, but also 

regarding the experiments data from process-flow. In most of the manufacturing companies, the 

simulation analysis is carried out by specialized engineers who reenter the simulation data and 

run the simulation again. This is a time consuming procedure because in some cases the wasted 

time and cost are factors added to the analysis process which made the simulation much more 

complicated to be analyzed. Manufacturing companies have the necessity of creating a 

framework, where the specialist knowledge is stored, and make it available for the users who 

could need this information. (CIMdata, 2016; Johansson et al., 2003) 



   

Master Thesis in Industrial Systems Engineering 16 

Efficient simulation data and information management have become essential aspects for 

companies which base their decision on simulation results. A proper SDM allows users to manage 

the structure of processes and simulation data during the whole product lifecycle. It can be said 

that SDM is about: data, models, processes, simulation, documents and analysis. 

Simulation experiments generate large quantities of data. This data needs to be standardized in a 

PLM framework. The simulation data is characterized by its complexity. This data is commonly 

stored in big sized files which add more complexity to the SDM. (NAFEMS, 2016) 

In order to distribute and manage simulation data, different strategies can be implemented. Data 

ought to be generated in clusters which can be easily categorized regarding different scenarios. 

SDM allows the key results from experiments to be stored into a much simpler company database. 

However, the information regarding a model must be associated one or more different 

manufacturing scenarios with the aim to facilitate the clustering task. The different scenarios 

defined by experts can be used by a range of clients within a repetitive simulation environment. 

(NAFEMS, 2016; Leong et al., 2006; CIMdata, 2016) 

DES simulates different systems with in order to understand them. This is a complex procedure 

compound by a sequence of required steps. The result of these steps is evaluated in terms of 

design, process performance, etc. Therefore, the process and the context that involve the questions 

“How” and “Why” about the data that is generated are a key task within SDM. A simulation data 

management structure could contribute to store the provenance information that allow engineers 

to reuse the data from simulation processes. Therefore, the simulation models need to be traceable 

to the beginning of the process in which they were designed together with the data used and the 

software version used as well. Simulation experts should develop a mechanism to capture the 

result of the simulation analyses including the provenance data and make this information 

available for those who may need it. Through the data management mechanism, the company 

employees or clients need to have access to the simulation data including all the information about 

the simulation process stages. (CIMdata, 2016; NAFEMS, 2016) 

In order to assess and analyze the performance of a manufacturing system, a SDM structure could 

facilitate this task by providing a set of the main KPIs regarding what is needed to be assessed. A 

simulation application, compound by the algorithm which is in charge for the storage if the data 

from experiments, needs to be developed. Therefore, the simulation model needs to be assessed 

with DES algorithms, which generates the specific KPIs required. All necessary data, which is 

important for the manufacturing system, can be placed into a uniform data structure, e.g. in an 

Excel sheet. The engineering data that is included in the simulation models vary from one 
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simulation software to another. However, the most common commercial simulation software 

support MS-Excel files and XML-format files. (Lee et al., 2012; Kardos et al., 2013) 

Some of the main advantages that can be extracted from SDM are: Barriers between working 

groups can be eliminated. The Lead Time can be decreased. Repetitive analysis tasks can be 

ensured by mean of standardization. By means of faster analysis the production per year can be 

increased. Better quality products. Promote innovation which leads to a process of continuous 

improvement. Improve the efficiency and the trustworthiness of the processes. (CIMdata, 2016) 

 

3.5 Model Reusability and Data Provenance 

The model reuse information is an important aspect to develop in order to reduce the model 

implementation time and consequently costs. The model reusability approach has been a goal to 

achieve among the simulation community, basically due to the necessity to avoid the high time 

spent in the development of a model. 

The easiest scenario, in which a simulation model can be reused, is when it will be reused for the 

same purpose for which the model was implemented. This scenario can occur, for example, when 

a model is used to support routine tasks. However, if the model is shall be reused for a different 

purpose than for which it was developed, there are no guaranties for the model reusability. 

Normally, simulation or modelers engineers can access models that they have previously 

developed. Therefore, use existing models or part of them to a similar problem can be done 

adapting the old model or part of it to the analogous situation. 

As mentioned above, a model with the required modification can be reused in a similar system. 

However, it is not certain that a model always can be used in a similar system. In order to allow 

the model to be reused, its information must be verified and validated which can actually take 

longer than implement a new model. Therefore, the information validation and verification can 

be done by establishing a provenance framework about the model information over its lifecycle. 

Hence, define the model information that must be stored/saved, is a key aspect in order to allow 

the model reusability. (Robinson et al., 2004) 

DES tasks such as bottleneck analysis, buffer allocation experiment, among others are difficult 

operations. Hence, a view of the simulation processes, workflow and internal data values must be 

provided. Nowadays, provenance is becoming a key concept in DES, since it allows the engineers 
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to understand how the results were obtained, to validate the process and repeat the experiments. 

(Moreno et al., 2010) 

Nowadays, many simulations software are missing the results traceability that is referred to how 

they have been generated within a process. Without this information, the results produced by 

simulations cannot be trusted and therefore neither reused. A simulation data provenance 

framework would allow to organizations to dispose the data used in simulation experiments, thus 

allowing this data be traceable and trusted. (CIMdata, 2016; Kloss & Schreiber. 2006) 

As a summary, provenance is information or data regarding products, processes, entities etc, 

which can be used to evaluate its quality, trustworthiness or reliability. Provenance reflects the 

origin of digital objects. From a manufacturing point of view, the provenance specification 

contains descriptive information about production processes. Therefore, provenance information 

can be used to understand which type of data and how it was collected, allowing the data 

validation and the process verification based on specific requirements. Simulation process 

information, such as what is the purpose of the process, when was it performed and by whom, 

and which results were obtained, is a part of information provenance that needs to be recorded in 

a manufacturing process. This provenance information is stated in Ram & Liu (2009) as the W7 

(what, when, where, who, how, which and why) and therefore every simulation project must 

provide the answer for these W7 questions. (CIMdata, 2016; W3C, 2016) 

 

3.6 Simulation Project Phases 

Simulation studies are a complex process and therefore they need to follow a procedure in order 

to simplify the engineering tasks. Based on the point of view of Sargent (2006) and Nordgren 

(1995), this section summarizes the main steps and procedures involved in the development of a 

simulation project. 

The successful management of a simulation project takes into account many different tasks that 

can be grouped in phases according to how the project advanced on a timeline. Those phases are 

known in different ways depending of the source of study, but they involve the same tasks. The 

three main phases that group the different task involved in a simulation project are: 

conceptualization, model development, and documentation. (Sargent et all., 2006) 

Figure 3.2 shows the three phases found in the literature together with their main tasks.  
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Stage 1: 
Conceptualization

 Formulate Problem
 Define Goals/Objectives
 Define Conceptual Model
 Make Assumptions
 Formulate Inputs

Stage 2: 
Model Development

 Build Simulation Model
 Validate Simulation Model
 Design Experiments
 Run Experiments

Stage 3: 
Documentation

 Results Analysis
 Present and Document 

the Results.

 

Figure 3.2: Simulation Project Phases and Main Tasks. 

 

 Formulate Problem is one of the most important task within a simulation project since 

a faulty problem formulation will waste a lot of time and therefore money on the 

simulation project. 

 Define Goals/Objectives task is aimed to clearly establish the client requirements. This 

stage needs to determine the scope of the project and the expected outcome. 

 Define Conceptual Model is used to establish the modeling strategy. The modeling 

strategy is regarding how the systems must be represented in terms of the elements that 

the simulation tool allows you to use. 

 Make Assumptions is mainly focused to combine all the information that is supposed to 

be used in order to model the system. 

 Formulate Inputs is referred to the model description and data collection task where the 

required data to build the model must be specified and determined. 

 Build Simulation Model is the most visible task of the simulation project. The model 

will be constructed from a more basic level to a more complex level according the basic 

flow and logic of the system. 

 Validate Simulation Model is concerned about how the model behaves once it is 

constructed. It may be validated according to the expected performance. 

 Design Experiments is where the required experiments are designed and developed in 

order to test the model or to reach the answers to fulfil the goals and objectives of the 

project. 

 Run Experiments: The experiments developed in the previous step are carried out. 
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 Result Analysis is one of the final and more important step since wrong conclusions can 

lead to wrong decisions. If any of the previous steps was performed incorrected the results 

will not be valid.  

 Present and Document the Results is a key task in order to make a successful and 

traceable simulation project. This last task should include the output of relevant data that 

helps to draw conclusions, i.e. the conclusions and all the project information that allow 

to trace the complete simulation project. 

The phases and its regarding task explained above are based on the main tasks that a simulation 

methodology must include. However, new tasks and phases can be added depending on how the 

approach method followed. The approach method can also varies depending on the specific 

application industry that is analyzed. (Sargent et all., 2006; Nordgren. 1995) 

Since this project aims to find a standardized way of how simulation projects have to be 

documented, the simulation project phases were studied. These phases reflect the steps which a 

simulation project follows. Therefore, through these steps is reflected what information was 

generated and how was generated during a simulation project which a useful information in order 

to define a standardized procedure. 
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4. Industrial Simulation Project Survey 

It is important to remark that the population studied is based on a specific group of people and 

projects from VCC. The documentation studied is compound among other documents by a total 

of 23 simulation projects from the last 4 years which were deeply studied and categorized in 

different groups according to their information and main objectives.  

Firstly, looking into section 3.6 a general explanation of the simulation project stages was 

performed. It is important to know that VCC simulation project phases do not differ much from 

the phases explained in 3.6. All those stages and steps explained in section 2.6 are included in 

VCC simulation flowchart. The difference between the simulation flow explained previously and 

VCC simulation projects flow is that in VCC there are extra steps included in each of the three 

stages. Since those extra steps not are related to the simulation data that this project is aimed to 

study, those steps do not need to be explained and defined. 

In section 3.6 three phases where mentioned, Conceptualization, Model Development, and 

Documentation. These three phases are easily seen in VCC flowchart. Each of this phases involve 

different tasks which have been previously defined in section 3.6. However, according to VCC 

simulation flowchart depending on the specific task that is being performed, it is carried out by 

the simulation engineers, by the clients, or by both.  

In the case of the stage 1 called conceptualization is performed by both engineers and clients. The 

problem formulation and the goals/objectives definition is performed by the clients. The 

conceptualization of the model is done by the simulation engineers. Finally the definition of the 

assumptions and the inputs formulations is done by both, simulation engineers and clients. 

In the case of the stage 2 called model development, the simulation model is built by the 

simulation engineers and validated by the both, clients and simulation engineers. Then the 

experiments are designed by both as well but performed by the simulation engineers. 

In the case the last stage called Documentations, the analysis of the project is performed first by 

the simulation engineers and then, once it is documented by the simulation engineers as well, it 

is also analyze by the clients.  

Furthermore, next section have assigned all the information regarding simulation projects phases 

to a project information framework. Consequently, this information framework will serve as the 

basis for the standardization of the documentation stage. 
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4.1 Simulation Projects Information 

As result from the survey of the 23 projects according to the report documents provided and the 

interviews carried out, the key information regarding the most frequent scenarios performed at 

VCC that need to be standardized is divided in three main classes: general information, input data 

and output data. When a project is performed and is documented, it needs to include all the key 

information regarding these classes. 

Figure 4.1 shows the three main information categories regarding simulation projects. 

Project
Information

General
Information

Input
Data

Output
Data (Results)

-Project Name
-Arrival Date 
-Project Version
-Person in Charge
-Department
-Current State
-Goals
...

-Assumptions
-Input Experiments
-Process Data
-Simulation Model
-Simulation Settings

-If is Applicable-
-Optimization Settings
...

-Relevant Results
-If Applicable-

-Optimization Results 
-Final  Model
...

 

Figure 4.1: Project Information. 

 

General Information class involves a basic description about the project: Name, arrival date, 

version, person in charge, department, current state and goals of the project. In order to properly 

provide the engineers with the required information, the simulation projects have to include the 

information about what is aimed to do with the project (Goals) and what is the current state of the 

system or model which the project is intended to simulate, test, optimize or build. 

Input Data consist on the all the required information to start the project. Without the input data 

there is no way to perform the project. Therefore, all the required input data not provided to the 
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simulation engineers must be gathered or designed by the simulation engineers together with the 

client. This class of data is compound by:  

 A variety of “Assumptions” about the model performance is assumed by the simulation 

team in order to allow the clarification of some model behavior aspects. 

 “Input Experiments” are designed by the simulation team and clients with the aim to 

answer the questions concerned the goals or to optimize what is intended. 

 “Process data” covers the data regarding all the elements (Operations, Machines, Buffers, 

etc) that compound the system which is necessary to build a model or to run the designed 

experiments in the system. 

 “Simulation Setting” is referred to the simulation horizon, the warm up time and number 

of replications. In other words, the simulation experiments must be executed for and 

specific period of time so as to obtain valid results. 

 “Optimization Settings” is referred to the optimization algorithm, the optimization 

objectives, crossover operator, crossover probability, mutation operator, mutation 

probability, number of evaluations and all relevant parameters that need to be set during 

the optimization process. 

 “The Simulation Model” must be also included in the input data if it already exist. 

The Output Data comprises the resulting data that needs to be analyzed and presented in order 

to draw conclusion. This data must cover all the relevant parameters that allow the decision 

makers understand the results of the experiments, made the right conclusions and therefore make 

the right decision. 

 “Relevant Results” is the main data on which the decision making task is based on. 

 “Optimization Results” will be included as part of the Relevant Results in the 

optimization cases. Here it will be shown the most optimized or chosen configuration, 

according to the optimization objectives among the total number of iterations performed 

by the optimization tool. 

 “Final Model” if it has been changed or if a new model was built from the beginning. 
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4.2 Scenarios Definition and Key Information 

After the study of the project documents provided by VCC, different scenarios commonly carried 

out by the simulation team were found. The scenarios definition were performed looking at the 

goals and objectives of each project. 

Table 1 shows all the scenarios and their related output data found in the documents provided by 

the company. The table is formed by the relevant output data for each scenario which is marked 

with a “X” if the specific KPI was found in the project reports studied or if the simulation 

engineers believe that this parameter should be also included. Those parameter or KPIs are 

Throughput per Hour (THP), Work-in-Process (WIP), Lead Time (LT), Cycle Time (CT), Overall 

Equipment Effectiveness (OEE), Utilization of Operations, Optimization Data, and Specific Data. 

The column called “Specific Data” is marked with a red cross because it is referred to some extra 

data that in some cases needs to be shown in order to a have a better understanding of the results. 

Those extra KPIs will be included if the simulation engineers or the clients believe that they can 

provide a valuable information about the results. Consequently, the specific data will be part of a 

simulation project if the simulation engineers or its clients required it.  

Table 1: Scenarios and the Related Output Data. 

 

 

In addition, the column “Frequency” presents the amount of times that a specific scenario was 

found in the documentation studied. This information can be seen more clearly in Figure 4.2, 

where a total of 23 projects are displayed according to the amount of times that the scenarios were 

found. It is important to understand that the most frequent scenario, “Different 

Simulation Projects  Frequency THP WIP LT CT OEE Utilization 
Optimization 

Data

Specific 

Data

System Design 1 X X X X X X X

Bottleneck Analysis 3 X X X X X X X

New layout, Add Machines etc 3 X X X X X X X

SPC Frequency 2 X X X X X X X

Singlespindle vs Doublespindle 2 X X X X X X X

Different Strategies/Configurations 5 X X X X X X X

Bach Sizes Optimization 2 X X X

Introduce New Variants 2 X X X X X X X

Buffers Optimization 2 X X X

Different Suppliers 1 X X X X X X X

Total of Projects Studied 23

Related Output Data
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Strategies/Configurations”, which was found 5 times covers different cases, this is the reason why 

it appears so often. The cases can go from just small changes in some part of the systems to 

changes in the operations settings of a model etc. Figure 4.2 can change or increment the number 

of the scenarios shown if the number of simulation project being studied is incremented. 

 

Figure 4.2: Event Frequency. 

 

 Batch Sizes Optimization: This scenario consist of the calculation of the optimal batch 

quantity of a variant. This process has a big influence in the production performance. The 

goal of calculating the optimal batch quantity variant is to make the production more 

efficient. Therefore, if the batch quantity is improved, the excess of WIP together with 

the manufacturing LT can be reduced. (Benjaafar & Sheikhzadeh, 2010) 

 Bottleneck Analysis: A bottleneck is a constraint in a supply chain that identifies the 

operations that require the longest times to process the resources. Since the bottlenecks 

determine the THP of the manufacturing supply chain, the bottleneck analysis and the 
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improvements that it can lead to, are important in order to increase the THP and therefore 

the cash flow. (Goldratt, 1999) 

 Optimization of Buffers Capacity Allocation: Buffer allocation problems occurs in 

many manufacturing systems. It is important to know how optimally a capacity can be 

allocated to a buffer. The buffer’s capacity plays an important role within manufacturing 

systems. As in the batch sizes optimization, the buffers capacity optimization is related 

to the desired system performance. (Chaovalitwongse et al., 2009) 

 System Design: This scenario consist on modeling a system from the beginning which 

through the model representation will simplify the understanding of a real system, 

allowing engineers to test different possible situation and make decision based on it. 

 New Layout, Add Machines etc: Consist on assess the system with different layouts in 

order to see how it behaves better, or sometimes it is also important to know if the system 

performs better due to the introduction of new machines. 

 Statistical Process Control (SPC) Frequency: consist on a standard method using in 

industry for measuring and controlling quality within manufacturing processes. The 

control limits are determined by the system capability. Therefore, the system performance 

will depend on this statistical process. The evaluation of quality data during a 

manufacturing process need to be carried out in order to improve the system performance. 

(Oakland, 2008) 

 Singlespindle vs Doublespindle: When there are two singles machines in parallel, the 

DES software provides the option to place those two operation in one station instead of 

two, see Figure 4.3. Therefore, sometimes those two types of operations need to be 

evaluated and analyze for advantages/disadvantages. 

 

Figure 4.3: Single and Double Spindle Machines. 
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 Different Strategies/Configuration: Consist on assess how the system behaves under 

different configuration settings or strategies. 

 Introduce New Variants: Consist on evaluated the effect of introduce one or more 

variants into the system. 

 Different Suppliers: Consist on evaluated which of the different suppliers match better 

with the systems requirements and therefore, better productivity can be obtained. 

 

4.3 Scenarios Classification 

According to the thesis goals and the performed interviews, these scenarios were classified in a 

way that the engineering reporting task can be simplified and later on standardized. There are 

many ways in which these scenarios or experiments can be classified depending on the objectives 

being pursued with the classification. Since one of this project’s main goals is to standardize the 

reporting task from the simulation engineer’s point of view, the scenarios were grouped aimed at 

the achievement of that requirement. 

As can be seen in Figure 4.4, the scenarios or experiments were grouped in three main groups 

which are: Evaluation/Assessment Projects, Optimization Projects, and Special Cases. The 

classification of the groups was made according to the relevant results from the output data that 

need to be analyzed. In other words, a project will belong to a group depending on the type of 

relevant results that need to be presented. 

Evaluation/Assessment

-Singlespindle vs Doublespindle

-New Layouts, Add Machines etc

-Introduce New Variants

-Diff. Strategies/Configurations

-Different Suppliers

Optimization

-Batch Sizes

-Buffers Capacities/Inventories

Special Cases

Groups

-Bottleneck Analysis

-Once-in-lifetime Cases

-SPC Frequent

-Build a New Model  

Figure 4.4: Groups Classification and Simulation Scenarios. 
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All the scenarios or experiments grouped in “Evaluation/Assessment” are intended to evaluate or 

assess different simulation cases, within a production system, the aim is to see if the system 

performs better. Therefore, the relevant results from each scenario grouped in this group is based 

on the system performance (THP; WIP, LT, OEE, Utilization of Operations and Buffers, and 

Specific Data).  

In order to try many different configurations which are no practical to be tested one by one, the 

scenarios grouped under the “Optimization group” are aided by an optimization tool. This group 

have to create a report with the obtained results and specific data which varies depending on what 

is aimed to be optimized. Therefore, the relevant results regarding this group is compound by the 

optimization results. 

The group called “Special Cases” is the most open group in terms of relevant results regarding 

the scenarios which are included in it. There is no relation between the relevant results of the 

scenarios under this group as it occurs in the other two groups. Therefore, the relevant results 

regarding this group are specific for the individual simulation project.  

 

4.4 Summary 

It has been stated that simulation projects involve a wide amount of data and information. This 

information is defined as General Information, Input Data, and Output Data. Consequently, this 

project information is related to the specific scenario that is being performed and it varies among 

the different scenarios. 

All the projects must include the General Information data, as explained in section 4.1, and this 

information must be different depending on the scenario being performed. The general 

information is compound by project name, person in charge, department, explanation of the 

current state of the system being studied, and the project objectives and goal; see Figure 4.1. The 

project objectives and goals are related to the scenario and consequently they will depend on it. 

The Input Data is partly related to scenario being studied and is different depending on the group 

in which the scenario is classified, see Figure 4.4. Since the Input Data also related to the model 

element settings, it is associated with the type of scenario performed and the model characteristics. 

However, the optimization settings must be included as part of the input data when an 

optimization scenario is performed. In this project, those scenarios are Batch Sizes Optimization 

and Buffers Capacity Optimization. 
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As with the input data, the optimization results should be part of the output data just when the 

scenario being studied is groped within the optimization group, see Figure 4.4. Therefore, the 

output data varies depending on the scenario.  
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5. Information Provenance Framework  

According to Ram & Liu (2009), the provenance information should include the answers for the 

“W7” (what, when, where, who, how, which and why).  

 

Figure 5.1: Overview of the W7 model (Ram & Liu, 2009). 

 

In the case of this project the W7 are referring to: 

1. What results were obtained? 

2. When the project started and when was finished? 

3. Where was the project carried out (Department, Company etc)? 

4. Who performed the project?  

5. How the project was performed?  

6. Which tools were used?  

7. Why the project was performed (Goals, Objectives)? 

Looking at the Figure 4.1, it can be seen that the information regarding DES project is included 

in the three main information groups or classes which are: General Information, Input Data, and 

Output Data (Results). In order to keep the provenance of the information regarding DES projects, 

this three classes should answer the questions placed above. In provenance, the information 

extracted from the W7 is called metadata. Consequently, this metadata provides the necessary 

provenance information which allows the traceability of any artifact, in this case a simulation 

project. 

Figure 5.2 shows the provenance structure framework, how it is compound and how the 

information flows. The provenance metadata can be found through the three project information 

groups mentioned. This metadata can be extracted from different types of archives which can be 



   

Master Thesis in Industrial Systems Engineering 31 

in different formats such as: office document (power point, word, excel etc), html or in a format 

provided by the simulation software tool used. 

Looking at Figure 5.2, it can be understood that, from the general information the W’s When, 

Who, Why and where is answered with: project version, person in charge, department, current 

state and goals. From the input data, the questions of “how the project was performed” and “which 

tools were used” are answered by the assumptions, input experiments, process data and simulation 

model. Finally the question “what results were obtained” is found through the output data in 

results. Summarizing, all the metadata required can be extracted through the project information 

and its groups defined previously in section 4.1. 

General
Information

Input Data
Output 

Data

When?
Who?
Why?
Where?

How?
Which?
...

What?
...

SIMULATION PROJECT METADATA

Project
Information

Data Base

Engineers
Query Issuer
Clients
...

DES DATA PROVENANCE FRAMEWORK

Metadata

.ppt .docx .spp .html
… .xlsx … ...

...

 

Figure 5.2: Provenance Framework. 

 

In W3C (2016), the types of concepts related to the provenance information are defined. Three of 

the main concepts that compound a provenance structure among others are: Entity, Activity and 

Agent. In Figure 5.2 the entities are the files or documents that contain the metadata. These files 

or documents, which stores the simulation project information are represented as general 
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information, input data, and output data. The activities are the information extraction or 

modification that can be performed by the engineers, the clients or any query issuer. The Agent 

in this framework is referred to the responsible of the documents that generate the metadata such 

as the simulation software, the different office packets used to store and show the results, and the 

database where all these documents can be found. 

 

5.1 Proposed Method for Provenance Management 

With the aim to keep the provenance information regarding a simulation project and thus allow 

the traceability of the project or the reuse of it in future tasks, a proposed management method 

was developed, see Figure 5.3.  

This proposed management method is composed of five different stages in charge of storing the 

three information groups that contains the provenance metadata, see Figure 5.2. By following this 

simulation flow, engineers will ensure the provenance information, as explained in section 5, 

regarding DES projects. Therefore, engineers and clients will be able to answer the W7 (what, 

why, who, when, how, which and where) questions allowing the project traceability which will 

facilitate the reuse of it in succeeding projects if it is required. 
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Figure 5.3: Proposed Method for Provenance Management. 

 

As a reference please see Figure 4.1. Starting from the first stage, where the project arrives, the 

main task is to check if there is any information regarding this project stored in the system. 

Otherwise the general information have to be established. This stage is followed by the stage 

where the input data is gathered in a non-defined case. The next phase is created in order to update 

the input data, if required, and document the general information together with the input data. 

Then it is time to run the designed experiments, previously established in the input data, and 

document the new experiments in the case that further experiments were required. Finally, the 

final stage is in charge of check if the results or output data fulfills the requirements. The aim with 

this is to determine if the results should be presented or if the project should be sent back to the 

first stage where it can be started and defined from a different point of view because errors were 

assumed in the process. Those possible errors are well documented according to the steps 

followed in the flow, ensuring that they will not be repeated. This method allows that the project 

will be well presented and documented before it leaves the department by handing in all the 

required information which clarifies the provenance and allows the project to be traceable.  
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5.2 Provenance Management Example 

In order to validate the proposed method, it will be applied to one of the scenarios provided by 

VCC. First, the method will be applied to a new project and then it will be applied to a different 

project in which part of the information from the previous project needs to be reused. 

 

5.2.1 New Project Introduction Flow 

A case in which a New Variant Introduction scenario needs to be evaluated in line Factory_X 

is assumed. The goal is to evaluate the effect of the introduction of a new variant in the line. 

Figure 5.4 shows the flow followed when new project arrives according to the proposed 

provenance method. 

 

Figure 5.4: New Project Flow. 
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First, when a new project arrives, the general information is established. Then, all the required 

input data is gathered. Once all the required general information and input data are established, it 

is time to document the information generated. It continues with the design of the experiments 

that have to be performed in order to evaluate the goals. Once the experiments have been designed 

and implemented, they should be documented. Finally, once the results are validated and verified, 

it is needed the documentation of the project results and generation of the project report, which 

must include all the information previously documented during the process. 

 

5.2.2 Reused Project Flow 

Assuming that the same line that was evaluated previously needs to evaluate again another variant 

introduction, Figure 5.5 shows the process flow followed for the project according to the proposed 

provenance method. 

 

Figure 5.5: Reused Project Flow. 
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First, when the project arrives is checked to see if it is in the system. In this case, since the project 

has been performed previously for a different variant introduction, the general information 

available is reused and updated to include everything needed to start the new process. Then, the 

existing input data is checked and documented together with the general information established 

in the previous step. As the project is reusing the input data, once the documentation is done, the 

input data is updated and documented again in case that changes were required. When the 

definitive general information and input data is set and documented, the experiments previously 

designed are performed in order to allow the process of verification and validation of the results. 

Finally, in order to generate and present the project report, the approved results need to be 

documented. 
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6. Implementation of the Standardized and 

Automated Report Generator 

This section is divided in two main parts. Section 6.1 explains the requirements and specifications 

that the report generator need to fulfill according to the findings of the survey and the interviews 

carried out to the simulation engineers. A detailed explanation of how the report is compound and 

how it was constructed together with its main features is explained in section 6.2. 

 

6.1 Requirements and Specifications  

According to the simulation engineers at VCC and taking into account the necessity of a standard 

process during the documentation task of DES projects, specifications for the creation of standard 

reports were established. It is important to know that the specifications were established according 

to the findings, explained in chapter 4, and the feedback from the simulation engineers about the 

data organization. 

As can be seen in Figure 6.1, the reports for the simulation projects will be created in Microsoft 

Excel, where the key data to be included in the reports must be imported from the simulation 

software, which in this case is Siemens Plant Simulation. Furthermore, the reports are mainly 

based on the data obtained as results from the simulation experiments. This data needs to be 

organized and presented in a proper way making use of a chart, if required, with the aim to 

facilitate the analysis task.  
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Figure 6.1: Simulation Data Paths. 

 

In order to make a good analysis and draw the right conclusions, the reports should include all the 

information that allows engineers to know how this results were obtained and what were the goals 

and objectives of the project. This information and data have to be easy accessible in order to 

allow an easy understanding about how the information is distributed in the report. 

The report must automatically import the simulation data obtained in the simulation software to 

allow an effective analysis of the results. Besides this, the report have to complete all the 

provenance information which allow the project to be traceable. Finally, the report must be 

standardized for different projects and the information included in it should be presented in a 

consistent way. 
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6.1.1 Proposed Report template 

According to the findings explained through chapter 4 and 5, the excel report template will include 

several sheets which are placed in Appendix 1 and are explained below. 

General Information where it will be specified the project version and name, the arrival date, 

the department and engineer who has taken care of the project, the current state and assumptions, 

and the goals or objectives that are pursuit with the project, see Figure 12.1. 

Input Experiments where the different experiments planned by the engineers need to be shown 

and clarified how they were built, see Figure 12.2.  

Relevant Results sheet covers part of the data explained in Table 1 (THP, LT, WIP, OEE). In 

order to see how confidence the values obtained are, THP, LT and WIP will be presented together 

with the standard deviation. In the case of THP the minimum and maximum values will be shown 

among the total number of observations, see Figure 12.3. 

Box Plot sheet, where a box plot chart will be displayed. It is also needed for the THP because it 

will facilitate the analysis and it will allow the clients decision makers to see if the distribution is 

skewed and if there are unexpected observations in the experiments. A box plot chart also makes 

easier the comparison of different experiments when they are compound by a wide amount of 

observations. As can be seen in Figure 6.2, the box plot will show, for each experiment; the lower 

and highest observation, the lower and upper quartile, and the median. The Box Plot sheet can be 

seen in Figure 12.4. 

 

Figure 6.2: Box Plot Chart. (Statistics Canada, 2016) 

 

Utilization sheet will show the utilization chart which is one of the most widely used KPIs. The 

utilization provides the proportion of time (expressed as a percentage) that the operations are 

working, loading, unloading, changing the tool, setting up, stopped, failing, paused, starved or 

blocked, see Figure 12.5.  
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Optimization Settings and Data sheet must be on the report only when the optimization tool 

was used showing the settings used and the data obtained, see Figure 12.6. 

Specific Data sheet will appear just in the case that the engineers decide to look at some data that 

is not included in the relevant results sheet. Therefore, the extra data that need to be analyzed will 

be placed in the specific data sheet. 

Conclusions sheet is where engineers will explain the results obtained with the project and will 

draw their conclusions about if the goals were reached or not, see Figure 12.7. 

In DES models it is common to have several sinks or drains, which are the operations or objects 

in charge of remove the finished parts and workpieces produced by the plant after they have been 

processed. This implies that often the KPIs need to be measured from different places within a 

simulation model. Therefore, the report must generate as many Relevant Results sheets and as 

many Box Plots sheets as the simulation model requires. 

 

6.2 Standardized and Automated Report Generator 

Implementation 

The automated report generator is implemented in an Excel template file, which include the sheets 

explained in section 6.1.1, see Appendix 1 Figure 12.1 to Figure 12.7, and by the Plant Simulation 

class library object in charge of processing and exporting the data required to the Excel template 

sheets, see section 6.2.1. Some of those sheets that composed the template are automatically filled 

up with the data exported from Plant Simulation. In order to make the reports automatically import 

the data from Plant Simulation, engineers must follow several standard steps, explained in section 

6.2.1. Also, the report generator will be aided by a code programed in Plant simulation and a 

macro programed in Microsoft Visual Basic. The code and the macro will take care of 

automatically import the data form Plant Simulation to Excel in the format needed when is 

needed.  

The report template include some sheets, Utilization sheet and Box Plot sheet, which 

automatically plot a charts with the data imported. For the utilization chart, the sheet used is 

configured to automatically create the chart with the data imported from Plant Simulation. Since 

this data always is imported in the same format, see Figure 6.3, the Excel file just need to adjust 
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the utilization chart according to values of the data imported. Therefore, this sheet have stored the 

configuration that build the chart automatically with the data automatically imported. 

 

Figure 6.3: Utilization Data. 

 

As in the Utilization sheet, in the Box Plot sheet the configuration to make the “Box Plot” 

automatically based on the data imported, is stored the template. Figure 6.4 shows the data that 

need to be imported and in which format have to be imported in order to plot the chart. 

Furthermore, the “Box Plot” chart will include as many plots as experiments were performed in 

the simulation software. 

 

Figure 6.4: Box Plot Data. 

 

As was stated before, often in DES models it is required to measure the THP from different parts 

of the models and therefore to plot several “Box Plot” charts. This problem was solved by the 

creation of; several Box Plot sheets in the template file and by macro which is in charge of remove 

the Box Plot sheets that were not used. In Figure 12.4 it can be seen a button called “Remove 

Empty Plots” which is assigned to the macro mentioned and therefore eliminate the empty “Box 

Plot” sheets.  
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The macro assigned to the button is programmed in Visual Basic and Figure 6.5 shows its main 

function. This function, which is a part of the code used in the macro, checks if a sheet is empty 

with the aim to remove it in that case. 

 

Figure 6.5: Example of the main function used in the macro. 

 

6.2.1 Plant Simulation Report Generator Object 

The object developed and stored in the class library of Plant Simulation is named “ExportResults”, 

see Figure 6.6. This object need to be dropped in the project being developed in order to create 

the excel report with the simulation data required.  

 

Figure 6.6: Report Generator Object. 
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As can be seen in Figure 6.7, the object created is composed by another five objects from the class 

library of Plant Simulation. Those objects are a method, which contains the code in charge of 

processing the simulation data, by four different tables and three variables. 

 

Figure 6.7: Report Generator Object Composition. 

 

First of all, it is important to know that in order to be able to use this report generator object, there 

are several steps and rules that need to be observed:  

1. The Experiment Manager object used in the model has to be included inside the object 

variable called “ExperimentManager”, see Figure 6.7. 

2. The Utilization Chart object used in the model have to be included inside the object 

variable called “UtilizationChart”, see Figure 6.7. 

3. The location of the excel file template in the computer must be placed inside the string 

variable called “ReportFile”, see Figure 6.7. 

4. The Output Values (THP, LT, WIP, CT, OEE, and OEE_THP_Goal) must be defined in 

the experiment manager in the same order and using the same nomenclature in the 

description column as appear in Figure 6.8. If the output values need to be measure from 

different parts of the model, they will be placed underneath as many times as required. It 

is also important to specify the root from where the values have to be measured. If there 
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is a need for measuring extra KPIs or values, they will be placed at the end specifying the 

root and the name in the description field. 

 

Figure 6.8: Example of the defined output values. 

 

Looking at the composition of the “ExportResults” object at Figure 6.7, it can be seen different 

objects: a method called “Report_Method” and four tables called “BoxPlot”, “Relevant_Results”, 

“Specific_Data”, and “Test”.  

In the method object is placed the code which manages the information and export the required 

data to the Excel template, and in the adequate sheet. One of the main functions of the code is to 

take the required data from the detailed results table in the experiment manager and place it in the 

adequate table (BoxPlot, Relevant_Results, Specific_Data, and Test) after being processed. 

Another important function of the method is to export the data from the simulation software to 

the specific excel sheet. In order to export the data, the code is aided with a function called 

“writeExcelFile”, see example in Figure 6.9. This function is specifies the data which must be 

exported, from where has to be taken and in which excel file has to be placed. It include the option 

to select the sheet where has to be placed or create a new sheet if it is desired. The code developed 

is presented in Appendix 2. 
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Figure 6.9: Function Syntax Example. (Plant Simulation Help) 

 

The tables that are part of the “ExportResults” object store the data in the format that is required 

to be exported or in the format which make easy to operate with that data. The “BoxPlot” table 

was created in order to store the required data which allow the calculation of the values that are 

used to plot the box plot. These values used for the box plot are stored in the table called “Test” 

and they are directly exported to the excel template in the format shown in Figure 6.4Error! 

Reference source not found.. “Relevant_Results” table, according to the findings of section 4.2  

is a summary of the data that need to be analyzed from each experiment performed, and it is also 

exported to the excel template. Finally, the table “Specific_Data” is exported only if there is a 

need to analyze other data than the one which is included in “Relevant_Results” table. Therefore, 

the “Specific_Data” table is composed by the KPIs that engineers have decided to look at besides 

the ones included in Relevant_Results table. 

 

7. Validation Interviews 

In order to validate and evaluate the standardized report, a set of interviews were made. A key 

factor for the success of the standardized report generator is the acceptance from the clients which 

will make use of it. Therefore, the interviews were conducted with the clients with aim to assess 

and validate the standardization of the report and determine what can be improved and what is 

missing. The questionnaire for the interviews consist of the following six questions, and the first 

four questions are graded on a scale from 1 to 6 (1=totally disagree, 6=totally agree): 

Question 1: I found the data and information easy accessible. 

Question 2: I found the structure clear in order to find the information. 

Question 3: I found the report easy to understand. 

Question 4: All the information required is in the report. 
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Question 5: If applies, what information is missing?  

Question 6: How can the report be improved? 

 

7.1 Results of the Interviews 

Three clients from VCC were interviewed. Figure 7.1 shows the results of the questions 1, 2, 3, 

and 4. As can be seen in the figure, the clients found the data easy accessible (Question 1). Since 

the information and data included in the report must be used and analyzed for different people, it 

must be easy accessible within the report file. Question 2 indicates that the chosen structure for 

the report helps to find the information required. A logic and understandable structure is an 

important factor in order to quickly find the information and data required. However, when they 

were asked about if they found the report easy to understand, question 3, they found it easy from 

a technical point of view. That means that this report must only be used for technicians and 

engineers who already know how to analyze the data and information involved in DES models. 

The last question presented indicates that the report includes the enough information. Here it can 

be concluded that the standardized report summarizes the key information required for an analysis 

of a DES project results. 

 

Figure 7.1: Results of the first four questions. 
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No missing information was pointed in question 5. Consequently, the answer of this question 

express that report fulfill the required information. When it comes to the question 6, a 

recommendation from one of the clients was to place the data from the input experiments sheet 

and from the relevant results sheet in the same sheet. However, the information of those sheets 

was decided to be placed separate in order to have a more simplified structure with not overloaded 

information sheets. In addition, the clients interviewed agree in the affirmation of the necessity 

of a report with non-technical information on it. Since there are decision makers with not 

simulation knowledge, the report implemented in this project is not aimed to be presented to 

unexperienced people within simulation. The results of these interviews indicates a high 

acceptance level. However, since just three clients were interviewed more interviews need to be 

performed in order to obtain a more comprehensive feedback.  

 

8. Summary and Discussion 

Along the different tasks performed in this master thesis, a survey study about DES projects in 

order to find which information and data must be documented, was carried out and divided in the 

following tasks. First, a study of the provided documentation was done and focused on the 

attainment of the information regarding the structure of DES projects, the type of simulation data 

that was included and how it was presented. From the survey it was concluded that the information 

of the projects was categorized in three main groups: general information, input data and output 

data. Since one of the objectives of this thesis was to find the relation between the project 

information and the scenario being studied, an analysis of the reports of 23 different projects was 

performed in order to obtain the most frequent scenarios assessed at VCC. After a review of the 

goals and purposes of the projects given by VCC, ten scenarios were identified as the most 

frequently performed. In Figure 4.2 it can be seen that all scenarios except one, different 

strategies/configuration, are performed almost with the same frequency. In addition, an in depth 

study of the organization and documentation of the 23 projects was done looking at the 

information and output data that was included. The obtained results together with the performed 

interviews were used to find the information that needed to be included in the standardized report.  

During the analysis of the results obtained from the survey, it was decided that the main KPIs that 

must be included in the standardized report are the KPIs placed in Table 1. This recommendation 

was made based on the facility of the analysis of a DES model when those KPIs are presented. 

Furthermore, the interviews performed with the simulation team and the analysis of the KPIs 
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presented in the provided projects, have been used as well for the decision taken. In addition, 

Table 1 reflects that the output data (KPIs) which needs to be analyzed will be the same 

independently of the scenario, excluding the optimization scenarios since they present the 

optimization data. 

The simulation projects information was mapped to a provenance framework. It was discovered 

that the simulation metadata which answers the W7 questions is contained in the three groups, 

general information, input data, and output data, see Figure 5.2. Consequently, in order to properly 

document a simulation project, the metadata must be available to be clearly extracted from the 

three groups that form the simulation projects information. Furthermore, the proposed method for 

provenance management, see Figure 5.3, will ensure that all the metadata discussed is properly 

stored and documented. Thus, if the results or the model need to be reused in succeeding projects, 

they can be traced back to their origin.  

Taking into account all the findings regarding a DES simulation project and its provenance 

metadata, an automated report generator was implemented. The report generator, with the aim to 

save time during the reporting and documentation task, export the necessary data from the 

simulation software to the excel template where the project’s results are presented.  

This project has demonstrated that standardized reports for DES projects can be developed based 

on the study of what information and data have been presented in previous DES project together 

with the investigation of the information that must be also included in the report. Since the 

investigation performed was applied to 23 different DES projects, the survey research strategy 

was an appropriated methodology to apply. Among the different research methodologies studied, 

survey was selected because is the most convenient method in order to find common patterns 

from different types of samples. In addition, it can be stated that a sample size of 23 projects is 

enough in order to find the KPIs that need to be presented in a standardized report. However, 

these results cannot be applied to external samples not studied in the project. Therefore, findings 

stated are only accurate for scenarios which were investigated in the project. 

In addition, the proposed method, which is aimed to be used when the reuse of a simulation project 

can be required, was verified and validated according to one of the scenarios commonly 

performed at VCC. The proposed method was executed from two different approaches in order 

to see if it matches with the requirements of maintaining the provenance information. Since the 

three main groups of information which store the W7 provenance metadata are stored during the 

process, the proposed method have been verified. Therefore, the management method proposed 
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is a valid method which can be followed when a DES project is being developed, allowing the 

provenance metadata being available for succeeding projects.  

The standardized report developed was implemented in MS Excel based on the following aspects. 

One of the reasons was that the simulation department is actually using MS Excel in order to 

document and present DES projects. On the other hand, as the integration of Plant Simulation and 

Teamcenter has not yet been studied for that purpose, a consensual decision was made during the 

interviews with the simulation engineers that stated MS Excel as the appropriated tool for 

presenting the DES reports. Moreover, during the implementation of the report generator, 

different ways available in the simulation software to export the data were assessed. The method 

for data transfer explained in section 6.2.1 was selected because it allows the instant transmission 

of all the data required in the same format as it appears in the simulation software, see Figure 6.9. 

However, the other methods that could be used, instead of export a table directly, would export 

the values one by one within table. Therefore, all the data is managed and placed in the format 

desired in Plant simulation before it is transferred to the excel template which maintains the format 

used in Plant Simulation. 

 

9. Conclusions  

One of the main goals of this master thesis was the investigation of the essential and time 

consuming task of properly document and present the results of DES projects and how it can be 

improved. Consequently, in order to contribute to the elimination of the wasted time during the 

documentation of DES projects at VCC, an automated report generator was implemented. This 

standardized report presents the appropriate data to the decision makers. This goal was reached 

by the investigation of the key data and information from different DES projects. It has been 

proved, by the study of how to manage the information and data regarding the most usually 

projects performed at VCC, that a standardized process can contribute to save time during the 

repetitive task of document a project. Therefore, the report generator developed was led by the 

study of how to standardize the management of the simulation output data. Summarizing, since a 

standardized management of the data from simulation projects lead to a more efficient 

documentation process, it can be assumed that the obtained results have made possible to speed 

up a standardized documentation task within DES projects. From the validation interviews, it 

could be seen the high level of acceptance of the report. Therefore, it can also be concluded that 

the report shows an easy understanding for simulation experienced people and it covers the key 
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data and information from DES projects. On the other hand, due to the low number of validation 

interviews performed, it would be necessary to perform more interviews which could provide a 

more large number of feedbacks. 

Additionally, this project has also concluded that maintaining the information provenance is a key 

aspect in order to allow the engineers to understand how the results were obtained and therefore 

allow its reusability in a succeeding project. The metadata that answers the W7 is the appropriate 

provenance information that need to be included and documented when a simulation projects is 

performed. Another conclusion that can be made is that the reusability of a project must go 

through a validation and verification process. Thus, the implemented methodology, which makes 

the descriptive information about the production processes be available for future validation or 

verification in specific processes, could be a valuable method for manufacturing companies.  

 

10. Future Work 

In this master thesis have been combined subjects as programming in a simulation software and 

data management. There are different challenges that can be approached in order to keep improve 

the work. 

From a Siemens Plant Simulation point of view, in order to be able to export the Utilization chart 

data from each experiment, a new experiment manager needs to be developed. The report 

generator object developed exports the data for utilization chart from the last experiment 

performed. This occurs because the experiment manager object, used in Plant Simulation at VCC, 

does not allow the access to the instance when each experiment ends. Consequently, the utilization 

data from each experiment cannot be accessed and neither transferred to the excel template when 

required. Therefore, a new experiment manager object that store the data for the utilization chart 

of each experiment, instead of overwriting it, would solve this issue. 

In the case of data management, a new approach that could be added is the integration of Plant 

Simulation and a product lifecycle management (PLM) software as Teamcenter. Since Plant 

Simulation and Teamcenter are developed by the same company (Siemens), there is an integration 

between Teamcenter and Plant Simulation. Teamcenter is an integrated management system 

software which allows the integration of data and processes. Through Teamcenter the information 

regarding how the data of the simulation processes is structured and compound can be managed 

throughout its entire lifecycle. This management can contribute to have an improved information 
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system which permits the availability of the information regarding the whole lifecycle of the 

products within the PLM software. Therefore, in the case of the simulation process data 

management, Teamncenter would be a valuable tool to integrate with the simulation software. 

This integration could speed up projects using the benefits of having a much better and structured 

management of the simulation information and data. In addition, since Teamcenter store all the 

information throughout the entire lifecycle, the provenance metadata would be ensured, and 

everyone who would need it could have a total access to it.  

Figure 1.1 shows a general overview for one of the possibilities that the application interface 

offers regarding the data exchange between Plant Simulation and Teamcenter.  

 

Figure 10.1: General Overview about the Data Exchange. (Plant Simulation help) 

 

In essence, a really interesting approach that is strongly recommended, is the investigation of how 

this integration can be performed and which requirements and steps that have to be followed. 

Once the integration is investigated, a depth study about how to take advantages from the new 

resources that this integration provide, must be done. An exploration of all the new possibilities 

available regarding how to design and present the reports including provenance data from 

different DES projects in Teamcenter, is a new approach to success. 

Finally, the clients interviewed agreed in the need of creating a non-technical report which can be 

presented to unexperienced people. A standard simplified report could be developed based on the 

information and data used in the automated report developed in this thesis. This new standard 

report would be used for presenting a basic version of the project results if is required.  
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12. Appendix 1: Excel Template 

 

Figure 12.1: General Information Sheet. 
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Figure 12.2: Input Experiments Sheet. 

 

 

Figure 12.3: Relevant Results Sheet. 
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Figure 12.4: Box Plot sheet. 
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Figure 12.5: Utilization sheet. 
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Figure 12.6: Optimization Settings and Data Sheet. 

 

 

Figure 12.7: Conclusion Sheet. 
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13. Appendix 2: Code of the Method used in 

Plant Simulation 

var em : object := ExperimentManager 

var ut : object := UtilizationCharts 

var tab : table := Relevant_Results.createNestedList(1,1, "THPCounter") 

var template : string := "C:\Project\Plant_Sim\WriteEcxel\Report.xlsm" 

--Relevant Results 

em.detailedResults.copyrangeTo({0,1}..{0,*},Relevant_Results[1,1],0 ,1) 

em.detailedResults.copyrangeTo({1,1}..{1,*},Relevant_Results[1,1],1 ,1)  

em.detailedResults.copyrangeTo({2,1}..{2,*},Relevant_Results[1,1],2 ,1)  

em.detailedResults.copyrangeTo({3,1}..{3,*},Relevant_Results[1,1],3 ,1) 

em.detailedResults.copyrangeTo({4,1}..{4,*},Relevant_Results[1,1],4 ,1)  

em.detailedResults.copyrangeTo({8,1}..{8,*},Relevant_Results[1,1],5 ,1)  

em.detailedResults.copyrangeTo({9,1}..{9,*},Relevant_Results[1,1],6 ,1)  

em.detailedResults.copyrangeTo({15,1}..{15,*},Relevant_Results[1,1],7 ,1)  

em.detailedResults.copyrangeTo({16,1}..{16,*},Relevant_Results[1,1],8 ,1)  

em.detailedResults.copyrangeTo({22,1}..{22,*},Relevant_Results[1,1],9 ,1)  

em.detailedResults.copyrangeTo({36,1}..{36,*},Relevant_Results[1,1],10 ,1) 

em.detailedResults.copyrangeTo({29,1}..{29,*},Relevant_Results[1,1],11 ,1)  

--BoxPlot 

var tabx : table := BoxPlot.createNestedList(1,1, "BoxPlot") 
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em.detailedResults.copyrangeTo( {0,1}..{0,*},BoxPlot[1,1],0 ,1) 

em.detailedResults.copyrangeTo( {1,1}..{1,*},BoxPlot[1,1],1 ,1) 

em.detailedResults.copyrangeTo( {2,1}..{2,*},BoxPlot[1,1],2 ,1) 

em.detailedResults.copyrangeTo( {3,1}..{3,*},BoxPlot[1,1],3 ,1)  

em.detailedResults.copyrangeTo( {4,1}..{4,*},BoxPlot[1,1],4 ,1)  

em.detailedResults.copyrangeTo( {5,1}..{5,*},BoxPlot[1,1],5 ,1)  

em.detailedResults.copyrangeTo( {6,1}..{6,*},BoxPlot[1,1],6 ,1)  

em.detailedResults.copyrangeTo( {7,1}..{7,*},BoxPlot[1,1],7 ,1)  

if em.output.YDim>6 

 var p : integer :=  em.DetailedResults.XDim 

 var c : integer :=  35 

 var q : integer := 2 

 var w : integer := 1 

 var b : integer := 7 

 var n : integer :=1 -- same that w  

 if em.output[2,b] = "THP" 

  while p > c and em.output[2,b] = "THP" 

  var tabx1 : table := Relevant_Results.createNestedList(1,q, "THPCounter") 

em.detailedResults.copyrangeTo( {0,1}..{0,*},Relevant_Results[1,q],0 ,1) 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],1 ,1) 

w += 1 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],2 ,1)  
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w +=1 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],3 ,1)  

w +=1 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],4 ,1)  

w +=4 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],5 ,1)  

w+=1 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],6 ,1)  

w+=6 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],7 ,1)  

w+=1 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],8 ,1)  

w+=6 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],9 ,1)  

w+=7 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],11 ,1)  

w+=7 

em.detailedResults.copyrangeTo( {c+w,1}..{c+w,*},Relevant_Results[1,q],10 ,1)  

---------------------------------------- 

var tabx2 : table := BoxPlot.createNestedList(1,q, "BoxPlot") 

em.detailedResults.copyrangeTo( {0,1}..{0,*},BoxPlot[1,q],0 ,1) 
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em.detailedResults.copyrangeTo( {c+n,1}..{c+n,*},BoxPlot[1,q],1 ,1) 

n += 1 

em.detailedResults.copyrangeTo( {c+n,1}..{c+n,*},BoxPlot[1,q],2 ,1) 

n += 1 

em.detailedResults.copyrangeTo( {c+n,1}..{c+n,*},BoxPlot[1,q],3 ,1)  

n += 1 

em.detailedResults.copyrangeTo( {c+n,1}..{c+n,*},BoxPlot[1,q],4 ,1)  

n += 1 

em.detailedResults.copyrangeTo( {c+n,1}..{c+n,*},BoxPlot[1,q],5 ,1)  

n += 1  

em.detailedResults.copyrangeTo( {c+n,1}..{c+n,*},BoxPlot[1,q],6 ,1)  

n += 1  

em.detailedResults.copyrangeTo( {c+n,1}..{c+n,*},BoxPlot[1,q],7 ,1)  

if q = 2 

Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (2)") 

end  

if q = 3 

Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (3)") 

end  

if q = 4 

 Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (4)") 

end  
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if q = 5 

 Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (5)") 

end  

if q = 6 

 Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (6)") 

end  

 if q = 7 

  Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (7)") 

 end  

 if q = 8 

  Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (8)") 

 end  

 if q = 9 

  Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (9)") 

 end  

 if q = 10 

  Relevant_Results[1,q].writeExcelFile(template, "Relevant Results (10)") 

 end  

             

 var box : table := BoxPlot[1,q][7,1] 

 for var j := 1 to boxplot[1,q].YDim 

  box := BoxPlot[1,q][7,j] 
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   for var i := 1 to box.YDim 

    BoxPlot[1,q][7+i,j] := str_to_num(  box[1,i])  

   next     

 next 

 var tabx3 : table := Test.createNestedList(1,q, "BoxPLot") 

 for var z :=1 to boxplot[1,q].Ydim 

  print "current row: ",z 

  -- find the median 

  var median : real 

  var a : real[] 

  for var t := 1 to boxplot[1,q].Xdim-7 

  a.append(  boxplot[1,q][7+t, z] ) 

 next 

  a.sort 

 --Calculate Percentiles 

 print "percentile25 index : ",a.dim * 0.25 

 print "percentile25 index (ceil) : ", ceil( a.dim * 0.25) 

  

  var percentile25index : integer := ceil( a.dim * 0.25) 

  var percentile75index : integer := ceil( a.dim * 0.75) 

  var percentile25 : real := a[ percentile25index ] 

  var percentile75 : real := a[ percentile75index ] 
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  print "percentile 25: ", percentile25 

  print "percentile 75: ", percentile75 

   --Calculate Median 

  print "row:", a 

  print "even or odd? ",a.dim mod 2  

  var middleIndex : integer :=  a.dim /2 

  if a.dim mod 2 = 0 

  print "middle element (evem): ",(  a[ middleIndex ]+a[middleIndex+ 1] / 2) 

  median := (  a[middleIndex] + a[ middleIndex + 1] / 2) 

 else   

   print "middle element (odd): ",a[ middleIndex ] 

   median := a[middleIndex+1] 

 end  

 a.delete -- Clear the array 

  

 print "Median :", median 

 var minimum : real := boxplot[1,q].min( {8,z}..{boxplot[1,q].Xdim,z}) 

 var maximum : real := boxplot[1,q].max( {8,z}..{boxplot[1,q].Xdim,z}) 

 print "Row: ",z,", Min: ",minimum, " Max: ",maximum 

  

 var series1 : real := minimum 

 var series2 : real := percentile25 - minimum 
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 var series3 : real := median - percentile25 

 var series4 : real := percentile75 - median 

 var series5 : real := maximum - percentile75 

  

 test[1,q][z, 1] := series1 

 test[1,q][z, 2] := series2 

 test[1,q][z, 3] := series3 

 test[1,q][z, 4] := series4 

 test[1,q][z, 5] := series5 

  

 If q = 2 

  Test[1,q].writeExcelFile(template, "Box Plot (2)") 

 end 

 If q = 3 

  Test[1,q].writeExcelFile(template, "Box Plot (3)") 

 end 

 If q = 4 

  Test[1,q].writeExcelFile(template, "Box Plot (4)") 

 end 

 If q = 5 

  Test[1,q].writeExcelFile(template, "Box Plot (5)") 

 end 
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 If q = 6 

  Test[1,q].writeExcelFile(template, "Box Plot (6)") 

 end 

 If q = 7 

  Test[1,q].writeExcelFile(template, "Box Plot (7)") 

 end 

 If q = 8 

  Test[1,q].writeExcelFile(template, "Box Plot (8)") 

 end 

 If q = 9 

  Test[1,q].writeExcelFile(template, "Box Plot (9)") 

 end 

 If q = 10 

  Test[1,q].writeExcelFile(template, "Box Plot (10)") 

 end 

 print "------------------------"  

next 

   w := 1 

   n := 1 

   b += 5  

   q += 1 

   c += 35  
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  end  

 else       

  for var s := 1  to em.output.YDim-6 

   specific_Data[s,1]:= em.output[2,b] 

   em.detailedResults.copyrangeto({c+w,1}..{c+w,*},Specific_Data,s,2) 

   w += 6 

   Specific_Data.writeExcelFile(template,"Specific Data") 

  next 

 end 

end 

 

var box1 : table := BoxPlot[1,1][7,1] 

for var j := 1 to boxplot[1,1].YDim 

 box1 := BoxPlot[1,1][7,j] 

 for var i := 1 to box1.YDim 

  BoxPlot[1,1][7+i,j] := str_to_num(  box1[1,i])  

 next 

next 

var tabx4 : table := Test.createNestedList(1,1, "BoxPLot") 

for var k :=1 to boxplot[1,1].Ydim 

 print "current row: ",k 

  -- find the median 
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  var median_0 : real 

  var a_0 : real[] 

  for var t1 := 1 to boxplot[1,1].Xdim-7 

  a_0.append(  boxplot[1,1][7+t1, k] ) 

 next 

  a_0.sort 

  --Calculate Percentiles 

 print "percentile25 index : ",a_0.dim * 0.25 

 print "percentile25 index (ceil) : ", ceil( a_0.dim * 0.25) 

  

  var percentile25index_0 : integer := ceil( a_0.dim * 0.25) 

  var percentile75index_0 : integer := ceil( a_0.dim * 0.75) 

  var percentile25_0 : real := a_0[ percentile25index_0 ] 

  var percentile75_0 : real := a_0[ percentile75index_0 ] 

  print "percentile 25: ", percentile25 

  print "percentile 75: ", percentile75 

   --Calculate Median 

  print "row:", a 

  print "even or odd? ",a_0.dim mod 2  

  var middleIndex_0 : integer :=  a_0.dim /2 

  if a_0.dim mod 2 = 0 

        print "middle element (even): ",(  a_0[ middleIndex_0 ]+a_0[middleIndex_0+ 1] / 2) 
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        median_0 := (  a_0[middleIndex_0] + a_0[ middleIndex_0 + 1] / 2) 

 else   

   print "middle element (odd): ",a_0[ middleIndex_0 ] 

   median_0 := a_0[middleIndex_0+1] 

 end  

 a_0.delete -- Clear the array 

  

 var minimum_0 : real := boxplot[1,1].min( {8,k}..{boxplot[1,1].XDim,k}) 

 var maximum_0 : real := boxplot[1,1].max( {8,k}..{boxplot[1,1].XDim,k}) 

  

 var series1_0 : real := minimum_0 

 var series2_0 : real := percentile25_0 - minimum_0 

 var series3_0 : real := median_0 - percentile25_0 

 var series4_0 : real := percentile75_0 - median_0 

 var series5_0 : real := maximum_0 - percentile75_0 

   

 test[1,1][k, 1] := series1_0 

 test[1,1][k, 2] := series2_0 

 test[1,1][k, 3] := series3_0 

 test[1,1][k, 4] := series4_0 

 test[1,1][k, 5] := series5_0 

next 
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Relevant_Results[1,1].writeExcelFile(template,"Relevant_Results") 

Test[1,1].writeExcelFile(template,"Box Plot")  

ut.AnalysisSorted.writeexcelFile(template,"Utilization") 

ReportFile := getCurrentDirectory + "\\" + ExperimentManager.NAme + "_Report.xlsm" 

copyFile(template, ReportFile) 


