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 Business Process Reengineering (BPR) is a critical success factor for Enterprise Resource 

Planning (ERP) implementation projects that typically involve mapping business processes in 

cross-functional flowcharts. Despite being the most common type of process map used by small-

to-medium enterprises (SME) for BPR, traditional cross-functional flowcharts do not contain the 

data necessary to optimize and operationalize a process and are a contributing factor to the 70% 

failure rate experienced by SMEs when implementing a new ERP system. This thesis provides 

an alternate method of process mapping, known as Operational Process Mapping, that addresses 

the weaknesses of cross-functional flowcharts for the BPR stage of ERP implementation. Using 

familiar notation and steps, the operational process mapping method is accessible to SMEs with 

limited resources to perform BPR during their ERP implementation project. The resulting 

process maps contain the data necessary to evaluate and optimize the current state and 

operationalize the reengineered future state process maps at ERP go-live. A business process 

used by an SME was mapped using this method and the ability to operationalize the process was 

demonstrated with the creation of a discrete-event-simulation from the resulting process map. 

KEYWORDS: Process mapping, Enterprise Resource Planning, Business Process 

Reengineering, Small-to-medium Enterprises, Operational Process Mapping  
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CHAPTER I: INTRODUCTION & BACKGROUND 

 Enterprise Resource Planning (ERP) systems are powerful information technology tools 

that allow organizations to consolidate business processes, including accounting, finance, 

procurement, quotes, inventory management, sales and marketing, and quality into one database 

tool. Modern systems may also include manufacturing planning and control (MPC) and 

manufacturing execution systems (MES) (Jacobs & Weston, 2007). By housing transactional 

data from these different processes in a single database, the data can be accessed by users 

through a common application. Businesses can eliminate much of the waste and redundancy of 

having these processes managed through various “silos” of applications, databases, or 

spreadsheets. Large organizations have been using ERP systems since the 1990s, when ERP 

evolved from older material resource planning (MRP) systems that have existed since the 1960s. 

More recently, the number of available ERP systems has grown, and many are designed and 

marketed to the unique needs of small to medium enterprises (SMEs). SMEs, however, often 

face more difficulty in achieving successful implementation than larger organizations who may 

have more resources and greater process discipline than SMEs (Snider et al., 2009).  

 ERP implementation failure is defined as “projects that fail to implement on-time, on 

budget, or to deliver the expected benefits” (ACC, 2018). The causes of implementation failure 

are well documented in the literature and are typically due to a failure to meet one or more 

critical success factors (CSFs). Along with top management support, project management 

competency, and training; Business Process Reengineering (BPR) is almost universally 

identified by experts as an important CSF that, when not performed effectively, is often the root 

cause of implementation failure. A 2007 survey of companies who recently implemented a new 

ERP system showed that 60% of organizations experienced failure of the implementation 
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project. For SMEs, the failure rate was over 70% (Yan-Goh, 2007). Despite the universally 

accepted understanding that Business Process Reengineering is a critical success factor, many 

organizations, particularly SMEs, fail to effectively perform BPR. 

 BPR, in the context of ERP implementation projects, typically involves mapping current 

state, “as-is,” business processes using a simple step by step method. The result is a cross-

functional flowchart that identifies the activities involved, flow from activity to activity, and the 

areas of responsibility. The organization then evaluates these maps and transforms them into 

future state “to-be” process maps that reflect how the process will be performed in the new ERP 

system. Although this type of process mapping is commonplace and may be useful as a starting 

point for defining and understanding a process, they lack critical details that are necessary for 

effective BPR. 

There are two main reasons why BPR is done in an ERP implementation project, (1) to 

optimize the process and not carry waste over into the new system. (2) To adapt the business 

processes to the new system and to minimize customization and the amount of support and 

resources that would be needed on an ongoing basis. The second reason is particularly important 

to SMEs due to the type of systems they will likely be attempting to implement. Powerful tier-

one systems such as SAP or Oracle offer highly customizable solutions that are attractive to large 

organizations with mature business processes that are extensively integrated. In this situation, it 

may be more practical for a large organization to adapt the system to their business processes. 

Customization is very costly and requires additional resources for ongoing support and therefore 

often financially out of reach for many SMEs. Tier two ERP systems offer a more “off-the-shelf” 

solution and are more attractive to SMEs for this reason. However, to implement an off-the-shelf 

solution, the organization must adapt their processes and workflows to the way they are intended 
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to be performed in the new ERP system. For this reason, the success of the SME’s 

implementation project is inherently linked to the ability to reengineer business processes for the 

new system. 

 Discrete Event Simulation (DES) is a modeling technique that has been used since the 

earliest days of computer simulations, circa 1950s (Robinson, 2004). With DES, processes are 

broken down into a series of distinct, logically separate steps that progress in a logical order 

through time. Software tools exist that allow users to create models and run simulations for a 

variety of applications. Any system that involves a process flow can be modeled and simulated 

with DES. There is substantial research in using DES to optimize business processes but there is 

little research in the use of DES by SMEs in an ERP implementation project. SMEs are unlikely 

to have the resources and skillsets to produce DES models of their business processes and would 

need to utilize outside consultation to do so. However, the existing business processes would 

have to be modeled with enough information for a consultant to create an accurate model of the 

process. The traditional process mapping methods most often recommended for the BPR phase 

of implementation are insufficient for process modeling and the generation of a discrete event 

simulation. 

 This thesis will provide an alternative method of process mapping, to use during ERP 

implementation, which will operationalize the organization’s processes and improve their BPR. 

This method will be referred to as operational process mapping (OPM) and will use concepts 

associated with process modeling but will be simple enough for SMEs with limited time and 

modeling skills to learn and utilize during their ERP implementation project. This will be done 

by identifying the inherent weaknesses in the traditional methods of process mapping typically 

performed during the early stages of ERP implementation and show how these weaknesses 
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contribute to ineffective BPR that consumes resources, time and ultimately contribute to failed 

implementation. The effectiveness of this process mapping method will be demonstrated with a 

case study on an SME that recently underwent an ERP implementation and experienced failure. 

The deficiencies in their business process maps will be evaluated, the alternative method 

developed in this thesis will be applied and used as an example of how better process mapping 

could have been used to model their processes for a more effective BPR. 
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CHAPTER II: LITERATURE REVIEW 

 Implementation, by definition, involves a structured project that spans from planning and 

strategic goal setting to selection of a system, to training of users, and ultimately to “going live” 

in the new system (Powell et al., 2012). Multiple process models for ERP implementation have 

been identified in the literature. Powell et al. (2012) provided a comprehensive list of common 

approaches. Most of these methods involve four to six stages of deployment that may include: 

(1) Planning and goal setting. (2) Evaluation and selection of a particular system. (3) Design and 

process mapping. (4) Development and configuration of the software. (5) Testing and training of 

employees. (6) Deployment/Go Live. In terms of implementation, the process may end here but 

often an additional step is included, (7) ongoing support and maintenance (McCue, 2022). 

Different experts have constructed different variations of these steps, but process mapping of 

existing workflows is common among all methods evaluated.  

 Zabjek et al. (2009) described the combination of process mapping and process 

reengineering as “Business Process Management” (BPM). Along with top management support 

and proper change management, they identified that proper utilization of BPM during the ERP 

implementation resulted in higher rates of success even though it increases the amount of time 

needed to complete the implementation cycle, making it a top critical success factor for ERP 

implementation. In fact, they recognized that not only was it important for top management to 

support the ERP project, the attitude of top management towards business process management 

was critical for successful BPR (Zabjek et al., 2009).  

Saade & Nijher (2016) conducted an exploratory study in 2014 that identified the 

frequency of citations of various CSFs in the literature and found that Business Process 

Reengineering was cited as a CSF in almost every study (Saade & Nijher, 2016). Even though 
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BPR was identified as a CSF in multiple studies, it is often minimized or skipped entirely by 

SMEs who are under pressure to go-live in a timely manner. 

Where reengineering of the current state workflow is recommended, it is done to adapt 

the business processes to the new system to minimize the level of customization and ultimately 

minimize the amount of support and resources that will be needed. The second reason for 

reengineering the current state is to optimize the process and not carry waste over into the new 

system. The importance of this second reason is well established in literature as a factor related 

to the success or failure of the implementation. SMEs are particularly vulnerable as they often 

have less process discipline prior to implementation and a poorer understanding of how some 

functions are being performed on a day-to-day basis (Snider et al., 2004). Most of the literature 

related to ERP implementation is quick to identify this need for process mapping and 

optimization but does not describe the tools or steps needed to perform this optimization beyond 

the traditional methods described in Lean (Powell et al., 2012).  

Several methods, including Harwood’s “ERP Implementation Cycle” (2003), Markus and 

Tanis’s four phase model (2000), and Rajagopal’s six stage model (2002) also include business 

practice reengineering as a subsequent step after mapping the current state. Okrent and Vokurka 

(2004) describe three phases of process mapping that should take place on any ERP 

implementation: (1) As-Is (2) To-Be and (3) Bridging the chasm. It is this third step where the 

business must reconcile the existing process with the idealized process.  

Most literature and most industry experts on the topic of process mapping during ERP 

implementation recommend that businesses create high-level process maps of their current state 

and transform them into high level maps of their intended future state. However, this approach 

requires a large amount of assumption on the client organization’s part. Stemberger & Kovacic, 
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(2008) identified that the key to successful implementation was the fit of planned processes to 

the implemented solution. Their recommendation was to map business processes in high level as-

is cross-functional maps using brainstorming sessions made up of teams of managers and process 

owners. They then recommended these processes transform into to-be future state maps based on 

the strategy and goals that the organization had for their ERP system. They described how to-be 

maps should be developed based on one of two choices, either creating processes that would 

require the least amount of customization or processes that are based on best practices but 

require customization. They emphasized that it is critical to develop current state maps prior to 

vendor selection “because an ERP system cannot be selected if it is not known precisely how 

business processes are performed” (Stemberger & Kovacic, 2008). While this sentiment is 

clearly understood, the types of process maps generated by the approach recommended in their 

research, which follows the traditional recommendations, do not produce a model that 

demonstrates how the process is actually being performed. Instead, organizations are looking at 

idealized versions of how they believe the process ought to be performed. 

In a 2007 exploratory case study of five Canadian SMEs, the level of success in their 

ERP implementation projects was linked to the commonly identified critical success factors cited 

in literature. The authors found strong evidence that SMEs operate differently than large 

organizations and that SMEs who properly managed six critical success factors, operational 

process discipline, small internal teams, project management capabilities, end-user training, 

management support, and qualified consultants, were far more likely to have successful 

implementation. Their conclusion was that two specific factors were common in the SMEs that 

were successful, (1) using external consultants for project management, and (2) “continually 

reviewing and revising documents during implementation” (Snider et al., 2007). External 
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consultation is likely more important to SMEs as an internal project manager would likely need 

to be someone in a crucial role that cannot be taken away from their full-time duties to focus on 

ERP implementation resulting in less-than-ideal project management and delayed 

implementation. External consultants can meet this need. In fact, organizations with no 

knowledge of modelling and simulation could employ a consultant to simulate their as-is and to-

be processes using discrete event simulation (DES), but external consultants will need to be 

provided with accurate and complete business process maps so that they can effectively guide the 

organization through their critical business process reengineering efforts.  

A traditional, cross-functional process map will define four things (1) who is responsible, 

(2) what is done, (3) when activities are done and (4) where in the process the activity is 

performed (Marriott, 2018). A cross-functional flowchart will answer these questions but when 

engaging in process reengineering for ERP implementation, it is even more important to ensure 

that the mapped process is an accurate representation of the process so that it can be transformed 

and operationalized for the new ERP system. Discrete event simulations have the benefit of 

identifying the impact of changes to processes before the change has been implemented and the 

simulations of the current state can be validated by comparing the outputs of the simulation to 

the outputs of the actual process. 

Hlupic (2003) published research investigating the use of DES for Business Process 

Reengineering and the obstacles for using it. This study found that DES can support the most 

popular forms of change management in practice at the time, but it was not widely used. Only 

10% of companies surveyed at the time reported using DES for change management. In fact, the 

author estimated that £300 million per year could be saved by industry in the UK if adoption of 

DES was more widespread. Hlupic identified several factors that allow DES to be the “missing 
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link” between change management approaches. These factors include the fact that DES takes a 

process-based approach that describes the entire process of an agent as it moves through a 

system. Traditional process maps do not identify the main agent of a process. DES can model the 

flow of information within and between processes as separate or temporary agents. Simulation 

models can be created for non-existing processes and the resources consumed and interactions 

with existing processes can be observed. The simulation can capture the behavior of both human 

and technical resources. Finally, specifically related to BPR, mistakes that are related to 

improper or ineffective BPR, most notably when transforming as-is processes into to-be 

processes, can be realized before the change is implemented in the organization (Hlupic, 2003). 

DES can clearly benefit the BPR process, but accurate representation of the process is needed. 

Traditional process mapping methods are missing all the benefits identified in Hlupic’s 

2003 study. Cross-functional maps may identify the areas of responsibility and logical flow of 

the process steps, but it will not identify the main agent that is moving through the process, nor 

will it identify the agents associated with sub processes. In fact, cross-functional maps may not 

identify sub processes at all. Specifically, rework loops and corrective processes, which are 

inherent to any process, are usually left out as organizations tend to create idealized versions of 

their as-is process. With DES, as-is processes can be validated by comparing simulated outputs 

with actual outputs (Hlupic, 2003). There is also no accounting of finite resources in a traditional 

process map, so when conducting BPR, there is no way to know the impact of future state, to-be 

processes, on an organization’s resources. This is critical when selecting and implementing a 

new ERP system. In fact, many organizations experience implementation failure due to 

insufficient resources to perform the functions required by the ERP system. This is particularly 

true of SMEs that often have fewer resources available and less ability to acquire more in a 
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timely manner (Snider et al., 2007). Process models that can be developed into discrete event 

simulations will be more likely to provide the necessary information to evaluate existing 

processes and successfully transform them into the to-be processes that will be put in place for a 

successful ERP implementation. Traditional process mapping methods, such as cross-functional 

flowcharts, are most often recommended in the literature but do not contain enough information 

to develop DES models that could be used to improve the effectiveness of BPR during an ERP 

implementation project. A different method of process mapping is necessary and is the focus of 

this thesis. 
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CHAPTER III: PROBLEM STATEMENT 

Statement of the Problem 

 Business Process Reengineering is a critical success factor for ERP implementation 

projects. It is crucial to have an accurate operational understanding of current state workflows to 

adapt them to the new system and minimize the level of customization. However, BPR is often 

done ineffectively by SMEs due to the inability of traditional process maps to accurately 

represent a business process. 

70% of small to medium enterprises experience failure in their implementation projects. 

The weaknesses in the traditional process mapping methods will not produce process maps that 

can be modeled. Crucial time and resources are put into mapping that is unproductive. SMEs are 

more likely to utilize outside consultation for BPR during implementation but without adequate 

business process maps, external consultants will not be able to analyze actual workflows and 

provide useful recommendations. Complex modeling methods would be inaccessible to SMEs 

that lack the resources to construct such models in a timely manner.  

Creation of high level as-is process maps prior to ERP selection is most often 

recommended and common practice during the BPR stage of implementation. High-level maps, 

using traditional process mapping methods lack key information and do not represent the actual 

process. The inherent weaknesses of using traditional process maps during ERP implementation 

is not well understood but continues to be recommended, contributing to failure. Models, let 

alone simulations, cannot be created. Without an understanding of the ERP software’s 

capabilities, workflows, or reference models, the level of detail required in BPMs is unknown to 

the organization. The weaknesses of traditional process maps need to be understood. A method 

of creating accurate process maps that can be operationalized and modeled is needed.  
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Purpose of the Study 

The purpose of this thesis is to provide an alternate method of process mapping that will 

address the inherent weaknesses of traditional, cross-functional process maps for the BPR stage 

of ERP implementation. This method of process mapping will be accessible to SMEs with 

limited time and resources to perform BPR during their ERP implementation project.  

Significance of the Study 

 This study is significant as more and more SMEs are looking for information systems and 

technology to help make their businesses more successful, but SMEs experience a higher rate of 

failure than large organizations when attempting to implement these systems. The root of this 

failure is often due to ineffective reengineering of their business processes prior to 

implementation. The methods of BPR most frequently recommended by industry experts are not 

sufficient for an organization to understand the required changes to their processes and the 

impact of these changes on their organization. This thesis will provide a better understanding of 

why these methods are not effective for ERP implementation and prescribe an alternative method 

of process mapping. SMEs can use this alternative method of process mapping to produce maps 

that can be developed into DES models that can be used in conjunction with consultation for 

better BPR. 

Primary Research Questions 

 The primary research questions this thesis attempts to answer are: 

(1) What are the inherent weaknesses of cross-functional business process maps when 

attempting to use them for business process reengineering during ERP implementation? 

(2) Why are traditional process maps insufficient for the process reengineering and 

optimization that is needed for successful ERP implementation? 
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(3) What is a better method of process mapping that can be performed by SMEs during their 

ERP implementation project that will provide the necessary information for effective 

BPR and not require knowledge of complex process modeling methodologies? 
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CHAPTER IV: RESEARCH METHOD 

 This thesis will provide a better method of process mapping for SMEs that will allow 

them to operationalize their as-is and to-be process maps for better BPR during ERP 

implementation. This contribution will be accomplished in three steps: (1) An exploratory study 

to identify the elements missing from traditional process maps and why these elements are 

critical to process understanding. (2) An engineering project where the traditional process 

mapping method will be evaluated and reengineered to prescribe a method for generating maps 

that contain the critical elements missing from traditional cross-functional maps and can be used 

to generate models that contain the information necessary to fully evaluate the process and 

generate discrete event simulations. (3) A case study of an SME that recently underwent an ERP 

implementation and experienced some failure related to business process management. An as-is 

process map that was generated during the BPR phase of the SME’s implementation will be 

evaluated and redone using the new method of process mapping. A DES model will be 

constructed, and the process will be optimized as a demonstration of how the reengineered 

process mapping method can be used to generate a DES that will allow organizations to evaluate 

the impact of changes required by the new system. 

 In the exploratory step of this thesis, traditional methods of process mapping will be 

evaluated. The weaknesses of traditional mapping will be identified and linked to ineffective 

BPR. The goal of this step is to identify the elements missing from traditional process maps that 

are needed for the creation of a DES model. The reason for focusing on the creation of a DES 

model is that properly operationalized process maps should be capable of generating a functional 

discrete event simulation. Therefore, these missing elements will include: a defined agent for the 
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process, resource pools, staging points/queues, events, time, and errors/rework loops. At the end 

of this section, it will be clear what elements are needed to produce a map that can be modeled. 

 The second step will produce the main contribution of this thesis, the procedure for 

operationalized process mapping. The information found in the exploratory phase will be used to 

develop the step-by-step procedure of an alternative method of process mapping. The traditional 

four step process mapping method will be modified with steps for identifying the data that needs 

to be included with the map. Symbology associated with business process model notation 

(BPMN) will be used as a common language but the mapping process itself will be simplified so 

that organizations with some experience with process mapping but little to no experience with 

BPMN will be able to perform it. The development of the reengineered mapping process will be 

done by reverse engineering existing DES models. After the steps of this process are 

documented, example models will be created by following the steps prescribed by this thesis.  

 The third step will be a demonstration of the reengineered method by applying it to a case 

study SME. An organization that recently underwent an ERP implementation will be selected. 

The case study will follow a postmortem approach where the process that they followed will be 

described and evaluated. Any failure that they experienced that can be attributed to ineffective 

BPR will be described. Finally, the alternative process mapping method will be applied to one of 

their business processes, a DES model will be developed and used to show how this process 

could have identified problems that were not discovered until after go-live. 

Assumptions and Limitations 

 There are a multitude of factors that will affect the level of success of an ERP 

implementation. By following the alternative method of process mapping outlined in this thesis, 

we cannot say for certain that the organization will experience greater levels of success. Mapping 
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of the current state process will provide the input to the actual BPR process. It will be necessary 

for the organization to use the process maps developed using the method outlined in this thesis to 

conduct effective BPR using tools such as discrete event simulation, SIPOC, Value Stream 

Transformation, etc. and create the transformed Future State maps. Future studies can be 

conducted to evaluate the effectiveness of BPR using the method of process mapping identified 

in this thesis. 

This study also assumes that the case organization is representative of an average SME. 

Future research could be conducted by comparing SMEs that use the reengineered process 

mapping technique versus those that do not correlate successful implementation to the process 

mapping technique used. 

 This method is intended to be used by SMEs during their ERP implementation project. 

Large organizations could also use this method but organizations with very complex process 

interactions may need to utilize more advanced process modeling techniques. The simplicity of 

this method should make it attractive to SMEs that are likely to have less complicated business 

process workflows and interactions. 
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CHAPTER V: EVALUATION OF CROSS-FUNCTIONAL PROCESS MAPPING 

Objectives of Process Mapping 

The goal of process mapping during the BPR stage of ERP implementation is to map the 

current state in the existing system and transform it into an operational future state map that will 

serve as a guideline for real world implementation through training and change management 

efforts that will occur prior to go-live. To operationalize the process map, it must contain enough 

data to allow for an accurate and complete evaluation of the existing process. Operationalizing a 

process map can be done by implementing the process in the real world or by creating a 

simulation of the process from the information in the map. The second option has the advantage 

of allowing the process to be evaluated without any impact on current operations.  

To use a business process map for discrete event simulation, it is important to understand 

what elements are necessary for an accurate simulation of the process. To identify those 

elements, the objectives of the modeling must first be clearly defined. DES models can be 

created with an extremely high level of detail, but the creation of such models can be time 

consuming, require great amounts of data, and likely be outside of the abilities of novice process 

mappers. Therefore, the objectives need to be simplified to those required for the business 

process reengineering activities associated with ERP implementation. According to ACC 

Software, a provider of a tier 2 ERP system, the following questions should be answered by the 

future state process map: 

1. Who should perform each task? 

2. What should be the specific tasks? 

3. What should be the decision points? 

4. Who is the customer(s)? 
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5. Who are the stakeholders? 

6. How should we resolve the issues with the current process? 

The first 5 questions can be answered by a cross-functional process map. This is likely why 

cross-functional flowcharts are the most used tool for mapping business processes. They are 

simple to create with very little training or expertise needed and provide a good high-level 

description of the business process. The 6th question, “How should we resolve the issues with the 

current process?” is where their usefulness declines. Cross-functional maps are qualitative in 

nature and there is simply not enough information to aid in the decision making necessary to 

understand what problems the current process contains and how these problems will manifest in 

the future state with the new ERP system and what needs to be done to resolve these issues. 

These types of questions should be answered with data-based decision making, which requires a 

quantitative approach.  

Modeling for discrete event simulation bridges the gap between a qualitative map of the 

process and a process model capable of being simulated to provide quantitative data. Hlupic & 

Vreede (2005) established a process for business process simulation that consists of the 

following steps: 
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Figure 1 

Methodology for Business Process Simulation (Hlupic & Vreede, 2005) 

Definition of Business Process 
Problem Situation

Definition of Modeling 
Objectives

Definition of Model 
Boundaries

Data Collection and Analysis
Development of Business 
Process Simulation Model

Model Testing

Model Experimentation

Output Analysis

Recommendation of 
Business Process Change

 

For the most part, these are the standard steps used for any process optimization using 

DES. The focus of this thesis, in the context of this conceptual model, involves bridging the gap 

between the definition of the model boundaries and data collection and analysis. The above 

model clearly implies that data must be collected to develop a DES model of the business 

process but what data is necessary? There is a step missing where additional process information 

must be defined. This additional information will have associated data that will be ultimately 

incorporated into the DES model. 

Hlupic & Vreede suggest that relevant data is collected through discussion with experts, 

process owners, and through study of the existing documentation then analyzed with statistical 

methods such as distribution fitting. All of these are certainly required, and similar 
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recommendations are made in other literature such as Okrent and Vokurka’s 2004 paper. The 

analysis of data and the development of the process model could be done by expert consultants, 

but without instruction on what data to collect and a tool to provide guidance, process modeling 

novices would be lost as to how to conduct this crucial step. In many client-consultant 

relationships at this stage of ERP implementation, the SME client would likely map their 

processes as a cross-functional flowchart and provide these maps to the consultant with the 

expectation they will be able to identify problems, anticipate the effects of change, and provide 

recommendations to reengineer the process. Cross-functional flowcharts are completely 

qualitative in nature and do not contain the data that is necessary for DES modeling. However, as 

cross-functional flowcharts are the most recognizable and utilized form of business process 

mapping, this method can be modified to incorporate the necessary elements and data for DES 

modeling and not be out of the wheelhouse of many SMEs. However, the deficiencies of cross-

functional process maps must first be identified. 

Missing Elements 

Cross-functional flowcharts are most easily recognized by their use of swim lanes to 

identify the areas of responsibility for the process. There is notation to identify the bounds of the 

process (start and end) as well as the tasks involved, the decisions made and the path/flow of the 

process. Sometimes, phases of the process are also separated. 

For this evaluation, we will look at the cross-functional flowchart of a billing process 

shown in Figure 2. This flowchart was created with the notation included with one of the most 

used process mapping software programs, Microsoft Visio.  
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Figure 2  

Example of Cross-Functional Flowchart for a Billing Process 

  

Examining Figure 2, one can easily see the start and end of the process, represented by 

ovals. The associated activities are represented by rectangles and the decision gates that may 

alter the path taken are represented by diamonds. The flow or path of the process is represented 

by connected lines and arrows with color as a secondary notation for alternate paths. There is 

also some information on the areas of responsibility for specific activities. If the goal for this 

type of process mapping was to provide a high-level understanding of the steps involved or 

potentially as a starting point for the creation of work instructions, then this may be sufficient. 

However, if the intent is to create an operational model of the process for BPR, then this map 

would be insufficient as it is missing key information. All that could be observed when 

comparing as-is and future state maps is that the process activities are different. In fact, there is 

no way to measure the current level of efficiency with the information in the process map above 
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and there is no way to validate that the process, as mapped, is representative of the actual process 

as it is performed in real life.  

Discrete event simulation models a system whose state changes at discrete points of time 

(Law & Kelton, 2000). This makes DES a suitable method of simulating business processes that 

typically follow a discrete flow. The process of creating a discrete event simulation is not 

entirely different than creating a cross-functional flowchart. Cross-functional flowcharts also 

depict process steps in a discrete manner, so the flow of the process in a DES model should 

closely match the flow in the cross-functional flowchart. In fact, when looking at the logic map 

of a DES model, it would look very similar with similar notation for activities and decision gates, 

etc. Thus, the gap between a cross-functional map and a DES model is not enormous. DES 

models are comprised of the following additional elements: 

(1) Agents (otherwise known as entities) 

(2) Resource pools 

(3) Staging points 

(4) Events 

(5) Time 

(6) Error and/or rework loops 

Including these elements in a model that will be used for BPR is critical, (1) to validate the 

current state, (2) to identify constraints and inefficiencies and (3) to measure the impact of 

proposed changes. None of the elements are identified in the cross-functional process map.  
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Agents 

 Every process has inputs and outputs. Something enters the process at a given point in 

time and exits the process as an output. The activities involved serve to transform it into output. 

The agent or entity identifies what is moving through the process and being transformed by the 

process. As the agent enters and exits different activities the state of the system may change. Sub 

processes may be triggered with agents of their own. Multiple agents may be present in the 

system simultaneously, as is likely in real life. This can only be modeled if the individual agents 

are identified and tracked through the process. The agent may be implied in the cross-functional 

flowchart but is seldom overtly stated. Agents in a business process may be physical entities, 

such as a bill or work order, or they may be virtual constructs such as information. Many 

processes will contain both. 

Resource Pools 

 For an action to be performed by an agent, a resource must be used to complete the 

activity. In the cross-functional flowchart, the resources are partly identified by the separate 

swim lanes. The finite nature of resources is not identified. Billing clerks perform some of the 

activities, but it is not clear how many billing clerks are performing these activities. The 

availability of the resources is also not clear. Billing clerks, for example, may also be responsible 

for activities in other, unrelated processes and therefore unavailable, part of the time, to perform 

the activities in the billing process above. The availability of a resource is not identified in a 

cross-functional process map but can be modeled using statistical methods such as distribution 

fitting, in a DES model. 

 The management of resources is of central importance to successful BPR during an ERP 

implementation because it is central to the organizational strategy of using an ERP system. As 
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ERP is literally “Enterprise Resource Planning,” the goals that most organizations set when 

deciding to implement or upgrade their ERP system usually includes better more efficient use of 

resources. One of the reasons that organizations experience high levels of failure to meet this 

goal is because resources were not accounted for during the BPR phase. 

Staging Points 

 As multiple agents move through the process, backlogs can occur where the rate of 

arrival exceeds the cycle time of the resource performing the activity. In which case, a staging 

point or queue will store them. This may be a physical location or, in the case of digital 

information, a virtual location such as a hard drive or server. In either case, the capacity of the 

staging point has real world limitations that should be accounted for. 

Events 

 An event is an occurrence that changes the state of the system. They are independent of 

activities but may be triggered by an activity or an activity may depend on an event occurring 

before it can be performed. Some examples include the start and end of a shift. In the billing 

process, bills may arrive at all hours, but they will not be processed until the start of the shift. At 

which case they will need to be queued until that specific time. Perhaps bills are printed in 

batches with the printer queuing jobs until it reaches a certain number. There is no information in 

the process map to identify whether such events occur or not. 

Time 

 Since cross-functional process maps are completely qualitative in nature, time is not 

quantified in any measurable way. This is a major disadvantage of the traditional method. There 

are several measures of time that need to be identified in the process map to perform proper 

BPR. The first is the arrival rate of the agent into the process. The manner and frequency that 
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agents arrive in the process depends on the process that is being mapped. For something like a 

billing process, bills could arrive completely at random, or they could come at regular intervals. 

There are several methods available in DES to simulate all manner of agent arrival, but a 

description and estimation of the arrival must be included in the process map for it to be 

simulated. 

 The cycle time for each activity must also be included. Without it, identifying constraints 

in the system, and ultimately determining if the anticipated resources will be sufficient to 

accommodate changes to the process required by the new ERP system is impossible.  

 The transportation time from one activity to the next may also be significant. If the agent 

is digital information, transportation time may be instantaneous. If the process map represents 

transportation in the real world, that time may have an impact on the flow of the process. 

Errors and Rework Loops 

 The final missing element in a cross-functional flowchart are errors and rework loops. 

With any process, there is a potential that activities are not performed successfully and require 

additional processing. These “error” subprocesses can be mapped qualitatively but they seldom 

are considered during the BPR phase of ERP implementation. This is primarily due to the 

method of process mapping typically employed in this activity. Process maps are often created 

through brainstorming sessions involving managers and executives who may not be involved in 

day-to-day operations. The risk of omitting processes to correct errors is that errors require 

resources to correct or eliminate. Often, they require more resources or a higher level of 

skill/specialty. The potential for errors is also very high post go-live as many users are new to the 

system and unfamiliar with new workflows. Without proper accounting for error resolution, 

major constraints can impede the process, contributing to failure.  
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The process map in Figure 2 does include a rework loop and identifies the billing clerk as 

being responsible for fixing errors in the normal billing process. How often bills contain errors or 

how long it takes to fix them is not identified. Therefore, it is impossible to know from this map 

how much of a billing clerk’s time is spent reworking bills. The number of billing clerks and, if 

there are more than one, the workload balance between them is not clear. For example, are some 

billing clerks correcting more errors than others?  

Without the inclusion of these elements in the process map, a model of the process cannot 

be created thus BPR will likely not be successful. In the next chapter, an alternative method of 

process mapping will be described that includes all the necessary information bridging the gap 

between the definition of the process and development of the DES model. 

Traditional Method of Process Mapping 

 Now that it is clear what is needed for a DES model of a business process and what is 

missing from cross-functional process maps, a new method of process mapping can be developed 

that will provide all the data necessary for operationalizing the process as a DES. There are many 

descriptions in the literature and elsewhere of the traditional steps taken to map business 

processes, but they all have the following four steps in common. These steps are identified by 

Bailey (n.d.) as: (1) Naming the process. (2) Determine the process boundaries. (3) Mapping the 

macro level process. (4) Add detail (Baily, n.d.).  
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Figure 3  

Traditional Steps to Process Mapping (Bailey, n.d.) 

 

These steps, shown in Figure 3, very broadly describe the process of creating numerous 

styles of process maps including one that will meet the needs of a modellable process map. To 

create a method of process mapping that is accessible to businesses and organizations that are 

already familiar with basic process mapping, these same steps can be followed initially, but these 

steps will be expanded upon to provide more direction on the type and level of detail needed to 

create a modellable process map. This will be accomplished by walking through each of these 

steps and identifying where this method becomes deficient at creating an operational process 

map. The billing process previously described will be used as an example. 

Step 1: Identify and Name the Process  

 Whether creating a simple flowchart or an elaborate model, this step is the same but of 

greater importance. Although it appears simple, many organizations may struggle to assign a 

name to a process to be mapped. This is particularly true when the processes heavily interact as it 

may be difficult to know where to start. Having a good understanding of the organization’s goals 

for process mapping will help in this situation. In this scenario, process mapping is done to 
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reengineer the process for implementation in a new ERP system. Understanding how the 

software system will need the process to be performed will be helpful in determining the scope 

of the process to be mapped. This is especially true of tier 2 systems with their off-the-shelf 

modules. Many of these systems will provide clients with reference models or process maps of 

various functions. If these are provided, they should be used to provide guidance on the scope of 

the process to be mapped. For example, the ERP vendor may provide a reference model for an 

invoicing process similar to the one in Figure 4. 
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The organization may have a similar process they have named “billing.” A quick 

comparison of the activity steps would let them know that their billing process and the ERP 

vendor’s invoice process serve the same function. Even if the organization has never mapped 

their business processes, the members of the ERP implementation team should have some 

understanding of how the steps described in the reference model are currently performed in their 

organization. If it is a new process that is not currently performed at all in the organization, the 

implementation team will follow the same process but skip the as-is mapping and create to-be 

mapped. This step ends with a single block identifying the name of the process, in this case “Bill 

Process” as seen in Figure 5. 

Figure 4  

Example of Reference Model from ERP Vendor (SAP) for an Invoicing Process (Belan, 2018) 

Copyright © 2018 SAP SE or an SAP affiliate company. All rights reserved. 
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Figure 5  

Traditional Step 1: Identify and Name the Process 

 

Step 2: Determine the Boundaries of the Process 

 Once the process has been named, the inputs and outputs of the process need to be 

identified. Again, this may be difficult to do when processes interact heavily, particularly when it 

is unclear to the process mappers what agent is being transformed by the process. Even in the 

BMPN notated reference model from the ERP vendor, the agent is not explicitly stated but it is 

implied that there is an entity referred to as an “invoice” that is loaded into the system. The 

invoice is likely the output of another process (created by the system when a sales order is 

transacted) but that process can be evaluated and reengineered separately. For now, we know the 

bill arrives at the beginning of the process and exits at the end of the process when it is mailed. 

At this step, the process map consists of the start and end blocks shown in Figure 6. 

Figure 6  

Traditional Step 2: Determine the Boundaries of the Process 
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Step 3: Map the Macro Level Process 

At this step, detail is added between the bounds of the process and will take the form of a simple 

flowchart. Sub processes and singular activities will be treated the same. The flowchart blocks 

will typically be created through evaluation of the process documentation, work 

instructions/SOPs, or by brainstorming with the ERP implementation team. The product is a 

high-level flowchart of the process shown in Figure 7. 

Figure 7  

Traditional Step 3: Macro Level Process Map 

 

Step 4: Add Detail 

 When creating a cross-functional process map, the detail that is added includes the swim 

lanes identifying the areas of responsibility and, occasionally, the phases of the process. The 

organization will decide on this through brainstorming with process owners and managers and 

end up with a cross-functional flowchart. 

Determining the proper level of detail at this stage is critical to having a process map that 

will be useful for BPR. If the organization is unclear on the goals of BPR, then it will be difficult 

to include the right details. The details that are missing from traditional cross-functional maps 

that would make modelling impossible were identified in chapter 5. Cross-functional maps are 
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also not good at showing the interaction of processes. When detail is added, sub processes are 

usually depicted as additional activities in the primary process. When reviewing the process map 

above, activities that are part of the primary process or a subprocess are not apparent. Activities, 

however, will often trigger processes of their own. A more complete model of the entire system 

would show this occurring, but the cascading nature of these interactions may not be clear from a 

cross-functional process map. For example, in the billing process, the cross-functional map may 

identify that an audit takes place for some bills. The audit is a process itself with activities, 

resources and time involved. If the areas of responsibility are different than what was identified 

in the primary process, then additional swim lanes would need to be added. The process map 

could easily become too complex to be a good cognitive fit. However, if the details of the 

subprocess are inconsequential to the evaluation being done during BPR, then the subprocess 

could be summarized in a single block. It is important to notate whether a block is a subprocess 

or a single activity in the process map.  

 At this point, the traditional process mapping is complete for this process, but this process 

map cannot be modeled in a discrete event simulation and will not allow for proper process 

evaluation during BPR as it makes no reference to the agent, resources, events, staging points, or 

time. It does however include a rework loop but without quantifying the time and resources 

needed or the frequency that bills enter this loop, it is completely superficial for process 

optimization.  
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CHAPTER VI: ENGINEERING A NEW PROCCESS MAPPING METHOD 

 Organizations that are currently performing process mapping based on the traditional 

method described in chapter 5 need a new method that will include the elements needed to create 

a process model. To create a new method of process mapping, an existing DES model of a 

common business process, the billing process example from chapter 5, will be used as an 

example of an operationalized process. This model is provided by AnyLogic in their library of 

examples. Starting at the end point, a functional DES model, the process map will be created by 

working in reverse, capturing the minimum information necessary to recreate this model. The 

logic for this process appears in AnyLogic as the model shown in Figure 8. 

Figure 8  

Billing Process Model Logic (AnyLogic) 
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 The process flow of the model is very similar to the cross-functional process map created 

in chapter 5. The first noticeable difference is that there are two separate starts and ends to the 

process depending on whether the bill is a “normal bill” or “contact bill.” In this model, the main 

agent is identified as a “bill,” but instances of this agent appear from two different sources, have 

different schedules of arrival, and follow different paths through the process. Examining the 

schedules associated with these separate sources, the rate of arrival for normal bills is set at an 

average of 10 per hour and the rate of contact bills is set at an average of 3 per hour (software 

such as AnyLogic will use probability distributions to simulate the randomness of each arrival, 

but the users need only provide the average rate). Since there are two types of bill agent, normal 

bills and contact bills, and a different arrival rate for each, both pieces of information will need 

to be provided for the model but are not in the cross-functional flowchart.  

 Next, a gate is included to determine if the bill (agent) is audited. The block in the 

AnyLogic model indicates a probability of 0.1 that the bill will follow the audit path. The cross-

functional flowchart also includes a decision gate but there is no information on the probability 

or frequency of the audit. For any decision that is made in a process, it will either be based on a 

probability distribution (e.g., the odds of a bill being audited) or a condition (e.g., the bill is 

either a normal or contact bill). This information must also be presented in the process map. 

 The simulation also contains delay blocks that represent the time the activity takes to 

complete. These blocks also have a capacity associated with them. If the rate of agents (bills) 

entering these blocks exceeds the time it takes to complete the activity, a backlog of agents will 

begin to form. As agents are real entities, they must queue in a real location. The capacity of 

these queues may be nearly limitless in the case of digital information residing on a large server 

or there may be a physical limitation to the number of agents that can be queued. For example, a 
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receiving dock has a finite amount of space. If the receiving process takes longer than the rate of 

delivery, then eventually there will be no space left on the dock to store additional shipments. 

The system will stop until the problem is solved.  

Understanding the limitations of queues is critical to optimizing and reengining a 

business process and should be of primary concern during ERP implementation. As the process 

changes, the delay times of activities may be altered. Most organizations expect to adopt new 

capabilities when implementing a new ERP system. These additional capabilities may require 

new activities or additional steps that were not previously performed. If the process is suboptimal 

or the resources to support these activities are not increased, then a constraint may form, and 

agents will pile up. Cross-functional flowcharts do not include any information on activity delays 

or queues and therefore do not help the organization understand and anticipate potential 

constraints. 

The AnyLogic model also contains service blocks. These are similar to delay blocks, as 

they include a delay time for performing an activity, but they also require a resource to be seized. 

The resources are identified as resource pools with a finite number of resources. If a resource is 

not available, then the agent must wait in queue for one to become available. This is a powerful 

representation of how an activity is performed in a real-life process.  

The AnyLogic model contains all the elements identified in chapter 5. The agent is 

defined as a bill and enters the process at two sources with separate rates. The resource pools are 

also clearly defined. There are senior billers, account billers, billing clerks, and printers. The 

capacity of each resource pool is also identified. The staging points are defined within the delay 

and service blocks. In some cases, the capacity of the queue is infinite (practically speaking) and 

in others, it is limited. The only events in this model occur when agents enter the source and exit 
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the sink. The average time to complete activities is included in the delay and service blocks. The 

rework loop for reworking errors is also included and resources are assigned. Additionally, the 

probability and conditions for each decision gate are also set. There is quite a bit more to this 

simulation including data collection, parameters and other variables that may be useful for 

creating a simulation, but the minimum information required is identified here. 

The end goal of process mapping for ERP should now be clear, the creation of a process 

map that contains the information necessary to create a DES model that can be used for business 

process reengineering. By evaluating this example model, it is evident what information needs to 

be communicated in the process map to produce this model. There is data that needs to be 

notated in the process map to serve as an input into the model. The traditional four step model 

does not include a data collection step so that must be added to the method. Resources are also 

needed to produce a DES model. Cross-functional process maps highlight areas of responsibility 

to identify which branches or departments are involved with each activity, but they do not 

quantify the resources in those departments. For BPR, identification, understanding and 

optimization of necessary resources is a primary goal. Determining areas of responsibility is not 

a primary concern for BPR during ERP implementation so it can be excluded as an element. The 

areas of responsibility can be included if the organization chooses but they should be apparent if 

resources are properly identified. As resource identification is not included as a step in the 

traditional, 4 step method, an additional step must also be added. At this point, the traditional 4 

step method of process mapping can be appended to include an additional two steps, Step 5 - 

Identify the necessary resources and Step 6 - Collect data and incorporate into the model. The 

collection of these six steps and the resulting process map will be called “Operational Process 

Mapping.”  
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Figure 9  

Operational Process Mapping Steps 

 

 The next stage in developing the new process mapping method is to determine how the 

process map should look. A system of notation is needed, and the flow and organization of 

elements should be determined. 

Notation 

As with any graphical representation, before any mapping can take place, the notation 

must be defined. For cross-functional flowcharts, the notation is somewhat standard and based 

on BPMN but a study by Malinova & Mendling (2013) of 15 companies found that in practice, 

the notation used for business process maps was mainly based on the creativity of the process 

mapper and not on generally accepted engineering principles. This leads to an inconsistency in 

how information regarding the process is communicated thus making it much harder for an 

outside consultant to provide reengineering services. Since this method of process mapping is 

intended to communicate aspects of the process from modeling novices in the client organization 

to process modeling experts, the notation should be standardized. 
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Moody (2009) created a prescriptive theory for visual notation called “The Physics of 

Notation.” In this paper, the author identified nine principles to create a cognitively effective 

visual notation. Although originally developed for application in the software engineering field, 

Moody’s theory can be used as a guideline for developing a cognitively effective business 

process mapping notation. These principles are summarized in the following table: 

Table 1 

Moody’s Physics of Notation 

Principle Description 

Semiotic Clarity 1:1 correspondence between semantic constructs and 

graphical symbols. 

Perceptual Discriminability Different symbols should be clearly distinguishable from 

each other. 

Semantic Transparency Use visual representations whose appearance suggests their 

meaning. 

Complexity Management Include explicit mechanisms for dealing with complexity. 

Cognitive Integration Include explicit mechanisms to support integration of 

information from different diagrams. 

Visual Expressiveness Use the full range of capacities of visual variables. 

Dual Coding Use text to complement graphics. 

Graphic Economy The number of different symbols should be cognitively 

manageable. 

Cognitive Fit Use different visual dialects for different tasks and 

audiences. 

 

Malinova & Mendling (2013) used Moody’s theory to evaluate the business process maps 

of 15 companies. They defined a cognitively effective process map as one that is self-
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explanatory and supports the goals set by the company. Process maps that do not conform to 

Moody’s principles are difficult to interpret and did not provide the benefits desired by the 

organization (Malinova & Mendling, 2009). In the context of ERP implementation, the goal of 

the organization is to create a visual representation of the process so that it can be modeled. The 

model will be evaluated and reengineered as part of the BPR stage of implementation. Since the 

scope is narrow, the visual notation can be very simple. The primary notation will be based on 

basic Business Process Mapping Notation (BPMN) but will not include the entirety of the 

symbol library. The exact notation used is not critical, but the process maps should be 

cognitively effective since they may be used to communicate important process information to 

the process modelers. The following table contains a summary of the basic BPMN based 

notation that will be used for this process mapping: 

Table 2 

Operational Process Mapping Notation 

Symbol Description Associated Data 

 

Start event. Source of agent 

entering the process. 

Arrival defined by 

average rate, interval, or 

schedule. 

 

Gateway. Agent is redirected 

in the process based on 

probability or condition. 

Probability is expressed as 

a percentage. Condition is 

qualitative. 

 

Activity. Tasks to be 

performed in the process. 

Resource name and 

activity cycle time. 

 

Subprocess. “+” symbol 

indicates that the activity is a 

collapsed sub-process that can 

be expanded and mapped.  

All sub-process resources 

and the aggregate cycle 

time for all sub-process 

activities. 

(Table Continues) 
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Table 2 (Continued)   

Symbol Description Associated Data 

 

Intermediate event. The start 

event when the agent enters 

the sub-process. 

None. 

 

Staging point. Queue location 

for agents waiting to begin 

activity. 

Capacity in number of 

agents. 

 

End event. The end point for 

the process or subprocess.  

None. 

 

Human resource. People in 

specific roles that are needed 

to conduct an activity. 

Number of resources. 

Average availability 

expressed as a percentage. 

 

Equipment or information 

resource. Equipment needed 

to perform an activity if it is 

independent of a human 

resource. 

Number of resources. 

Average availability 

expressed as a percentage. 

 

 

Navigable association. 

Identifies the flow of the 

agent through the process. 

When coming after a 

gateway, the outcome or 

condition of the gateway 

should be identified. 

 
 

Sub process association. 

Identifies the expanded sub 

process associated with the 

core process.  

None. 

  

Using Moody’s physics of notation, this notation clearly meets the criteria for semantic 

clarity as each symbol represents a single semantic construct. The same symbol is not used for 

more than one construct. All symbols are distinguishable from one another meeting the criteria 

for perceptual discriminability. The symbols for activities and sub processes are very similar but 
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this is intentional as activities and sub processes are similar in nature. A subprocess, in the 

simplest terms, is a more complex activity. In fact, if the organization determines that the details 

of a subprocess are inconsequential, then the process can be modeled with the aggregate cycle 

times and resources assigned to the subprocess as though it were a singular activity. This ability 

meets the criteria of both semantic transparency (the appearance of the subprocess block implies 

it is similar to an activity) and complexity management (the sub process can be rolled up and 

treated as an activity if the details do not matter). Along with complexity management, only 11 

symbols are recommended so good graphic economy is also achieved.  

Cognitive integration is achieved through the method of expanding and collapsing sub 

processes. In fact, the level of detail is highly customizable to the organization’s needs. High 

level process interactions can be mapped with core processes identified as subs and subprocesses 

can also contain activities that are subprocesses themselves. However, the organization should be 

careful to avoid creating excessively complex maps and choose their level of detail carefully. 

 Visual expressiveness is defined as the number of information carrying variables versus 

the number of free variables (Moody, 2009). Most notations systems contain 8 free variables, 

horizontal position, vertical position, size, brightness, color, texture, shape, and orientation. The 

more variables included the more visually saturated the map will be. Moody argued that a 

cognitively effective notation system should include 3 information carrying variables. In our 

system shape is the primary method of notation. Color is used as a secondary notation to 

distinguish core process steps from subprocesses. Further subprocess levels can be represented 

by additional colors. Associations are identified by the texture of the line. Solid arrow lines 

indicate navigable relationships between process steps, where dashed lines indicate the 

subprocess dependency.  
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 Dual coding, using text in addition to graphics, is used as a secondary notation to 

supplement the visually expressive primary notation. All interval, ordinal, ratio data, as well as 

some nominal data is coded in the text (e.g., arrival rates, cycle times, gate probabilities, etc.). 

The data that should be coded in the text for each symbol is indicated in the table above. 

 Understanding the audience is key to whether the notation produces a good cognitive fit. 

Within the scope of an ERP implementation at an SME, the assumption is that the process 

mapping is being done by novices for expert modelers. The notation recommended here is 

simple enough for novices with the most basic experience with process mapping to understand 

and use and can encode the necessary information for a process model expert to create a suitable 

model for BPR. Therefore, this notation should be a good cognitive fit for this audience. 

Organization of Process Map Elements 

 Now that the required elements are identified a system of notation has been selected, the 

final stage is to organize all these aspects in a process map. To demonstrate the operational 

process mapping method, the billing process example will be simultaneously mapped out using 

the traditional 4 step method and the new 6 step operational process mapping method. The 

following scenario will be used as the basis for demonstrating operational process mapping: 

Scenario  

A business is implementing a new ERP system. They are in the BPR stage of the 

implementation project and must map their business processes “as-is” and provide the maps to 

their consultant so the consultant can model them as a DES and optimize the process for the 

future, post implementation state. 
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Step 1: Identify and Name the Process  

The organization wants to use the new ERP system to manage the processing and 

distribution of bills to their customers, so they name this the “Bill Processing.” This step is the 

same as the traditional method as seen in Figure 5. 

Step 2: Determine the Boundaries (Inputs and Outputs)  

The organization determines that the process begins when the bill is created by the ERP 

system and ends when the bill is mailed. By determining the boundaries of the process, they have 

also identified the agent that is being transformed by the process. In this case, it is the “bill.” This 

step is also the same as the traditional method and results in the same two block flowchart in 

Figure 6. The process begins when the bill arrives and ends when the bill is mailed. 

Step 3: Map the Macro Level Process  

The organization creates a high-level flowchart of the steps and gates in the process. This 

information can be generated through brainstorming with people involved with the process, 

studying process documentation such as standard work instructions and forms, preexisting 

process maps or a combination of all these things. This is where the traditional method and the 

new method begin to differ. Figure 10 compares the macro process map created with the 

traditional method to the one created with operational process mapping. 
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Figure 10  

Traditional Versus Operational Process Mapping Macro Level Flowchart 

  

The overall appearance is nearly the same but there are some key differences that are 

identified in the new notation that are not clear in the traditional flowchart. The new flowchart 

clearly shows there are two types of bills that are transformed through this process that arrive and 

exit the process separately. The other new element is the “+” notation that indicates which 

activities are sub processes that require expansion and mapping in the next step. 

Step 4: Add Detail  

When creating a traditional cross-functional process map, the organization would add 

details by identifying areas of responsibility and phases of the process and sorting the activities 

previously identified into swim lanes. The end of traditional process mapping would be at this 

point and a process map like Figure 2 would be created. 
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Using the new method of operational process mapping, adding detail involves expanding 

and mapping the identified sub processes using the notation system new notation system. The 

result would be a cascading hierarchy of subprocesses shown in Figure 11. 

Figure 11  

Operational Process Mapping Step 4 
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Step 5: Identify the Necessary Resources  

Using process mapping, the organization must now determine what resources will be 

needed to perform the activities identified in the process map. Members of the implementation 

team must look at each activity in the process map and decide who or what is performing this 

activity. Figure 12 shows these resource pools on the left side of the process map.  

Figure 12  

Operational Process Mapping Step 5 
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Step 6: Collect Data and Incorporate Into the Model  

The final step of the operational process mapping method requires the implementation 

team to collect the data that is needed for process modeling and incorporate it into the process 

map. The table above identifies the type of data that should be provided for each block in the 

flowchart. This will likely be the most time-consuming portion of operational process mapping, 

but it is crucial to produce an accurate process map for modelling. The collection of data can be 

delegated to different members of the implementation team or process owners. Advanced 

statistical methods of modelling time data in distributions are likely unnecessary for the 

objectives of BPR. Averages or ranges should be sufficient for most purposes, but the 

organization should determine how the data should be represented in the process map to meet the 

needs of the model. If the organization is working with a consultant to model the process and 

assist in the reengineering, the consultant should provide directions on the measure of central 

tendency that should be provided in the map. This data is dual coded as text with each block 

producing a final process map with all necessary information and elements to create a basic DES 

model of the process. Figure 12 shows the final, modellable process map for the billing process 

example. 
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Figure 13  

Operational Process Mapping Step 6 
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Recreate Model from Process Map 

 The final step in developing the operational process mapping method is to test if the 

billing process model can be recreated from the new process map with similar results to the 

original example model. The first test involved mapping the macro level process using the data 

in the process map. Figure 14 shows the model of the macro level process created with 

information from the operational process map. As previously stated, if the organization 

determines that a higher level of detail is unnecessary, then the process information can be rolled 

up and modeled at this higher level. 

Figure 14  

Billing Process Macro Level Model in AnyLogic 

 

After creating the model, the simulation was run for 480 minutes of simulation time. In 

this time, 68 normal bills and 18 contact bills were processed. When the original example model 

was run, 68 normal bills and 21 contact bills were processed. The minor difference in the number 

of contact bills can be attributed to the randomness associated with the triangular distribution 

fitting of the additional steps and the 10% probability of bills being audited. However, the macro 

level map and this model represent an idealized version of the process with no error/rework 

loops included. This test was only an initial check to see if the results at the macro level are close 
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to the results produced by the original example model. From this data, it appears that they are 

close.  

To improve the accuracy of the model, the entire process, as shown in the process map, is 

modeled in Figure 15. The final appearance of the model does not match the process map 

precisely as the AnyLogic software has its own notation and structure, but all inputs identified in 

the process map are included in the model and the logic is essentially the same. Again, running 

the simulation for 480 minutes produced nearly identical results to the example model with 72 

normal bills being processed, versus 68 in the example model and 22 contact bills versus 21 in 

the example model. Using the example model as a representation of an as-is process, the new 

process map provided the data to produce a model and DES simulation that was a close 

approximation of the actual current state. This model could be used for further process analysis, 

the creation of what if scenarios, and the generation of an optimized future state process map as 

an output of BPR. 

Figure 15  

Billing Process Model Created from Operational Process Map 

 

In the previous chapter, deficiencies and missing elements in a traditional cross-

functional process map were identified. In this chapter, an existing, operational model of a 

common business process was examined. From this examination, the type of data that must be 


