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SUMMARY

N OWADAYS, the term "automation" is gaining extensive interest in both industrial and
business fields. There is also a trend of achieving deeper automation in the business

processes, which is a part of Business Process Automation (BPA). Among various BPA
technologies, Robotic Process Automation (RPA) has attracted increasing research atten-
tion. RPA is an emerging form of business process automation technology. The practice
of performing RPA results in the deployment of attended or unattended software agents
to an organization’s environment. ChatBots, as the outcome of the development of ar-
tificial intelligence (AI) technology, has been regarded as a potential and powerful tool
to achieve such cognitive automation in service-oriented business processes. However,
limited knowledge on the design road-map and approaches of ChatBot implementation
in the Business process hinders the ChatBots further deployment into company practi-
cal operation.

Herein, the research is focused on the question:

How should ChatBots be implemented in service-oriented processes?

Sub-questions are extended as:

• Q1: What is the value of BPM theory for process redesign?
• Q2: What is the state of art of ChatBots?
• Q3: What are the current methods of implementing ChatBots in business pro-

cesses?
• Q4: What should the ChatBot-implementation methodology look like?
• Q5: What are the values and limitations of the methodology in practice?

Chapter 1 (introduction) contains the introduction of this study, including the back-
ground, problem statement, research question, and thesis structure.

Chapter 2 (literature review) describes the background of business process manage-
ment (BPM), ChatBot technology, and the current state of ChatBot-implementation in
business processes. BPM holds great potential for significant cost saving and productiv-
ity improvement, and the lifecycle of BPM serves as one of the guidelines for ChatBot-
implementation methodology designed in the next chapter. ChatBots can be regarded
as one business process automation tool, the main components are Intent, Entities, and
Dialog. ChatBots have strengths such as 24/7 customer service, automation of com-
munication, time and cost savings and relevant offers based on user preferences, etc.
However, ChatBots also have weaknesses such as investments in IT infrastructure, lack
of experience and understanding, biased personalized information, Social isolation con-
cerns, etc. Regarding classification, ChatBots can be classified by intent: Pattern Match-
ing, Algorithm and Neural Network, or by particular use: Support ChatBots, Skill Chat-
Bot, and Assistant ChatBot. IBM Watson Assistant, Amazon Lex, Google Dialogflow, and
Microsoft Azure are four main vendors for ChatBot-implementation in organizations.

iii



iv SUMMARY

Chapter 3 (methodology design) introduces the requirements, design strategy, de-
scription approach, and validation and evaluation of designing a ChatBot implementa-
tion methodology. The requirements of methodology design are described according to
the limitation of the current ChatBot-implementation methodology. Then the method-
ology design strategy is proposed. The methodology can be developed based on the BPM
lifecycle, which ensures the business processes covered by the BPM lead to consistently
positive outcomes and delivers maximum value to the organization, together with the
Quark ChatBot implementation methodology. Following is the approach to describe a
methodology. It is crucial to depict the methodology with clear logic. The analytical
framework of Sol can be regarded as a suitable approach to describe the ChatBot imple-
mentation methodology. The framework consists of three parts namely way of thinking,
working, and modeling. Methodology validation and evaluation are described at last. To
check the validity and evaluate the methodology, it is necessary to use a case study to ex-
ecute the methodology. By employing the method of case study, the methodology can be
practically performed to automate a process by implement ChatBots. Accordingly, the
validity of methodology can be examined, and the limitation of the methodology can
also be explored, laying the foundation for the further improvement of the methodology.

Chapter 4 (ChatBot-implementation methodology) designs the ChatBot-implementation
methodology according to the design strategy and description approach in Chapter 3. It
follows the analytical framework of Sol (1982). The way of thinking lays the fundamen-
tal principles and the underlying structure that the design methodology is based on. It
begins with a clear vision of the target processes in which this process automation strat-
egy can be applied. The goal of this methodology is to decrease the process complexity,
to enhance the interaction experience of customers, and to increase the efficiency of
service agents within the process. The way of working describes the routine from the
current situation towards the new situation. It is based on the problem-solving process
(Dumas, 2013) and the BPM lifecycle (Janssen, 2002). The ChatBot-implementation cy-
cle consists of seven interactive activities (process identification, process discovery, pro-
cess analysis, ChatBot implemented process redesign, evaluation, process implementa-
tion, and process monitoring and controlling) divided into an understanding phase, a
design phase, and an implementation phase. The way of modeling states the approach
of depicting the real situation with an abstract model that is suitable for the systematical
analysis. The purpose of modeling is to reduce the complexity of a problem situation, to
increase the understanding of the dynamic interactions between objects, and to assess
the impact of changes. The Business Process Model and Notation (BPMN) was applied
then.

Chapter 5 (methodology evaluation) evaluates the ChatBot-implementation method-
ology designed in Chapter 4. The Call Management process of Philips IT Global Services
was chosen as an example case to apply the ChatBot-implementation methodology to
obtain an automated process. Methodology evaluation starts with a brief introduction
to Philips and its goal of process improvement including process automation. The Call
Management process then was automated by following the routine described by the way
of working in Section 4.2. Process identification introduced the goal, architecture, and
major functions. The as-is process model then was illustrated in process discovery. After
that, the process was analyzed to obtain facts and issues of the current process in the
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process analysis part. Then, redesign of the process was conducted, containing function
evaluation, ChatBot selection, defining exception human operations, designing the con-
ceptual framework, and to-be process modeling. The to-be process model, as well as the
as-is model, was evaluated in Evaluation part. Process implementation and process mon-
itoring and controlling have not been carried out due to the reality of the company and
the duration of the thesis. The evaluation verified the methodology is feasible for the
service-oriented process. Nevertheless, it also shows some limitations of the proposed
methodology. The methodology does not provide the method of the to-be model con-
verting into an executable model for the implementation. Furthermore, how to translate
a process model to a commercial ChatBots dialog model remains to be explored.

In Chapter 6, conclusions are drawn. Research findings answer the previously men-
tioned research questions. The major contribution of this research is establishing a theo-
retical ChatBot-implementation methodology for service-oriented process automation.
Although, there still are some limitations of the work. 1) The approach of translating
the to-be process model to the executable process model for Process implementation is
not given in this research. 2) The methodology currently does not take the impact on and
from the other related process into consideration. 3) Process monitoring and controlling
strategies are hard to determine without process implementation. 4) Strategies to deal
with ChatBot-related errors are not provided in this methodology. 5) The implementa-
tion of ChatBots can be associated with investments in IT infrastructures and ChatBot fa-
cilities. 6) The implementation of ChatBots can lead a big change to the process and user
acceptance is not discussed in this research. 7) Information security and data protection
are not discussed in the research. For further research on ChatBot-implemented pro-
cess automation, efforts can be focused on the executable process model, the business
process model towards the ChatBot model, the extension of methodology application,
the multi-process ChatBot implementation methodology, and ChatBot-based business
process management.
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1
INTRODUCTION

If you can’t measure it, you can’t improve it.

Peter Drucker

This chapter introduces the research background and problem statement. Waves of au-
tomation and artificial intelligence have triggered a trend of cognitive automation of
business processes by the ChatBot technique. In this chapter, the background of pro-
cess automation with ChatBots is firstly stated in Section 1.1. And the problem of cur-
rent ChatBot implementation is briefly discussed in the Section 1.2. Section 1.3 lists the
research questions of the thesis. And the structure of the report is presented in Section
1.4.

1
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2 1. INTRODUCTION

1.1. BACKGROUND

N OWADAYS, the term "automation" is gaining extensive interest in both industrial and
business fields. Automation has been already implemented in the manufacturing

sector, specifically now in the form of “Industry 4.0” technology[1, 2].
There is also a trend of achieving deeper automation in the business processes, which

is a part of Business Process Automation (BPA)[3]. BPA has been widely employed in
Business Process Management (BPM) to standardize and simplify processes, achieve
digital transformation, increase service quality, and improve service delivery[4]. Among
various BPA technologies, Robotic Process Automation (RPA) has attracted increasing
research attention[5, 6]. RPA is an emerging form of business process automation tech-
nology. The practice of performing RPA results in the deployment of attended or unat-
tended software agents to an organization’s environment. These software agents, or
robots, are deployed to perform pre-defined structured and repetitive sets of business
tasks or processes[7]. Currently, cognitive RPA, which uses more advanced technolo-
gies, such as natural language processing (NLP), text analytics, data mining, semantic
technology, and machine learning, lead a gateway for the adoption of software agents or
artificial intelligence in business environments[8, 9].

ChatBots, as the outcome of the development of artificial intelligence (AI) technol-
ogy, has been regarded as a potential and powerful tool to achieve such cognitive au-
tomation in service-oriented business processes[10–12]. However, limited knowledge on
the design road-map and approaches of ChatBot implementation in the Business pro-
cess hinders the ChatBots further deployment into company practical operation. Herein,
a methodology of ChatBot-implementation in service-oriented business processes is
proposed in this thesis. The methodology sheds a light on the ChatBot-implementation
framework with concerns of business process management.

1.2. PROBLEM STATEMENT

S ERVICE-ORIENTED processes always face with a huge number of human interactions
and involvements[13, 14]. These business processes are an integration of systems,

services (including the third-party service), and humans. Such fact undoubtedly in-
creases the complexity and difficulty of the process automation. Therefore, cognitive
robots, or ChatBots, are gradually getting involved in the service-oriented process au-
tomation. Commercial ChatBot suppliers, such as IBM, Google, and Amazon, have re-
leased their frameworks to build ChatBots. However, these frameworks are lack of flex-
ibility and may cause some conflict when ChatBots need to interact with a third-party
service[15]. Hence, they are not suitable to directly applied in the service-oriented pro-
cess.

Therefore, a methodology is thus needed to guide the implementation of ChatBot
into service-oriented processes. The methodology shall combine the theories of process
redesign in BPM and ChatBots engineering principles.

1.3. RESEARCH QUESTION

T HE objective of this research is to establish a ChatBot-implementation methodology
for the service-oriented process automation. The main research question can be
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described as:

How should ChatBots be implemented in service-oriented processes?

As mentioned above, the methodology shall be based on both BPM and ChatBot en-
gineering theories. Hence, the following sub-questions need to be answered first:

• Q1: What is the value of BPM theory for process redesign?

– Q1.1: What is the lifecycle of BPM?
– Q1.2: How to model a process?
– Q1.3: What are the criteria for the process automation (RPA)?

• Q2: What is the state of art of ChatBots?

– Q2.1: What is a ChatBot?
– Q2.2: What are the classification of ChatBots?
– Q2.3: What are the main vendors for enterprise ChatBot service?

• Q3: What are the current methods of implementing ChatBots in business pro-
cesses?

– Q3.1: What are the current exiting methodologies?
– Q3.2: What are limitations or drawbacks of these methodologies?

These questions are mainly knowledge-related. Hence, literature reviews would be
conducted to answer them. Then, the sub-question of the methodology design should
be dealt with:

• Q4: What should the ChatBot-implementation methodology look like?

– Q4.1: What is the principle to design a methodology (way of thinking)?
– Q4.2: What are the steps of the methodology? (way of working)
– Q4.3: How to model the process? (way of modeling)

It is necessary to verify the proposed methodology in a real case. Hence, the following
sub-question should be answered:

• Q5: What are the values and limitations of the methodology in practice?

– Q5.1: What type of process can use the methodology?
– Q5.2: How to carry out all the steps of the methodology?
– Q5.3: What are the limitations and contributions of the methodology?

A case study on a real process can be the solution to these questions.
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1.4. THESIS STRUCTURE

T HE thesis includes five parts: Introduction, Literature Review, Methodology Design,
ChatBot Implementation Methodology, Methodology Evaluation, and Conclusion. Fig-

ure 1.1 presents the thesis structure.
The introduction part introduces the research background and problem statement.

Waves of automation and artificial intelligence have triggered a trend of cognitive au-
tomation of business processes by the ChatBot technique. In this chapter, the back-
ground of process automation with ChatBots is firstly stated in Section 1.1. And the prob-
lem of current ChatBot implementation is briefly discussed in the Section 1.2. Section
1.3 lists the research questions of the thesis. And the structure of the report is presented
in Section 1.4.

The literature review part describes the background of business process manage-
ment (BPM), ChatBot technology, and the current state of ChatBot-implementation in
business processes. The aim of the literature review is to lay a theoretical foundation
for the ChatBot implementation in Business process methodology. The establishment
of the methodology is based on principles in the field of business process management
and facts of ChatBot technology, and stem from the methodology for ChatBot design.
The business process management concepts, including business process (BP), business
process management (BPM), business process modeling, business process automation
(BPA), and robotic process automation (RPA), are introduced in Section 2.1. Then, Sec-
tion 2.2 gives a brief overview of the ChatBot technology, including its development his-
tory, architecture, classification, and main vendors providing ChatBot service. In the
end, methodologies, which are proposed for ChatBot design, establishment, and appli-
cation, are briefly introduced in Section 2.3. The limitations of those methodologies are
also briefly discussed.

The methodology design part introduces the requirements, design strategy, descrip-
tion approach, and validation and evaluation of designing a ChatBot implementation
methodology. Section 3.1 shows the requirements that the designed methodology needs
to fulfill according to the limitation of the current methodology in Section 2.3. The
methodology design strategy is described in Section 3.2. Section 3.3 introduces an ap-
proach to describe a methodology: ways of thinking, working, and modeling in the ana-
lytical framework. How to validate and evaluate the designed methodology is described
in Section 3.4 at last.

The ChatBot-implementation methodology part designs the ChatBot-implementation
methodology according to the design strategy (Section 3.2) and description approach
(Section 3.3). The way of thinking introduces in Section 4.1. It guides in represent-
ing a system in the form of a model. Section 4.2 concerns the steps that need to be
taken to cope with the specific characteristics in ChatBot-implementation. The ChatBot-
implementation cycle consists of seven interactive activities divided into an understand-
ing phase, a design phase, and an implementation phase. And Section 4.3 regards the
choice of modeling techniques and the construction of models during a study of Curtis
(1992). The purpose of modeling is to reduce the complexity of a problem situation, to
increase the understanding of the dynamic interactions between objects, and to assess
the impact of changes.

The methodology evaluation part is the evaluation of the designed ChatBot-implementation
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methodology in Chapter 4. Call Management process in Philips IT Global Services is
chosen as an example case to apply the ChatBot-implementation methodology in or-
der to obtain an automated process. The Call Management process is a service-oriented
process providing IT support to employees of the company, which is suitable for ap-
plying the proposed methodology to achieve ChatBot-based process automation. The
evaluation starts with a case introduction on Philips and its goal of process improve-
ment including process automation (Section 5.1). The Call Management process then is
automated by following the routine described by the way of working (Section 4.2). Sec-
tion 5.2 is the Process identification, in which the goal, architecture, major functions are
introduced. The as-is process model then is illustrated in the Process discovery (Section
5.3). After that, the process is analyzed to obtain facts and issues of the current process
(Section 5.4). Then, redesign of the process is conducted in Section 5.5, containing func-
tions evaluation, ChatBots selection, defining exception human operations, designing
the conceptual framework, and to-be process modeling. The to-be process model, as
well as the as-is model, are evaluated in Section 5.6. At last, conclusions together with
some recommendations on the process implementation, process monitoring and con-
trolling are provided in Section 5.7.

The last part is the conclusion. Research findings, contributions and limitations, and
outlooks are briefly analyzed in the conclusion.
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2
LITERATURE REVIEW

When everything gets answered, it’s fake.

Sean Penn

This chapter describes the background of business process management (BPM), Chat-
Bot technology, and the current state of ChatBot-implementation in business processes.
The aim of the literature review is to lay a theoretical foundation for the ChatBot imple-
mentation in Business process methodology. The establishment of the methodology is
based on principles in the field of business process management and facts of ChatBot
technology, and stem from the methodology for ChatBot design. The business process
management concepts, including business process (BP), business process management
(BPM), business process modeling, business process automation (BPA), and robotic pro-
cess automation (RPA), are introduced in Section 2.1. Then, Section 2.2 gives a brief
overview on the ChatBot technology, including its development history, architecture,
classification, and main vendors providing ChatBot service. In the end, methodologies,
which are proposed for ChatBot design, establishment, and application, are brief intro-
duced in the Section 2.3. The limitations of those methodology are also briefly discussed.

9
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2.1. BUSINESS PROCESS MANAGEMENT CONCEPTS

T HIS section introduces the concepts of business process, business process manage-
ment, and several different business process modeling tools.

2.1.1. BUSINESS PROCESS
A business process (BP) consists of a set of related and structured activities or tasks that
are formed in coordination in an organizational environment. Normally, a business pro-
cess is triggered by a single organization, but it may interact with business processes
performed by other organizations[1, 2]. Using business process can improve customer
satisfaction as well as improve the agility for reacting to the changes in market[3].

2.1.2. BUSINESS PROCESS MANAGEMENT
Business Process Management (BPM) can be described as, based on the definition of the
Association of Business Process Management Professionals (ABPMP)[4], a disciplined
approach to identify, design, execute, document, measure, monitor, and control both
automated and non-automated business processes to achieve consistent, targeted re-
sults aligned with an organization’s strategic goals. BPM aims to provide and/or focus
on the deliberate, collaborative and technology-aided definition, improvement, innova-
tion, and management of end-to-end business processes that drive business results, cre-
ate value, and enable an organization to meet its business objectives with more agility.
With the assistance of BPM, an enterprise can align its business processes to its busi-
ness strategy, leading to effective overall company performance through improvements
of specific work activities either within a specific department, across the enterprise, or
between organizations.

BPM can be viewed as a continuous cycle as shown in the Figure 2.1, which com-
prises the following phases[2]:

• Process identification: A business problem is posed in process identification. The
problem-related processes are identified and delimited. After conducting a pro-
cess identification, a new process architecture is provided showing the overall view
of the processes in an organization.

• Process discovery: (or as-is process modeling). The current state of each relevant
process is documented in process discovery. After conducting a process discovery,
one or several as-is process models are formed.

• Process analysis: The issues that are associated with the as-is models are identi-
fied in process analysis. After conducting a process analysis, a structured collec-
tion of issues are presented and normally prioritized in terms of their impacts or
the estimated efforts required to resolve them.

• Process redesign: (or process improvement). The changes to the process that
would be helpful to address the issues identified in process analysis are identi-
fied in process redesign. After conducting a process redesign, change options are
proposed, analyzed, and compared. Process redesign and process analysis need
to go hand-in-hand, which means the newly proposed change options need to be
analyzed by process analysis methods. The most promising change options lead-
ing to a redesigned process are summarized in the end. After conducting a process
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Fig. 1.7 BPM lifecycle

of the tasks of the process. This may include assigning tasks to process participants,
helping process participants to prioritize their work, providing process participants
with the information they need to perform a task, and performing automated cross-
checks and other automated tasks where possible. There are several ways to im-
plement such an IT system. This book focuses on one particular approach, which
consists of extending the to-be process model obtained from the process redesign
phase in order to make it executable by a BPMS (cf. Sect. 1.3.3).

Over time, some adjustments might be required because the implemented busi-
ness process does not meet expectations. To this end, the process needs to be moni-
tored and analysts ought to scrutinize the data collected by monitoring the process in
order to identify needed adjustments to better control the execution of the process.
These activities are encompassed by the process monitoring and controlling phase.
This phase is important because addressing one or a handful of issues in a process
is not the end of the story. Instead, managing a process requires a continuous effort.
Lack of continuous monitoring and improvement of a process leads to degradation.
As Michael Hammer once put it: “every good process eventually becomes a bad pro-
cess”, unless continuously adapted and improved to keep up with the ever-changing
landscape of customer needs, technology and competition. This is why the phases
in the BPM lifecycle should be seen as being circular: the output of monitoring and
controlling feeds back into the discovery, analysis and redesign phases.

To sum up, we can view BPM as continuous cycle comprising the following
phases (see Fig. 1.7):

• Process identification. In this phase, a business problem is posed, processes rele-
vant to the problem being addressed are identified, delimited and related to each
other. The outcome of process identification is a new or updated process archi-
tecture that provides an overall view of the processes in an organization and their
relationships. In some cases, process identification is done in parallel with per-

Figure 2.1: BPM Lifecycle[2]

redesign, a to-be process model is drawn. The to-be model also serves as a basis
for the next step.

• Process implementation: The changes that need to be moved from the as-is model
to the to-be model are prepared in process implementation. Organizational change
management and process automation are two aspects of process implementation.
Organizational change management

• Process monitoring and controlling: Process monitoring and controlling collects
the relevant data in the running redesigned process, and determines the process
performance. Bottlenecks, recurrent errors or deviations concerning the intended
behavior are identified and corrective actions are undertaken. This phase may
arise new issues, and the lifecycle should be repeated to solve the new issues. Ef-
forts can be employed to solve issues or further improve the process.

2.1.3. BUSINESS PROCESS MODELING
Business process modeling is an analytical representation or illustration of the business
process. It offers support for the analysis, improvement, and automation of current
processes. Flowcharts, programs, hypertext, or scripts are major approaches that the
business process modeling uses to express the business process. Currently, hundreds of
market-available business process modeling tools have been proposed and published.
By employing these tools, users are capable to model business processes, implement,
execute and refine models[5]. Here is an introduction of the some most commonly
used business process modeling tools, including Business Process modeling Notation
(BPMN), Unified Modeling Language Activity Diagrams (UML ADs), Event-driven Pro-
cess Chains (EPCs), and Web Services Business Process Execution Language (WS-BPEL).
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BUSINESS PROCESS MODELING NOTATION (BPMN)
BPMN aims to provide users an easily understandable and graphical notation to rep-
resent complex process semantics [6]. It can work as a front end to various business
processes execution methods. Instead of block-structured, BPMN is a graph-structured
tool, which enables its support for control-flow dependency specification. Despite facts
of its lack of provision, and no standard-organization accepted formalization, BPMN can
be regarded as a great move in the path of developing expressive business process mod-
eling language.

UNIFIED MODELING LANGUAGE ACTIVITY DIAGRAMS (UML ADS)
UML ADs is an Object Management Group (OMG) standard, which is originally applied
in software engineering [7]. Activity diagram is a behavioral diagram in UML, aiming to
capture and depict the dynamic behavior of systems. UML ADs are applied to model
sequential and concurrent activities. And its focus on condition and sequence of the
flow. The OMG has already supplied a formal semantics of UML ADs yet without an
official formalization.

EVENT-DRIVEN PROCESS CHAINS (EPCS)
EPCs is flow-chart based approach for business process modeling. It is originally pro-
posed for SAP R/3 modeling [8], are now widely used to illustrate business process work-
flow, after its being included in the Architecture of Integrated Information Systems (ARIS)
framework [9]. There is no standardized procedure for EPCs modeling.

WEB SERVICES BUSINESS PROCESS EXECUTION LANGUAGE ( WS-BPEL, OR BPEL)
WS-BPEL, normally known as BPEL, is an executable language which is standardized
by OASIS (Organization for the Advancement of Structured Information Standards) [2].
It is used in the web-service business process to define process execution. Typically, a
BPEL message can orchestrate process execution, invoke remote services, and manage
events and exceptions. BPEL is always associated with BPMN. And BPMN specification
provides a mapping from BPMN towards BPEL [10].

2.1.4. BUSINESS PROCESS AUTOMATION
Business process automation (BPA), also known as business automation or digital trans-
formation, is defined as the automation of complex business processes and functions
beyond conventional data manipulation and record-keeping activities, usually through
the use of advanced technologies[11]. It can streamline a business for simplicity, achieve
digital transformation, increase service quality, improve service delivery or contain costs.
It consists of integrating applications, restructuring labor resources and using software
applications throughout the organization[12].

2.1.5. ROBOTIC PROCESS AUTOMATION
Robotic process automation (RPA) is a software-based approach to employ software to
partially or fully automate highly-structured and repetitive tasks in business processes.
RPA used to rely on basic technologies, such as screen scraping, macro scripts, and work-
flow automation. However, developments in data science, machine learning, and artifi-
cial intelligence trigger an RPA transition to cognitive RPA. Advanced technologies, such
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as natural language processing (NLP), text analytics, data mining, semantic technology
and machine learning (ML), are used to make it possible for software robot complete
more complex tasks. These tasks can include queries, calculations, transaction process-
ing, IT management and automated online assistants. Cost reduction, quality improve-
ment, and better compliance are the three main benefits expected from RPA. The sub-
stantial benefits of RPA can be attributed to areas including effectiveness, quality, com-
pliance, scalability, risk optimization, and workforce performance[13]. By 2020, 65% of
human employee requirements will be reduced by RPA, which will on the other hands
build a 1-billion USD RPA market. It is predicted that 40% of large enterprises will adopt
RPA solutions by that time [14].

Although the benefits that RPA introduces to the enterprise, not all business process
are suitable for RPA. And criteria of business processes which are suitable for RPA have
been proposed [13, 15]:

• Processes which have limited requirement of subjective judgment, creativity or
interpretation skills;

• Process that are performed frequently, in huge numbers or with significant peaks
in workload;

• Processes which need access to multiples applications and systems to accomplish
the task;

• Processes that are highly standardized with limited or no exceptions to handle;
• Processes that are prone to human error owning to manual operation;
• Processes that can be broken down into unambiguous rules;
• Processes once started, need limited human intervention.

2.2. CHATBOT TECHNOLOGY

T HE word ChatBot is composed of the terms of chat and robot, which was originally
used to describe a computer program simulating natural conversational language

with the assistance of a dialogue system[16]. A ChatBot generally applies a text-based
conversational interaction interface, which is capable to generate responses to natural
language input and attempt to mimic a natural human interaction. ChatBots holds the
abilities of natural language processing (NLP) and artificial intelligence (AI) to under-
stand users’ input and give suitable feedback or response. Currently, ChatBots have
been gaining increasing importance of applications in scientific, commercial, and en-
tertainment fields. A wide range of ChatBot-based applications in virtual assistance, e-
commerce, and social network are emerging [17–20]. A trend of applying ChatBots in
business processes for automation is rising.

2.2.1. CHATBOT HISTORY
The first ChatBot, which can date back to 1966, was named ELIZA[21]. It was developed
at the MIT Artificial Intelligence Laboratory by Joseph Weizenbaum. As an early natural
language processing computer program, ELIZA simulated conversation by employing a
pattern matching and substitution methodology. But it had no built-in framework for
contextualizing events.

In 1972, another ChatBot, PARRY[22], was delivered by Kenneth Colby at Stanford
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University. Different from ELIZA, PARRY implemented a crude model of the behavior
of a person with paranoid schizophrenia based on concepts, conceptualizations, and
beliefs, which made it a more advanced program.

A.L.I.C.E. (Artificial Linguistic Internet Computer Entity)[23] was composed by Richard
Wallace in 1995. The program was rewritten in Java beginning in 1998. It is one of the
strongest programs of its type and has won the Loebner Prize, awarded to accomplished
humanoid, talking robots, three times in 2000, 2001, and 2004[24].

Siri[25] was originally released as a stand-alone application for Apple Inc.’s iOS op-
erating system in February 2010. It is an intelligent virtual assistant, which use voice
queries and a natural language user interface to answer questions, make recommenda-
tions, and perform actions by delegating requests to a set of Internet services.

IBM Watson[26] is a question-answering computer system developed in IBM’s DeepQA
project by a research team led by principal investigator David Ferrucci. The computer
system was initially developed to answer questions on a quiz show. And it was firstly
used in commercial application in 2013, for utilization management decisions in lung
cancer treatment.

Amazon Alexa[27] is an intelligent personal assistant inhabiting the Amazon Echo
device, and it was initially released in November 2014. Alexa uses natural language pro-
cessing algorithms for voice interaction. It uses these algorithms to receive, recognize
and respond to voice commands.

2.2.2. CHATBOT ARCHITECTURE
It is only in the last few years that the real power of service automation has been unleashed[28].
And ChatBot is a widely used method for service process automation. ChatBots have
been around since the late sixties1 but become popular in recent years. Two key develop-
ments have allowed ChatBots to become a viable business tool and such an in-demand
skill[29]:

• Messengers apps are incredibly popular: Messengers apps are used by billions of
people around the world, and Messenger platforms are even more popular than
social media sites.

• AI is becoming smarter: Machine learning, deep learning, natural language pro-
cessing, and artificial intelligence have all progressed rapidly over the past few
years. ChatBots wouldn’t be very useful if they weren’t able to understand what
the user wants and respond accordingly through these technologies.

ChatBot is a software agent capable of conversing with users through an interface.
ChatBot will greet the user and invite them to take some action (like asking it a ques-
tion) at first. And parse the input and figure out the intention of the user’s question
after receiving the user replies. Finally, it will respond in a consequential manner, ei-
ther providing information or asking for further details before ultimately answering the
question[30]. Three main components (Intent, Entities, Dialog) behind a ChatBot are
used to determine how to interpret the user input and how to respond to it. The Dialog
Skill (see in Figure 2.2) that contains these three components is essential for a ChatBot[31,
32].

1The first ChatBot, Eliza, was rudimentary but it proved the potential of ChatBots even back then.
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Figure 2.2: Dialog Skill[31]

Intent is the most important component, which captures the intent or goal of the
user to determine the user wants. Figure 2.3 shows an example of defining a greetings
intent. Once the ChatBot is trained on the intents that defined, it will look at the user
input and try to determine if any of the intents match the user request[31].

Figure 2.3: Intent Example[31]

Entity is the second key component of dialog skill. Entities allow the ChatBot to cap-
ture specific values within the user utterance while intents capture the user goal. Figure
2.4 shows an example of location entity. Multiple values for the entity could be defined
such as Toronto, Montreal, Vancouver, etc. Synonyms could also be defined within a
given entity value[33]. ChatBot can detect the intent and entity of an user’s question (see
in Figure 2.5) and provide an appropriate and specific answer to the user then[33].

Dialog is the third component of dialog skill, which allows ChatBot to issue a re-
sponse to the user based on their intents and the defined entities. A dialog is simply a
tree of nodes, and each node will handle one particular scenario. Example in Figure 2.6
contains three nodes: Welcome handles the ChatBot prompt, Greetings node implement
the response to the user greeting, and there is a special fall back node that will notify the
user when ChatBot does not understand the user[34].

2.2.3. CHATBOTS CLASSIFICATION

APPLICATION CLASSIFICATION

Based on the field that ChatBots are applied in, there are four types ChatBots includ-
ing Service ChatBots, Commercial ChatBots, Entertainment ChatBots and Advisory Chat-
Bots[35].
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Figure 2.4: Entity Example[33]

Figure 2.5: Example of Detecting Intent and Entity[33]

Figure 2.6: Dialog Example[34]
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• Service ChatBot is designed to provide facilities to customers.

• Commercial ChatBot is designed to streamline purchases for customers.

• Entertainment ChatBot is designed to keep customers engaged with sports, fa-
vorite band, movies or other events. It offers the option of placing bets, detail on
upcoming events and ticket deals.

• Advisory ChatBot is designed to provide suggestions, give recommendations on
service, offer maintenance or repair goods. This type of ChatBots can contact peo-
ple, offer support and advice tips when it is needed.

FUNCTION CLASSIFICATION

ChatBots can also be grouped by their function, i.e., goal-based, knowledge-based, service-
based and response generated-based ChatBots[36].

• Goal-based ChatBot is classified based on the primary goal aim to achieve. They
are designed for a particular task and setup to have short conversations to get in-
formation from the user to complete the task.

• Knowledge-based ChatBot is classified based on the knowledge they access from
the underlying data sources or the amount of data they are trained on. The two
main data sources are open-domain and closed-domain. Open-domain data sources
answer depends on general topics and respond appropriately.

• Service-based ChatBot is classified based on facilities provides to the customer. It
could be a personal or commercial purpose.

• Response Generated-based ChatBot is classified based on what action they per-
form in response generation. The response models take input and output in nat-
ural language text. The dialogue manager is responsible for combining response
models together. To generate a response, dialogue manager follows three steps.
First, it uses all response models to generate a set of responses. Second, returns a
response based on priority. Third, if no priority response, the response is selected
by the model selection policy.

BUSINESS USE CLASSIFICATION

From a business perspective, ChatBots are categorized into three types including Sup-
port ChatBot, Skill ChatBot, and Assistant ChatBot[37].

• Support ChatBot Support ChatBot is built to master a single domain. Support
ChatBot needs to have personality, multi-turn capability, and context awareness
to walk a user through any major business processes and answer a wide range of
FAQ-type questions. Personality, multi-turn capability, and context awareness are
within support ChatBot. To build a support ChatBot, speech is an optional feature,
while developers need to make sure it is easy to navigate the bot and the bot can
execute the actions that users care about.
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• Skill ChatBot: Skill ChatBot is typically a more single-turn-type bot, which does
not require much contextual awareness. Commands are set intended to make
life easier. Typically, speech functionality is recommended for skill ChatBot. They
need to follow commands quickly but do not need to worry too much about con-
textual awareness, as a user will quickly learn to give an appropriately specific
command. What’s more, integration is important to skill ChatBot. Keep inte-
gration simple can make users interact with the ChatBot easily without worrying
about the instruction.

• Assistant ChatBot: Assistant ChatBot is a middle ground between the above two
ChatBot. They work best when they know a little bit about a variety of topics. In
addition to being conversational, assistant ChatBot needs to be entertaining as
well. In this way, training is important.

2.2.4. CHATBOT SERVICE VENDORS

D IFFERENT from the early development of ChatBots, people and companies nowa-
days can simply use some commercial services to build up their ChatBots. There

are mainly four vendors for ChatBots implementation in organizations including IBM
(Watson Assistant), Amazon (Lex), Google (Dialogflow) and Microsoft (Azure Bot).

IBM Watson Assistant[38] can be used to build an own branded assistant (ChatBot)
into any device, application, or channel which connects to the customer engagement
resources.

Figure 2.7 shows a typical workflow of ChatBots based on IBM Watson Assistant, in-
cluding the following steps:

• Users can interact with the ChatBot through one or more of these integration points
including i) conversational interfaces published directly to an existing social me-
dia messaging platform, such as Slack or Facebook Messenger, ii) A simple Chatbot
user interface hosted by IBM Cloud, and iii) custom applications.

• The ChatBot receives user input and routes it to the dialog skill.
• The dialog skill interprets the user input further, then directs the flow of the con-

versation. The dialog gathers any information it needs to respond or perform a
transaction on the user’s behalf.

Amazon Lex[39] is a service for building conversational interfaces into any applica-
tion using voice and text. Amazon Lex provides the advanced deep learning function-
alities of automatic speech recognition (ASR) for converting speech to text, and natu-
ral language understanding (NLU) to recognize the intent of the text, to enable you to
build applications with highly engaging user experiences and lifelike conversational in-
teractions. With Amazon Lex, the same deep learning technologies that power Amazon
Alexa are available to any developer, enabling you to quickly and easily build sophisti-
cated, natural language, conversational bots. Amazon Lex democratizes deep learning
technologies by putting the power of Amazon Alexa within reach of all developers. Har-
nessing these technologies, Amazon Lex enables you to define entirely new categories of
products made possible through conversational interfaces. As a fully managed service,
Amazon Lex scales automatically, so customers do not need to worry about managing
infrastructure.
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Figure 2.7: Work flow of ChatBots based on IBM Watson Assistant[38]

Google Dialogflow[40] is a developer of human-computer interaction technologies
based on natural language conversations. The company is best known for creating the
Assistant, a virtual buddy for Android, iOS, and Windows Phone smartphones that per-
form tasks and answers users’ question in a natural language. It has also created a natural
language processing engine that incorporates conversation context like dialogue history,
location, and user preferences.

Microsoft Azure[41] is a cloud computing service created by Microsoft for building,
testing, deploying, and managing applications and services through Microsoft-managed
data centers. Azure was announced in October 2008, and released on February 1, 2010,
as Windows Azure before being renamed Microsoft Azure on March 25, 2014. Microsoft
Azure Bot[42] provides a service of developing intelligent and enterprise-grade ChatBots,
ranging from a QA bot to an own-branded virtual assistant. The Azure Bot Service is in-
tegrated with Azure Cognitive Services, providing the ChatBots natural language under-
standing abilities as well as enriched customer support, letting users express their needs
through speech and images.

2.2.5. ADVANTAGES AND LIMITATION OF CHATBOTS
The application of ChatBots in the commercial field would change the way of inform-
ing, communicating and transacting between the company and its customers or other
external stakeholders. As to the internal aspect, it may strongly influence future orga-
nizations, communications, and collaborations in the company. The main advantages
and challenges of the application of ChatBot have been summarized in Table 2.1.

Owing to ChatBots, it becomes more feasible to have a one-to-one and 24/7 inter-
action between companies and their customers. Companies can effectively save human
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Table 2.1: Advantages and Challenges of ChatBots[43]

Strengths & Opportunities Weaknesses & Risks

- 24/7 customer service (anytime/anywhere) - Malfunctioning chatbots & unanswered questions
- New & direct customer contact points - Investment in IT infrastructure & chatbot tools
- New method & types of data collection - Extension of IT & analytics architectures
- High amount of personal user/usage data - Lack of awareness & acceptance by users
- Personalization & automation of communication  - Information security & data protection
- Reduction of service & support costs - Image & reputation risks

- 24/7 customer services & support - Privacy
- One-to-one communication on personal device  - Data protection of personal & sensitive data
- High convenience & ease of use - Lack of experience & understanding
- Time- & cost-saving - Biased personalized information
- Reduction on relevant information & services - Artificiaal/non-human conversation
- Relevant offers based on user preferences - Social isolation & ethical concerns

For providers
companies

For users/
customers

costs in customer services and get rid of the risk of missing customers’ requests outside
the office hours. ChatBots also leads to an easier approach for the company to collect
and analyze customers’ data, based on which the company could have a better under-
standing of customers and provide better and personalized serveries. However, compa-
nies need investments in building and maintaining ChatBots in both hardware and soft-
ware levels. And the implementation of new technology such as ChatBots would some-
how increase the complexity of the company architecture. And more attention needs to
be put on information security and data management.

In respect to customers, ChatBots can no doubt save a lot of time and cost on com-
munication with the company, and increase the efficiency of the interaction. Even though,
customers may face the risk of misuse of personal information and privacy. And some-
times it may cost extra time and efforts of customers to get used to the ChatBots conver-
sational interface, both technically and emotionally.

2.3. CHATBOTS IMPLEMENTATION IN BUSINESS PROCESS

H UMAN is a key cost factor in today’s business processes. To reduce labor, there is
a trend of converting people-driven processes to a ChatBot service. A structured

and principled manner of ChatBot implementation in a business process can ensure the
desired outcome. Before the discussion on the ChatBots implementation method, we
firstly focus on the conversation model and multiagent system design, which are the
foundations of human-ChatBot interaction design.

A conversation model that enables a conversation flow between the web-service con-
sumers and the web-service providers was proposed by Ardissono et al.[44]. A formal
model of conversations by using concepts of commitments and arguments and a Col-
ored Petri Nets (CPN) model were reported by Bentahar et al.[45] and Cost et al.[46],
respectively.

As respect to multiagent systems, the Tropos methodology[47] was introduced for
building agent oriented software systems, which spans the software development pro-
cess from early requirements to implementation for agent-oriented software. The Gaia
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methodology allows developers to design a system by using responsibilities, permission,
activities, and protocols[48]. The Comma methodology[49] is a commitment-based ap-
proach that enables developers to capture business scenarios using commitments and
creates a process that is sound with respect to commitments.

A. Kalia et al. proposed a Quark methodology to transform people-driven processes
to ChatBot service[50]. Quark takes a business process model as its input and produces
an IBM Watson model of human-ChatBot interactions.The methodology consists of the
following steps:

• M1: Identify roles served by humans that can be automated
• M2: Identify goals of each role
• M3: Identify commitments between roles
• M4: Produce a set of interactions
• M5: Repeat steps M2 and M3 to produce additional goals and commitments
• M6: Translate the interactions to ChatBots vendor’s model

Quark is a well-established methodology to implement ChatBot into business pro-
cess by using existing business process model. However, there are some limitations of
the methodology. The main goal of the methodology is to provide an approach to apply
ChatBot into a process to replace human labor. However, it pays less attention on the
business process management. The ChatBot implementation is not carried out in the
level of the business process. One should keep it in mind that the goal of ChatBot imple-
mentation is to enhance process performance and efficiency. The input of the method-
ology is a business process model, which can narrow the application of the methodology.

And business process management strategies would be powerful tools to guide the
design of process-centered ChatBot implementation method.

2.4. CONCLUSIONS

I N this chapter, literature reviews were focused on concepts related to business pro-
cess management (BPM), ChatBot technology, and ChatBot implementation method-

ology. In this research, BPM and ChatBot are the two most important keywords. The def-
inition of BPM was firstly introduced. The lifecycle of BPM serves as one of the guidelines
for ChatBot implementation methodology designed in the next Methodology chapter.
Business process modeling was also discussed, which is the key process representation
approach in the process design. Concepts such as BPA and RPA are further introduced.
These techniques emerge as a trend for future business process redesign with intelli-
gent robots such as ChatBots. The ChatBot technology was then discussed, including
its history, architecture, classification, and main vendors. This knowledge serves for the
ChatBot selection in the process design. Some methodologies to building a ChatBot sys-
tem were then introduced. The proposed ChatBot-implementation methodology in this
report is derived from those methodologies yet based on the BPM lifecycle.
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3
METHODOLOGY DESIGN

Success is most often achieved by those who don’t know that failure is inevitable.

Coco Chanel

This chapter introduces the requirements, design strategy, description approach, and
validation and evaluation of designing a ChatBot implementation methodology. Section
3.1 shows the requirements that the designed methodology needs to fulfill according to
the limitation of the current methodology in Section 2.3. The methodology design strat-
egy is described in Section 3.2. Section 3.3 introduces an approach to describe a method-
ology: ways of thinking, working, and modeling in the analytical framework. How to
validate and evaluate the designed methodology is described in Section 3.4 at last.

25
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3.1. REQUIREMENTS

A MONG the methodologies discussed in Section 2.3, Quark methodology is a well-
established one to implement ChatBot into business processes by using the existing

business process model. However, there are some limitations to the methodology. The
main goal of the methodology is to provide an approach to apply ChatBot into a process
to replace human labor. However, it pays less attention to business process manage-
ment. The ChatBot implementation is not carried out in the level of the business pro-
cess. One should keep it in mind that the goal of ChatBot implementation is to enhance
process performance and efficiency. The input of the methodology is a business process
model, which can narrow the application of the methodology. According to the limi-
tation of Quark methodology, the designed methodology needs to fulfill the following
requirements.

• The main goal of the methodology is to increase the efficiency of a business pro-
cess which involves high-volume human interactions.

• Cost-effectiveness is one of the cores of ChatBot implementation methodology.
• The methodology is process-based to ensure practical executability.
• The necessity of ChatBot implementation should be investigated before the pro-

cess automation.
• The input of the methodology can be a process rather than a model (for example, a

BPMN model), which could extend the application situation of the methodology.
• Discovering issues and problems of the current situation are the foundation of

process (re-)design
• The methodology should be able to describe the interactions among ChatBot and

human agents within the process in a formal way.
• Effectiveness of methodology should be measured.

3.2. DESIGN STRATEGY

H EREIN, a design strategy is proposed to fulfill the above requirements. The method-
ology can be developed based on the BPM lifecycle, which ensures the business

processes covered by the BPM lead to consistently positive outcomes and deliver max-
imum value to the organization [1], together with the Quark ChatBot implementation
methodology [2] (see Section 2.3).

The BPM theory ensures a process-based methodology, which takes a process as its
input. As discussed in Section 2.1.2, the BPM lifecycle is composed of process identifi-
cation, discovery, analysis, redesign, implementation, and monitoring and controlling.
Process identification studies the possibility of the methodology applying to the process.
Process discovery and process analysis investigate the necessity of ChatBot implemen-
tation into the process and uncover the issues as well as problems of the current process.
Process redesign offers a feasible route of the process improvement. Process implemen-
tation provides the guideline for the practical execution of the redesigned process. Pro-
cess monitoring and controlling guarantees continuous improvement of the process.

During the process redesign stage, ChatBots are embedded in the process. The ap-
proach of applying ChatBots can be initiated from the Quark methodology [2], which es-
tablishes a basic outline of ChatBot implementation. Additionally, the methodology in
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this research needs to establish approaches to determine which tasks can and should be
handled by ChatBots and to determine what kind of ChatBots should be applied for spe-
cific tasks. Meanwhile, methods to illustrate interactions within the process also need to
be provided.

3.3. DESCRIPTION APPROACH

I T is crucial to depict the methodology with a clear logic. The analytical framework of
Sol[3] can be regarded as suitable approach to describe the ChatBot implementation

methodology. The framework consists of three parts namely way of thinking, working,
and modeling, presented in Figure 3.1.

The way of thinking concerns the organization of ideas and the underlying structure
of the methodology, forming the outline of the methodology. It provides fundamental
principles and philosophies that guide the methodology design and implementation.

The way of working focuses on the steps of a methodology that need to be executed
to improve the performance of the current situation. These steps form a routine from the
current situation towards the new situation. The way of working provides an executable
guideline of the methodology implementation.

The way of modeling states the approach of depicting the real situation with an ab-
stract model that is suitable for the systematical analysis. A number of modeling tech-
niques that can be employed in the methodology have been introduced in Section 2.1.3.
In the different stages of the methodology, various modeling approaches can be applied.
The selection of suitable modeling approach is based on specific requirements of each
stage.

Figure 3.1 illustrates correlations among the way of thinking, working, and modeling.
Way of working and modeling are the piratical activities of the methodology implemen-
tation. During the methodology execution, way of working needs the support of way
of modeling, and way of modeling can be changed in the different stages of the way of
working. Meanwhile, the way of thinking provides the guideline for the way of working
and modeling. Way of working and modeling are executed with the philosophies of the
way of thinking.

Way of thinking

Way of working Way of modeling

Figure 3.1: Analytical Framework for ChatBots implementation methodology

3.4. VALIDATION AND EVALUATION

T O check the validity and evaluate the methodology, it is necessary to use a case study
to execute the methodology. By employing the method of case study, the methodol-
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ogy can be practically performed to automate a process by implement ChatBots. Accord-
ingly, the validity of methodology can be examined, and the limitation of the method-
ology can also be explored, laying the foundation for the further improvement of the
methodology.

The selection of a suitable case is of great importance. Herein, the methodology aims
to implement ChatBots to replace human labor in the business process. Comparing to
traditional software programs, ChatBots possess the ability of handling complex tasks
involved human-machine interactions. The ChatBot-implementation methodology ini-
tially is designed for the process improvement of service-oriented processes. Normally,
service-oriented processes which aim to provide service to customers involve a huge
amount of interactions with humans (customers) and consume a high volume of human
labor to support those services. The implementation of ChatBots in a service-oriented
process triggers a possibility of process improvement including cost reduction and ef-
ficiency enhancement. Hence, a service-oriented process can be regarded as a good
choice for the validation and evaluation of the ChatBot-implementation methodology.
However, other processes that engage complex human-machine interactions and need
to be automated can also be regarded as a potential candidate for the case study.

During the case study, it is essential to build a suitable indicator to evaluate the ef-
fects of the methodology. Evaluation indicators be should be considered based on the
specific type of process. The different processes can hold various core values and re-
quirements of the process automation, which should be reflected by the built evaluation
indicators.

Employment of validation and evaluation of the methodology benefits both the pro-
cess improvement and development of the methodology itself. It provides the measures
of the methodology’s effectiveness and chances to figure out the limitations and draw-
backs of the methodology.
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4
CHATBOT-IMPLEMENTATION

METHODOLOGY

If you do what you have always done, you’ll get what you have always gotten.

Tony Robbins

ChatBot Implementation Methodology part designs the ChatBot-implementation method-
ology according to the design strategy (Section 3.2) and description approach (Section
3.3). The way of thinking introduces in Section 4.1. It guides in representing a system in
the form of a model. Section 4.2 concerns the steps that need to be taken to cope with
the specific characteristics in ChatBot-implementation. The ChatBot-implementation
cycle consists of seven interactive activities divided into an understanding phase, a de-
sign phase, and an implementation phase. And Section 4.3 regards the choice of mod-
eling techniques, and the construction of models during a study of Curtis (1992). The
purpose of modeling is to reduce the complexity of a problem situation, to increase the
understanding of the dynamic interactions between objects, and to assess the impact of
changes.
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4.1. WAY OF THINKING

T HE way of thinking guides the process automation methodology, it represents the
underlying structure and ideas that can form the outline[1].

The way of thinking begins with a clear vision of the target processes in which this
process automation strategy can be applied. The methodology aims to automate the ex-
isting service-oriented business process, which is partly- or non-automated, contain in-
tensive human-human and/or human-machine interactions, and involve multi-system
corporation. The goal of this methodology is to decrease the process complexity, to en-
hance the interaction experience of customers, and to increase the efficiency of service
agents within the process.

A comprehensive and structured understanding of the current situation is the ba-
sis of this methodology. Such understanding can be obtained by either qualitative or
quantitative analysis. The goal and major functions of the process should be carefully
identified. Limitations and drawbacks of the current situation need to be figured out as
the basis for the process improvement.

ChatBot implementation is of great importance in this service process automation
methodology. ChatBots are employed to accomplished some tasks of the process to in-
crease the process efficiency and performance. And cost-effectiveness is the core con-
sideration during the ChatBot implementation. It means that suitable ChatBots should
be placed in a suitable position to make the best use of system resource and achieve all
the required functions.

However, it is not necessary nor wise to replace all human labor of the process by
ChatBots. The human involvement is an important facet of the business process which
is an integration of both service and human. As a result, it is hard to predict all of the
scenarios of such a dynamic process. Hence, a fully-automated process is not necessary
or cost-effective. In this methodology, exceptional human handling is also an important
concern to make sure the process works smoothly. This methodology provides a frame-
work of collaborative human-ChatBots integrated process automation.

4.2. WAY OF WORKING

T HE way of working with regard to the steps need to be taken with the specific charac-
teristics in ChatBots implementation. It on the basis of the problem-solving process

and BPM lifecycle[2, 3], as present in Section 2.1.2. Figure 4.1 is the ChatBots implemen-
tation cycle consists of seven interactive activities divided into an understanding phase,
a design phase, and an implementation phase.

The understanding phase consists of three activities. The first one is the process
identification. The second one is process discovery, the as-is model (model of the current
process) is constructed at the end of this activity. The third one is the process analysis,
investigating the issues and facts of the current process. The design phase contains two
activities: ChatBot-implementation process redesign and evaluation. The to-be model
(model for the redesigned process) is constructed during the ChatBot implemented pro-
cess redesign activity. And the to-be model needs to be evaluated together with the as-is
model. Process implementation, and process monitoring and controlling are the last two
activities in the implementation phase. The new situation is formed after process imple-
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Figure 4.1: Way of Working

mentation. And process monitoring and controlling could discover new issues and the
ChatBots implementation cycle will run again then.

4.2.1. PROCESS IDENTIFICATION

In this methodology, the process identification aims to systematically define the current
process, including the process workflow, stakeholders, objectives (or functions) and ac-
tivities. It serves as a foundation for further process modeling and redesigning.

4.2.2. PROCESS DISCOVERY (AS-IS PROCESS MODELING)
In this step, the current situation is documented and illustrated in the form of the as-is
process model. Among various method of process modeling introduced in the Litera-
ture review, BPMN is chosen for process modeling in this research, which will be further
explained in the way of modeling.

4.2.3. PROCESS ANALYSIS

In the phase of process analysis, issues and drawbacks related to the as-is process are
listed and investigated. The analysis can be carried out either by qualitative or quantita-
tive approaches, such as data analysis on the as-process and interview with stakehold-
ers. The collection of those issues and drawbacks works as a guide for further process
improvement steps.

4.2.4. CHATBOT-IMPLEMENTED PROCESS REDESIGN

FUNCTION EVALUATION

Prior to the integration of ChatBots, the basic functions of the process need to be first
evaluated to determine which function can be and need to be accomplished by Chat-
Bots. The evaluation of functions can be based on the results of the process analysis.

CHATBOT SELECTION

Based on the evaluation results, suitable ChatBots for each function can be chosen.
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Herein, ChatBots are categorized into three types namely Rules-based ChatBots, Knowledge-
based ChatBots, and AI-based ChatBots, based on the tasks that ChatBots can handle
with.

• Rules-based ChatBots: As suggested by the name, Rules-based ChatBots are pow-
ered by a series of defined rules. These rules are the basis for the ChatBots to han-
dle those works which are well-structured, highly-patterned, and less complex.Rules-
based ChatBots only perform the trained scenarios without learning from the in-
teractions, which makes them generally easy and fast to train and thus less ex-
pensive. Rules-based ChatBots can be easily applied to handling high-volume and
repetitive jobs.

• Knowledge-based ChatBots: They are trained by an amount of data or by a knowl-
edge base. They need to perform machine learning during training. Thus Knowledge-
based ChatBots can deal with works which are more complex, for example, QA ser-
vice. However, they can only handle works with patterned input due to a lower
learning level.

• AI-based ChatBots: AI-based ChatBots, in comparison, are built to understand
the context and intents of questions before formulating a response, which is sup-
ported by machine learning. They are employed in much more complicated cases.
AI-based ChatBots are always equipped with Natural Language Processing (NLP) to
understand and generate natural-language requests or responses. AI-based Chat-
Bots can learn from information gathered and continuously improve themselves
as more data comes in. Hence they pose a broader range of decision-making skills
and understand many languages.

To make the best use of the ChatBots, the selection of ChatBots from the above-
mentioned types are carried out based on the process complexity and the input type,
as indicated in Figure 4.2. For structured and patterned input with less complexity work,
Rules-based ChatBots can be a good choice. When it goes to more complex work with
unstructured input, Knowledge-based ChatBots would deal with them. AI-based Chat-
Bots generally are used to handle the highly complicated job with unstructured input in
free forms, such as interaction with a human.

EXCEPTION HUMAN OPERATIONS

It needs to be emphasized that not all the activities or functions can be or need to be
performed by ChatBots. Hence, the exceptional human operations should be identified
to ensure the smooth running of the process. Human needs to handle issues which are
either unexpected or technically difficult to solve by ChatBots.

CONCEPTUAL FRAMEWORK DESIGN

In this step, links and interactions among all process-engaged ChatBots and human are
built in the form of a conceptual framework. Herein, the notion of commitments[4, 5] is
used to describe these interactions. The notion of commitments enables the flexibility in
constructing communications constructing and ordering while correctly picturing agent
interactions. A commitment is a four-place relation with the form of
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Figure 4.2: ChatBots selection criteria

C (debtor, creditor, antecedent, consequent),
where the debtor is the agent who is committed, and the creditor is the agent who re-
ceives the commitment. In the case that the antecedent condition provided by the credi-
tor holds true, the debtor promise to hand out a consequent condition. For example, the
situation of a phone user asks a ChatBot agent (like Siri[6]) to build a calendar item in his
phone can be described by the notion of commitments as C (Siri, user, request, calendar
item). This conceptual framework represents architecture and workflow the redesigned
process and serves as the foundation for further process modeling.

TO-BE PROCESS MODELING

Similar to Section 4.2.2, the to-be process model is established here. Those redesign and
improvement are represented by the as-model. The as-is model is the outcome of the
Process redesign phase and serves as a fundament for the next phase.

4.2.5. EVALUATION
Here, evaluations are carried out based on the process model to determine how suc-
cessfully the to-be process achieved the goals and objectives. A comparison between
the as-is and to-be process can indicate the effects and benefits of the process redesign.
The outcome of evaluation can help the following implementation phase to figure out
potential implementation failures and theory failures[7].

4.2.6. PROCESS IMPLEMENTATION
Process implementation prepares the changes between the as-is process model and the
to-be process model and performs the changes. This phase includes two parts:

• organizational change management: the set of activities that need to change the
way of all involved participants working in the process,
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• practical process automation, the development and deployment of IT system based
on the to-be process model.

The practical process automation may be carried out with the assistance or based on
service from ChatBot vendors, listed in Section 2.2.4 An executable process model will
be gained from to-be process model and will be deployed in a BPMS (Business Process
Management Software).

4.2.7. PROCESS MONITORING AND CONTROLLING
After being running, the redesigned process based on the to-be model can be further an-
alyzed by relevant data collected from the process operations. It can help to determine
the process performance. Bottlenecks, recurrent errors or deviations concerning the in-
tended behavior are identified and corrective actions are undertaken. This phase may
arise new issues, and the lifecycle should be repeated to solve the new issues. Efforts can
be employed to solve issues or further improve the process.

4.3. WAY OF MODELING

T HE way of modeling aims to reduce the complexity of the current process situation
and to access the impacts of the changes between the as-is process model and the

to-be process model[2]. The way of modeling with regard to the selection of modeling
techniques, and the construction of models through a thorough study[8]. Various busi-
ness process modeling techniques have been introduced in Section ??. One can choose
different modeling techniques according to the different cases or stages of processes.

In this thesis, the Business Process Model and Notation (BPMN) was applied to spec-
ify the as-is process and the to-be process. BPMN is a standard for business process
modeling, based on traditional flow-charting techniques[9]. It can provide notations
to business users and then represent complex process semantics[10]. BPMN serves as
a common language, bridging the communication gap that frequently occurs between
business process design and implementation[11]. The objective of BPMN is to provide a
readily understandable notation and support business process modeling for both tech-
nical users and business users[10]. BPMN version 1.0 was officially accepted as an OMG
standard in 2006. After some smaller changes in versions 1.1 and 1.2, version 2.0 brought
more comprehensive changes and extensions. It was published in 2011. In 2013, BPMN
also became an official ISO standard [ISO 2013].

The Business Process Diagram is the graphical representation of the BPMN. Its lan-
guage constructs are grouped in four basic categories of elements, i.e., Flow Objects,
Connecting Objects, Swimlanes, and Artifacts (see Figure 4.3). The notation is further
divided into a core element set and an extended element set. The intention of the core
element set is to support the requirements of simple notations and most business pro-
cesses should be modeled adequately with the core set. The extended set provides addi-
tional graphical notations for the modeling of more complex processes[12]. Here is some
brief introduction on the Flow Objects, Connecting Objects, Swimlanes and Artifacts in
BPMN diagrams.

Four basic elements constitute BPMN: Flow Objects, Connecting Objects, Swim-
lanes, and Artifacts (see Figure 4.3).
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5
METHODOLOGY EVALUATION

Only those who will risk going too far can possibly find out how far one can go.

T. S. Eliot

This chapter is the evaluation of the designed ChatBot-implementation methodology
in Chapter 4. Call Management process in Philips IT Global Services is chosen as an
example case to apply the ChatBot-implementation methodology in order to obtain an
automated process. The Call Management process is a service-oriented process provid-
ing IT support to employees of the company, which is suitable for applying the proposed
methodology to achieve ChatBot-based process automation. The evaluation starts with
a case introduction on Philips and its goal of process improvement including process
automation (Section 5.1). The Call Management process then is automated by follow-
ing the routine described by the way of working (Section 4.2). Section 5.2 is the Process
identification, in which the goal, architecture, major functions are introduced. The as-
is process model then is illustrated in the Process discovery (Section 5.3). After that,
the process is analyzed to obtain facts and issues of the current process (Section 5.4).
Then, redesign of the process is conducted in Section 5.5, containing functions evalua-
tion, ChatBots selection, defining exception human operations, designing the concep-
tual framework, and to-be process modeling. The to-be process model, as well as the
as-is model, are evaluated in Section 5.6. At last, conclusions together with some rec-
ommendations on the process implementation, process monitoring and controlling are
provided in Section 5.7.
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5.1. BACKGROUND

P HILIPS is a leading health technology company focused on improving people’s health
and enabling better outcomes across the health continuum – thereby creating value

for its stakeholders. With the focus on delivering meaningful innovation, Philips serve
both professional and consumer markets throughout the world in the areas of health
systems and personal health. Philips is a leader in diagnostic imaging, image-guided
therapy, patient monitoring, and health informatics, as well as in consumer health and
home care[1].

The mission of Philips is to improve people’s lives through meaningful innovation.
About the vision, Philips strives to make the world healthier and more sustainable through
innovation. And the goal is to improve the lives of 3 billion people by 2025[2]. The Philips
Business System (PBS) is designed to help deliver on mission and vision with its four in-
terlocking elements: Strategy, CAPs, Excellence, and Path to Value. See in Figure 5.1.

Figure 5.1: Philips Business System[3]

Philips Excellence is a part of PBS including five operating principles: Processes and
systems, People and culture, Capabilities and learning, Performance and reward, and
Structure and governance.

Standardization if a key aspect of Philips Excellence. Standardization of Processes
and systems can make it more effective and efficient with quality and compliance im-
provement. The basis for standardization of processes and systems is Philips Excellence
Process Framework (PEPF)[3]. PEPF describes all business processes for Philips. The
PEPF flows seamlessly, from Idea to Market (I2M), Market to Order (M2O), Order to Cash
(O2C), supported by a set of management and enabling processes. See in Figure 5.2.
Information Technology (IT) is one part of enabling processes, and processes within IT
need to be improved to achieve PEPF.

This research is part of the Service Desk and Process Automation team in Philips IT
Global Services (ITGS). The service desk is an essential Information Technology Infras-
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Figure 5.2: Philips Excellence Process Framework describes processes[3]

tructure Library (ITSM)1 tool defined by the Information Technology Infrastructure Li-
brary (ITIL)2. A service desk is a communication center that provides a single point of
contact between a company and its customers, employees, and business partners. The
purpose of a service desk is to ensure that users receive appropriate help in a timely
manner. Service desks are designed to handle both incidents (events that result in a dis-
ruption in service availability or quality) and service requests (such as helping a user
change a password or getting a new user set up in work systems)[6].

Service Desk and Process Automation team in ITGS is a newly organized team in this
year, including Service Desk part, Process Excellence part, and Automation part to real-
ize end-user satisfaction, process standardization, process automation, cost reduction,
service performance, and business continuity (Figure 5.3).

Figure 5.3: Service Desk and Process Automation Result[7]

All the processes in service operations need to be improved to meet PEPF standards,
including: Incident Management, Request Fulfillment, Problem Management, Data Re-
tention and Archival, Access Management, Operations Management, and Event Manage-

1ITSM is a general term that describes a strategic approach to design, deliver, manage and improve the way
businesses use IT. ITSM includes all the discrete activities and processes that support a service throughout
its lifecycle, from service management to change management, problem and incident management, asset
management, and knowledge management[4].

2The ITIL is a framework designed to standardize the selection, planning, delivery and maintenance of IT
services within a business[5].
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ment. How to apply process improvement methodology and automation is the current
problem needs to be analyzed.

5.2. PROCESS IDENTIFICATION

T HE evaluation case focuses on a Call Management process in Philips IT service oper-
ations. The Call Management process is a typical IT service business process, which

engages a huge amount of human labor to provide global IT support within the Philips.
Firstly, the goal and procedure of the Call Management process are identified. Herein,

the information of the process are collected from the internal documents, interview with
process managers and Service Desk Agents. The Call Management process aims to han-
dle all Calls from business users (Callers) promptly and to answer or solve as many Calls
as possible using knowledge in the system without involving other levels of support[8].
Figure 5.4 shows a standard Call Management process, including Call Logging, Call Solv-
ing, and Call Closure.

Start EndCall Logging Call Solving Call Closure

Figure 5.4: Call Management Process

Caller and Service Desk Agent are two main roles[8] related to Call Management pro-
cess. Any user who contacts Service Desk is called Caller. And Service Desk Agent is the
frontline of the IT department. He/She will be the first point of contact for all users.
Service Desk Agent has the knowledge of the IT environment and the service offerings
provided.

In Call Logging part, Service Desk Agent first gathers information through Phone,
Chat, Email, or Web portal. The information includes the name and other basic informa-
tion of the Caller. The Service Desk Agent then registers a new Call by filling the required
fields in a Call ticket. If this Call have relation to an existing Call ticket, the Service Desk
Agent need to reopen the existing Call ticket (if closed) and update its status. In the next
step, the Service Desk Agent classifies the Call ticket by categorizing it appropriately as a
Complaint, RFC, or Incident.

During Call Solving phase, the Service Desk Agent needs to review the request from
the caller. In case that the solution to the caller’s request is available in the knowledge
base or can be solved directly, the Service Desk Agent would provide the solution to the
Caller and fill in the Call ticket. Otherwise, the Service Desk Agent needs to create a new
Incident to send the Call to the next level support.

Once the Call is solved, either by the Service Desk Agent or the next level support, the
Service Desk Agent would notify the Caller by e-mail or web portal.

In the whole process, Service Desk Agent is responsible for receive problem from
Caller, extract Caller information, extract problem information, organize problem infor-
mation, fill in Call ticket, manage ticket status, find solution from database, ask for solu-
tion from the next level support, and provide solution to Caller. All the functions can be
summarized as Caller communication, Call information management, Ticket manage-
ment, and Solution management:
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• F1 Caller communication

– F1.1 Receive problems

¦ Choose contact type
¦ Contact Service Desk
¦ Receive the problem

– F1.2 Provide solutions

¦ Provide Call number and the result to Caller
¦ Provide the final report to Caller
¦ Receive the problem final report

• F2 Call information management

– F2.1 Extract callers information

¦ Select Caller name
¦ Obtain sufficient information to fill in Call ticket

– F2.2 Extract problems information

¦ Check if the Call is a new Call
¦ Determine the category of the Call ticket (Incident, RFC, Complaint

– F2.3 Organize problems information

• F3 Ticket management

– F3.1 Tickets status operation (new, reopen, or close)

¦ Check if the existing open Call closed or not
¦ Update status of existing open Call
¦ Reopen the closed Call and update information

– F3.2 Fill in new tickets

¦ Check if Call Model available
¦ Select Call Model
¦ Fill in Call ticket
¦ Create Incident from Call
¦ Create Change from Call
¦ Create Complaint from Call

• F4 Solution management

– F4.1 Find solutions from database

¦ Check if the Call related to Open Incident
¦ Check if the Call match to Open Known Error
¦ Check if the solution could be found in Knowledge Base
¦ Relate Call in Knowledge Record
¦ Check if the Service Desk Agent able to solve
¦ Document solution

– F4.2 Save new solutions to database
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5.3. PROCESS DISCOVERY (AS-IS PROCESS MODELING)

T HE Call Management process is triggered by problem occurring from Caller, and
completes with solution provided to Caller. Figure 5.5 shows the boundaries and

main activities of Call Management process.
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Figure 5.5: The Main Activities of Call Management Process

Then these activities are distributed to responsible roles. the Figure 5.6 shows the
set of activities of the Call Management process being assigned to pools and lanes. The
sequence flows indicate handover points.

The final Call Management as-is process model presents in Figure 5.7 and Figure 5.8.
The model is separated into Call Logging and Call Solving and Call Closure due to the
complexity. Following are the details of the as-is process model.

CALL LOGGING

Figure 5.7 is the BPMN of Call Logging part in current Call Management. Call Logging
registers calls (incidents, questions, request for change (RFC), or complaints3) from busi-
ness users[8]. There are two kinds of roles in Call Logging process:

• Service Desk Agent: The Service Desk Agent is the frontline of the IT department.
He/She will be the first point of contact for all users. They will have the knowledge
of the IT environment and the service offerings provided.

• Caller: Any user who contacts Service Desk.

3Complaints are contacts from a business user to the service desk expressing dissatisfaction with the service
offerings or level of support received from the IT department.
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Figure 5.6: The Main Activities of Call Management Process Assigned to Pools and Lanes

There are four different methods for callers to contact service desk: Phone, Chat,
Email, and Web portal. When receiving a new Call, service desk agent collects the caller’s
name and other basic information first if the caller contacts them with Phone and Chat.
On the other hand, basic information is offered to service desk agents if callers contact
them with Email and Web portal. But agents need to confirm if the provided information
is sufficient, otherwise, it is still needed for agents to contact callers to obtain the missing
information.

After confirming the basic information of the caller, the second step for service desk
agent is to decide whether this Call is related to other existing Calls. If the Call is a new
Call that does not have relation to other Calls, agent start to register it. Some available
Call templates can be selected to speed up the registration. While the Call does have
relation to existing Calls, agent could update status of the existing Call or reopen the
closed existing Call.
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CALL SOLVING AND CALL CLOSURE

Figure 5.8 is the BPMN of Call Solving and Call Closure part in current Call Manage-
ment process. The main purpose of Call Solving is a) to review Complaint, investigate
the cause, and determine the actions required to prevent the complaint from recurring,
b) to log in the follow-up actions as Problem with category as ’CSI Action’, c) to execute
actions and verify acceptance from the Caller. And Call Closure aims to close the Call
and provide the final report to Caller after problem solving.

The main roles in this part are Service Desk Agent and Caller, they are the same with
the Call Logging part.

Call Solving starts with the creation of Call ticket. After receiving the Call ticket, a
service desk agent should first determine the category of the problem (incident, request
for change, or complaint). Take incident category for example to solve, if the Call ticket
matches to an open incident, the ticket should be related to the open incident, and the
service desk agent provides the number and current state to Caller. Otherwise the Call
is regarded as a new problem for service desk agents to solve.

If the service desk agent could match the Call to an open known error, find the so-
lution in the knowledge base, or solve the problem by himself/herself, the problem so-
lution and final report is implemented to the Caller directly and the Call is ending. If
the service desk agent cannot find a solution or solve the problem by himself/herself,
this Call ticket is escalated to an incident for other suppliers to solve. In this case, the
solution and final report is implemented to the Caller later after the problem is solved
by other suppliers.
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5.4. PROCESS ANALYSIS

S ERVICENOW 4 is a platform with numerous applications and features aimed at op-
timizing business workflows and eliminating tool switching across the enterprise,

which is moving towards making work efficient with ticketing[10]. Figure 5.9 is a ticket
life cycle sample showing how ServiceNow ticketing works. In this case, the ServiceNow
platform is used to manage all tickets in Philips ITGS service desk. All the following data
used in the analysis is retrieved from Philips ServiceNow 5.

Figure 5.9: ServiceNow Ticket Life Cycle[10]

In order to obtain comprehensive results, this research is focused on all tickets re-
lated to Call Management from last 6 months (January 2019 to June 2019), 223878 items
in total (see part of tickets in Figure 5.10). Log files of the present Call Management pro-
cess were collected from Philips ServiceNow. The analysis of these data was executed by
Python (version 3.7.1) coding. During the data processing, libraries Pandas, NumPy, and
Matplotlib were employed.

• Pandas[11]: A software library for data manipulation and analysis, which offers
data structures and operations for manipulating numerical tables and time series.

• NumPy[12]: A library for adding support for large, multi-dimensional arrays and
matrices, along with a large collection of high-level mathematical functions to op-
erate on these arrays.

• Matplotlib[13]: A plotting library provides an object-oriented API for embedding
plots into applications using general-purpose GUI toolkits.

Following functions were used for file and data organizing, operating and plotting:

4ServiceNow, Inc. is an American cloud computing company with its headquarters in Santa Clara,
California[9].

5https://philipsit.service-now.com
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1 # f i l e operating :
2 pd . read_csv #Read CSV (comma−separated ) f i l e into DataFrame
3 #data organizing and operating
4 pd . df . rename # A l t e r axes l a b e l s .
5 pd . df . drop #Drop speci f ied l a b e l s from rows or columns .
6 pd . df . unique ( ) #Check unique values
7 pd . df . groupby #Group DataFrame using a mapper or by a Series of columns .
8 pd . df . set_index #Set the DataFrame index using e x i s t i n g columns .
9 pd . pivot_table # Create a spreadsheet−s t y l e pivot table as a DataFrame .

10 #data pl ott ing
11 matplotlib . p l t . bar # Make a bar plot .
12 matplotlib . pyplot . plot # Plot y versus x as l i n e s and/ or markers .
13 matplotlib . pyplot . pie # Plot a pie chart .

Listing 5.1: Main functions used in the data analysis

Figure 5.10: Call Management Tickets in ServiceNow

5.4.1. PEOPLE TO SUPPORT PROCESS

A huge number of people are engaged in the process, including Callers, Service Desk
Agents, and external service providers. It results in a great labor costs. Moreover, these
people are located in more than cities around the world, which further increases
the complexity of human resource management as well as the cost of the management.
Removing spare labor and improving human resource management hence can be sig-
nificantly important to enhance the process performance.



5

50 5. METHODOLOGY EVALUATION

5.4.2. PROCESS WORKLOAD

A pretty high volume of workload can also be noticed in the process. Based on the Call
tickets from January 2019 to June 2019, there are averagely tickets per month that
need to be handled. As present in Figure 5.11, the number of Calls, instead of being
equally distributed during the workdays, forms a significant count peak in the Monday
of each week and gradually decreases till Friday. This non-equal workload may result
in overtime or delay of dealing Calls. It also needs to pay attention to that the Call cre-
ated are quite more than the Call resolved at the beginning of the year 2019. It can be
caused by the holiday, which further increases the workload of the first a few months af-
ter the day-off. Another phoneme should be mentioned is that there are still some Calls
happened (created) in the weekends (see Table 5.1). It also may lead the overtime or
workload unbalance of the following week.

Date

0

Co
un

ts

Created Resolved

Figure 5.11: Created and Resolved Counts Line Chart

Table 5.1: Contact type Counts for Weekend and Workday

Weekend Workday

Email

Lync/Chat

Phone

Self-service

Walk-in

5.4.3. CONTACT TYPE AND CALL CATEGORY

There are five approaches that Callers can contact with the Service Desk Agent, including
Email, Lync/Chat, Phone, Self-service, and Walk-in. As presented in Figure 5.12, Callers
are inclined to report their requests by Phone which occupies of all Calls. Self-
service counts the second share of Comparing to the Phone, Self-service definitely
leads less processing complexity, time, and workload. And the shares of each Contact
type stays nearly constant in each month, as shown in Figure 5.13.
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(a) Contact type (b) Category

Figure 5.12: Contact type and Category Pie Chart

Regarding to the Call category, namely Incident, Question, Complaint, and RFC, In-
cident and Question take much higher shares, and respectively, than Com-
plaint ( and RFC ( ) (Figure 5.12). The shares also do not change too much
with the time (Figure 5.12). By further investigating how these calls are solved, it is wor-
thy to note that of Question and of Incident can be easily solved by the Knowl-
edge base, which occupies of all the Calls.

0 0

(a) Contact type (b) Category

Figure 5.13: Contact type and Category Cumulative Bar Chart

5.4.4. PROCESS COLLABORATIONS

The integration of communication and coordination are also required in the process.
Different Service Desk Agent should be able to share, monitor, communicate, coordinate
and collaborate the process progresses. In the process, there are more than Calls
need more than one Service Desk Agent to be involved. Due to such collaboration, the
solving time of the Calls are normally prolonged. There are even some Calls keep for
more a few months. Besides, the process also are associated with other systems and pro-
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cess, for Knowledge Management, Change Management, and Incident Management pro-
cesses. The process requires a strategy to handle such frequent collaborations to avoid
potential process delay or human error.

5.4.5. LONG-RUNNING PROCESS, TIME AWARENESS AND CALENDARING

As mentioned above and displayed in Figure 5.14, the task of a Call generally completed
in an undetermined amount of time. Hence, the process should have the strategy to wait,
pause, and be interruptible. Such long-running process must be able to support multiple
transactions in parallel. Besides, time awareness and calendaring are also essential for
the process to keep it moving on and continue when errors occur. Timers are always
useful for the process. For example, it is always preferable to give up on a stalled service
or non-responding call, rather than putting the whole process at jeopardy, and let it keep
running for a long time.

Resolved-Created Days
0

Co
un

ts

Figure 5.14: Resolved-Created Days Bar Chart

5.4.6. HUMAN ERROR

During investigating the process, there are some human errors or places are found. The
most frequent one is ticket information error. For example, there of Calls are solved
within 1 minute. As displayed in Figure 5.15, most of such Calls are solved only within

which is abnormal. It may result from the Service Desk Agent not filling in time
correctly and timely. However, such error should be avoided to provide trustful and ac-
curate data for other processes. Besides, other parts of Call tickets also exist some errors,
for example, the Contact type is different from the type recorded in the detail description.
And the long drop-down list of ticket filling process also enhances the chance of human
errors.

5.4.7. CONCLUSION

Based on the above analysis on the process, implementing ChatBots can be regarded as
a good choice to enhance the process preference and efficiency. Employing ChatBots in
the process can directly decrease human labor. ChatBots can also work for 24/7, which
further decreases the overtime, increases employee satisfaction, and increases process
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Figure 5.15: Resolved-Created Days in 60 Seconds Bar Chart

efficiency. As a result of ChatBots dealing with those repetitive work, such as filling
the tickets, people can spend more on work needs more creativity, such as solving new
problems or issues. ChatBots are good at solving the knowledge-based problem and
handling process associated with other systems, which is also the situation of the Call
Management process. Timers are also easy to be set and excited by ChatBots. Moreover,
ChatBots can efficiently avoid those human errors. In summary, ChatBots is a suitable
solution to achieve the Call management process automation and further enhance its
efficiency and performance.

5.5. CHATBOT-IMPLEMENTED PROCESS REDESIGN

T HE process redesign follows functions evaluation, ChatBots selection, exception hu-
man operations, conceptual framework design, and to-be process model. An assess-

ment of the functions is conducted firstly in Section 5.5.1. Then, Section 5.5.2 selects
ChatBots based on the functions assessment. Section 5.5.3 describes the exception hu-
man operations. Finally, A process redesign conceptual framework is provided in Section
5.5.4 and the to-be process model is described in Section 5.5.5.

5.5.1. FUNCTIONS EVALUATION

Choosing suitable ChatBots is significantly essential for the further process redesign. A
suitable ChatBot means the ChatBot can deal with the task while using limited resource.
For example, an AI-based ChatBot can easily fill in a form, however, it is a huge waste
of investment and intelligence of the ChatBot in this case. Moreover, AI-based ChatBot
can perform less efficiently in this case comparing to a Rules-based ChatBot, which only
performs the task with learning. ChatBots for Call Management are selected based on
the basic functions of the process: F1 Caller communication, F2 Call information man-
agement, F3 Ticket management, F4 Solution management. The complexity and input
of those functions or tasks are evaluated by the following criteria:

• Processes which have limited requirement of subjective judgment, creativity or
interpretation skills,
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• Process that are performed frequently, in huge numbers or with significant peaks
in workload,

• Processes which need access to multiples applications and systems to accomplish
the task,

• Processes that are highly standardized with limited or no exceptions to handle.
• Processes that are prone to human error owning to manual operation,
• Processes once started, need limited human intervention.

The evaluation result is shown in the Table 5.2.

Table 5.2: Assessment of Call Management process functions

F1 F2 F3 F4
Caller
communication

Call information
management

Ticket
management

Solution
management

Processes which have limited requirement of
subjective judgment, creativity or interpretation skills

+ ++ +++ ++

Process that are performed frequently, in huge
numbers or with significant peaks in workload + ++ +++ ++

Processes which need access to multiples applications
and systems to accomplish the task +++ ++ + +

Processes that are highly standardized with limited or
no exceptions to handle + + +++ ++

Processes that are prone to human error owning to
manual operation + + +++ +

Processes once started, need limited human
intervention + + +++ ++

5.5.2. CHATBOTS SELECTION

Based on the complexity and input of each functions, following ChatBots are selected
(see Figure 5.16):

F1 Caller communication. An AI-based ChatBot is selected for this task. As com-
munication with a human is a complex process, ChatBot needs to handle with natural
language, which is always unstructured and in a free form. Hence, an intelligent AI Chat-
Bot is necessary to finish this task.

F2 Call information management. The AI-based ChatBot is also used this task. In
this process, the ChatBot needs to handle with Caller’s request and extract useful infor-
mation. It also needs support from AI. Meanwhile, the organization of information is a
patterned job, which can be done a Knowledge-based ChatBot.

F3 Ticket management. A Rules-based ChatBot is suitable to achieve this function.
Here, the ChatBot only hand with information of Call, which has been organized by AI-
based ChatBot before. The information is well-structured. And the work of filling in the
tickets are quite patterned, yet are prone to human error. The task requires less intelli-
gence as well. Moreover, it also frequently performed with the high-volume workload,
which is quite suitable to be done by the Rules-Based ChatBot.
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Rules-Based 
ChatBots

Knowledge-Based 
ChatBots

Input type

AI-Based 
ChatBots

Process 
complexity

Low

High

Structured, 
patterned

Unstructured, 
patterned

Unstructured, 
free form

F1 Caller 
communication

F2 Call 
information 

management
F3 Ticket 

management

F4 Solution 
management

Figure 5.16: Selection of ChatBots for Call Management functions

F4 Solution management. The functions of match solution would be executed by a
Knowledge-based ChatBot. The ChatBot must match the problem provided by AI-based
ChatBot with the solution in the Knowledge base. This work deal with unstructured in-
formation but in the patterned approach. Therefore, a Knowledge-based can play a role
in this task.

5.5.3. EXCEPTION HUMAN OPERATIONS

It is unavoidable that ChatBot-related errors may occur during the process performing.
Hence, exception human operations are needed to deal with those situations. Here, Ex-
ternal service (different from service provided by ChatBots) and Process manager. Ex-
ternal service can deal with Calls that ChatBots cannot successfully solved, for example,
ChatBots cannot not understanding Callers’ requests. Process manager is responsible to
the process-related errors and issues, for example, ChatBots fail to work due to hardware
or software issues.

5.5.4. CONCEPTUAL FRAMEWORK DESIGN

Figure 5.17 illustrates the redesigned conceptual framework of automated Call Manage-
ment process by implementing three types ChatBot agents, i.e., Dialog Manager, Infer-
ence Engine, and Ticket Manager. Besides, Caller, External Service, Process Manager, to-
gether with a Knowledge Base are also involved in the new process. The notion of com-
mitments are used to present the interaction among these seven components as pre-
sented in Figure 5.17. These interactions are:

C1 = C(Dialog Manager, Caller, request, information),
C2 = C(Inference Engine, Dialog Manager, Information, intent),
C3 = C(Knowledge Base, Inference Engine, intent, solution or no matched solution),
C4 = C(Dialog Manager, Inference Engine, no matched solution, new problem),
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C5 = C(External Service, Dialog Manager, new problem, new solution information),
C6 = C(Inference Engine, Dialog Manager, new solution information, solution),
C7 = C(Knowledge Base, Inference Engine, new problem and solution, knowledge),
C8 = C(Ticket Manager, Inference Engine, intent and solution, ticket),
C9 = C(Dialog Manager, Inference Engine, intent and solution, report),
C10 = C(Caller, Dialog Manager, report, confirmation),
C11 = C(Dialog Manager, Inference Engine, error, error alert),
C12 = C(Process Manager, Dialog Manager, error alert, operation).

Dialog Manager
(ChatBot)

Inference Engine
(ChatBot)

Knowledge Base

Ticket Manager
(ChatBot)

Caller

C2, C6

C1

C3, C7

C4, C9, C11

C5

C8

C10

C12

External Service

Process Manager

Figure 5.17: Call Management Process Redesign Conceptual Framework

The Dialog Manager is an AI-based ChatBot, it builds a bridge to connect human
users (Caller, Process Manager and External service) and machines. To communicate
with human, the Dialog Manager ChatBot should be equipped with a natural language
processing (NPL) engine. The Dialog Manager can both extract information from hu-
man’s natural language request, which can be further handled by machines, and send
the solution back in the form of natural language.

The Inference Engine is a Knowledge-based ChatBot, which holds abilities of ma-
chines learning and/or deep learning. Such abilities enable the Inference Engine to iden-
tify a closest possible intent for a given request. The Inference Engine can infer an ap-
propriate solution from Knowledge Base and deliver the solution to Dialog Manager and
Ticket Manager.

The Ticket Manager is a Rules-based ChatBot. It is a less simple ChatBot compared
to above two. It manages the contents and status of all Call tickets. The Ticket Manager
receive the information of Caller, request, and request solution from Inference Engine,
and fill in them into Call ticket.

Any user who contacts Service Desk is Caller. External Service is human service desk



5.5. CHATBOT-IMPLEMENTED PROCESS REDESIGN

5

57

agents, handles the requests cannot be solved by ChatBots (interact with Caller directly
when Dialog Manager having trouble to communicate with Caller and solve the prob-
lem when Inference Engine cannot find solution from Knowledge Base). Process Manager
treats errors from all ChatBots. And Knowledge Base is a database stored request solution
knowledge.

According to this automated conceptual framework of Call Management process.
Caller contacts Dialog Manager when problem occurring, Caller provides request and
Dialog Manager translates the request into machine-understandable information (C1).
Dialog Manager then transfers the machine-understandable request information to In-
ference Engine (C2). Inference Engine extracts intent of the request information and try
to match solution in Knowledge Base (C3). If there is matched solution in Knowledge
Base, the request information as well as the solution will be provided to Ticket Manager
to fill in Call ticket (C8). If inference Engine finds no solution in Knowledge Base, the
"no matched solution" information will be transferred to Dialog Manager (C4). Dialog
Manager then reports this "no matched solution" as a new problem to External Service,
and waits for solution from External Service (C5). After receiving new problem solution,
Dialog Manager contacts Inference Engine again to provide the new problem solution
information (C6). Inference Engine creates new knowledge in Knowledge Base based on
the new problem solution information (C7) and transfers all the information to Ticket
Manager to fill in Call ticket (C8). In addition, Inference Engine provides all the request
information (solution included) to Dialog Manager (C9). Dialog Manager creates a final
human language report to Caller at the end (C10).

In case of any unexpected error happens with ChatBots, Dialog Manager will create
an error alert to remind Process Manager for further operation (C11, C12).

5.5.5. TO-BE PROCESS MODEL
The Call Management to-be process model is drawn according to the process redesign
conceptual framework (Figure 5.17 in Section 5.5.4), and presents in Figure 5.18. In this
to-be process model, there are five different roles: Caller, External Service, Dialog Man-
ager, Inference Engine, and Ticket Manager. The first two are human agents, and the
other three represent three different types of ChatBots.
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Caller contact Dialog Manager through Phone, Chat, Email, or Web portal when
problem occurring. Dialog Manager interacts with Caller to obtain sufficient informa-
tion and translates the information into machine-understandable message. In situations
that Dialog Manager cannot understand the Caller or obtain the essential information,
the Caller will be transferred to human agents (External Service) directly. The Call would
then be handled by human agents.

After receiving sufficient and correct information from Dialog Manager, Inference En-
gine would organize the message for Ticket Manager filling Call ticket. Ticket Manager
fills a new Call ticket or update the status of an existing Call ticket if this problem have
relation to an existing Call. Inference Engine should also check the Knowledge Base to
see whether a matched solution can be found and record the solution directly if there is
a matched solution. If solution cannot be found in Knowledge Base, this problem should
be solved by human agents (External Service). In this case, Inference Engine contacts Di-
alog Manager, and Dialog Manager interacts with External Service to obtain the solution.
The new solution from External Service should be saved in Knowledge Base by Inference
Engine. At last, Inference Engine passes on the solution to Ticket Manager. Ticket Man-
ager complete the Call ticket and close it. Dialog Manager will contact Caller to express
the final report.

There can be some situations when errors appear and ChatBots cannot complete the
current activity. In this case, Process Manager (human agents) can help to handle errors.
The error related procedures are removed in the above to-be process model (Figure 5.18)
to make the graph more readable. Figure 5.19 is the partial model including error proce-
dures.

5.6. EVALUATION

T HE evaluation part evaluates the redesigned process by comparing the process com-
plexity of the as-is process model and the to-be process model. Three aspects of

process complexity, execution complexity, coordination complexity, and business item
complexity are introduced and computed here.

According to the description of BPMN of to-be model, basic functions of the Call
management process can be theoretically completed by the to-be process. Then, the
performance of the to-be model was evaluated to check the effectiveness of the method-
ology. The evaluation was based on the IT service process complexity framework[14,
15]. The complexity of the IT process represents a major impediment to efficient, high-
quality, error-free, and cost-effective service delivery [15, 16]. A quantitative analysis on
the IT service process complexity can provide the a measurable process performance
improvement indicator[16]. The framework offers a quantitative approach to determine
IT service process complexity, which includes three aspects of the process complexity:
Execution Complexity, Coordination Complexity, and Business Item Complexity [15].

Execution Complexity refers to the complexity involved in performing the activities
that make up the process. It indicates the complexity of the activity according to its exe-
cution type. Values for this score are assigned according to a weighting scale of different
types. For an activity involving R roles (r = 1, 2,..., R), its execution complexity is com-
putes as
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Figure 5.19: Partial BPMN of ChatBots Implemented Call Management Process (including Error Procedures)
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Ebase =
R∑

r=1
execT y pe (r ) (5.1)

where the execution type execType(r) is defined as three types: automatic [0], tooAssisted
[1], and manual [2].

Coordination Complexity represents the complexity of coordination between mul-
tiple roles. Score values are assigned according to a weighting scale of different coordi-
nation link complexity. The coordination complexity for an activity is the sum of values
from all the links (l = 1, 2,..., L) multiplied by the number of roles (R) involved in.

Cl i nk = R ×
L∑

l=1
l i nkT y pe (l ) (5.2)

where the link type linkType(l) is defined as xx type: autoLink [0], controlLink [1], data-
Transferred [2], and dataAdapted [3].

Business Item Complexity indicates the complexity involving business items. Values
for this score are assigned according to a weighting scale of different source complexities.
For an activity involving R roles (r = 1, 2,..., R), producing business items (i = 1, 2,..., Ip ),
and fields (f = 1, 2,..., Fi ), the business item complexity is computes as

Bsour ce = R ×
Ip∑

i=1

Fi∑
f =1

sour ceScor e
(
i , f

)
(5.3)

where sourceScore(i, f ) is defined as: internal [0], freeChoice [1], documentationDirect
[2], documentationAdapted [2], bestPractice [4], environmentFixed [5], and environment-
Constrained [6].

5.6.1. AS-IS PROCESS
The as-is Call Management process model is described in section 5.3 (Figure B.1 and
Figure B.2). All activities in this as-is model is numbered from 1 to 39 for evaluation, and
the numbered as-is model presents in Appendix B. The complexity evaluation of as-is
model per-activity shows in Figure 5.20.

For the Execution Complexity, only one role (Caller or Service Desk Agent) involves
in each activity, so the value of Ebase is equal to the summation value of execType(r).
The Call ticket will be filled automatically if the Service Desk Agent select the suitable
Call Model. So the activity Select Call Model is manual but tool-assisted, its execType(r)
value is toolAssisted [1]. And all the other activities are fully manual work, their values of
execType(r) are all manual [2]. The summation value of execType(r) as well as the value
of Ebase is 77 then.

Like the execution complexity, the value of Coordination Complexity (Cl i nk ) is equal
to the summation value of linkType(r). The activity Select Call Model is linking to an au-
tomated task, its linkType(r) value is autoLink [0]. linkType(r) value of activities (Contract
Service Desk by Phone, Receive problem, Provide missing information, Receive Call infor-
mation, etc.) involving message transferring are dataTransferred [2]. While the other
activities are control flows link to non-automated tasks, their linkType(r) value are con-
trolLink [1]. The Cl i nk value is 56 in the end.
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Figure 5.20: Complexity Evaluation of as-is Call Management Process Model

For Business Item Complexity, sourceScore(i, f ) have seven different types of val-
ues. Activities whose field values are taken directly from documentation such as Select
Caller name, Select affected service, Select Assignment Group, Assign Incident to Service
Desk Group and Service Desk Manager have sourceScore(i, f ) of documentationDirect [2].
bestPractice [4] is suitable for Contract Service Desk by Phone, Receive problem, Receive
Call information, Provide Call number to Caller, etc. Relate Call to Known Error and
Relate Call in Knowledge Record are the activities whose field values are constrained by
the environment, sourceScore(i, f ) value of is environmentFixed [5]. And sourceScore(i, f )
value of Provide missing informaion, Provide status update to business user and update
call ticket, and Implement solution are environmentConstrained [6], the field values are
constrained by the environment to a limited set of possible choices. The Bsour ce value is
140 in the end.

5.6.2. TO-BE PROCESS

The to-be Call Management process model have five different roles, Caller and External
Service are human, Dialog Manager, Inference Engine, and Ticket Manager are three dif-
ferent kinds of ChatBots. Apart from drawn activities in Figure 5.18, every automated
activity also has an additional activity with Process Manager responsibility. Process Man-
ager will handle errors happen with machine. Figure 5.21 is the complexity evaluation
of to-be model per-activity. Activities 5 to 26 are have been automated (ChatBots related
activities), so have zero complexity associated with them.

For the Execution Complexity, human related (Caller and External Service) activities
are all manual work, their value of execType(r) is manual [2]. ChatBots related (Dialog
Manager, Inference Engine, and Ticket Manager) activities are all automatic work, their
value of execType(r) is automatic [0]. The execution complexity value of the to-be model
is 32 as a result.

As for Coordination Complexity, the linkType(r) value of human related activities
are dataAdapted [3], the transferred business items need to be adapted. And ChatBots
related activities are linking to automated tasks, the values of linkType(r) are autoLink
[0]. The coordination complexity value of the to-be model is 48 as a result.
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Figure 5.21: Complexity Evaluation of to-be Call Management Process Model

For the Business Item Complexity, the sourceScore(i, f ) value of human related activ-
ities are bestPractice [4]. The field values of ChatBots related activities are produced from
automation, the sourceScore(i, f ) values are internal [0]. The business item complexity
value of the to-be model is 64 as a result.

5.6.3. EVALUATION CONCLUSION
According to the per-activity complexity results show in Figure 5.20 and Figure 5.21, The
overall Call Management process complexity of as-is model and to-be model are sum-
marized in Table 5.3.

Table 5.3: Complexity Comparison of Call Management as-is Model and to-be Model

as-is Model to-be Model

Execution Complexity 77 32

Coordination Complexity 56 48
Business Item Complexity 140 64

Since AI-based ChatBot, Knowledge-based ChatBot, and Rules-based ChatBot are im-
plemented in the redesigned process, 22 out of 38 activities in the to-be model are fully
automated work. As a result, the execution complexity and business item complexity
have reduced by more than half. The execution complexity is 77 for the as-is model, and
32 for the to-be model. The business item complexity is 140 for the as-is model and 64
for the to-be model. The level of automation and field’s value supplying have a huge
improvement with Call Management redesigned process then.

Concerning the coordination complexity, there is no much difference of the as-is
model and the to-be model, whose value is 56 and 48 respectively. This is mainly be-
cause of coordination complexity concerning not only coordination links but also busi-
ness items transferring. Business items need to be adapted when they are transferred
between human and ChatBots. Although coordination links are declined with ChatBots
implementation (the linkType(l) of ChatBots related activities are autoLink [0]), business
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items transferring complexity is increased for the other activities.

5.7. CONCLUSIONS

D UE to the reality of the company and duration of the thesis, steps including Pro-
cess implementation, Process monitoring and controlling have not been carried

out. Nevertheless, some recommendations on the execution of these steps would be
provided.

The evaluation of ChatBot-implementation methodology starts from explaining a
goal about process automation of Philips IT Global Services (ITGS). And the Call Man-
agement process was chosen as the case for the application of proposed ChatBot-implementation
methodology. As Call Management is a service-oriented process involving plenty of in-
teractions with human (customers and agents), it can be a good example of ChatBot
implementation.

The current situation of the Call Management process was firstly identified, includ-
ing the major functions and activities of the process. The functions of the process can
be summarized as Caller communication, Call information management, Ticket man-
agement, and Solution management. And the as-is model was established by BPMN to
depicted the current situation.

Then the process analysis was carried out based on the study of data generating from
the process. Facts and issues of the current process were the outcome of the process
analysis, including huge human labor involved in the process, heavy and unbalanced
workload, preference phone and self-services, major knowledge-based questions or in-
cident, required integration of communication and coordination, process working time,
and some human-related errors. Those facts and issues made ChatBot a suitable tool
to improve the situation. And in the Process redesign step, functions were evaluated
to select the suitable ChatBots. Caller communication and Call information manage-
ment can be carried out by a AI-based ChatBot, Ticket management can be executed by
a Rules-based ChatBot, and a Knowledge-based ChatBot can be applied for Solution man-
agement. Some potential issues were also briefly discussed and introduced some human
exceptional operations to deal with those situations. The conceptual ChatBot imple-
mentation framework was then established. The interactions among different compo-
nent were described by the notion of commitment. To-be model was illustrated based
on the conceptual framework. The to-be process could complete all the basic functions
and decrease the process complexity based on the evaluation results.

However, further Process implementation, Process monitoring and controlling re-
main to be carried in the future. And here are some suggestions for these steps. The
to-be model needs to be converted into an executable model for the implementation.
The selection of the executable model should be based on the vendors of ChatBot ser-
vice, owning to the different ChatBot building framework. The practical implementation
of ChatBot can start from the low-cognitive bot (such as Rules-based ChatBot), which are
much easier to achieve and has a lower impact on the currently running process. Fully
automation is almost impossible, other situation of human engagement shall be care-
fully studied during process implementation. Monitoring and controlling of the new
process are of great importance, especially in the case of applying ChatBot tools. The
process issue related to ChatBot can be easily observed through process-running data.
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Gathering and analyzing the process running data can help the process manager to pre-
dict potential process incident, to further improve the process and ChatBot efficiency.

The evaluation part provides an example of an IT service process (Call management)
automation based on the proposed ChatBot-implementation methodology. The method-
ology depicts a feasible and clear routine to carry out the process automation by using
ChatBots. A human and ChatBot collaborative Call management process model was
established by following the methodology. The implementation of ChatBots reduce hu-
man labor in the process and decrease the process complexity. Further recommenda-
tions on practical process implementation were also provided.
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CONCLUSIONS

If you don’t build your dream, someone else will hire you to help them build theirs.

Dhirubhai Ambani

This chapter concludes the research findings, contributions, limitations, and further re-
search of this research. The answers of the five sub-questions are answered in Section
6.1. Section 6.2 describes the contributions and lists the limitations of the research. For
further research on ChatBot-implemented process automation, Section 6.3 focuses on
the executable process model, the business process model towards the ChatBot model,
the extension of methodology application, the multi-process ChatBot implementation
methodology, and ChatBot-based business process management.
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6.1. RESEARCH FINDINGS

T HE research findings would be introduced by answering the research questions pro-
posed in Section 1.3.

Q1: What is the value of BPM theory for process redesign?

A business process can be redesigned based on the BPM lifecycle, which is intro-
duced in the literature review. The lifecycle consists of six steps, including process iden-
tification, process discovery, process analysis, process redesign, process implementa-
tion, and process monitoring and controlling. The architecture is obtained from process
identification, and then the process as-is model is acquired by the process discovery.
Process analysis aims to get insights on the process weaknesses and their impact. After
that, the process is redesigned to overcome these weaknesses and is represented by the
to-be process model. The to-be model then is converted into an executable model in the
process implementation stage. Process monitoring and controlling are carried out with
the new situation of the process to discover the new issues. The new process can still get
into another new cycle to further improve it.

Business process modeling is one of the key parts of the BPM. It provides methods
to depict the process in a structured and analyzable form. Some of the most common
modeling techniques, including BPMN, UML ADs, EPCs, and WS-BPEL, are introduced
in Section 2.1.3.

Q2: What is the state of art of ChatBots?

Selecting suitable ChatBots is of great importance to make ChatBot implementation
cost-effective. In this thesis, ChatBots are categorized into three types namely Rules-
based ChatBots, Knowledge-based ChatBots, and AI-based ChatBots. The ChatBot is cho-
sen based on the complexity and input of the task. Rules-based ChatBots can deal with
well-structured, highly-patterned, and less complex tasks. Knowledge-based ChatBots
can deal with works that are more complex but still have patterned inputs. Complicated
tasks with unstructured input can be handled by AI-based ChatBots. The selection of
ChatBot vendors, such as IBM, Microsoft, Google, and Amazon, should be conducted
based on the real situation of the company. As indicated in Section 2.2.4, all of them
provide similar intelligent ChatBots services. Other factors, such as cost, system com-
patibility, collaboration etc., should be considered to choose the vendor.

Q3: What are the current methods of implementing ChatBots in business processes?

Among the limited methodologies of ChatBot implementation in the business pro-
cess, Quark methodology provides a systematic approach. It mainly consists of following
steps, 1) identify roles that can be automated by ChatBot, 2) identify goals of those roles,
3) identify commitments of the roles, 4) produce a set of interactions, 5) produce addi-
tional goals and commitments, and 6) Translate the interactions to ChatBots vendor’s
model. This methodology establishes a feasible routine to conduction ChatBot imple-
mentation. However, it does not design the ChatBot implementation in the whole pro-
cess level, analysis and redesign of the process and exceptional human engagement are
missed in the methodology.
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Q4: What should the ChatBot-implementation methodology look like?

The proposed ChatBot-implementation methodology is described in Chapter 4, fol-
lowing the analytical framework including the way of thinking, way of working, and way
of controlling. The way of thinking lays the fundamental principles and the underly-
ing structure that the design methodology is based on. The way of working describes
the routine from the current situation towards the new situation. The way of modeling
states the approach of depicting the real situation with an abstract model that is suitable
for the systematical analysis. The methodology consists of three phases, namely un-
derstanding, design, and implementation phase. They are proposed based on the BPM
lifecycle. The understanding phase includes process identification, discovery, and anal-
ysis. The goal of the understanding phase is to acquire the key functions of the process,
an as-is process model, and limitations or issues of the as-is process. After that, the pro-
cess is redesigned in the design phase, in which the suitable ChatBots would be chosen
for specific functions, interactions between within the system would be presented in a
conceptual ChatBot design, a to-be process model would be provided evaluated in the
end. In the final implementation phase, the to-be model would be translated into an
executable model and ChatBot design model for the real process. During the new pro-
cess running, process monitoring and controlling would be done to figure out risks and
issues, and to further improve the process.

Q5: What are the values and limitations of the methodology in practice?

The Call Management of Philips IT service was used for the evaluation of the pro-
posed methodology. The objectives and key functions of Call Management were first
obtained by process identification. And the as-is model was illustrated by BPMN. Pro-
cess analysis was carried out by investigating the process-generated data to find out is-
sues of the current process. After that, ChatBots were selected for each function, i.e., an
AI-based ChatBot for Caller communication and part of Call information management,
a Rules-based ChatBot for Ticket management, and a Knowledge-based ChatBot for So-
lution management and part of Call information management. Interactions within the
process were described by the notion of commitments. And a to-be process model was
established. Based on the model-based evaluation, a decrease in process complexity can
be noticed. The understanding and design phases can be smoothly carried out in the real
service-oriented process. However, the implementation could not be finished owning to
reality and time. But some recommendations on implementation were provided in Sec-
tion 5.7.

6.2. CONTRIBUTIONS AND LIMITATIONS

T HIS part analyzes the contributions and limitations of this research. Seven aspects
of limitations are discussed here.

6.2.1. CONTRIBUTIONS
The proposed methodology established a theoretical ChatBot-implementation frame-
work in service-oriented processes. Comparing to other ChatBot-implemented process
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automation methodologies, the proposed methodology in this research is a combina-
tion of BPM and ChatBot design methods. The BPM methods ensure a standardized
redesigned process. The ChatBot design enables the cost-effective of the new process.

Moreover, the methodology is not human- nor ChatBot-centric. The collaboration of
human and ChatBots are the other core of the methodology. ChatBots are not designed
to replace part of human labor, but to assist human. The methodology emphasis that full
automation is impossible in the current stage. Exceptional human operations should be
considered during process design.

6.2.2. LIMITATIONS

This research is the first step of development on the ChatBot-implementation method-
ology. Some limitations remain to be overcome.

1) The approach of building an executable process model

The approach of translating the to-be process model to the executable process model
for Process implementation is not given in this research. Owning to the involvement of
ChatBots, the executable process model should take the design model of ChatBot into
consideration. And the ChatBot design model is always determined by the service ven-
dor. The design of the model may only be done after choosing the ChatBot vendor.

2) Impacts on related processes

The methodology currently does not take the impacts on and from the other re-
lated processes into consideration. Actually, all the business processes are kind of re-
lated to other processes. Hence the relations of them may also influence the process re-
design. The introduction of ChatBot may also affect other processes. Without compre-
hensive process architecture investigation and practical process implementation, im-
pacts of those relations can be difficult to find out.

3) Process monitoring and controlling

Process monitoring and controlling strategies are hard to determine without process
implementation. New measures and indicators may need to be established for the new
ChatBot-implemented process to monitor and control the process. They might be kind
of different from the conventional case. Because of the behavior of ChatBots, which are
unpredictable, they also need to be monitored. And the evaluation of the process may
not be limited in time, cost, efficiency, et al., other indicators should be established to
evaluate ChatBots.

4) ChatBot-related errors

In this methodology, strategies to deal with ChatBot-related errors are not provided.
It is inevitable that some issues can occur with the ChatBots, such as the equipment
power down and network disconnected to ChatBot servers. Those fatal issues can lead
the whole process system down and may induce a huge loss of the company.

5) Additional investments

The implementation of ChatBots can be associated with investments in IT infrastruc-
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tures and ChatBot facilities. Such investments have not been discussed in the research.
It can influence the cost-effectiveness of the ChatBot implementation. The investments
should be estimated prior to the ChatBot implementations.

6) Users acceptance

The implementation of ChatBots can lead to a big change to the process. The users
acceptance of the new process needs to be considered during the evaluation, which is
not discussed in this research. Users include agents who provide service and customers
who require the service. A lower degree of user acceptance can induce a poor efficiency
of the process. Meanwhile, additional costs may be needed to train users using the new
process in order to help them to accept the new process.

7) Information security and data protection

Information security and data protection are not discussed in the research. Massive
data are generated and dealt with in the ChatBot-implemented process. The manage-
ment and protection of those data are of great importance to ensure the information
security both for users and the company. Meanwhile, the ChatBot service is normally
provided by commercial vendors, which may arise additional information and data se-
curity issues.

6.3. FURTHER RESEARCH

I N this part, further research is discussed on the executable process model, the busi-
ness process model towards the ChatBot model, the extension of methodology ap-

plication, the multi-process ChatBot implementation methodology, and ChatBot-based
business process management.

1) Executable process model

A suitable executable ChatBot-implemented process model is crucial from the pro-
cess implementation. Developing an approach of generating an executable process model
from the to-be process model (BPMN) can be helpful for further process implementa-
tion. In the case of the IT service process, BPEL, as discussed in Section 2.1.3 can be a
good choice for the process implementation. Also, the mapping from BPMN to BPEL is
available. Further research can focus on integration the BPEL modeling method into the
methodology to provide the approach for process implementation.

2) Business process model towards ChatBot model

Business process modeling is powerful to represent a business process, but it cannot
be directly used for ChatBot design. To realize the ChatBot application in the process,
an approach is needed to translate the business process model (in the form of BPNM or
BPEL) to a ChatBot model provided by the ChatBot vendors. However, different vendors
provide various routines to establish a ChatBot system. The model-translation approach
needs to be designed based on the ChatBot vendor. It somehow increases the workload
of the methodology development. A general translation strategy can be beneficial for
ChatBot-implementation methodology development.
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3) Methodology application field extension

In this research, the methodology is applied in the service-oriented process. Fur-
ther research can attempt to deploy the methodology to other types of business pro-
cesses, such as finance and accounting, human resource (HR) management, procure-
ment, and warehousing, etc. These types of processes also involve high-volume human
labor as well as interactions with the human. The implementation of ChatBot can in-
crease the efficiency of those processes. Research is needed to explore the possibility of
apply methodology in this report to those fields.

4) Multi-process ChatBot implementation methodology

A process is normally connected with more than one other processes. Hence, the im-
plementation of ChatBot into a single process can induced impacts on correlated pro-
cesses, which can be either positive or negative. A methodology for multi-process Chat-
Bot implementation, which considers the whole system, can be beneficial to the pro-
cesses automation and ensure high consistency of all related processes. Such an attempt
is associated with a highly complex and complicated investigation. Even though, the
multi-process ChatBot implementation methodology can accelerate a systematic pro-
cess automation proceeding of the enterprise.

5) ChatBot-based business process management

The application of ChatBots should not be limited to provide service to customers,
but also to the service providers. For example, ChatBots can be a good tool to conduct
process monitoring. As the machine is sensitive to variable change in the system, Chat-
Bots can monitor the process running by those process-related variables. The ability of
ChatBots gathering and analyzing process-running data can also help the process man-
ager to predict potential risks and issues of the process.
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1 # Load the data f i l e
2 df = pd . read_csv ( ’ c a l l . csv ’ , encoding = ’ISO−8859−1 ’ )
3

4 # Rename the values of columns
5 df . rename( columns={ ’ u_call_phase ’ : ’ Cal l phase ’ , ’ u_call_category ’ : ’ Category ’ , ’

contact_type ’ : ’ Contact type ’ , ’ Opened_at ’ : ’Opened ’ , ’ sys_created_on ’ : ’ Created ’ , ’
u_resolved_at ’ : ’ Resolved ’ , ’ sys_updated_on ’ : ’Updated ’ , ’ u _ c a l l _ s t a t e ’ : ’ Cal l s t a t e
’ , ’ impact ’ : ’ Impact ’ , ’ p r i o r i t y ’ : ’ P r i o r i t y ’ , ’ location ’ : ’ Location ’ , ’
assignment_group ’ : ’ Assignment group ’ , ’ time_worked ’ : ’Time worked ’ , ’
u_is_reassigned ’ : ’ I s ( re ) assigned ’ , ’number ’ : ’Number ’ , ’
u_service_offering__report_ ’ : ’ Service Offering ’ , ’ u_knowledge_article ’ : ’Knowledge

a r t i c l e ’ , ’ short_description ’ : ’ Short description ’ , ’ description ’ : ’ Description ’ ,
’ sys_mod_count ’ : ’ Updates ’ , ’ u_solution ’ : ’ Solution ’ , ’ u_cal ler ’ : ’ Cal ler ’ , ’
assigned_to ’ : ’ Assigned to ’ } , inplace=True )

6

7 # Set the date to date type value
8 df [ ’Opened ’ ] = pd . to_datetime ( df [ ’Opened ’ ] , d a y f i r s t =True )
9 df [ ’ Created ’ ] = pd . to_datetime ( df [ ’ Created ’ ] , d a y f i r s t =True )

10 df [ ’ Resolved ’ ] = pd . to_datetime ( df [ ’ Resolved ’ ] , d a y f i r s t =True )
11 df [ ’Updated ’ ] = pd . to_datetime ( df [ ’Updated ’ ] , d a y f i r s t =True )
12

13 # Create new columns for sort ing data
14 df [ ’ Created date ’ ] = df [ ’ Created ’ ] . dt . date
15 df [ ’ Resolved date ’ ] = df [ ’ Resolved ’ ] . dt . date
16 df [ ’ Created month ’ ] = df . apply ( lambda x : x [ ’ Created date ’ ] . s t r f t i m e ( ’%Y−%m’ ) , axis =1)
17

18 # Create new columns for date s t r i n g
19 df [ ’ Created date s t r ’ ] = df . apply ( lambda x : x [ ’ Created date ’ ] . s t r f t i m e ( ’%Y−%m−%d ’ ) ,

axis =1)
20 # Some items are s t i l l unresolved and don ’ t have resolved dates
21 def t r a n s f e r (row) :
22 t r y :
23 datestr = row [ ’ Resolved date ’ ] . s t r f t i m e ( ’%Y−%m−%d ’ )
24 except :
25 datestr = None
26 return datestr

73



A

74 A. DATA ANALYSIS CODES

27 df [ ’ Resolved date s t r ’ ] = df . apply ( transfer , axis =1)
28

29 # Keep data from January 2019 to June 2019 only
30 df = df . drop ( df [ df [ ’ Created month ’ ]== ’2019−07 ’ ] . index )

Listing A.1: Codes for Loading Data

1 # Check the unique values of columns
2 df [ ’ Cal l phase ’ ] . unique ( )
3 df [ ’ Contact type ’ ] . unique ( )
4 df [ ’ Category ’ ] . unique ( )
5 df [ ’ Cal l s t a t e ’ ] . unique ( )
6 df [ ’ Impact ’ ] . unique ( )
7 df [ ’ P r i o r i t y ’ ] . unique ( )
8 df [ ’ Assignment group ’ ] . unique ( )
9 df [ ’ Service Offering ’ ] . unique ( )

10 df [ ’ Location ’ ] . unique ( )

Listing A.2: Codes for Generating Category Pie Chart

1 # Set valus of the pie chart of "Contact type "
2 contacttype = df . groupby ( ’ Contact type ’ ) . s i z e ( )
3 l a b e l s = contacttype . index . format ( )
4 values = contacttype . values . t o l i s t ( )
5 explode = [ 0 , 0 , 0 , 0 , 0]
6 colors = [ ’ # ffea65 ’ , ’ # ff5964 ’ , ’ #86cdc5 ’ , ’ #c9f477 ’ , ’ #9F8AA4 ’ ]
7

8 # Generate and show the pie chart
9 p l t . pie ( values , l a b e l s = labels , autopct= ’ %0.1 f%%’ , explode=explode , colors=colors )

10 p l t . show ( )

Listing A.3: Codes for Generating Contact type Pie Chart

1 # Set valus of the pie chart of ’ Category ’
2 cal lcategory = df . groupby ( ’ Category ’ ) . s i z e ( )
3 l a b e l s = cal lcategory . index . format ( )
4 values = cal lcategory . values . t o l i s t ( )
5 a1 , b1 , c1 , d1 = l a b e l s
6 l a b e l s = [ a1 , b1 , d1 , c1 ]
7 a2 , b2 , c2 , d2 = values
8 values = [ a2 , b2 , d2 , c2 ]
9 explode = [ 0 , 0 , 0 , 0]

10 colors = [ ’ # ffea65 ’ , ’ # ffea65 ’ , ’ # ff5964 ’ , ’ #86cdc5 ’ ]
11

12 # Generate and show the pie chart
13 p l t . pie ( values , l a b e l s = labels , autopct= ’ %0.1 f%%’ , explode=explode , colors=colors )
14 p l t . show ( )

Listing A.4: Codes for Generating Category Pie Chart

1 # Create a new DataFrame df2 . Set " Created " as the index and transform created dates
to period

2 df2 = df . set_index ( ’ Created ’ )
3 df2 . index = df2 . index . to_period ( ’M’ )
4 df2 [ ’Count ’ ] = 1
5

6 # Create a pivot table for checking
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7 df3 = pd . pivot_table ( df2 , index = ’ Created ’ , columns = ’ Contact type ’ , values = ’
Count ’ , aggfunc= ’sum ’ )

8

9 email = df3 [ ’ Email ’ ] . values . t o l i s t ( )
10 chat = df3 [ ’ Lync/Chat ’ ] . values . t o l i s t ( )
11 phone = df3 [ ’Phone ’ ] . values . t o l i s t ( )
12 s e l f = df3 [ ’ Sel f−service ’ ] . values . t o l i s t ( )
13 walkin = df3 [ ’Walk−in ’ ] . values . t o l i s t ( )
14 l s t = np . array ( ( email , chat , phone , s e l f , walkin ) )
15

16 colors = [ ’ # ffea65 ’ , ’ # ff5964 ’ , ’ #6b7bc9 ’ , ’ #68CDBE ’ , ’ #8A7090 ’ ]
17 x = np . arange ( 6 )
18 dates = [ ’ Jan ’ , ’Feb ’ , ’Mar ’ , ’ Apr ’ , ’May ’ , ’ Jun ’ ]
19

20 p l t . bar ( x , l s t [ 0 ] , bottom=np .sum( l s t [ : 0 ] , ax i s =0) , l ab e l = ’ Email ’ , color=colors [ 0 ] )
21 p l t . bar ( x , l s t [ 1 ] , bottom=np .sum( l s t [ : 1 ] , ax i s =0) , l ab e l = ’ Lync/Chat ’ , color=colors

[ 1 ] )
22 p l t . bar ( x , l s t [ 2 ] , bottom=np .sum( l s t [ : 2 ] , ax i s =0) , l ab e l = ’Phone ’ , color=colors [ 2 ] )
23 p l t . bar ( x , l s t [ 3 ] , bottom=np .sum( l s t [ : 3 ] , ax i s =0) , l ab e l = ’ Sel f−service ’ , color=colors

[ 3 ] )
24 p l t . bar ( x , l s t [ 4 ] , bottom=np .sum( l s t [ : 4 ] , ax i s =0) , l ab e l = ’Walk−in ’ , color=colors [ 4 ] )
25 p l t . x t i c k s ( x , dates )
26 p l t . legend ( loc =(1.05 , 0 . 4 ) )
27

28 p l t . show ( )

Listing A.5: Codes for Generating Contact type Bar Chart

1 # Create a new DataFrame df2 . Set " Created " as the index and transform created dates
to period

2 df2 = df . set_index ( ’ Created ’ )
3 df2 . index = df2 . index . to_period ( ’M’ )
4 df2 [ ’Count ’ ] = 1
5

6 df3 = pd . pivot_table ( df2 , index = ’ Created ’ , columns = ’ Category ’ , values = ’Count ’ ,
aggfunc= ’sum ’ )

7

8 complaint = df3 [ ’ Complaint ’ ] . values . t o l i s t ( )
9 incident = df3 [ ’ Incident ’ ] . values . t o l i s t ( )

10 question = df3 [ ’ Question ’ ] . values . t o l i s t ( )
11 r f c = df3 [ ’RFC ’ ] . values . t o l i s t ( )
12 l s t = np . array ( ( complaint , incident , question , r f c ) )
13

14 colors = [ ’ #E8D55C ’ , ’ # ff5964 ’ , ’ #6b7bc9 ’ , ’ #68CDBE ’ ]
15 x = np . arange ( 6 )
16 dates = [ ’ Jan ’ , ’Feb ’ , ’Mar ’ , ’ Apr ’ , ’May ’ , ’ Jun ’ ]
17

18 p l t . bar ( x , l s t [ 0 ] , bottom=np .sum( l s t [ : 0 ] , ax i s =0) , l ab e l = ’ Complaint ’ , color=colors
[ 0 ] )

19 p l t . bar ( x , l s t [ 1 ] , bottom=np .sum( l s t [ : 1 ] , ax i s =0) , l ab e l = ’ Incident ’ , color=colors [ 1 ] )
20 p l t . bar ( x , l s t [ 2 ] , bottom=np .sum( l s t [ : 2 ] , ax i s =0) , l ab e l = ’ Question ’ , color=colors [ 2 ] )
21 p l t . bar ( x , l s t [ 3 ] , bottom=np .sum( l s t [ : 3 ] , ax i s =0) , l ab e l = ’RFC ’ , color=colors [ 3 ] )
22 p l t . x t i c k s ( x , dates )
23

24 p l t . show ( )

Listing A.6: Codes for Generating Category Bar Chart
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1 # Create a new DataFrame df2 showing " Created " number and " Resolved " number in each
day

2 dates = df . groupby ( ’ Created date ’ ) . count ( ) . index . t o l i s t ( )
3 created = df . groupby ( ’ Created date ’ ) [ ’Number ’ ] . count ( ) . values
4 resolved = df . groupby ( ’ Resolved date ’ ) [ ’Number ’ ] . count ( ) . values [ : 1 8 1 ]
5 df2 = pd . DataFrame ( { ’ Created ’ : created , ’ Resolved ’ : resolved } , index = dates )
6

7 # Set chart s i z e
8 p l t . f i g u r e ( f i g s i z e =(16 , 5) )
9 # Set l a be l s i z e

10 p l t . tick_params ( l a b e l s i z e =16)
11

12 p l t . plot ( df2 . index , df2 [ ’ Created ’ ] )
13 p l t . plot ( df2 . index , df2 [ ’ Resolved ’ ] )
14

15 p l t . x label ( ’ Date ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
16 p l t . y label ( ’ Counts ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
17

18 p l t . legend ( ncol =2 , fo nts i ze =16)
19

20 p l t . show ( )

Listing A.7: Codes for Generating Created and Resolved Counts Line Chart

1 # Create a new DataFrame df2 showing " Created " number and " Resolved " number in each
day

2 dates = df . groupby ( ’ Created date ’ ) . count ( ) . index . t o l i s t ( )
3 created = df . groupby ( ’ Created date ’ ) [ ’Number ’ ] . count ( ) . values
4 resolved = df . groupby ( ’ Resolved date ’ ) [ ’Number ’ ] . count ( ) . values [ : 1 8 1 ]
5 df2 = pd . DataFrame ( { ’ Created ’ : created , ’ Resolved ’ : resolved } , index = dates )
6

7 # Set chart s i z e
8 p l t . f i g u r e ( f i g s i z e =(16 , 5) )
9 # Set l e b e l s i z e

10 p l t . tick_params ( l a b e l s i z e =16)
11

12 p l t . plot ( df2 . index , df2 [ ’ Created ’ ] , ’ .− ’ )
13

14 p l t . x label ( ’ Date ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
15 p l t . y label ( ’ Counts ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
16

17 p l t . legend ( fonts i z e =16)
18

19 p l t . show ( )

Listing A.8: Codes for Generating Created Counts Line Chart

1 # Create a new DataFrame df2 keeping t i c k e t s from Apri l 2019 only
2 df2 = df [ df [ ’ Created month ’ ] == ’2019−04 ’ ]
3

4 # Create a new DataFrame df3 presenting " Created " number and " Resolved " number in
each day

5 dates = df2 . groupby ( ’ Created date ’ ) . count ( ) . index . t o l i s t ( )
6 created = df2 . groupby ( ’ Created date ’ ) [ ’Number ’ ] . count ( ) . values
7 resolved = df2 . groupby ( ’ Resolved date ’ ) [ ’Number ’ ] . count ( ) . values [ : 3 0 ]
8 df3 = pd . DataFrame ( { ’ Created ’ : created , ’ Resolved ’ : resolved } , index = dates )
9
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10 # Set chart s i z e
11 p l t . f i g u r e ( f i g s i z e =(16 , 5) )
12 # Set l e b e l s i z e
13 p l t . tick_params ( l a b e l s i z e =16)
14

15 p l t . plot ( df3 . index , df3 [ ’ Created ’ ] , ’ .− ’ )
16 p l t . plot ( df3 . index , df3 [ ’ Resolved ’ ] , ’ .− ’ )
17

18 p l t . x t i c k s ( df3 . index [ : : 7 ] )
19

20 p l t . x label ( ’ Date ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
21 p l t . y label ( ’ Counts ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
22

23 p l t . legend ( ncol =2 , fo nts iz e =12)
24

25 p l t . show ( )

Listing A.9: Codes for Generating Created Counts for April Line Chart

1 # Create a new column to determine i f the create date i s weekday
2 def weekday (row) :
3 i f row [ ’ Created ’ ] . weekday ( ) ==5 or row [ ’ Created ’ ] . weekday ( ) ==6:
4 weekday = ’Weekend ’
5 else :
6 weekday = ’Workday ’
7 row [ ’Weekday ’ ] = weekday
8 return row
9 df = df . apply ( weekday , axi s =1)

Listing A.10: Codes for Creating a New Column to Determine Weekday

1 # Create a new DataFrame df2 . Set "Weekday" as the index
2 df2 = df . set_index ( ’Weekday ’ )
3 df2 [ ’Count ’ ] = 1
4

5 # Create a pivot table for checking
6 df3 = pd . pivot_table ( df2 , index = ’ Contact type ’ , columns = ’Weekday ’ , values = ’

Count ’ , aggfunc= ’sum ’ )
7

8 # Set valus for "Workday"
9 contacttype = df . groupby ( ’ Contact type ’ ) . s i z e ( )

10 l a b e l s = df3 . index . format ( )
11 values = df3 [ ’Workday ’ ] . values . t o l i s t ( )
12 explode = [ 0 , 0 , 0 , 0 , 0]
13 colors = [ ’ # ffea65 ’ , ’ # ff5964 ’ , ’ #86cdc5 ’ , ’ #c9f477 ’ , ’ #9F8AA4 ’ ]
14

15 # Generate and show the pie chart
16 p l t . pie ( values , l a b e l s = labels , radius =1 , autopct= ’ %0.1 f%%’ , explode=explode , colors

=colors )
17 p l t . show ( )

Listing A.11: Codes for Generating Contact type workday Pie Chart

1 # Create a new DataFrame df2 . Set "Weekday" as the index
2 df2 = df . set_index ( ’Weekday ’ )
3 df2 [ ’Count ’ ] = 1
4
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5 # Create a pivot table for checking
6 df3 = pd . pivot_table ( df2 , index = ’ Contact type ’ , columns = ’Weekday ’ , values = ’

Count ’ , aggfunc= ’sum ’ )
7

8 # Set valus for "Weekend"
9 contacttype = df . groupby ( ’ Contact type ’ ) . s i z e ( )

10 l a b e l s = df3 . index . format ( )
11 values = df3 [ ’Weekend ’ ] . values . t o l i s t ( )
12 a1 , b1 , c1 , d1 , e1 = l a b e l s
13 l a b e l s = [ a1 , b1 , c1 , e1 , d1 ]
14 a2 , b2 , c2 , d2 , e2 = values
15 values = [ a2 , b2 , c2 , e2 , d2 ]
16 explode = [ 0 , 0 , 0 , 0 , 0]
17 colors = [ ’ # ffea65 ’ , ’ # ff5964 ’ , ’ #86cdc5 ’ , ’ #9F8AA4 ’ , ’ #c9f477 ’ ]
18

19 # Generate and show the pie chart
20 p l t . pie ( values , l a b e l s = labels , radius =1 , autopct= ’ %0.1 f%%’ , explode=explode , colors

=colors )
21 p l t . show ( )

Listing A.12: Codes for Generating Contact type weekend Pie Chart

1 # Create new columns for checking time delta
2 df [ ’ Resolved−Created ’ ] = df [ ’ Resolved ’ ] − df [ ’ Created ’ ]
3 df [ ’ Created−Opened ’ ] = df [ ’ Created ’ ] − df [ ’Opened ’ ]

Listing A.13: Codes for Creating New Columns for Checking Time Delta

1 # Create new columns for checking time delta
2 df [ ’ Resolved−Created ’ ] = df [ ’ Resolved ’ ] − df [ ’ Created ’ ]
3 df [ ’ Resolved−Opened ’ ] = df [ ’ Resolved ’ ] − df [ ’Opened ’ ]
4 df [ ’ Created−Opened ’ ] = df [ ’ Created ’ ] − df [ ’Opened ’ ]

Listing A.14: Codes for Creating New Columns for Checking Time Delta

1 # Create a new DataFrame df2
2 df2 = df . copy ( )
3 # Create a new column "Resolved−Created−days"
4 df2 [ ’ Resolved−Created−days ’ ] = df2 [ ’ Resolved−Created ’ ] . astype ( ’ timedelta64 [D] ’ ) +1
5

6 # Set values for bar plot
7 count = df2 . groupby ( ’ Resolved−Created−days ’ ) [ ’Number ’ ] . count ( ) . values . t o l i s t ( )
8 timedeltaD = df2 . groupby ( ’ Resolved−Created−days ’ ) [ ’Number ’ ] . count ( ) . index . t o l i s t ( )
9

10 # Set l a be l s i z e
11 p l t . tick_params ( l a b e l s i z e =14)
12 p l t . x label ( ’ Resolved−Created Days ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i ze ’ : 1 6 } )
13 p l t . y label ( ’ Counts ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
14

15 p l t . bar ( timedeltaD , count , color= ’ #86cdc5 ’ )
16

17 p l t . show ( )

Listing A.15: Codes for Generating Resolved-Created Days Bar Chart

1 # Create a new column "Resolved−Created−hours"
2 df2 [ ’ Resolved−Created−hours ’ ] = df2 [ ’ Resolved−Created ’ ] . astype ( ’ timedelta64 [h] ’ ) +1
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3

4 # Set values for bar plot
5 count = df2 . groupby ( ’ Resolved−Created−hours ’ ) [ ’Number ’ ] . count ( ) . values . t o l i s t ( )
6 timedeltaD = df2 . groupby ( ’ Resolved−Created−hours ’ ) [ ’Number ’ ] . count ( ) . index . t o l i s t ( )
7

8 # Set l ab el s i z e
9 p l t . tick_params ( l a b e l s i z e =14)

10 p l t . x label ( ’ Resolved−Created Hours ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fonts iz e ’ : 1 6 } )
11 p l t . y label ( ’ Counts ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
12

13 p l t . bar ( timedeltaD [ : 2 4 ] , count [ : 2 4 ] , color= ’ #86cdc5 ’ )
14

15 p l t . show ( )

Listing A.16: Codes for Generating Resolved-Created 24 Hours Bar Chart

1 # Create a new column "Resolved−Created−minutes"
2 df2 [ ’ Resolved−Created−minutes ’ ] = df2 [ ’ Resolved−Created ’ ] . astype ( ’ timedelta64 [m] ’ ) +1
3

4 # Set values for bar plot
5 count = df2 . groupby ( ’ Resolved−Created−minutes ’ ) [ ’Number ’ ] . count ( ) . values . t o l i s t ( )
6 timedeltaD = df2 . groupby ( ’ Resolved−Created−minutes ’ ) [ ’Number ’ ] . count ( ) . index . t o l i s t ( )
7

8 # Set l ab el s i z e
9 p l t . tick_params ( l a b e l s i z e =14)

10 p l t . x label ( ’ Resolved−Created Minutes ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fonts i z e ’ : 1 6 } )
11 p l t . y label ( ’ Counts ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
12

13 p l t . bar ( timedeltaD [ : 6 0 ] , count [ : 6 0 ] , color= ’ #86cdc5 ’ )
14

15 p l t . show ( )

Listing A.17: Codes for Generating Resolved-Created 60 Minutes Bar Chart

1 # Create a new column "Resolved−Created−seconds"
2 df2 [ ’ Resolved−Created−seconds ’ ] = df2 [ ’ Resolved−Created ’ ] . astype ( ’ timedelta64 [ s ] ’ ) +1
3

4 # Set values for bar plot
5 count = df2 . groupby ( ’ Resolved−Created−seconds ’ ) [ ’Number ’ ] . count ( ) . values . t o l i s t ( )
6 timedeltaD = df2 . groupby ( ’ Resolved−Created−seconds ’ ) [ ’Number ’ ] . count ( ) . index . t o l i s t ( )
7

8 # Set l ab el s i z e
9 p l t . tick_params ( l a b e l s i z e =14)

10 p l t . x label ( ’ Resolved−Created Seconds ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fonts i z e ’ : 1 6 } )
11 p l t . y label ( ’ Counts ’ , fontdict ={ ’ fontweight ’ : ’ bold ’ , ’ fo nts i z e ’ : 1 6 } )
12

13 p l t . bar ( timedeltaD [ : 6 0 ] , count [ : 6 0 ] , color= ’ #86cdc5 ’ )
14

15 p l t . show ( )

Listing A.18: Codes for Generating Resolved-Created 60 Seconds Bar Chart

1 # Created a new column df3 showing i f time delta i s l e s s than 1 day or more than 1
day

2 def deltaRC (row) :
3 i f row [ ’ Resolved−Created ’ ] < pd . Timedelta ( ’ 1D’ ) :
4 deltaRC = ’ Less than 1 Day ’
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5 else :
6 deltaRC = ’More than 1 Day ’
7 return pd . Series ( { ’ deltaRC ’ : deltaRC } )
8 df3 = df . apply ( deltaRC , axis =1)
9

10 # Set valus of the pie chart
11 contacttype = df3 . groupby ( ’ deltaRC ’ ) . s i z e ( )
12 l a b e l s = contacttype . index . format ( )
13 values = contacttype . values . t o l i s t ( )
14 explode = [ 0 , 0]
15 colors = [ ’ #86cdc5 ’ , ’ # ff5964 ’ ]
16

17 # Generate and show the pie chart
18 p l t . pie ( values , l a b e l s = labels , radius =1 , autopct= ’ %0.1 f%%’ , explode=explode , colors

=colors )
19 p l t . show ( )

Listing A.19: Codes for Generating Resolved-Created Days Pie Chart

1 # Created a new column showing i f time delta i s l e s s than 1 minute or more than 1
minute

2 def deltaRC (row) :
3 i f row [ ’ Resolved−Created ’ ] < pd . Timedelta ( ’ 1m’ ) :
4 deltaRC = ’ Less than 1 Minute ’
5 else :
6 deltaRC = ’More than 1 Minute ’
7 return pd . Series ( { ’ deltaRC ’ : deltaRC } )
8 df3 = df . apply ( deltaRC , axis =1)
9

10 # Set valus of the pie chart
11 contacttype = df3 . groupby ( ’ deltaRC ’ ) . s i z e ( )
12 l a b e l s = contacttype . index . format ( )
13 values = contacttype . values . t o l i s t ( )
14 explode = [ 0 , 0]
15 colors = [ ’ #c9f477 ’ , ’ #9F8AA4 ’ ]
16

17 # Generate and show the pie chart
18 p l t . pie ( values , l a b e l s = labels , radius =1 , autopct= ’ %0.1 f%%’ , explode=explode , colors

=colors )
19 p l t . show ( )

Listing A.20: Codes for Generating Resolved-Created Minutes Pie Chart

1 # Set valus of the pie chart
2 contacttype = df2 [ df2 [ ’ Resolved−Created−minutes ’ ] <=1] . groupby ( ’ Contact type ’ ) . s i z e ( )
3 l a b e l s = contacttype . index . format ( )
4 values = contacttype . values . t o l i s t ( )
5 a1 , b1 , c1 , d1 , e1 = l a b e l s
6 l a b e l s = [ a1 , b1 , e1 , c1 , d1 ]
7 a2 , b2 , c2 , d2 , e2 = values
8 values = [ a2 , b2 , e2 , c2 , d2 ]
9 explode = [ 0 , 0 , 0 , 0 , 0]

10 colors = [ ’ # ffea65 ’ , ’ # ff5964 ’ , ’ #9F8AA4 ’ , ’ #86cdc5 ’ , ’ #c9f477 ’ ]
11

12 # Generate and show the pie chart
13 p l t . pie ( values , l a b e l s = labels , radius =1 , autopct= ’ %0.1 f%%’ , explode=explode , colors

=colors )
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14 p l t . show ( )

Listing A.21: Codes for Generating Resolved Less Than 1 Minute Contact type Pie Chart

1 # Set valus of the pie chart
2 contacttype = df2 [ df2 [ ’ Resolved−Created−minutes ’ ] <=1] . groupby ( ’ Category ’ ) . s i z e ( )
3 l a b e l s = contacttype . index . format ( )
4 values = contacttype . values . t o l i s t ( )
5 a1 , b1 , c1 , d1 = l a b e l s
6 l a b e l s = [ a1 , b1 , d1 , c1 ]
7 a2 , b2 , c2 , d2 = values
8 values = [ a2 , b2 , d2 , c2 ]
9 explode = [ 0 , 0 , 0 , 0]

10 colors = [ ’ # ffea65 ’ , ’ # ffea65 ’ , ’ # ff5964 ’ , ’ #86cdc5 ’ ]
11

12 # Generate and show the pie chart
13 p l t . pie ( values , l a b e l s = labels , radius =1 , autopct= ’ %0.1 f%%’ , explode=explode , colors

=colors )
14 p l t . show ( )

Listing A.22: Codes for Generating Resolved Less Than 1 Minute Category Pie Chart
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