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Featured Application: The model proposed in this paper may help service providers to clearly
understand value creation in the process of cross enterprise collaborative services. The
methodology, combined with domain knowledge, and based on the actual operation of the
service system, may help manufacturing enterprises to accelerate the process of servitization.

Abstract: With the emergence and development of servitization, more and more enterprises are
turning from product focus to service focus. Service is customer-oriented, and driven by customer
requirements. Value is the goal pursued by all actors in the service. In order to analyze the
mechanism of multi-actor collaborative value creation in the service process, this paper proposes a
method for building a service process value model, based on process mining. Driven by the raw
data and an event log of service activities and processes in the real world, stored in the service
system, the method uses process mining techniques and combines domain knowledge to describe
the construction steps of the service process value model at the conceptual level. We focus on the
specific processes and activities in the service, and mainly consider the value creation of the activity.
The model proposed in this paper aims, to reflect how service actors co-create value in the actual
execution of service processes, and to help service actors achieve their value goals. We use a case
study inspired by an industrial case to validate our idea. Moreover, we develop a new plug-in, based
on the a-algorithm for ProM, to realize the model construction in the case study.

Keywords: servitization; business process; service actors; service value; service process value
model; process mining

1. Introduction

At present, in the context of industry 4.0 [1], service has become the main force of economic
development, and provides power for the transformation and upgrading of enterprises. Various
industries are changing from traditional business to service, which is called “servitization”. Firms
attracted by the potential revenue benefits are choosing to move from supplying product only, to
supplying product and services [2]. More and more manufacturing companies are transforming from
a product focus to a service focus in order to provide better service for customers [3]. From the
perspective of service, not only between the manufacturer and the customer is there a relationship of
service and served, but also in the relationship between the supplier and the manufacturer. Therefore,
the service provider and the customer are relative. For example, in the after-sales service of an air
conditioner, the manufacturer provides the service for the customer who purchased the air
conditioner. In the process of providing the service for the customer, a certain supplier may be
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required to provide a spare part. At this time, the manufacturer is the customer of the supplier; but
in the whole after-sales service process, it can be considered that this supplier is a participant of the
service. Service not only focuses on the process of service providers, providing services to customers,
but also on the value creation in the service process. Service providers provide services to customers
through the service process, so each activity in the service process should create value, and the results
of service will be affected by the value produced in the service process.

Process mining is receiving increasing attention in the past two decades. There are two main
reasons: on the one hand, more and more event logs recorded in the information system provide
detailed information about process history; on the other hand, the need to improve and better support
business processes, in a competitive and rapidly changing environment, is becoming increasingly
prominent [4]. The Process Mining Group defines it as a family of techniques in the field of process
management that support the analysis of business processes, based on event logs in the information
system. The idea of process mining is to discover, monitor, and improve actual business processes by
extracting knowledge from event logs [5]. Some scholars have done related research in this field
[5,6,7,8,9,10,11], focusing on how to discover or extract business process models from event logs,
proposing corresponding algorithms, and developing corresponding tools. These process models
mainly pay close attention to control flow, resources, time, and organizations. However, there is little
attention given to value creation by activities in the business process.

Since value is the goal pursued by all actors, whether it is the service provider or the service
demander, some scholars have discussed service value creation, or co-creation. Wang [12] proposed
the concept of a product-service value creation network from the perspective of industry, and put
forward four steps in the value creation process, which include value identification, value proposal,
value delivery, and value evaluation. Yip [13] presented an integrated design framework for a
service-centric service system, which considers the interactions between actors in the value co-
creation process at a strategy level, and is integrated with techniques for executing each stage of the
framework. Takahashi [14] argued that service value is affected by providers, receivers, and/or its
environment, and discussed the value creation model from the viewpoint of case-based decision
theory. However, these studies tend to focus on the conceptual level and industry level, with a lack
of attention given to the role of customers in service, and do not pay attention to the process and
activities of service performance. In reality, services to meet the requirements of customers are
basically complex services, which need to be completed by multiple enterprises or actors.
Simultaneously, we also realize that customer requirement is the driving force of service, and
customer value determines the value of service. Therefore, service is customer-oriented, and the
creation of service value is a complex process. To describe value creation clearly at an activity level
may help service actors to more easily understand and achieve their value goals.

This paper focuses on value creation in the service process of multi-actor collaboration, in the
cross-enterprise environment. We propose a method for building the service process value model
(SPVM), which is used to describe how each actor in the service process exchanges and creates value,
with activities as the carrier. In order to construct the service process value model, based on the
materials and methods of services and service processes, process modeling and process mining, and
service value networks, this paper defines the dimensions and granularity of value, and describes the
value of activities and service process. Two ways of building a service process model based on
process mining techniques are presented, and the value of the service process is annotated by
combining domain knowledge. The service process value model shows the value input and output
of each actor on the corresponding activities in the cross enterprise service process collaboration, and
the dynamic changes in the service process in different situations to meet the needs of customers.
This is helpful for enterprises to provide a better service experience for users.

The originality of this contribution is in a new method of constructing the service process value
model. Differently from the traditional modeling methods, using process mining techniques can
build a service process value model faster and more accurately. Due to the existence of alarge number
of event logs in the information system, it is possible to cover all paths of the service process. Hereby,
we work on an observed, and running, model, based on data that reflects the actual execution of
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processes. At the same time, considering the domain characteristics, the value information is
extracted from real data and event logs, which makes the model more reliable. We improve the model
to save time and money that would have been spent if working directly on the running of the service
system. Moreover, to verify our idea, we developed a new plug-in for Prom to extract activity actors
and value information from raw data and event logs, and support the construction of a service
process value model. It shows the construction process of the model in the form of a visualization,
which can help enterprises better understand the co-creation mechanism of service value, which is
conducive to cross enterprise collaborative service value optimization.

The rest of this paper is structured as follows: Section 2 provides the materials and methods used
to produce the proposed paper. Section 3 presents the contribution to overcoming the above-
mentioned issues. Then, a case study is presented to validate the approach. Finally, some discussions
about limitations and future work are proposed in Section 4, and the conclusion is given in Section 5.

2. Materials and Methods

In order to construct the service process value model, this paper takes the service activities and
processes in the service system as the research object, analyzes the processes and activities in the
service system based on the service related domain knowledge, and carries out the value annotation.
The general idea of the paper is shown in Figure 1. The service system stores the raw data and event
log of service activities and processes in the real world. We build business process models from these
data and event logs, based on process mining, and then transform them into a service process model,
constructing a service process value model on this basis. Considering the actual execution and path
coverage of business process, we use process mining techniques to obtain a business process model.
Combined with the theory of service value networks, this paper discusses the mechanism of value
creation in service process. Hereby, this section describes the materials and methods of services and
service processes, process modeling and process mining, and service value networks.

service product &
activities & service

processes system raw data &
event log
feedback
simulation domain .
rocess mining
knowledge P ©
J §
validation
A 4
Service Process [« Service Process |4 Business Process
Value Model | value annotation Model transform Model

Figure 1. The general idea of the paper.

2.1. Service and Service Process

A service is defined as the application of competences for the benefit of another, meaning that
service is a kind of action, performance, or promise that is exchanged for value between provider and
customers [15]. Service can be divided into two granularities: primitive service and complex service.
A primitive service is a candidate atomic service, with a specific service capability. A complex service
is a service requested by a consumer, which is a composition of a set of primitive services [16]. To
support the implementation of services for customers, there must be a corresponding service system
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to compose various primitive services together. A service system is considered as a complex socio-
technological system, and is defined as “a value co-production configuration of people, technology,
other internal and external service systems connected by value propositions, and shared information
(such as language, processes, metrics, prices, policies, and laws)” [15]. In a service system, services
are interacting each other, for example, by exchanging messages. Orchestration and choreography
are the main ways to realize service composition. Orchestration is concerned with the composition of
services, seen from the viewpoint of single service. Choreography is concerned with the composition
of services seen from a global viewpoint, focusing on the common and complementary observable
behaviors [5]. Through orchestration and choreography, primitive services and complex services are
integrated to create an end-to-end service process.

Service process is an integral part of service, and it is the actual procedure, mechanism, and
operation flow of service provision. The service process can be viewed as a chain or constellation of
activities that allow the service to function effectively [17]. In general, the execution of service
processes is constrained by a service-level agreement (SLA) between service provider and customer
[18], or the quality of service (QoS) requirements of customer. The SLA specifies the metrics of the
customer, used to monitor and verify the contract. QoS can be regarded as a part of SLA, mainly
considering the parameters related to customer requirements, such as response time, availability,
security, etc. Customers may not only care about the functionality of the service, but also want to
achieve some specific service quality objectives, such as the fastest response or the most reliable
service [19]. The current research on service process is mainly about the reconfiguration of service
process, and the management of service process. Zhai [20] presented a reconfiguration region
identification algorithm and middleware components to support the service reconfiguration based
on end-to-end QoS constraints. Li [21] proposed an adaptive QoS-aware service process
reconfiguration approach based on supplementary services and a region-based reconfiguration
algorithm, to solve the problem efficiently with low reconfiguration costs. Zappatore [18] proposed
a contract template and a directed tree-graph model for SLA specification definition to manage
service delivery. Nan [22] argued that service process management is a way to effectively manage
publication, discovery, negotiation, deployment, and implementation of services, and presented an
SLA-based service process management approach for service-oriented architecture (SOA). Yang [23]
argued that the scope of process management consists of process design, process execution, process
mining, and process intelligence, and a petri-nets based service process management method was
introduced for workflow verification. Most of the literature focuses on the composition of services,
not the service process itself.

2.2. Process Modeling and Process Mining

A process consists of interrelated activities, or sub-processes, for performing a task [24]. Process
modeling is a technology of process graphical representation. It records the “process” of the task and
the logic, policy, and procedure implemented by the “process” of the task. So, a process model can
provide a comprehensive understanding of a process [25]. Most of the process modeling research
focuses on business process modeling. Businska [26] argued that business process model has multiple
dimensions, including the organizational structure model, goal model, data model, location model,
and other models, and presented a knowledge state transition model as a new dimension of business
process model. Aguilar-Saven [25] described the main process modelling techniques, including flow
chart technique, data flow diagrams, role activity diagrams, role interaction diagrams, Gantt chart,
IDEF, colored Petri-net, object-oriented methods, and workflow technique. Unified modelling
language (UML) is considered as the standard object-oriented modelling language, which is not only
applicable to software systems, but also to business processes and other non-software systems.
Villarreal [27] described the application of model driven architecture (MDA) and UML for the
modeling and specification of collaborative business processes for enabling enterprises to establish
business-to-business collaborations. Van der Aalst [28] presented a new a-algorithm that extracts a
process model from the workflow log. This is a new technique for process modeling called process
mining.
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Process mining can be regarded as the link between model-based process analysis and data-
oriented analysis techniques [6]. Event logs are necessary resources for process mining, and the
quality of log data determines, to some extent, the quality of the model mining results. XES
(eXtensible Event Stream) was adopted in 2010 by the IEEE Task Force on Process Mining as the
standard format for logging events. It is now in the process of becoming an official IEEE standard.
XES is an XML-based log file format [29]. Process mining often starts with process discovery. Once
there is a process model, conformance techniques can be used to compare the mined models (event
logs) with the existing models. The results of the checking show the deviations between the model
and log. After the conformance checking, enhancement techniques can be used to extend or improve
an existing process model, using other information recorded in the same event log. The process
mining algorithm is a method of studying how to discover the activities experienced by the whole
process runtime through the process log, so as to establish the process model. At present, many
process mining algorithms have been proposed, which come from different research projects, and
represent several different research directions. Each algorithm has its own solution for solving some
difficult problems in process mining. Many process mining algorithms have been proposed,
including: (1) a mining algorithm based on Petri net [28], (2) a block-oriented mining algorithm [7],
(3) a mining algorithm based on an activity dependency graph [8], (4) a mining algorithm based on
ADONIS [9], (5) a Fuzzy mining algorithm [10], etc.

2.3. Service Value Network

With the rapid growth and application of information and communication technology, smart
business networks emerged, in which emerging technologies promote cooperation and value co-
creation [30]. With the emergence and development of servitization, the service value network (SVN)
has become a new research focus. Blau [31] argued that service value networks are smart business
networks, which provide business value through the agile and market-based composition of complex
services from a steady, but open pool of complementary, as well as substitutive standardized service
modules, by use of ubiquitously accessible information technology. Therefore, the new way of value
generation proposed by service value networks has greatly expanded the understanding of value and
value generation scenarios. SVNs encompass multi-way collaborations between different service
actors, comprising service providers, enablers, consumers, and other stakeholders [16]. As a node in
the service value networks, firms must recognize and act on value creation in the context of networks
and integrate and transform micro-specialized competences into complex value propositions with
market potential [32]. In SVNSs, everything is viewed as a service, and all the actors are connected to
the SVNs by providing standardized service modules. Therefore, in essence, the focus of SVNs is still
the composition of service. Chu [33] presented a progressive service value network design scheme
for bi-lateral service scenarios, in which a broker is introduced to composite services or resources into
a whole and provide it for customers. Schulz [34] argued that a service intermediary created a service
value network by offering complex services to customers and consuming services from suppliers and
considered an end-to-end service level management for service value networks. Fu [35] argued that
the service modularization of network members can not only comply with the collaborative
requirements of the service platform, but also protect the competitiveness of the member enterprises.
At the same time, it is difficult to generate value by relying on a single module. Therefore, it is
necessary to fully integrate the service modules among partners to complete value creation.

A value network can also be thought of as a service eco-system, which may better capture the
adaptive and evolutionary characteristics of a value network [32]. From this perspective, it is very
similar to the service system mentioned in Section 2.1. In a word, the research literature on service
value networks is relatively sparse, and the level of attention is generally abstract. The focus is mainly
on value collaborative creation, based on service composition, and less attention is paid to the specific
value creation process.
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3. Results

The method we propose is based on the data and event log in the service system. In order to
explain the concept and each step for building the service process value model, let us consider a
telephone repair example, provided by the process mining website (www.processmining.org).

3.1. The Repair Example

A telephone repair company has a standard repair process that can fix different defects of
different types of phones. The company can repair three different types of phones, namely “T1”, “T2”,
and “T3”. When a customer’s telephone device fails, it will be sent to the repair company, and the
repair company will register after receiving it. After registration, the telephone is sent to the problem
detection (PD) department. There it is analyzed, and its defect is categorized. In total, there are 10
different categories of defects (from 1 to 10) that the phones fixed by this company can have. Once
the problem is identified, the telephone is sent to the repair (R) department and a letter is sent to the
customer to inform him/her about the problem. The repair department has two teams. One of the
teams can fix simple defects and the other team can repair complex defects. However, some of the
defect categories can be repaired by both teams. Once a repair employee finishes working on a phone,
this device is sent to the quality assurance (QA) department. There it is analyzed by an employee to
check if the defect was indeed fixed or not. If the defect is not repaired, the telephone is again sent to
the repair department. If the telephone is indeed repaired, the case is archived, and the telephone is
sent to the customer. To save on throughput time, the company only tries to fix a defect a limited
number of times. If the defect is not fixed, the case is archived anyway, and a brand-new device is
sent to the customer. The description of the example can be found in reference [36].

3.2. Method for Building Service Process Value Model

3.2.1. Process and Activity

Service systems use processes and activities that differ from a business process. Processes and
activities cover a full range of situations that might involve highly structured workflows and flexible
processes, the sequence and content of which depend on the skills, experience, and judgment of the
primary actors [37]. As mentioned in Section 2.1, SLA is the guarantee of the service provider to
provide service for customers. Under the constraint of the SLA, the candidate primitive services in
the repository for each service can be divided into different service sets, and the service process and
activities matching the requirements of the customer can be constructed quickly. Customer
requirements are the driving force of a service system, and services, including processes and
activities, are dynamically constructed. As shown in Figure 2, for customer service requirements with
the same function and different SLAs, the provider will select different primitive services from the
service repository to form different service processes and activities. Usually, a primitive service is
used to complete an activity in the service process, and there is a one-to-one relationship between
them. When a process contains a sub-process, the sub-process can be regarded as an activity of the
parent process, and the service used to implement the sub-process may be a primitive service or
complex service. Since the structure of the parent process and sub-process are consistent, we can
ignore the sub-process and treat it as an activity. For example, if a customer wants to send a package
to a destination, taking the postage and delivery time as SLA parameters, the delivery time will be
longer if the price is lower. Then, for a low postage package, a vehicle should be used to transfer it
from one station to another station until it reaches the destination; for a high postage package, for the
package with high postage, air transfer should be used to reduce the delivery time. From the
perspective of the customer, what he wants is a complete service, and he does not care about the
service process and activities. Therefore, if the customer pays $5, the package should arrive at the
destination within 5 days; if the customer pays $10, then the package should arrive at the destination
within 3 days. From the perspective of the service provider, they need to understand the whole
service process and activities, and the appropriate primitive services should be selected to complete



Appl. Sci. 2020, 10, 7311 24 of 24

the corresponding activities or tasks, which may be the provider’s own or outsourced to other
participants. So in order to deliver the customer’s package to the destination, the service provider
may use a logistics company’s vehicle to transport the package from one place to another until it
arrives at the destination; it may also rent space on an aircraft flight to transport the package to the
destination.

To meet the need of the customer, each service needs to combine different primitive services,
which represent specific activities or tasks in the service process. Therefore, each service process is
composed of different activities, which are executed to complete the whole service. In the service
process, each activity needs to be fulfilled by at least one actor, including the customer, service
provider, and other participants. By completing these activities together, the actors (co-)create value,
exchange value, and meet their own value expectations.

Service Process

Service Process 1

OO OIN

Service Process 2
Service Process i

\ q
OXZ| .

Figure 2. Process and activity.

;

Customer Provider

x
()

Primitive Service
Repository

Requirement of
Customer

3.2.2. Definition of Some Concepts

Based on the above description, in this paper, some concepts related to the service process value
model are defined as follows:

Definition 1. Business process is a series of activities completed by people, organizations, or automated
resources to achieve specific goals.

Definition 2. Service Process is a series of activities completed by people, organizations, or automated
resources to provide specific services to the target customer.

The similarity between service process and business process is that there are not only strict
sequence restrictions among activities, but also the contents, methods, and responsibilities of
activities must be clearly arranged and defined, so that the activities in process can be transferred
between different actors. An activity in a business process, and a service process, can represent a sub-
process, and the process can be nested. Business process is generally used to describe the
collaborative production process of products, while service process describes how to deliver services
to customers, to meet their requirements. Therefore, business process is product-oriented, and service
process is customer-oriented. However, with the gradual evolution of servitization, the
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differentiation between products and services is increasingly blurring [38]. Lusch [32] argued that
products can be seen as service distribution or provisioning mechanisms. Based on Banerjee’s
argument of “everything as a service” [39], we further argue that the production process of a product
can be a service process, or a part of a service process, the difference lies in whether it is customer-
oriented. Hereby, if the business process is customer-oriented, it can be a service process, otherwise
it is part of the service process.

Therefore, for non-customer-oriented business processes, based on the MDA method mentioned
in [40], we can transform a business process into a service process. When constructing a service
process model, we also need to consider the impact of some characteristics of the service domain on
service process. In the service domain, the service ecosystem has formed its unique service domain
characteristics in its long-term development and evolution process; mainly including apriority,
correlation, and similarity [41].

3.2.3. Building a Service Process Model Based on Process Mining

Through the traditional modeling method, we can build the service process model by observing
the service process and activities in the service process, and by combining them with domain
knowledge, manually or using modeling tools. However, the service process obtained in this way is
relatively rough and may be different from the actual implementation of the service process. The
observation is not accurate enough, and many hidden details may not be obtained through
observation. To describe the model more accurately, we use a method based on process mining to
build the service process. Normally, many raw data and event logs related to services are stored in
the information system. If there are enough traces in the event log, the process and activities obtained
by process mining will cover a full range of situations. As shown in the dotted box in Figure 3, there
are two ways to build service process using process mining, based on raw data and event logs: one
is from the business process model (BPM) to the service process model (SPM); the other is from the
enriched event log to the service process model.

Business Process
Model
Raw Data and il X Customer
Event Log #| Process Mining Oriented
D Trransformation

Acquireand |- 5. Format Value
Select Data . N Ee st e ad Annotation

[ﬁé Knowledge
= Customer N
eriented Enrich Process Mining

[

- Senvice Process
Valug Madel

Starting

Choose a method

Service Process
Mode|

Enriched Event

Figure 3. Modeling based on process mining.

. From BPM to SPM

The raw data and event logs stored in the information system are the basis for building models.
As mentioned in Section 2.2, the event logs need to be preprocessed and saved in XES format. By
using the corresponding algorithm in process mining, such as the a-algorithm, we can get the
business process model (control flow model), represented by Petri net. Since a business process is not
customer-oriented, we need to transform it into a service process. In this way, we first get the business
process model and then transform it into a service process model. In the transformation of the models,
domain knowledge and domain characteristics should be considered.
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e  From enriched event log to SPM

In this way, since the raw data and event logs do not contain the behavior information of
customers in the event or activity, we also need to preprocess them, and supplement the customer-
oriented information with domain knowledge and domain characteristics. Hereby, we get the
formatted enriched event log. Then we can directly extract the service process model by mining the
log. Since the model we get is already customer-oriented, it is a service process model, and it does
not need to be transformed again.

In this paper, we just use process mining as a necessary tool to help in building a service process
model. As for how to extract the process models from logs, this paper is not concerned. Many scholars
have done a lot of research on how to extract the process model from the event logs, through process
mining, which is mentioned in Section 2.2.

. From SPM to SPVM

The service process model is a transition model that prepares for the service process value
model. So, after getting the service process model, we need to construct the service process value
model based on it. As shown in Figure 2, combined with the additional value information captured
in the raw data and event logs, and the knowledge of domain experts or human experience, the value
annotation is attached to the service process and it is converted into a service process value model.
In fact, value is annotated onto the activities of the service process, because value is created through
activities. In addition, domain knowledge is closely related to the field of service. For example, for
the maintenance of mobile phones, customers usually send the mobile phones that need to be fixed
to a designated maintenance point for repair; while for air conditioning maintenance, maintenance
personnel are required to provide maintenance services on site. Although they are all maintenance
services, there may be great differences in domain characteristics. Therefore, domain knowledge has
an important impact on the value of activities.

Hereby, the service process value is based on service process model, and it not only focuses on
the cooperation relationship among actors in the activities or process, but also emphasizes the value
creation of actors in the activities. Value is the core of service process value, and activity is just a
means to support the realization of value. In other words, satisfying the customer’s value expectation
is the core of the service process value model, and service process is the basis to realize the value
expectation. Our focus is on how to add value information to the activities in the service process.
Next, we will describe and define the concept of value in service.

3.2.4. Value in Service

Value is the goal pursued by both sides, the service demander and service provider. Both sides
create value through working together in the service process to meet their respective value
expectations. Generally, different service actors have different value expectations.

e  Dimension of value

Owing to different concerns, different people may define value from different perspectives.
Allee [42] argued that there are two types of value, tangible and intangible value. Therefore, we
further argue that value is multidimensional, and that the value creation and value expectation of
each actor may only contain some of these dimensions. For example, value can be defined from the
perspective of economic benefits, product acquisition, resource used, and customer experience, etc.
In this paper, in order to distinguish the value creation of the different actors, in service process and
activity, we use three dimensions to define service value: time and space, profit, and experience, as
shown in Figure 4.

The time and space dimension refers to the requirements of service value creation in time and
space, which can be realized only by meeting the requirements. It is closely related to the activities in
the service process. For example, in a logistics service process, a certain amount of time is spent to
transfer a package from one place to another; in a product manufacturing process, it takes a certain
amount of time to turn some materials into parts. The time and space dimension reflects the time
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consumption, and the change of location or status, in activities. The profit dimension refers to the
benefits obtained by actors in the service activity, including economic benefits, physical products,
information, etc. It is related to the service actors because each actor in the service process, including
the customer, benefits from it. For example, in logistics service, the customer’s package arrives at the
destination, the logistics company gets the freight, and the truck driver gets the reward; in product
service, the customer gets the product he wants to buy, and the manufacturer and the material
supplier gain the sales income. The experience dimension refers to the intangible value or impact of
the service process or service results, including knowledge, corporate reputation, social impact,
customer satisfaction, experience, and skills, etc. The experience dimension is related to the effects of
the service process or service result. For example, in a logistics service, as the logistics company
delivered the package to the destination earlier than expected, customer satisfaction increased, and
the reputation of the logistics company also improved. In addition, the cube symbolizes three
dimensions of the value, and the creation of value is inseparable from the use of resources in the
process of service. These resources can be people, vehicles, tools, materials, spare parts, products,
data, etc. Considering the complexity of the impact of resources on value creation, this aspect will not
be discussed in the paper for the time being but will be carried out in the future research work.
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Figure 4. Dimensions of value and resource.

Based on the above description, we define value in service as follows:
V= (Uts, Up, U@), (1)

where v is the time and space dimension of V, vy is the profit dimension of V, and v. is the experience
dimension of V. If a dimension has no value, we use to represent it. Therefore, the format of V is
a triple and some places of it might be empty. For example, if the working time of a staff member, A,
is two hours in the service, his value can be expressed asv=(2h, , ).

“ o

e  Granularity of value

As we mentioned previously, services are customer-oriented. The service process is
implemented around the requirements of customers. The process of the provider providing services
to the customer is shown in Figure 4. The activities in the service process may be parallels, loops, etc.,
which will not be considered here, but only the process of the service moving closer to the customer.
We can find that the value of service has a different granularity. Value in the service economy is
driven and determined by the customer [43]. From the perspective of the whole service, the entire
service process is customer-oriented, so it is the maximal granular value. In the service process, the
activity for completing every specific task will create value, which is the minimum granularity of
value. Some activities are fulfilled by the service provider itself, and some activities are outsourced
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to other participants. As shown in Figure 5, six activities are outsourced to other participants, and the
number of activities completed by each participant may be different. How participants complete
these activities is transparent to the service provider. Service providers do not need to know how,
but the participants themselves should know. These activities can be regarded as sub-processes in
the service process. For example, a service provider wants to transport a package from one place to
another. It can outsource the activity to a transportation company. It does not need to consider how
the transportation company completes the activity. Then, we can take the value generated by
activities which are completed by participants as the medium granularity value. Therefore, there are
three kinds of granularity value in the service, that of large granularity value for the customer,
medium granularity value for the participant, and small granularity value for the activity. Of course,
the value granularity of the service provider is the same as that of the customer.
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Figure 5. Granularity of value.

In the actual service process, an activity may be completed by multiple actors, and each actor
completes different parts of the activity. Due to the complexity of some activities, a single actor is
unable to complete them. For example, in the air conditioning installation service, two people are
needed to complete the external unit installation; in the air conditioning maintenance service, when
the spare parts need to be replaced, the spare parts provider and worker need to participate in the
activity together. This situation will be considered later in this paper.

3.2.5. Construction of the Service Process Value Model

e  Value of activity

Activity is the basic unit of the service process, which completes the specific task in the service.
Activity is also the basic unit of value creation in the service. If an activity does not generate value,
then it does not need to exist in the service process. As shown in Figure 6a, from the perspective of
only one actor in the service, each activity has an input value and an output value. Vi represents the
input value of the activity, and Vo represents the output value of the activity. In normal
circumstances, the output value of an activity should be greater than the input. However, there are
also exceptions, such as in the production process, the probability of waste products is inevitable, so
the value generated by a certain activity is less than the input value. As mentioned in Section 3.2.1,
the value of activity may be tangible, intangible, or both. Therefore, we can use the time and space,

profit, and experience dimensions to express each specific value, whether it is input value or output
value.
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Figure 6. Value of activity. (a) Each activity has an input value and an output value; (b) each actor has
an input value and an output value on the activity; (¢) multiple actors work together to complete the
activity.

An activity can be completed by one of, the service provider, customer, and other actors, or it
can be done by multiple actors. For the same activity, its input value and output value may be not
the same in different situations. That is to say, the value of Vi and Vot will be different when the
performers of an activity are different. For example, if a product is sold by a manufacturer or by a
retailer, the cost will be different, and the price of the sale may be different. Therefore, the value
creation of activities is inseparable from the actors. In essence, it is the actor who achieves value
creation in the process of performing the activity. As shown in the Figure 6b, each actor has an input
value and an output value on the activity they participate in. If multiple actors participate in the same
activity, each actor creates their own value through the activity. As shown in Figure 6c, Actoriand
Actorjwork together to complete the activity, the input and output values of Actori are v, and vi,,
and those of Actor; are vl}n and v/,,. For example, there are two actors, the manufacturer and the
customer, in the activity of selling products directly by a manufacturer. For the manufacturer, the
input value of the activity is the product, the output value is the money paid by the customer; and
for the customer, the input value is the money, the output value is the product. Of course, both actors
involved in the activity need a certain amount of time to complete it. These values are the only
tangible values that we can observe. Since the service provider can improve its reputation through
the product quality, and the customers get the products, they also get spiritual satisfaction at the
same time. Hereby, the output value of the manufacturer may also include corporate reputation, and
the output value of customer should also include the satisfaction of the requirement.

e Value of service process

The service process is composed of activities in a certain order to fulfill the requirements of
customer. Then, based on activity value, we can get the value of the service process. However, service
systems are complex adaptive systems, and they are dynamic and open [5]. As such, the service
processes are dynamic, and the activities in the service process are also dynamic. In the current
market competition environment, the division of labor and cooperation is very common. Since the
customer wants a complete service, the service provider needs to integrate the primitive services of
other actors into a complex service to meet the needs of the customer. In other words, under the
coordination of the service provider, different actors will participate in the completion of different
activities, and each activity may have multiple actors competing for participation. Therefore, the
customer-oriented service process needs to be completed by multiple actors. As shown in Figure 7,
there are five activities in the service process. An activity in the process can be executed by different
actors, and an actor can also participate in different activities. For example, in Figure 7, on activity A,
there are three actors involved; the service provider or Actork can complete the activity C, activity D,
and activity E, Actori is in competition with Actorj on activity B, and Actori can cover activity B and
activity C. We only show the three participants in the figure, and of course there are others. We just
ignore them for the convenience of the figure display and introductory purposes. Since the value of
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the activity will be different when the performer of the activity is different, the value of the service
process also will be different. The service provider can dynamically adjust the service process,
according to the customer’s value expectation, to meet the requirements.

service boundary
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Actor; Actory Actory,
trigger Actor,
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end
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[l represents activity in the process
Figure 7. Service process and activity.

Another important feature of the service process can be found in Figure 7, which is that the
service process is triggered by the customer and ends with the delivery of the service to the customer.
This is one of the important differences between service process and business process, because the
starting point of service is to meet the requirements of customers. It is also possible that the service
provider needs to do some aftercare work, after the service is delivered to the customer, such as
archiving the service-related information.

e  Constructing the service process value model

Based on the above analysis, we can start to build the service process value model. As mentioned
in Section 3.2.3, no matter which method is used to build the service process model, the related event
log of the target service and process mining algorithms are the necessary foundation. For the event
log, if it has been saved in XES format, we can use it directly, otherwise, we need to process it
according to the standard of the XES format, so as to prepare for the subsequent work. For the process
mining algorithms, there are many algorithms for process mining, which have been mentioned in the
relevant literature, and we will not repeat them here. Here we mainly use the a-algorithm, or its
improved algorithms, for mining. To extract the actor(s) and the corresponding value of each activity
from the raw data and event log, we need to add new functions to the existing algorithm tools or
develop a new tool. At the same time, we need to combine domain knowledge or user experience,
such as the apriority of service, that is, experience knowledge generated in over the long-term service
process. Since the service process model is the abstraction of many concrete service processes, the
value of each activity here is an average value, or a value range. Furthermore, as the model obtained
by process mining is described as a Petri net, activities in the service process are mapped to the
transitions in it. We need to add the actor(s), the input value, and output value of the activity to the
corresponding transition, as shown in Figure 6b,c. To describe the construction process of the service
value model in a formal way, we define business process model, service process model, and service
process value model as follows:

Definition 3. Business process model is a business petri net N = (P, T, F), where

e Pisasetof places;

e Tisa set of transitions, representing activities;

e Fc (PxT)U(T x P) is the flow relation describing the arcs between places and transitions (and
between transitions and places).
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Definition 4. Service process model is a service petri net SN = (P, T, F, ts, te), where

e P, T, and F are the same as in the business petri net N;
o e T, tsis the first activity of the service process and triggered by the customer;
. t. € T, t. is the activity of service delivery completion, and the customer must be the actor of it.

Definition 5. Service process value model is a service value annotated petri net SVAN = (P, T, F, as, a.,, A, V),
where

e P, TF, t, and t. are the same as in the customer-oriented service petri net SN;

e Aisasetof actors, Va € A, a can participate in at least one activity t;;

e Visasetofvalues, V< (AxT)U(T x A) is the input value and output value between actors and
activities.

Let raw data be D, and event log be L, then take the “from BPM to SPM” path as an example, the
steps of building the service process value model are described as follows:

1. Input the event log, L, to generate a business process model, N, by using process mining
techniques.

2. Check the first activity in N, if the value of the “org:resourse” is a customer, then add the
customer as the actor of it, and make it as ¢ of the service petri net SN; or else add an activity, t,
as the first activity of the whole process, and take the customer as its actor, and consider whether
the co-actor exists in it or not.

3. Check the activities in N, if an activity to complete the delivery of the service, then add the
customer as the actor of it and make it as t.of the service petri net SN; or else add an activity, t.
in the appropriate position in the process, take the customer as its actor, and consider whether
the co-actor exists in it or not. Then generate the service process model SN.

4.  Check all activities in SN, to extract the value of the “org:resourse” from the raw data, D, and
event log, L, then get the set of actors, A;

5. Combined with the domain knowledge, check the input value and output value between actors
and activities in SN, to extract the set of values, V, from the raw data, D, and event log, L.

6. To annotate the value set V between actors in A and activities in T of the service process model
SN, then get the service process value model SVAN.

As shown in Figure 8, this is the general form of the service process value model. There are five
activities and six actors in the model. The first activity is A, which is completed by two actors, that of
the Customer and Actorl. We used a dashed box to enclose the Customer and Actorl to indicate that
they are working together to complete the activity. Since the customer’s service requirement is the
trigger of the process, we put the Customer in front of Actorl. Both the Customer and Actorl have
input and output value in the activity. Activity B is completed only by Actor2 and activity C is
completed by Actor3 and Actor5 together. Activity D can be performed by Actor2 or Actor4, which
is not cooperative, but alternative. Finally, the service needs to be delivered to the customer, so
activity E needs to be completed by Actor5 and the Customer together. Since the customer is the
receiver of the service, we put the Customer after Actor5. The service process starts from the
customer’s service demand and ends at the service delivery to the customer. Every activity in the
service process is involved in value creation.
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Figure 8. The general form of the service value model.

3.3. Case Study

In this section, we use the event log, according to the repair example mentioned in Section 3.1,
as the data source for a case study. The log file can be downloaded from the process mining website.
Since our focus is on the whole process, we exclude the incomplete instances in the event log and
take the filtered event log as the running example. We use one of the two ways mentioned in Section
3.2.3 to demonstrate how to build a service process value model based on the running example. We
use the ProM framework as the experimental environment. The version of ProM framework is 6.9,
which was released in 2019, and its revision is 41850.

3.3.1. Business Process Model of the Example

From the tutorial in reference [36], we know that teach trace in the event log represents a specific
process instance, which starts with an activity to register the telephone, and ends with an activity to
archive the instance. By using the a-algorithm plug-in for ProM to mine the running instance, the
business process model, as shown in Figure 9, can be obtained. The first activity of the process is
“Register”, which means registering the telephone sent by the user. The next activity is “Analyze
Defect”, which means analyzing the defect category of the phone. Once the defect category is
determined, it needs to be told to the customer through the “Inform User” activity, and according to
the defect category, the “Repair(Simple)” activity or “Repair(Complex)”, activity on the phone will
be carried out. After the repair work is finished, the phone must go through the “Test Repair” activity
to determine whether it has been actually fixed. If the telephone is fixed, the instance is archived
through the “Archive Repair” activity and the telephone is sent to the customer; otherwise, the
“Restart Repair” activity will be launched and the telephone needs to be repaired again.

Going back to the running example itself, we find that some event attributes in the log are not
reflected in the process model. This is because the business process model obtained by mining is the
abstraction of all instances with the aim of discovering all the possible execution paths of the process
from a global perspective. The business process model shows a series of activities and their sequence
in the telephone repair process. In the tutorial, these activities are performed by different departments
in the company. If we regard each department as an independent enterprise, then this is a cross
enterprise cooperation process.
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Figure 9. The business process model of the running example.

3.3.2. Process Servitization

The service process is customer-oriented, in which there must be customer related activities.
However, the activities of the business process in Figure 9 are performed by the employees of the
repair company and have nothing to do with the customers. Although some customer related
activities are described several times in the tutorial, we cannot find them in the process model. For
example, the description that the phone will be sent to the customer if it is fixed is not shown in the
model. Therefore, we need to deal with the model according to step 2 and step 3 in Section 3.2.5 to
get the service process model.

In real life, the repair service of the phone should be initiated by the customer, because only the
user of the phone will find that it is defective. We look at the first activity, Register, which was not
initiated by the customer. Hereby, a new activity needs to be added to replace the “Register” activity
as the first activity of the process. We named this new activity “Apply”, which means applying for a
telephone repair service. The customer is the applicant of the activity, and the service personnel of
the repair company is the receiver of the application. Moreover, we cannot find any activity in the
process model to deliver service to the customer. Generally, the “Archive Repair” activity should be
the aftercare of the whole service process. In the telephone repair service, the service delivery should
be after the telephone is fixed and before the end of the whole service process. Therefore, a new
activity is added between “Test Repair” and “Archive Repair”, and we named it as “Accomplish”.
The “Accomplish” activity means to complete the delivery of the service. In fact, there are two cases
of delivery. One is that the phone is actually fixed and delivered to the customer; the other is that the
phone is not fixed, and a brand-new device is sent to the customer. We can find in the running
example that the “Test Repair” activity has an important attribute “numberRepairs”. In the tutorial,
the description of this attribute is as follows: to save on through time, the company only tries to fix a
defect a limited number of times. We argue that it is the same, because not all defects can be fixed.
Just like in the production process, the scrap rate is inevitable, it is impossible for all products to be
100% qualified. Therefore, the repair company may deliver a fixed phone or a new one to the
customer. The actors of the “Accomplish” activity are the company’s service personnel and the
customer.

Through the above operations, the process is changed to being triggered by the customer, and
the delivery of service becomes part of the process. We can now get the service process model, as
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shown in Figure 10. The customer’s demand for a telephone repair service can be met through the
implementation of this service process. In the service process, in addition to “Apply” and
“Accomplish” activities, there is another activity “Inform User”, which should also involve the
customer. As the object of the notification is the customer, the customer will receive the result of the
defect analysis from the company.
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Figure 10. The service process model of telephone repair.

3.3.3. Value Annotation

Now we start to extract the actors of each activity in the service process. For “Apply”,
“Accomplish”, and “Inform User” activities, based on the analysis in the previous section, their actors
are the customer and the company service personnel. Considering consistency with the follow-up
activities, we call the company’s service personnel “System”. The actors of other activities can be
extracted from the corresponding attributes of each activity in the running example. As described
above, an actor may participate in completing multiple activities; an activity can be completed by
different actors. For example, we find that the “Analyze Defect” activity can be independently
completed by six actors, namely Testerl, Tester2, Tester3, Tester4, Tester5, and Tester6. Similarly, we
find that the “Test Repair” activity can be completed by Testerl, Tester2, Tester3, Tester4, Tester5,
and Tester6. However, “Analyze Defect” and “Test Repair” are done by two different departments
in the company, so we believe that the actors in these two activities are just different entities with the
same name. As shown in Figure 11, we developed a new plug-in for Prom to extract the actors of each
activity from the running example. A dashed box is used to enclose the actors to indicate that the
activity is performed by these actors together. The actor who initiated the activity is put at the top of
the box. In addition to the activities described above, the three activities of “Register”, “Restart
Repair”, and “Archive Repair” are performed by the actor “System”; the “Repair(Simple)” activity
can be completed by SolverSl, SolverS2, and Solvers3 respectively; and the “Repair(Complex)”
activity can be completed by SolverC1, SolverC2, and SolverC3, respectively.



Appl. Sci. 2020, 10, 7311 20 of 24

| Repair Complen
j/ N

A
A

AN,

Archive Repair

Figure 11. Service process value model of the running example.



Appl. Sci. 2020, 10, 7311 19 of 24

After getting all the actors, we need to find out their input value and output value for the
corresponding activities. Since there are not many attributes related to value in the running example,
we cannot describe all dimensions of value completely, but we need to extract the value of at least
one dimension from the running instance or supplement it with domain knowledge. For the “Apply”
activity, since it is an activity added according to the domain knowledge, there is no information
about it in the running example, so we need to add value information, according to the actual
situation. In the “Apply” activity, the “Customer” needs to tell the “System” the characteristics of the
telephone defect. The “System” receives the information from the customer and needs to give the
customer a service number and mailing address. Here we assume that there are six kinds of defect
characteristics of the telephone [E1, E2, E3, E4, E5, E6]. Then the input value of the “Customer” is vllnl
=(cid, , [E1, E2, E3, E4, E5, E6]), and the output value is v 54.= ((serviceid, address), , ); the input value
of “System” is vj? = ((serviceid, address), , ), and the output value is v32, =(cid, , [E1, E2, E3, E4, E5,
E6]). Here, cid represents the customer number, and sid represents the service number. Since each
specific service instance faces different customers, each specific cid and sid are different. We abstractly
use cid and sid to represent them. The customer can query the progress or status of service through
sid. For the “Analyze Defect” activity, we can extract the value of actors from the corresponding
events in the running example. Figure 12 shows specific “Analyze Defect” activity information in a
service instance. From the information, we can find that the participant of the activity is “Tester3”,
the start time is “1970-01-02T12:23:00.000+01:00”, the end time is “1970-01-02T12:30:00.000+01:00”,
and the analysis result shows that the type of phone is T2 and the defect type is 6. Hereby, in this
specific activity instance, the actor “Tester3” spent a certain amount of time to get the analysis results,
then his input value is time, and the analysis result is his output value. Therefore, from the
perspective of model, the value of each actor in activity “Analyze Defect” needs to be calculated for
all instances. We can get that the input value of each actor, whichis vl = (avgTime, , ), and the output
value is v3l; = ((phoneType, [num_defectTypes,..., num_defectTypenl),... 1, , ). Here, avgTime represents
the average time spent by the actor; (phoneType, [num_defectTypes, ..., num_defectTypen]) represents the
collection of the numbers of defect types that occur on the phoneType. The new plug-in developed for
ProM to extract actors can also be used to extract value information from the running examples.

Based on the above two methods, the input value and output value of all the actors in the service
process can be obtained. As shown in Figure 11, this is a key part of the service process value model
of the running example. We can see the input value and output value of each actor on every activity
in the model. Both input value and output value have a value in at least one dimension. If the running
example has enough value related attributes or has a corresponding domain knowledge library, the
value information in the service process value model will be more abundant.

<event>
<string key="org:resource" value="Tester3"/>
<date key="time:timestamp" value="1970-01-02712:23:00.000+01:00"/>
<string key="concept:name" value="Analyze Defect'/>
<string key="lifecycle:transition" value="start"/>
</event>
<event>
<string key="defectType" value="6"/>
<string key="org:resource" value="Tester3"/>
<string key="lifecycle:transition" value="complete"/>
<string key="phoneType" value="T2"/>
<date key="time:timestamp" value="1970-01-02112:30:00.000+01:00"/>
<string key="concept:name” value="Analyze Defect’/>
</event>

Figure 12. A specific “Analyze Defect” activity information in a service instance.
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4. Discussion

Within the trend of manufacturing servitization, there is an interesting topic of how to co-create
value by the service process of cross enterprise facing, over the whole life cycle of the product service.
The content discussed in this paper is from the initial stage of our research, and the purpose is to
establish a research framework for service-oriented process value for cross enterprise multi-actor
collaboration. For the description and definition of service value, we mainly referred to some studies
in the literature, such as [31,41,42]. Based on the classification of tangible value and intangible value,
starting from the vital interests of service actors and considering the contribution of actors to specific
activities, three dimensions and three granularities were introduced to better describe the value
creation in the service process. The definition of service value in this paper is still abstract, but it is
more concrete and operable than the value in the SVN. Since the focus of the SVN is mainly on the
value of collaborative creation, based on service composition and the level of attention to service, the
specific processes and activities in the service are rarely mentioned. The actors in SVN are usually
firms. However, we focus on the specific processes and activities in the service, and mainly consider
value creation at the activity level. The actors of the activity can be employees, departments within
the service provider, or outsourcing companies. Therefore, the description of value is more specific
and operational. Follow-up research will be combined with the relevant theories of SVN and the
industrial value chain [44,45] to refine and quantify service value, so that the value can be calculated
and optimized. Although we also recognize the impact of resources on value creation in the service
process, due to the fact that there are many types of resources, and resources involved in the actual
service process, including personnel, tools, vehicles, product components, etc., we will discuss the
relationship between resources and service value in following research.

We did not use the traditional modeling method, but one based on the event log of service
performance in the information system. The main reason why we introduced process mining
technology into the construction of the service process model was that process mining can discover
the process from the actual event log in the service system. As mentioned in reference [39], “the main
benefit of process mining techniques is that information is objectively compiled”. Due to the existence
of many event logs in information systems, it is possible to cover all paths of the process execution.
As we know, there may be differences between the actual implementation of the process and the ideal
situation. Therefore, research on the actual service process is more meaningful, and at the same time,
avoids the error of manual construction of the service process. The research results of many scholars
on process mining provide us with a solid research foundation. Using the existing process mining
algorithm, we can build a process model faster. However, the model obtained by using process
mining technology is not the final model that we need. Since the service process is customer-oriented,
value is driven and determined by customers, and value creation is domain related, we must improve
the existing algorithms and tools to meet the needs of research, and experiment by combining the
specific service domain knowledge.

It was not an easy task to find interesting data for case study. Since the data coming from our
project cannot be exploited here, we used the event log provided by the process mining website. It is
used as an illustrative example to illustrate the method mentioned in Section 3.2.2, but both methods
have been tested in the study. Our initial purpose was to investigate the value creation of multiple
actors across enterprises in the service process. Although the actors in the process shown in the
example log are all from the repair company, we can treat the departments of the actors in different
activities as independent entities or enterprises. This is because in an actual telephone repair service,
multiple enterprises are required to cooperate to complete the process. The customer has to apply for
repair from the product manufacturing enterprise, and the repair is completed by the outsourcing of
the production enterprise to the professional repair company, and the telephone also needs to be
transported by the logistics company. In the step of building the service process value model, since
the event log in the example had been formatted and saved in XES file, we omitted the operation of
getting and selecting data from the raw data. However, we also encountered the problem of
insufficient raw data support. Although we could establish the service process value model, the value
information in the event log was relatively lacking. We need to add more value information,
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combined with domain knowledge, to improve the model. Therefore, we expect to be able to get data
support from our project, and work with experts in relevant service fields. Therefore, we could carry
out the research better. This study is a proof of concept, and it needs to be refined and deepened in
the future.

In the case study, to show how to build the service process value model, we developed a new
plug-in for ProM based on a-algorithm. The plug-in has three basic functions: first, it can extract the
actor(s) and the corresponding value of each activity from the raw data and event log; second, it can
transform the business process model mined by a-algorithm into a service process model; third, it
can annotate the extracted actors and value information to the corresponding activities in the service
process, to form the service process value model. As the current plug-in is developed for the examples
in the case study, there are some limitations. For example, the practical use of the a-algorithm is
hindered because of problems with noise, infrequent behavior, and complex constructs; although for
the running example, the result of the a-algorithm was acceptable, we will adopt more robust
techniques such as a fuzzy algorithm, heuristics algorithm, or inductive algorithm in future research
work and plug-in development. Considering the two methods for the construction of the service
process value model in Section 3.2.3, if the newly developed plug-in is to be universal, it must be
supported by the corresponding domain knowledge library, when converting from business process
to service process and extracting activity actors and value, or the event log must be customer-oriented
and contain enough domain knowledge. Therefore, we hope to collect more relevant knowledge of
the service domain and establish a domain knowledge library. On this basis, the rules for model
transformation and event log enrichment should be formulated and improved. This is also one of the
important tasks for us to do next.

5. Conclusions

In this paper, we proposed a service process value model construction method, based on process
mining. Based on the theory and materials of services and service processes, process modeling and
process mining, and service value networks, we introduced the concept of value in service, and
defined it by dimension and granularity. In the model, activity is regarded as the basic unit of the
service process and value creation unit in the service. At the same time, taking the raw data and event
log of the information system or service system as the starting point, the service process model can
be obtained from the log in two ways by using process mining techniques. Combined with domain
knowledge, we can extract the corresponding actors and their input and output values on each
activity in the service process from the raw data and event log. Through the value annotation of the
service process, we built the service process value model. We developed a plug-in for ProM and
validated the proposed methodology using the telephone repair event log provided by the Process
Mining Group. The model will help to understand the mechanism of multi-actor collaborative value
creation in the service process. As a result, the service process of cross enterprise collaboration, can
provide enterprises with a basis for value optimization, as well as the choice of service process that
meets the needs of customers. On the other hand, the mastery of domain knowledge, and the quality
of raw data and event log have an important impact on the construction of the model. The
representation of the model is still very dependent on the process mining algorithm and
corresponding tools. Therefore, the method has some limitations in the scale of service process and
requires some extra manual work. However, with the plug-in, the method will be assisted in the
modeling process, from raw data and event log, to the service process model.

The scientific contribution of this paper was to propose a new service process modeling method.
From raw data and event logs to business process model, which was inspired by Van der Aalst, then
generating the service process model, and service process value model, our proposition that is
completely new. The research on the actual service process execution in the product and service
system is more meaningful. Although the model proposed in this paper is conceptual, it provides a
framework for future work. For the follow-up research work, the first step is to improve the
measurement indicators of service value, each parameter in value “V = (vss, vp, ve)” is a set of indicators,
and then we want to define a standard log format through these indicators; the second is to adjust
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the mining algorithm used, such as the heuristic algorithm or inductive algorithm, and develop a
generic Prom plug-in to validate our ideas, which will be applicable to other scenarios. Moreover,
since different services may have different forms of value, it is difficult to give a set of indicators for
the value of services in different fields. We will continue to focus on the service value in the product
and service system. In addition, we may carry out in-depth research on the service process value
model in combination with value chain theory.
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