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8.1 Product Service System in Social Manufacturing

This section explores the basic concepts of product service system (PSS) and its
advantages on integrating product with services. Under the context of PSS, many
enterprises changed their business models from providing tangible products to inte-
grated product services. However, this transition has been confronted with challenges
from enterprises themselves, the society, and the customers. Hence, a novel approach,
called as PSS for SocialM, is proposed in our work to solve the problems.

8.1.1 Useable PSSs in Product Life Cycle

The prototype of PSS was originally proposed in the report for the Dutch government
in 1999 [1]. In fact, PSS can be understood as a business system which consists of
products, services, supporting networks and infrastructure, is able to satisfy customer
requirements and brings lower impact on the environment than the traditional busi-
ness models [2]. One of the most obvious characteristics of PSS is the transformation
from product selling to product-service providing. In this way, customers can obtain
the services they need without paying for tangible products, and enterprises or service
providers can obtain sustainable profits by serving the customers continuously.

On a life cycle basis, the implementations of PSS can be classified into three cat-
egories, that is, product-oriented services, use-oriented services and result-oriented
services [3, 4]. Product-oriented services simply provide additional services to their
original product, such as after-sales service and maintenance repair operating (MRO)
service. For use-oriented services, the product is still owned by the service provider
but shared to a number of other users, such as product renting, sharing, and pooling.
Result-oriented services are pure customer requirements driven PSS that the service
provider develops a subversive way to provide services to the customer, such as gas
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service [5], professional printing service [6] and civil aerospace service [7]. In this
chapter, PSS refers to result-oriented PSS by default, and services or product-services
refer to the result-oriented product-services by default.

Nowadays, enterprises are aware of such a fact that PSS is a sustainable and
powerful tool for getting profits and promoting customer satisfactions. However,
most of enterprises still remain in the stages of either product-oriented services or
use-oriented services. Transformation to product-service providers (PSPs), which
provides integrated product-services to customers, is facing with various challenges
and obstacles from enterprises themselves. For example, there exist high labor costs,
extreme service complexity, different culture background, and so on [8, 9]. On the
basis of the internal barriers of enterprises, we know that the transformational chal-
lenges would come from the following three aspects.

The first aspect is about challenge on the enterprises’ organization. To provide
product-services, PSPs must shift their focus on enhancing their service departments
and simplify other departments like manufacturing and sale departments. This may
lead to enterprise instability which is difficult to eliminate.

The second aspect is about challenge on labor demands. Services must be con-
sumed as they are provided because they cannot be saved, stored, returned, or carried
forward for later use or sale [10]. Due to the variation in labor requirements, too much
labor reserve may increase the economic burden of enterprises, and insufficient labor
reserve may not be able to satisfy the requirements when more labors are required.

The third aspect is about challenge on complex services. Due to the incensement
of product-service complexity and expertise, PSPs have to manage and control all the
detailed processes of product-services and cannot concentrate on the core services
that represent the core competency of the PSPs.

All these challenges are hindering the development and transformation of the
PSPs to a higher level.

8.1.2 PSS for Social Manufacturing as a New Way to Run
Products and Attached Services

According to the challenges mentioned above, a flexible and efficient mode should
be introduced to enhance the current PSS. Facing the similar challenges in manu-
facturing, we proposed a new manufacturing paradigm called social manufacturing
[11]. This new manufacturing paradigm starts from Internet-based connecting and
communicating behaviors in business, focuses on self-organizing socialized manu-
facturing resources into manufacturing communities, and runs under the support of
extended CPS and social factory model so as to implement mass collaboration and
share during product manufacturing activities covering the whole stages of a product
life cycle [12]. Enterprises in the same communities should have the same or similar
manufacturing resources and capabilities. Based on the concept of SocialM, products
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are produced by gathering the socialized manufacturing resources into manufacturing
communities

In service area, there are also many micro-and-small-scale service enterprises
(MSSESs) which specialize in providing services. However, their sizes and strategies
hinder their possibilities to further develop into very strong PSS providers [13]. In
this chapter, two types of MSSEs sources are dealt with. The first one is the traditional
MSSEs which can be distinguished by the number of employees, quantity of fixed
assets, etc. And the second one is formed by MSSEs decomposed from the large-scale
manufacturing enterprise.

In this chapter, the above MSSEs which contains socialized service resources
(SSRs) can be cognized as independent PSPs which are gathered into service com-
munities (SCs) to provide product-services. The core PSP only concentrates on the
key phase of product-services and manages the others PSPs. In order to solve the prob-
lem in PSS under the context of SocialM, we proposed a novel business model called
PSS for SocialM that gathers the SMSEs into SCs so as to provide product-services
collaboratively. In the context of PSS for SocialM, the MSSEs share their service
resources and capabilities on a specified platform, and then the service resources are
aggregated into different SCs according to their similarity. Once a customer proposes
a service order to the platform, suitable SCs will be selected and arranged according
to their service capabilities and established a service community network.

8.2 Concepts and Implementing Architecture of PSS
for Social Manufacturing

In the previous section, integrating of PPS and SocialM has been proposed to form
a novel business model to tackle the challenges of PSS. Therefore, concepts and
characteristics of this new business model should be defined and declared in detail
S0 as to establish the implementing architecture and the operational logic of PSS for
SocialM.

8.2.1 Definitions

The following key definitions explain basic concepts and research boundary of PSS
for SocialM.

Definition 1: SSRs are defined as a set of the equipments and human resources
involved in the processes of service providing, such as products themselves, diagnosis
and maintenance tools, maintenance staffs, service packages that are presented as a
series of services, etc. Resource sharing is one of the most core characteristics of
SSRs to ensure the efficient and effective use of available service resources under
the ever-increasing competitiveness [14]. PSS for SocialM aggregates and clusters
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the decentralized service resources and capabilities into SCs. In this way, problems
caused by information islands [15] are solved, such as low resource utilization and
low service efficiency.

Definition 2: Service capability is defined as a kind of the ability of using SSRs
for operating and completing a specific service to satisfy the service requirements
of the customer. Generally speaking, service capability includes stable equipment
service capability and ever-increasing labor service capability.

Definition 3: MSSE is defined as a kind of social micro-and-small-scale service
enterprise which provides product-services to customers. In a generic meanings, an
MSSE also implies that it organizes and uses its own SSRs for product-services under
considering its implementing structure and operational logic. To the extreme form,
individuals like makers and individual serviceman who provide product-services can
also be seen as a kind of virtual “MSSE”.

Definition 4: PSP is defined as a kind of role an MSSE acts as and also as the
representative or agent of an MSSE. It emphasizes the type of SSRs and the versatility
of service capabilities.

Definition 5: Service Community (SC) can be defined as an aggregation of inter-
related MSSEs and their SSRs and inter-connection relationships among MSSEs,
their PSPs and their SSRs. Within an SC, its MSSEs have common or similar bene-
fits and collaboratively complete product-services to satisfy customer requirements.
As the core content of PSS for SocialM, SC has two obvious natures. The first is that
relationships among SSRs include not only collaboration but also competition within
an SC. Since every PSP wants to realize high profits and low costs, correspondent
MSSEs need to change their strategies on SSRs to increase competitiveness. The
second is that the organization procedure of SC is of self-organization and virus-like
propagation. It means that whether an MSSE joins or leaves an SC is up to PSP’s
own strategy.

Definition 6: SC network is defined as the inter-connection among SCs that have
various service types and service capabilities. In fact, PSS for SocialM uses an SC
network responsible for different product-service phases and processes. Relation-
ships among SCs are fuzzy and vague. It means that any MSSE together with its PSS
and partial or all SSRs can be a member of different SCs. SC network is a typical
relationship network which can be used to express the relationships among SCs and
MSSE:s, such as sequential relationship, supporting relationship, etc.

Definition 7: Service order can be defined as official service requests from cus-
tomers guaranteed by contracts. It includes service type, service quantity, service
capability, order allocation, response time, etc., and depends on customers’ require-
ments analysis. Due to the intangible nature of services, the operation procedure of
service order and service consumption is synchronous.
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8.2.2 Characteristics of PSS for Social Manufacturing

Since PSS for SocialM integrates the core ideas of both PSS and SocialM, it has
its own unique characteristics, which determine how to enable the implementing
architecture and operational logic of PSS for SocialM.

The first characteristic is about service relationships. In the context of PSS for
SocialM, SSRs from distributed PSPs self-organize into various SCs for collaborative
services. Since an SC network may contain vast SCs and SSRs inside them, rela-
tionships among SCs and inside an SC are complicated. Generally speaking, there
are only two kinds of relationships inside an SC, that is, cooperative relationship and
competitive relationship [16]. PSPs either collaborate with each other to complete
the product-services or compete with one another to obtain more profits. Therefore,
relationships among SCs not only include the above two typical relationships, but
also attachment relationship, sequenced relationship, etc.

The second characteristic is service-order-oriented. Due to the intangible nature of
services, services cannot be stored like products and cannot have inventory [17]. They
must follow a service order and be consumed as they are provided. The operation
of a service order relies on triggering and executing a series of service events. Here,
a service event is used for changing service state from A to B. Besides the above
service order, service contract, service flow, service result and service evaluation are
also different from products [18].

The third characteristic is about lean services. In traditional PSS, only the core
enterprise provides product-services for customers, this makes it difficult to satisfy
the detailed requirements in the service processes and leads to possible economic
waste. In the context of PSS for SocialM, a mass of professional service MSSEs act
as PSPs for specialized product-service providing and one PSP only needs to con-
centrate on one kind of service. Since product-services can be divided into different
service phases, a lean-philosophy-driven optimal matching among PSPs and service
phases can be realized through so-called “lean services” [19].

8.2.3 Implementing Architecture of PSS for Social
Manufacturing

In order to clarify the concepts and structure of PSS for SocialM, a four-layer imple-
menting architecture of PSS for SocialM is illustrated, as shown in Fig. 8.1. From
the bottom to top, there are resource layer, community layer, organization layer and
operation layer. A functional platform of PSS for SocialM is created to manage and
control the realization of the implementing architecture.

In the resource layer, massive SSRs that belong to different PSPs are socialized
and virtualized. A PSP may have one or more SSRs, and each SSR can complete
a specific service without assistance from others. However, the SSRs are chaotic
and disordered in the resource layer, and unable to provide integral product-services
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Fig. 8.1 The implementing architecture of PSS for SocialM

for customers. In order to increase the service capability, the SSRs are clustered
into different SCs according to their service capabilities in the community layer.
However, the results of clustering demonstrate that the prototype of SC is in unstable
situations. The SSRs need to change their strategies to form an ordered and stable
community structure through self-organization mechanism. Generally speaking, an
SC may have the service capabilities for a specific product-service and several SCs
may work together to provide integrated PSS. Hence, dynamic SCs may be combined
further into an SC network in the organization layer according to the service order
and detailed customer requirements. Here, the SSRs are identified by the capabilities
of service resources, but the service strategies of SSRs are determined by PSPs.
Therefore, the SSRs should be correlated with the PSPs. Different service strategies
may affect the service costs and quality of service (QoS), and then affect the service
order allocation to the SSRs. The service processes can just be described as that
customers acquire services from service providers with service resources through
service flows or service channel, and need to consequently change their states through
event-based operations in the operation layer, as shown in Fig. 8.2 [20]. As the output
of PSS for SocialM in Fig. 8.1, service flows change the states of the customer in the
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operation layer. When the customer is in a state of S¥~!, the triggering condition 7*
is activated. According to the content of service event E¥, the functional platform
organizes the selected communities with service resources R* to provide service
flow F¥ to change the customer state to S¥. This four-layer architecture illustrates
the service processes from SSRs organization to product-service output.

As the basic for PSS for SocialM, the functional platform of PSS for SocialM
can be seen as a web-based platform integrated with various intelligence algorithms
to realize the functions of each layer, such as deep learning for resources clustering,
genetic algorithm for resources selection, game theory for service order allocation,
Petri net for service flows design, etc. The platform is also integrated with instant
messaging tools for customer participation and communication among all the PSPs.
And it is also integrated with resource management tools to enable SSRs and struc-
tured tools for service process visualization.

The implementing architecture constructs an ecological environment for PSPs
to mainly increase their service resources and service capabilities to provide the
customer with satisfaction of product-services. The other things will also be handled
appropriately by the functional platform.

8.2.4 Operational Logic of PSS for Social Manufacturing

Based on the implementing architecture of PSS for SocialM, its operational logic
can be organized, as shown in the Fig. 8.3. The operational logic of PSS for SocialM
can be explained by means of declaring four issues, that is, modeling of service
capability, modeling of service flow, service monitoring and scheduling, and service
quality evaluation. The four issues cover the whole operational processes of PSS for
SocialM, including service contract establishing (service capacity and capability),
product-service providing (service flow), service process controlling (monitoring and
scheduling) and service resulting (service evaluation). The detailed steps of these four
issues are described as follows.

As to the first issue concerning PSS for SocialM, distributed PSPs release their
SSRs for clustering into different SCs according to the similarity of service capabil-
ities. Therefore, the service capability modeling method needs to be proposed so as
to describe and analyze the service capabilities of each SSR. Based on the similarity
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Fig. 8.3 Operational logic of PSS for SocialM

analysis results, SSRs with similar capabilities will be clustered into the same SCs.
In order to provide lean services, SCs match with the analysis results of customer
requirements and suitable SCs are selected. These matching results are fed back to
correspondent PSPs who are representatives of SSRs, based on which PSPs would
optimize their service resources and service strategies to fit with the changing market.

According to the matching results, for the second issue concerning PSS for
SocialM, service orders and contracts are created between customers and PSPs.
SSRs inside an SC or among SCs either collaborate or compete with other each to
complete services specified by the above service orders. And service orders alloca-
tion must be tackled among SSRs. Generally speaking, a complex service package
may be divided into several independent services and each service may be satisfied by
an SC. The service flow modeling includes service triggering condition T*, service
event EX, service resources R¥ and the service flows F*, all of which are the core
contents of every service package or its services. The designed service flow may be
stored in a model database for reuse when a new service is similar with the stored
model. The model database will be updated if a new service flow is designed and is
better than the old one in the database.

In order to provide lean services, for the third issue concerning PSS for SocialM,
the service processes of PSS for SocialM must have a feedback mechanism to real-
ize closed-loop control. In the context of PSS for SocialM, the services are product-
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services or product-based services. Therefore, the embedded sensors and correspond-
ing software for products need to be developed to monitor the states of SC network
and service flows. Service monitoring mainly includes two aspects. The first is to
monitor service flows and schedule service resources according to the service orders.
The second is to monitor service states when customers are in specific states, and
events would be triggered with the condition to start service flows and change the
customers’ state to the next step.

As to the fourth issue concerning PSS for SocialM, it should be pointed out that the
outputs of PSS for SocialM are product-services and their evaluation criterions are
different from products. For products, we usually focus on production costs and prod-
uct function implementations and neglect benefits from product operations. Since the
outputs of product-services are service results of satisfying customer requirements,
evaluation criterions need to include not only service costs and service functions,
but also service time, service efficiency, service value creation, etc. which can be
summarized as QoS. Evaluation results would be fed back to PSPs for assisting them
to optimize resources allocation and service strategies. Moreover, the results are used
to update the model database if the QoS of the new service flow is better than the
stored model.

According to the above four issue, the operational logic of PSS for SocialM
becomes clear and its corresponding key enabled technologies will be proposed in
the next section.

8.3 Key Enabled Technologies

8.3.1 Modeling of Service Capability and Costs Attached
to Products

Service capacity and capability description and modeling of an SSR are the primary
work of PSS for SocialM. An SSR includes intangible labor resources and tangible
product resources, and can be described from four aspects, that is, service functions,
service performances, service structure and service activities. The definitions of the
four aspects are declared as follows. Examples of logistics services are provided for
better understanding.

Service functions are determined by the basic service properties of an SMR,
including service types, service attributes and service contents to be able to provide
to customers, physical products and their functions to be used for services, etc. For
example, service function of the logistics services includes transporting service types,
transport carrier, transportation route, etc.

Service performances describe service quality, service efficiency, service reliabil-
ity and response time based on service functions, these indexes can be sum up as QoS.
For instance, transporting time and on-time rate are the key indicators of logistics
services. Service performances directly determine whether an SSR can complete the
service order or not.
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Fig. 8.4 The ontology structure for SSR (top-level)

Service structure denotes the organizational form of an SSR, including the type
and quantity of labor, product devoting for services, etc. Service structure represents
service strategies of a PSP who devotes more labors and physical products to an SSR
or not. It is because that benefiting service performances would increase service
costs and vice versa. For example, the number of truck drivers and trucks put into a
transportation route are related to the service structure which is decided by the PSP.

Service activities represent a series of nodes in a service flow. Each service activity
is correspondent with a node in the service flow and contains three elements, that is,
“service input”, “service process” and “service output”. The detailed service flow
will be designed and optimized according to the specific customer requirements.
For logistics services, service activities deal with constructing a transportation route
from city A to city B, loading and unloading service processes, etc.

Service functions depend on the capacity and capabilities of an SSR. With the
help of service structure and service activities, a PSP is able to provide different
service capabilities with specific service performances to customers. There exist
many models and methods to describe an SSR from the above four aspects. In order
to decrease ambiguity and make a more effective explanation of an SSR, ontology
method is often used to understand the terms within the service domain and define
formal specification [21]. Actually, ontology is commonly defined as an explicit
formal specification of describing terms, relations among the terms, rules to generate
terms and their relations in a specific domain [22]. The ontology structure for SSR is
shown in Fig. 8.4 (top-level abstract classes of an SSR) and the detailed description
can be expressed in the form of structural knowledge using Ontology Web Language
(OWL) [23].

Whether a PSP can get service orders or not is partly decided based on its service
capacity, capabilities and the service costs related to its SSRs. Profits and costs
are important concerns for both the PSPs and customers, they all want to reduce
costs and improve profits simultaneously. There are various methods for service cost
evaluation, such as performance-based contracting [24], pay-for-performance [25],
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Table 8.1 The parameters of service costs

Parameters Remarks

Gk The costs of PSP n for changing customer from k — 1 to k
Cr—1.k The costs of the sub-service changing customer from k — / to k
C The total costs of the service

A Service order allocated to SSR i of PSP n

in The number of SSRs in the PSP n

k; The number of activities in the sub-service

o The probability of selecting this SSR in select relation

cr j The costs of SSR i of PSP n for activity j

N The number of PSPs for the sub-service

K The number of sub-services in the PSS for SocialM

pay per service unit [26], activity-based costing [27], etc. Considering the PSS for
SocialM, a service order which often consists of a service package is completed by
various SCs and SSRs, the evaluation of service costs will depend on costing different
sub-service flows related to a service task inside the above package. As shown in
Fig. 8.5, we propose a refined activity-based costing (ABC) method for the costs
estimating of PSS for SocialM.

A service task in PSS for SocialM is usually divided into several sub-services and
may be completed by an SC with various SSRs. A service flow includes different
kinds of relations, including sequential relation (represented by ‘—’), concurrent
relation (represented by ‘®’) and selective relation (represented by ‘@’). The ser-
vice costs of PSS for SocialM can be calculated as follows. The parameters in the
calculation formulas are listed in Table 8.1.

cr lk_Zx Za cr, (8.1)

i=1

Crorp = ZC,’:,L,( (8.2)



182 8 Product Service Systems for Social Manufacturing

K
c=Y Ciw (8.3)
k=1

The three formulas illustrate the costs of PSPs, sub-services, and services of PSS
for SocialM respectively. The service costs are one of the significant evaluation
indicators of QoS.

8.3.2 Modeling of Order-Driven Service Flow

Product-services are intangible and cannot be stored like physical products. Hence,
the make-to-stock strategy for physical products cannot be applied to services.
Only the make-to-order or order-driven strategy can be applied. To satisfy customer
requirements, service flows design must be treated carefully. From macroscopic
design to microscopic design, Shimomura developed a service modeling method
consisting of four models, that is, “flow model”, “scope model”, “scenario model”,
and “view model” [28]. It emphasizes that service flow design should include ser-
vice participators, state changes, outline and detailed service flows. In the context of
PSS for SocialM, a complex service can be divided into several simpler sub-services
which have the elements of service state (S¥), triggering condition (T k), event (E¥),
service resource (Rk) and service flow (F k), as shown in the left side of Fig. 8.5.

Petri nets are widely studied and successfully applied in workflow designing,
process modeling and flow modeling for discrete-event dynamic systems [29]. In this
section, we use the Petri net to build a service flow model because it has a well-defined
mathematical foundation and a clear graphical feature [30]. A typical Petri net can be
defined as a directed graph with three structural components, “Places”, “Transitions”,
and “Arcs”. “Places” represents states or conditions of the system, “Transitions”
describes events that may modify system states, and the relationships between places
and transitions are connected by “Arcs”. “Places” can contain “Tokens” with which
the number and position may be described during the Petri net execution. A Petri net
is a 3-tuple N = (P, T, F), where:

P={p;:i=1,...,|P|}is afinite set of “Places”,

T={t;:j=1,...,|T|}is afinite set of “Transitions”, PN T = {,

F C (P xT)U (T x P) is the set of directed “Arcs” representing flow relations,
connecting “Places” and “Transitions” together.

When applying Petri net to service or sub-service flow design, the three tuples
would have specific physical meanings, as shown in Table 8.2. Right side of Fig. 8.5
shows the sequence relation, concurrent relation, selective relation of service and
sub-service flow. In fact, a Petri net can be used to explain the logic for ordering
and selecting different relations, as shown in Fig. 8.6. Obviously, the Petri net is
able to satisfy the requirements of service flow design and can be applied to design
the required services and their sub-services. Services of PSS for SocialM emphasize
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Table 8.2 Meanings of the three tuples in different contexts

183

Typical Service Sub-service

Place (P) States States States

Transition (T) Activity States change States change

Arc (F) Between two places Between two Between two service
sub-services points

Token Resources A community Resources set

Identification (ID) Community ID SSRs ID set

Type (TY) Labor and product Labor and product
type for service type for sub-service

Quantity (Q) Quantity of labor and | Quantity of labor and
product product

Workload (W) Orders allocate to the | Orders allocate to
community each SSR

(a)

Fig. 8.6 The relationships in a Petri net. a Sequence relation, b selective relation, ¢ concurrent
relation, d selective relation

utilizing SSRs and collaboration to provide services. “Tokens” in typical Petri net is
used to represent resources for “Transitions”. However, “Tokens” only emphasizes on
existence of the resources and neglects characteristics and quantity of the resources.

Based on the advantages of resource-aware Petri net [31], we proposed an SSR-
aware Petri net with 7 tuples, N = P,T,F,ID,TY, Q, W. The extended four
parameters are defined to assist and support the “Zokens” contents, as shown in
Table 8.2. A simplified example of logistics services is illustrated in Fig. 8.7. The
SSR-aware Petri net and its corresponding explanations are shown in Table 8.3.

To sum up, in this section, an RSS-aware Petri net for service flow modeling
is presented. It highlights the SSRs description and service order allocation in the
context of PSS for SocialM, and can express service flows clearly and accurately.



184 8 Product Service Systems for Social Manufacturing

Token with resources
", | ID: loading community

y| TY: transport workers and
forklifts
Q:12and 5
W:12, 16,20,13,...,25truck

Fig. 8.7 A simplified example of logistics service with Petri net

Table 8.3 The explanation of places and transitions in logistics Petri net

Places Remarks Transitions Remarks

P Logistic order T Acceptance approval
P Not undertake T Chargeback

Ps Undertake T3 Goods consolidation
Py End T4 Goods inspection

Ps Goods for shipment Ts Returned goods

3 Disqualified goods Te Loading

Py End

Py Qualified goods

Py Loaded trucks

8.3.3 Planning, Scheduling, and Monitoring of PSS
Jor Social Manufacturing

Planning, Scheduling, and Monitoring are the core contents of PSS for SocialM. The
operational logic of these contents is shown in Fig. 8.8. For an order-driven service
mode, a service order with customer requirements and service contents is the input
of the system. According to the service order that often consists of a service package
and SSRs that belong to correspondent PSPs, service planning decides which SSRs
should be devoted to the service package, and then selects the appropriate SCs to
form the corresponding SC network. Each SC in charge of a sub-service flow of
a service and the SC network will complete the entire service flow related to the
service package. To monitor the service and its sub-service flow, some sensors are
deployed and loaded in SSRs, such as global positioning system (GPS) modules,
radio frequency identification (RFID) tags, and web-cameras. They are embedded
into physical products to track routes and monitor labors’ activities during service
processes, and monitoring data will be fed back to a scheduling center. If one or more
SSRs cannot complete their tasks with the required time or costs, the original service
planning will be changed to schedule or reschedule the SSRs to be consistent with
the new service planning.

For the participators of product-services, profits and costs are the most focused
points. Such participants always want to reduce costs and improve profits at the same
time. Therefore, service planning and scheduling should consider the economic factor
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Fig. 8.8 Operational logic of service planning, scheduling, and monitoring

of services. After an SC network establishment and service flow design, the service
planning and scheduling can be mapped into a service order allocation problem with
criterions of costs or profits. In essence, service order allocation is an optimiza-
tion problem of allocating the optimal order quantities to PSPs. Focusing on order
allocation methods, scholars proposed many kinds of optimization algorithms. For
example, Demirtas and Ustiin proposed an integrated approach to analyze network
process and multi-objective mixed integer linear programming under the consider-
ation of the cost factor [32]. Kannan et al. introduced a set of fuzzy multi-criteria
decision-making method and multi-objective programming approach for green sup-
ply chain order allocation [33]. Cebi and Otay mainly considered quantity discounts
and lead time as main factors that influence order allocation problem, and solved the
problem with a fuzzy multi-objective model [34]. Jain et al. introduced the chaotic
bee colony algorithm for order allocation with different discounting policies [35].
In PSS for SocialM, there are two types of participators, i.e., customers and PSPs.
They can change their strategies to get better payoffs independently. For customers,
they can change the quantity of orders allocating to a PSP. And for PSPs, they
can change the quantity of labors and physical products devoted to the services in
response. If a customer changes the strategy first, correlated PSPs will also change
their strategies according to the customer’s move and then the customer will response
to the PSPs’ strategies. The iterations will continue until reaching an equilibrant state.
In order to solve the problem related to the service order allocation, we use a
Stackelberg non-cooperative game model in which the leader moves first and then
the follower moves sequentially [36]. In this game model, a customer is mapped as
the leader and PSPs are mapped as the followers in Fig. 8.9. Based on the concept
of Stackelberg game model and PSS for SocialM philosophy, the customer and the
correspondent PSPs have the payoffs on costs represented by LC and F'C respectively.
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Fig. 8.9 Iterations between leader and followers of Stackelberg game

The payoffs strategies are represented by LS for the customer and F Sy, F S, ..., FS,
for the PSPs, and the gaming goal is to minimize the costs of PSPs and customer.

In order to find the equilibrium of the game (the best LS and FS for LC and
FC), a modified hierarchical Bird Swarm Algorithm (HBSA) was proposed based
on the Bird Swarm Algorithm (BSA) [37]. It mimics the foraging behavior, vigilance
behavior and flight behavior of birds. As to foraging behavior, each bird searches
for food according to its previous experience and the swarms’ experience. This
operator aims at searching for feasible solutions and finding dominant solutions. As
to vigilance behavior, birds try to move to the center of the swarm for foraging and
would inevitably compete with each other according to foraging behavior. To avoid
this phenomenon, some birds would not directly move towards the center of the
swarm and keep vigilance to avoid trapping in local optimum. As to flight behavior,
birds may fly to another site on a frequency FQ. When arrived at a new site, some birds
acting as producers would search for food patches, while others acting as scroungers
would follow the producers.

The BSA can be applied to solve single level problems, but the problem in this
section has two levels, i.e., leader level and follower level. According to the core
idea of BSA, an HBSA algorithm to solve multi-objective Bi-level programming is
proposed. Here, the HBSA consists of two BSAs, one is for solving the leader-level
problem and the other for follower-level problem. The flowchart of the HBSA is
shown in Fig. 8.10 and the corresponding parameters are demonstrated in detail in
Meng’s research [37].

According to iteration results, customer and PSPs dynamically adjust the service
strategies to minimize the service costs. In the real case, however, the evaluation indi-
cators between customers and PSPs include not only the costs but also the indicators
of QoS. Thus the Stackelberg game model will turn into a multi-objective Bi-level
optimization problem, which requires further study in depth.
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8.3.4 Service Quality Evaluation

After modeling the service capacity, service capabilities, service flow, and operation
principles, an integrated PSS for SocialM is proposed. However, it is still unknown
that whether the PSS for SocialM has the ability to provide high-efficient and sus-
tainable services. It is quite necessary to evaluate its QoS from different perspectives
with various criterions. Actually, QoS is the description or measurement of the over-
all performance of a service that originally applied to telephony computer network
services. It considers service response time, packet loss, transmission delay and so
on. Recently, QoS is used to evaluate common services and product-services based
on its principle [38].

For a kind of product-service, the QoS evaluation can be classified into two cate-
gories. The first is to make an evaluation before service operations to predict unex-
pected failure and adjust unexpected service operations accordingly in advance. The
second is to do an evaluation after service operations to provide a reference or guid-
ance for future work by analyzing the service results. The common QoS evaluation
processes are illustrated in Fig. 8.11. Qu et al. conducted an evaluation analysis
through three aspects, that is, customer value, sustainability and trade-offs between
them [39]. Yoon et al. pointed out that evaluation must be considered from two aspects
including evaluation from the viewpoint of PSS providers to find the potential risk,
and evaluation from the viewpoint of customers based on their satisfaction degree
[40]. Key performance indicators (KPI) can be used for measuring and evaluating a
service with criterions on service production, customer requirements and so on [41].
The relative weights of the criteria are determined by using fuzzy analytic hierarchy
process [42].



188 8 Product Service Systems for Social Manufacturing

- QFD

Benefits

Customers

: + Economic * Fuzzy method * Weight

* PSPs = “« Environment * Rough set * Knowledge
. _a‘\uthfmucs: o Sintal « AHP * Redesign

: Multiple o *  Value model * Models

Fig. 8.11 The common processes of QoS evaluation

On the basis of synthesizing the above viewpoints, a Quality Function Deployment
(QFD) based evaluation method is applied to evaluate the effects of a service con-
cerning customers served [43, 44]. The four evaluation steps are detailed as follows.

The first step is about evaluation perspectives. QoS can be evaluated from various
perspectives based on the focus of stakeholders. Customers always pay attention to
value creation, service result, and effect. While PSPs care more about service sustain-
ability, economic income, and competitive power. The authorities keep a watchful
eye on social and environmental benefits which are provided by the product-services.
Generally speaking, scholars choose one or two perspectives as entry points to eval-
uate whether a product-service can satisfy the criterions or not, and draw lessons
from the evaluation results.

The second step is concerned with evaluation criterions. Different evaluation per-
spectives require corresponding evaluation criterions. Product-service evaluation cri-
terions can be classified into three categories, that is, economic criterion, environment
criterion, and social criterion. For economic criterion, added value, consumption and
price are the most significant indicators. For environment criterion, energy consump-
tion, hazardous materials, and emissions of pollutants, etc. are the main indicators.
And for social criterion, different service scenarios have different indicators, such
as health and safety, customers’ culture, job creation, etc. An evaluation criterion
may have multiple evaluation indicators and an evaluation indicator can be applied
to multiple evaluation criterions.

The third step is about evaluation methods. Before calculating the values of eval-
uation indicators, the weight of each indicator should be tackled first. Since different
weights of indicators have varied effects on QoS, greater weight indicator has greater
impact on evaluation criterion, and vice versa. Fuzzy computation and analytic hier-
archy process (AHP) methods are always applied to evaluate the weights [42]. In
fact, AHP is a structured technique to organize and analyze complex decisions. To
improve the precision of AHP, fuzzy computation is integrated with AHP, such as
triangular fuzzy numbers and so on. Even though the evaluation criterions and indica-
tors have been determined, different calculation formulas still need to be considered
for service evaluation. There are no consensus formulas for evaluation indicators,
which should be adjusted according to the characteristics of the service.



8.3 Key Enabled Technologies 189

The fourth step is concerned with evaluation results. QoS evaluation can be
classified into two categories, i.e., evaluation before service operations and evalua-
tion after service operations. Hence, the evaluation results also have corresponding
attributes for different kinds of product-services. Due to lack of related knowledge
about product-services, PSPs may suffer from unexpected failure during the services.
Therefore, necessary service evaluation before service operations should be used to
assist the PSPs to optimize and adjust their service strategies. When a service is
completed, the service results should be saved into knowledge base as references for
future service design and operations. Some product-service models can be abstracted
from the knowledge base. In this way, new product-services can be redesigned rapidly
by changing the parameters of the models.

The evaluation of QoS plays a role in instructing product-service design and
operations. With the above four steps, a product-service may have various evaluation
results from different perspectives. It should be pointed out that different evaluation
formulas should be applied to different types of product-services according to their
natures.

8.4 Examples

In this section, two typical commercial applications are utilized to verify the effec-
tiveness and efficiency of PSS for SocialM. One is from a logistics company where it
outsources its logistics orders to individual truck drivers so as to realize wide coverage
and high-efficiency logistics services. Another is from an air-conditioner manufac-
turing company where it outsources its transportation service, installation service
and MRO service to related product-service SCs, and the company only focuses on
the assembling operations which are the core work of producing air-conditions.

8.4.1 Electronic Product Trucking Services Through
Individual Truck Drivers

Nowadays, logistics services have become an important content to support product
manufacturing activities. However, there are still many problems to be solved. The
first one is low degree of logistics resources intensiveness. When goods are sent from
city A to city B in the form of “Express”, they need to be transferred among many
locations. It means that the logistics company has to set up lots of stations and hire
many drivers to handle the goods. The second one is asymmetric information between
senders and truck drivers. The processes of logistics are complicated and unstable
due to the various natures and transportation routes. Because of the asymmetric
information of every logistics process, it is difficult for logistics companies to select
the optimal transportation route, transportation mode and transportation strategy so
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Fig. 8.12 The operational logic of the logistics service platform

as to increase the logistics costs and waste their transportation capacity. The third one
is lack of professional logistics. The types of goods are different, including fragile
goods, frozen goods, large-scale goods, etc. Different goods should be transported
in specialized transportation methods which require specialized transport vehicles.

To solve aforementioned problems, the logistics company, called as RRS, estab-
lished a logistics service platform based on the theory of PSS for SocialM. The
operational logic of the logistics service platform is shown in Fig. 8.12.

The platform is based on the instant interactive information network to attract
individual truck drivers, and then truck drivers are classified into SCs for various
logistics services. The classifying principles include delivery range, carrier type,
“Express” type and carrier capacity, as shown in Fig. 8.13. Based on the classifica-
tion principles, logistics resources can be classified into different logistics SCs. The
platform selects and organizes suitable SCs to form the logistics SC network through
matching the resources’ capabilities with customer requirements. In the procedure of
network forming, the platform applies artificial intelligence algorithms to do service
planning and scheduling so as to maximize transportation capacity and minimize the
logistics costs and logistics time. During the transportation process, cellphone, GPS,
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Fig. 8.13 Classifying principles for logistics resource

and web-camera are equipped to ensure the real-time monitoring of the conditions
of trucks and goods, and send instant messages to the truck drivers about the weather
and road conditions. On the other hand, customers can use the APP or website to
obtain the goods information about their locations and expected arrival time.

Besides logistics services, RRS has proposed the installation services especial for
household appliances. The company has been training the truck drivers on how to
install the common household appliances, this indirectly increases the incomes of
truck drivers and satisfy the needs of customers at the same time.

In general, this logistics company takes advantage of PSS for SocialM to form a
logistics service platform which integrates individual truck drivers into SCs based
on customer requirements. Some advantages can be drawn. The first advantage is to
utilize logistics resources with high efficiency. With optimal logistics routes, truck
loading and order allocation, the platform builds a bridge between goods and trucks
to maximize the logistic capacity of the company. The second advantage is to share
information. The platform provides instant communication tools, so truck drivers can
share logistics information with each other and eliminate asymmetric information.
The third advantage is to provide professional logistics services and add-value ser-
vices. For some special goods, such as fresh food, medicines and electronic products,
professional truck drivers and carriers are required. The platform classifies logistics
resources into different SCs to provide specific professional logistics services for
certain goods. Installation services and some others add-value services are proposed
for better service experiences.

8.4.2 Air-Condition Service System for Social Manufacturing

Air conditioner is a common electric appliance in our daily life and we usually buy
it from the market. Currently, people from a lot of public places such as office spaces
and dormitories want to buy “cooling” and “heating” services instead of buying air
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Fig. 8.14 The operational logic of the air-conditioner service platform

conditioners so as to save money. About from 2016, an air conditioner manufacturer,
called as HR, started a financial leasing program in which HR rents its products
to customers to provide “cooling” and “heating” services and add-value services
around an air conditioner, such as installation, cleanout, MRO, etc. The customers
just pay for the “cooling” and “heating” services without buying any air conditioner.
To realize this result-oriented PSS, HR decomposed its resources into several service
sectors. Sometimes, HR’s service capacity cannot satisfy the customer requirements,
the external PSPs should join in the service processes with their service resources.
In this context, HR, as a core enterprise, builds an air-conditioner-service platform
based on PSS for SocialM philosophy, manage and control it. The operational logic
of the air-conditioner-service platform is shown in Fig. 8.14.

Since this product-service mode is core enterprise driven PSS for SocialM, the
service resources of external PSPs serve as the assistant for the core company. Within
the financial leasing program, HR manufactured customized air conditioners and rent
them to the customers without payment concerning products. The customers just pay
for the “cooling” and “heating” services of the air conditioners and the service fees
can be calculated according to the followed formulas:

T=K;xCx(Kp,xTp+K,, xT,, + K; x Tp) (8.4)
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where T is the equivalent running time of an air conditioner, and K, is the running
time of an air conditioner. C denotes the operation mode of the air conditioner,
refrigeration or heating. Ty, T,, and 7; are the running time of an air conditioner in
high-grade, middle-grade and low-grade respectively. T;, T,, and T; represent the
grade coefficients of high-grade, middle-grade and low-grade respectively. E is the
unit price of the air condition service and o represents the loss coefficient of an air
conditioner.

The core enterprise HR provides the most important “cooling” and “heating” ser-
vices and monitors correspondent service processes, the external PSPs assistant the
core company to complete add-value services around an air conditioner. The SSRs
that belong to external PSPs and service resources from HR are classified into SCs
according to their service types and service capacity. Then a SC network is estab-
lished. It should be pointed out that the product-services around an air conditioner
are heterogeneous. It means that different SCs provide different product-services.
According to the continuity of the product-services, SCs can be classified into three
types, that is, one-time service SC, intermittent service SC and continuity service
SC.

After service planning, each SC in the SC network completes one or several
services divided from the entire air-conditioner-service package. The sensors and
corresponding software are embedded in air conditioners to collect operating data,
monitor service processes and operate states. The operating data will be transferred
to the platform and feedback the analysis results to HR. Based on the results, HR
can optimize the product-service strategies to increase product-service quality and
maintain continuous relationships with customers. The customers can monitor the
service processes and product states with APPs installed in their cellphones, with
which the customers can also participate in the service processes and send their new
requirements to HR.

In 2017, for example, HR has installed almost 70,000 air conditioners to dor-
mitories of 12 universities and provides 200,000 times “cooling” and ‘“‘heating”
services including repair services. In this way, HR has occupied the air-conditioner
market of the university by providing “cooling” and “heating” services and has
accumulated enough product-service experiences to compete with others. The air-
conditioner-services create a solution that benefits everyone. On the one hand, sell-
ing air-conditioner-services bring continuous profits for HR, On the other hand,
customers can pay less money to acquire the services they need.

8.5 Concluding Remarks

In this chapter, a novel service mode called PSS for SocialM is proposed to realize
mass service collaboration. This mode addresses MSSEs within an SC by collabora-
tion and competition to satisfy customers’ requirements and realize product-service
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value adding. By means of analyzing the implementing architecture and key enabled
technologies, we believe that PSS for SocialM can assist MSSEs to realize and adapt
product-services. The two practical cases also confirm the feasibility and effective-
ness of PSS for SocialM, even though there still are some unsatisfactory aspects.
As a newly proposed method, our researches on PSS for SocialM are mainly from
theoretical perspective. Hence, more practical applications should be carried out to
fully develop and verify this novel business mode.
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