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Abstract. Industrial companies usually have a defined product development 
process, but they lack a sufficiently defined service development process as 
found in traditional service companies [1]. Many firms recognize that the exist-
ing corporate structures and processes do not allow for efficient development 
and market positioning of innovative services. In addition, they are faced with 
the problem of being poorly equipped with appropriate approaches, methodolo-
gies and tools for an efficient development of services. Other problems can in-
clude the high complexity of services, missing organizational structures, lack of 
innovative climate and inadequate qualifications [1], [2]. It should be empha-
sized at this point that the lack of service performance assessment and monitor-
ing is the cause of errors, redundancy and duplication of work between the main 
actors of industrial service ecosystem [3]. 

In this respect, the purpose of this paper is therefore to lay the foundations 
for a monitoring and controlling framework related to an industrial service eco-
system. These foundations are based on establishing methods and tools to  
select, identify and use proper KPIs within an industrial service ecosystem. Ac-
cordingly, monitoring framework will support enterprises to control their goals 
and decision-making processes within the industrial service ecosystem while 
providing them a monitoring cockpit. 

Keywords: Monitoring Framework, Industrial Service Ecosystem & Key  
Performance Indicators. 

1 Introduction 

In the present economic climate, the service sector is becoming increasingly impor-
tant for developed economies generally. In the European Union the service sector 
creates about three quarters of the overall Gross Domestic Product (GDP) [4] and has 
high impact on the European labor market, as almost three-quarters of all European 
jobs are allocated here [4]. Moreover, firms - industrial companies in particular - are 
striving to become more service-oriented in order to meet users’ expectations and 
customer’s requirements [2].  

As far as the creation of high value services in industrial ecosystem context 
through methods for monitoring and controlling the service ecosystem is concerned, 
all actors in the industrial service ecosystem need to learn how to combine their  
complementary core competencies across sectors, and how to share highly specialized 
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knowledge about new functions, features, and processing procedures [5]. Also prob-
lems like bureaucracy, inefficiency or missing process quality are tackled by func-
tional modules that are encapsulated by business as well as IT services. Therefore, 
ecosystem monitoring and governance can be used as a set of guidelines to adapt, 
coordinate and safeguard autonomous action performed by different actors, collec-
tively working on a joint plan determined by collaboration, where risks, resources, 
responsibilities and rewards are shared to achieve a common goal.  

Furthermore, Service management needs to be able to measure and control the ser-
vice system in order to ensure maximum productivity. By using monitoring and con-
trolling framework we will be able to elaborate the framework as a useful method to 
help the ecosystem to evaluate their service systems. Apart from analyzing the service 
system, the framework will provide, collect and share the results of the controlling 
activities among service ecosystem members.  

Monitoring and controlling framework will allow regular observation and record-
ing of activities, controlling and measuring actual performances and presenting a 
visualization system which can guide the industrial service ecosystem on taking cor-
rective actions. The results of the monitoring framework, then, can be fundamental for 
decision making. Likewise, monitoring and controlling framework will be able to give 
a method of assessment to optimize the resources and support decision making. This 
will be useful to provide the partners with effective solutions for governance. 

Finally, we will propose the monitoring framework by means of visualization me-
thod to visualize the data as a guiding strategic tool. This framework will be inte-
grated into the service ecosystem platform to support service management, exchange 
and evaluation within the manufacturing networks. 

The next section will discuss and analyze different methods and frameworks. Rele-
vant connections between monitoring and service activities will also be highlighted 
and finally, a conceptual schema for monitoring framework will be proposed.  

2 Relevant Monitoring and Controlling Methods 

In this section some relevant existing control systems which support the decision making 
within the industrial service ecosystem will be analyzed. A few tools (recommendations, 
models, methods, systems and frameworks), proposed by various researchers and practi-
tioners to control and monitor performances, are going to be studied. This paper, then, 
will focus on defining the specific components and elements necessary to control and 
monitor. Each methodology has its own criteria, so in order to align with the objectives 
of the paper, we will try to select and extract just the components and elements which are 
important to monitor and evaluate the industrial service ecosystem within its internal 
departments and the ecosystem network by integrating them with ICT tools. 

As mentioned in the last section the purpose of this paper is to lay down the foun-
dations of monitoring framework, by using the world of frameworks, methodologies 
and tool boxes which can support various levels of performance indicators in the in-
dustrial service ecosystem. So, according to aforementioned importance we will focus 
on the three extracted models for the classification of industrial service ecosystem 
activities.  
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2.1 GRAI (Graph with Results and Activities Interrelated) Model 

The GRAI method is an enterprise modeling method that can represent and analyze 
the operations of all or part of a production activity. The strength of the GRAI method 
lies in its ability to enable modelers to effectively model the decision-making system 
of the company, i.e. organizational processes that generate decisions [6]. 

Meanwhile, the GRAI model describes the control of a variety of organizations us-
ing a combination of system theory, control theory and particularly hierarchical 
theory. Indeed, even if each project task is clearly defined, the main difficulty con-
cerns its management: what are the required decisions to take periodically to manage 
tasks? The GRAI decisional Grid aims to define the “set of decisions” from the stra-
tegic level (where the horizon is longer than the project duration in order to take into 
account the dissemination) to the tactical and operational levels [7]. This model de-
fines a reference model of decisions for project management. It defines also periods in 
a horizon: the periods determine the timing to check the results. 

 
Fig. 1. GRAI conceptual model [8] 

The Method is composed of three main building blocks. The first one is the reference 
model, called GRAI model, which is a consistent set of concepts that models any produc-
tion system. Therefore it is clearly independent of the case upon which the method is 
applied. The second building block is concerned by graphical modeling languages that 
enable to instantiate the concepts of the GRAI model to build the specific model of the 
studied case. Finally, the third is a structured and participative approach in which actors 
and steps are defined. The purpose of such an approach is to act as effectively as possible 
and to save time. The interest of a conceptual model is to relate the various concepts in 
order to show their coherence, to avoid redundancies and to have a complete model. 
Generally, in the GRAI model for typical enterprise, six functions are taken into account: 
to manage production, to manage sales, to manage design, to manage development, to 
manage production, to manage assembling, and to manage delivery.  

By synthesizing the GRAI model with the next two methods which will be ex-
plained in next sections, we will try to make a hierarchical decomposition to facilitate 
the integration between decisional levels and between functions. 
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2.2 The Model Driven Service Engineering Architecture (MDSEA)  

The proposed MDSEA framework defines KPIs for the monitoring of the service 
ecosystem and analyses the KPIs in terms of implementation. KPIs can be separated 
into three components: IT, Organization and Human resources. The criteria of these 
performance indicators will be related to traditional performances such as cost, quali-
ty, lead time and efficiency, as well as other kinds of performances such as interope-
rability, flexibility, environment, etc. 

By defining the framework for service ecosystem modeling around three abstrac-
tion levels which will be defined below, we will aim to accomplish this framework by 
dividing the KPIs into three separate components: Business Service Modeling (BSM), 
Technology Independent Modeling (TIM), and Technology Specific Modeling (TSM) 
[9]. The mentioned components are important for forming the foundation to monitor-
ing the performance indicators within the ecosystem. In the section below, a brief 
definition of mentioned components are considered: 

- Business Service Modeling (BSM): specifies the models at the global level, 
describing the running of the enterprise or set of enterprises as well as the 
links between these enterprises. 

- Technology Independent Modeling (TIM): is the model at a second level of 
abstraction, independent from the technology used to implement the system. 

- Technology Specific Modeling (TSM): combines the specification in the 
TIM model with details that specify how the system uses a particular type of 
technology (such as, for example, IT platform, Machine technology organi-
zation structure or human profile). 

So, based on the decomposition above (BSM, TIM & TSM) it is necessary to ensure 
that at each level of decomposition, performance evaluation is possible. The frame-
work of the performance indicators is shown in figure 2, below.  

 

Fig. 2. Performance Indicator in the frame of MDSEA 
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MDSE Architecture and GRAI Model have been chosen on the basis of the decompo-
sition by level of decision and decomposition by abstraction level. On the other hand 
the next section will explain Unified Governance Framework (UGF), which will fo-
cus on aiding enterprises in implementing consistent governance with a certain focus 
on the use of ICT and ICT-based services.  

2.3 Unified Governance Framework 

This section aims to explain Unified Governance Framework (UGF) model and its 
related components by highlighting their advantages and synthesizing the main issues 
with previously mentioned methods. 

IBMs Unified Governance Framework (UGF) [10] is intended to cover the entire 
field of enterprise governance, with a focus on how IT-related services and compo-
nents can support governance. The main purpose and novelty of UGF is to serve as a 
framework also for the governance-enabling technology for the overall enterprise 
governance field. In the diagram of the UGF below, the inner three layers are those of 
an enterprise, while the outer (red) layers represent the environment. 

The core of UGF is the highest-level components, which are shown in figure be-
low. A component model is a grouping of related functions and capabilities into com-
ponents that communicate through relatively well-defined interfaces. A component 
can contain organizational, structures, processes, people, and technology. The specific 
purpose of UGF is to focus on enterprise governance, i.e., to distinguish and describe 
governance components in more depth than the rest of the enterprise. Three specific 
layers are described on the following figure and they may be referred to in the service 
management sector as well as in the organization as a whole. 

 

Fig. 3. – UGF layers 

In the strategy layer, the normal enterprise capabilities are summarized. Gover-
nance deals with three main aspects: business performance goals, legal issues, and 
risk. In the strategy layer, aspects involve overall analysis, goal setting, and estab-
lishment of appropriate organizational structures, such as service performance goals 
and measurements.  
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In the tactical layer, the normal enterprise capabilities are defined in terms of process 
and information management, and resource management. The former corresponds to 
business parts organized by lines of business and business processes, the latter to func-
tional units like IT, HR (human resources), and facilities. Each of the component’s per-
formance management, controls management and risk management, correspond to the 
strategy component above it. In the operation layer, the normal enterprise capabilities 
are evaluated in a similar way and they are based on day-to-day tasks.  

Finally, with reference to the UGF model’s core components, GRAI decomposition 
model by level of decisions, and MDSE Architecture by level of abstraction; we aim 
to generate a new service monitoring framework by synthesizing the three models 
mentioned above. 

3 Conceptual Schema for Monitoring Framework (Proposition) 

In this section, we present a proposition of a conceptual schema of monitoring frame-
work in which GRAI and MDSEA models have been synthetized with UGF model in 
order to create a conceptual monitoring framework. Conceptual monitoring framework 
will be developed to support service ecosystem in order to achieve the following goals: 
 

- To support the service performance assessment to monitor performances and 
prevent errors causing and redundancy or duplication of work among the 
main actors of service ecosystem; 

- Facilitate the integration between decisional levels & functions. 

Relevant methods, which are useful to generate and control service monitoring, have 
been studied in this research. All the requirements need to be separated into the three 
levels of decomposition (strategic, tactical and operational) on the basis of the MDSE 
Architecture in order to classify quantity and quality KPIs inside one unique model.  
 

 

Fig. 4. Conceptual schema for monitoring framework (proposition) 
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Relevant PIs and KPIs can be then generated on the basis of the requirements iden-
tified inside the monitoring framework. They can be presented in three levels, as  
following the decomposition of BSM level (i.e. Strategic, Tactical and Operational). 
The remaining KPIs which are collected in TIM and TSM levels specify the parame-
ters which can be used as a supporting means with reference to technology implemen-
tation. The MDSE Architecture has been used, therefore, as a filter for KPIs, in  
order to define in detail which parameter is affecting which functions inside the SLM 
(Service Lifecycle Management) of a service system and at which level within the 
enterprise environment. 

As it is possible to notice from our proposition of the Conceptual schema for moni-
toring framework, several phases have been identified inside the Service monitoring 
management axis. These phases have to be considered like the “functions” which 
have been identified and used in the GRAI method. These functions have been identi-
fied following the service life cycle phases. Service engineering components can  
cover the whole service lifecycle phases from early stages, where both intrinsic and 
extrinsic parameters and requirements should be defined and measured, to the final 
decommissioning steps, which could give rise to further business opportunities (recy-
cling, refurbishing, different use, etc.). 

As it has been discussed above, the functions can be simplified in order to set the 
assessment just during particular phases. As far as the SLM is concerned, we can 
consider upper phases related to Service ecosystem (identification, concept, require-
ment) and lower phases to manufacturing enterprises (design, implementation, opera-
tion, decommission). The conceptual schema for monitoring framework tries to  
synthesize MDSE Architecture with the modeling of a service system along the SLM 
lifecycle. BSM aims at elaborating high abstraction level model from business users’ 
point of view. TIM gives service system specifications independent of technology for 
implementation. TSM adds necessary technology specific information related to im-
plementation options. The aim of this framework is to help end users represent and 
describe the intended service and its system from various points of view, and give 
structure in order to help the decision making and the controlling activities. 

4 Conclusion 

In this paper a monitoring methodology has been proposed in order to support and 
define a clear monitoring framework to be used by industrial service ecosystem. Sev-
eral methods have been studied and synthesized in order to create a monitoring 
framework for service: GRAI method, UGF and MDSEA. 

It should be emphasized that the proposed conceptual framework can represent a 
clear and open structure to share knowledge and resources among the partners inside 
the industrial service ecosystem. Therefore, the framework needs to integrate within 
the service ecosystem platform so as to support service management, exchange and 
evaluation within the manufacturing networks. The framework can also be used as a 
supporting toolset to generate specific KPIs related to end users’ core activities. 

Further steps are needed in order to validate the mentioned framework within a real 
condition in an industrial service ecosystem.  
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