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Abstract: The novel idea of inter-enterprise architecture from the enterprise engineering perspective 
allows collaborative networks to integrate and coordinate different organizations. Therefore, inter-
enterprise architecture offers multiple benefits, including: joint process harmonization, business 
strategy and information technology alignment, technological cost reduction, risk and redundancies 
reduction, customer services improvement and enhanced responsiveness.  Inter-enterprise 
architecture can be used to solve the different issues that collaborative networks face on a daily 
basis. A conceptual model that addresses the problem of unexpected events management in the 
context of hierarchical production planning to improve decision making in collaborative 
environments is proposed using of inter-enterprise architecture. The proposed conceptual model 
comprises of a framework, a modelling language and the methodology. The conceptual model has 
been applied to a Spanish collaborative network from the ceramic tile sector. 
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1.   Introduction 

 
The rapidly changing economic and global environment necessitates companies to evolve 
in order to react effectively to continuous and varying changes. As a result, companies 
need to engage in collaborative networks (CN) to effectively and synergistically 
overcome these vicissitudes.  To enable this, inter-enterprise architecture (IEA) facilitates 
the integration of business processes with collaborative networks, in line with existing 
Information Systems/ Information Technology (IS/IT) [1].  

Information technology improves the value chain by changing the way companies do 
business [2]. Decision support systems (DSS) as part of IS/IT, support decision-making 
processes in different situations, such as: production planning, inventory control, 
purchase planning, and distribution planning among others. In this paper, we focus on the 
use of decision support systems in the context of hierarchical production planning (HPP) 
in collaborative environments. 



 
 

Production planning is extremely complex, and therefore it is difficult to develop a 
single model to represent the complexity.  Hierarchical production planning facilitates 
decision-making by decomposing the problem into sub-problems, in the context of an 
organizational hierarchy where decisions of the higher levels impose restrictions at the 
lower levels [3], which supports the development of manageable models and views. 
Decision support systems for hierarchical production planning rapidly guide decision 
makers to assimilate information and ensure effective decision-making. However, most 
systems are designed without taking into account different unexpected events or 
disruptions, because of the perceived difficulty of representing uncertainty in the models.  

There is little empirical evidence connecting the fields of inter-enterprise architecture, 
hierarchical production planning and decision support systems, which leads to the 
question: “Is it possible to link the above fields to solve the problem of unexpected events 
in hierarchical production planning?”. In order to answer this question, this paper 
presents a review of the fields and their relationships, and sets out the research question. 
The main components of the inter-enterprise architecture that address the specific 
problem of unexpected events in hierarchical production planning are proposed. The 
conceptual model is applied to and validated on a collaborative network scenario based 
the Spanish ceramic tile sector.  

The paper is structured as follows: Section 2 describes the related work in the fields 
of: enterprise architecture, hierarchical production planning and decision support 
systems. Section 3 presents the conceptual model of the inter-enterprise architecture, 
which integrates the three main components (framework, modelling language and 
methodology) that address the challenges and problems of unexpected events handling in 
hierarchical production planning to enable collaboration between organisations that make 
up the supply chain. Section 4 presents the application of the proposed conceptual model 
of inter-enterprise architecture to the case study. In section 5 the results, main 
conclusions and suggestions for further work are presented. 

2.   Related work 

2.1.   Inter-enterprise architecture  

The area of enterprise architecture stems from the field of enterprise engineering. 
Enterprise architecture provides a set of principles, methods, models and tools for 
analysing, designing and redesigning elements, such as, organizational structures, human 
resources, business processes, information systems and technology infrastructure and 
identifying the relationships and linkages between these elements. Therefore enterprise 
architectures enable the company to be represented in a holistic and integrated 
perspective, to achieve the business objectives and facilitate decision-making [4]. In 
recent years, a number of enterprise architectures have been proposed, including: 
CIMOSA [5], GIM-GRAI [6], PERA [7]; GERAM [8], IE-GIP [9,10,11,12,13] ARIS 
[14] and TOGAF-ADM [15]. 



 
 

The common high level elements that link these enterprise architectures together are: 
framework, methodology, and modelling language [16]. These elements must be included 
in enterprise architectures for successful implementation within the organisation, 
allowing to model enterprises holistically. The framework represents a simple structure of 
the elements that make up the enterprise [12] and shows how the elements are related and 
integrated. The modelling language allows for modelling, organizing and understanding 
the relationships between elements of the enterprise using building blocks to describe 
them [4]. The methodology facilitates the implementation of the framework, step-by-step 
through the use of the building blocks defined by the modelling language [17].  

Vargas et al. [1], proposed the concept of inter-enterprise architecture (IEA) by 
investigating the application of enterprise architecture in collaborative enterprises. As a 
result of the study, enterprise architecture was adapted and extended to support the 
modelling of collaborative environments by integrating several enterprises that make up 
the supply chains and networks. Inter-enterprise architecture supports the integration of 
collaborative processes in enterprises with their information systems and technology 
systems, to support joint processes, reducing risks and redundancies and increasing 
customer service responsiveness. Inter-enterprise architecture can be applied to different 
decision domains in collaborative networks, such as strategic planning, procurement 
planning, inventory planning, production and control planning, and distribution and 
logistics planning.  In this paper, we focus only on production planning and specifically 
hierarchical production planning in order to facilitate decision-making in collaborative 
networks. The following sections describe the main elements of hierarchical production 
planning and decision support systems and their relationship. 
 

2.2.   Hierarchical production planning (HPP) 

To reduce the complexity of the system, collaborative and productive activities, and in 
particular planning and control, should follow a hierarchical approach that allows 
coordination between the objectives, plans and activities at strategic, tactical and 
operational levels [18]. In this hierarchical approach, each level will pursue its own goals, 
but will be constrained by the higher level, on which they depend, and will result in 
restricting the lower level [19,20]. In the hierarchical production planning systems, the 
decisions problems are split into sub-problems. Each sub-problem corresponds to a 
decision-making level in the organizational structure, and mathematical decision models 
are constructed to solve each sub-problem, which have different planning horizons, and 
allows the aggregation and disaggregation of information across hierarchical levels [21].  

The classical tools available for production planning are not designed to handle 
uncertainty or respond to unexpected events. When an unexpected event occurs during 
production, production managers try to fix them manually which is often inefficient, or 
through costly re-planning of production planning schedules [22,23]. These approaches 
often lead to long production stoppages, reducing productivity and continuity of the 
chain, and decreasing customer service. Therefore, the lack of proper management of 



 
 
unexpected events in production planning creates a bottleneck that must be addressed in a 
timely and efficient manner [24]. Disregarding the management of unexpected events in 
production planning means response times and current inventories are often excessive, 
while resource utilization is low and end dates of the products cannot be controlled with 
precision [25]. Current planning techniques focus on optimizing the manufacturing flow 
with deterministic data storages locally. All this results in the need to design and create 
new tools to optimize the overall production flow along the collaborative networks, 
taking into account the different types of unexpected events that may occur. 

In the context of production planning the arrival of unexpected events affect the 
normal planning performance. Preparation for unexpected events, such as the lack of 
available material, rush orders, production time variation, quality problems and faulty 
machines, is vital to guaranteeing business continuity. Therefore, these events need to be 
addressed by the hierarchical production planning systems. How to handle unexpected 
events through flexible and robust manufacturing systems have previously been discussed 
in the literature [26,27]. However, most of the work in these areas only considers certain 
types of unexpected events such as lack of available materials, production time variations 
and rush orders, or provide limited assistance to the way people react. There are no 
practical cases or research that takes into account the management of different types of 
unexpected events in an integral way. 

The ideal iteration of a production planning system is to be able to detect abnormal 
behaviour in the system, determining the type of disruption and continuously proposing 
alternatives depending on the type of event that occurred. Determining the type of 
unexpected event is important because the system will be affected differently by each 
type of event, and requires different decisions to be made. Production systems that are 
able to react to various unexpected events, have to achieve the goal of a coordinated 
adaptive behaviour during execution of production activities, by responding dynamically 
to changes that occur while customer demand is satisfied in a cost-effective way [28]. In 
this type of system, it is important that the system acquires historical data and 
information to learn from past events [29]. 

Darmoul et al [26], define a typology of the different kinds of unexpected events or 
failures that can happen in a manufacturing system and therefore affect production 
planning. This typology defines that unexpected events could originate from the 
following entities: suppliers, resources, products and customers. Each of these entities 
would generate specific unexpected events that are related to them. A number of authors: 
[18, 21, 23, 27, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39] have identified a number of 
unexpected events and partially or completely agree with Darmoul et al [26]. In the 
literature, an additional specific unexpected event, production time variation, has also 
been proposed [ 21, 23, 25, 31, 37, 38].  This event can be added to the “production” 
typology. Table 1 shows an extension of these specific events based on empirical 
evidence collected from our case study. In Table 1 grey cells represent the extension of 
this typology and the table maps the relationships between the theoretical and empirical 
definitions.  

 
 



 
 

Table 1. Unexpected events definition from theoretical and empirical points of view 
Entity Theoretical unexpected event 

definition  
Empirical unexpected event 

definition  

Supply 
Delays Delays 

Quality problems Difference in quantity ordered  
Quality problems 

Resource 

Machine breakdowns Machine breakdowns 

Tools breakage Tools breakage 

Labour problems Workers sickness 
Workers under performance 
Workers high performance 
Strike 

Production 

Scraps management  Low raw material utilization 
High raw material utilization 

Quality problems Quality problems 

Production times variation Low performance in production 
High performance in production 

Product rejection Returns for low quality 
Returns for delay in delivery 
Refunds for early delivery 

Customer 

Rush orders Rush orders 

Order modification Order modification 

Order cancelation  Order cancelation 

In order to manage each and every specific unexpected event in an integral way, it is 
necessary to consider different factors for its management such as, duration of the 
disturbance (estimation of how long can an unexpected event last) and criticality of the 
resources involved (which relates to substitution of resources) [30], as well as the impact 
(high: related to strategic decisions, or low: related to operational or tactical decisions) 
[27]. 

2.3.   Decision Support Systems (DSS) 

Information systems, which provide necessary information for managers to make their 
decision, have become key elements in the decision-making process. Therefore, decision 
support systems are indispensable tools not only to obtain an optimal solution, but also 
how to obtain a broad and deep view of the problem. 

A decision support system can be defined as: "an interactive information system used 
by decision-makers, which is flexible and adaptable based on information technology, 
models and data with the purpose of supporting decision-making, providing useful 
information to decision-makers at all levels of an organization, enabling the achievement 
of the objectives set by the organization" [40,41,42,43]. 

According to [43] and [42] the three main components of decision support systems 
are: Database Management Systems (DBMS), Model Base Management Systems 
(MBMS) and the User Interface Systems (UIS). The implementation of these components 
depends on each decision context. In the next section, the role of decision support 
systems in relation to hierarchical production planning is considered.  
 



 
 
2.3.1.   Decision support systems and hierarchical production planning  

Information systems within organizations are becoming more important to support inter-
company transactions, as well as to facilitate decision-making through increasingly 
complex systems that guide decision makers in processes where it is necessary to 
assimilate large volumes of information in a short period of time to ensure effective 
decision-making. 

A hierarchical production planning system must be able to detect abnormal behaviour, 
determine the type of disruption and continually propose alternatives depending on the 
type of event. Determining the type of unexpected event is important because the process 
will be affected differently and will require different decisions to make. In this context, 
the way the decision maker sees the information can accelerate his/her perception, 
provide insight and control, and harness the large volume of valuable data to gain a 
competitive advantage in making decisions [44].  

Collaborative networks will need to adjust processes, products and services in a 
competitive market, adapting to new organizational forms, and providing flexibility [45]. 
Therefore, more agile processes for assertive decision-making are necessary for 
collaborative networks. Hierarchical production planning systems need to be sufficiently 
flexible in order to adapt to the dynamic environments. The area of flexibility within the 
context of hierarchical production planning systems has been studied and different 
solution proposed [46,47,48,49,19]. Their work demonstrates how the data model can be 
integrated with the hierarchical planning system. In addition to this Boza et al. [20] state 
that the logical building blocks that play an interactive role in the information system and 
decision technologies for hierarchical production planning are:  

• Data Modelling (DaM): Represents the internal structure and the external 
presentation of the data.  

• Decision Modelling (DeM): Defines the models that represent the addressed 
problem. These models are used to evaluate possible decisions in a problem 
domain.  

• Model analysis and research (MAR): This is the instantiation of decision model 
with data, model evaluation and results.  

So far, there is little evidence of research using decision support systems for 
hierarchical production planning that includes unexpected events that allow business 
continuity, a gap in the research we address in this paper. It is possible to use inter-
enterprise architecture for modelling the trends for adopting decision support systems in 
hierarchical production planning to address the specific problem of handling unexpected 
events.  

3.   Proposed IEA Conceptual Model 

Before discussing the main components of the inter-enterprise architecture, it is important 
to illustrate, through a scenario (Figure 1). In the hierarchical production planning 



 
 
scenario, the interaction between the companies is shown, without considering 
unexpected events.  

As shown in Figure 1, company 1 (leader) generates the production plan at the 
strategic level, where the data is aggregated by product families with a horizon planning 
of one year and a review period of three months based on their forecasted demand. At the 
tactical level, the aggregate planning is communicated into the same company and the 
production plan is generated, based on the planning and confirmed sales, stock levels, 
capacity and costs.  The horizon planning at this level is 3 months with a review period of 
1 month. Based on this plan, the Material Requirements Planning (MRP) is generated and 
disaggregated in products. This MRP generates product purchase orders that are 
communicated to the suppliers. Each supplier, based on the information received from the 
lead company and the internal information on stock levels, capacity and costs, generates 
its own production plan and MRP aggregated in products.  This is disaggregated in 
components to generate component purchase orders, which are communicated to second 
tier suppliers. Depending on this information each of these companies communicates to 
the lead company, whether or not it is possible to meet the order requirements on time. If 
the company cannot fulfil the order on time, the information on how many units that can 
be supplied and the delivery times is communicated to the lead company, thus enabling 
them to review their tactical plan.   

Figure 1. Collaboration workflow for hierarchical production planning 
If all the companies can deliver the orders within the agreed timeframe, the 

production orders are generated for both the leader and suppliers. The suppliers also have 
to generate purchase orders of raw materials needed to manufacture the necessary 
components for the production of end products for the leader. Finally at the operational 
level, horizon planning is one month and it is reviewed weekly. The raw materials are 



 
 
received by the supplier and the components are manufactured and delivered to the 
leader. The lead company assembles or manufactures the final product, which is then 
delivered to the end customer. It is clear this case scenario is already complex and it is 
further complicated by including unexpected events in the model, that further impede the 
normal business continuity. Therefore it is important to have decision tools to allow 
collaborative networks to manage unexpected events in hierarchical production planning. 

The proposed conceptual model provides tools to companies that have collaborative 
networks to help them improve the unexpected events management process in the context 
of hierarchical production planning, based on inter-enterprise architecture. The approach 
can provide the basis for the creation of flexible decision support systems, so that 
decision makers have alternative courses of action to maintain continuity, depending on 
the type and magnitude of the unexpected event. 

As stated in Section 2.1, an inter-enterprise architecture is considered complete when 
it includes the following elements, as a minimum: framework, methodology and 
modelling language. Therefore the present architecture is structured according to this 
premise, based on IE-GIP (the Spanish acronym that translates to ‘Enterprise Integration 
- Business Processes and Integrated Management’), one architecture used in academy and 
industry in Spain, which has its foundations in CIMOSA and PERA. The reasons behind 
the selection of this architecture and its comparison with others important architectures 
are shown in [50] 

3.1.   Framework 

In proposing a useful framework for modelling an inter-enterprise architecture, to 
facilitate unexpected events management on hierarchical production planning, IE-GIP is 
the basis of the general framework used to propose a partial framework to solve this 
problem. Thus, the phases of the life cycle and modelling views of IE-GIP are taken into 
account in the design of the partial model.  Figure 2 graphically presents the situation of 
the partial framework that we are proposing (shadow in black colour), based on the 
general framework IE-GIP.   

Figure 2. Situation partial framework related to IE-GIP. 



 
 
The proposed partial framework maintains the life cycle phases of IE-GIP at its macro 
level, because all the strategic and tactical elements are defined at this level and these 
elements represent the basis for the conceptualization, design and plan of action. The 
phases of the life cycle are interrelated, so the elements of each phase restrict and depend 
with one another, thus integration in the model is warranted. On the other hand, the 
modelling views have been merged, added or evolved, looking for a partial definition that 
address the problem of unexpected events' handling that IE-GIP's modelling views have 
not covered.  The life cycle phases and modelling views proposed for this partial 
framework are described as follow:  
Life Cycle Phases: The life cycle phases are a state of development in the life cycle of a 
collaborative network. Below is a brief description of each phase for the collaborative 
network scope:  
• Identification: The identification phase covers the identification of the domain to be 

modelled in terms of strategic business objectives and the relationship of the domain 
with the elements of their environment. The domain is the hierarchical production 
planning and unexpected events management. In this phase, it is necessary to collect 
the information and data about stakeholders, members of each company involved in 
the collaboration (organizational units), teams (organizational cells) and their 
relation with one another. 

• Conceptualization: The conceptualization phase defines business concepts that 
enable the achievement of business objectives and mastering operations including all 
the strategic elements necessary to achieve the basic functionality of the domain. It is 
jointly defined by business strategy and IS / IT strategy, which must be aligned with 
one another. At the same time, in general terms determine how and what information 
is going to be shared and how units and cells (specified in detail later) are involved 
in the joint process.  

• Definition:  The definition phase describes the functions of business in a specific 
domain in terms of business processes, business activities and inputs and outputs. It 
defines the objectives to be met to solve the problem of managing unexpected events 
resulting in meeting the associated key performance indicators (KPIs). It is also 
necessary to define the way each stakeholder is performing its AS-IS processes and 
how they want to reach a TO-BE state in the global domain (CN Processes). As a 
final point in this phase, the definition of the unexpected events and the decisional, 
data and analysis models associated to this, have to be completed.   

• Action plan:  The action plan describes the information necessary to perform all 
tasks relating to the collaboration process and how it is going to be communicated to 
the members of the organizations involved in the collaborative domain. 

Modelling views: The definition of the modelling view takes into account two 
approaches: the architecture IE-GIP [9,11] and the Framework for a Decision Support 
Systems in a Hierarchical Extended Enterprise (FDSSHEE) proposed by Boza et al [20]. 
Figure 3 shows a comparative analysis of the origin of the views of our framework.   
Seven modelling views have been proposed, in order to achieve a complete and integral 
model for collaborative networks in the context of hierarchical production planning for 



 
 
unexpected events. The classical function view has been split into two different views: 
business and process, in order to facilitate the modelling, because the business view is 
focused on strategic issues, and the process view is focused on tactical and operational 
aspects.  The organizational and resources views maintain the same structure as proposed 
in IE-GIP. The decision view has been added taking into account the elements proposed 
in FDSSHEE, in order to model the decision making process needed for solving the 
problem of unexpected events management. The data view and information view of IE-
GIP and the element related to data management in FDSSHEE have been joined together 
into the data view, so that the elements can be modeled together to simplify the 
complexity of the modeling. Finally, the application and technology views of IE-GIP and 
the element related with analysis and applications of FDSSHEE have been merged into 
the IS/IT view in order to collect and model all the information and elements related to 
information technology.  
 

 
Figure 3. Mapping of the original modelling views to the proposed modelling view 

 
The proposed modelling view descriptions, identified in Figure 3, above are defined 

below.  
• Business view: This view represents the strategic aspects that must be taken into 

account in the collaborative network, including stakeholders, domain, business 
strategy, objectives and performance assessment [11]. 

• Process view: This view includes a definition of the AS-IS processes and TO-BE 
processes, operation and processes improvement and how unexpected events should 
be managed [51,52,53].  

• Organization view: This view allows the representation and modification of 
organizational and hierarchical structures of the collaborative network and the cells 
and units involved in the domain [8].  

• Resources view:  This view represents the needed resources to complete business 
processes in the specific domain. This view includes physical and human resources 
[8]. 



 
 
• Decision view: This view refers to the decision-making system that has to be 

adopted for the business process managers. This view is invaluable to determine how 
the decisions are made in the planning process [6]. 

• Data view: Data is a valuable resource for organizations that provides information, 
thus data view and information view have been merged in a unique view, ensuring 
integration in the modelling. In the continuous learning process organizations are 
involved in, the information that they handle becomes knowledge. Thus, it is a 
differentiating asset of collaborative networks [54].  

• Information Systems / Information Technology (IS/IT) view: This view defines 
what kind of applications and technology are relevant to the collaborative network, 
the IS/IT strategy that must follow the collaborative network that is aligned with the 
business strategy [12] and finally the analysis model that seeks to link the decision 
modelling and data modelling. 

Figure 4 graphically represents our proposal of a partial framework for unexpected 
events management on hierarchical production planning. Each cell in the partial 
framework for managing unexpected events represents the intersection of a particular life 
cycle phase with one modelling view. Not all views include all life cycle phases. For 
instance, the views of process, data and IS/IT do not require the definition of elements in 
the beginning of the life cycle due to the fact that their core is in the definition and action 
plan.  

 

 
Figure  4. Partial framework for managing unexpected events on HPP 

 
3.2.   Modelling language 
The modelling language in the proposed conceptual model is based on a common generic 
set of building blocks that simplify the creation of business models, increasing efficiency 
in modelling and allowing greater understanding and interoperability between companies 
that implement it [55]. It is important to define the building blocks in order to model 
collaborative networks, which supports all phases of the life cycle. However, this does 
not mean that different building blocks exist for each phase of the life cycle. The same 
building blocks can be reused in subsequent phases, providing new and better attributes 



 
 
for capturing information that facilitates modelling.  Figure 5 shows the building blocks 
of the proposed conceptual model in relation to IE-GIP. Each building block is briefly 
described below:  
1. Domain (DO) represents the boundaries of the collaborative network in the 

collaborative context of hierarchical production planning to solve the problem of 
unexpected events handling. 

2. Stakeholder (SH) represents the number or nodes in the collaborative network 
that participate in the collaborative domain. The minimum number of nodes must be 
two.  

 
Figure 5. Situation building blocks proposed vs. IE-GIP 

 
3. Business strategy (BS) represents the mission, vision, values, goals, strategy, plans, 

critical success factors, policies and parameters of the collaborative network that are 
agreed at a business level and have to be aligned with the IS/IT strategy. 

4. IS/IT strategy (IS) represents the mission, vision, goals, plans, critical success 
factors, policies and parameters of the collaborative network that are agreed at the 
technological level and have to be aligned with the business strategy. 

5. Objectives (OB) represent the goals of the collaborative network for modelling the 
domain. The objectives of the collaborative network have to be specified in 
quantitative terms, in order to evaluate if they are being fulfilled during the 
collaborative process.   

6. Performance assessment (PI) helps to measure the performance of the collaborative 
network through KPI (key performance indicator) that are assigned to measure each 
of the objectives of the collaborative network. 



 
 
7. AS-IS process (AP) define at a macro-level the processes that are currently being 

developed in the domain of the collaborative network at a local level. 
8. AS-IS App. Portfolio (PA) helps to identify the information associated with each 

current local application, and its importance to support the global operations of the 
collaborative network. 

9. TO-BE process (CP), the purpose of this building block is to define the processes of 
the collaborative network in the global domain that can group different stakeholders’ 
processes. 

10. Organizational cell (OC) represents the team participation in the collaborative 
network. Those cells form the organizational structure of the collaborative network, 
taking into account the know-how that each stakeholder can provide.  

11. Organizational unit (OU) represents the members of the collaborative network and 
their roles. Each unit must belong to at least one cell and each cell must have at least 
one member. 

12. Employee (EP) represents a member from each stakeholder that participates in the 
collaborative process. The difference between employee and organizational unit is 
related to the collaborative network and employee is related to stakeholder. 
However, organizational units and employees are related to one another.  

13. Resources (RE) represent all those physical resources necessary to carry out the 
operation of the collaborative network. 

14. Unexpected events (UE),  the purpose of this building block is to support the 
decision process when unexpected events occur that affect production planning. 
There are four different origins of an event: customer, supplier, production and 
resource.  

15. Decision modelling (DM), through this building block the decision models of the 
collaborative network are defined, taking into account the organizational hierarchy of 
the collaborative network. 

16. Analysis model (AM) defines the operation and interaction of decision modelling 
and data modelling. 

17. Data modelling (DA) defines the data structure related to the decision modelling and 
its relationship with the analysis model and TO-BE App portfolio. 

18. TO-BE App. Portfolio (PC) represents the list of applications or services with which 
the collaborative network supports joint business processes. 

 
For each cycle phase and its related building blocks an Entity Relationship diagram (E-R 
diagram) has been create, in order to fully understand the integration and interconnection 
between the proposed building blocks.  Figure 6 is an example of this E-R for life cycle 
phase “action plan". This E-R diagram has been adapted to distinguish the different 
entities or building blocks and their main attributes, belonging to different views, so we 
have used different keys for each view, in order to facilitate the reading of the diagram.  
 
 



 
 

 
Figure 6. E-R diagram for life cycle phase “action plan" 

 
The proposed building blocks are based on previous work, which also used modelling 

languages for building blocks [11,55]. The building blocks defined in this proposal have 
two components: textual description and template. Some IE-GIP building blocks have 
been preserved in the proposed conceptual model; however the templates have been 
modified to include elements necessary to cover the problem of handling unexpected 
events. The textual description defines the building block and the intended use. The 
template defines and organizes the attributes building blocks in a formal way using a 
common pro forma. The template used for each building block maintains the following 
structure:  

• Header: the header background is demarcated in a different color in order to separate 
the header from the body. The header contains the attributes related to the identification 
of the building blocks and its modelling context includes the following elements: building 
block label, identifier, name and unit responsible for design. 

• Body: the body contains the particular attributes that are specific to each building 
block. The body is divided into two parts: descriptions that contain the descriptive 
attributes of the building block, which include those that are predefined in the template 
that can be added by the user to meet specific needs. Relationship of attributes may 
include, for example: operational relationships, specialization relationships, and 
partnerships. 



 
 

An example of the template designed for modelling the building block “Unexpected 
event” is shown in Table 2. This template is used in the life cycle phase “definition” to 
determine historical events that have affected production planning and the solutions 
provided for the specific events. 
 

Table 2. Template building block “Unexpected event”  

Label: UE 

Identifier: UE-<#> 

Unit responsible for design: <Unit> 
Process related: <ID TO-Be process> 

Kind of event ( Originated by) 
Select from a list: Resource, Customer, Supplier, Production 

Name of the event  

Depends on the previous selection. Select from a general 
sub list, which will depend on the specific collaborative 
network. An example of this sus list is shown in Table 1. 
However, if the event cannot be described for the sub list, it 
is possible to add a new one. 

Description <Text> 
Date of the event <Date> 

Duration Select from a list: From 1 to 24 hours, From 1 day to 3 days, 
from 4 days to 7 days, more than 7 days 

Criticality Select from a list: High, medium, low 

Affected: Select from a list: Strategic plan, Tactical plan, Operational 
plan 

Solution of the event <Text> 

Kind of solution ( Solved by) 
Select from a list: Resource, Customer, Supplier, Production 

ID solution Depends on the previous selection, select the ID of the 
element that solved the event.  

Satisfaction level qualification 
Select from a list: 1,2,3,4,5 

 
In Section 2.2 four different entities of unexpected events were defined. The specific 

list of events for each entity will depend on each collaborative network. The classification 
in Table 1 provides to have a wider understanding of specific events that can affect 
operations in production planning. After categorizing the specific event and its ID, it is 
necessary to capture information about a specific description of the event, duration, 
criticality, type of planning affected, what solution was provided to solve the issue, and 
which element was involved in the solution, as well as the level of satisfaction for that 
solution.  



 
 
3.3.   Methodology 

The methodology guides in implementing the framework step by step using the building 
blocks for modeling and supporting decision-making in situations of unexpected events 
affecting the collaborative hierarchical production planning. The methodology should 
represent the phases of the life cycle of the framework of a detailed level [11]. The 
methodology is made up of 26 steps and is outlined in Figure 7. It shows the relationships 
between the building blocks, which are underlined. The information needed for each 
building block needs to be collected systematically, as shown in the diagram. 

Figure 7. Methodology and relationship with framework’s life cycle phases 
 

Once, the collaborative network decides to collaborate in the domain of hierarchical 
production planning and specifically to solve the problem of unexpected events handling, 
it is necessary to define the partners (“Stakeholders”) involved in the collaboration. The 
stakeholders define the “Business strategy” and “IS/IT strategy”, which have to be 
aligned with each other. Based on these strategies the “objectives” for the collaboration 
are defined. Based on the set objectives established the “performance assessment” is 
defined.  The “AS-IS process” of each organization is described, with the “AS-IS 
applications portfolio” that supports operations. The “TO-BE processes” are proposed in 
order to integrate the current process and make them smoother and more efficient as well 
identifying the “TO-BE applications portfolio” needed to support the operations. Each 
stakeholder contributes human resources (“Employee”).  Each employee has roles and 



 
 
responsibilities within their organization. However in the context of collaboration each 
employee becomes an organizational “unit” that has his/her own roles and responsibilities 
and those may be different to what she/he does in his/her organization. These units make 
up organizational “cells” in order to become an integral and holistic team. Each 
stakeholder also contributes physical “resources” in order to achieve the established 
objectives. Taking into account the process, the “unexpected events” are defined. 
“Decision modelling” is defined based on the TO-BE process and unexpected events 
definition. “Data modelling” represents the data requirements of decision modelling. 
“Analysis modelling” needs the information provided by the decision modelling and the 
data modelling to be processed through the defined TO BE application portfolio. Finally 
the collaborative network needs to select processes to be implemented, its relationship 
with the objectives defined, document the action plan and prepare process, systems and 
training for the implementation once the collaborative network approves the plan. 

4.   Case study and findings 

The proposed conceptual model has been applied to two companies in a Spanish 
collaborative network (shaded in black) from the ceramic tile sector (CN-TS). Figure 8 
shows the supply chain structure of the CN-TS and where the proposed conceptual model 
was applied (shaded black). The companies shaded in grey represent sister organizations 
from the collaborative network. 

Our proposal can be extended to the whole CN-TS and its different companies. 
However, for illustration and validation the proposed conceptual model has only been 
applied to two companies (leader and supplier) due to complexity and limitation of space.  
This validation proves the effectiveness of the proposed conceptual model for modelling 
unexpected events in the context of hierarchical production planning using inter-
enterprise architecture to facilitate decision making. In order to achieve this goal, the 
methodology will provide a step by step guide for the collaborative network to 
understand the implementation of the proposed conceptual model and how to use the 
building blocks. To maintain confidentiality and anonymity, the building block labels 
have been used to describe each step in the building block:  
  



 
 

 
Figure 8. Supply chain structure of CN-TS 

 
Identification life cycle phase 
1. This group of companies has previously collaborated in production planning and has 

successfully implemented a hierarchical production planning system. However, the 
unexpected events issue has not been addressed and each decision maker makes a 
decision when an unexpected event occurs, based on her/his expertise and 
knowledge to ensure business continuity. Therefore, some companies in this 
collaborative network decided to collaborate in order to address this specific 
problem. 

2. The collaborative domain DO-1 definition is: Collaborative production planning and 
unexpected events handling. The information collected in this building block 
provides an understanding of the reasons behind the decision for joint the 
collaboration process. A set of questions is formulated to define the impact of this 
collaboration for business continuity. 

3. The stakeholders involved in this domain are: SH-1 and SH-2, the leader and its 
main supplier, respectively. Information, such as, strategy, employees involved, 
description of activities, previous collaboration agreements, and results of the 
collaboration are collected.  

Conceptualization life cycle phase 
4. Stakeholders define the business strategy (BS-1), which captures information about 

the conceptual definition of, for example, vision, mission, and values. The general 
ideas about solving the problem of unexpected events are captured in this template. It 
is also important to define how this strategy is related and aligned to the IT strategy.  

5. Stakeholders define the IS/IT strategy (IS-1), which captures information about the 
conceptual definition of the technology strategy, the aims and objectives. The main 



 
 

ideas about how IT can help to solve the problem about unexpected events 
management are captured in this template. It also defines questions about alignment 
between both strategies and space to consider improvements. 

6. Stakeholder conceptualization, questions about conceptualization for each 
stakeholder is answered through the extension of templates SH-1 and SH-2. 

Conceptualization life cycle phase 
7. Based on the business and IS/IT strategies in the context of the collaborative domain 

the defined objectives are: OB-1 (Improve unexpected events handling process), 
OB-2 (Reduce supply chain costs), OB-3 (Improve customer service and 
responsiveness), OB-4 (Improve collaboration between companies) and OB-5 
(Improve accomplishment of production plans). 

8. Based on the set objectives, the performance assessment is defined. The defined key 
performance indicators are: PI-1 (Customer satisfaction), PI-2 (Number of customer 
complaints), PI-3 (Total costs), PI-4 (Level of buyer-supplier collaboration), PI-5 
(Responsiveness to unexpected events) and PI-5 (Efficiency of master production 
plan). The frequency of measurement of indicators is also stablished. 

9. Stakeholders objectives, based on the objectives established for the CN each 
stakeholder defines its own objectives through the extension of templates SH-1 and 
SH-2. 

10. The companies have already started a collaborative process in the hierarchical 
production planning process, therefore it is not necessary to collect information 
about AS-IS process, because they are already operating in the CN processes for this 
specific domain.  

11.  In addition to the previous step, the companies are already using the application 
portfolio to fulfill the need of the CN process and therefore for this case study, it is 
not necessary to accomplish this step. 

12. The defined TO-BE processes are: CP-1 (Strategic Production Planning), CP-2 
(Tactical Production Planning), CP-3 (Operative Production Planning) and CP-4 
(Unexpected events handling). Each process has its own inputs, outputs, restrictions 
and dependencies. 

13. The organizational cells are defined taking into account that each cell has to 
synergistically accomplish common objectives.  Each cell has its own responsibilities 
and is made up of the organizational units defined in the followings step. OC-1 
(Planning cell).  

14. Organizational units are defined based on the necessities of each CP Process. OU-1 
(Performance assessment manager),   OU-2 (Planning manager), OU-3 (Purchasing 
planner), OU-4 (Commercial assistant),   OU-5 (Production planner plant-1), OU-6 
(Production planner plant-2), OU-7 (General planning manager),   OU-8 (Operative 
panning manager) and OU-9 (IT/IS manager). For each unit the roles and capacities 
are assigned. 

15. Employee details, such as contact and roles within the organization for each 
stakeholder is collected (EP-1 to EP-9). It may or may not be the same roles they 



 
 

have in his/her own organization, but it would depend on the needs to fulfill the 
goals in the collaboration, using his/her skills and knowledge to accomplish the 
common objectives. 

16. Each company maintains its own resources in order to continue with the daily 
processes. It is important to identify where the data is going to be gathered from and 
where the results of the modeling are going to be shared. Therefore the resources 
needed are: RE-1 (Database), RE-2 (Online repository), RE-3 (Materials), RE-4 
(Components) and RE-5(Final products). 

17. It is necessary to extend this step because it is the focus of the current research. 
Information collected through surveys with different managers from the CN-TS, 
allowed us to identify different kinds of events, not previously included. The 
extension is reported in Table 1. The template filled in this step is the UE-1. The 
current unexpected events handling in the CN-TS is treated quite differently 
according to the event source, the source can be: customer, supplier, production or 
resources. Below is a description of how CN-TS handles each kind of event and 
which organizational units are involved in the solution of the event: 

• Event caused by a customer: If a customer returns a product or cancels an order 
or changes an order, the person directly responsible for resolving the event is the 
Commercial Manager. Each of the events that fall within this category should be treated 
differently, for example if there is a refund for quality problems in the product, it is 
necessary to open a nonconformity that is systematically documented until the solution is 
provided.  All members of the organization who are involved in the resolution of the 
incident, should document the actions that provide solutions into the system.  
• Event caused by a supplier: The events originate from a supplier and can be 
categorized into two different types: failure to deliver or nonconformities in the material 
supplied. If a supplier cannot meet a deadline, the supplier reports the event to the 
purchasing manager, who then decides how to handle the incident depending on their 
relevance in terms of duration of the impact and how this affects planning and missing 
production. On the other hand, if the supplied materials exhibit nonconformity recorded 
at the time of receipt of the goods by quality area, nonconformity is communicated to 
purchasing area that is responsible for conducting the respective management with the 
supplier in order to reprocess materials, material replenishment, or order cancelation to 
the supplier and/or generate a new order.   
• Event generated in production: in this category quality problems or variations 
are included in the processing times of the production line. The quality control process is 
quite rigorous in the CN-TS; the products depending on the process are classified into 
three different qualities and sold to different types of customers depending on product 
quality. However, due to the high quality standards that are still in the production 
process, it is very difficult to have too many low quality products. According to recent 
statistics the high quality product is approximately 97% of current production. There is 
no evidence of past records of events in this category. However, it is recommended to 
start collecting this information into the events template. 



 
 
• Event generated by resources: The resources taken into account in defining the 
architecture are physical resources, such as machines and tools and human resources. A 
maintenance plan for machines and tools is tightly controlled to ensure that unexpected 
events are managed. On the other hand, currently there are no risks for labor problems, 
due to the economic situation in the country; workers are very committed and the 
possibility of a strike by workers or working below their expected performance is almost 
zero. Even given these conditions, it is recommended to keep track of this kind of events.  

All event data is currently being managed in different areas, and the analysis of that 
information is still ongoing.  
18. The decision model for hierarchical production planning has been applied to the case 

study. Alemany [3] gives a detailed description of the application of this system in 
CN-TS. As our focus is on handling unexpected events, the decision model DM-1 
(Decision model to handle unexpected events) for this problem uses case based 
reasoning. 

19. The data modeling DA-1 (Data modelling to handle unexpected events) is linked 
with the decision model. This data provides the required information for the decision 
maker to identify alternative solutions for the different kinds of unexpected events, 
based on past experiences and historical data to gain a better understanding of the 
whole situation. 

20. The analysis model AM-1 (Analysis modelling to handle unexpected events) 
focusses on how decisions makers are able to get to the information provided by the 
decision modelling and data modelling supported, by the TO-BE applications 
portfolio.  

21. The CN-TS supports merging all the systems into a unique ERP. It is necessary to 
have decision support systems to handle unexpected events centrally. The CN 
applications portfolio is: PC-1 (ERP-SAP) and PC-2 (DSS-Handling events). 

Action Plan life cycle phase 
22. Expectation stakeholder for implementation, the extension of templates SH-1 and 

SH-2 related to expectation of each stakeholder for implementation is completed in 
this step. 

23. Processes to be implemented are selected and the extension of templates in this life 
cycle phases are completed: CP-1 (Strategic Production Planning), CP-2 (Tactical 
Production Planning), CP-3 (Operative Production Planning) and CP-4 (Unexpected 
events handling). 

24. The relationship between objectives CN and TO-BE process are reported thought the 
extension of templates: OB-1 (Improve unexpected events handling process), OB-2 
(Reduce supply chain costs), OB-3 (Improve customer service and responsiveness), 
OB-4 (Improve collaboration between companies) and OB-5 (Improve 
accomplishment of production plans). 

25. Although this document does not have an associated template. All templates 
documented in the methodology are part of the document. This document allows the 
CN understands how the plan will be implemented through the implementation of 



 
 

the TO-BE processes and the relationship and integration of all elements of the 
proposed inter-enterprise architecture. 

26. Finally, our intention is to communicate the modelling to everyone involved in the 
process of evaluating the implementation. However, it is also necessary to prepare 
the training materials and communications about the use of the proposed conceptual 
model and how to get the best outcomes for the CN-TS. 

 
In order to show how the documentation of the IEA looks like, Table 3 shows the 
instantiation of building block “Stakeholder”. This template has extensions in each one of 
the life cycle phases.  
 

Table 3. Instantiation template building block “Stakeholder-1”  
Label: SH     
ID: SH-1     
Name: "Confidential"     
Responsible Design: Designer of architecture 
Description: ceramic tile manufacturing company     
Activity developed: Manufacture of tiles     
Units involved: UO-1, OU-2, OU-3, UO-4, UO-5, UO-6, UO-9     
Human resources: TB-1, TB-2 TB-3, TB-4, TB-5, TB-6, TB-9     
Physical resources: RE-1, RE-2, RE-5     
Responsible: UO-1     
Location: Nules     
Questions Identification phase Yes  No 
Is it the pioneer and leader of the collaborative process? x   
Has it made an analysis on the advantage of the development of the collaborative process in the company? x   
The company has defined its business strategy (vision, mission, objectives, etc.)? x   
The business strategy is in line with the collaborative process? x   
Has it being analyzed the pros and cons of the collaborative process? x   
Is the company aware of the risks and opportunities of the collaborative process? x   
Is the direction supporting this process? x   
Is the IT area supporting this process? x   
Is the planning area supporting this process? x   
Has the company  participated in previous collaborative processes? x   
If yes, it has been one of the companies currently involved? x   
If yes, the results were satisfactory? x   
Description of relations with other stakeholders: The business relationship is trust and collaboration with other 
partners in the supply chain     
Duration of the business relationship with the other stakeholders: 10 years      
Initial identification of the problems related to the management of unexpected events: There are different types of unexpected 
events that are resolved in a timely manner and by different employees depending on the nature of the event, given the expertise 
and knowledge of the employee, it has been documented or standardized procedure for managing unexpected events affecting 
hierarchical production planning. In some cases the solution of events is decentralized documented and sometimes the solutions 
run but a record of how the event has been run is not carried. There is no consensus as to solve this problem efficiently. 
Identification of general initial ideas for solving the problems identified: Having an application that allows to centralize all events 
and solutions to access to them in real-time, allowing to be categorized according to the efficiency of the solution, with the aim of 
providing information to the decision maker about alternative solutions for each type of unexpected event, based on previous 
experience and that can be shared with partners in the collaboration. 

Questions Conceptualization phase 

What are the incentives for collaboration associated with business strategies and IS / IT ?: resource optimization, cost reduction, 
efficiency, flexibility 
What are the expected results in the long-term collaboration ?: management efficiency to unexpected events, sharing information 
that can generate knowledge between companies 
How long have estimated duration of the collaborative process? One years and then be reviewed results 

Questions Definition phase 

What are the individual goals to be achieved? What are the individual goals to be achieved? Generate production plans more 
effective, reduce costs by inefficiencies, increase flexibility and robustness of how unexpected events are handled, centralize and 
share information with partners in the supply chain 

Questions Action Plan phase 

What are the expectations with the implementation of the plan? Improve unexpected  events management, reduce inventory, to be 
efficient in responsiveness, improve business relationships, reduce costs 
It is understood and accepted by all staff involved mastering the collaborative process and its implementation? YES 

 



 
 

The initial findings of this case study are promising. The proposed methodology has 
helped to validate the use of the proposed conceptual model through the use of the 
building blocks and their respective templates, in the CN-TS. The methodology has been 
adapted to the conditions of the specific industry based case study. From the initial study 
the participants in the collaboration domain agree that these tools support better and 
timelier decision making for unexpected events.  The data collected from the range 
unexpected events will enable the development of a consolidated data repository needed 
for real time decision making, by using historical information and the degree of success 
or quality of past decisions. However, it is also necessary to analyze scenarios where 
there is no information about past events and therefore no historical data to support the 
decision maker and this will be one of our future research lines. 

 
 

5.   Conclusions  

This paper reports the need for an inter-enterprise architecture that allows decision 
makers to model the problem of unexpected events handling in hierarchical production 
planning that can be used by collaborative networks to support better and more efficient 
decisions. The proposed conceptual model includes: a partial framework that is an 
extension of the general framework IE-GIP to resolve specific problems of unexpected 
events handling in the context of hierarchical production planning. The modelling 
language is based on the definition of the building blocks that contain all the information 
about the different elements in the specific domain, and how the building blocks are 
inter-related. Finally the methodology identifies the steps for navigating through the 
framework with the integrated building blocks to model unexpected events handling in 
hierarchical production planning. 

The proposed conceptual model was applied to a collaborative network in the Spanish 
ceramic tile sector. All unexpected events data is currently being managed in different 
non-centralised areas. Therefore, further analysis of that information is still ongoing. 
However, even at this early stage, the application of the proposed conceptual model 
demonstrates its flexibility to adapt to partial information and its potential for modelling 
and addressing the problem holistically. Further work will include complete analysis of 
the information on unexpected events; enhancement of the conceptual model; 
operationalising the model; and fully document and prepare communications and analyse 
how could be managed scenarios where there is no information about past events and 
therefore no historical data to support the decision maker. 
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