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Infrastructure Assignment Reference
Metamodel

Gutiérrez M, Duran A

Abstract In this paper we explore the potential advantages derived from adopting
a generalized approach to enterprise management software development, and par-
ticularly to achieving the additional flexibility required to provide efficient support
to certain types of infrastructure assignment (IA) problems. Within the OMG
metamodeling framework, we follow a modeling generalization process, leading
to the design and conceptual definition of an infrastructure assignment reference
metamodel. The modeling process is carried out through three methodological
steps. Taking a company using an enterprise metamodel-based management sys-
tem as the starting point, we first incorporate infrastructure assignment functional-
ity to the system and then add support for the design of the assignment process.
Finally, we propose an infrastructure assignment metamodel, intended to be the
core of an independent decision support system.

Keywords: Infrastructure Assignment, Metamodeling, Flexible modeling, Soft-
ware Development

1.1 Introduction and Objectives

In some infrastructure assignment problems there is a barrier to the adoption of the
allocation algorithms, stemming from the intrinsic linkage between these algo-
rithms and the specific design of the business processes involved. This paper fo-
cuses on a particular subset of these problems, the efficient allocation of fixed
cost, perishable (e.g., which can’t be stashed for future use) infrastructures among
alternative, heterogeneous users (e.g., pricing and reservation process in a hotel).
To tackle that barrier we lean on the flexibility potential offered by the
metamodeling technique. This potential has been demonstrated in the development
of enterprise management software based upon the database implementation of an
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enterprise metamodel as opposed to the traditional model-based implementation
approach (Braun and Winter, 2005; Malhotra, 2010; Maslianko and Maistrenko,
2012). Lagerstrom et al. (2009) point out the advantages in terms of cost and flex-
ibility of a metamodel-based enterprise architecture. Gutiérrez, Duran and Cocho
(2006) illustrate the benefits of the metamodeling technique, particularly for
SMEs, in terms of flexibility, adaptability and savings in company-specific adap-
tations through the complete software life-cycle.

In this paper we describe the process followed in applying the metamodel ap-
proach to the aforementioned infrastructure assignment problems. The theoretical
framework used will be the metamodeling architecture advocated by the Object
Management Group (OMG). A hierarchy of levels is defined (Mn; n=0,1,2,3...),
in which each model of a layer is an instance of a model of the following layer,
more abstract and general. Although the relation concept-metaconcept is iterative,
and therefore it can extend infinitely, in the present specification of the UML
(Unified Modeling Language) the OMG (2011a) specifies the following four lay-
ers that encompass the fundamental concepts normally used in metamodeling: The
information layer (MO) includes the data that are meant to be described; the mod-
eling layer of (M1) includes the metadata of the data, grouped in models; the
metamodeling layer of (M2) contains the descriptions which define the structure
and semantics of the models, grouped in metamodels; the layer of meta-
metamodeling (M3) includes the description of the structure and semantics of the
metamodels; which is an “abstract language” for the definition of metamodels.

Despite the conceptual problems that have been pointed out regarding this ar-
chitecture, in particular concerning the meta-instantiation (Atkinson and Kiihne,
2003; Shorter, 2005), its simplicity makes it suitable for our purposes. Karagiannis
and Kuhn (2002) give insights in the metamodeling technique basics. Within this
framework, the main objective of this research is to follow a modeling generaliza-
tion process, leading to the design and conceptual definition of an infrastructure
assignment reference metamodel. Instead of taking a standard metamodel as start-
ing point, e.g. UML, we use the enterprise metamodel presented in Gutiérrez,
Duran and Cocho (2006). The purpose of doing so is twofold: on the one hand, to
present a sequence of models providing gradually higher support to infrastructure
assignment problems, on the other hand, to explore the flexibility rendered by the
metamodel-based approach. This is accomplished through a three step process:

e First, providing companies that use metamodel-based management software
with infrastructure assignment functionality.

e Second, supporting companies that use metamodel-based management software
in the design of the infrastructure assignment process.

e Third, proposing an infrastructure assignment metamodel, intended to be the
core of an independent decision support system.

After a brief description of the enterprise metamodel in the next section, the
third, fourth and fifth sections deal with the three methodological steps. Finally,
we present the main conclusions drawn from the research work and perspectives.
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Fig. 1.1 Entity Metamodel UML package

1.2 Enterprise Reference Metamodel

The enterprise reference metamodel we use in our approach essentially derives
from the merging of two main UML packages: the Entity Metamodel and the Re-
lationship Metamodel (Gutiérrez, Duran and Cocho 2006).

Relationship Metamodel
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The Entity Metamodel (Fig. 1.1) comprises a hierarchy of Enterprise_Entity,
each of which is characterized through the assignment of a set of Enter-
prise_Feature, and the corresponding Enterprise_Object (for the sake of legibility,
from now onwards we will omit the “Enterprise ” preceding the elements of the
metamodel). The hierarchy is established by the generalization class, and allows
feature inheritance from parent entities (general) to child entities (specific).

The other essential elements of an enterprise model are the Relationships be-
tween entities, established with commercial or management purposes. The Partic-
ipation element links the Entities to the Relationships. There is also a complete
classification in generic and specific participations. In the Generic_Participation it
is possible to define cardinality. The Relationship inheritance tree, set through the
generalization element, allows the gradual and intuitive definition of the enter-
prise activity.

1.3 Incorporating Infrastructure Assignment (IA) Functionality

One of the main advantages of metamodel-based enterprise management software
development is the inherent flexibility of the resulting system that enables the nec-
essary adaptation emerging from the changing nature of companies using it. As
the company evolves, new functionalities are required. In this section we consider
a fictional company that is using an enterprise management system developed up-
on the previously described metamodel, and we exploit the underlying flexibility
to introduce infrastructure assignment functionalities in such system.

As mentioned in the introduction section, among the various IA problems, we
focus on a particular, though sufficiently representative and generic, subset: pro-
cedures for the efficient allocation, to the various potential user classes, of non-
storable fixed-cost service infrastructures whose value potential is dilapidated if
not utilized.

The first step to model the new functionality is to define the basic entities (and
hierarchies of entities) involved. Based on previous contributions we conceptual-
ize the abovementioned IA set of problems as follows (Gutiérrez and Duran,
2011): customers, grouped in customer segments, request the allocation of certain
type of infrastructure through some access channel. Thus, there are three initial
Entities to consider: Customer Segment, Channel and Infrastructure.

If we want to add the IA functionality, those entities as well as their corre-
sponding objects, would typically exist in the management system prior to the def-
inition of the new process. The combination of entities takes place in a Relation-
ship, thus the triad customer segment/channel/infrastructure will participate in a
relationship called Infrastructure Access.

In order to find the most profitable allocation of infrastructures to their poten-
tial use, some value (entity Value) will be assigned to each possible customer
segment/channel/infrastructure combination (each infrastructure access). Besides,
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it will be possible to assign different values to each infrastructure access, one per
each time interval (defined through the entity Time). The relationship Allocation
will result as the participation of all the entities involved in the Infrastructure As-
signment Process. In order to define the specific possible Allocations allowed in
the actual 1A processes, it is necessary to create process-specific Relationships de-
scending from Allocation. The collection of possible Allocations will specify how
a particular type of infrastructure is assigned to one of its potential uses, thus de-
fining an /A Process.

Following and complementing the conventions stated in Gutiérrez, Duran and
Cocho (2006), we represent the IA process along with an illustrative example as
shown in Fig. 1.3. Taking UML as a reference, the instances of Entity are repre-
sented as double-lined boxes; Relationships are represented as double-lined dia-
monds; Participation instances are circle-ended lines linking entities to relation-
ships; and the Generalization association is represented by a line ending in a
double-lined triangle. The upper side of the figure defines the IA Process as previ-
ously described. Diamond that represents this generic process encompasses a ge-
neric Allocation. As means of illustration, three process-specific Allocations are
defined as subtypes of Allocation, and main details of one of them (Allocationl)
are included. Assigning specific values for a feature at the entity level is achieved
through a Specific_Characterization of a Feature (e.g. quantity) that is assigned to
an Entity (e.g. Infrastructure R1), whereas redefining the participation of an Entity
(Time) in a Relationship with an Object (T1) is done by defining a Specif-
ic_Participation. In the IA Processl, the Membership specifies that the Allocations
are sequenced in parallel, since only one would take place for each execution of
the process.

Channel

" Infrastructure " " Value "

A

Infrastructure
Assignment Process

Infr. Assignment
Process 1

Discounted: Value

Allocation2
Allocation3

price= 100

Infrastructure R1

Chi quantity = 20
Channel

Fig. 1.3 Infrastructure assignment process
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1.4 Incorporating Infrastructure Assignment Optimization

One step beyond supporting the current enterprise processes involves incorporat-
ing a decision-support module or optimization package, capable of aiding in the
design of the business processes of the company involved. In order to do that, it is
necessary to conceptualize all the specific elements involved in the business pro-
cess as belonging to a higher modeling layer, i.e., to add a level of generality to all
the elements of the initial model.

The way to define generic process models and specific process instances, both
at the entity level, is to establish a generalization hierarchy as depicted in Fig. 1.6.
To emphasize some possibilities to form the hierarchies, we represent examples of
hierarchies with the entities Infrastructure and Value without the complete model
(i.e., the entities will be linked with hierarchies of Access and Allocation as in Fig.
1.3). There will be (at least) three hierarchical levels. The first one, Generic IA
Process corresponds directly with the IA Process of Fig. 1.3. With respect to the
other two, the difference between each entity of the process model and its equiva-
lent in the process instance stems from the level of characterization. We will be
able to define a process model not dependent upon the features of the entities as
well as consider generic Times or Values in the model.
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alue
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Fig. 1.4 Generalization hierarchies

Furthermore, from the functional point of view, since two Process Instances
which differ only in the value of the quantity feature for the Infrastructures will be
deemed as belonging to the same Process Model, we would thus be able to use the
software to find the most profitable value for quantity among a set of possible val-
ues. In the same way as the model-metamodel relationship extends infinitely (see
Introduction section), we can extend the Relationship hierarchy as much as needed
until grouping the process models in a suitable manner in order to obtain an effi-
cient support for the IA process design.

680



1.5 Obtaining an Infrastructure Assignment Reference
Metamodel

Up to this point, we have highlighted the potential of the metamodel-based en-
terprise software development to incorporate company-specific IA support. On the
other hand, advantages in terms of flexibility have been revealed by the
metamodeling approach. We can add a new level of generality to the approach and
make it independent from the enterprise metamodel while taking advantage from
the metamodel-based development.
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Fig. 1.5 Infrastructure assignment reference metamodel

The ‘generalization shift’ can be observed in Fig. 1.5, which follows the same
schema than the one included in the UML Infrastructure specification (OMG,
2011a). In the approach of sections 3 and 4, the Enterprise Metamodel (in layer
M2) is obtained as an instance of MOF, the Meta Object Facility standard (OMG,
2011b) (in layer M3), crossing the boundary of the metamodel layer. The idea be-
hind the proposal of this section is to ‘push’ the IA Model up to the metamodel
layer, and obtain it directly as an instance of MOF. It would be intended for the
metamodel-based development of an IA decision support system. Note that only
few details and relationships of the model have been included for the sake of clari-
ty. Finally, in the model layer, we would follow the same generalization hierarchy
of the former section.

1.6 Conclusions

Additional flexibility is required in order to provide efficient support to some in-
frastructure assignment (IA) problems. With this aim, we have first explored the
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capabilities of the metamodeling technique in functional and design support for
this kind of problems. We show that if at any given point in time a company using
a metamodel-based enterprise management system identifies the need for support
in some IA process, it is possible to define it just by means of instantiation of the
implemented metamodel.

The inherent flexibility of the metamodel approach can be further exploited by
replicating the enterprise metamodel logic to define an IA reference metamodel.
This metamodel is intended to be directly implemented in a database, and to con-
stitute the basis of the conceptual model of a decision support system?. The devel-
opment of this system appears to be a promising way of achieving the flexibility
required for IA problems.
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