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Abstract. We propose a holistic design approach that extends a tradi-
tional Model Driven Architecture paradigm with the bottom-up constraint
analysis and propagation. We define a Unified Feature Model that rep-
resents the organizational goals and the technical properties of the solu-
tion, and use model-checking to reason about the constraints that arise
from their interplay. In the illustrative example, we show how the tech-
nical decisions specified in a Feature Model can be formalized, validated,
and translated into strategic limits of a Goal Model for further redesign of
both business and technical enterprise models.
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1 Introduction

The Model-Driven Architecture (MDA) provides a fundamental framework for the
design and development of enterprise information systems, prioritizing the top-
down design process. It introduces three levels of model abstraction and a model
transformation process, ensuring a traceability and alignment between the high-
level business goals and developed technological components [10]. In this method-
ology, the selection of technological platforms and components is deferred to lower
levels of the MDA design hierarchy. This approach is justifiable under the assump-
tion that technological choices have primarily local effects. However, the emergence
of disruptive technologies, such as blockchain challenges the established principles
of MDA by exerting a broader influence on processes and goals of the enterprise
as a whole.[9].

The intrinsic properties of blockchain not only create efficiencies locally, but
also introduce strategic limits extending beyond the initially targeted areas of
implementation. Consequently, the adoption of such technologies requires a holis-
tic analysis of their potential impacts on the business processes and objectives
enterprise-wide. Moreover, this analysis cannot be postponed to the later de-
sign stages, but accompany the whole design process, increasing the technology-
awareness already at the early design stages.
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We propose an approach for Technology-Aware Enterprise Modeling (TEAEM)
that extends the MDA paradigm with the bottom-up constraint propagation and
analysis. We depart from the idea that technical properties defined at the lower
MDA abstraction levels can create implicit ‘side effects’ in the higher MDA levels.
This position paper introduces TEAEM and presents the first results of its imple-
mentation. Some of the TEAEM steps are supported by the well known modeling
tools. We developed several modules for model transformation, model unification
and interpretation of results. The current version of TEAEM supports only goal
- feature model unification. The component modeling will be integrated in the
nearest future. We illustrate our approach on a theoretical example of an Orga-
nization seeking to implement a blockchain solution for its processes. The results
of this analysis provide the ground for a technology-aware business (re)design and
decision-making for the Organization.

In Section 2, we provide a brief reminder on the MDA and discuss its challenges;
in Section 3, we introduce the TEAEM approach; in Section 4, we present our il-
lustrative example; in Section 5, we provide a road-map for the future development
of TEAEM and present our conclusions.

2 Background

Model Driven Architecture (MDA) is a software design approach that provides
a set of guidelines for structuring specifications expressed as models, support-
ing traceability and business-IT alignment. MDA defines three primary types of
models: Computation Independent Model (CIM) represents the system’s require-
ments and business context without detailing the structure or processing; Platform
Independent Model (PIM) specifies the system’s structure and functionality but
abstracts away the details of any specific implementation platform; Platform Spe-
cific Model (PSM) provides the technical details on system implementation using
a particular technology or platform.

Methods and approaches for enterprise system design grounded on MDA are
discussed in research literature for several decades. Alignment between enterprise
models at different MDA abstraction levels is addressed in [17,5, 21, 22]. Numer-
ous works focus on validation and analysis of alignment between business pro-
cesses and goals [4, 3, 1]. Formal methods are proposed for alignment verification
in [18]. To acknowledge the constantly changing business environment, integra-
tion of organizational strategy and structure into MDA is addressed in [13]. In
[14], a semi-automated strategy-to-code approach that integrates organizational,
business process, and information system modeling is introduced. This approach
is grounded on LiteStart modeling method [12] and ensures traceability across
modeling levels.

The research presented in [9, 16, 11] acknowledges the rapid evolution and com-
plexity of technological solutions and their impact on organizational strategy and
processes. While technological solutions may initially excel in addressing specific
business goals, their implementation can introduce strategic limits in other areas.
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This necessitates the evolution of design approaches, including MDA, and moti-
vates the TEAEM approach presented in this work.

3 Technology-Aware Enterprise Modeling

TEAEM is a holistic approach that extends the (top-down) MDA design paradigm
with the bottom-up traceability and constraint propagation analysis.

3.1 TEAEM: Steps

Figure 1 illustrates the TEAEM approach. We use goal modeling [20], feature
modeling [23] and component modeling [19] to represent an enterprise solution at
the three MDA abstraction levels.

The top-down Model Design follows the MDA paradigm and consists of de-
veloping a Goal Model (CIM), a Feature Model (PIM) and a Component model
(PSM) and their respective model transformations. The bottom-up Constraint
Analysis represents our main theoretical contribution and consists of Model uni-
fication and Model checking/Impact analysis steps.

/"  Model Design / Constraint Analysis
(Top-down) (Bottom-Up)
7 \|‘
Goal Modeling |

(CIM)

Model checking /

) . I Impact analysis
Feature Modeling }> N T ’

(PIM)

‘ Component L ‘

Model! Unification

p 4 ‘F¢

Maodeling
(PSM)

Fig. 1. TEAEM approach

Goal Modeling (CIM). A goal model representing the high-level business
goals, requirements, and domain concepts is created in this step. This model cor-
respond to CIM - the highest level of abstraction within MDA. It outlines the de-
pendencies between goals and intended outcomes ensuring alignment with broader
organizational context. These dependencies are explored in the further constraint
analysis.

Feature modeling (PIM). A feature model is defined in this step. This
model specifies the hierarchical structure of abstract technical functionalities (fea-
tures) of the prospective solution and corresponds to PIM. The dependencies and
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constraints between the features define alternative configurations for the technical
solution.

Component modeling (PSM). A component model is created in this step.
This model specifies technological components and platform-specific details nec-
essary for implementation of the features defined in PIM. Technical constraints
between the components provide the information about alternative implementa-
tions of the designed solution.

Model Unification. In this step, business goals, technical features, and com-
ponents are specified within a single Unified Feature Model (UFM). For further
impact analysis, we use logical expressions to formalize the mappings between the
model elements defined at different MDA abstraction levels.

We define the following mapping types: Goal to Feature Mapping associates
the business goals with the technical features satisfying these goals. This mapping
reflects technical assumptions made by system engineers. Feature to Goal Mapping
associates the technical features with the goals that can be possibly compromised
or inhibited by implementation of these features. Feature to Component Mapping
associates the features with the specific technological components implementing
these features. Component to Feature Mapping explicitly defines possible restric-
tions or incompatibilities between the features and the components. Component
to Goal Mapping indicates possible restrictions between the (soft) goals and the
components such as quality, feasibility, performance issues etc. We combine these
mappings with the constraints defined in the previous TEAEM steps to form the
UFM.

Model checking / Impact analysis. We use model-checking to validate
the UFM and to identify inconsistencies (if any) in its specification. A solver
finds possible configurations of a solution and/or shows the conflicts between the
elements of the unified model. We propose a domain-specific interpretation of these
conflicts and recommendations for their resolution.

The Constraint Analysis can be performed at different stages of Model design
and serve to: (a) identify and propagate the effect of design decisions specified in
PIM on CIM; (b) identify and propagate the effect of design decisions specified in
PSM on PIM and/or on CIM.

3.2 TEAEM: Implementation

In this work, we illustrate a semi-automated model unification and constraint
analysis between CIM and PIM abstraction levels of MDA.
To implement the approach, the following three modules are developed?:

1. Generation of the Unified Feature Model (UFM): The unified model comprises
the goal model, features model, and constraints. For the top-down model de-
sign, we use the i* modeling language [2] and the PiStar tool [15] for Goal
Modeling, and the feature modeling environment FeatureIDE [7]. The map-
ping for different MDA abstraction levels is added manually with an external

3 https://github.com/Eddykams/TEAEM _develop
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file using logical expression notation. We develop an automated Python mod-
ule [transform.py| which takes as input the goal model, the feature model, and
the provided constraints, and automatically transforms them into a unified
model.

2. Ezxtraction of the constraints from the UFM: We use FeatureIDE and its bun-
dled Sat4j solver [8] to retrieve the constraints from the UFM. We generate an
output in JSON that is further used for the constraint analysis step.

3. Interpretation of the solution (constraints violation and their implication bottom-
up): We develop a Python module [interpretation.py| that uses the .json list
of constraint violations extracted from the UFM in FeatureIDE as an input
and produces the domain-specific interpretations of these violations that can
be further used for enterprise models redesign.

The current version of our tools is semi-automated. The goal model is designed
with piStar tool, the feature model is designed with FeatureIDE. The mapping
between goal model and feature model is formalized using logical expressions in
an external text file. This file is used as an input to generate our Unified Model.
The model-checking of the unified feature model is automatically applied by Fea-
tureIDE. The model-checking results are extracted and interpreted by the devel-
oped module. We are working to provide a fully automated mapping process for
the next version.

4 Illustrative Example

We illustrate the TEAEM approach on a simple example of the Organization that
seeks to enhance transparency and auditability of its processes. The Organization
considers blockchain technology as a platform for its enterprise solutions. In par-
ticular, the Organization needs to choose between two blockchain platforms (Pub-
licBC_ X and PrivateBC_Y). Further, in the design, it will configure the selected
blockchain platform and its components. Since the Organization is also concerned
with the GDPR compliance, more detailed analysis of the abstract capabilities
and technical functionality of the prospective blockchain solution is required. We
illustrate how TEAEM can support the analysis of technical constraints and their
impact on the defined business goals of the Organization.

Goal Modeling (CIM): The goal model illustrated in Fig. 2.(a) defines the two
goals of the Organization: ‘GDPR Compliance’ and ‘Auditability’ that have to
be achieved. We specify this dependency with the i* And-refinement link that
corresponds to the logical conjunction:

Business Goals => GDPR Compliance AND Auditability

Feature Modeling (PIM): The feature model illustrated in Fig 2.(b) specifies
the abstract functionalities associated with blockchain technology. The prospective
Technical Solution of the Organization (modeled as a root feature) will be grounded
either on the functionalities of a ‘PublicBC_X’ or a ‘PrivateBC_Y’. We specify
this with the alternative feature group in FeatureIDE that corresponds to exclusive
OR expression:
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Technical Solution => PublicBC_X XOR PrivateBC_Y

Cirganizatic e Technical Sclution
n
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Gaals
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) Enterpriza Sysiam
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Fig. 2. (a): Goal Model of the Organization; (b): Feature Model with a proposition of
alternative blockchain solutions; (c): Unified Feature Model that merges (a) and (b).

Once the goal model and solution proposition are formalized, we proceed with the
(bottom-up) constraint propagation and analysis.

Model Unification. We create a unified feature model that specifies the ‘En-
terprise System’ of the Organization (Fig. 2.(c)). Our UFM represents the goals
(from CIM) and the features (from PIM) using the feature modeling formalism.
Here we model ‘Technical Solution’ and ‘Business Goals’ as mandatory features of
the ‘Enterprise System’ root feature.

To formalize the mapping between the created MDA models, We assume the
following assumptions: we consider generic properties of Public blockchain X and
Private blockchain Y. The Private blockchain Y limits the auditability of the
blockchain because their nodes are controlled by a single (private) entity and
the immutability is contingent upon the trustworthiness of this entity. The Pub-
lic blockchain X does not face this immutability issue because any node can
participate in the consensus and validation processes, ensuring that operations
are conducted fairly and transparently. Nevertheless, this immutability of public
blockchains prevents from implementation of a fundamental GDPR/’s 'right to be
forgotten’ - an alteration/deletion of data on demand. We map the technical fea-
tures defined in PIM to the goals that can be compromised by implementation of
these features using the following logical expressions:

PublicBC_X => NOT GDPR Compliance;
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PrivateBC_Y => NOT Audit

Goal model, Feature model and Feature to Goal mapping presented above are doc-
umented as XML files and are used for semi-automated generation of the UFM.
Model checking/ Impact analysis. The FeatureIDE automatically executes
the model-checking on the generated UFM. In our example, the UFM is invalid
(i.e., the model is void), meaning that no Enterprise System satisfying actual
constraints can be configured. We identify and trace the sources of conflicting con-
straints to the model elements defined at different MDA levels (PIM and CIM in
our example). Using our developed Extraction and Solution Interpretation mod-
ules, we provide the domain-specific constraint interpretation, aiming to assist
business users in redesign.

Logical constraints:

['Enterprise System = Technical Solution', 'Enterprise System = Businesss Goals', 'Techni
cal Solution = PrivateBC_Y v PublicBC_X', 'Businesss Goals = GDPR Compliance', 'Businesss
Goals = Auditability']

Domain-specific constraint analysis & interpretation:

To correct your UFM, you have the following options:

Make constraint 'GDPR Compliance' non-mandatory, OR Remove constraint 'GDPR Compliance'.
Make constraint 'Auditability' non-mandatory, OR Remove constraint 'Auditability’.

Fig. 3. Domain-specific constraint analysis & interpretation.

In this example, the business expert faces the problem where any choice of
blockchain solution compromises one of the business goals defined by the Organi-
zation. Along with modification or refinement of the prospective Technical Solu-
tion, this analysis calls for redefinition or re-prioritization of the Business Goals
in response of the bottom-up constraint propagation.

5 Conclusion and Future Work

We presented TEAEM approach that contributes to design of enterprise systems
within the MDA paradigm. While existing approaches support traceability and
alignment between goals and technical solutions top-down, they often fall short in
guiding stakeholders through the decision-making process and analysis of incon-
sistencies bottom-up. Our approach enables reconciliation between business goals,
technical capabilities and specific solutions through formal analysis and propaga-
tion of constraints.

We outlined the TEAEM steps (illustrated in Fig.1). Model unification and
Model checking / Impact analysis are the two steps that extend the MDA provid-
ing constraint propagation and analysis. We developed a technique for the semi-
automated generation of the Unified Feature Model (UFM) and used the feature
modeling environment FeatureIDE for automated model-checking.
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In this article, we illustrated the propagation of constraints from PIM to CIM.
Identification and propagation of the effect of design decisions specified in PSM
on PIM and/or on CIM, and the automated mapping between the elements at
different MDA levels of abstraction will be addressed in our future work.

We illustrated our approach on a short theoretical example. Developing a re-
alistic example is an important next step. We plan to conduct a case study on the
design and analysis of a Supply Chain Management solution based on blockchain
technology. In this case study, propagation and impact of technical properties
related to specific blockchain solutions on the organizational supply chain man-
agement process and strategic goals will be examined. In particular, we will focus
on trustworthiness goals addressed in our previous work [6].
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