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Abstract

This article addresses the challenge of ensuring the long-term extensibility of enterprise business
process management (BPM) systems under conditions of increasing architectural complexity and a
growing number of integrations with external systems. Particular attention is paid to the limitations of
traditional architectural approaches based on tightly coupled components, where even minor
modifications affect multiple system layers and reduce maintainability. The study combines an
analytical review of recent research on enterprise architecture, business process management, event-
driven execution, and data-driven BPM with a case analysis of the OpenText MBPM platform. The
findings demonstrate that a system’s capacity for sustainable evolution is determined primarily by its
architectural structure and the distribution of changes across layers rather than by the number of
implemented functions or modular extensions. Based on the analysis, the study proposes the Layered
Extensibility Architecture for BPM Systems (LEA-BPM), which distinguishes a stable architectural
core comprising data storage, process execution, and deployment from design and interaction layers
where modifications are localized. The proposed model extends existing approaches to BPM
architecture by conceptualizing extensibility as a structural property achieved through change isolation
across architectural layers. The practical value of the model lies in supporting the design and evolution
of enterprise BPM systems operating in environments characterized by continuous process changes and
intensive system integration, enabling the introduction of new functionality and external connections
without modifying core system components. The article is intended for researchers and practitioners in
enterprise architecture, enterprise information systems development, business process management, and
digital transformation.

Keywords: business process management systems, enterprise architecture, layered architecture, extensibility,

system integration, architectural coupling, enterprise information systems.

1. Introduction

Enterprise business process management (BPM) systems have become a central component of the
modern digital enterprise. They support document approval, task management, cross-departmental
collaboration, and integration with external systems [1]. As transaction volumes continue to grow,
organizational processes become more complex, and architectural workloads increase accordingly.
Architectural solutions based on monolithic application principles rapidly approach their scalability
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limits. Even minor modifications affect multiple architectural layers, interface adjustments require
corresponding changes in business logic, and the integration of external services influences the data
storage layer. As a result, component coupling intensifies and system maintainability declines [2].

The increasing frequency of process changes further amplifies the need for architectural
modifications. Business regulations are continuously revised, process scenarios evolve, and participant
structures change over time. New integrations introduce additional interaction points, increasing
architectural complexity. Processes involving document management and regulatory compliance
impose further constraints related to version control, status management, and retention policies. In
professional practice, extensibility is often interpreted merely as the availability of development tools
or extension mechanisms, whereas the fundamental distinction between sustainable and overloaded
systems lies in their underlying architectural structure [3]. Although recent studies have extensively
examined enterprise architecture, modularity, and BPM system evolution, the distribution of
architectural changes across system layers has received considerably less attention. Existing approaches
predominantly focus on modular extensions, while the architectural mechanisms ensuring long-term
evolvability remain insufficiently conceptualized.

The aim of this study is to develop and theoretically substantiate a layered architecture model for
business process management systems that supports long-term evolution through the separation of a
stable architectural core from adaptable layers. To achieve this objective, the study addresses the
following tasks:

— to analyze approaches to layered architecture within enterprise architecture and business process
management systems;

— to identify the limitations that arise when systems with highly coupled components evolve;

— to examine the architecture of an enterprise business process management system based on an applied
case study;

— to formulate principles for designing an architecture oriented toward long-term development.

The research hypothesis is that the long-term evolution of enterprise business process management
systems is determined by the nature of their architectural design, whereby the separation of stable
execution layers from adaptable interaction layers localizes changes within a limited portion of the
system and preserves overall architectural integrity as new functionality is introduced.

The scientific novelty lies in proposing that the widely adopted modular approach to the extensibility
of business process management systems is insufficient to ensure their long-term evolution because it
does not eliminate architectural coupling between system components. The study shows that sustainable
development depends primarily on the structural separation of architectural layers, with changes isolated
outside the execution core rather than accommodated through the continuous addition of functional
modules. On this basis, the paper proposes an original layered architecture model in which extensibility
is achieved through the distribution of changes across architectural layers and their localization within
the upper layers of the system.

2. Materials and Methods

This study was conducted as an analytical review of the scientific literature followed by the
development of a conceptual layered architecture model for BPM systems designed to support long-
term evolution. The analysis focused on studies addressing enterprise system architecture, layered
architectural models, business process management, application integration, event-driven process
execution, and the architectural factors influencing system evolution and adaptability.

The literature search was performed using the Google Scholar, SpringerLink, and MDPI databases.
The following keywords and their combinations were used: enterprise architecture, business process
management system, layered architecture, modularity, system integration, event-driven process
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execution, component coupling, architectural complexity, system extensibility, process lifecycle, digital
transformation, and enterprise information systems. Boolean operators (AND and OR) were applied to
refine the search. The review included publications published between 2022 and 2025 that presented
analytical or conceptual findings related to the architecture and evolution of business process
management systems. Studies focusing exclusively on narrow technical implementations or individual
software tools were excluded from further analysis.

An initial set of 45 publications was identified. Following an assessment of their relevance to the
research objectives, 15 sources were selected for the final review. The analysis showed that
contemporary research primarily emphasizes modularity, system integration, architectural quality, and
process lifecycle management. In contrast, relatively little attention has been devoted to the distribution
of architectural changes across system layers and the mechanisms for isolating those changes. This
research gap provided the foundation for developing the proposed layered architecture model.

The study also employed a case study approach to examine the architecture of an enterprise business
process management system comprising a data storage layer, a process execution layer, a deployment
layer, and separate design and interaction layers responsible for user and external system
communication. This made it possible to compare theoretical concepts with practical architectural
solutions and to identify stable design principles that support long-term system evolution.

Several limitations of the study should be considered. First, Layered Extensibility Architecture for
BPM Systems (LEA-BPM) is proposed as a conceptual architectural model and has not yet been
quantitatively validated across multiple BPM platforms. Second, the applied case analysis is based on a
single enterprise BPM platform, which limits the direct generalization of the identified architectural
patterns to systems based on different execution and integration mechanisms. Third, the study does not
quantify change propagation, component coupling, modification effort, deployment complexity, or
maintenance cost. Finally, the literature review was limited to publications from 2022 to 2025 and was
intended to identify contemporary architectural patterns rather than provide an exhaustive systematic
review. These limitations define the scope within which the findings and the proposed model should be
interpreted.

3. Results

The analysis of architectural approaches to business process management systems reveals a
consistent pattern. The long-term evolution of such systems is determined primarily by the structure of
their architectural layers, whereas the set of implemented functions has a comparatively smaller
influence. A comparison of enterprise architecture frameworks and BPM models demonstrates a
multilayered organization in which business processes, applications, and infrastructure constitute
interconnected layers characterized by different rates of change [4]. Within this perspective, extensibility
is understood as a property of the system’s internal architecture rather than the result of the number of
available functions.

The integration of BPM with enterprise architecture reveals a clear internal hierarchy. The business
layer contains processes, organizational roles, and business events. The application layer supports
process execution through services, while the technology layer provides the underlying infrastructure
and operational constraints. At the strategic level, business processes are aligned with organizational
objectives and long-term development priorities [5]. The allocation of responsibilities across these layers
establishes the fundamental logic governing how architectural changes propagate throughout the system.

Business processes evolve continuously, but changes to process models do not, by themselves,
require modifications to the underlying BPM platform. Architectural changes become necessary only
when new or updated business processes require additional functionality, new integrations, or
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modifications to existing interaction mechanisms. In highly coupled architectures, such changes may
propagate across multiple system components, increasing maintenance complexity and reducing
architectural stability [6]. In contrast, layered architectures localize these modifications within the
relevant layers and prevent their unnecessary propagation across the system. Event-driven process
execution follows the same architectural principle, with process models, execution rules, and runtime
states remaining logically separated while interacting through formalized mechanisms [7].

The architecture of the analyzed enterprise BPM system exhibits the same structural characteristics.
The system is organized into five architectural layers. The lower part consists of the data storage, process
execution, and deployment layers, which together form a stable architectural core. The upper part
includes the process design and user interaction layers, where the majority of modifications are
introduced. Consequently, the principal architectural boundary separates process execution from process
configuration and adaptation [8].

These findings indicate that extensibility is primarily determined by architectural layering rather than
by the availability of development tools. Software tools serve a supporting role, whereas sustainable
evolution is achieved by restricting modifications to the upper architectural layers while preserving the
integrity of the execution core. Such behavior is embedded in the architectural structure from the outset
rather than emerging from subsequent functional expansion.

Additional evidence is provided by the analysis of data-driven BPM architectures [9]. In these
approaches, the system is organized as a sequence of architectural layers, each introducing new
capabilities without restructuring the underlying foundation. Progression across the layers is associated
with the accumulation of data and increasingly sophisticated analytical processing, while the lower
layers remain structurally stable. Table 1 summarizes the layers of data-driven BPM and their respective
contributions to overall system architecture.

Table 1. Layers of Data-Driven BPM and Their Contribution to Architectural Extensibility (Compiled by the author based on
source: [10])

Data-Driven BPM Layer Posmon. in Number of Capabilities / System Share, Cumulative Share,
Pyramid Types % %
Descriptive Process Analytics 1 4 40.0 40.0
Predictive Process Analytics 2 2 20.0 60.0
Pres‘crllptl\‘/e Process 3 5 200 0.0
Optimization
Autonomous Process Execution 4 2 20.0 100.0

Although the original study addresses the maturity of data-driven BPM rather than extensibility itself,
its layered progression is relevant to the present analysis because it illustrates how additional capabilities
can be introduced while previously established architectural functions remain available. LEA-BPM
applies the same general logic to architectural change rather than capability maturity: the central issue
is whether new functionality can be introduced without requiring corresponding structural modification
of lower execution layers. Each successive architectural layer introduces additional capabilities while
preserving the functionality of the existing mechanisms. The same principle can be observed in practical
enterprise architectures. The implementation of new functionality or the integration of an external
service affects only the upper portion of the system, whereas the lower layers continue performing their
responsibilities without modification. This separation of responsibilities across architectural layers
establishes clear boundaries for change and preserves the overall stability of the system during its
evolution.

The analysis also indicates that research attention across the BPM lifecycle is concentrated primarily
on process initiation and initial configuration. Most efforts are devoted to process modeling and
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implementation, whereas considerably less emphasis is placed on subsequent modification, adaptation,
and long-term evolution. As a result, business process management systems generally provide effective
support for process deployment but encounter increasing architectural complexity and a growing
number of dependencies as they evolve over time. This imbalance constitutes an inherent architectural
limitation. Table 2 presents the distribution of research activity across the major phases of the business
process lifecycle.

Table 2. Distribution of Research Attention Across the BPM Lifecycle Phases (Compiled by the author based on source: [11])

BPM Lifecycle Phase Share of Studies, % Rank Gap from Leader, p.p.
Modeling 354 1 0.0
Implementation 31.6 2 3.8
Monitoring and Mining 16.5 3 18.9
Analysis 7.0 4 28.4
Redesign 5.7 5 29.7
Identification 3.8 6 31.6

The distribution of research attention across the BPM lifecycle indicates that modeling and
implementation receive substantially greater attention than redesign and subsequent adaptation. For the
present study, this imbalance is important because long-term extensibility becomes relevant primarily
after initial deployment, when existing processes, integrations, and interaction mechanisms must be
modified without destabilizing the platform. The limited attention to redesign therefore reinforces the
need to examine how BPM architectures accommodate change after their initial implementation.
Changes to existing process models can typically be handled through process configuration and do not
require modifications to the underlying BPM platform. Architectural changes become necessary during
BPM system implementation when new functionality is introduced, such as integration with an external
system. In highly coupled architectures, the addition of such functionality may affect multiple
components and create chains of architectural dependencies.

In the analyzed OpenText MBPM platform architecture, this risk is addressed through the explicit
separation of architectural layers. The data storage, process execution, and deployment layers operate
as an integrated architectural foundation. Their interaction is coordinated through a unified data access
and processing mechanism, which preserves consistency across the system while providing a stable
basis for process execution [12].

During BPM system implementation, a new integration is introduced through the upper architectural
layers. Its configuration is defined at the process design level, while the user interaction layer provides
communication with the external system [13]. The core architectural components do not require
corresponding modification: the process execution, data storage, and deployment mechanisms retain
their existing structure, thereby preserving the stability of the execution environment.

4. Discussion

The results indicate that the critical architectural factor for long-term extensibility is not simply
modularity, but the scope of change propagation within the system. In the analyzed architecture, routine
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changes associated with process configuration, business scenarios, and external integrations are
concentrated primarily in the design and interaction layers, while execution-oriented layers remain
comparatively stable. This does not imply that the lower layers are immutable. Changes in persistence
technology, runtime requirements, security mechanisms, or deployment infrastructure may also require
modification of the architectural core. The relevant distinction is therefore between routine functional
evolution, which can be localized, and foundational platform changes, which may affect the core
architecture.

Architecture influences system evolution through the allocation of responsibilities among layers [ 14].
Each layer performs a defined set of functions and communicates with adjacent layers through stable
interfaces, limiting the effects of local modifications on the rest of the system.

Stable interfaces provide the mechanism for this containment. They make communication between
layers predictable and preserve it when other parts of the system change. Integrating a new external
service can therefore be handled within the relevant layer without restructuring the entire architecture
[15]. In this way, architectural boundaries control the spread of change and prevent unnecessary
dependencies from accumulating as the system evolves.

This interpretation both corresponds to and differs from previous architectural research. Studies of
enterprise architecture emphasize the separation and coordination of business, application, and
technology concerns and the importance of maintaining alignment as enterprise systems evolve [1], [3],
[5]. Research on process enactment further demonstrates the value of separating execution mechanisms
from higher-level process representations [ 7], while studies of migration toward microservices and low-
code environments examine modular decomposition and the reduction of implementation barriers [2],
[14]. These approaches support the broader principle of architectural separation, but their primary focus
is not the location and propagation of change within an enterprise BPM system. LEA-BPM develops
this aspect further by treating change containment itself as a mechanism of extensibility. From this
perspective, the existence of modules or extension tools is insufficient if the introduction of new
functionality still requires coordinated modification across storage, execution, deployment, and
interaction components.

Layer separation produces a specific pattern of development. New capabilities enter through the
upper layers, while the core execution mechanisms continue to operate unchanged. Continuous
development is therefore accommodated within the architecture itself, with stability maintained by
directing modifications away from the system core.

The enterprise BPM system under analysis applies this principle through a sequence of clearly
differentiated layers. Data storage, process execution, and deployment form a stable foundation that
supports the reliable execution of business processes. Process design and user interaction are assigned
to the upper layers. The distinction between these groups of layers reflects their different rates and
sources of change. Process design and interaction layers respond directly to evolving business
requirements, user scenarios, and external systems. Data storage, process execution, and deployment
instead provide the mechanisms required for persistent state management, runtime execution, and
operational delivery. They may therefore remain stable across multiple changes in business
functionality, provided that those changes do not alter the fundamental technical requirements of the
platform.

New external services are integrated according to the same arrangement. Their configuration can be
introduced primarily within the process design and interaction layers, while the existing data storage,
process execution, and deployment mechanisms can remain unchanged when the integration does not
introduce new persistence, runtime, security, or deployment requirements. The distinction between
routine functional evolution and changes affecting the execution foundation is thereby preserved.
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By containing modifications within designated layers, this architecture limits their effects on the
system as a whole. Functional growth leaves the architectural foundation intact, making extensibility a
property of the design itself. When a new integration is added, the layered structure already determines
where the required changes will occur and protects the core components from their impact.

The reviewed architectural approaches provide the basis for a model that treats extensibility as an
intrinsic architectural property. Figure 1 presents the proposed LEA-BPM.

Layered Extensibility Architecture (LEA-BPM)

A Five-Layer Model for Extensible Business Process Management Systems

/’ ~N
Interaction & Integration Layer Operating Principle
User interaction, external system integration,
EXTENSIBLE LAYERS API management, adapters, connectors 7 3 W O
Changes are localized in the < S
upper layers. New functionality . Changes Core remains
and integrations are added Design Layer E occur here unchanged
without affecting the core. Process modeling, configuration,
rules definition, metadata management .
" — Key Properties
—————————— Boundary Between Change and Stability = - == = == = = - - -
~ Core Isolation
The core remains stable
Deployment Layer (\ and unaffected by changes.
Process deployment, version control, (.. —]
: Low Coupling
STABLE CORE rollback, environment management (-- —] CO Al i
" dependencies.
The core remains unchanged .
during system evolution. < Execution Layer -“0—  Configurability
It provides reliable execution Process engine, workflow execution, -o—° Extensions are added
and data consistency. business rules, event handling through configuration.
E:} Integration Support
Persistence Layer External systems are
Data storage, process state, audit logs, integrated via upper layers,
unified persistence protocol
~
" ‘ﬁ‘“ “P [[] Extensible Layers (Change Zone)
= » Stable Core L (Stability Zone)
Unified Persistence Protocol | B
Standardized data access and consistency across the core layers Cross-Cutting Foundation

Figure 1. Layered Architecture for BPM System Extensibility (Author's elaboration)

The proposed model distinguishes the system into a stable architectural foundation and a dedicated
domain of change. The lower architectural layers comprise data storage, process execution, and
deployment mechanisms. Together, these components constitute the architectural core of the system,
whose behavior remains stable as new functionality is introduced. Data management, process execution,
and deployment are coordinated within a unified architectural framework that ensures consistent system
operation.

The defining characteristic of the proposed model is the isolation of architectural changes. LEA-
BPM does not treat layered architecture itself as a new architectural concept. Its contribution lies in
interpreting the distribution and containment of change across layers as the principal mechanism of BPM
system extensibility. Under this model, routine functional modifications are directed toward the upper
layers, while component coupling is limited through the separation of architectural responsibilities.
Extensibility is therefore associated not only with the availability of modules or development tools, but
with the ability of the architecture to prevent local changes from propagating unnecessarily into the
execution core.

This architectural approach fundamentally changes the pattern of system evolution. Functional
growth no longer leads to increasing complexity within the architectural foundation. Instead, the system
maintains its manageability as the number of external integrations expands. The layered architecture
preserves an effective balance between architectural stability and continuous evolution.

The proposed model elevates the discussion from individual architectural solutions to general
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architectural principles governing long-term system development. System behavior under changing
conditions is predetermined by the architectural structure, while subsequent evolution occurs within
clearly defined architectural boundaries. As a result, extensibility becomes an integral characteristic of
architectural design rather than a consequence of incremental functional expansion.

5. Conclusion

The long-term evolution of enterprise business process management systems depends primarily on
their architectural organization. System extensibility is shaped by the distribution of architectural
changes and by the layers that absorb their effects. In highly coupled architectures, functional expansion
increases structural complexity and makes the system more difficult to maintain. Layered architecture
follows a different evolutionary pattern: it confines changes to a limited architectural domain while
preserving the integrity of the system foundation.

This study develops the LEA-BPM, which conceptualizes system evolution as the controlled
distribution of changes across architectural layers. The model separates a stable core comprising the data
storage, process execution, and deployment layers from the higher-level layers responsible for process
design and interaction with users and external systems. Core execution mechanisms remain stable, while
architectural modifications are concentrated in the upper layers. Conventional modular approaches treat
extensibility as the incremental addition of functional modules; LEA-BPM instead explains it through
the architectural isolation of change.

The proposed architecture supports the design and continued development of enterprise BPM
systems in environments where processes change frequently and systems require intensive integration.
Layered separation combined with stable interaction mechanisms can allow new integrations and
business scenarios to be introduced without corresponding changes to foundational components. By
reducing the propagation of routine modifications across architectural layers, this structure is intended
to support maintainability and preserve the system’s capacity to adapt over time.

The findings support the research hypothesis within the scope of the literature review and the
analyzed case. Sustainable evolution in enterprise BPM systems can be supported by the separation of
a comparatively stable execution core from the architectural domain in which routine functional changes
occur. Further cross-platform validation is required to determine how consistently this pattern applies
to BPM systems based on different execution and integration architectures.
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