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Abstract
Enterprises must change their processes, rules, products, and interfaces faster than ever, yet
much of their business logic remains hard-coded in legacy systems. Every change then becomes
a software project. Metadata-driven platform architecture addresses this by describing business
behavior as metadata: entities, forms, rules, workflows, integrations, and policies, all
interpreted at run time by generic engines. Changing behavior then becomes a matter of
changing governed configuration rather than rewriting code. Building on prior work on
metadata-centric platforms, configurable workflows, and event-driven processing, this article
develops a reference architecture for such platforms. The architecture has five parts: a governed
metadata repository, runtime engines that interpret metadata, an event backbone for real-time
integration, intelligent process automation, and a governance layer that treats every
configuration change as a controlled, versioned, auditable event. Using a design-oriented
approach grounded in ten studies published between 2017 and 2022, the article maps the
evidence base and presents the architecture and a configuration change lifecycle. It compares
hard-coded and metadata-driven approaches across dimensions of agility, sets out a phased
modernization path, and defines four dimensions of sustainability. It illustrates the architecture
with an insurer modernizing a legacy policy and claims platform. It argues that metadata-driven

architecture delivers lasting agility only when configuration is governed as rigorously as code.
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1. Introduction

Most large enterprises run on systems built over decades. Business rules, process steps, data
structures, and screens are written into application code, often across many systems. When a
regulation changes, a product is launched, or a process needs improving, the change must be
specified, coded, tested, and deployed. This can take months. Meanwhile, the business either
waits or works around the systems with spreadsheets and manual steps.

Digital transformation research shows that responding to changing conditions requires
organizations to change both technology and ways of working (Vial, 2019). Technology can
either enable or block that change. A central architectural question is how to make business
behavior changeable without rewriting software each time.

Metadata-driven architecture offers an answer. Instead of coding business behavior, it describes
that behavior as metadata. Entity definitions, validation rules, workflow steps, user interface
layouts, integration mappings, and access policies are stored in a repository and interpreted by
generic runtime engines. Basireddy (2022a) proposes a future-ready metadata-centric platform
architecture for dynamic configuration, intelligent process automation, operational agility, and
sustainable enterprise modernization, which provides the foundation for this article. Related
work shows how configurable workflows can digitize risk management (Basireddy, 2022b) and
how event-driven architectures enable real-time processing (Sannidhanam, 2021). Research on
model-driven engineering (Brambilla et al., 2017), low-code platforms (Sahay et al., 2020),
business process management (Dumas et al., 2018), robotic process automation (van der Aalst
et al., 2018), microservice migration (Taibi et al., 2017), and green software (Verdecchia et al.,
2021) supplies further foundations.

Metadata-driven platforms also carry risks. Configuration can become as complex and error-
prone as the code it replaces. Uncontrolled changes can break processes or breach regulations,
and the platform itself can become a new legacy. This article asks: How should a metadata-
driven platform be architected and governed so that it delivers lasting agility, intelligent
automation, and sustainable modernization? It contributes a mapping of the evidence base
(Figures 1 and 2), a reference architecture (Figure 3), a configuration change lifecycle (Figure
4), a comparison of hard-coded and metadata-driven approaches, a phased modernization path,

a four-dimension sustainability model, and an illustrative application.


https://ijed.co.in/ijedj/index
https://ijed.co.in/ijedj/index

Indian Journal of Environment &

Development Volume 13, Issue 01, 2022

2. Related Work

2.1 Metadata-centric platform architecture

Basireddy (2022a) presents a metadata-centric platform architecture aimed at dynamic
configuration, intelligent process automation, operational agility, and sustainable enterprise
modernization. In this approach, business behavior is expressed as metadata that can be
changed without redeploying code, so enterprises can adapt quickly while modernizing their
systems over time. The present article builds on this foundation. It adds a governed change
lifecycle, event-driven integration, a phased modernization path, and a multi-dimensional view
of sustainability.

2.2 Model-driven engineering and low-code platforms

Brambilla et al. (2017) describe model-driven software engineering, in which models
conforming to defined metamodels are the primary artifacts. The models are transformed into
code or interpreted directly at run time. Metadata-driven platforms apply this principle to
enterprise applications, with the metamodel defining what can be configured. Sahay et al.
(2020) analyze low-code development platforms. These platforms let users build applications
largely through visual configuration of data models, interfaces, logic, and workflows, and they
differ in their features, extensibility, and interoperability. Their comparison highlights both the
productivity of configuration-based development and the risks of vendor lock-in and limited
extensibility.

2.3 Process management and automation

Dumas et al. (2018) set out the business process management lifecycle of identification,
discovery, analysis, redesign, implementation, and monitoring. They stress that processes
should be modeled explicitly and improved continuously. Van der Aalst et al. (2018) describe
robotic process automation (RPA), which automates repetitive, rule-based tasks by imitating
user interactions with applications. RPA is useful for legacy systems without integration
interfaces but is fragile when those applications change. In a metadata-driven platform, explicit
process models and automation are defined as metadata, which makes them visible and
changeable.

2.4 Configurable workflows

Basireddy (2022b) proposes configurable enterprise workflow architecture for digitizing risk
management, with identification, assessment, approval, escalation, and remediation defined as

configurable workflows with audit trails. Such workflows are a core engine of a metadata-
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driven platform. They also provide the governance mechanism for approving and recording
configuration changes.

2.5 Event-driven integration

Sannidhanam (2021) examines real-time claims processing using event-driven architectures, in
which business events are published to a stream and processed by independent services as they
occur. For a metadata-driven platform, an event backbone connects the platform to legacy and
external systems without tight coupling. It also allows configured rules and workflows to
respond to events in real time.

2.6 Modernization and transformation

Taibi et al. (2017) studied organizations migrating from monolithic systems to microservices.
Their findings cover motivations such as maintainability and scalability, the processes
followed, and issues such as the difficulty of decomposing monoliths and managing distributed
data. Their work suggests that modernization should be incremental. Vial (2019) reviews digital
transformation research and describes it as a process in which digital technologies create
disruptions that organizations respond to by changing how they create value. Transformation
requires structural and organizational changes as well as technology.

2.7 Sustainability

Verdecchia et al. (2021) discuss green IT and green software, meaning reducing the
environmental impact of information technology through efficient software design,
infrastructure, and operation. Enterprise modernization is an opportunity to retire inefficient
systems and consolidate duplicated functions, which reduces energy use.

2.8 Research gap

These studies address metadata platforms, model-driven and low-code development, process
management, automation, workflows, events, migration, transformation, and sustainability.
There is limited integrated guidance on how to architect and govern a metadata-driven platform

so that its agility lasts and modernization is sustainable. This article provides that guidance.

3. Research Methodology
The study follows a design-oriented research approach. The problem, that hard-coded business
logic makes enterprises slow to change and that configuration-based platforms can become

ungoverned and unsustainable, was identified from the literature. Requirements were derived
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from the reviewed studies: an explicit metamodel, run-time interpretation, real-time integration,
intelligent automation, governed change, incremental modernization, and sustainability. The
architecture was designed from ten studies and demonstrated through an illustrative insurance
case.

To make the evidence base transparent, each study was assigned to the theme it primarily
supports. Figure 1 shows the distribution across themes, and Figure 2 shows the studies by
publication year. These figures describe the literature used in this article. They are not
performance measurements. The architecture has not been evaluated empirically, which is left

to future work.

Metadata platform architecture [ 2
Process management and automation . ¢
Low-code configuration [INNEGEGTN
Configurable workflows [N
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Figure 1. Number of reviewed studies primarily supporting each theme (n = 10)
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Figure 2. Reviewed studies by publication year (n = 10)

The evidence is spread across themes, with platform architecture and process management each
supported by two studies. Sustainability and configuration governance have the thinnest
support, which reflects a wider tendency to study the agility of configurable platforms more

than their long-term governance and environmental impact.
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4. Reference Architecture
The architecture places a governed metadata repository at the center, surrounded by runtime
engines that interpret it. An event backbone and a governance layer support it (Figure 3 and

Table 1).

Governance Users and channels

Runtime engines

Rules Workflow ul Integration Automation
engine engine engine engine engine
change
workflow f ? T f f
validation
approval Metadata repository
»
versioning entities, rules, workflows, forms, integrations, policies
versioned and validated against the metamodel
audit

Event backbone
business events published and subscribed in real time

$ i '

Legacy systems

Intelligent services

via event adapters partners, data classification, decisions

l External services J

Figure 3. Reference architecture for a metadata-driven enterprise platform

Table 1. Components of the metadata-driven platform architecture

Component Function Key mechanisms Supporting studies
Metamodel Define what can be Types for entities, rules, Brambilla et al. (2017);
configured workflows, forms, Basireddy (2022a)
integrations, policies
Metadata Store configuration as Versioned, validated, Basireddy (2022a)
repository governed data environment-aware metadata
Runtime engines | Interpret metadata to Rules, workflow, user Basireddy (2022a, 2022b);
deliver behavior interface, integration, and Sahay et al. (2020)
automation engines
Event backbone Connect systems and Event publishing and Sannidhanam (2021)
trigger behavior in real subscription
time
Intelligent Automate routine and Configured process Dumas et al. (2018); van
automation exception work automation, bots for legacy der Aalst et al. (2018)
interfaces
Governance Control configuration Change workflows, Basireddy (2022b)
change validation, approval,
versioning, audit

Metamodel. The metamodel defines the building blocks of configuration: entity types and their

attributes, validation and decision rules, workflow steps and transitions, forms and screens,
6
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integration mappings, and access policies (Brambilla et al., 2017). It sets the boundary of what
business users and configurators can change without code. Extensions beyond it require
engineering.

Metadata repository. All configuration is stored as data in a repository, with each item
versioned, validated against the metamodel, and tagged by environment (Basireddy, 2022a).
Configuration can therefore be compared, rolled back, and promoted from test to production
like code.

Runtime engines. Generic engines read the metadata and deliver behavior. The rules engine
evaluates decisions, the workflow engine runs processes (Basireddy, 2022b), the user interface
engine renders forms and screens, the integration engine maps and routes data, and the
automation engine runs configured automations. Because the engines are generic, a new
product or process usually requires new metadata, not new code (Sahay et al., 2020).

Event backbone. Business events flow through a shared event stream (Sannidhanam, 2021).
Examples include a policy issued, a claim submitted, a payment received, or a status changed.
Configured rules and workflows subscribe to events, and legacy systems publish and consume
events through adapters. This decouples the platform from the systems around it.

Intelligent automation. Processes are modeled explicitly (Dumas et al., 2018), and routine steps
are automated through configured rules and integrations. Where legacy systems lack interfaces,
RPA bots are defined and tracked as metadata (van der Aalst et al., 2018), so they are visible
and can be retired as modernization proceeds. Intelligent components, such as document
classification or decision models, are registered as services that configured workflows call.
Governance. Every configuration change follows a governed lifecycle (Section 5), enforced

through configurable workflows with approvals and audit trails (Basireddy, 2022b).

5. Configuration Change Lifecycle

Figure 4 shows the lifecycle of a configuration change.

1. Request 2. Model 3. Validate 4. Approve 5. Publish 6. Monitor

Figure 4. Governed lifecycle of a configuration change
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A business need is raised as a change request. A configurator models the change in metadata.
The platform validates it against the metamodel, checks dependencies, and runs automated tests
on affected processes. The change is approved through a workflow whose approvers depend on
its risk (Basireddy, 2022b). It is then published as a new version and applied at run time without
redeploying code. Its effects are monitored, and results feed back into future requests. If
monitoring shows a problem, the previous version can be restored immediately.

This lifecycle addresses the main risk of configuration-based platforms: that configuration
becomes an ungoverned shadow codebase. Treating configuration with the same discipline as
code, including versioning, testing, approval, and audit, keeps agility from coming at the
expense of control.

5.1 Hard-coded versus metadata-driven

Table 2 compares hard-coded and metadata-driven approaches across dimensions of

operational agility.

Table 2. Hard-coded versus metadata-driven approaches

Dimension Hard-coded logic Metadata-driven platform
Speed of change Code, test, and release cycle for each | Configuration change with governed
change release, often within days
Who can change Software developers Trained configurators and business
analysts, with developer support for
extensions
Consistency Logic duplicated across systems Shared definitions reused across processes
and channels
Visibility Logic hidden in code Rules, processes, and automations visible
as metadata
Traceability Depends on code history and Every change versioned, approved, and
documentation audited
Risk Defects introduced through code Misconfiguration if changes are not
changes validated and governed
Extensibility limit Anything code can do Bounded by the metamodel, extended
through engineering

The comparison shows that metadata-driven platforms trade unlimited flexibility for speed,
consistency, and visibility within the bounds of the metamodel. Governance is what keeps this

trade favorable.

6. Modernization and Sustainability
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6.1 Phased modernization path

Consistent with evidence that migrations from monolithic systems should be incremental (Taibi
et al., 2017), the platform supports modernization in four phases. First, it wraps legacy systems
with event adapters, so that they publish and consume events without being changed
(Sannidhanam, 2021). Second, it automates manual work around them through configured
workflows and, where necessary, RPA bots tracked as metadata (van der Aalst et al., 2018).
Third, it moves business rules and processes, one domain at a time, from legacy code into
metadata on the platform (Basireddy, 2022a). Fourth, it retires legacy functions once the
platform handles them, and removes the bots and adapters that supported them. Each phase

delivers value and reduces risk before the next begins.
6.2 Four dimensions of sustainability
Modernization is sustainable only if it lasts. Table 3 sets out four dimensions of sustainability

and how the architecture addresses each.

Table 3. Dimensions of sustainable enterprise modernization

Dimension Risk Architectural response Supporting studies
Technical Platform becomes the Explicit metamodel, engine Brambilla et al. (2017);
next legacy system and metadata separation, Sannidhanam (2021)
standard interfaces, event-
based integration
Economic Cost of change stays high | Reuse of shared definitions, Basireddy (2022a); Sahay
configuration instead of et al. (2020)
code, retirement of duplicate
systems
Environmental Energy use of duplicated | Consolidation, retirement of | Verdecchia et al. (2021)
and inefficient systems legacy infrastructure,
efficient shared engines
Organizational Change capability Business-visible Vial (2019); Dumas et al.
depends on a few configuration, governed (2018)
specialists roles, continuous process
improvement

7. Illustrative Case: Modernizing an Insurer's Policy and Claims Platform

Consider a mid-sized insurer whose policy administration and claims systems are twenty years
old. Launching a new product takes months of development, rule changes require code releases,
and claims staff re-enter data across three systems.

Wrap. The insurer first connects its legacy systems to an event backbone. Policy issuance, claim
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submission, and payment events are published as they occur (Sannidhanam, 2021), without
changes to the legacy code.

Automate. Claims triage is configured as a workflow on the platform (Basireddy, 2022b). It
subscribes to claim events, applies configured rules, and routes claims to the right teams. A
small number of RPA bots, registered as metadata, handle data entry into a legacy payment
system that lacks an interface (van der Aalst et al., 2018).

Move. The insurer then models its home insurance products on the platform, including
coverages, rating rules, underwriting rules, and forms, as metadata (Basireddy, 2022a). When
a regulator changes disclosure requirements, the compliance team requests a change. A
configurator updates the affected forms and rules, the platform validates the change and runs
tests on affected quotes, and compliance and product owners approve it through the change
workflow. The change goes live two weeks later without a code release (Figure 4).

Retire. Once home insurance is fully served by the platform, the legacy home insurance module
and its bots are retired. The insurer decommissions the associated servers, which reduces
infrastructure and energy costs (Verdecchia et al., 2021).

Agility in practice. A year later, the insurer launches a new add-on cover for home-based
businesses by reusing existing entity definitions and adding new rules and forms. The launch
takes weeks rather than months. Every change along the way is versioned and auditable.

The case shows how the architecture enables incremental modernization, faster change, and

intelligent automation while keeping configuration governed and the platform sustainable.

8. Discussion

8.1 Implications

For research, the article extends metadata-centric platform architecture (Basireddy, 2022a) with
a governed change lifecycle, event-driven integration, a phased modernization path, and a
multi-dimensional view of sustainability. It connects these to research on model-driven
engineering, low-code platforms, process management, automation, migration, and green
software. The evidence mapping shows that configuration governance and sustainability are
under-studied. For practitioners, the main lessons are to define an explicit metamodel, treat
configuration with the same discipline as code, integrate through events rather than point-to-

point connections, modernize one domain at a time, and measure sustainability across technical,
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economic, environmental, and organizational dimensions.

8.2 Limitations and future work

The architecture was demonstrated through an illustrative case and draws on a focused set of
ten studies, and the evidence mapping reflects only these studies. Future work should evaluate
metadata-driven platforms empirically, measuring time to change, defect rates from
configuration, the share of changes delivered without code, legacy retirement progress, and
energy and cost savings. Further research is needed on testing configuration changes
automatically, on managing the complexity of large metadata repositories, on preventing lock-

in to platform vendors, and on using Al to suggest and validate configuration changes.

9. Conclusion

Metadata-driven platform architecture lets enterprises change business behavior by changing
governed configuration rather than rewriting code. Building on prior work on metadata-centric
platforms, configurable workflows, and event-driven processing, this article proposed a
reference architecture. It combines an explicit metamodel, a versioned metadata repository,
generic runtime engines, an event backbone, intelligent automation, and governance of every
configuration change. It set out a change lifecycle, compared hard-coded and metadata-driven
approaches, and defined a phased modernization path and four dimensions of sustainability.
The insurance case showed the architecture supporting incremental modernization and faster,
governed change. The central conclusion is that metadata-driven architecture delivers lasting

agility only when configuration is governed as rigorously as code.
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