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Abstract

This paper examines the shortcomings of traditional Business Rule Engines (BREs) and Business Process
Management (BPM) engines, which often introduce cost, complexity, and vendor lock-in rather than
delivering on their promise of agility. It proposes lightweight, standards-based alternatives that align
with modern cloud-native practices. By combining RESTful APls, domain-driven design, event-driven
architectures, repository-based rules, and a light scaffolding tier built on Event-Condition-Action and
state machines, organizations can achieve agility, governance, and portability without proprietary
runtimes. These approaches solve real business problems directly, leveraging domain-specific standards
and integration patterns instead of generic frameworks.

Executive Summary

Business Rule Engines (BREs) and Business Process Management (BPM) Engines were created to give
organizations greater flexibility by separating business rules and workflows from application code. Their
intent was sound: make systems easier to adapt, empower business users, and provide a structured way
to govern rules and processes. In practice, however, these engines often add layers of proprietary
complexity, impose rigid runtime environments, and tie organizations to specific vendors.

Today, most projects can achieve the same objectives using modern, standards-based approaches.
RESTful APls, domain-driven design, event-driven architectures, repository-based rules, and a light
scaffolding tier built on Event-Condition-Action (ECA) and state machines provide lightweight, portable,
and cloud-native alternatives. These patterns deliver the agility engines were meant to provide---
without the cost, lock-in, and steep learning curves.

Proof Points

Modern IT decision makers expect clear evidence for why an alternative approach is more effective.
Proof can take several forms: industry adoption statistics, cost models, case insights, and practitioner
experience. Together these establish credibility and demonstrate tangible value.

Industry Adoption

e According to Gartner's Market Guide for Business Rules Management Systems (2024), enterprises
are shifting away from proprietary BRE platforms to repository-driven approaches integrated
with DevOps pipelines \[Gartner 2024\].

e RESTful APIs and microservices have become the default integration approach in cloud platforms,
displacing engine-based orchestration \[Forrester 2023\].

¢ Adoption of open-source and cloud-managed workflow tools such as AWS Step Functions and
Azure Logic Apps has grown at double-digit rates annually \[IDC 2023\].

Case Insights
e Expedia improved transaction throughput by 35% by replacing BPM orchestration with event-
driven workflows on AWS Step Functions \[AWS Case Study 2023\].

e A European bank reported multi-million Euro annual savings by adopting Git-backed rule
repositories and automated QA pipelines in place of a BRE \[Gartner Case Snapshot 2022\].

¢ Telco providers documented by Confluent have scaled Kafka-based event-driven architectures to
replace legacy process engines, increasing uptime and resilience \[Confluent 2023\].
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Cost Models
¢ Proprietary BRE licenses typically cost \$S250K--\S500K annually, plus specialist staffing \[Forrester
Wave 2022\].

¢ Repository-driven rules reuse existing cloud database or Git infrastructure at marginal cost \[IDC
2023\].

¢ Training on proprietary engines can take 3--6 months, while expression-based rules and APIs can
be maintained by existing development teams with minimal onboarding \[Gartner 2024\].

Practitioner Experience

* |n our projects, classification systems for business rules and reusable data patterns have enabled
faster onboarding, reduced maintenance overhead, and improved auditability \[Internal Project
Data\].

e Event-Condition-Action scaffolding tied to domain models has proven effective at balancing
flexibility with governance, enabling business analysts to participate in rule maintenance \[Field
Experience 2023\].

Business Value

Agility: Faster change cycles with rules tied to domain models and expression-based definitions.

e Governance: Built-in versioning, auditing, and security in repositories and CI/CD pipelines.

Risk reduction: Avoids lock-in while aligning with cloud-native strategies.

Efficiency: Reduces license, training, and staffing overhead by using mainstream tools.

Historical Context

Business Rule Engines first appeared in the mid-1990s, with products such as ILOG and Blaze Advisor
marketed as tools that would free business users from the bottlenecks of software development. At
roughly the same time, workflow automation systems were evolving into full BPM engines, culminating
in the early 2000s with standards such as BPEL (Business Process Execution Language, 2003).

BPMN (Business Process Model and Notation), introduced in 2004 and standardized in 2006, offered a
powerful visual language for process design. DMN (Decision Model and Notation), standardized in 2015,
extended this value to rules and decision tables. These notations remain highly expressive and useful for
design and communication. The problem has not been the notations themselves but their coupling to
heavyweight proprietary engines that lock organizations into opaque runtimes and non-portable
execution models.

It is also worth noting that these initiatives and standards pre-date modern cloud architectures, API
standards, domain-driven design (DDD), and event-driven architecture (EDA). They were conceived in
an era before microservices, serverless, and cloud-native integration platforms. In addition, BPMN and
DMN were designed to be domain-independent, but in practice every real-world solution exists in a
specific domain. Modern solutions can benefit from leveraging domain standards, conventions,
patterns, and off-the-shelf (OTS) components---both vendor-provided and open source---within that
domain context.

Today's solution development is inherently integration-heavy, reflecting a deliberate shift away from
monolithic architectures toward modular, adaptable systems. This modern environment highlights why
traditional BREs and BPM engines often feel mismatched: they attempt to impose generic abstractions
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on problems that are best solved using domain-specific modeling and cloud-native integration
techniques.

The Original Promise of Engines

The motivation for BREs and BPM engines was straightforward. By externalizing rules and workflows,
organizations could adapt more quickly to business change, enable non-technical users to participate in
defining rules, and gain greater visibility into governance and compliance. Engines were promoted as
accelerators of business agility and as tools to make IT systems more transparent.

The Reality of Complexity and Lock-In

The lived experience of many organizations has been less positive. These engines are frameworks---
technology layers that must be integrated and maintained. They are not solutions in themselves. The
hope that they accelerate development only materializes if there is already strong analysis and
disciplined design behind them.

Instead, many organizations have found:

e Proprietary runtimes distort architecture and reduce flexibility. Even when "standards compliant,"
implementations diverge enough to make portability a myth.

¢ Vendor lock-in becomes significant as rules and workflows are captured in formats tied to a single
product.

e Complexity is displaced, not eliminated. What was once embedded in code becomes embedded in
opaque runtimes that require specialized staff to configure and maintain.

e Costs remain high, both in licensing and in the expertise required to operate these engines.

In effect, many organizations discover they have simply moved complexity rather than reduced it.

Goals That Still Matter

Despite these shortcomings, the goals remain valid. Rules and processes should be abstracted from
application code. Agility and maintainability are critical. Governance, versioning, and monitoring are
essential in enterprise systems. And BPMN and DMN remain valuable notations for modeling. The
challenge is to achieve these goals without adopting heavyweight runtimes that add more problems
than they solve.

Modern Alternatives Without Engines

Modern IT projects can achieve the core goals of BREs and BPM engines---separating rules and
processes from application logic, enabling agility, and ensuring governance---without adding
heavyweight, proprietary runtimes. Three complementary architectural patterns stand out: APIs and
domain-driven design, event-driven architecture, and repository-based rules. We further propose a light
scaffolding tier as an integration of these ideas.

APIs and Domain-Driven Design

A lightweight, service-oriented approach is to expose business rules and workflows through RESTful
APIs. Using domain-driven design (DDD), rules can be modeled as domain
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services, and processes orchestrated across bounded contexts. This approach makes business logic
explicit in the architecture, portable across platforms, and immediately consumable by clients. APIs align
with established DevOps practices, making them easy to version, test, and secure.

Example: In an insurance application, eligibility checks for policies can be exposed as an EligibilityService
API. Each bounded context (e.g., health, auto, life) provides its own rules, which are orchestrated by a
central policy issuance service.

Event-Driven Architecture

Where asynchronous transactions dominate---such as in e-commerce, supply chains, or loT---event-
driven architecture (EDA) is a natural fit. In EDA, changes in state (for example, an order being placed or
a payment being authorized) are published as events. Other services subscribe and react independently,
creating loosely coupled and scalable systems.

EDA aligns well with domain-driven design, as events correspond directly to domain concepts. It
improves resilience and scalability but requires careful governance to avoid complexity and "event
spaghetti." Platforms such as Apache Kafka, Pulsar, AWS EventBridge, and Azure Event Hubs have made
event-driven design mainstream, particularly in cloud-native environments.

Example: An online retailer publishes an OrderPlaced event when a customer completes checkout. The
payment service subscribes and triggers a payment authorization. The inventory service independently
adjusts stock levels. The shipping service prepares fulfillment---all without a central workflow engine.

Repository-Based Rules

A third approach is to store business rules in dedicated repositories separate from application code.
These repositories can be implemented in SQL databases, JSON or XML stores, or Git-based registries.
With appropriate management practices, repository-based rules achieve many of the governance
benefits promised by BREs---versioning, auditing, QA/QC processes, and access controls---without
introducing proprietary runtimes.

Repositories provide transparency and traceability. They allow organizations to review, validate, and
promote rules in a controlled manner, using the same tools and processes already in place for
application code. This approach delivers the benefits of externalizing rules without forcing adoption of
an engine that locks them away.

Example: A financial services platform stores interest rate calculation rules in a JSON repository. Each
change is versioned in Git, validated in test pipelines, and reviewed for

compliance before deployment. Applications pull rules dynamically at runtime, ensuring transparency
and auditability.

Scaffolding Tier with Event-Condition-Action and State Machines

Our solution extends these approaches by introducing a light scaffolding tier in the application
architecture. This tier sits above the domain model and provides an Event-Condition-Action (ECA)
mechanism combined with a state machine abstraction.

¢ Integration with Domain Models: Business rules are explicitly tied to the domain entities and the
data they operate on.

¢ Rule Scripts: Rules can be implemented in portable expression languages or grammars. For
example, the RESO Validation Expression Grammar allows rules to be defined in a standardized,
shareable format.
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¢ Isolation and Partitioning: By separating rules into expressions, they are decoupled from the
underlying services and infrastructure.

¢ Business Maintenance: In some cases, rules expressed in well-designed languages can be
maintained by business analysts rather than IT staff, further reducing cost and friction.

This scaffolding approach provides the agility and governance benefits originally promised by BREs and
BPM engines while remaining lightweight, portable, and tightly aligned with the domain.

Integrating Al with the Scaffolding Tier

The proposed Event-Condition-Action (ECA) scaffolding tier combined with state machines also creates a
natural integration point for Agentic Al systems and other Al models.

Because rules and events are explicitly tied to domain models and data, Al components can be invoked
as part of rule evaluation or action execution.

¢ Contextual Evaluation: Al models can analyze customer-specific data, such as the terms of a
current contract, and provide recommendations that feed directly into rule conditions.

¢ Dynamic Rules: Machine learning models can generate or refine thresholds, scoring metrics, or
decision factors, which are then interpreted through expression-based rules.

e Agentic Al Integration: ECA scaffolding provides hooks for autonomous or semi-autonomous
agents to participate in workflows, constrained by governance and state transitions.

¢ Auditability: By routing Al outputs through the scaffolding layer, decisions remain traceable and
auditable alongside standard business rules.

Example: In financial services, an Al model could analyze a customer's existing mortgage contract to
determine risk exposure. The ECA scaffolding layer evaluates this result against predefined conditions
(e.g., regulatory compliance thresholds) and triggers state transitions such as approve, escalate, or
request additional documentation.

This integration ensures that Al enhances agility and insight without bypassing governance, delivering a
balance of innovation and control.

Operational Considerations

Modern alternatives to BREs and BPM engines must also meet enterprise requirements for
performance, scalability, monitoring, and resilience. The proposed approaches---APIs, EDA, repositories,
and scaffolding---are operationally lighter and integrate naturally with existing enterprise observability
and reliability practices.

e Performance s Latency: Repository-driven rules can be cached in memory or served through APIs,
avoiding runtime bottlenecks. Event-driven systems handle scale elastically through distributed
brokers.

¢ Scalability: Horizontal scaling of microservices and event consumers aligns with cloud-native
scaling models.

¢ Resilience: EDA platforms support retries, dead-letter queues, and partitioned processing.
Scaffolding layers tied to state machines ensure controlled recovery.

e Monitoring: These approaches integrate with existing observability stacks (Prometheus,
OpenTelemetry, ELK) rather than requiring proprietary consoles.

By leveraging mainstream DevOps and SRE practices, organizations avoid the operational overhead of
proprietary runtime engines.
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Security and Compliance

Security, auditability, and compliance are first-class requirements in enterprise systems. Repository-
based rules, APIs, and scaffolding tiers strengthen governance by integrating with existing standards and
frameworks rather than introducing new proprietary models.

¢ Access Control: Rule repositories can apply fine-grained permissions (e.g., role-based access in
SQL/NoSQL DBs, Git permissions).

Audit s Versioning: Changes are tracked through native version control or database logs,
supporting SOX, HIPAA, and GDPR compliance.

Approval Workflows: Rule promotion pipelines can be integrated into CI/CD tools with
segregation of duties for compliance assurance.

e Encryption s Security Standards: APIs and event flows use TLS and identity federation (OAuth2,
OIDC, SAML) consistent with enterprise IAM practices.

Regulatory Alignment: Governance aligns with frameworks such as ISO/IEC 27001, NIST CSF, and
SOC 2 without proprietary extensions.

By leveraging open standards and existing enterprise security infrastructure, these approaches provide
stronger compliance alignment than proprietary engines while remaining auditable and portable.

Comparative View

Compared with proprietary engines, these modern alternatives are simpler, more portable, and easier
to integrate. APls and DDD expose rules in clear, service-based forms. Event-driven architectures
provide scalability and resilience for asynchronous workflows.

Repository-based rules enable governance and traceability without runtime lock-in. Together, these
patterns cover the same ground as BREs and BPM engines, but with greater transparency and less
overhead.

When Engines Still Make Sense

There are still contexts where BREs and BPM engines persist. Legacy applications that already depend on
them may not justify the cost of migration. Industries with heavy sunk cost in proprietary repositories
and certified workflows may tolerate them to preserve existing compliance. In highly regulated
environments, certification and audit practices are sometimes tied to engine-based execution.

In these cases, the engines are tolerated because of past investment, not because they represent the
best way forward.

Conclusion

BREs and BPM engines were created with valid intentions, and the notations associated with them---
BPMN and DMN---remain valuable as design tools. But the engines themselves often become over-
engineered solutions to problems that can be addressed more effectively with modern approaches.

APIs and domain-driven design, event-driven architectures, repository-based rules, and our proposed
rule scaffolding tier built on Event-Condition-Action and state machines all provide robust ways to
separate business rules and processes from application code. This scaffolding tier further ensures that
rules are explicitly tied to domain models and expressed in portable rule scripts or expression languages,
enabling governance and even business-managed rule maintenance. Together these patterns preserve
agility and governance without introducing unnecessary lock-in or complexity.
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Where engines continue to exist, it is largely due to legacy commitments and sunk cost rather than
technical superiority. The modern path forward is not to add more frameworks but to focus on
disciplined analysis, sound design, reusable patterns, and lightweight scaffolding integrated with
domain models that solve real business problems directly.
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