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business logic lives. into an interpreter. into strategic infrastructure.
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Executive
Summary

Middleware is where modern enterprises express intent.
It is the home of business logic that spans systems,
channels, and teams—and the layer most likely to
determine whether platforms remain governable,
observable, and safe to change. This paper reframes
middleware as product, not plumbing, and offers a
practical, pattern-led approach to designing and
governing the middle with intent.

Who this is for Architecture leaders, platform owners, and engineering
managers responsible for composable stacks, omnichannel
delivery, and cross-system logic

Value you’II gain « A clear mental model for where logic should live—and
where it should not

» A vocabulary for aligning teams around responsibilities
instead of tools

» A roadmap of practices that convert the middle from
risk to accelerant

The central claim is simple: as systems scale and
specialize, the middle becomes the architecture. Treat it
accordingly—name it, own it, version it, and observe it—or
it will become your biggest source of drift and drag.
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Misunderstoc
by Design

Most middleware today is still duct tape with a Swagger
file. And yet, every headless CMS---and the
composable stacks built around them---depend on it.

This is the contradiction at the heart of modern digital systems. Middleware is central to
digital experience, but peripheral in most design conversations. It powers the most critical
flows and governs the enterprise's most sensitive behaviors, yet it's often treated like
connective tissue rather than a vital organ.

Part of the problem is language. Middleware is often treated as synonymous with integration,
or more recently, microservices. Those terms frame it as implementation: plumbing, not
strategy. But that framing obscures the reality. Middleware is where systems express how
they work. It's where business logic lives: centralized and governed or scattered and ignored.
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Not every stack needs a middleware layer. Simple systems
can get by without it. But as soon as coordination is required
across domains, platforms, or channels, you're in the middle.
Middleware becomes essential when logic spans
boundaries: when APIs are shared, flows are composite, or
behavior can't be cleanly embedded in any single product or
service. If the logic behind a transaction, campaign, or
experience crosses system lines, you're already operating in
middleware, whether you've designed for it or not.

This paper exists to clarify that role. Not to argue for a
specific vendor or framework, but to broaden the
conversation. It's time to pull middleware out of the margins
and give it the architectural weight it already carries---
whether acknowledged or not. When treated intentionally,
middleware becomes a strategic asset. When neglected, it
becomes a long-term liability.

We'll begin by reframing what middleware really is and what
it isn't. Then we'll examine why the middle is where systems
so often fail, not loudly or dramatically, but pervasively. From
there, we'll explore five architectural strategies for designing
middleware that actually supports agility, scale, and
governance. Finally, we'll offer guidance for implementing
these approaches in the real world, where systems are
messy, logic is legacy, and nothing gets built in a vacuum.

It's time to pull middleware
out of the margins and give

it the architectural weight it
already carries.
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What Is
Mid
Really?

Middleware has long been one of the most essential---
and misunderstood---layers in enterprise architecture.
It's more than connective tissue. It actively routes
messages, orchestrates workflows, enforces business
logic, and translates between worlds that otherwise
don't speak the same language.

In today's composable, cloud-native, and Al-aware landscape, middleware has taken on a
broader role. It's no longer accurate---or safe---to describe it as "the stuff between the Ul and
the database," or to reduce it to a collection of microservices. That framing ignores the
architectural decisions that make middleware either a strategic enabler or a long-term liability.
And too often, it leads to underinvestment in a layer that, ironically, holds the most value.
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There's a persistent temptation to treat microservices as
synonymous with middleware. It's an understandable
conflation, but it misses the point. While microservices can
be part of a middleware strategy, they are merely an
implementation choice---not the architecture itself.
Middleware sits at the heart of system behavior. It's about
coordination, communication, and enforcement of logic
across services. When the conversation centers only on
service size, not on system behavior, the architecture is
already on unstable ground.

In a modern enterprise, middleware does more than connect
services. It shapes how those services work together. It
handles authentication and authorization, applies policies,
routes traffic, translates payloads, and orchestrates
complex flows across internal and external systems. And
critically, it is often the place where core business rules
live---not just Ul behavior or database constraints, but the
logic that defines how the business actually runs.

And yet, despite this importance, middleware is rarely
treated as a first-class citizen. In many projects, it's allowed
to "emerge" during the build, an afterthought stitched
together under deadline pressure. That approach
accumulates risk. Middleware built reactively becomes
brittle and opaque. It hides logic in places it doesn't belong.
It resists change. In one enterprise project, we found
incorrect pricing and inventory being displayed on critical
areas of an e-commerce website, including the cart and
checkout pages. This was due to several disconnected
downstream systems. That's the cost of neglecting the
middle.

There are multiple ways to architect middleware---event-
driven models, orchestration layers, APl gateways, and
federated GraphQL patterns---but none of them succeed
unless the role of middleware is properly understood. What
begins as a pragmatic shortcut often calcifies into an
architectural blind spot---one that's difficult to refactor and
even harder to explain to leadership.

This is the paradox: the more modular and composable your
architecture becomes, the more critical it is to get the
middle right. Middleware is where your most valuable logic
lives---not in the front-end polish, and not in the commodity
SaaS platforms. If that layer is disjointed or weak, everything
built on top of it becomes harder to govern, evolve, and
trust.

Middleware sits at the heart of
system behavior. It's about

coordination, communication,
and enforcement of logic
across services.
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Whyv Middlew
Is Mission Critical

In most digital projects, attention tends to gather at the
edges. Teams obsess over visual polish or cloud scalability.
These elements matter, but they rarely determine whether
a system endures. More often, failure begins in the
middle...quietly, invisibly, and expensively.

Middleware doesn't get top billing. It doesn't demo well. It rarely shows up on pitch decks. As a result,
it's often treated like plumbing---tacked on late, patched when it leaks, and ignored when it works.
But this layer, unseen as it may be, carries the operational and strategic load. It routes, transforms,
secures, and coordinates. And more importantly, it reflects how the business actually operates.



InSight

The middle is the natural home of business logic. Not styling
logic. Not persistence logic. The logic that defines how a
product is priced, how a customer is onboarded, how an
exception is handled, or how a transaction is validated. This
logic doesn't belong in the front end, where duplication and
inconsistency are inevitable. Nor does it belong in the data
layer, where adaptability is limited and change is dangerous.
Middleware offers a centralized, governed, and testable
home for that logic---if the architecture allows it. And that
logic often encodes the enterprise's most valuable
intellectual property: pricing strategies, onboarding flows,
fraud detection routines. These rules define not just how the
system runs, but what makes the business distinct.

What's often overlooked is that middleware code is
fundamentally different. It runs across services, not inside
them. It handles handoffs, not just execution. It captures
purpose. Because of this, it demands a different standard of
governance. The same workflows that govern a mobile app

Middleware offers a
centralized, governed, and
testable home for that logic—

if the architecture allows it.
And that logic often encodes
the enterprise’s most
valuable intellectual property.

Riddle of the Middle
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release won't cut it here. Middleware needs versioning
strategies, test harnesses, contract enforcement, retry
policies, observability, and security postures designed for
integration points---not user interfaces. This is your
intellectual property, you should treat it that way.

Unfortunately, many teams don't treat middleware with this
level of rigor. Code emerges organically. Logic sprawls.
Service boundaries are drawn for convenience, not clarity.
And when something fails, it's no one's job---or worse, it's
everyone's. Problems surface as symptoms: brittle
integrations, broken edge cases, divergent business rules.
By the time it's clear something is wrong, architectural rot
has already taken hold.

The risk is not just technical. Poorly governed middleware
can expose sensitive data. It can introduce concurrency
bugs. It can silently fork logic across products. And it's
notoriously hard to unwind, because the business logic it
holds is often undocumented and deeply embedded in the
system's behavior.

But the inverse is also true. Middleware, when treated as a
strategic layer, becomes an accelerant. It makes business
logic portable and reusable. It enables clean separation of
concerns. It makes it easier to launch new products, to
experiment, to govern. It becomes a place where the
enterprise asserts its intent---how it wants systems to
behave, no matter what form the customer experience
takes.

If the logic layer lives in the middle, then the middle
deserves respect. Not just as a technical necessity, but as a
product in its own right---one with its own roadmap, its own
standards, and its own role in delivering value. Because
when the middle breaks, it all falls down.
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Strateaic Midd!
Patterns

There is no single correct way to architect middleware.

The right design depends on what kind of logic you
need to coordinate, how systems evolve, and what
must be made observable and governed. Some teams
default to process orchestration. Others favor event-
based signaling. Many focus on shaping APIs for front-
end delivery or unifying schemas across services. But
what matters more than the tool is the architectural
shape it gives to the logic in the middle.

Riddle of the Middle
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Middleware offers a
centralized, governed, and
testable home for that logic—
if the architecture allows it.
And that logic often encodes
the enterprise’s most
valuable intellectual property.

The patterns that follow show how that logic can be
shaped, governed, and scaled---each one giving
structure to how systems coordinate, assign
responsibility, and enforce behavior. These are not
implementation details or vendor choices. They are
architectural decisions.

This section outlines four foundational patterns, each
addressing a distinct form of architectural complexity.
They are not mutually exclusive. Most modern systems
draw on more than one. We then turn to a fifth strategy:
Al-Assisted Middleware. It behaves differently. Rather
than introducing a new structure, it alters how the
existing ones behave.

Together, these approaches offer a practical lens for
treating the middle as a first-class layer of architecture,
one capable of clarity, evolution, and intent.

msqQD=
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Pattern 1:
Orchestrated
Middleware

Middleware is often imagined as a passive conduit where data simply
flows between systems. But orchestration offers a more assertive model:
middleware as a layer of intentional control, where workflows are
explicitly defined, processes are sequenced, and business logic is
enforced with visibility and accountability.

In this pattern, the middleware layer includes an orchestrator---a service
or platform that acts as a process controller. It invokes APls, applies
conditional logic, manages exceptions, and ensures that complex
workflows unfold in a deliberate, traceable sequence. Unlike event-driven
architectures (Pattern 2), which are decentralized and autonomous,
orchestration is centralized and directional. One system is in charge.

The concept isn't new. Thomas Erl's early definition of an orchestration
layer described it as a parent-level abstraction for coordinating service
behavior [1]. This approach freed individual systems from needing to
manage sequencing themselves. That foundational framing---first
popularized through patterns like the Process Manager by Hohpe and
Woolf [2]---has been reinterpreted and modernized in platforms like
MuleSoft, Azure Logic Apps, and AWS Step Functions, where
orchestration is now a first-class, cloud-native capability.

Riddle of the Middle 12/44
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Whatltls

Orchestrated middleware treats the middle tier as a
process controller rather than a passive conduit. A
dedicated workflow engine owns the sequence of calls,
branching logic, retries, and compensating actions that link
independent services. Each step in a multi-service
workflow is invoked deliberately. State persists between
steps so long-running transactions and human approvals
remain reliable. Instead of embedding order and error
handling in every microservice, orchestration lifts that
responsibility into a single, explicit layer where teams can
version, trace, and govern it.

control does not require centralized
implementation. Domain services stay autonomous; the
orchestrator simply dictates when they act and in what
order. This structure makes cross-service logic visible for
auditors, observability tools, and developers who need to
diagnose issues, while keeping business rules out of fragile
Ul code and sprawling integration scripts. The result is a
middleware layer that behaves like a conductor. It

coordinates the tempo of complex workflows, ensures

Centralized

every service plays its part, and provides a single vantage
point from which to monitor, evolve, and secure the
enterprise's most critical processes.
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When to Use It

Orchestration is particularly well suited to scenarios where
business logic spans multiple services and the order of
operations matters. This includes workflows that depend
on conditional paths, timeouts, compensation logic, or
human intervention. It is especially effective in systems
that require rollback coordination, such as reversing a
payment if inventory validation fails.

In the context of marketing technology, orchestration
proves valuable in lifecycle automation, content approval
pipelines, and personalization workflows that involve
integration across identity systems, analytics platforms,
and content delivery APIs. It is also helpful in environments
where backend systems lack native support for
asynchronous or event-based interactions.

Recent research comparing choreographed and
orchestrated architectures found that centralizing control
logic improved both debuggability and maintainability. The
study, which tested the shift to a Temporal-based
orchestrator, found that teams gained greater observability

and control [4].

Time-based
Escalation

-------------------- 10days P Send

Reminder
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Tools and Technologies

A number of modern platforms bring orchestration into
the middleware layer. Azure Logic Apps allows teams
operating in the Microsoft ecosystem to model flows
visually, with broad support for SaaS connectors and
approvals. AWS Step Functions provides a serverless
orchestration model based on state machines and is
especially effective for backend workflows triggered by
user interactions. MuleSoft's Process API tier serves as an
orchestration layer between system APIs and experience
APIs, consolidating business logic for reuse across
channels.

Other platforms, such as Boomi and TIBCO, offer
orchestration  capabilities  tailored to  different
environments. Boomi is popular among mid-sized
organizations that benefit from low-code tooling. TIBCO
continues to serve large, integration-heavy enterprises
with legacy footprints.

Beyond platforms, orchestrated systems often rely on
clear API contracts. OpenAPI, the de facto standard for
describing REST interfaces, plays a central role in
enabling coordination between services. While
sometimes mistaken for architecture itself, when used
properly it offers strong support for service clarity,
validation, and governance. This parallels the role that
AsyncAPI plays in event-based systems, which we'll
explore further in Pattern 2.

What these platforms share is a recognition that
orchestration has become a core function of modern
middleware. It is cloud-native, APl-aware, and
strategically placed between front-end experiences and
back-end systems.

msqQD=

Strengths

Orchestration brings clarity to complex systems. Business
logic that would otherwise be buried in Ul code or
scattered across services becomes Vvisible and
versionable. This centralization enables consistent
governance, simplifies change management, and allows
non-technical stakeholders to participate in reviewing or
refining workflows.

It also enhances observability and auditability. Every
execution path through a workflow can be logged,
inspected, and tied back to business outcomes. For
compliance-focused organizations or teams managing
omnichannel personalization, this visibility becomes not
just a feature but a requirement.

Bernd Ruecker, in Practical Process Automation, argues
that middleware should not just pass data but actively
coordinate systems, humans, and bots within structured
workflows [3]. That perspective aligns directly with this
pattern and the broader goals of modern orchestration.

What these platforms share is a
recognition that orchestration
has become a core function of
modern middleware. It is cloud-

native, APl-aware, and
strategically placed between
front-end experiences and
back-end systems.
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Pitfalls and Tradeoffs

As with any powerful architectural pattern, orchestration
comes with risks. The most common is over-
centralization. When too much logic is consolidated in the
orchestrator, it becomes a bottleneck. Teams sometimes
refer to this failure mode as the "god service" antipattern.
Avoiding this trap often comes down to discipline:
orchestrators should model processes, not own every
decision. Modularizing flows and establishing clear
ownership boundaries helps preserve agility.

Orchestrated systems can also be slower to evolve if
changes require centralized coordination or re-release of
entire flows. Teams must be disciplined in managing
workflow versioning, monitoring execution state, and
securing access to orchestration logic. These
complexities are manageable, but they demand maturity
and intentional design.

Critics of orchestration sometimes argue that it reduces
service autonomy. That concern is valid, but autonomy
and coordination are not mutually exclusive. In systems
where governance, auditability, or sequencing is
essential, orchestration trades some autonomy for clarity
and control. And for many organizations, that's a trade
worth making.

msqQD=

Strategic Commentary

Orchestration is sometimes treated as a relic of the SOA
era---something out of step with agile, decoupled
architectures. That view is outdated. Today's
orchestration platforms are lightweight, cloud-native, and
accessible to both developers and analysts. In
composable MarTech stacks, where user journeys span
CMSs, personalization engines, analytics tools, and
CRMs, business processes often require careful
coordination. Orchestration provides a structured layer
where that logic can live, evolve, and be governed with
intent.

Used well, this pattern gives shape to the middleware
layer. It ensures that the middle doesn't just connect
systems. It governs how they behave together. It makes
process logic testable, auditable, and portable. And most
importantly, it turns middleware from glue into
architecture.

Orchestration brings clarity to complex systems. Business
logic that would otherwise be buried in Ul code or scattered

across services becomes visible and versionable.




InSight n‘sq D.f:

Pattern 2:
Event-Driven
Architecture

(Choreography)

If orchestration is about directing traffic, choreography is about reacting
in parallel. Event-driven architecture (EDA) is the most recognizable
expression of this idea in practice. Rather than flowing through a single
controller, business logic emerges through the autonomous reactions of
services that subscribe to events.

In architectural terms, this is choreography: coordination without central
command. Each service is aware of the signals it cares about, but not of
the full process. As Megargel et al. observe, "In choreography, the
microservices do not embed any knowledge of the application process
flow, leaving it solely as the responsibility of the controller---or in the case
of choreography, removing the controller entirely" [5]. Events become the
system's way of stating facts: a payment was received, a product was
shipped, a consent was revoked.

This design pattern isn't about what should happen next. It's about
broadcasting that something has already occurred and letting each
service decide how to respond.

Riddle of the Middle 16 /44
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Whatltls

Choreography favors flexibility. Where orchestration
sequences actions from a central authority, choreography
emits events and lets individual services determine how,
when, and whether to respond. This decoupling enables
adaptability, especially in distributed systems.

Rather than enforcing control from the center, logic in this
model is distributed. Each participant reacts to specific
events and performs its role independently. The event itself
is a declaration, not a command. There is no orchestrator
sequencing steps---just a shared vocabulary and services
that understand their part.

This structure is particularly effective at the edges of
systems, where responsiveness, scalability, and
independence are more important than transactional
control.

Event Producer RabbitMQ,
Event Service Bus,

Kafka, etc.

Event Producer Event Broker

Event

Event Producer
Event

Event
Event

Publisher and
Subscriber

Event Consumer
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When to Use It

Event-driven architecture excels in environments where
speed and autonomy are paramount. It is commonly used in
real-time personalization, behavior tracking, telemetry, and
asynchronous integrations. These are situations where
services need to react quickly without waiting on a central
decision-maker.

It is especially useful when coordination does not require
strict sequencing, and where systems must evolve rapidly.
Adding a nhew consumer to an event stream typically does
not require modifying the publisher. This makes the
architecture highly extensible. A single event, such as
"CustomerCreated,” might trigger email onboarding, loyalty
program enroliment, and CRM tagging---all independently.

Tools and Technologies

EDA has matured alongside cloud-native tooling and
scalable event platforms. Apache Kafka
foundational component for durable, high-throughput event
distribution. AWS EventBridge offers serverless routing and
integrates natively with other AWS services and third-party
SaaS providers. Azure Event Grid provides similar pub-sub
semantics within Microsoft-based architectures.

remains a

To bring structure and clarity to distributed event flows,
architects increasingly rely on schema governance tools.
AsyncAPI design-time standard for
documenting event payloads, topics, and contracts. Like
OpenAPI for REST, it enables clear boundaries between
producers and consumers, making interfaces visible and
versionable. In Kafka-based systems, Confluent Schema
Registry complements this by enforcing schema
compatibility at ensuring evolution without
breaking subscribers.

serves as a

runtime,

These tools are not just documentation layers---they are
guardrails. They help prevent "event soup,” where logic is
hard to trace, schemas are inconsistently applied, and
service behavior drifts over time.
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Strengths

Choreography enables teams to move independently.
Services can be deployed, replaced, or extended without
entangling upstream logic. This autonomy accelerates
delivery and simplifies scaling. It also supports real-time
responsiveness, allowing systems to react immediately as
events occur.

Choreography also supports incremental extensibility. New
features can be introduced simply by subscribing to existing
events, without requiring changes to upstream publishers.
This allows teams to layer on capabilities such as
personalization logic, A/B tests, or analytics tagging without
disrupting core flows. It is a structure that encourages
experimentation and supports rapid iteration at the edges.

Pitfalls and Tradeoffs

The flexibility of choreography comes at a cost. Without a
central coordinator, it becomes difficult to understand
system-wide behavior. Business logic is scattered across
services and often undocumented. Ownership becomes
diffuse. Over time, duplicate behaviors may emerge as
different teams respond to the same events in slightly
different ways.

Events must be handled with care. I[dempotency, ordering,
deduplication, and schema versioning all require design
attention. A consumer must behave consistently whether an
event is received once or several times. Misinterpreted or
ambiguously named events can cascade problems across
systems. These challenges are not insurmountable, but they
demand schema discipline, naming conventions, and a
shared understanding of ownership---preferably enforced
early, not retrofitted later.

Most importantly, business rules become implicit. In
orchestrated systems, you can read the workflow. In
choreographed systems, you infer the flow from observed
behavior. This is acceptable when the stakes are low. It is
much riskier when the business depends on the outcome.



InSight n‘sq D:':

Strategic Commentary

Event-driven architecture is a powerful tool for composability. It works
best when the priority is reactivity, not precision. Choreography thrives in
edge conditions such as personalization, logging, alerting, and
instrumentation, where coordination is soft and consequences are
limited.

But for systems that require strong governance, observability, or rollback
control, choreography alone is insufficient. That is why most mature
systems combine patterns. Events are emitted as signals. Orchestrators
observe those signals and decide what to do next [6].

In practice, the two patterns work together. Choreography supports
flexibility. Orchestration provides clarity. Used in tandem, they allow
systems to be both responsive and reliable.

Choreography is not a replacement for structure. It enables systems to
respond without asking permission. When used intentionally, and
supported by schema governance, naming discipline, and clear
ownership, it becomes a powerful way to extend system behavior
without entangling it.

Event-driven architecture excels in
environments where speed and autonomy

are paramount. These are situations where
services need to react quickly without
waiting on a central decision-maker.
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Pattern 3:
Interface-Oriented
Middleware

(BFF)

Modern digital experiences rarely serve a single audience through a single
interface. Websites, mobile apps, partner portals, kiosks, and voice
interfaces all demand tailored interactions---but most systems were not
built to deliver channel specificity. The Backend-for-Frontend pattern
(commonly abbreviated as BFF) offers a strategic solution: place a
middleware layer between user-facing clients and system APlIs, and let it
shape delivery based on the needs of each interface.

This pattern typically includes an APl gateway and one or more BFF
services, each tailored to a specific channel. The gateway handles
common infrastructure concerns: authentication, rate limiting, logging,
and routing. Each BFF, in turn, is customized to a delivery channel. It
formats payloads, resolves schema, aggregates data, and localizes error
handling based on what that channel requires. Unlike orchestration or
event-driven patterns, which are often used to coordinate processes or
distribute logic, BFFs serve the user interface. They do not decide what
happens---they decide how information is adapted and delivered.

The term "Backend for Frontend" was first introduced by engineers at
Netflix to address the challenges of shared APIs across very different user
experiences [7]. The core idea remains: give each client the API it needs,
not the one the system provides.
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Whatltls

The BFF is an adapter. Its job is not to manage workflow but
to transform system output into something usable, efficient,
and appropriate for a specific interface. Each client gets its
own logical backend, which may be as thin as a formatting
layer or as complex as a caching, branching, or feature
delivery tier.

The gateway in this pattern provides a centralized point for
managing access and observability across clients. The BFFs
extend that layer with channel-specific adaptations, making
responses lighter, cleaner, or more relevant depending on
the front-end context.

Unlike proxies or generic APl aggregators, this pattern
places architectural emphasis on the interface. It assumes
that what matters to the backend may not map neatly to
what matters on screen---and that aligning them is an
architectural problem worth solving.

Frontend iOS Frontend Android

Frontend Web
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When to Use It

This pattern is most useful when front-end teams need to
move quickly. Mobile apps may require smaller payloads and
faster timeouts. A kiosk might need simplified workflows. A
partner portal may demand scoped access or content
filtering. Each of these cases reflects a reality that is hard to
model in system APIs without adding Ul-specific logic into
services that should remain agnostic.

The BFF pattern gives product teams the ability to iterate at
the edge without disturbing the core. Where orchestration
and event-driven approaches might manage state or
business process variation by channel, BFFs deal with
presentation. They adapt what is already known or returned.
Their scope is the surface, not the flow.

When front-end velocity outpaces backend evolution, BFFs
absorb that imbalance.

Tools and Technologies

BFFs and API gateways are widely supported in modern
cloud-native stacks. AWS and Azure provide native tools---
APl Gateway and API Management, respectively---for
routing, authentication, and traffic shaping. These services
are often the first point of contact for external consumers
and front-end applications.

In enterprise and hybrid environments, Apigee and Kong
provide more granular control across teams, clouds, and
environments. Their policy frameworks and plugin systems
make them suitable for complex governance use cases.

Behind the gateway, BFFs may be deployed in a number of
ways. Some teams choose serverless functions to keep cost
low and responsiveness high. Others use edge platforms
like Vercel or Cloudflare Workers to execute logic as close to
the user as possible. In more integrated stacks,
containerized services are deployed as part of the front-end
delivery pipeline---giving developers full control and
testability.

OpenAPl and GraphQL are both common in BFF
implementations. OpenAPl defines fixed contracts for
gateway-exposed REST interfaces. GraphQL, by contrast,
enables clients to shape queries around the structure and
relevance of the interface. The choice often reflects how
much control is delegated to the front end.
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Strengths

The BFF pattern offers a clean separation of concerns
between system stability and interface agility. By
isolating channel-specific adaptations from core
services, it allows platforms to remain general while
front-end teams optimize for relevance and
responsiveness. The result is a system that protects its
center while accelerating at its edges.

Personalization, targeting, and experimentation logic
often lives most naturally in this layer. So do client-
specific caching, error handling, and content fallback
strategies. Rather than embedding these concerns in
the front end---or worse, in the backend---the BFF
provides a natural place for experience logic.

Pitfalls and Tradeoffs

The most common risk with BFFs is inconsistency
across channels. Without clear structure, individual
teams may build and evolve BFFs independently, leading
to duplication of logic, mismatched behaviors, or
diverging standards. This undermines one of the
pattern's core promises: that it centralizes experience-
tier logic to reduce redundancy. Without governance, a
BFF architecture becomes a constellation of
disconnected adapters.

Gateways can also become overburdened. When
transformation logic intended for the BFF is pushed into
gateway rules or plugins, the architectural separation
between infrastructure control and interface shaping
begins to blur. A gateway should enforce access and
routing policy, not perform formatting or response logic.
Misusing the gateway for what belongs in the BFF layer
creates fragility, obscures intent, and makes future
evolution harder.

Finally, BFFs must be owned. Ambiguity about who
builds, deploys, and maintains the BFF layer often leads
to neglect. When multiple teams depend on it but none
are responsible for it, iteration slows. Worse, the layer
may continue to exist even after its purpose has been
lost. A BFF that does not enable iteration, improve
performance, or simplify client complexity becomes
architectural debt. Its value must remain visible and
deliberate.
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Strategic Commentary

This pattern is not about transformation for its own sake.
Instead, it adapts system capability to the context of the
user. The BFF exists to reflect what the user experience
needs---not what the platform exposes by default.

In composable digital stacks, this layer becomes an
important asset. It can carry flags for personalization, serve
up content experiments, localize responses, or activate
features based on device type, geography, or behavior. This
is also a common delivery mode for headless CMSs, which
often expose content through GraphQL endpoints tailored to
specific front-end contexts. These are edge concerns that
do not belong in core services.

The interface protocol matters. OpenAPI reflects a server-
led approach, where the system defines available
operations and expects clients to conform. GraphQL offers a
more flexible, client-driven model, where front ends declare
what they need and expect the backend to shape itself
accordingly. Both approaches work in a BFF, but they imply
different responsibilities and ownership models. The
distinction between them reflects a deeper architectural
choice: who defines the interface and who owns the
responsibility for shaping it.
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ThoughtWorks describes this pattern as a pragmatic
response to fragmented Ul needs and rigid backend
interfaces [8]. Other patterns, such as orchestration and
event-driven design, can handle variation across channels,
but they do so by coordinating processes or triggering
reactions. The BFF exists for a different reason. It aligns
system logic with interface demands, not execution flow. Its
job is not to decide what happens, but to ensure that what
happens arrives in the right shape, at the right time, and
with the right context.

In hybrid architectures, a BFF may trigger orchestrated
workflows or respond to event streams. It may coexist with
other patterns, but it remains focused on delivery. Its value
is not measured by how much logic it contains, but by how
clearly it serves the interface. A good BFF makes backend
capability accessible. A great one makes it intuitive and
invisible.

Some organizations have found that BFFs, while effective in delivering tailored interfaces, eventually hit
limits at scale. Netflix's architecture is a widely referenced example. Initially, the company introduced the
Backend-for-Frontend model to improve channel-specific performance and developer autonomy. But as
teams grew and systems multiplied, the need for a unified yet distributed API layer became more
pressing. Maintaining a single GraphQL monolith created coordination challenges. Individual teams
needed control over their schemas, but the client still required a cohesive view of the system. To resolve
that tension, Netflix adopted a model that allowed schema ownership to be distributed across teams

while still presenting a unified surface to the consumer. That structural idea---modeling integration
through composed schemas---underpins the next pattern.
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Pattern 4:
Federated
Middleware

(with GraphQL)

As digital systems scale, the number of APIs tends to grow faster than the
coherence of the interface they expose. Teams own different domains---
product catalogs, content models, pricing logic, personalization rules---
but clients expect a unified surface. They want to query a product and get
its price, description, reviews, and availability without knowing which
service owns which part. The challenge is not just access; it's
composition. Schema composition offers a structural answer to this
integration problem.

This pattern introduces a federated middleware that composes
independently owned APIs into a unified schema using GraphQL. Each
backend team contributes a subgraph that defines its portion of the
graph. These are composed into a supergraph, exposed through a router
that resolves and assembles responses from across the system. The
result is a single interface that reflects distributed ownership without
requiring centralized implementation. Federation turns the schema into a
shared architectural boundary. Teams can evolve their domains
independently, but clients navigate it as if it were a single system.

Unlike orchestration, which coordinates execution, or BFFs, which tailor
responses for delivery, federation presents a discoverable model of the
data and domains exposed by underlying services. Clients interrogate
that model directly. The middleware's role is not to control behavior but to
define the schema clients use to query the system. It exposes what each
team owns and how their capabilities fit into a unified model.
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Whatltls

Federated middleware introduces a schema-driven
composition model into the integration layer. Each team
defines its subgraph using GraphQL's schema definition
language. These subgraphs are registered with a central
router that performs query planning, resolves subgraph
calls, and returns a unified response [10]. The router acts as
a schema-aware gateway. Its job is not to expose a single
service, but to present a composed view of the system's

structure.

This model is not orchestrated logic or interface logic. It is
declarative. The front end asks for what it needs using the
schema, and the router resolves that request by querying
the appropriate subgraphs. It does not direct processes like
orchestration, nor does it adapt payloads like a BFF. Instead,
it defines the model through which systems are queried [9].

Supergraph

Apollo Router

Subgraph A
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When to Use It

Federation is best suited for organizations where teams own
different systems but serve a shared customer experience.
It works well when the front end must query multiple
backends together, but the underlying services should not
be tightly coupled. It is especially helpful in composable
architectures where the stack includes a mix of CMSs,
commerce engines, CDPs, and personalization services.
Each of these systems evolves independently. Federation
allows them to publish their APIs into a single, coherent
query surface.

This pattern reduces the need for BFFs to stitch together
disparate responses. It also avoids the overhead of
maintaining orchestration flows for queries that cross
service boundaries. Instead of composing at runtime or
reshaping at the edge, federation composes capability at
the schema level.

This pattern is especially effective for structured, non-
personalized data such as content, product catalogs,
pricing, and other domain-owned resources that don't
change from user to user. It works best when the goal is
consistency and discoverability across domains. For
individualized responses, session-specific data, or real-time
personalization, a BFF remains the better fit. Federation
defines the shape of shared data, not the context in which it
is consumed.
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Tools and Technologies

Apollo Federation is the most widely adopted
implementation of this pattern [10]. It includes libraries for
defining subgraphs, validating ownership, and composing a
supergraph that enforces schema contracts. Apollo Router,
a high-performance runtime written in Rust, handles query

planning and resolution across subgraphs.

Other platforms also reflect the growing architectural
interest in schema-driven integration. WunderGraph, for
example, supports APl composition across GraphQL, REST,
and OpenAPl. It is not a direct replacement for Apollo
Federation, but it represents a similar aim: unifying
distributed services into a single, queryable interface
regardless of protocol.

In MarTech ecosystems, federation often sits between the
front end and systems like headless CMSs, pricing engines,
product catalogs, and customer segmentation APIs. These
become subgraphs in the supergraph.

Federation is best suited for organizations where teams own
different systems but serve a shared customer experience. It

allows them to publish their APIs into a single, coherent query
surface without tightly coupling the underlying services.
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Strengths

Federation centralizes composition while preserving
decentralized ownership. Each domain team controls its
schema but contributes it to a shared model. The router
executes against this model, freeing client applications from
needing to understand which service owns which capability.

The schema becomes the integration surface. Its structure
defines which teams own which parts of the graph, which
fields are queryable, and how responses are composed.
Tools like Apollo Studio support schema visibility, change
tracking, and field-level analytics---giving platform teams
better insight into how APIs evolve over time.

Federation is a strategic way to deliver a coherent interface
without enforcing uniform implementation. It allows
organizations to scale architecture without scaling
entanglement. This is especially valuable in large
organizations, where domain teams need autonomy to
evolve their services independently without getting mired in
cross-team coordination.

Pitfalls and Tradeoffs

Federation works best when autonomy is guided by shared
standards. While it reduces the need for daily coordination
across teams, it does not eliminate the need for governance.
Schema design still requires discipline. Fields must be
named clearly, boundaries must be respected, and
ownership must be resolved before clients ever see the
graph.

Poorly scoped subgraphs can introduce performance
bottlenecks. If services try to expose too much or rely on
cross-cutting logic, query resolution becomes inefficient.
The composed graph can also become brittle if teams make
breaking changes without coordinated rollout.

Apollo's model, while mature, is opinionated. It fits well in
many systems, but teams with different philosophies around
integration or tooling may find it constraining. Federation is
not well-suited to highly personalized or ephemeral data. It
works best when domains are stable and clearly defined.
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Strategic Commentary

Federation represents a shift in how systems model
integration [9]. Instead of aggregating data through
edge services or orchestrating logic in workflows, this
pattern composes the schema. It makes the system
queryable by design. The schema becomes the map,
and the graph becomes the middleware.

In composable platforms, federation supports both
autonomy and cohesion. Teams publish subgraphs
independently. Clients see one model. The result is not
just API access---it is architectural clarity. Federation
does not replace orchestration or BFFs. It complements
them. Where orchestration defines process and BFFs
adapt payloads, federation defines the model itself.

ThoughtWorks identifies GraphQL Federation as a key
pattern for platform integration in multi-team
environments [11]. Its strength lies not just in the
tooling, but in the way it reveals structure. Federation
makes ownership explicit. It makes integration testable.
It turns the API layer into something architectural,
something designed.

When done well, federation does not just unify services.
It helps teams see the system they are building
together.

Federation represents a shift in
how systems model integration.
Instead of aggregating data
through edge services or
orchestrating logic in workflows,

this pattern composes the
schema. The schema becomes
the map, and the graph becomes
the middleware.
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Hybrid
Middleware
Patterns

No modern system adheres neatly to a single architectural pattern. Most
enterprise stacks blend orchestration, events, federation, and interface
logic---sometimes deliberately, sometimes emergently. This blending can
be powerful when done with intent, or dangerous when it emerges
unchecked. The goal of this section is not to advocate for a singular
model, but to show how these foundational patterns can be composed,
layered, and governed in practice.

Why Hybrid Happens

Each pattern solves for a different constraint. Orchestration provides
clarity and control over multi-step workflows. Events enable scalability
and extensibility by decoupling logic. Federation allows teams to publish
distributed domains through a shared schema. Interfaces (BFFs) adapt
system responses to the unique needs of each channel.

Rarely does a platform need only one of these. Systems evolve. Teams
specialize. Infrastructure expands. A BFF might appear first to adapt a
mobile payload. Later, events are introduced to signal state changes.
Eventually, orchestration emerges to govern critical flows, and federation
is adopted to unify an increasingly fragmented API surface. Layer by layer,
a hybrid emerges.

That evolution is not a flaw. It reflects real constraints and changing
priorities. But if these patterns are allowed to overlap without discipline,
the result is not composability---it's entropy. Logic duplicated across
layers. Ownership confusion. Governance lost in the gaps.
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Patternsin
Combination

The All-in-One
Middleware
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When used intentionally, hybrid combinations allow systems to express both structure
and flexibility. Orchestration and events are frequently paired. A centralized workflow
handles the primary process---say, onboarding a new customer---and emits events
that trigger downstream behavior such as notifications, data enrichment, or analytics.
The orchestrator governs the flow; the events extend it.

Interfaces and federation also combine naturally. A federated GraphQL layer exposes
data and capabilities across domains. A BFF shapes that output for the needs of a
specific channel---trimming fields, localizing content, or stitching in third-party
enrichment. The BFF serves the interface. The federation defines the model.

Even federation and orchestration can complement one another. A workflow engine
might invoke APIs exposed through a federated schema, sequencing calls and
applying business logic while relying on the schema to keep data access coherent
across services.

These combinations are powerful---but only if roles are respected. Logic should not be
copied across patterns. Orchestration should not live in BFFs. Federation should not be
rebuilt inside gateways. Each layer must understand its responsibility and defer to
others where appropriate.

Some organizations take this further. Rather than combining patterns opportunistically,
they compose them into a single, intentional middleware platform---one where each
pattern serves a clearly defined role. Orchestration, events, interfaces, and federation
are layered not as tools, but as responsibilities. The system becomes modular,
predictable, and extensible by design.

This isn't a mess of tools. It's a coordinated stack of responsibilities. Middleware in this
model is treated not as infrastructure, but as product: layered, versioned, testable,
observable. It has owners. It evolves. It connects systems while encoding the logic that
defines how they work together.

You can see examples of this approach in platform-driven organizations like
Salesforce, Airbnb, and Netflix, each of which has layered orchestration, events,
federated schemas, and interface tailoring into governed platforms with clear product
ownership. These aren't isolated tools, but cohesive systems where the middle tier
behaves like an architectural backbone.

This vision is ambitious. But it's also increasingly necessary. As systems scale, logic
lives in more places. The danger is not just fragmentation---it's drift. All-in-one
middleware patterns help prevent that drift by embedding discipline into the structure
of the middle tier itself.
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Comparison Table: Foundational Middleware Patterns

To clarify how these patterns differ and how they can be composed, it helps to

compare them side by side. Each addresses a distinct architectural concern.

None are interchangeable. Their power lies in their unique strengths.

Table 1

Strategic Comparison

Foundational

Dimension

Primary Purpose

Control Location

Strengths

Tradeoffs

Ideal Use Case

Governance Need

Orchestration

Explicitly model and control multi-
step workflows

Centralized logic engine or workflow
service

Visibility, retry logic, process
governance, human-in-the-loop
support

Risk of over-centralization (“god
service”), slower evolution, tight
coupling

Order flows, approvals, exception-
heavy processes, legacy
coordination

High

EDA(Choreography)

Decentralized signaling between
systems based on published events

Distributed--logic lives in the
consumers

Loose coupling, extensibility, real-
time responsiveness, system
resilience

Implicit logic, lack of sequencing
guarantees, “event soup,”
observability challenges

Behavioral triggers, telemetry
pipelines, extensibility via reaction

Medium

Note: This table compares the four foundational patterns. Al-assisted
middleware is addressed separately in the next section, as it acts as a cross-
cutting behavioral strategy rather than a standalone structural model.

Interfaces(BFF)

Tailor APIs and logic to the needs of
specific front-end

At the edge-- typically close to the
client layer

Channel-specific optimization,
front-end autonomy,
experimentation support

Duplication of logic, risk of drift
across BFFs, inconsistent
governance

Mobile/web customization, A/B
testing, lightweight composition at
edge

Medium

Federation

Expose a unified schema across
distributed services and domains

Distributed ownership with central
composition

Schema clarity, developer
autonomy, supports composable
front ends

Schema collisions, n+1 query issues,
performance tuning, governance
complexity

Unified query interface across
backend systems

High
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Strategic Commentary

Architecture is not about choosing one pattern to the
exclusion of others. It's about choosing the right pattern for
the right kind of work and knowing how to combine those
choices without confusion.

Patterns are not rules. They are tools. Each exists to clarify
responsibility, not assert ideology. Orchestration and events
can coordinate the same logic, but not with the same
semantics. A BFF and a federated graph both serve the
client, but at different levels of abstraction. These overlaps
are useful when they are explicit. They are dangerous when
they go unnamed.

Mature teams evaluate middleware not by implementation
but by responsibility. What belongs in the interface? What
must be centrally governed? What should remain event-
driven? What data needs a unified schema? These are not
just design questions. They are ownership questions. They
reveal how teams think about clarity, change, and
collaboration.

Middleware is not one thing. It is a spectrum: a negotiation
of control, capability, and context. But not all complexity in
the middle comes from structure. Some of it comes from
behavior, when the middleware begins to interpret, adapt,
and decide. Now, let's talk about what happens when that
whole structure starts to think.
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Architecture is not about
choosing one pattern to the
exclusion of others. It's about
choosing the right pattern for

the right kind of work and
knowing how to combine those
choices without confusion
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Al in the Middle

(A Cross-Cutting Strategy)

ittern in the traditional sense, Al-assisted
re is best understood as a cross-cutting strategy
' increasingly shapes how the prior patterns behave. It
deserves first-class treatment as a semantic overlay that
reframes how middleware operates.

Al is beginning to reshape how middleware behaves. It doesn't introduce a new
middleware pattern in the traditional sense. Instead, it adds an interpretive dimension
across existing patterns, allowing middleware to reason, adapt, and personalize in
ways previously out of reach. This section explores how large language models and
related Al capabilities are changing the function of middleware, and why this shift

demands a new kind of governance and architectural thinking.
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What It Is (and Why It's Not a New Pattern)

Al-assisted middleware introduces something
fundamentally different from the structural patterns
described earlier. Instead of adding a new box to the
architecture, it alters how middleware behaves. It transforms
the layer from a conduit of logic into an interpreter of

meaning.

In this model, large language models (LLMs) or similar Al
agents are embedded within the middleware tier to perform
context-aware reasoning. These agents can interpret user
intent, reformulate ambiguous queries, generate responses,
and even decide which services to call based on prompts or
inferred goals. Unlike an orchestrator that executes a fixed
sequence, or a federated graph that resolves schema
composition, Al-driven middleware acts as a semantic layer
that infers action from loosely structured inputs.

This idea is no longer theoretical. In recent research, Guran
et al. describe middleware for LLMs as an emerging
category, where the Al serves as both interface and logic
engine. It receives input, reasons over available tools or
APIs, and composes a response path in real time [12]. These
models don't just support middleware decisions. They can
assume middleware responsibilities, interpreting inputs,
coordinating actions, and shaping the overall system
response.

Importantly, this is not a new pattern in the architectural
sense. It does not displace prior patterns. Instead, it infuses
each with semantic capability. You still need an orchestrator
to govern long-running workflows, but now it might call an
LLM to determine which branch to take. Similarly, you still
need an event pipeline to coordinate messaging, but the
consumer logic might now route based on interpreted
meaning rather than fixed rules.

Traditional middleware patterns define structure through
schemas, or channels. Al-assisted middleware
introduces semantic reasoning. It understands intent,
interprets ambiguity, and composes responses based on
meaning, not just rules.

flows,

Where traditional middleware emphasized structure and
control, Al introduces cognition. It doesn't replace the stack
beneath it. It changes what that stack can understand and
how it can respond.

Al-assisted middleware
introduces something
fundamentally different from
the structural patterns
described earlier. Instead of

adding a new box to the
architecture, it alters how
middleware behaves. It
transforms the layer from a
conduit of logic into an
interpreter of meaning.
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How Al Enhances Each Pattern

The influence of Al is not isolated to any one middleware
pattern. We'll briefly visit each one.

In orchestrated middleware, Al can act as a planning engine.
Rather than executing a predefined series of steps, an
orchestration layer might now include a prompt-driven
agent that decides which service calls to make based on
input context. This can happen via a workflow engine that
defers to an LLM for a decision node, or through tool-use
frameworks like OpenAl's function-calling API, where the Al
determines which function to invoke in real time [13].

In event-driven systems, Al transforms how services
interpret and act upon emitted signals. A traditional event
consumer might react to a message on a topic, executing
logic based on a routing key. An Al-powered consumer, by
contrast, might examine the event's content semantically---
classifying its type, sentiment, or intent before deciding how
to respond. This allows systems to route, summarize, or
even rephrase event payloads in contextually appropriate
ways.

Within interface-oriented middleware (BFFs), Al becomes an
instrument of real-time personalization. A session-aware
LLM can tailor payloads to user history, regional context, or
tone of interaction. In some cases, the Al acts as the
interface itself---as seen in chat-first systems where the
user interacts via natural language and the middleware uses
that prompt to drive backend queries. Preparing for Al as a
Channel and an Interface examines this shift from the front-
end perspective, where prompting replaces clicking and Al
becomes the first touchpoint, not just a backend
enhancement. Vercel's Al SDK supports this model by
enabling LLM-driven personalization and streaming
interaction directly within the front-end layer [14].
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Finally, in federated middleware, Al plays the role of
translator. One of the core challenges of schema federation
is that clients must speak the language of the graph---they
need to know field names, argument shapes, and entity
relationships. Al mitigates this burden. An LLM embedded in
the client or middleware layer can take a loosely worded
query ("get top-performing campaigns from last month")
and resolve it into a structured GraphQL query across
multiple subgraphs. It bridges ambiguity and schema
complexity without requiring rigid coupling. Preparing for Al
as a Channel and an Interface addresses a parallel challenge
at the content layer, where machine readability and
structural clarity are necessary for Al systems to interpret
and act on user intent.

What these examples have in common is not architecture,
but behavior. Al adds perception, reasoning, and
interpretation into places that previously required static
logic. It allows middleware to shape outcomes not just from
inputs and rules, but from context and language.

What these examples have in
common is not architecture,
but behavior. Al adds
perception, reasoning, and
interpretation into places

that previously required
static logic. It allows
middleware to shape
outcomes not just from
inputs and rules, but from
context and language.
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What This Enables That Was
Previously Difficult

Al unlocks capabilities that traditional middleware was never
designed to handle. Most integration layers require tightly
defined inputs, explicit paths, and known schemas. Al
loosens those constraints. With an LLM embedded in the
middle, the system can accept vague or loosely structured
requests, infer the user's intent, and take action across a
distributed system---often without explicit rules connecting
the dots.

This is especially powerful in domains where the input is
natural language, the expected output is a summary or
recommendation, or the execution path depends on context
that isn't cleanly modeled in advance. Middleware powered
by a large language model can receive a free-form question,
decide which APIs to call, fetch the data, and generate a
synthesized answer, all within a single request cycle. This
capability is showing up in real-world implementations using
frameworks like LangChain, Semantic Kernel, and Retrieval-
Augmented Generation (RAG) pipelines [161[17]1[18]. While
still early in maturity, these tools are actively enabling Al-
assisted flows within the middleware tier.

In practice, this means a user might ask, "Show me our most
effective campaigns from last quarter and explain why they
worked," and the middleware can respond with not only the
data, but a generated narrative that summarizes key
metrics, customer sentiment, and regional performance
drivers. In traditional stacks, this would require hardcoded
queries, templates, formatting logic, and domain-specific
scripting. With Al, it becomes a prompt.

The difference is not just speed. It is a shift in interaction
style---from command and control to interpretation and
response. Middleware becomes less about enforcing
structure and more about resolving ambiguity.
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Standardizing Al Integration:
The Role of MCP

As Al begins to take on middleware responsibilities---
interpreting input, coordinating logic, invoking tools---the
need for structure and governance becomes critical. The
Model Context Protocol (MCP) has emerged as the de
facto standard for Al-tool integration, defining a consistent
interface through which Al agents retrieve context, access
services, and invoke operations. Rather than hardwiring
each integration into the model itself, teams expose
functionality through lightweight "MCP servers" as
pluggable connectors. This makes Al behavior modular,
observable, and governed by design.

MCP doesn't replace existing middleware patterns. It
operationalizes the Al overlay, giving Al agents a
sanctioned way to act within established architectures
without bypassing their structure. Major platforms now
provide native MCP support, reflecting its transition from
emerging standard to production requirement. However,
this adoption brings new governance challenges around
identity management, access control, and security auditing
that middleware teams must address.

MCP is hot a new
middleware pattern. It is a
protocol that enables Al to
participate in existing
patterns with structure and

oversight. It doesn't reshape
the architecture, but it
changes who gets to act
within it---and how that
action must be governed.
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Why This Demands New Governance

This new capability comes with significant risks. Al models,
especially large general-purpose
deterministic. The same prompt might vyield different
responses depending on phrasing, model version, or
retrieved context. That makes traditional testing techniques,
such as asserting that X input always leads to Y output,

ones, are non-

insufficient. Middleware teams must now think in terms of
behavior ranges, confidence levels, and fallback logic.

Observability becomes more complicated. It is no longer
enough to log which API was called or which branch was
taken. Teams need to track which prompt was used, what
the model returned, and how that output shaped the
downstream Prompts themselves become
versioned artifacts---subject to governance, review, and
regression testing.

response.

Security also takes on new dimensions. With prompt
injection, a user or upstream system might manipulate the
model into executing unintended logic. Sensitive data
passed through prompts may be inadvertently exposed,
especially if calls are routed through third-party Al APIs. The
widespread adoption of MCP introduces additional security
considerations around identity management and access
control that traditional middleware patterns don't address.
Skyflow and other data governance providers have begun
publishing best practices for handling personally identifiable
information (PIl) in Al workflows, recommending techniques
like redaction, context filtering, and prompt-level sanitization
[15].
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Cost is another concern. Many middleware operations are
expected to be fast and cheap. Adding Al into the path
introduces a new pricing model---based on tokens, latency,
and model complexity. A single prompt might cost fractions
of a cent. But a verbose RAG pipeline, or a complex decision
agent invoking multiple APIs, can multiply that cost quickly.
Al observability and usage modeling are quickly becoming
essential disciplines in system design.

None of these concerns are insurmountable. But they
demand a level of governance and discipline that many
middleware teams are not yet prepared for. If Al is to be
trusted in the middle, it must be understood, observed, and
controlled.

If Al is to be trusted in the middle, it must be understood,

observed, and controlled.
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Up to this point, we've framed middleware as
architecture and strategy. Now we turn to practice: how

to operationalize those strategies in systems that are
already messy, distributed, and real.

Best Practic
Middleware Maturity

If middleware is where business logic lives, then it isn't just
infrastructure---it's product. That shift reframes how it should
be designhed, governed, and evolved. Middleware deserves
ownership, versioning, and observability, but in ways tuned to
the unique role it plays between systems. Large rewrites rarely
succeed. The goal is clarity, not perfection. That means shaping
the middle gradually, using contracts, tests, telemetry, and clear
boundaries.

The following practices reflect that mindset. They are pragmatic
tools for building middleware that can change without breaking,
scale without drifting, and remain knowable over time.
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Expose the Middle

Before changing anything, make the invisible visible. Most middleware logic is
scattered---embedded in platform rules, hidden in integration tools, duplicated
in gateways, or stitched into legacy services. It is rarely documented, and even
more rarely understood in full.

Start by mapping the flows. This is not a code-first task. Begin with system
diagrams, swimlane flows, and integration maps. Trace how data and
decisions move between systems. Identify where business logic is enforced.
Look for points of coupling, coordination, or timing. Treat it like a forensic audit
of how the system actually behaves, not how the architecture diagram says it
should. Version mismatches, diverging logic, and shadow integrations are all
signs that the middle has grown without structure. The goal is not to capture
every edge case, but to understand where decisions are made and who owns
them. Middleware cannot be governed if it is not surfaced. You cannot draw

boundaries around something no one can see.
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Assigh Ownership with Purpose

Clear ownership turns middleware from shared plumbing into strategic
infrastructure. Without it, boundaries blur. Logic ends up wherever it's easiest
to implement, not where it makes the most sense to govern.

Ownership should follow responsibility, not codebase. Don't assign teams to
tools---assign them to behavior. That means clarifying who owns process
flows, who governs contracts, who resolves schemas, and who adapts
interfaces. When that isn't clear, middleware becomes the system's blind spot.

A simple tool for enforcing this clarity is a responsibility map. It aligns teams to
the behavioral patterns they are responsible for---not just the systems they
operate, but the logic they own. Done well, it prevents duplication, simplifies
coordination, and flags gaps early.

Table 2

op ope,

Sample Responsibi
Domain or Function Pattern in Use Web Ref ID Status
Order Fulfillment Orchestration Commerce Platform Team Workflow logic lives in orchestrator
Email Notifications EDA (Choreography) Messaging Team Listens for events, publishes downstream
Customer-Facing API Interfaces(BFF) API Experience Team Adapts data for web and mobile clients
Product Catalog Querying Federation Catalog Domain Team Maintains subgraph and contributes to API
Account Creation Workflow Hybrid (Orchestration + EDA) Identity Platform Team Core steps orchestrated, triggers external

A responsibility map helps assign ownership, but ownership isn't always local.
Many flows span domains. When account creation triggers onboarding, or a
payment emits downstream events, responsibility extends across teams. That
shared surface must still be owned. In practice, this often means a platform
team maintains shared infrastructure (such as event schemas, orchestrators,
or gateways), while domain teams own the logic that runs on top. What
matters is that ownership is clear, even when it's shared.
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Design Contracts First

Every integration has a contract. The question is whether
it's implicit or explicit. Implicit contracts are assumptions
embedded in code and deployments. Explicit contracts are
artifacts---OpenAPIl specs, AsyncAPl docs, or GraphQL
schemas defined in SDL (Schema Definition Language)---
that define what each party expects and provides.

Contract-first design doesn't just accelerate development.
It defines the shape of the system. It enables governance. It
allows middleware to enforce compatibility without
embedding logic. And it ensures teams can build in parallel
without guessing what the interface will do.

Well-defined contracts also act as test artifacts and
versioning anchors. They give teams a shared surface to
align against---not just code, but intent.

Test the Boundaries

Middleware isn't always easy to test. The logic it contains is
cross-cutting, behavioral, and sometimes emergent. But
that makes testing even more important.

Simulate before you integrate. Tools like Prism allow teams
to mock HTTP behaviors directly from OpenAPI specs,
enabling early validation of assumptions before a service
exists. For broader coverage---including REST, GraphQL,
and event-driven protocols---Microcks provides a unified
platform for mocking and testing based on OpenAPI,
GraphQL SDL, and AsyncAPI definitions. It supports both
synchronous and asynchronous interfaces, making it
particularly effective in hybrid middleware strategies. Tools
like WireMock and MockServer extend simulation further by
mimicking programmable behavior from third-party
systems. This is especially useful when downstream
services aren't available or fail unpredictably.

Validate contracts, not just responses. Consumer-driven
contract testing makes integration points explicit and
verifiable. With tools like Pact, downstream teams define
the behaviors they rely on, and providers are tested against
those expectations. Microcks expands on this by validating
runtime behavior against declared contracts across multiple
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protocols---including Kafka, WebSockets, and gRPC---
helping teams catch drift between documentation and
implementation. Tools like Dredd and Schemathesis bring
similar rigor to OpenAPI and GraphQL validation, ensuring
conformance before breaking changes reach production.
Lightweight tools like Postman Collections can be useful for
mocking early-stage APIs or automating contract tests
during development, but broader governance requires
deeper runtime validation. In federated GraphQL systems,
Apollo Studio surfaces schema diffs, usage patterns, and
field-level impact analysis to support safe evolution.

Trace workflows, not just calls. In orchestrated systems,
test coverage means more than verifying inputs and
outputs. It means validating the path a process takes, the
states it enters, and the decisions it makes under different
conditions. Platforms like Temporal, Camunda, and Azure
Durable Functions support workflow replay and
determinism validation. This allows teams to step through
complex logic as it unfolds across distributed services.
Middleware isn't just about what happens; it's about how
and when it happens.

Test the Al, too. In Al-assisted middleware, behavior may
be probabilistic, not deterministic. A given input may yield
different results depending on phrasing, model version, or
context. Instead of strict assertions, test for bounded
behavior. Tools like LangSmith and OpenAl Evals help teams
define expected response ranges, track prompt regression,
and evaluate LLM behavior across scenarios. Prompts
become test artifacts. Evaluation becomes governance.

Test failure, not just success. Middleware coordinates
systems, and those systems will fail. The test is not whether
the failure occurs---it's whether the middle responds
appropriately. Tools like Chaos Mesh, Gremlin, and
Toxiproxy let teams simulate degraded conditions: latency,
packet loss, timeouts, corrupted messages. Use them to
confirm that retries trigger, fallbacks engage, and
orchestrators don't freeze in ambiguity. Fault-tolerant logic
is not a bonus---it's the baseline.

Testing middleware doesn't mean asserting every path. It
means verifying that the logic you believe is in the middle
behaves the way your architecture needs it to. Not just
under perfect conditions, but under pressure, ambiguity,
and change.
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Instrument the Logic

Testing tells you if the middle should work. Observability
tells you if it actually does. Middleware coordinates behavior
across systems, but unless that behavior is instrumented,
it's invisible in production. Tracing makes it knowable.

Use tools like OpenTelemetry, a vendor-neutral standard for

But instrumentation is not one-size-fits-all.
Each middleware pattern benefits from
different observability strategies:

« In orchestration, trace the full workflow. Emit spans at
each step of the orchestrator: whether it's a function call,
approval task, or compensation logic. Temporal and
Azure Durable Functions both support trace hooks.

In event-driven systems, trace the journey of an event.
Correlate the producer span with all consuming services.
OpenTelemetry supports message correlation across
Kafka and other brokers.

In BFF layers, trace fan-out patterns and backend
latency. When a mobile app hits the gateway, can you
see which downstream service added the delay?

These traces don't live in isolation. They must be connected
across services, interfaces, and platforms. That means
propagating trace headers---especially through gateways,
queues, and edge layers---so that the system can be
observed as a whole, not just in fragments.

Many cloud platforms support this natively. AWS X-Ray and
Azure Monitor integrate seamlessly with services in their
ecosystems and increasingly support OpenTelemetry

msqQD=

collecting logs, metrics, and traces. In modern
architectures, tracing is not just for debugging---it's how
you understand distributed behavior at runtime. When
something goes wrong, or just slows down, traces help you

see where and why.

« In federated GraphQL, trace query resolution across
subgraphs. Instrument resolvers so you know which
fields are slow, misconfigured, or redundant.

In Al-assisted middleware, trace prompt calls and model
responses. Emit spans around the Al logic itself: track
input size, response time, cost, and fallback usage.
Attach tags like model_version, prompt_type, or
decision_path.

ingestion. Use these where available, but treat
OpenTelemetry as your control plane for consistency

across environments.

Don't just add dashboards. Add accountability.
Observability isn't about visualizing traffic. It's about
making behavior clear enough to govern.
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Version for Change

The logic in your middleware deserves versioning just as much as the systems that
depend on it. That means treating event schemas, workflow definitions, and API
contracts as versionable artifacts: not just code, but behavior.

Too many systems assume their interfaces are stable. They aren't. New fields get added.
Semantics shift. Side effects emerge. When versioning is ad hoc, trust breaks down.
Integrations fail not because the logic changed, but because the contract silently did.

Versioning is not just a numbering scheme—it's a contract
management strategy. For middleware, that strategy must be
precise and predictable. Some practical rules:

» Use semantic versioning (SemVer) for published API » Version events, not just topics. If you evolve a message
contracts. Whether you're exposing REST (OpenAPI), schema, include a version field in the payload. Use
events (AsyncAPI), or GraphQL schemas (SDL), follow a schema registries (like Confluent) or AsyncAPI-based
clear pattern: governance to enforce compatibility checks before

deployment.
o MAJOR.MINOR.PATCH
¢ Increment MAJOR when you break consumers. » Deprecate gracefully. Don’t yank old versions without
 Increment MINOR for new but backward- warning. Deprecate explicitly. Publish sunset dates. Use
compatible additions. observability data to understand which consumers still
o PATCH for internal fixes with no contract rely on outdated interfaces or workflows. Build tooling to
impact. detect stale usage.
» Declare the version inside your API specification,
not just in the URL, so tools and consumers can » Al middleware needs versioning too. Prompts should be
detect it automatically. treated like code. Store them as versioned assets. Track
changes to input format, model selection, and expected

» Treat workflow definitions as versioned artifacts, not behavior, especially if the middleware relies on Al to

static code. In orchestrated systems (like Temporal or shape responses dynamically.

Azure Durable Functions), each change to a workflow
should result in a new version ID. Never mutate a live flow
in place. Instead, allow old instances to complete and
route new executions to the updated version.

The goal isn’t to freeze the system. It's to let it evolve, without breaking everything

around it. Versioning is what makes change safe.
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Conclusion
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Respect the Middle

Middleware is not glue. It is not plumbing. It is not the stuff
you bolt on after the system is built. It is the architecture---
and it is the heart of your business.

That architecture isn't a monolith. It's a set of
responsibilities---coordinating processes, exposing
capabilities, tailoring interfaces, composing schemas, and
increasingly, Whether
responsibilities are shaped through orchestration, events,
interfaces, or federation, they define how systems behave.
And they deserve to be treated as product: intentional,

governed, and evolving by design.

interpreting  context. those

When the middle is named, it can be owned. When it's
owned, it can be tested, versioned, secured, observed. It
can be explained. It can be trusted.

This is not a tooling problem. It's an architectural one. And it

Patrick Perrone
Chief Technology Officer, MSQ DX

belongs to the leaders who design the systems, not just the
vendors who supply the parts. If your architecture can't
evolve safely, it's not composable. If your business logic is
invisible, it's not governable. If your coordination layer is
scattered, it's not strategic. These are middle problems.
They become edge failures.

The role of the architect is not to chase patterns---it's to
clarify responsibility. That's what middleware demands. Not
just frameworks or workflows, but decisions. Boundaries.
Ownership. Discipline. The capacity to evolve without
eroding.

Name the middle. Design for it. Govern it. Treat it not as a
side effect of your architecture---but as the reason your
architecture works at all.

When the middle breaks, it all falls down.
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Note: Citations are provided here only where external research, tooling documentation, or technical
literature directly supports implementation guidance. The strategic framing in earlier sections reflects the
author’s professional experience in digital architecture, middleware design, and enterprise integration.
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