The Domain-Driven API: An

Architectural Blueprint

Bim Parallel:

1. Design Models Around Project Workflows, Not Just Geometry

The core idea is to shift from creating a BIM that is just a collection of geometric objects
(walls, furniture) to a model structured around actual project workflows. This makes the
model and its data (accessible via an API) more intuitive for the entire project team.

e Traditional (CRUD) Way: The model is a database of objects. An APl would be GET
/doors/{id} or UPDATE /walls/{id}.

e BIM/DDD Way: The model is structured around project phases and actions. An API
would have commands like POST /ff&e_packages/{id}/submit_for_approval or POST
Iclient_presentations/{id}/issue.

2. Partition the Project with "Disciplines” (Bounded Contexts)

Before modeling, divide the project into its distinct disciplines or domains. These are your
Bounded Contexts. Each discipline has its own specific model, vocabulary, and concerns.
This becomes the high-level blueprint for how you federate models and design data
exchanges.

e Example: The concept of a "Partition Wall" means different things to different
disciplines:
o Interior Design Context: Cares about FinishMaterial, AcousticRating (STC),
WallcoveringID.
o Structural Context: Cares about IsLoadBearing, DeflectionLimit.
o MEP Context: Cares about ContainsConduit, OutletLocations.
e These are three separate contexts. A good BIM workflow (and API design) respects
these boundaries and doesn't try to create one giant, confusing "Wall" object that
serves everyone poorly.

3. Use the Project's Standardized Terminology (Ubiquitous Language)

The BIM model and any associated APIs must speak the same language as the project team.



The names for families, parameters, and data fields should come directly from the project's
BIM Execution Plan (BEP).

e This reduces ambiguity. If the BEP defines a specific assembly as a "Demountable
Partition," the API resource must be /demountable partitions, not /movable walls or
/temp_walls. This ensures architects, contractors, and software all communicate with
perfect clarity.

4. Model Project Milestones, Not Just Object Properties (Task-Based APlIs)

Instead of generic commands to UPDATE an object's status parameter, design workflows (and
API endpoints) that represent meaningful project milestones.

e Instead of: UPDATE /furniture/{id} with a JSON payload of {"status": "Approved"}.

e Do This: POST /furniture_schedules/{id}/approve_for_procurement.

e This approach makes the user's intent clear and embeds the project's logic and
business rules directly into the model's structure and the API's design.

5. Ensure Consistency with "Assemblies” (Aggregates)

Within each discipline's model, group related objects into a complete assembly that functions
as a single unit. This Assembly (Aggregate) is the boundary for data integrity. A single
command should only modify a single Assembly instance at a time.

e Example: A Staircase Assembly. You cannot change the riser height of a single tread
in isolation; it would violate building codes and break the geometry of the stringers and
railings. The entire staircase is the Aggregate. An APl command must modify the
entire staircase instance in one transaction to ensure it remains a valid, logical object.

e Another Example: A Workstation Assembly (desk, chair, task light, pedestal file). A
command like POST /workstations/{id}/swap_model would update the entire cluster as
one consistent unit.

6. Use Workflows for Cross-Discipline Coordination (Events)

For processes that span multiple disciplines (Bounded Contexts), avoid complex, brittle, direct
links. Instead, use a workflow-driven approach based on events. When one discipline
completes a milestone, it publishes an "event" that other disciplines can react to.

e Example: The Interior Design team finishes the reflected ceiling plan.
1. Event Published: LightingLayoutApproved
2. MEP Team (Listener): Their service sees this event and begins its
work—calculating circuit loads, placing J-boxes in their model, and checking
for power requirements.



3. Procurement Team (Listener): Their system sees the same event and adds
the approved light fixtures to the procurement schedule.

This creates a resilient and scalable system based on "eventual consistency.” The

MEP model is updated in response to the design model, not in the same single,
monolithic transaction.

7. Use Full-Scale BIM for Complex Projects, Not for a Simple Shed (DDD is
for Complexity)

This approach requires a significant upfront investment in planning (creating the BEP, setting
up models, defining workflows). It provides the most value for complex projects (e.g.,
hospitals, airports) where coordination between many disciplines is critical.

For a simple project like a small office renovation (a basic "CRUD" app), a full-blown
federated BIM model with this level of data segregation is often unnecessary overkill.
Simple 2D CAD or a single, monolithic model is more efficient.

Key insights:

Design APIs Around Business Needs, Not Databases: The core idea is to shift from
creating APIs that just expose database tables (the traditional CRUD approach) to
designing them around actual business operations." This makes APIs more intuitive and
aligned with what the business actually does.?

Break Down Complexity with "Bounded Contexts": Before writing any code, the first step
is to divide your large, complex business domain into smaller, logical subdomains called
Bounded Contexts.* Each context has its own specific model and language. For
example, "Customer" means one thing to the Sales department and something different
to the Shipping department; these should be separate contexts.® This division becomes
the high-level blueprint for your APIs and microservices.®

Use a "Ubiquitous Language": Your API should speak the same language as the
business experts." The names for endpoints, data fields, and operations should come
directly from the shared vocabulary used by both developers and business stakeholders.
This reduces confusion and makes the API easier to understand and use.?

Focus on Actions, Not Just Data (Task-Based APIs): Instead of generic Create, Read,



Update, Delete (CRUD) endpoints, design APIs that perform specific business tasks."
For example, rather than a generic

PUT /orders/{id} to modify an order's status, create a specific endpoint like POST
/orders/{id}/cancel. This makes the client's intent clear and embeds the business rules
directly into the API's design.?

e Protect Data Integrity with "Aggregates": Within each service, group related objects into
a cluster called an Aggregate. This Aggregate acts as a single unit for any data changes,
ensuring that all business rules are enforced in one transaction.® A key rule is that a
single API command should only ever modify a single Aggregate instance at a time."

e Use Events for Cross-Service Communication: For processes that span multiple services
(or Bounded Contexts), avoid complex, slow distributed transactions. Instead, use an
event-driven approach. When one service completes an action (e.g., the Sales service
places an order), it publishes a "Domain Event" (like OrderPlaced). Other services (like
Billing and Shipping) listen for this event and react accordingly. This creates a more
resilient and scalable system based on "eventual consistency"."?

e DDD is a Tool for Complexity, Not for Everything: This approach requires a significant
upfront investment in understanding and modeling the business domain.™ It provides the
most value for complex systems with intricate business rules. For simple applications
that are primarily data entry and retrieval (basic CRUD), applying the full scope of DDD

is often unnecessary overkill.?

Introduction: From Data Endpoints to Business

Capabilities

The prevailing approach to Application Programming Interface (API) design has long been
rooted in a technical, implementation-focused perspective. This method, often described as
an "inside-out" design, begins with internal systems and data models and exposes them,
sometimes with minimal transformation, directly through API endpoints." While seemingly
efficient, this practice creates leaky abstractions that betray the underlying database

structures and internal complexities of the service.' The result is a portfolio of APIs that are



often "chatty," requiring clients to make numerous calls to assemble a complete picture of the
business state, and brittle, breaking whenever the internal implementation changes.?
Consumers of such APIs are burdened with the cognitive overhead of understanding the
provider's internal domain language and structure, hindering adoption and increasing

integration costs.’

This report presents a fundamental paradigm shift, repositioning API design from a technical
exercise in data exposure to a strategic modeling of business capabilities. This is achieved by
applying the principles of Domain-Driven Design (DDD), a philosophy that places the business
domain—its concepts, rules, and processes—at the very heart of software development.” In
the context of DDD, an APl is not merely a technical interface; it is a meticulously crafted
contract that represents a clear, bounded business capability. It becomes the codified, explicit

manifestation of the business domain's

Ubiquitous Language, a shared vocabulary that ensures alignment between business
stakeholders and software implementation.® By adopting this "outside-in" approach, the API
blueprint is transformed from a set of technical endpoints into a resilient, intuitive, and

strategically valuable representation of the business itself.®

The core problem with traditional, data-centric API design is its tendency to produce an
anemic domain model. In this anti-pattern, business logic becomes disconnected from the
data it operates on, scattered across various service layers, while the data objects themselves
become little more than passive property bags.'® This separation makes the system difficult to
understand, maintain, and evolve, as the true business rules are not encapsulated in any

single, authoritative place.

This report will serve as a comprehensive architectural guide, navigating the methodology of
DDD-informed API design from its highest strategic levels to its most granular tactical details.
It will begin by establishing the foundational blueprint through Strategic DDD, defining the
macro-architecture of API boundaries using Bounded Contexts. From there, it will delve into
the specific API strategies dictated by the relationships between these contexts. The
subsequent sections will bridge the gap to Tactical DDD, detailing how the domain model—its
language, aggregates, and entities—directly shapes the micro-design of individual API

contracts. Finally, the report will culminate in a practical e-commerce case study, address the



real-world challenges of this approach, and conclude by framing the domain-driven API as a

durable and strategic business asset.

l. The Strategic Blueprint: Bounded Contexts as the

Foundation for APl Architecture

Before a single API endpoint is specified or a data schema is drafted, the architectural
blueprint for a complex system must be established. The initial and most critical phase of this
process, guided by Strategic Domain-Driven Design, is the partitioning of the problem space.
This is where API design truly begins—not with code, but with conversation and conceptual
modeling. The primary tool for this endeavor is the Bounded Context, which serves as the
foundational unit for the entire API landscape, defining the scope, sovereignty, and

responsibility of each component in the system.

From Monolithic Domain to Bounded Contexts

Attempting to create a single, unified model for a large, multifaceted business domain is a
common architectural fallacy. Such efforts are almost always destined to fail because different
departments and functional areas of an organization use subtly, yet critically, different
language and mental models for the same core concepts.”® For instance, the concept of a
"Customer" holds vastly different meanings and is associated with different data and rules for
a Sales team (focused on opportunities and conversion), a Shipping department (focused on
addresses and delivery history), and a Customer Support division (focused on tickets and
communication logs)." A single "Customer" model attempting to satisfy all these needs would
become a bloated, incoherent monolith, laden with optional fields and conditional logic,

ultimately serving no single purpose well.”



Domain-Driven Design confronts this reality by introducing the Bounded Context. A Bounded
Context is an explicit, logical boundary within which a specific domain model is defined and is

internally consistent.” Inside this boundary, every term of the

Ubiquitous Language—the shared vocabulary of domain experts and developers—has a
precise, unambiguous meaning.® The "Customer" in the Sales context is a distinct model from
the "Customer" in the Shipping context. They may share an identity, but they are separate
conceptual entities with different attributes and behaviors. This act of partitioning the larger
domain into a set of well-defined Bounded Contexts is the first and most crucial step in

creating a coherent API blueprint.

The identification of these boundaries is not a purely technical task but a collaborative,
exploratory process. Techniques such as Event Storming, a workshop-based method, bring
together domain experts and technical teams to map out business processes as a series of
domain events."” The natural clusters of events and the pivotal moments in a business
workflow often reveal the seams along which the domain can be divided into Bounded
Contexts.'® Other heuristics include analyzing the organizational structure (as teams are often
formed around business capabilities) and following the natural flow of business value through

the system.'

The Bounded Context as a Sovereign API

Once identified, each Bounded Context becomes a candidate for a distinct, autonomous
service or a highly cohesive module within a larger application.'” The critical architectural
principle is that the Bounded Context's internal domain model—its entities, value objects, and
business logic—should be completely encapsulated. The only way for the outside world to

interact with this model is through a well-defined, public interface: its API.°

This APl is not an afterthought; it is the formal expression of the Bounded Context's
capabilities and the guardian of its integrity. It acts as a sovereign boundary, protecting the

internal consistency of the domain model by ensuring that all interactions are performed



through explicit, valid operations.?° It is a common misconception that a Ul or an API

is a Bounded Context. Rather, these system components conform to the model of one or more
Bounded Contexts.” The APl is the contract that exposes the context's functionality while
hiding its implementation complexity. This principle of encapsulation is fundamental to

building a modular, maintainable, and evolvable system.

Visualizing the Blueprint with a Context Map

With the Bounded Contexts identified, the next step is to visualize the entire system
architecture using a Context Map. This is not a detailed component diagram but a high-level,
strategic illustration of the system as a portfolio of Bounded Contexts and, crucially, the

relationships between them."™

The Context Map is the definitive architectural blueprint for the API landscape. It documents
the political and technical landscape of the system, clarifying dependencies, highlighting
integration points, and revealing potential areas of friction.?? Each line drawn between two
Bounded Contexts on this map represents a future API contract. The nature of that line—the
specific relationship pattern chosen—will dictate the strategic purpose, design, and
interaction style of the API that will eventually connect them. This map, therefore, serves as a
powerful tool for strategic decision-making, guiding not only the technical architecture but

also the organization of development teams to align with the system's structure.

The quality of any tactical API design—the specifics of its endpoints, resources, and
schemas—is directly and causally dependent on the quality of the preceding strategic design.
A common failure in API architecture is the creation of a "God API," an endpoint that attempts
to orchestrate operations across multiple, conceptually distinct business domains. For
example, a single updateOrder endpoint that is responsible for modifying inventory levels,
processing payments, and updating customer loyalty points is a symptom of poor strategic
design. The root cause is not the design of the endpoint itself, but the failure to first identify

and separate the underlying "Ordering," "Inventory,” "Billing," and "Loyalty" Bounded



Contexts. When these boundaries are correctly established, each context will contain smaller,
more cohesive models (Aggregates), which naturally lead to the design of smaller, more
focused APIs. Therefore, any attempt to design APIs in a bottom-up fashion, without first
establishing this strategic blueprint via context mapping, is destined to fail. It will inevitably
recreate the tight coupling and conceptual confusion of a monolith, resulting in a "distributed
Big Ball of Mud"—a complex and brittle system connected by a tangled web of ill-defined API

calls.? The Context Map is not just a diagram; it

is the API blueprint.

ll. Defining the Contract: How Context Mapping
Patterns Dictate API Strategy

The Context Map provides the high-level blueprint of the API landscape by identifying the
Bounded Contexts and the relationships between them. The true strategic power of this tool,
however, lies in the specific patterns used to define these relationships. Each patternis a
strategic choice that prescribes a particular type of APl interaction, defining the power
dynamics, level of coupling, and communication style between the connected contexts.
Understanding these patterns is essential for translating the architectural blueprint into a
coherent and effective API design strategy.

Understanding Upstream vs. Downstream Dynamics

Before examining the patterns, it is crucial to understand the concept of "upstream" and
"downstream"” contexts. In most integrations, the relationship is asymmetrical. The upstream
context is the provider or influencer in the relationship; it typically defines the model and the

API contract that others must use. The downstream context is the consumer or conformer; it



.?2 This dynamic

must adapt its own systems to integrate with the upstream context's AP
fundamentally shapes the negotiation, design, and evolution of the API contract. The
upstream team holds the power to define the interface, while the downstream team must

decide how to react to it—whether to conform, to protect itself, or to collaborate.

API Integration Patterns in Practice

The following patterns, visualized on a Context Map, provide a vocabulary for describing the

strategic intent behind each API integration.

Open Host Service (OHS) & Published Language (PL)

e Purpose: This combination is used when a Bounded Context needs to expose its
functionality as a stable, well-documented, public-facing API for consumption by multiple
other contexts or external clients.?? The Open Host Service is the AP itself, while the
Published Language is the formal, shared contract that it exposes.

e API Design Implications: This pattern mandates the creation of a formal, versioned AP,
typically REST or gRPC. The contract must be explicitly defined using a standard
specification like OpenAPI for synchronous APIs or AsyncAPI for event-driven systems.?*
The design must prioritize stability, long-term backward compatibility, and
comprehensive documentation to serve a wide range of consumers.” Authentication
services, payment gateways, and public data providers are classic examples of this

pattern.

Anti-Corruption Layer (ACL)



Purpose: The ACL is a defensive pattern employed by a downstream context to protect
the integrity of its own domain model from the influence of an upstream context. It is
particularly valuable when integrating with legacy systems, third-party APIs, or any
upstream service whose model is poorly designed, unstable, or conceptually dissonant
with the downstream domain.?

API Design Implications: The ACL is not an API itself but an internal component within
the downstream service—such as an adapter or facade—that consumes the upstream
API. Its responsibility is to translate the data and concepts from the upstream model into
the Ubiquitous Language of the downstream context. This creates a protective boundary,
isolating the core domain logic from external "noise" and ensuring that the downstream
model remains pure and focused on its own concerns.?® When the upstream AP

changes, only the ACL needs to be updated, not the entire downstream domain.

Conformist

Purpose: In this pattern, the downstream context chooses to completely adhere to the
model of the upstream context, without any translation.” This is often a pragmatic
decision when the upstream context is authoritative, stable, and its model is a good fit for
the downstream's needs.

API Design Implications: The client code in the downstream service is tightly coupled to
the upstream API's contract. This simplifies initial development, as no mapping layer is
required. However, it introduces significant fragility. Any change to the upstream API,
even a minor one, has the potential to break the downstream consumer.?* The API design
and consumption strategy must account for this high degree of coupling and potential for

cascading failures.

Customer-Supplier



Purpose: This pattern describes a collaborative relationship where the downstream
“customer"” team has a significant degree of influence over the development priorities
and roadmap of the upstream "supplier" team.?” The needs of the specific downstream
consumer are a primary driver for the evolution of the upstream service.

API Design Implications: The API contract is effectively co-designed or heavily
influenced by the requirements of the downstream team. This results in a more tailored
and fit-for-purpose API than a generic Open Host Service. However, it requires close,
continuous collaboration and synchronized planning between the two teams, which can

create organizational dependencies.

Shared Kernel

Purpose: This pattern represents the tightest form of coupling, where two or more
Bounded Contexts share a common, physically deployed subset of the domain model.
This is typically implemented as a shared library, a common set of database tables, or a
shared code module.?

API Design Implications: A Shared Kernel often bypasses a traditional network API for
the shared components, relying instead on direct code or data sharing. This pattern
should be used with extreme caution. While it can reduce code duplication, it creates a
toxic level of coupling, requiring that any changes to the shared kernel be coordinated
across all participating teams. This undermines the autonomy that Bounded Contexts are

meant to provide and can easily become a bottleneck for development.?

Separate Ways

Purpose: This pattern is the explicit decision that two Bounded Contexts have no
relationship and should not be integrated.?

API Design Implications: No API is required. Recognizing and documenting the absence



of a relationship is a valid and important architectural decision that prevents unnecessary

complexity and accidental coupling.

The following table serves as a strategic playbook for architects, directly translating the

high-level relationship between two contexts on a Context Map into a concrete API design

strategy. It bridges the gap between abstract architectural intent and tangible implementation

choices, ensuring that the technical design of an APl is perfectly aligned with its strategic

purpose within the overall system blueprint.

Pattern Name

Strategic Purpose

Resulting API Style
& Technology

Key Design

Considerations

the influence of an
incompatible or
unstable upstream

model.

that consumes the

upstream API.

Open Host Provide a stable, Public REST API Strict versioning,
Service (OHS) & public, and (OpenAPI), gRPC backward
Published well-documented (Protobuf), or compatibility,
Language (PL) API for many Event-Driven extensive
consumers. (AsyncAPI). documentation,
robust security, and
a focus on
developer
experience.”*
Anti-Corruption Protect the Internal translation Focus on model
Layer (ACL) downstream layer transformation
domain model from | (Adapter/Facade) logic, isolating the

core domain. The
ACL is the only part
of the downstream
service aware of
the upstream

model.??




Conformist

The downstream
context fully adopts
the upstream
model for simplicity
or due to the
upstream's

authority.

Tightly-coupled
client
implementation
that directly
consumes the
upstream API's

data structures.

High fragility;
requires robust
consumer-driven
contract testing to
detect breaking
changes from the
upstream API

early.”

Customer-Supplie

r

A collaborative
partnership where
the downstream
team's needs
heavily influence

the upstream API's

Private or
partner-facing API,
often co-designed.
Can be REST, gRPC,
or another

protocol.

Requires close
inter-team
communication and
synchronized
development

planning. The API

design. evolves to meet
specific
downstream use
cases.”
Shared Kernel Two or more Not a network API, Extreme coupling.

contexts share a
common subset of
the domain model
to reduce

duplication.

but a shared
library, module, or

database schema.

Changes require
coordinated
releases across all
teams. To be used
sparingly and only
for very stable,

core concepts.?

Separate Ways

The contexts are
independent and

have no need for

No API is designed

or required.

An explicit
architectural
decision to avoid

unnecessary




integration. complexity and

coupling.??

lll. The Tactical Details: Translating the Domain Model

into APl Resources

Once the strategic blueprint is established with Bounded Contexts and a Context Map, the
focus shifts to Tactical Domain-Driven Design. This is where the abstract concepts of the
business domain are translated into the concrete, tangible components of the software—and,
most critically, into the design of the API contract itself. The tactical patterns of DDD provide a
rich vocabulary and a set of structural rules for shaping an API's surface, ensuring that it is a

true and faithful representation of the underlying domain model.

The Ubiquitous Language as the API Lexicon

The cornerstone of DDD is the Ubiquitous Language: a common, rigorous vocabulary
developed collaboratively by domain experts and the development team.® This language is not
merely for meetings and documentation; it must be pervasively used in the code, the

database schema, and, most importantly, in the public-facing API contract.’

When designing an API, the Ubiquitous Language becomes its lexicon. API resources, their
properties, query parameters, and operation names should all be derived directly from this
shared vocabulary. This practice ensures that the API is immediately intuitive and
understandable to anyone familiar with the business domain, dramatically reducing the

cognitive load on developers who consume the API.’

For example, a generic, implementation-focused API might expose an endpoint like /items. In



contrast, a DDD-informed API for a shipping context would use the precise domain term, such
as /shipments or /consignments. A generic API might have a field named status with integer
values. A domain-driven API for an order processing context would use a field like
fulfillmentStatus with explicit, meaningful string values drawn from the Ubiquitous Language,
such as AwaitingPayment, ReadyForDispatch, or InTransit.>° This precision transforms the AP

from a technical interface into a self-documenting expression of business concepts.

Aggregates: The Heart of the APl Resource

Within a Bounded Context, the domain model is structured around Aggregates. An Aggregate
is a cluster of related domain objects (Entities and Value Objects) that are treated as a single,

consistent unit for the purpose of data changes.” Each Aggregate has a single entry point, the

Aggregate Root, which is an Entity responsible for enforcing the business rules (invariants)

for the entire cluster.

This concept has a direct and profound impact on API design, governed by a golden rule: a
single transaction should only ever modify a single Aggregate instance.*” This rule of

transactional consistency translates directly into API contract design:

e API Resources Map to Aggregates: Each primary resource exposed by an API should
correspond to an Aggregate Root in the domain model.**

e API Commands Target a Single Aggregate: A single APl command—such as a POST,
PUT, or PATCH request that modifies state—should be designed to operate on exactly

one Aggregate instance.

Consider an e-commerce system where an Order is an Aggregate Root that encapsulates a
collection of Orderltem entities and a ShippingAddress value object. The APl would expose
/orders/{orderld} as the resource representing the Order Aggregate. An operation like adding
a new item to the order would be modeled as a command directed at the Order Aggregate,
for example, POST /orders/{orderld}/items. A critical design constraint is to not provide a

separate top-level endpoint like /order-items that would allow clients to manipulate Orderltem



entities directly. Such an endpoint would bypass the Order Aggregate Root, violating its
consistency boundary and creating an opportunity for the system to enter an invalid state
(e.g., adding an item to an order that has already been shipped).** The Aggregate defines the

boundary of what can be changed together, and the API must respect and enforce this

boundary.

Modeling API Payloads with Entities and Value Objects

The internal components of an Aggregate—Entities and Value Objects—provide the building

blocks for modeling the data structures within API request and response payloads.

e Entities: These are objects defined not by their attributes, but by a thread of continuity
and a unique identity that persists over time.” A
Customer with a unique customerld is an Entity. In an API payload, Entities typically map
to top-level resources (if they are Aggregate Roots) or to nested JSON objects that have
a unique identifier.

e Value Objects: These are objects whose conceptual identity is based on their attributes,
not a unique ID. They are typically immutable.”> Examples include
Money, Address, or a date range. Value Objects are exceptionally useful for modeling
complex properties within an API payload, as they group related attributes and can carry
validation logic. For instance, instead of separate price_amount and price_currency
fields, an API payload can represent a Money Value Object with a structured JSON
object: { "amount": 100.00, "currency": "USD" }.** This makes the contract clearer, less

error-prone, and more expressive.

While the domain model is the blueprint for the API, it is a critical best practice to avoid
exposing the internal domain objects directly through the API. A mapping layer should be
introduced to translate the rich domain objects into Data Transfer Objects (DTOs) that are
specifically designed for the API contract.” This separation provides several key benefits: it
prevents leaking internal implementation details and complexity to the client, it allows the API

contract to be shaped for the specific needs of its consumers (e.g., flattening a complex



object graph), and it decouples the public API from the internal domain model, allowing them

to evolve independently.

IV. Designing for Behavior, Not Data: A Paradigm Shift
from CRUD

One of the most significant transformations that Domain-Driven Design brings to API design is
the fundamental shift in focus from data manipulation to business behavior. The traditional,
data-centric approach, commonly known as CRUD (Create, Read, Update, Delete), treats APIs
as a thin veneer over a database. In contrast, a DDD-informed approach models the APl as a
set of meaningful business operations, leading to a more robust, expressive, and maintainable

system.

The Anemic Nature of CRUD

APIs designed around the CRUD paradigm typically expose endpoints that map directly to
database table operations: POST /users to create, GET /users/{id} to read, PUT /users/{id} to
update, and DELETE /users/{id} to delete.? This style models data records, not business

processes. The generic

PUT (or PATCH) operation is particularly problematic in complex domains. It allows a client to
send a representation of a resource with modified fields, effectively saying, "make the
resource on the server look like this." This forces the server-side application logic to infer the
user's business intent by performing a complex "diff" of the object's state before and after the
change. This leads to fragile, convoluted validation logic that is difficult to maintain and

reason about.®’



This API design style actively encourages an Anemic Domain Model. In this architectural
anti-pattern, domain objects become simple "bags" of data with getters and setters but
contain no business logic or behavior.” All the important business rules—validation,
calculations, state transitions—are pulled out of the domain objects and placed into separate

"service," "manager,” or "use case" classes. The API design directly influences this outcome; if

the only verbs available to interact with a service are

GET, POST, and PUT, developers are naturally forced to place the logic for interpreting these
generic operations in an application service layer, leaving the domain objects as passive data

containers. The external API design dictates the internal architecture, often to its detriment.

Task-Based Interfaces: The DDD Alternative

The DDD alternative is to design task-based interfaces that expose explicit business
operations, often referred to as commands, rather than generic data manipulation verbs.?’
The focus shifts from "what the data looks like" to "what the business can do." This approach

aligns the API directly with the Ubiquitous Language of the domain.

This is typically implemented by using the POST HTTP method to send a command to a
resource. The endpoint can represent either the command itself or the resource that is the
target of the command. For example, instead of a generic update like PUT /orders/{id} with a
payload { "status": "cancelled" }, a task-based API would expose a specific,
intention-revealing endpoint: POST /orders/{id}/cancellation. The request body for this
endpoint would contain only the parameters necessary for the cancellation command (e.g., {

"reason": "Customer request" }).

This design has numerous advantages. It is more explicit, making the client's intent
unambiguous. It is more secure, as it allows for fine-grained control over which specific
operations are permitted. It is also far easier to validate, as the business logic for cancellation

is contained within a single, focused piece of code.®” Other examples of task-based endpoints



include
POST /accounts/{id}/debit, POST /shipments/{id}/dispatch, or POST /users/{id}/deactivate.

Adopting a task-based API design is not merely a stylistic choice; it is a fundamental
architectural decision that serves as a primary defense mechanism against the decay of the
internal domain model into an anemic state. This approach forces the creation of a rich
domain model. To handle a command like POST /orders/{id}/cancellation, the system must
have a corresponding cancel() method on its Order Aggregate. This method becomes the
natural and necessary home for all the business rules and invariants associated with the
cancellation process (e.g., “an order cannot be cancelled if it has already been dispatched,”
"cancelling an order must release any reserved inventory"). The API design, therefore,
becomes a powerful tool to enforce and encourage good internal design practices, ensuring

that business logic is encapsulated with the data it governs.

Declarative vs. Imperative APIs

This shift from CRUD to task-based interfaces can also be understood as a move from an

imperative to a declarative style of interaction.

e CRUD is Imperative: A CRUD-based API is imperative. The client issues a direct
command on how the server's state should be changed: "set the status field of this order
to 'cancelled".* To do this correctly, the client must possess knowledge of the resource's
internal state machine and business rules.

e DDD is Declarative: A task-based, DDD-informed API is declarative. The client
expresses what business outcome it desires: "cancel this order".*’ The complex details of
how this is achieved—updating the status field, releasing inventory reservations, notifying
the customer via email, issuing a refund—are entirely encapsulated within the domain

model's business logic, hidden from the API client.

This declarative approach leads to more robust, loosely coupled, and maintainable systems.

The complex business logic is centralized and protected within the Aggregate's boundary,



where it can be consistently applied, rather than being scattered, duplicated, or incompletely
implemented across various API clients. The APl becomes a true abstraction of the business

capability, not a leaky window into its data store.

V. Ensuring Consistency Across the Architectural

Blueprint

In any distributed system composed of multiple services and APIs, managing data consistency
is one of the most critical and complex architectural challenges. A system that cannot
guarantee the integrity of its data is fundamentally unreliable. Domain-Driven Design provides
a clear and robust conceptual framework for reasoning about and implementing consistency,
offering distinct strategies for managing data integrity both within a single service and across
the boundaries of multiple services.

Transactional Consistency within the Aggregate

The primary mechanism for ensuring data integrity in DDD is the Aggregate. As previously
established, an Aggregate is the fundamental boundary of strong, transactional consistency.*'

The business rules that must always be true for a cluster of related objects—known as

invariants—are enforced by the Aggregate Root.

This principle has a direct and prescriptive impact on the implementation of the API's
command-handling logic. When an API receives a command request (e.g., a POST to a

task-based endpoint), the application layer follows a strict sequence:

1. Load the single, relevant Aggregate instance from its repository.
2. Execute a single method on the Aggregate Root that encapsulates the business logic for

the command.



3. Save the entire, modified Aggregate back to the database.

These three steps must occur within a single, atomic database transaction. This guarantees
that all the invariants defined within the Aggregate are enforced. The Aggregate is never left in
a partially updated or invalid state; the entire operation either succeeds completely or fails
completely, leaving the original state untouched.** The API design upholds this guarantee by

adhering to the rule that a single command request modifies only one Aggregate.

Eventual Consistency Between APIs

The "one transaction, one Aggregate" rule is the cornerstone of consistency within a Bounded
Context, but it introduces a challenge for workflows that span multiple contexts. It is
impossible to atomically update two different Aggregates in a single transaction, especially if
those Aggregates reside in different Bounded Contexts and are managed by separate
services and databases.** Attempting to use distributed transactions (like two-phase commit)
to solve this problem is generally considered an anti-pattern in modern microservices
architecture due to its complexity, brittleness, and negative impact on performance and

availability.

DDD provides an elegant solution to this problem through the use of Domain Events to
achieve Eventual Consistency.'” A Domain Event is an object that represents something
significant that has happened in the domain. Instead of trying to update multiple Aggregates
at once, a workflow is orchestrated as a series of local transactions that communicate

asynchronously via events.

The typical event-driven workflow is as follows:

1. An APl command is received by Service 1, which modifies its local Aggregate A.

2. As part of the same atomic transaction used to save Aggregate A, Service 1 also persists
a DomainEvent (e.g., OrderPlacedEvent) to an "outbox" table in its database. This
ensures that the event is only recorded if the primary business operation succeeds.

3. After the transaction commits, a separate process or message relay reads the event from



the outbox table and publishes it to a durable message broker (such as RabbitMQ,
Apache Kafka, or Azure Service Bus).

4. Service 2, which is subscribed to this type of event, receives the message. Its event
handler then executes a local command on its own Aggregate B (e.g., the Shipping
service creates a new Shipment Aggregate in response to the OrderPlacedEvent). This

occurs in a separate, local transaction within Service 2.

This pattern creates a system that is loosely coupled, scalable, and highly resilient. If Service 2
is temporarily unavailable, the message broker will retain the event until the service comes
back online. The critical trade-off is that the system as a whole is temporarily in an
inconsistent state—the order has been placed in the Sales context, but the corresponding
shipment has not yet been created in the Shipping context. However, the system is designed
to converge on a consistent state over time; it is eventually consistent.** The detailed
e-commerce example in a related project provides a clear illustration of this event-driven

workflow across Sales, Billing, Warehouse, and Shipping domains.*?

This distinction between transactional and eventual consistency is not merely a technical
choice but a deep reflection of the business process. As Eric Evans advises, the key question
to ask when designing a use case is: "Is it the job of the user executing this action to make the
data consistent right now?".*? If the answer is yes (e.g., transferring money between two
accounts owned by the same user), then the operation should be transactionally consistent,
which implies that the related concepts should be modeled within a single Aggregate. If,
however, consistency can be achieved by a different user or by the system itself at a later time
(e.g., shipping an order after it has been paid for), then an eventually consistent model is not
only acceptable but often preferable. The following table provides a framework for making this

critical architectural decision.
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VI. A Practical Blueprint: E-commerce System Case

Study

To synthesize the strategic and tactical principles discussed, this section provides a practical
walkthrough of designing an API blueprint for a simplified e-commerce system. This case
study will demonstrate the end-to-end process, from high-level domain analysis to the
detailed design of APl interactions for a core business workflow, drawing upon concrete

examples from various e-commerce implementations.*

Step 1: Domain Analysis & Bounded Context Identification

The first step is to analyze the e-commerce business domain and partition it into logical
subdomains, which will form the basis of our Bounded Contexts. Through collaborative
modeling sessions like Event Storming with business experts, we can deconstruct the overall

domain."

e Core Domain: The primary business capability that provides a competitive advantage. In
this case, it is Sales, which encompasses the user's shopping and purchasing
experience.”

e Supporting Subdomains: These are necessary for the business to function but are not



the primary differentiators. They include Billing, Warehouse, and Shipping.*

Based on this analysis, we define the following Bounded Contexts, each with its own distinct
Ubiquitous Language:

e Sales Context: Manages the public-facing aspects of selling products. Its model is
concerned with product information, pricing, shopping carts, and the final act of placing
an order.

o Ubiquitous Language: Product, Catalog, Price, Cart, Customer, Order.

e Billing Context: Responsible for all financial transactions. Its model is concerned with
processing payments, generating invoices, and handling refunds.

o Ubiquitous Language: Payment, Invoice, Transaction, CreditCard, Refund.

e Warehouse Context: Manages the physical inventory of products. Its model is
concerned with stock levels, reserving items, and preparing goods for shipment.

o Ubiquitous Language: Stockltem, QuantityOnHand, Reservation, FetchGoods.

e Shipping Context: Responsible for the delivery of purchased goods to the customer. Its
model is concerned with packaging, carriers, tracking, and delivery status.

o Ubiquitous Language: Shipment, Consignment, Dispatch, TrackingNumber,

DeliveryAddress.

Notice how a concept like "Order" exists primarily in the Sales context, but its ID will be used
as a reference in the other contexts. Each context has its own specialized model and

language.

Step 2: Context Mapping and API Strategy

Next, we create a Context Map to visualize the relationships between these Bounded Contexts

and define the API strategy for each interaction.

e Context Map Relationships:
o Sales = Billing: The Sales context is upstream of Billing. When an order is placed,

Sales must inform Billing to collect payment. This is a classic Customer-Supplier



relationship; Billing (the supplier) provides a payment processing capability that
Sales (the customer) consumes. Billing requires specific information from the order
to function correctly.

o Sales = Warehouse: Sales is upstream of Warehouse. The placement of an order
triggers the need to reserve and fetch inventory.

o Warehouse = Shipping: Warehouse is upstream of Shipping. Once goods are
fetched and packed, Warehouse informs Shipping to arrange for delivery.

o Frontend Client = Sales: The primary user-facing application (e.g., a web or mobile
app) is a client of the Sales context.

e API Strategies:

o The Sales Context will expose an Open Host Service (OHS). This will be its primary,
public-facing REST API, used by all frontend clients. Its contract will be defined by a
Published Language in the form of an OpenAPI specification.?

o Allinter-service communication between Sales, Billing, Warehouse, and Shipping
will be handled asynchronously using domain events over a message broker. This
ensures loose coupling and resilience, following the principles of eventual
consistency.”?

o The Billing Context will consume events from Sales. Internally, it will use an
Anti-Corruption Layer (ACL) to translate the incoming OrderPlaced event into an
internal CollectPayment command. This protects Billing's domain model from being

polluted with details from the Sales domain.?*

Step 3: Tactical API Design for the "Place Order” Workflow

Let's trace the "Place Order" workflow through this architecture, detailing the API interactions

at each step.

Sales API (The Open Host Service)



Aggregate: The core of the operation is the Order Aggregate, which is the Aggregate
Root. It contains a list of Orderltem entities, a ShippingAddress Value Object, and
Customerinfo.*°
Endpoint: The client initiates the process by sending a command to a task-based
endpoint: POST /orders. This endpoint's purpose is not to "create a record" but to
execute the business process of "placing an order.”
Request Payload (DTO): The body of the POST request is a DTO that represents the
necessary information to place an order, using terms from the Sales Ubiquitous
Language.
JSON
{
"customerld": "cust-12345",
"items";,
"shippingAddress": {
"street": "123 Main St",
“city": "Anytown",
"postalCode": "12345"
}
}

Response: Upon receiving the request, the Sales service performs its business logic
within a single transaction on the new Order Aggregate. If successful, it immediately
returns a 202 Accepted status code. This indicates that the request has been accepted
for processing, but the entire cross-system workflow is not yet complete. The response
includes a Location header pointing to the newly created resource: Location:
/orders/ord-98765.

Side Effect (Domain Event): As part of the same transaction that saves the Order
Aggregate, an OrderPlaced domain event is persisted to an outbox table. After the
transaction commits, this event is published to a message queue. The event payload is
part of the Published Language for inter-service communication.

JSON



/I Event: OrderPlaced
{
"eventld": "uuid-...",
“timestamp": "2023-10-27T10:00:00Z",
"orderld": "ord-98765",
“customerld": "cust-12345",
"totalAmount": { "amount": 159.48, "currency": "USD" },

“items": [...]

Billing API (Internal Event Consumer)

e Trigger: The Billing service has a listener subscribed to the OrderPlaced event topic on
the message broker.

e Anti-Corruption Layer (ACL): An event handler within the Billing service acts as the
ACL. It receives the OrderPlaced event and translates its payload into an internal
CollectPayment command, which is meaningful within the Billing context's Ubiquitous
Language.

e Aggregate: The command targets a Payment Aggregate.

e Action: The CollectPayment command is executed on a new Payment Aggregate
instance. This involves interacting with a payment gateway, and the entire operation is
wrapped in a local transaction.

e Side Effect: If the payment is successful, a PaymentCollected event is published by the

Billing service, allowing other downstream processes (like the Warehouse) to proceed.

This event-driven, eventually consistent workflow continues through the Warehouse and
Shipping contexts, with each service reacting to events from upstream contexts, performing
its own local, transactionally consistent work on its own Aggregates, and publishing new
events to signal its completion.* This design creates a resilient and scalable system where

each APl and service is focused on its specific business capability.



VIl. Navigating the Real-World Challenges and
Trade-offs

While Domain-Driven Design provides a powerful framework for building robust and
business-aligned API architectures, its adoption is not without significant challenges. It is a
disciplined and investment-heavy methodology that requires more than just technical
expertise. A pragmatic assessment reveals that the path to a DDD-informed API blueprint
involves navigating substantial upfront costs, overcoming organizational hurdles, and making

deliberate choices about where its complexity is truly warranted.

The Upfront Investment and Learning Curve

The most immediate challenge of DDD is the significant upfront investment it demands before
a single line of API code is written. Unlike more straightforward development processes where
a developer might receive a ticket and immediately begin implementation, DDD mandates a

period of deep domain exploration.'” This involves:

e Intensive Collaboration: Organizing and conducting workshops like Event Storming
requires dedicated time from key business stakeholders and domain experts. Their
participation is not optional; it is essential for discovering the domain's complexities and
defining the Ubiquitous Language.®

e A Steep Learning Curve: DDD introduces a rich set of concepts—Bounded Contexts,
Aggregates, Value Objects, Entities, Domain Events—that are non-trivial. The entire
technical team, from architects to junior developers, must invest time in education and
practice to grasp these patterns and apply them correctly. This often requires reading

foundational texts, participating in training, and learning through trial and error on



internal projects.”®

This initial investment in discovery and education can be perceived as a delay to "real" coding,

creating friction with project management methodologies focused on rapid feature delivery.

Organizations must be willing to account for this quality-focused effort in their planning and

budgeting to reap the long-term benefits of a well-designed system.*®

Organizational and Technical Hurdles

Beyond the initial investment, several hurdles can impede a successful DDD implementation.

Refactoring Legacy Systems: Applying DDD to an existing, monolithic "Big Ball of Mud"
architecture is an immense challenge.*® The existing code is often tightly coupled, with no
clear domain boundaries. In these scenarios, a "boil the ocean" rewrite is rarely feasible.
Instead, a strategic and incremental approach is required, often using the
Anti-Corruption Layer pattern to create a protective boundary around a small,
well-defined Bounded Context that can be carefully carved out of the monolith.” This is a
slow, methodical process that requires patience and strong architectural governance.
The Friction with "Pure” REST: As detailed previously, the task-based,
command-oriented nature of DDD APIs can conflict with a dogmatic interpretation of
REST, which emphasizes resources and CRUD-like verbs. An API endpoint like POST
/groups/{groupld}/members/{userld} can feel awkward in a RESTful style, whereas a
command-style POST /addUserToGroup is more expressive of the domain operation.*
Teams must be pragmatic, recognizing that the goal is to model the business domain
effectively, not to adhere rigidly to a specific architectural style. This may mean
embracing an RPC-style approach for commands where it provides greater clarity and
better aligns with the domain's behavior.”’

Organizational Alignment: The successful adoption of DDD is as much an
organizational challenge as it is a technical one. The principle of Conway's Law states
that organizations design systems that mirror their own communication structures. To

achieve true autonomy and clear boundaries between Bounded Contexts, it is often



necessary to structure development teams to align with those contexts." This requires

buy-in from leadership and a willingness to break down existing organizational silos.

The implementation of a DDD-based API blueprint is not merely a technical initiative that can
be driven from the ground up. It is an organizational transformation disguised as a technical
methodology. The core practices of DDD, such as developing a Ubiquitous Language and
defining Bounded Contexts, are inherently cross-functional and collaborative. The Ubiquitous
Language is a bridge over the historical chasm between business and IT. Bounded Contexts
often map directly to business capabilities or departmental responsibilities. Therefore, the
Context Map is as much an organizational chart as it is an architectural diagram. Any attempt
to adopt DDD for API design without executive sponsorship and a commitment to address
these socio-technical issues is likely to fail. The most significant challenges are rarely about
how to code an Aggregate; they are about getting the Sales and Support departments to
agree on a precise, bounded definition of a "Customer." The API blueprint becomes the formal

treaty that codifies these crucial organizational agreements.

When to Choose DDD (and When Not To)

Given its complexity and cost, DDD is not a silver bullet to be applied to every project. The

decision to use DDD must be a deliberate one, based on the nature of the problem domain.

e Justified for Complexity: DDD delivers its greatest value in systems with significant
domain complexity. If the application involves intricate business rules, complex state
transitions, non-trivial workflows, and a rich vocabulary of domain-specific concepts, the
investment in DDD is highly justified. It provides the tools to tame this complexity and
build a model that is both accurate and maintainable."

e Overkill for Simplicity: Conversely, for simple applications that are genuinely just "forms
over data"—with minimal business logic beyond basic validation—a straightforward
CRUD-based approach is often more practical and cost-effective. Applying the full set of
DDD patterns to a simple data management application is a form of over-engineering

that introduces unnecessary code and conceptual overhead with little tangible benefit.*’



The key is to perform the domain analysis first; if the analysis reveals a lack of significant
business behavior, then a simpler architectural approach is the correct engineering

choice.

Conclusion: The API as a Strategic Business Asset

The journey from a traditional, data-centric APl to a domain-driven one represents a profound
evolution in architectural thinking. By leveraging the principles of Domain-Driven Design, the
API blueprint is elevated from a mere collection of fragile, technical endpoints into a durable,
coherent, and strategic portfolio of business assets. This transformation is achieved by
fundamentally reorienting the design process to focus on the business domain first, ensuring
that the resulting APIs are a direct and faithful reflection of the organization's capabilities,

language, and processes.

The strategic patterns of DDD, centered on the Bounded Context and the Context Map,
provide the foundational blueprint. They force architects to confront and model the true
seams of the business, leading to a modular, decoupled system architecture where each API
serves a clear, sovereign purpose. The tactical patterns then provide the tools to translate this
strategic vision into a concrete reality, using the Ubiquitous Language to craft intuitive
contracts and the Aggregate pattern to guarantee data consistency and encapsulate complex
business logic. This approach systematically avoids the pitfalls of anemic domain models and
brittle, implementation-bound interfaces.

The shift to a behavior-centric, task-based API design—away from the generic constraints of
CRUD—ensures that the system's external contracts speak the language of business
outcomes, not technical data manipulation. This declarative style creates more robust and
resilient integrations, as the "how" of a business process is properly hidden behind the "what,"

protecting both the service and its clients from the cascading impact of internal changes.

Admittedly, this methodology is not a panacea. It demands a significant upfront investment in

collaborative domain modeling, a commitment to continuous learning, and often, a parallel



transformation in organizational structure and communication. It is a disciplined approach
best reserved for domains where the complexity of the business logic justifies the rigor of the
design process. However, for organizations facing such complexity, the return on this
investment is immense. The result is not just a set of APIs, but a living, evolvable model of the
business itself—an architecture that is more understandable, more resilient to change, and

ultimately, more capable of delivering lasting business value.
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