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ABSTRACT: As enterprise organizations increasingly consolidate related frontend applications and shared libraries
within a single source repository, the Angular command line interface has evolved a workspace centric project model
capable of hosting multiple applications and libraries under a shared configuration root. This article presents a systematic
examination of workspace level configuration patterns applicable to multi application Angular monorepo environments,
focusing on the angular.json workspace schema, the path mapping conventions that enable cross project library
consumption, and the build target configuration that governs how individual applications within a shared workspace are
compiled, tested, and deployed. The study examines library categorization strategies for organizing shared code by
responsibility, dependency graph awareness as a mechanism for constraining continuous integration effort to only the
projects affected by a given change, and the versioning strategies applicable when multiple independently deployable
applications share a common set of libraries. The article further addresses environment specific configuration
replacement, workspace level testing conventions, and the governance considerations relevant to large organizations
maintaining numerous applications within a single workspace. The findings indicate that effective monorepo
configuration depends on establishing clear project boundaries and consistent build target conventions early in a
workspace's development, since retrofitting such conventions onto an already sprawling multi application workspace
carries substantially greater cost than establishing them from the outset.
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I. INTRODUCTION

The monorepo, understood as a single version controlled repository containing the source code for multiple, potentially
independently deployable applications alongside the shared libraries those applications depend upon, has gained
substantial adoption within enterprise frontend engineering as organizations seek to reduce the duplication and
coordination overhead associated with maintaining related applications across separate repositories. The Angular
command line interface has, since relatively early in its history, supported a workspace model capable of hosting multiple
applications and libraries within a single angular.json configuration file, a capability that has matured considerably as
monorepo adoption within the Angular community has grown.

This article undertakes a systematic examination of the workspace level configuration patterns applicable to such multi
application Angular environments, addressing the structural organization of the workspace configuration itself, the
mechanisms through which applications consume shared libraries, and the build, test, and continuous integration
considerations that arise once a workspace grows to host a nontrivial number of independently maintained projects. The
study is motivated by the observation that while the mechanical capability to host multiple applications within a single
Angular workspace has been available for some time, the architectural patterns governing how such a workspace should
be organized for long term maintainability are considerably less well documented than the equivalent single application
conventions.

The remainder of this article proceeds as follows. Section two provides background on monorepo architecture and the
Angular workspace model. Section three examines the angular.json workspace configuration schema. Section four
addresses multi application project structure and path mapping. Section five examines shared library organization and
module boundaries. Section six addresses build target configuration and environment replacement. Section seven
examines dependency graph awareness and affected build strategies. Section eight addresses continuous integration
pipeline design. Section nine examines versioning and release strategies. Section ten addresses testing strategies across

IJEETR©2020 | AnI1SO 9001:2008 Certified Journal | 932



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

t |[ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
> Neg %
s N 3
%\ J’; | Volume 2, Issue 2, March- April 2020 |
oyt s
IJEETR DOI:10.15662/1JEETR.2020.0202003

workspace boundaries. Section eleven discusses practical enterprise applications, section twelve offers broader
discussion, and section thirteen concludes the article.

Il. BACKGROUND: MONOREPO ARCHITECTURE AND THE ANGULAR WORKSPACE MODEL

The distinction between a monorepo and a polyrepo arrangement, in which each application and shared library resides
within its own independently versioned repository, has been the subject of considerable discussion within the broader
software architecture literature, with proponents of the monorepo approach emphasizing simplified dependency
management, atomic cross project changes, and unified tooling, while proponents of the polyrepo approach emphasize
clearer ownership boundaries and independent release cadences. Neither arrangement is universally superior, and the
appropriate choice depends heavily on organizational structure and the degree of genuine sharing between the
applications under consideration.

The Angular command line interface workspace model provides native support for the monorepo pattern by allowing a
single angular.json configuration file to declare multiple named projects, each associated with its own source root, build
configuration, and testing configuration, while sharing a common set of workspace level tooling versions and, where
appropriate, a common set of linting and formatting conventions. This native support distinguishes the Angular approach
from frontend ecosystems where multi project workspace management relies entirely on third party tooling layered atop
a framework that itself assumes a single application per repository.

Angular libraries, distinct from applications within the workspace, provide the mechanism through which shared code,
including components, services, and utility functions, is organized for consumption across multiple applications within
the same workspace. A library, once generated within the workspace, is compiled independently and exposed through a
public application programming interface defined within an index file, a convention that encourages deliberate boundary
design even though the library's source code physically resides within the same repository as the applications that
consume it.

2.1 Comparison to Package Manager Based Workspace Tooling

Beyond the Angular command line interface's own workspace model, general purpose package manager tooling,
including the workspaces feature offered by several widely used JavaScript package managers, provides an alternative
mechanism for organizing multiple applications and libraries within a single repository, primarily by allowing multiple
package.json manifests to share a single, deduplicated node_modules installation at the repository root. This package
manager level workspace support operates at a different layer than the Angular workspace model discussed throughout
this article, addressing dependency installation rather than build configuration, and the two mechanisms are frequently
used together, with the package manager handling dependency installation across the repository while the Angular
command line interface handles the project specific build, test, and serve configuration examined in the sections that
follow.

Organizations evaluating whether to adopt the Angular command line interface's native workspace model or a more
loosely coupled arrangement of independently versioned packages connected through package manager workspace
tooling alone should weigh the tighter integration and dependency graph awareness offered by the native model, discussed
further in section seven, against the additional flexibility a looser arrangement offers for eventually extracting an
individual project into its own independent repository, should organizational needs later require such a separation.

I11. THE ANGULAR WORKSPACE CONFIGURATION SCHEMA

The angular.json file serves as the authoritative configuration root for an Angular workspace, declaring a projects object
in which each key corresponds to a named application or library, and each value specifies the project type, source root,
and a collection of named build targets, such as build, serve, test, and lint, each of which in turn specifies a builder and
an associated options object governing that target's behavior.

Workspace level defaults, declared outside the individual project entries, allow common configuration, such as the default
collection used for schematic generation or a default project to operate upon when a command line invocation does not
specify one explicitly, to be established once rather than repeated within every individual project entry, reducing
configuration duplication across a workspace hosting numerous similarly structured applications.
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3.1 Schematic Collection Defaults and Generation Consistency

Beyond build and test target configuration, the workspace schema supports default schematic options, allowing an
organization to specify, for example, that every newly generated component within the workspace should default to inline
styles disabled and a particular change detection strategy, without requiring individual developers to remember and
manually supply these options on every invocation of the generation command. This capability proves particularly
valuable in large workspaces with many contributing developers, since it ensures that newly generated code conforms to
the workspace's established conventions by default rather than relying on individual developer discipline to supply the
correct options consistently.

Custom workspace schematics extend this consistency further, allowing an organization to define its own code generation
templates, layered atop the standard Angular schematics, that produce new components, services, or entire libraries pre
configured according to organization specific architectural conventions, such as automatically including a standard error
handling wrapper within every newly generated data access service, reducing both the manual effort and the risk of
convention drift associated with manually replicating such boilerplate on each new project.

3.0 Hlustrative Multi Project Workspace Configuration

A representative excerpt from an angular.json file declaring two applications and one shared library is shown below for
illustration.

{
"version™: 1,
"defaultProject": "admin-portal”,
"projects": {
"admin-portal": {
"projectType": "application",
"root": "apps/admin-portal",
"sourceRoot": "apps/admin-portal/src",
"architect": {
"build": { "builder": "@angular-devkit/build-angular:browser" },
"serve™: { "builder": "@angular-devkit/build-angular:dev-server" },
"test": { "builder": "@angular-devkit/build-angular:karma™ }

}

ustomer-portal™: {

"projectType": "application",
"root": "apps/customer-portal",
"sourceRoot": "apps/customer-portal/src"

}

}

i-components™: {
"projectType": "library",
"root": "libs/ui-components”,
"sourceRoot": "libs/ui-components/src"
}
}
}

IV. MULTI APPLICATION PROJECT STRUCTURE AND PATH MAPPING

Beyond the angular.json declarations themselves, cross project library consumption within an Angular workspace relies
on TypeScript path mapping, declared within the workspace root tsconfig.json file, associating an importable module
specifier, typically namespaced under an organization scoped prefix, with the physical location of a library's public entry
point. This mapping allows application code to import from a shared library using a stable, semantically meaningful
specifier rather than a fragile relative path that would otherwise need to traverse from an application's source directory
into an entirely separate library directory.
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The stability of this path mapping convention carries particular significance for large workspaces, since an application
importing a shared library through an organization scoped specifier remains unaffected by internal reorganization of that
library's file structure, provided the library's public entry point and its exported surface remain unchanged, a decoupling
that allows library authors to refactor internal implementation freely without triggering downstream changes across every
consuming application.

4.0 llustrative Path Mapping Configuration

A representative tsconfig.json path mapping section, associating an organization scoped library specifier with its physical
source location, is shown below for illustration.

"compilerOptions": {
"baseUrl": ".",
"paths": {
"@acme/ui-components™: ["libs/ui-components/src/index.ts"],
"@acme/data-access": ["libs/data-access/src/index.ts"],
"@acme/util-formatting™: ["libs/util-formatting/src/index.ts"]
}
}
}

V. SHARED LIBRARY ORGANIZATION AND MODULE BOUNDARIES

As a workspace accumulates shared libraries, establishing a consistent categorization convention for those libraries
becomes essential to maintaining a comprehensible dependency structure. A commonly adopted categorization
distinguishes feature libraries, which encapsulate a cohesive unit of business functionality and are typically consumed by
exactly one or a small number of applications, from user interface libraries, which provide presentational components
free of application specific business logic, from data access libraries, which encapsulate communication with backend
services, and from utility libraries, which provide framework agnostic helper functions with no dependency on Angular
specific constructs.

This categorization is valuable not merely as a descriptive convention but as an enforceable architectural constraint, since
a workspace that establishes clear expectations regarding which library categories may depend upon one another, for
example permitting feature libraries to depend on user interface and data access libraries but prohibiting the reverse
dependency, reduces the risk that a workspace's dependency graph gradually degrades into an unstructured tangle in
which any library may depend on any other, undermining the very modularity that motivated the library extraction in the
first place.

Table 1: Common Library Categories and Their Dependency Conventions

Library Category Typical Responsibility Permitted Dependencies

Feature Encapsulates a cohesive unit of business Ul, data access, and utility libraries
functionality

ul Presentational components free of Utility libraries only
business logic

Data access Encapsulates communication with Utility libraries only
backend services

Utility Framework agnostic helper functions No internal workspace dependencies

The conventions summarized in Table 1 are not universally standardized across the Angular community, and individual
organizations frequently adapt this categorization to reflect their own architectural priorities, but the underlying principle,
namely that dependency direction should flow from more specific, business oriented libraries toward more general,
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reusable libraries and never the reverse, represents a widely shared architectural consensus applicable regardless of the
specific category names an organization chooses to adopt.

5.1 lllustrative Dependency Boundary Enforcement

Enforcement of the dependency conventions summarized in Table 1 is commonly automated through a linting rule
capable of inspecting each project's tagged category and its actual import statements, flagging any import that violates
the workspace's declared dependency direction. A representative rule configuration, tagging each project by category and
constraining allowed dependencies between tags, is shown below for illustration.

"rules™: {
"workspace/enforce-module-boundaries": [
"error",

"depConstraints": [
{ "sourceTag": "type:feature", "onlyDependOnLibsWithTags": ["type:ui", "type:data-access",
"type:util”] },
{ "sourceTag": "type:ui", "onlyDependOnLibsWithTags": ["type:util"] },
{ "sourceTag": "type:data-access", "onlyDependOnLibsWithTags": ["type:util™] },
{ "sourceTag": "type:util”, "onlyDependOnLibsWithTags": [] }

VI. BUILD TARGET CONFIGURATION AND ENVIRONMENT REPLACEMENT

Each application within a multi application workspace typically requires its own environment specific configuration,
such as distinct backend API endpoints for development, staging, and production deployments, a requirement addressed
within the Angular build system through file replacement configuration, in which a build target's configuration specifies
that a particular source file should be substituted with an alternate file at build time depending on the selected
configuration.

Within a workspace hosting multiple applications, this file replacement mechanism must be configured independently
for each application, since different applications may require different sets of environment variables or different numbers
of deployment environments, a consideration that argues for consistent environment file naming conventions across the
workspace even though the specific environment values themselves necessarily differ between applications.

6.0 Illustrative Build Configuration With Environment Replacement
A representative build target configuration for a single application within the workspace, specifying file replacement for
a production build, is shown below for illustration.

"build": {
"builder": "@angular-devkit/build-angular:browser",
"options": {

"outputPath": "dist/apps/admin-portal™,
"main"; "apps/admin-portal/src/main.ts",
"tsConfig": "apps/admin-portal/tsconfig.app.json"

}

onfigurations": {
"production™: {
"fileReplacements": [{

"replace": "apps/admin-portal/src/environments/environment.ts",
"with": "apps/admin-portal/src/environments/environment.prod.ts"
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"optimization™: true,
"outputHashing™: "all"
}
}
}

VIl. DEPENDENCY GRAPH AWARENESS AND AFFECTED BUILD STRATEGIES

As a workspace grows to host numerous applications and libraries, rebuilding and retesting every project on every code
change becomes increasingly wasteful, particularly when a given change affects only a single library and the small
number of applications that depend upon it. Dependency graph aware tooling, capable of analyzing the workspace's
project dependency graph to determine which projects are affected by a given set of file changes, addresses this
inefficiency by scoping build and test execution to only the affected subset of the workspace.

Constructing this dependency graph relies on the same path mapping and library boundary conventions discussed in
earlier sections, since a build tool can only accurately determine which applications depend on a changed library if that
dependency is expressed through the workspace's own import conventions rather than through informal, untracked
coupling such as duplicated code or implicit runtime assumptions between projects.

Table 2: Full Rebuild Versus Affected Only Build Strategies

Characteristic Full Workspace Rebuild Affected Only Rebuild

Build scope Every project in the workspace Only projects depending on changed
files

Continuous integration Grows linearly with workspace size | Grows with the size of the affected

duration subgraph

Correctness guarantee Simple, exhaustive by construction Depends on accurate dependency graph
analysis

Suitability for large Degrades as project count increases | Scales favorably with project count

workspaces

The comparison presented in Table 2 illustrates the motivation for adopting affected only build strategies as a workspace
grows, though the correctness guarantee such strategies depend upon requires ongoing discipline in maintaining accurate,
explicit dependencies between projects, since an inaccurate dependency graph could cause an affected build strategy to
skip a project that, in fact, requires rebuilding, a risk that argues for periodic validation of the dependency graph against
the workspace's actual runtime behavior.

VIII. CONTINUOUS INTEGRATION PIPELINE DESIGN FOR MONOREPO WORKSPACES

Continuous integration pipelines for multi application Angular workspaces benefit from a staged design in which an
initial stage determines the set of projects affected by the current change set, followed by parallel execution of build, lint,
and test steps scoped to that affected set, rather than a monolithic pipeline that unconditionally executes every step against
every project regardless of the actual scope of the underlying change.

Caching build and test outputs across pipeline executions represents a further optimization relevant to monorepo
continuous integration, since a project whose source files and dependencies have not changed since a previous,
successfully validated pipeline execution can, in principle, reuse the previously computed build or test result rather than
repeating potentially expensive computation, an optimization that compounds the benefit of the affected only strategy
discussed in the preceding section.
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Table 3: Continuous Integration Pipeline Stage Responsibilities

Pipeline Stage Primary Responsibility Typical Trigger Condition

Affected analysis Determine which projects are affected by | Every pipeline execution
the current change set

Lint and static analysis Verify code style and static correctness Affected projects only
for affected projects

Unit and integration testing Verify functional correctness for affected | Affected projects only

projects

Build and artifact generation | Produce deployable build output for Affected applications only
affected applications

Deployment Promote validated build artifacts to a Affected applications on
target environment qualifying branches

IX. VERSIONING AND RELEASE STRATEGIES

Multi application workspaces face a choice between independent versioning, in which each application and library within
the workspace maintains its own version number and release cadence, and fixed versioning, in which every project within
the workspace shares a single version number that advances uniformly regardless of which specific projects changed in
a given release. Independent versioning offers finer grained release control at the cost of increased bookkeeping
complexity, while fixed versioning simplifies release coordination at the cost of forcing unrelated projects to share a
release cadence even when only one of them has actually changed.

For internally consumed shared libraries that are never published as standalone packages outside the workspace, the
versioning question is frequently less consequential than it would be for genuinely independent, externally published
packages, since such libraries are typically built and consumed directly from source within the workspace's own build
pipeline rather than through a published package registry, reducing the practical significance of an internal library's
specific version number relative to the significance of maintaining accurate dependency declarations within the
workspace's own project graph.

Table 4: Independent Versus Fixed Versioning Tradeoffs

Consideration Independent Versioning Fixed Versioning

Release granularity Each project releases on its own All projects release together
schedule

Coordination overhead Higher, requires tracking many version | Lower, single version number
numbers applies workspace wide

Suitability Externally published, independently Tightly coupled applications sharing
consumed packages a release cadence

X. TESTING STRATEGIES ACROSS WORKSPACE BOUNDARIES

Testing within a multi application workspace occurs at several distinct levels, including unit testing scoped to an
individual library or application, integration testing verifying the correct interaction between an application and the shared
libraries it consumes, and end to end testing exercising a deployed application's behavior as experienced by an actual
user, each of which benefits differently from the affected only scoping strategy discussed in section seven.

Testing a shared library in isolation, prior to its consumption by any particular application, requires that the library's own
test suite exercise its public application programming interface directly, without depending on the specific manner in
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which any consuming application happens to use that library, a discipline that helps ensure a library's test suite remains
meaningful even as the set of applications consuming that library changes over the workspace's lifetime.

End to end testing within a multi application workspace presents particular scoping challenges, since a meaningful end
to end test typically exercises an entire deployed application rather than an individual library, meaning that a change to
a widely shared library may, in principle, necessitate end to end testing of every application that depends upon it, a scope
considerably broader than the narrower unit and integration testing scope applicable to the library itself, a consideration
that argues for maintaining an accurate dependency graph specifically to bound this end to end testing scope appropriately
rather than defaulting to exhaustive testing of every application on every shared library change.

10.1 Contract Testing Between Applications and Shared Libraries

A complementary testing strategy, positioned between the narrow scope of library unit testing and the broad scope of
application level end to end testing, involves contract tests that verify a consuming application's expectations of a shared
library's public interface remain satisfied, without requiring the full weight of an end to end test exercising the entire
deployed application. Such contract tests, typically implemented as focused integration tests within the consuming
application's own test suite, assert against the specific subset of a library's behavior that application actually depends
upon, providing an earlier and more targeted signal of a breaking library change than would otherwise be available only
from a considerably more expensive end to end test suite.

Maintaining such contract tests across a workspace with numerous consuming applications does introduce its own
maintenance burden, since each consuming application's contract tests must be kept current as that application's actual
usage of a shared library evolves, a burden that argues for reserving contract testing for genuinely high risk, widely shared
libraries rather than applying it uniformly across every library within the workspace regardless of its criticality or the
breadth of its consumption.

XI. PRACTICAL APPLICATIONS IN ENTERPRISE MONOREPO GOVERNANCE

Large enterprise organizations maintaining numerous related Angular applications within a single workspace commonly
establish explicit governance conventions regarding library categorization, dependency direction, and build target
naming, enforced through automated linting rules capable of inspecting the workspace's actual import statements and
flagging violations of the intended dependency boundaries discussed in section five, since informal, undocumented
conventions tend to erode as the number of contributing teams grows.

Ownership boundaries within a shared workspace warrant particular governance attention, since a monorepo's shared
visibility across all projects can, absent deliberate convention, encourage informal cross team modification of libraries
owned by a different team, a practice that undermines the clear ownership benefits that a polyrepo arrangement would
otherwise provide by default. Many organizations address this concern through code owner configuration, requiring
review from a library's designated owning team before a change to that library may be merged, regardless of which team
authored the change.

Onboarding new applications into an existing, mature workspace benefits considerably from the workspace level tooling
conventions established by earlier applications, since a new application generated within the workspace inherits the
workspace's existing library ecosystem, path mapping conventions, and continuous integration pipeline structure,
substantially reducing the initial setup effort relative to establishing an entirely new, independent repository and its
associated tooling from first principles.

11.1 Deprecating and Retiring Libraries Within a Mature Workspace

As a workspace matures, individual libraries may eventually become obsolete, whether because the functionality they
encapsulate has been superseded by a newer library or because the applications that once consumed them have themselves
been retired. Cleanly retiring such a library requires first confirming, through the workspace's own dependency graph,
that no remaining project retains a genuine dependency on it, a verification step considerably more reliable within a
workspace maintaining the accurate, explicit dependency conventions discussed throughout this article than it would be
within a codebase relying on informal or undocumented cross project coupling.

Organizations that neglect this periodic retirement discipline risk accumulating a growing body of unused or lightly used
libraries within the workspace, each still requiring lint, build, and test execution on every relevant pipeline run despite
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delivering diminishing ongoing value, a form of accumulated technical debt that undermines the very continuous
integration efficiency gains that the affected only strategies discussed in sections seven and eight are intended to provide.

XII. DISCUSSION

The examination presented throughout this article demonstrates that the Angular workspace model provides substantial
native support for multi application monorepo organization, but that realizing the full benefit of this support requires
deliberate architectural convention beyond what the underlying tooling itself enforces, particularly with respect to library
categorization, dependency direction, and the ownership governance discussed in section eleven, none of which the
Angular command line interface mandates on its own.

A recurring theme throughout this examination concerns the tension between the convenience of colocating multiple
applications within a single workspace and the discipline required to prevent that colocation from eroding into an
unstructured tangle of informal cross project coupling, a tension that mirrors, at the level of project organization, similar
tensions examined elsewhere in the software architecture literature regarding the tradeoffs between convenience and
structural discipline in large, evolving systems. It is worth acknowledging the limitations of the present study. The
analysis presented here is architectural and conceptual, examining documented workspace configuration mechanisms
and widely observed organizational conventions rather than presenting empirical measurement of build time, continuous
integration cost, or developer productivity across a controlled set of representative monorepo workspaces. Future research
incorporating such empirical measurement would offer a valuable quantitative complement to the qualitative architectural
analysis presented throughout this article.

XI11. CONCLUSION

This article has presented a systematic examination of workspace level configuration patterns applicable to multi
application Angular monorepo environments, addressing the angular.json workspace schema, path mapping conventions
for cross project library consumption, shared library categorization, build target and environment configuration,
dependency graph aware build scoping, continuous integration pipeline design, versioning strategy, and testing
conventions across workspace boundaries. The analysis has demonstrated that while the Angular command line interface
provides substantial native tooling support for multi application workspace organization, the long term maintainability
of such a workspace depends on architectural conventions, particularly around library categorization and dependency
direction, that the tooling itself does not enforce automatically. These findings support the conclusion that organizations
adopting a multi application Angular monorepo benefit from establishing such conventions deliberately and early, rather
than allowing them to emerge informally as the workspace grows. Future work extending this architectural analysis with
empirical measurement of build time and continuous integration cost across workspaces of varying scale would offer a
valuable complement to the conceptual foundation established by the present study, further informing the practical
guidance available to enterprise architects responsible for designing and governing large scale Angular monorepo
environments.
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