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Abstract—Ecosystems, such as smart cities, evolve continuously
and autonomously, which makes maintaining alignment between
architectural descriptions (ADs) and the underlying codebase
particularly challenging. Static, design-time ADs cannot capture
the decentralized and rapidly changing nature of these envi-
ronments, especially with the increasing use of AI-driven code
generation tools that introduce frequent code-level changes and
amplify the risks of architectural drift and erosion. Architecture
as Code (AaC) has emerged as a promising approach to mitigate
these risks by expressing architectural descriptions in a machine-
readable and executable form. However, despite growing indus-
trial interest, AaC adoption remains largely pragmatic and tool-
specific, and no unified conceptual framework currently exists.

This paper addresses this gap by introducing CONTAaC,
a conceptual framework for operationalizing AaC. CONTAaC
defines the components and interactions required to represent
architectural descriptions as code and to maintain continuous
alignment with an evolving ecosystem codebase. To demonstrate
feasibility, the framework is instantiated in PyCONTAaC, a
Python-based prototype, and exercised in a smart mobility use
case.

Index Terms—Architecture as Code, Smart Ecosystems, Soft-
ware Architecture, Continuous Architecting

I. INTRODUCTION

Modern software systems increasingly operate as ecosys-
tems, namely decentralized socio-technical environments in
which physical, digital, and human domains interact, such as
smart cities [1], mobility, or healthcare systems [2]. These sys-
tems are heterogeneous and cross-organizational, comprising
independently owned subsystems that evolve autonomously
while contributing to a shared functionality [3]. Coordination
emerges from local interactions, and the system evolves con-
tinuously and often unpredictably as components are added,
modified, or removed [4]. Under such conditions, architectural
inconsistencies, such as misaligned interfaces, behaviours, or
quality constraints, arise easily, and preserving architectural
consistency and design–implementation alignment becomes
difficult. Similar challenges have been reported in systems-of-
systems (SoS) [5] and software ecosystems (SECO) [6], [7],
where independently evolving subsystems lead to architectural
drift and coordination overhead. This motivates the need for
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an architecture description (AD) that evolves with both the
software and its operational environment [8]–[10].

According to ISO/IEC/IEEE 42010 [11], an AD defines the
conventions, models, and representations used to express and
communicate an architecture, and it is the primary means for
capturing architectural knowledge [12]. In evolving ecosys-
tems, ADs must support continuous reasoning, monitoring,
and assurance, capabilities that static, design-time descrip-
tions cannot provide [8], [13]. In practice, ADs are often
produced once and left largely unchanged, and they therefore
diverge from the implemented system, leading to architectural
drift [14], [15]. Generative Artificial Intelligence (AI) and
automated coding tools exacerbate this drift by introducing
frequent code-level changes that bypass architectural decision
paths [16], [17]. As a result, documentation-centric architec-
tural practices are insufficient to maintain alignment among
architecture, code, and runtime context [S2].

To remain effective, ADs must transition from static doc-
uments to living representations that connect design intent
with runtime behaviour. Such representations should provide
persistent views capturing enduring structures and transient,
on-demand views supporting runtime reasoning and adapta-
tion. In this form, the AD becomes operational, requiring
explicit execution semantics, traceability across artifacts, and
automated synchronization between the AD, the codebase, and
the underlying infrastructure [8].

An emerging paradigm supporting this transition is Archi-
tecture as Code (AaC). Building on Infrastructure as Code
(IaC) [18]–[20] and recent work [21], AaC expresses archi-
tectural descriptions in a machine-readable and executable
form and integrates them into CI/CD workflows [S2], [S3].
AaC is characterized by code-centric architectural artifacts,
automation-driven evolution, and stakeholder approachabil-
ity [21]. Despite industrial uptake, existing AaC solutions
remain pragmatic, heterogeneous, and context-specific [21],
[S3], [S5]. They address isolated tasks, such as rule check-
ing, model extraction, or code annotation, but lack shared
semantics and general synchronization mechanisms between
architectural descriptions, code, and infrastructure [S6], [S10],
[S12], [S18], [S23], [S25]. Consequently, no unified frame-
work consolidates these practices into a coherent set of compo-
nents and interactions, limiting transferability and systematic
adoption.

This paper addresses these gaps by introducing CONTAaC
(Continuous Architecting as Code), a conceptual framework
for operationalizing AaC, instantiated and evaluated in an
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ecosystem-style setting. Developed using design science re-
search (DSR) [22], CONTAaC was refined through three
iterative cycles by extracting components from AaC literature
and tools and mapping them to the three AaC characteris-
tics. We implemented the framework in a Python prototype
(PyCONTAaC) and exercised it in a smart mobility use case.
The resulting framework provides a unified conceptual basis
to move beyond tool-driven, organization-specific practices
toward systematic AaC approaches.

The paper is organized as follows. Section II reviews related
work, and Section III outlines the DSR methodology. Sec-
tion IV presents CONTAaC and Section V describes PyCON-
TAaC. Section VI reports the validation through workshop
results and the smart mobility use case. Section VII discusses
strengths, limitations, and threats to validity. Section VIII
concludes and outlines future work. All artifacts are made
available in Section IX.

II. RELATED WORK

To the best of our knowledge, this study represents the first
documented attempt to provide a conceptual framework for
AaC.

Prior work has primarily focused on defining and for-
malizing the AaC paradigm. For example, Dasari [S4] and
Yuan [S5] examine how principles originating from IaC and
microservices reduce configuration drift and improve repeata-
bility, although their focus remains on deployment rather
than on architectural descriptions. Other studies explicitly
characterize AaC as representing and maintaining architecture
as code [S1], while works such as [S2], [S3] investigate
documentation-as-code and the versioning of architectural
artifacts. These contributions clarify foundational concepts
but do not articulate a unifying structure for organizing and
synchronizing executable architectural knowledge. Additional
documented approaches target specific aspects of AaC or
provide complementary mechanisms. Industrial tools such as
Structurizr [S16], Mermaid [S20], or C4 InterFlow [S21],
along with experience reports on code-defined models [S6],
[S10], [S12], [S18], [S23], [S25], [S27], [S30]–[S32], demon-
strate growing industrial uptake of code-centric architectural
representations. Other efforts integrate architecture into devel-
opment environments [S13], although these solutions remain
tied to particular notations, technologies, or organizational
contexts.

For reasons of space, we do not provide a detailed discus-
sion of all related works and tools. However, all papers and
materials examined in this study are included in the replication
package referenced in Section IX.

III. METHODOLOGY

Our study develops CONTAaC, a conceptual framework
for operationalizing AaC in SEs. We adopted design science
methodology [22], [23], organized into three iterative cycles:
(i) context awareness to characterize the problem space, (ii)
solution synthesis to design and refine the framework, and (iii)
solution validation to assess the emerging artifact. All artifacts

produced during the study are available in the replication
package (Sec. IX).

A. First Cycle: Initial Design
The first cycle established a foundational understanding of

existing AaC practices. Building on [21], we replicated and
extended the search using “Architecture as Code” across Sco-
pus, IEEE Xplore, ACM Digital Library, Web of Science, and
Google Scholar, retaining peer-reviewed, English-language
studies in software architecture or engineering. A comple-
mentary web search identified new or updated AaC tools,
including CALM (Common Architecture Language Model)1.
We analysed 46 studies to extract recurring elements as candi-
date framework components and examined tool documentation
and examples to identify supported architectural activities
and assumptions. This analysis produced an initial set of
components and a draft CONTAaC structure, refined through
co-author discussions. The resulting structure is presented in
Sec. IV-B; the selected studies are listed in the “Selected Stud-
ies” bibliography and included in the supplementary material
(Sec. IX).

B. Second Cycle: Preliminary Artifact
The second cycle assessed technical feasibility by instan-

tiating the framework in a Python proof-of-concept, PyCON-
TAaC. Each component was implemented as a Python module
to validate responsibilities, interfaces, and component inter-
actions. Using a minimal setup, we created a codebase of
three stub modules, extracted an initial AD, and exercised two
evolution scenarios, modifying the codebase and modifying
the AD. These scenarios assessed whether CONTAaC, as
instantiated in PyCONTAaC, reflects the core AaC characteris-
tics, namely code-centricity, automation, and approachability.
Co-author discussions confirmed that the prototype maintained
alignment between the AD and the stubbed codebase and
behaved consistently with the intended AaC semantics. The
finalized PyCONTAaC is presented in Sec. V.

C. Third Cycle: Final Development
The third cycle evaluated the refined framework in a re-

alistic setting by applying PyCONTAaC to a smart mobility
use case. We exercised two end-to-end evolution scenarios:
an ecosystem-driven scenario, where codebase modifications
were reflected in the architecture, and an architecture-driven
scenario, where changes in the AD were propagated to the
codebase. The goal was not to produce a production-ready
tool, but to verify that the identified components were opera-
tionally necessary and that CONTAaC can be applied in SE
contexts. Applicability results from the smart mobility use case
are reported in Sec. VI. All related artifacts are included in
the replication package (Sec. IX).

IV. CONTAAC: A CONCEPTUAL FRAMEWORK FOR
CONTINUOUS ARCHITECTING AS CODE

To address the lack of organization- and tool-agnostic AaC
solutions, this work contributes CONTAaC, the conceptual

1https://calm.finos.org/
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TABLE I: Mapping of CONTAaC components to selected studies and AaC characteristics: (1) code-centric, (2) automation-
driven, and (3) stakeholder-approachability.

CONTAaC Component Refs. AaC Char.
Extractor [S1], [S5], [S10], [S13], [S16], [S17], [S20], [S36], [S42] (2)
Detector [S1], [S4], [S10], [S13], [S22], [S26], [S31], [S35], [S37] (2)
Monitor [S1], [S4], [S5], [S13], [S15], [S24], [S28], [S38], [S40] (2)
Conformance Engine [S1], [S3], [S10], [S13], [S15], [S19], [S23], [S26], [S37] (2)
Policy Manager [S1], [S3], [S4], [S10], [S15], [S19], [S23], [S28], [S29], [S40] (1)
Decision Manager [S1]–[S3], [S7], [S8], [S11], [S18], [S25], [S29], [S38] (1)
View Manager [S1], [S6], [S12], [S16]–[S18], [S20]–[S22], [S27], [S30], [S32], [S39], [S41] (1),(3)
Scaffolder [S1], [S4], [S6], [S10], [S12], [S14], [S15], [S21], [S23], [S27], [S34], [S45], [S46] (2)
Orchestrator [S1], [S3], [S6]–[S9], [S11], [S14], [S18], [S19], [S21], [S23]–[S25], [S28], [S30], [S33]–[S36], [S39], [S41]–[S44] (2),(3)

framework resulting from our DSR process. As described in
Sec. III, CONTAaC consolidates components extracted from
the analysis of state-of-the-art studies and existing tools. These
elements were abstracted and refined to capture the recurring
capabilities needed to realize the key AaC characteristics.
The resulting nine components form a flexible foundation
that can be instantiated and adapted to different architectural
styles, organizational practices, and project contexts. We in-
troduce CONTAaC by describing each component through a
lightweight formalization that outlines its functionality without
binding it to specific technologies. Each component is also
mapped to the AaC characteristics it supports.

Sec. IV-A presents the used terminology. Sec. IV-B de-
scribes the framework structure. Sec. IV-C explains the two
evolution flows.

A. Terminology

This section defines the terminology used in CONTAaC,
with emphasis on architectural artifacts treated as code. Un-
less stated otherwise, we follow ISO/IEC/IEEE 42010 for
architecture description concepts (e.g., stakeholder, concern,
viewpoint, view) [11], to ensure consistency with established
practice and comparability with related work. The system of
interest is the smart ecosystem. Its operational realization is
captured in the Ecosystem Space (ES), defined as the evolving
codebase Σt at time t, including source code, deployment
descriptors, infrastructure specifications, and other operational
artifacts [9]. The architecture is captured in the Architecture
Space (AS) through the architecture description ADt, which
encodes the architectural structure and the knowledge guiding
its evolution. We formalize ADt as2:

ADt = ⟨Vt,Dt,Pt⟩ (1)

where:
• Vt = {Vt,1, . . . ,Vt,m} is the set of architecture views

describing Σt, each conforming to a viewpoint that de-
fines concerns, modelling conventions, and analytic rules
(ISO 42010). Each view is represented as Vt,i =
⟨Et,i,Rt,i, Ct,i⟩, where Et,i are elements, Rt,i relations,
and Ct,i view-specific constraints. Views are versioned over
time.

2This formalization is not prescribed by ISO 42010, but captures the
architectural knowledge required to operationalize AaC.

Fig. 1: CONTAaC Framework Structure: UML Component
Diagram.

• Dt = {Dt,1, . . . ,Dt,k} is the set of architectural decisions,
versioned and maintained as code in the Architecture Deci-
sion Record (ADR).

• Pt = {Pt,1, . . . ,Pt,n} is the set of architectural policies,
such as rules, styles, or patterns, used for conformance
checking and versioned in the Architecture Policy Record
(APR).
The AS also hosts the software components that operational-

ize the AaC characteristics [21], enabling continuous synchro-
nization between ADt and Σt and mitigating architectural
drift.

B. Framework Structure

Fig. 1 shows the UML component diagram of CONTAaC,
including its nine components and their connections. Tab. I
links each component to the selected 46 studies and to the AaC
characteristics it supports (code-centricity, automation-driven
evolution, stakeholder approachability). The remainder of this
section summarizes each component’s role and interfaces.

Extractor. It derives architectural elements, relations, and
constraints from the current codebase version Σt:

e : Σt 7→ {Et,i,Rt,i, Ct,i} (2)

Outputs are exposed via extraction, and codebase access is
provided via crud sigma.



TABLE II: Ecosystem-Driven Evolution Steps in CONTAaC.

Step Description
E.E.1 A new event occurs in the ES (e.g., a commit). The Detector accesses Σt and the previous Σt−1, compares them and if the delta in Eq. (3) is

non-empty, it transmits the results to the Orchestrator.
E.E.2 The Orchestrator determines whether the detected changes could alter the current ADt−1. Minor or localized code changes (e.g., a code comment

or a variable renaming) that may not impact the ADt−1 are filtered out to prevent unnecessary operations. Once these have been discarded, the
Orchestrator proceeds with the remaining modifications that may influence the AD.

E.E.3 The Orchestrator invokes the Extractor, that accesses Σt and extracts the corresponding sets of elements Et,i, relations Rt,i, and constraints Ct,i.
E.E.4 The Orchestrator then compares the newly extracted information with the latest versioned view Vt−1,i to determine whether the detected modification

impacts the AD. If no difference is observed, the event is treated as a false positive, the synchronization is halted, and the process resumes from
step E.E.1 when a new event occurs. Conversely, if discrepancies are found, synchronization proceeds with the subsequent step.

E.E.5 The Orchestrator forwards the newly extracted architectural information to the View Manager, who is instructed to either update an existing
view Vt−1,i or create a new one Vt,i, depending on the nature of the detected changes. If the modification refine an existing set of elements/relations,
the corresponding persistent view is updated, the version is increased to vt,i and stored in the AVR. If the modification introduces a new structural
or functional perspective not previously represented, a new view is created in the AVR as Vt,i. In both cases, ephemeral views may also be
generated temporarily for validation or analysis purposes, but these are discarded once this process completes.

E.E.6 [optional]: The Orchestrator may instruct the Decision Manager to record, update, or retire a decision in the ADR.
E.E.7 [optional]: The Orchestrator may invoke the Conformance Engine to verify whether the updated ADt conforms to the applicable policies.
E.E.8 [optional]: The Orchestrator may request the Monitor, via the monitoring interface, to assess the alignment between the newly updated ADt and

the corresponding codebase Σt.
E.E.9 The Orchestrator provides the updated architecture description ADt, through the external crud ad interface.

Detector. It identifies changes between consecutive codebase
versions by computing:

δecot,t+1 = detect(Σt,Σt+1) (3)

Detected deltas are exposed via detection, and access uses
crud sigma.

Monitor. It checks alignment between Σt and ADt via moni-
toring:

monitor(ADt,Σt) =

{
1 if consistency(ADt,Σt) = true,
0 otherwise.

(4)

Consistency holds when elements, relations, and constraints
match:

consistency(ADt,Σt) = true ⇔


EADt = EΣt ,

RADt = RΣt ,

CADt = CΣt .

(5)

Conformance Engine. It evaluates whether ADt satisfies poli-
cies stored in the APR via conformance:

conformance(Pt,k,ADt) =

{
1 if Pt,k satisfied,
0 otherwise.

(6)

Evaluations can produce traceable conformance reports [8],
[24].

Policy Manager. It manages architectural policies in the APR
and exposes crud policy, enabling creation, update, and re-
trieval of policies and records [8], [24].

Decision Manager. It manages architectural decisions in the
ADR and exposes crud decision, supporting decision trace-
ability [25]–[27]. Decisions may evolve asynchronously with
respect to code or view changes [28], [29].

View Manager. It constructs and maintains architecture views
from extracted information:

v : {Et,i,Rt,i, Ct,i} 7→ Vt,i (7)

Through crud view, it supports persistent views stored in
the AVR and ephemeral, on-demand views generated for
temporary analyses.

Scaffolder. It propagates architecture changes into the codebase
via scaffolding:

s : (ADt+1,Σt) 7→ Σt+1 (8)

The transformation targets only affected elements and rela-
tions, generating or adapting code and configuration artifacts.

Orchestrator. It coordinates component interactions and exe-
cutes the ecosystem-driven and architecture-driven evolution
flows. Through the external crud ad interface, it provides the
current architecture description to tools and stakeholders while
preserving alignment and traceability.

C. Ecosystem- and Architecture-Driven Evolutions

CONTAaC supports two automated synchronization flows,
summarized in Tab. II and Tab. III. The ecosystem-driven
evolution (E.E.) is triggered by codebase changes, while the
architecture-driven evolution (A.E.) is triggered by updates to
the architecture description.

Ecosystem-Driven Evolution (E.E.): When the codebase
evolves from Σt−1 to Σt while the architecture description
remains ADt−1, E.E. propagates code-driven changes into the
architecture description to restore alignment.

Architecture-Driven Evolution (A.E.): When the architecture
description evolves from ADt−1 to ADt while the codebase
remains Σt−1, A.E. propagates architecture-driven changes
into the codebase to restore alignment and prevent drift.

V. PYCONTAAC: PYTHON INSTANTIATION OF
CONTAAC

PyCONTAaC is a Python proof-of-concept that instantiates
CONTAaC to demonstrate how the framework operationalizes
the AaC characteristics through its components. The goal is
not to deliver an industrial-grade tool, but to validate the



TABLE III: Architecture-Driven Evolution Steps in CONTAaC.

Step Description
A.E.1 A modification to ADt−1 occurs (e.g. a new architectural element), which is updated to ADt. This update may affect one or more architectural

views, potentially associated decisions and policies conformance.
A.E.2 [optional]: The Orchestrator may request the Conformance Engine to evaluate whether the updated ADt comply with the applicable policies.
A.E.3 The Monitor evaluates the consistency between the updated ADt and the still-unchanged codebase Σt−1 by calculating the consistency condition

of Eq. (5) and the resulting monitor value of Eq. (4).
A.E.4 The Monitor reports the information to the Orchestrator, which determines which views have been modified. For each interested view, the Orchestrator

instructs the Scaffolder to propagate the architectural change into the ecosystem codebase.
A.E.5 The Scaffolder accesses the latest available codebase Σt−1 and performs the required transformation, such as adding, updating, or removing source

modules. The result of this operation is the updated codebase Σt.
A.E.6 [optional]: After propagation, the Orchestrator may invoke the Extractor to re-extract architectural information from Σt and verify that the updated

codebase correctly reflects the modifications previously introduced in ADt.
A.E.7 [optional]: If the modification originated from a design decision, the Orchestrator may instruct the Decision Manager to update the corresponding

decision in the ADR (e.g. changing its state from tentative to decided).
A.E.8 The Orchestrator provides the ADt, corresponding to the updated ecosystem codebase Σt, through the crud ad interface.

framework by executing its synchronization flows on concrete
artifacts. Documentation and source code are available in the
replication package (Sec. IX).

PyCONTAaC adopts CALM as the language for architec-
tural views. CALM, developed by FINOS for AaC, provides
a machine-readable and versioned format for describing ele-
ments, relations, and constraints [S14]. Since CALM does not
cover architectural decisions, PyCONTAaC encodes decisions
as Markdown files with mandatory attributes (identifier, ver-
sion, state) and optional fields (problem, decision, alternatives,
consequences, and related quality attributes) [27]. Architec-
tural policies are stored as JSON files capturing rules and
patterns.

The full AD of Eq. (1) is rendered as an HTML webpage ag-
gregating views, decisions, and policies for three viewpoints3:
technical (structure, interactions, evolution), operational (ex-
ecution and exposed functionality), and business (rationale,
traceability, and architectural evolution). This preserves code-
centricity through machine-readable artifacts while supporting
stakeholder approachability through a consolidated, human-
readable AD.

Although PyCONTAaC builds on CALM for view spec-
ification, existing AaC solutions mainly support modelling
and documentation and provide limited support for automated
evolution, alignment, and orchestration across artifacts. To
realize automation-driven evolution, PyCONTAaC implements
each CONTAaC component as a corresponding Python module
operating over the codebase and the architecture artifacts
(CALM/JSON, Markdown, JSON, HTML). The Orchestrator
coordinates execution and exposes a command-line interface,
aac, that runs the ecosystem-driven and architecture-driven
flows (Tab. II and Tab. III) in an automated manner.

Python was selected for its mature support for static analy-
sis, templating, and file manipulation [30]. The use of common
formats (JSON, Markdown) reduces coupling to proprietary
environments and limits disruption to existing practices. The
CONTAaC framework remains language-agnostic, and al-

3ISO 42010 viewpoints may specify additional aspects; for simplicity we
map viewpoints to three stakeholder types and their typical concerns.

ternative implementations can adopt different languages or
toolchains.

VI. VALIDATION

This section validates the applicability of CONTAaC by
instantiating the framework in PyCONTAaC and exercising
it on a smart mobility use case.

The use case mimics a digital twin of a European city’s
urban mobility. It comprises (i) a simulation engine advancing
traffic state over discrete time steps, (ii) traffic lights and
vehicles managed by the simulator, (iii) a data management
service and shared storage for simulation snapshots, and (iv) an
application entry point coordinating execution. Although sim-
plified, it is sufficient to exercise both ecosystem-driven and
architecture-driven synchronization in PyCONTAaC. Com-
plete documentation is available in the replication package
(Sec. IX).

Ecosystem-driven scenario: We assume an existing code-
base and bootstrap an initial architectural decision:

>> aac adr:new -id ADR-001 -name “Bootstrap architecture” -state
Decided

Architectural elements and relations are then extracted from
the codebase:

>> aac adr:generate -arch-name smart-mobility -version 1.0.0 -adr
ADR-001

The Extractor performs static analysis4 and the View Manager
serializes the extracted information as versioned CALM files.
We then introduce a code change by adding a new module
(analytics-service) and its dependencies. Running the code-
base in guarded mode triggers detection and synchronization:

>>aacguard:run -entry path/to/entry/point -arch-namesmart-mobility
-version 1.0.0

The Detector compares SHA-256 hashes of modules and
produces a non-empty delta, which triggers the update of

4It uses Python’s AST library: https://docs.python.org/3/library/ast.html.
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the architecture artifacts. The execution reports the temporary
inconsistency and the subsequent update:

>> [BLOCKED] non-compliant:
- Missing node: analytics-service
- Missing relationship: analytics-service and data-manager
- Missing relationship: app and analytics-service
[UPDATED] architecture version→ 1.0.1 (from 1.0.0)
[OK] compliant after update, running entry point, [STEP 0] ...

This scenario shows that PyCONTAaC can detect code-driven
drift and update the AD to restore alignment before continuing
execution.

Architecture-driven scenario: We add a cache service node
and its relations directly in the CALM view architecture file.
When running guarded execution, PyCONTAaC detects that
the architecture introduces a node without a corresponding
implementation and scaffolds the missing module:

>> [BLOCKED] non-compliant:
- Architecture node cache has no implementation module
[INFO] code synchronized from architecture, modules created: 1
[OK] compliant after update, running entry point, [STEP 0] ...

This scenario shows that PyCONTAaC can propagate
architecture-driven changes into the codebase, restoring align-
ment and enabling continued execution.

The smart mobility case study demonstrates that CONTAaC
can be instantiated and applied to operationalize AaC by
maintaining continuous synchronization between architectural
descriptions and an evolving codebase, supporting both code-
to-architecture and architecture-to-code update paths.

VII. DISCUSSION

The validation indicates that CONTAaC can be instantiated
and executed to operationalize AaC, while also exposing
limitations that affect broader adoption. The smart mobility
use case demonstrates that CONTAaC supports continuous
synchronization between architecture and code through both
code-to-architecture updates (ecosystem-driven evolution) and
architecture-to-code propagation (architecture-driven evolu-
tion). The prototype further shows that architectural artifacts
can be managed in a code-centric manner through versioned
views and decision records, and made more accessible through
generated stakeholder-oriented representations.

At the same time, the use case highlights boundaries that
remain open. First, scalability and heterogeneity are likely
to require additional engineering, including richer extrac-
tion mechanisms, incremental analysis, and integration with
heterogeneous build, deployment, and repository structures.
Second, interoperability with established modelling ecosys-
tems remains a practical concern. While PyCONTAaC re-
lies on CALM for views, supporting additional notations
and visualization pipelines (e.g., ArchiMate, SysML, BPMN)
would improve applicability across organizations with ex-
isting architecture practices. Finally, adoption effort is not
negligible. Even with file-based artifacts and command-line
workflows, introducing continuous synchronization typically

requires process integration in CI/CD pipelines and alignment
with existing governance practices. These observations suggest
that CONTAaC is most suitable as an incremental addition to
existing toolchains, rather than as a wholesale replacement.

Threats to validity

We discuss potential internal, construct, and external threats
to validity [31], [32].
Internal validity. The identification and abstraction of CON-
TAaC components from literature and tools may reflect au-
thors’ interpretation. We mitigated this through iterative re-
finement across DSR cycles and co-author review, and by
grounding components in recurring capabilities observed in
existing AaC solutions.
Construct validity. Our operationalization of the architecture
description in Eq. (1) is not prescribed by ISO 42010 and may
omit architectural knowledge relevant in some contexts. We
mitigated this by explicitly aligning the formalization with the
operational requirements of AaC and by mapping components
to the AaC characteristics. Moreover, PyCONTAaC exercises a
subset of possible architectural views and extraction strategies,
which may not fully represent other languages, platforms, or
runtime environments.
External validity. The evaluation is based on a single instan-
tiation and a single use case, which limits generalizability.
We mitigated this by making the artifacts publicly available
in a replication package and by selecting a realistic scenario
that exercises both synchronization directions. Additional stud-
ies on larger systems, heterogeneous technology stacks, and
multi-team environments are needed to assess scalability and
integration in practice.

VIII. CONCLUSION AND FUTURE WORK

This paper introduces CONTAaC, a conceptual framework
for operationalizing AaC in smart ecosystems, and instan-
tiated it in a Python proof-of-concept (PyCONTAaC). Ap-
plicability of CONTAaC is evaluated with applying it to a
smart mobility use case. Findings indicate that CONTAaC
supports automation-driven and code-centric practices. Chal-
lenges emerged around scalability, toolchain integration, and
applicability in heterogeneous or legacy environments.

Future work will extend CONTAaC both conceptually and
empirically. Conceptually, the framework can be refined to
capture additional forms of architectural evolution, including
organizational decision processes and socio-technical depen-
dencies. Empirically, the evaluation should be broadened to
more complex use cases, for example large-scale, heteroge-
neous, and multi-team systems spanning multiple languages
and platforms, to stress-test extraction, synchronization, and
conformance mechanisms. We also plan to complement such
case studies with expert-based evaluations, and to conduct
longitudinal industrial studies to assess sustained effects on
continuous architecting, including cost–benefit trade-offs, on-
boarding, and interactions with existing governance processes.



IX. DATA AVAILABILITY

Selected studies and tool analysis can be
found here: https://docs.google.com/spreadsheets/d/
1quM72oOKgG-jXpdq- QaL1BCf0F Q vQ/edit?usp=sharing&
ouid=110130922453565990010&rtpof=true&sd=true

PyCONTAaC prototype and smart mobility use case are
available at: https://github.com/alessandrasomma28/pycontaac
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