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ABSTRACT

This paper proposes Layer 2 of the Al-First Software Development Lifecycle (SDLC) introduced in our parent framework
and extended through the Layer 1 Product and Designer Layer. Layer 2 is a conceptual Build, Validate, and Release
architecture intended to transform a Product Requirement Bundle (PRB) and a Design Artifact Bundle (DAB) into a
documented, validated, merge-ready pull request. It defines six proposed specialist agents—Architecture, Coding,
Testing, Review, PR, and CI Gate—coordinated by a Layer 2 Sub-Orchestrator. The design includes a bounded Feedback-
Driven Repair Loop, revalidation after code modifications, non-overridable CI and security gates, and a mandatory
human merge decision. The proposed design draws on the authors' technical analysis, review of existing software-
engineering and agentic-Al approaches, and exploratory proof-of-concept work. The integrated architecture has not
been implemented or empirically evaluated; potential effects on delivery time, code quality, cost, and compliance
remain hypotheses for future evaluation.

Keywords: Agentic Al; Al-First SDLC; Multi-Agent Orchestration; Software Architecture; Automated Testing; Feedback-
Driven Repair

1 INTRODUCTION

Our parent paper proposed an Al-First Software Development Lifecycle (SDLC) spanning thirteen phases from epic
creation through production monitoring [1]. A companion Layer 1 paper defined how a Product and Designer Layer
could transform a natural-language epic into a Product Requirement Bundle (PRB) and Design Artifact Bundle (DAB)
[2]. The next design problem is how those artifacts might guide architecture decisions, implementation, testing, code
review, and a human-controlled merge.

In established software-delivery practice, build, test, review, and integration activities depend on coordination among
people, tools, and quality controls [3]. Research prototypes such as ChatDev, SWE-agent, and MetaGPT have
demonstrated different forms of agentic collaboration and repository interaction [4, 5, 6]. These developments motivate
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a conceptual layer that organizes those capabilities around structured requirements, bounded retries, traceable
artifacts, and explicit human authority, rather than assuming that code generation alone constitutes a complete delivery
process.

Layer 2 corresponds to Phases 3 through 10 of the previously proposed Al-First SDLC. It specifies six specialist agents—
Architecture, Coding, Testing, Review, PR, and CI Gate—coordinated by a Layer 2 Sub-Orchestrator and subject to the
shared Knowledge Layer and Guardrails. Throughout this paper, agent behaviors are proposed design responsibilities,
not claims about a deployed implementation. We illustrate the design with the same example used in the earlier papers:
a user notification-preference feature supporting email, SMS, and push notifications.

Design basis and status: The conceptual framework was developed through extensive engineering-oriented analysis of
existing SDLC processes and agentic-Al approaches, informed by literature and exploratory proof-of-concept work
undertaken by the authors. These activities informed architectural choices but did not produce a working end-to-end
Layer 2 prototype. No measured results, production deployments, or quantitative claims of effectiveness are presented
in this article.

2 RELATED WORK

2.1 Al-Powered Code Generation

Large language models and agentic development systems can assist with code generation, repository navigation,
editing, and test execution. ChatDev, SWE-agent, and MetaGPT provide distinct examples of role-based collaboration
and tool-using agents [4, 5, 6]. Commercial development tools provide further practical context; their capabilities and
integrations change over time. Our contribution is not a claim that backlog integration, code generation, or automated
correction is individually new. It is the proposed arrangement of six responsibilities within a PRB/DAB-driven SDLC
layer with defined artifacts and governance checkpoints.

2.2  Automated Testing with LLMs

LLM-supported software testing and bug reproduction have been investigated in prior research [7]. Rigorous evaluation
of generated code also shows why passing a small or incomplete test set cannot establish general correctness [8]. Within
Layer 2, the proposed Testing Agent would derive test cases from acceptance criteria and report execution evidence to
a bounded repair controller. The paper does not assert that this method has been validated in an integrated prototype.

2.3 Al-Assisted Code Review

Static analysis and code-review platforms can surface quality and security concerns, while agents may be used to
propose or apply changes. The proposed Review Agent would combine automated findings with organization-specific
coding standards and return proposed corrections for revalidation. A review-generated code change would invalidate
the earlier test status until relevant regression tests and required checks pass again. The design therefore treats review
as an additional control, not a guarantee of correctness [8, 9].

2.4 CI/CD Intelligence

CI/CD systems already automate deterministic build, test, and release checks [10]. Layer 2 proposes a CI Gate Agent
that interprets pipeline evidence and summarizes residual concerns for the human reviewer. Its reasoning is advisory:
it cannot override mandatory build failures, required tests, blocking security findings, or compliance rules. This
separation between hard policy gates and contextual analysis is a design constraint, not an observed performance
result.

3 POSITIONING WITHIN THE AI-FIRST SDLC

Layer 2 follows Layer 1 and accepts its PRB and DAB. Its proposed responsibility is to prepare a reviewed, Cl-validated,
merge-ready pull request. It does not merge code or deploy it autonomously: the human merge checkpoint is
mandatory, and Layer 3 (Runtime, Deployment, and Recovery) would begin only after that approval. In the parent
framework this is the yellow Build, Validate, and Release layer, covering Phases 3 through 10. Figure 1 summarizes the
proposed roles and controls.
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Figure 1: Proposed Layer 2 architecture and control points. All agent flows are conceptual; hard CI gates and
the human merge decision remain mandatory.

5 THE LAYER 2 SUB-ORCHESTRATOR

The proposed Layer 2 Sub-Orchestrator coordinates the six specialist agents while the Central Orchestrator retains
responsibility for the broader SDLC. Its conceptual interfaces are beginLayer2(prbld, dabld) and mergeReady(prld). It
would maintain workflow state, working memory, a configurable repair budget, and escalation rules. The normal
sequence is Architecture, Coding, Testing, Review, PR creation, and CI Gate. A test failure, review modification, or CI
failure would return affected work to the appropriate earlier stage. Stage-specific and overall rework budgets would
bound these transitions; exhaustion of either budget would stop automatic retries and escalate to a human. An
unresolved mandatory-policy failure would block progression until resolved. No runtime implementation of this state
machine is reported here.

6 THE SIXAGENTS OF LAYER 2

6.1 Architecture Agent

The proposed Architecture Agent would read the PRB and DAB, consult the shared Knowledge Layer for approved
system context, and draft technical designs for APIs, database changes, integration contracts, and system interactions
[11]. An authorized connector based on the Model Context Protocol (MCP) could publish design artifacts to Confluence
and update approved knowledge records [12]. In the notification-preference example, the agent would specify
preference endpoints, a preference data model, and interfaces with existing notification services. These are illustrative
design outputs, not artifacts generated by a deployed Layer 2 system.

Human-in-the-loop: The optional architecture checkpoint would be triggered by defined complexity or risk conditions.
An authorized senior architect or tech lead could approve, amend, or replace a proposed technical design. Lower-risk
designs could proceed under predefined organizational policy; the system would not be permitted to bypass any
otherwise mandatory architecture or security approval.

6.2 Coding Agent

Following architecture approval, the proposed Coding Agent would operate in a restricted development sandbox and
create changes on an isolated feature branch. It would use acceptance criteria, approved architecture, codebase context,
and non-functional requirements to draft application, integration, configuration, logging, and error-handling changes.
Agentic tools and containerized environments are illustrative integration choices, not evidence that such an
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environment was deployed for this paper. For the notification example, candidate outputs would include preference
REST endpoints, service logic, and channel integrations [5].

6.3 Testing Agent and the Feedback-Driven Repair Loop

The proposed Testing Agent would derive functional and integration tests from the PRB, DAB, acceptance criteria, and
applicable organizational test patterns. Depending on feature risk, it could also propose performance, security, and
mutation-testing checks. The agent would execute available tests in an authorized environment and preserve the
outcomes as evidence. Research on LLM-supported bug reproduction provides relevant background, while findings
about inadequate test suites caution against equating test passage with proof of correctness [7, 8].

When a test fails, the proposed Feedback-Driven Repair Loop would send the failure details to the Coding Agent for a
candidate correction. The Testing Agent would then rerun the affected tests and applicable regression checks. The Sub-
Orchestrator would enforce a configurable stage retry budget (for example, three to five cycles), count the attempts
against the overall rework budget, and escalate unresolved cases when either limit is reached. Repeated passing tests
would be a required progression criterion, not a claim that generated code is defect-free. The loop has not been
evaluated for convergence, timing, or reliability in an integrated system.

6.4 Review Agent

After the required tests pass, the proposed Review Agent would inspect code and reports for maintainability, style,
performance concerns, and security findings, using approved static-analysis tools such as SonarQube and applicable
coding standards [9]. It could recommend or perform bounded corrective changes where permissions permit. Crucially,
any modification to executable code would return the affected branch for suitable testing and review checks; the
previously recorded passing status could not simply be reused. Findings that exceed the agent's authority would be
escalated to a human reviewer.

6.5 PRAgent

The proposed PR Agent would assemble a pull request with a change summary, technical design, relevant test and
review evidence, pipeline status, and links to the originating Jira story or epic. The aim is to make the proposed work
traceable and easier for a human to examine, not to eliminate the need for that examination. In the notification example,
the PR would link the preference APIs to the corresponding requirements and validation artifacts.

6.6 CI Gate Agent

The proposed CI/CD pipeline would execute mandatory build, regression, policy, and security checks using
organization-approved systems such as GitHub Actions, SonarQube, and Trivy [9, 13, 14]. The CI Gate Agent would then
interpret the results, highlight unusual nonblocking warnings, and prepare a reasoned recommendation for the human
reviewer. It could mark a PR as ready for human review only when every mandatory gate passes; model confidence
would never override a required test, security, or compliance failure. If a gate fails, the Sub-Orchestrator would route
the work for correction subject to the overall rework budget and require the relevant checks to run again. The CI Gate
Agent's recommendation is advisory, and final merge authority remains with a human.

[llustrative scenario (hypothetical): For a notification-preference feature, the Architecture Agent would draft APIs and
the Coding Agent would prepare changes. Failed acceptance tests would trigger bounded repair; review edits would
require renewed testing. The PR Agent would package traceability evidence, while the CI Gate Agent would report
mandatory checks and advisory concerns. Only an authorized human could approve the merge. No such end-to-end
execution is reported here.

Figure 2 summarizes the proposed failure-handling decisions, including bounded repair, revalidation after review edits,
mandatory CI gates, and human escalation. It depicts a conceptual workflow, not an executed prototype.
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Figure 2: Proposed feedback-driven repair, revalidation, and CI-gate workflow. Mandatory human review
remains the final merge checkpoint; failure paths are governed by stage-specific and overall retry budgets.

7 HUMAN-IN-THE-LOOP CHECKPOINTS

The proposed workflow contains one risk-dependent human architecture checkpoint and one mandatory human merge
checkpoint. For high-risk or complex architecture, an authorized architect would review the technical design; any
additional organizational approvals would remain in force. Before a final merge, a developer, tech lead, or engineering
manager would review the documented PR, current validation results, security findings, residual risks, and design
rationale. This mandatory decision remains with the human reviewer, as in the parent framework [1]. An agent's
positive assessment is not a substitute for human authorization.
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8 COMPONENT AND ARTIFACT SUMMARY

Table 1 summarizes the proposed agents, and Table 2 identifies the principal artifacts and their intended consumers.
The listed capabilities and artifacts specify design responsibilities rather than implemented features.

Table 1: Layer 2 agent summary.

Agent Proposed integration Intended output

Architecture Agent | Reasoning LLM + approved knowledge / MCP tools | Technical design for review

Coding Agent Restricted coding agent / sandbox Candidate code on feature branch
Testing Agent Test-generation agent + test runners Test plans and execution evidence
Review Agent LLM + static-analysis tools Findings / proposed corrections

PR Agent Repository API / MCP tools Documented pull request

CI Gate Agent Pipeline results + policy engine Hard-gate status + advisory summary

Table 2: Primary artifacts flowing through Layer 2.

Artifact Proposed producer | Intended consumer

Technical design (API / DB / integration) | Architecture Agent Coding Agent; knowledge layer
Candidate code (feature branch) Coding Agent Testing Agent; Review Agent

Test cases + execution reports Testing Agent Coding Agent (repair); PR Agent
Review findings + changed code Review Agent Testing Agent (revalidation); PR Agent
Pull request with documentation PR Agent CI/CD pipeline; CI Gate Agent

Gate status + risk analysis CI Gate Agent Mandatory human merge reviewer

9 PROPOSED BENEFITS, CHALLENGES, AND DISCUSSION

9.1 Potential Build-to-Merge Efficiency

The proposed orchestration could reduce handoff delays by moving test feedback, review findings, and CI results
directly between specialized agents. Related agentic software-engineering systems illustrate the feasibility of selected
component tasks [4, 5, 6]. However, this paper does not report an integrated Layer 2 deployment, measured build-to-
merge times, cost savings, or a comparison with human teams. Any efficiency benefit would depend on task complexity,
integration quality, required approvals, and the number of failed repair attempts, and must be tested empirically.

9.2 Code Quality Through Layered Controls

In the proposed flow, generated code would undergo acceptance-based testing, review and static analysis, and
independent CI checks before a human merge decision. Review-generated changes would require renewed validation.
The CI Gate Agent would synthesize evidence while deterministic controls retain blocking authority. These multiple
controls are intended to reduce avoidable defects but cannot establish defect-free software; empirical studies of code
generation show that limited test coverage can miss substantial errors [8].

9.3 Bounded Feedback-Driven Repair

The proposed Feedback-Driven Repair Loop would allow the Coding Agent to respond to reproducible test failures and
resubmit corrected code for validation without waiting for a new manual handoff. Its bounded retry policy also defines
a clear failure path to human support. The design may reduce coordination time for suitable tasks, but repeated repair
cycles, incorrect fixes, flaky tests, or incomplete acceptance criteria may offset those gains. Its reliability and time cost
remain open evaluation questions.
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9.4 Security, Compliance, and Human Governance

The design combines static-analysis findings, pipeline security checks, and organization-specific policies [9, 14, 15]. For
notification preferences, personal information such as email addresses and telephone numbers would need controls
appropriate to applicable privacy obligations, including GDPR where relevant [16]. Retrieved instructions, repository
content, and connector outputs may also create prompt-injection risks, so tool permissions, input handling, and audit
records would require independent controls [17]. These are proposed safeguards: the paper does not demonstrate
actual regulatory compliance or resistance to attacks.

9.5 Limitations and Future Evaluation

This manuscript presents a conceptual architecture informed by the authors' technical analysis and exploratory proof-
of-concept activities; the six-agent workflow has not been integrated or evaluated end to end. Important uncertainties
include the quality and currency of PRB/DAB inputs, reliability of agent-generated code and tests, failure or oscillation
across repair, review, and CI retry cycles, changes introduced during review, dependency on undocumented legacy
systems, connector and credential security, model and CI operating costs, and the ability of a human reviewer to assess
complex generated changes. A future evaluation should report a reproducible prototype, representative tasks,
comparison baselines, build-to-merge time, defect escape rate, mandatory-gate adherence, human intervention
frequency, and resource cost. No such results are claimed here.

10 CONCLUSION

This paper develops a conceptual specification for Layer 2 of the Al-First SDLC: six specialist agents coordinated by a
Sub-Orchestrator to prepare a traceable, CI-validated, merge-ready pull request from Layer 1 requirements and design
artifacts. The distinctive design choices are bounded repair, revalidation after code modifications, hard CI and security
gates, and mandatory human merge authority. The framework was informed by research, technical analysis, and
exploratory proof-of-concept work, but no integrated implementation or performance study is presented. Future work
must determine whether the architecture achieves its intended benefits in real software-delivery settings.
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