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Abstract - Cloud infrastructure design and deployment
traditionally require significant expertise in cloud services,
networking, security, and Infrastructure-as-Code (laC).
Translating  high-level business requirements into
production-ready infrastructure can take days of manual
effort and often involve multiple domain experts. This
research presents Cloud Infrastructure Crew, an
autonomous multi-agent system built using the CrewAl
framework that automates cloud architecture design, laC
generation, and deployment validation. The system utilizes
three specialized Large Language Model (LLM) powered
agents that collaborate sequentially to convert business
requirements into infrastructure artifacts such as
architecture diagrams, Terraform configuration files, and
deployment reports. A human-in-the-loop approval
mechanism ensures architectural accuracy before
infrastructure generation, also added at agents steps.
Experimental evaluation shows that the proposed system
significantly reduces infrastructure planning time from
several days to minutes while maintaining transparency,
auditability, and extensibility. The architecture is designed
to be cloud-agnostic and supports integration with multiple
LLM providers.

L INTRODUCTION

Cloud computing has transformed the way modern
applications are designed, deployed, and scaled.
Organizations increasingly rely on cloud platforms
such as Amazon Web Services (AWS), Microsoft
Azure, and Google Cloud Platform (GCP) to build
scalable and reliable systems.

Traditionally, cloud architecture design involves
translating business requirements into infrastructure
components, selecting appropriate cloud services,
designing network topologies, and implementing
infrastructure using Infrastructure-as-Code tools such
as Terraform. This process is time-consuming and
often requires collaboration between solution
architects, DevOps engineers, and site reliability
engineers.
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Recent advancements in Large Language Models
(LLMs) have opened opportunities for automating
complex engineering workflows. Multi-agent
frameworks allow multiple Al agents with specialized
roles to collaborate in solving complex tasks.

This research introduces Cloud Infrastructure Crew, a
multi-agent system that automates the cloud
infrastructure lifecycle — from business requirements
to deployment-ready infrastructure code. The system
uses three specialized Al agents coordinated through
the CrewAl framework.

II. RESEARCH AND IDEA

Existing studies on Al-assisted DevOps highlight the
growing importance of automated infrastructure
generation and intelligent deployment systems. Tools
such as Terraform, AWS CloudFormation, and Pulumi
provide Infrastructure-as-Code capabilities but still
require manual design and configuration.

Key challenges identified include:

e Translating business requirements into technical
architecture

e Generating  production ready  Terraform
configurations

e Ensuring compliance, security, and cost efficiency

e Coordinating multiple infrastructure components.

To address these challenges, the study explored the use
of autonomous Al agents that can simulate domain
experts such as cloud architects, DevOps engineers,
and site reliability engineers.

Through technical experimentation and evaluation of
agent orchestration frameworks, CrewAl was selected
as the orchestration platform for building the multi-
agent system.
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IL. DESIGN AND FINDINGS

A. Architecture and Implementation

The proposed system is built using a modular
technology stack designed to support autonomous
agent orchestration, infrastructure generation, and
deployment simulation. The agent orchestration layer
is implemented using the CrewAl 0.86.0 framework,
which enables the coordination of multiple specialized
agents working in a sequential pipeline. For language
intelligence and reasoning, the system primarily
utilizes Azure OpenAl GPT-40 as the main Large
Language Model (LLM) responsible for architecture
design, infrastructure generation, and deployment
analysis. To ensure reliability and continuity, the
system also integrates a fallback mechanism that
supports Anthropic Claude Sonnet and OpenAl GPT-
40, allowing the pipeline to continue operating even if
the primary model becomes unavailable.

For infrastructure provisioning, the system generates
configuration files using HashiCorp Terraform, a
widely adopted Infrastructure-as-Code (IaC) language
that allows declarative definition of cloud resources.
To visualize cloud architecture components, the
system leverages the Python diagrams library
integrated with Graphviz, which enables automatic
generation of infrastructure diagrams based on
architecture specifications produced by the agents.

The command-line interaction layer of the system is
built using the Typer CLI framework, which provides
a structured interface for executing system commands
and managing the workflow of agents. Additionally,
the Rich terminal UI library is used to enhance
command-line output by presenting structured logs,
progress indicators, and formatted results, thereby
improving usability and monitoring during pipeline
execution. Together, this technology stack enables the
development of a scalable and extensible multi-agent
platform capable of automating complex cloud
infrastructure design and deployment tasks.

B. Agents Plan and Design

Agent 1:Cloud Solutions Architect
The first agent (architecture agent) acts as a cloud
solutions architect responsible for analyzing the
business requirements and generating a detailed
architecture design document along with a system
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architecture diagram with tech stack. This agent
defines components such as networking, compute
services, data storage, security layers, monitoring, and
cost considerations. After producing the architecture
document and diagram, the system pauses for a human
approval step, allowing experts to review and validate
the proposed architecture before the workflow
proceeds to the next stage.

Agent 2: Infrastructure and IaC Specialist
The second agent (inventory agent) functions as an
infrastructure and Infrastructure-as-Code specialist. It
takes the approved architecture document as input and
converts the design into Terraform configuration files
and a structured infrastructure inventory. These files
describe cloud resources, networking configuration,
storage services, and deployment parameters required
for the system. Once the Terraform files are generated,
another human approval step is introduced so that
engineers can review the generated infrastructure code
and ensure correctness before moving forward.

Agent 3: Deployment and SRE Engineer
The third agent (deployment agent) acts as a Site
Reliability Engineer responsible for validating the
generated infrastructure configuration and simulating
the deployment process. It performs tasks such as pre-
deployment  checks, Terraform initialization,
deployment  planning, and  post-deployment
verification. The agent then produces a deployment
report summarizing the results of the simulated
deployment. After the report is generated, a final
human approval step allows engineers to review the
deployment results and confirm the readiness of the
infrastructure before actual production deployment.

MULTI-AGENT CLOUD INFRASTRUCTURE
DEPLOYMENT WORKFLOW
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Vv agents

> __pycache__
__init__.py

architecture_agent.py
deployment_agent.py

inventory_agent.py

IV. USE CASE

Here comes the most crucial step for your
research publication. Ensure the drafted journal is

critically reviewed by your peers or any subject matter )
C). Output Generated by Agent 1 — Cloud Architecture

experts.  Always try to get maximum review .
Design

comments even if you are well confident about your
paper.

A). Business Requirement Specification

D). Output Generated by Agent 2 — Infrastructure as
Code Generation

Vv inventories

main.tf

terraform.tfvars

B). Crew Construction and Agent Initialization

variables tf

E). Output Generated by Agent 3 — Deployment
Validation and Report
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/ prod/terraform.tfstate)

Initialisation successful (simulated).

Plan: 42 to add, @ to change, @ to destroy.

e created:

V. CONCLUSION

This paper demonstrates that LLM-based multi-agent
systems can effectively automate the cloud
infrastructure  lifecycle. The combination of
specialized agents, human approval gates, dual-path
diagram generation, and dry-run simulation makes it
practical for both exploration and production use.

The modular tool and agent design makes the system
extensible to additional cloud providers, IaC
frameworks (Pulumi, CDK), and compliance
frameworks.
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