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Abstract: Automated change management and instance control are critical components of modern cloud infrastructure
management. In the context of Amazon Web Services (AWS), the integration of AWS Systems Manager, Simple Notification
Service (SNS), and role-based access control (RBAC) provides a robust framework for automating and securing these
processes. This paper explores the design and implementation of a workflow that leverages these AWS services to streamline
change management and instance control. We discuss the theoretical foundations, practical implementation, and the benefits of
this approach, including enhanced security, operational efficiency, and compliance. The paper also includes a detailed
algorithm and case studies to illustrate the effectiveness of the proposed workflow.
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1. Introduction

In the rapidly evolving landscape of cloud computing, the ability to manage changes and control instances efficiently and
securely is paramount. As organizations increasingly rely on cloud infrastructure to support their operations, the complexity
and scale of these environments can pose significant challenges. Ensuring that changes are implemented smoothly, without
causing downtime or security breaches, is crucial for maintaining the reliability and integrity of cloud-based applications and
services.

AWS, one of the leading cloud service providers, offers a robust suite of tools and services designed to help businesses
navigate these challenges. Among these, AWS Systems Manager, Simple Notification Service (SNS), and Role-Based Access
Control (RBAC) stand out as key components that can be integrated to create a comprehensive and automated change
management and instance control workflow.

AWS Systems Manager is a powerful tool that provides a unified interface to manage and control your AWS resources. It
includes features such as Patch Manager for automated patching, Run Command for executing commands across multiple
instances, and State Manager for maintaining the desired state of your infrastructure. These capabilities enable you to
efficiently manage configuration, automate operational tasks, and maintain compliance, all while reducing the risk of human
error.

Simple Notification Service (SNS) is a fully managed messaging service that enables you to send and receive notifications
across various endpoints. By integrating SNS with AWS Systems Manager, you can set up automated alerts for critical events,
such as when a change is about to be implemented or when an instance is not compliant with your policies. This ensures that
the right stakeholders are informed in real-time, allowing for quick responses and proactive management.

Role-Based Access Control (RBAC) is a security paradigm that allows you to define and enforce granular access
permissions based on roles. By implementing RBAC in your AWS environment, you can control who has access to what
resources and what actions they can perform. This is crucial for maintaining security and compliance, especially in large
organizations with multiple teams and users. AWS Identity and Access Management (IAM) is the service that facilitates
RBAC, enabling you to create and manage roles, policies, and permissions with fine-grained control.

When these components are used together, they form a strong foundation for change management and instance control.
For example, you can use AWS Systems Manager to automate the patching and configuration of your instances, while SNS
sends notifications to the appropriate teams when changes are about to be applied. RBAC ensures that only authorized
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personnel can make these changes, reducing the risk of unauthorized access and enhancing security. This integrated approach
not only streamlines operations but also helps organizations to meet regulatory requirements and maintain a high level of
service availability. The combination of AWS Systems Manager, SNS, and RBAC provides a robust solution for managing and
controlling cloud resources. By leveraging these tools, businesses can achieve greater efficiency, security, and reliability in
their cloud operations, ultimately leading to better performance and customer satisfaction.

1.1. IAM-Based Instance Access Control
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Figure 1: IAM-Based Instance Access Control

IAM (Identity and Access Management) policies, tags, and managed instances collaborate to enforce access control in an
AWS environment. It depicts an IAM principal labeled as the "Operator” who seeks to initiate a session on a managed instance.
In this setup, a tag is assigned to the instance with a specific key, SecurityAllowSessionInstance, and its value is set to match
the instance ID (e.g., i-1234567890abcdefg). This approach ties access permissions to the presence of the tag, ensuring that
only appropriately tagged instances can be accessed by the operator.

The managed policy plays a crucial role in this architecture by checking the tag value before granting session access. The
policy is designed to allow session initiation only when the instance ID in the request matches the value in the tag. This
conditional check enhances security by dynamically linking access permissions to tag values rather than hardcoding them into
policies. As a result, administrators can easily modify access by simply updating the tag, streamlining access management
without changing 1AM roles or policies. This tagging-based access control model promotes the principle of least privilege,
ensuring that operators can only access instances explicitly marked for their use. It also simplifies permission management by
decoupling access control logic from 1AM policies, making it easier to audit and maintain. For example, when an instance is
decommissioned or repurposed, removing or updating the tag immediately revokes the operator's access, ensuring compliance
with security best practices. The image effectively illustrates a scenario where tagging is used as an authorization mechanism,
showcasing its flexibility in dynamic cloud environments. It highlights how this model reduces human error and administrative
overhead by avoiding complex role-based access controls. The policy is evaluated at runtime, ensuring that only instances with
matching tags are accessible, thus enhancing security posture.

1.2. Automated Change Management Workflow

An end-to-end automated change management workflow using AWS Systems Manager, SNS (Simple Notification
Service), and 1AM roles. It begins with the Operator submitting a change request via the AWS Systems Manager Change
Manager. This request follows a predefined change template, ensuring that all necessary details are captured. The workflow is
designed to maintain strict governance over instance access, adhering to change management best practices.

Once the request is submitted, the Change Manager triggers an Amazon SNS notification to alert the designated Approver.
This notification mechanism ensures timely communication and accelerates the approval process. By leveraging SNS, the
workflow facilitates real-time updates, keeping all stakeholders informed. The Approver then reviews the request and decides
whether to approve or reject it. This approval step introduces a human-in-the-loop element, maintaining control over sensitive
operations and ensuring compliance with organizational policies.
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Figure 2: Automated Change Management Workflow

Upon approval, the workflow automatically triggers an Automation Runbook, which executes predefined tasks on the
managed instance. These tasks include tagging and untagging the instance, which directly impacts the operator’s access. The
tag key and value are dynamically managed through this automation process, ensuring that access is granted or revoked based
on operational needs. This dynamic tagging mechanism aligns with the access control strategy depicted in the first image,
showcasing an integrated approach to security and change management.

This automation reduces the risk of human error and enhances operational efficiency by eliminating the need for manual
tagging. It also maintains an audit trail, as all changes are recorded in AWS CloudTrail, supporting compliance requirements.
The workflow is highly scalable, enabling centralized governance over multiple managed instances across different regions. By
automating repetitive tasks, it frees up operational teams to focus on strategic activities.

The Operator gains temporary access to the managed instance through an SSM (Session Manager) session, initiated after
the tagging process. This temporary access is governed by the tag value, ensuring that the Operator can only access instances
authorized through the change management process. Once the operational task is complete, the Automation Runbook un-tags
the instance, automatically revoking access. This ephemeral access model minimizes the attack surface and enforces strict
security controls.

2. Theoretical Foundations
2.1. AWS Systems Manager

AWS Systems Manager is a comprehensive management and automation tool that streamlines operational tasks across
Amazon Web Services (AWS) resources. It serves as a centralized hub for managing infrastructure at scale, ensuring
consistency and security while reducing operational overhead. One of its primary functionalities is Run Command, which
allows administrators to remotely execute commands on managed instances without the need to establish a direct SSH or RDP
connection. This capability enhances security and operational efficiency by minimizing the attack surface and enabling bulk
actions across multiple instances.

Another powerful feature is the State Manager, which helps maintain the desired state of AWS resources by enforcing
configurations. It ensures that instances are compliant with predefined policies, such as software installation or security
patching, thereby reducing configuration drift. Additionally, Automation within Systems Manager facilitates complex
operational tasks using pre-defined workflows called Automation Documents (or runbooks). These workflows standardize
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operational procedures, such as deploying applications or managing infrastructure updates, leading to reduced human error and
consistent execution.

Moreover, OpsCenter centralizes operational data and events, enabling efficient incident management and root cause
analysis. It aggregates alerts from various AWS services, such as CloudWatch and CloudTrail, providing a unified view of
operational issues. This integrated approach enhances situational awareness and accelerates incident resolution, thereby
maintaining high availability and reliability of cloud environments. Overall, AWS Systems Manager's centralized and
automated capabilities empower organizations to efficiently manage large-scale cloud infrastructure while maintaining security
and compliance.

2.2. Simple Notification Service (SNS)

AWS Simple Notification Service (SNS) is a fully managed pub/sub messaging service designed to facilitate
communication between distributed systems, microservices, and serverless applications. It acts as a communication hub,
decoupling message publishers and subscribers, thereby enabling scalable and fault-tolerant messaging architectures. A key
component of SNS is Topic Management, which allows users to create and manage topics for message distribution. Publishers
send messages to a topic, and the topic then broadcasts the message to all subscribed endpoints, ensuring efficient
communication across multiple systems.

SNS supports multiple communication protocols, including HTTP, HTTPS, email, SMS, and AWS Lambda, making it
highly versatile for various use cases, such as sending alerts, triggering automated workflows, or notifying users. Subscription
Management within SNS enables administrators to easily manage subscriptions to topics, allowing flexibility in how messages
are consumed. For example, an application can subscribe multiple endpoints to a topic, ensuring redundancy and high
availability in message delivery.

A powerful feature of SNS is Message Filtering, which enhances message routing by allowing subscribers to receive only
relevant messages based on predefined attributes. This selective messaging capability reduces unnecessary processing and
improves application efficiency by filtering out unneeded data. Additionally, SNS's integration with AWS Identity and Access
Management (IAM) ensures secure access control, preventing unauthorized publishing or subscription actions. Through its
scalable and flexible messaging architecture, SNS plays a critical role in building responsive and event-driven cloud
applications.

2.3. Role-Based Access Control (RBAC)

Role-Based Access Control (RBAC) is a security model that restricts system access to authorized users based on their
roles within an organization. In AWS, RBAC is implemented using Identity and Access Management (IAM), providing fine-
grained control over resource access. RBAC enhances security and compliance by ensuring that users and services have only
the permissions necessary to perform their tasks, thereby minimizing the risk of unauthorized actions.

Roles in RBAC define a set of permissions that can be assumed by users or AWS services. This allows for temporary
access to resources, which is particularly useful in dynamic cloud environments where applications require on-demand
permissions. For example, an EC2 instance can assume a role with the necessary permissions to access an S3 bucket, ensuring
that credentials are not hard-coded and reducing the risk of exposure. Policies define the permissions associated with roles,
specifying allowed actions, resources, and conditions under which actions can be performed. This granularity allows
organizations to enforce the principle of least privilege, enhancing security posture.

RBAC also facilitates efficient user and group management by organizing users into groups and associating roles and
policies at the group level. This hierarchical approach simplifies permission management and reduces administrative overhead.
Additionally, RBAC ensures accountability and compliance by maintaining detailed audit trails of actions performed by users
and services, which are logged in AWS CloudTrail. This visibility into access patterns and actions helps organizations meet
regulatory requirements and quickly detect security anomalies. By leveraging IAM’s robust features, RBAC provides a
scalable and secure framework for managing access to cloud resources in AWS environments.

3. Workflow Design

The proposed workflow is designed to automate change management and instance control in AWS environments by
seamlessly integrating AWS Systems Manager, Simple Notification Service (SNS), and Role-Based Access Control (RBAC).
This automation enhances operational efficiency, reduces manual intervention, and ensures compliance with security policies.
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The workflow is structured into five key stages: Change Request, Approval Process, Execution, Notification, and Audit and
Compliance. Each stage is carefully orchestrated to ensure a streamlined and secure change management process.

In the Change Request stage, users or systems initiate requests, providing essential details about the proposed changes.
The Approval Process then validates and authorizes these requests, maintaining strict access control and accountability. Once
approved, the Execution phase leverages AWS Systems Manager to automate the deployment of changes, minimizing human
errors and ensuring consistency across environments. Notification mechanisms, powered by SNS, keep relevant stakeholders
informed throughout the process. Finally, Audit and Compliance controls are enforced using RBAC and AWS CloudTrail,
ensuring that all actions are securely logged and compliant with organizational policies. This integrated workflow provides a
robust framework for managing infrastructure changes while maintaining high security and operational efficiency.

Select 1AM approvers %

Users

Groups (1)

] Group name Date created

ChangeManagers Sun, 28 Feb 2021 09:18:08 GMT

Cancel

Figure 3: IAM Approvers Selection

IAM approvers within AWS Systems Manager. It displays the option to choose approvers by either individual users or
groups, enhancing flexibility in access control. In this instance, the “ChangeManagers” group is selected, demonstrating the
application of Role-Based Access Control (RBAC) by ensuring that only authorized personnel are granted approval authority.
This approach centralizes the management of approvers, streamlining the approval workflow while maintaining compliance
with security policies. By leveraging group-based approval, organizations can efficiently manage access permissions and
reduce administrative overhead.

The depiction of the "Groups" tab emphasizes the importance of grouping users with similar roles and responsibilities,
allowing for consistent enforcement of access policies. Additionally, the clear interface design simplifies the process of
selecting multiple approvers while maintaining transparency in the approval hierarchy. This visual representation reinforces the
narrative on how RBAC enhances security by restricting approval capabilities to designated roles.

Moreover, the timestamp under the “Date created” column highlights the traceability of group creation, which is crucial
for auditing and compliance purposes. It ensures that any changes to approvers are well-documented, supporting accountability
and governance. This traceability is integral to meeting regulatory requirements, especially in environments where change
management processes are subject to external audits.

3.1. Change Request

The Change Request stage is the starting point of the workflow, where a user or system initiates a request to modify
infrastructure configurations or operational states. This request can be submitted through various channels, such as a web form,
API call, or integrated IT service management tool. It includes essential details such as the type of change (e.g., software
update, configuration adjustment), affected instances or resources, expected outcomes, and a justification for the change. By
standardizing the information required for each request, this stage ensures that all necessary context is provided for informed
decision-making.

After submission, the request undergoes a Data Collection process, where relevant metadata is gathered to provide a
comprehensive view of the proposed change. This includes gathering information about dependencies, potential impacts, and
any prerequisites required for successful execution. The request is then subjected to a Validation step, where it is checked
against predefined rules and policies to ensure compliance with security standards and operational guidelines. For example,
changes that could potentially impact critical services may require additional approvals or risk assessments. This validation
process reduces the risk of unauthorized or harmful changes and sets the foundation for a structured and secure change
management workflow.
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Change request in AWS Systems Manager. It illustrates how change templates are leveraged to standardize request details,
ensuring consistency and reducing the risk of human error. The fields for "Name" and "Change request information™ allow
users to provide descriptive and contextual information about the change, enhancing communication and reducing ambiguity.
The example text “Trouble shooting regarding JIRA-1234” demonstrates the integration of change management with incident
tracking systems, streamlining operational workflows.

The section titled "Workflow start time" highlights the flexibility to schedule changes, reducing conflicts with ongoing
operations. This capability is essential in distributed cloud environments where operational windows need to be meticulously
managed to minimize downtime. The option to “Run the operation as soon as possible after approval” showcases the
automation potential of AWS Systems Manager, significantly improving operational efficiency by triggering changes
immediately upon approval.

Under “Change request approvals,” the configuration for first-level approvals is detailed. It shows how the workflow
enforces multi-level approval hierarchies, enhancing security by requiring multiple authorizations for critical changes. The
integration of SNS for notifications ensures that relevant stakeholders are promptly informed, facilitating better communication
and faster decision-making. The selection of an existing SNS topic demonstrates reuse and consistency in notification
management, which is vital in maintaining organized communication channels across large teams.

Additionally, the image reinforces the narrative on compliance by illustrating how approvals are configured in alignment
with organizational policies. The visibility into approval requirements and the ability to specify multiple levels of approvers
strengthen accountability, ensuring that all changes undergo rigorous review before implementation. This approach not only
enhances security but also supports regulatory compliance by maintaining a detailed audit trail of approval activities.
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Specify change details

Task
Change template Document version Status
AllowSsmSessionStartTemplate 1 @ Pending review
Owmer Runbook
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Change request approvals
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Enter an SNS Amazon Resource Name (ARN)
Create an Amazon SNS topic

© Select an existing Amazen SNS topic

Target notification topic

Figure 4: Change Request Details and Approval Configuration

3.2. Approval Process

The Approval Process stage ensures that only authorized personnel can approve or reject change requests, maintaining
strict access control and accountability. Once a change request passes the validation checks, it enters a Review phase, where it
is assessed by relevant stakeholders, such as system administrators, security officers, or team leads. Reviewers evaluate the
request's impact on system stability, security, and compliance, considering factors such as downtime, resource utilization, and
potential risks. This thorough review process ensures that changes align with organizational goals and do not compromise
operational integrity.
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Following the review, the request undergoes an Approval or Rejection decision. Approved requests are marked for
execution, while rejected requests are sent back to the requester with feedback for revision or clarification. This decision-
making process is guided by RBAC policies, ensuring that only users with appropriate roles and permissions can approve or
deny requests. To maintain transparency and accountability, all actions during the approval process are meticulously logged.
Logging is facilitated through AWS CloudTrail, capturing details such as the approver's identity, decision timestamps, and
justifications provided. This detailed audit trail supports compliance with regulatory requirements and enables traceability in
case of disputes or post-implementation reviews.

Specify parameters

Automation assume role

The role you select will be used to run the change operation. Ensure that the role has the required permissions for running Systems
Manager automations. Learn more

IAM role
Select an IAM role in this account that has the necessary permissions to run this operation. To create a custom role, go to the 1AM console.

arn:awsiam:s role/SsmSessionControlChangeMangerRole v

Deployment location

The accounts and AWS Regions where the change is to be made.

Target location
© Apply change to this account

Apply change to multiple Organizational units {(OUs)

Deployment targets
Specify the targets on which to make the change.

Target resources
© Single resource

Multiple resources

Runbook parameters

EcZInstanceld
ECZ Id where the use can login. BExample: i-1234567890abodefg

i-12345678%0abcdefg

lamPrincipalType
{Required) Principal type valid values: role,user

role

lamPrincipal
{Required) IAM User name or IAM Role name, for example: myuser

Operator |

Figure 5: Select_IAM_Approvers

The process of selecting IAM approvers within AWS Systems Manager. The screenshot shows the selection of the
"ChangeManagers" group, which is responsible for approving change requests. This feature enhances security by ensuring that
only authorized personnel can approve critical changes. By grouping users under a specific role, AWS Systems Manager
streamlines the approval process while maintaining strict access controls. This approach reduces human error and minimizes
the risk of unauthorized changes. It also aligns with compliance requirements by ensuring that approval is handled by
personnel with appropriate permissions.
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Figure 6: Specify_Change_Details

The parameter configuration step, where an 1AM role with the necessary permissions is assigned to perform automation
tasks. It specifies the deployment location and targets, ensuring changes are applied to the right EC2 instance. The runbook
parameters, including EC2 instance ID, IAM principal type, and 1AM principal name, are clearly defined to provide granular
control over the automation process. This level of specification enhances security and operational efficiency by restricting
actions to designated resources and roles. It also illustrates the flexibility of AWS Systems Manager in managing multi-account
and multi-region deployments.

Execution detail: AllowStartSsmSession

» Execution description

» Qutputs

Execution status

Overall status All executed steps # Succeeded # Failed # Cancelled # TimedOut

In Progress 1 1 0 0 [
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b939e0fd-2493-4fet _.__ 1003 - UntaglamPrinciple aws:executeScript @ Pending

Figure 7: Change_Manager_Overview

The Change Manager Overview dashboard in AWS Systems Manager. It provides a consolidated view of change requests,
categorized into pending, rejected, approved, and closed requests. This centralized interface enhances visibility into the change
management process, allowing administrators to track and manage changes effectively. The dashboard also includes a request
filter for quick access to specific change records, supporting efficient auditing and compliance checks. This feature is vital for
maintaining transparency and accountability within the change management lifecycle.

3.3. Execution

Once a change request is approved, the Execution stage automates the deployment of changes using AWS Systems
Manager. This stage is crucial for minimizing human errors, ensuring consistency, and maintaining operational efficiency.
Automation is achieved through pre-defined workflows using Automation Documents (runbooks) that standardize the
execution of complex tasks, such as application deployments, configuration updates, or security patching. By leveraging these
runbooks, organizations can ensure repeatable and error-free operations, reducing the risk of configuration drift and
inconsistencies.
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During execution, Run Command is utilized to remotely execute commands on the target instances, enabling
administrators to perform tasks without direct SSH or RDP access. This enhances security by reducing the attack surface and
maintaining control over distributed environments. To maintain system integrity, State Manager is employed to enforce the
desired state of managed instances. This involves continuous monitoring and remediation to ensure that instances remain
compliant with predefined configurations and security policies. Additionally, OpsCenter centralizes operational data and
events, providing visibility into the execution process and facilitating efficient incident management. If any issues arise during
execution, OpsCenter enables quick identification and resolution, minimizing downtime and operational disruptions.

3.4. Notification

Effective communication is a critical aspect of change management, and the Notification stage ensures that relevant
stakeholders are informed throughout the workflow. AWS Simple Notification Service (SNS) is used to manage notifications
efficiently and reliably. At the start of this stage, a new Topic is created for the change request. Topics serve as communication
channels that group recipients based on their roles or responsibilities, ensuring that notifications are sent to the appropriate
audience. This approach reduces noise and ensures that critical alerts reach the right stakeholders promptly.

Subscription Management allows administrators to manage subscriptions to the SNS topic, tailoring notifications to the
needs of different teams or individuals. For example, engineering teams may receive detailed technical updates, while
management may receive high-level summaries. Message Sending is then triggered at various workflow stages, such as request
submission, approval, execution, or completion. Notifications can be delivered through multiple channels, including email,
SMS, or integrated messaging platforms like Slack, ensuring timely communication and enhancing collaboration. By
maintaining transparency and keeping stakeholders informed, this stage mitigates risks associated with miscommunication or
unplanned disruptions.

3.5. Audit and Compliance

The Audit and Compliance stage ensures that all workflow activities are securely logged, monitored, and compliant with
organizational security policies and regulatory standards. This is achieved through the integration of RBAC, AWS CloudTrail,
and AWS CloudWatch. Logging is performed using AWS CloudTrail, which records all actions, including who initiated the
change, approval decisions, execution details, and notification events. This comprehensive audit trail provides full traceability
and accountability, supporting post-implementation reviews and compliance audits.

To maintain continuous oversight, Monitoring is implemented using AWS CloudWatch, which tracks workflow metrics
and operational health. Alerts are configured to notify administrators of anomalies, such as failed execution steps or
unauthorized access attempts, enabling proactive incident response. Compliance is enforced through RBAC, which ensures that
all actions adhere to security policies and access controls. This includes verifying that only authorized personnel can initiate,
approve, or execute changes. Additionally, RBAC policies are continuously evaluated and updated to reflect organizational
changes or new security requirements.

3.6. Algorithm
def automated_change_management_workflow(change_request):
# Step 1: Change Request
if validate_change_request(change_request):
# Step 2: Approval Process
if approve_change_request(change_request):
# Step 3: Execution
execute_change_request(change_request)
# Step 4: Notification
send_notification(change_request)
# Step 5: Audit and Compliance
log_action(change_request)
monitor_workflow(change_request)
ensure_compliance(change_request)
else:
log_rejection(change_request)
else:
log_invalid_request(change_request)

10



Prof. Hector Ramirez / IJAIBDCMS, 5(1), 1-16, 2024

def validate_change_request(change_request):
# Validate the change request against predefined rules and policies
return True

def approve_change_request(change_request):
# Review and approve the change request
return True

def execute_change_request(change_request):
# Use AWS Systems Manager to execute the change request
# Example: Run Command, State Manager, Automation, OpsCenter
pass

def send_notification(change_request):
# Use SNS to send notifications to relevant stakeholders
# Example: Create topic, manage subscriptions, send message
pass

def log_action(change_request):
# Log all actions in AWS CloudTrail
pass

def monitor_workflow(change_request):
# Use AWS CloudWatch to monitor the workflow
pass

def ensure_compliance(change_request):
# Ensure all actions are compliant with security policies
pass

def log_rejection(change_request):
# Log the rejection of the change request
pass

def log_invalid_request(change_request):
# Log the invalidity of the change request
pass

3.7. Implementation

3.7.1. AWS Systems Manager
Run Command

import boto3

def run_command(instance_id, command):
ssm_client = boto3.client('ssm’)
response = ssm_client.send_command(
Instancelds=[instance_id],
DocumentName="AWS-RunShellScript’,
Parameters={'commands': [command]}
)
return response
State Manager
def maintain_state(instance_id, state_document):
ssm_client = boto3.client('ssm’)
response = ssm_client.put_managed_instance_automation(
Instanceld=instance_id,

11
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DocumentName=state_document,
Parameters={}

return response

3.7.3. SNS

Topic Management

def create_topic(topic_name):
sns_client = boto3.client('sns")
response = sns_client.create_topic(Name=topic_name)
return response['TopicArn’]

def manage_subscriptions(topic_arn, protocol, endpoint):
sns_client = boto3.client('sns")
response = sns_client.subscribe(
TopicArn=topic_arn,
Protocol=protocol,
Endpoint=endpoint
)
return response
Message Sending
def send_message(topic_arn, message):
sns_client = boto3.client('sns")
response = sns_client.publish(
TopicArn=topic_arn,
Message=message

)

return response

3.7.4.RBAC
Role Management
def create_role(role_name, policy_arn):
iam_client = boto3.client(‘iam’)
response = iam_client.create_role(
RoleName=role_name,

AssumeRolePolicyDocument="{"Version": "2012-10-17","Statement": [{"Effect":

"ec2.amazonaws.com"},"Action": "sts:AssumeRole"}] }'
)
iam_client.attach_role_policy(
RoleName=role_name,
PolicyArn=policy_arn
)
return response
User and Group Management
def create_user(user_name):
iam_client = boto3.client(‘iam’)
response = iam_client.create_user(UserName=user_name)
return response

def add_user_to_group(user_name, group_name):
iam_client = boto3.client(‘iam’)
response = iam_client.add_user_to_group(
UserName=user_name,
GroupName=group_name

)

return response

12
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4. Evaluation
4.1. Security

The integration of Role-Based Access Control (RBAC) in the workflow enhances security by ensuring that all actions are
performed only by authorized users and services. In AWS, RBAC is implemented using Identity and Access Management
(IAM), which defines granular permissions for users, groups, and roles. This approach minimizes the risk of unauthorized
access and security breaches by enforcing the principle of least privilege, where users and services are granted only the
permissions necessary to perform their tasks. For example, approval rights are restricted to senior administrators or security
officers, while execution permissions are assigned to automation roles with no direct human access.

AWS CloudTrail provides comprehensive logging of all actions performed within the workflow, including who initiated
the change, what actions were taken, and when they occurred. This detailed audit trail ensures full traceability and
accountability, supporting forensic investigations in case of security incidents. By maintaining an immutable log of all events,
CloudTrail safeguards against tampering and unauthorized modifications. These logs can also be integrated with security
information and event management (SIEM) systems for real-time threat detection and compliance reporting. Together, RBAC
and CloudTrail form a robust security framework that protects against insider threats, unauthorized access, and potential data
breaches, ensuring a secure and compliant change management process.

4.2. Operational Efficiency

The workflow significantly enhances operational efficiency by automating change management and instance control tasks
that were previously manual and error-prone. AWS Systems Manager plays a pivotal role in this automation, enabling
centralized management and execution of operational tasks across distributed environments. By leveraging Systems Manager's
Run Command and Automation features, administrators can remotely execute commands, deploy configurations, and enforce
state consistency without requiring direct access to instances. This reduces the need for manual intervention, minimizes human
errors, and accelerates change deployment timelines.

The integration of Simple Notification Service (SNS) automates stakeholder communication, ensuring that relevant teams
are promptly informed of change requests, approvals, executions, and completions. This automated notification system
eliminates the reliance on manual emails or messaging, reducing communication delays and enhancing collaboration across
teams. The standardized workflows and automated approval processes also streamline decision-making, ensuring that changes
are reviewed and approved more efficiently. By reducing operational overhead and increasing the speed and accuracy of
change management, the workflow enhances overall productivity and operational agility.

4.3 Compliance

Compliance is a critical consideration in change management, particularly for organizations operating in regulated
industries. The workflow ensures compliance with security policies and regulatory standards by integrating RBAC and AWS
CloudTrail, which provide the necessary controls and logging to meet audit and governance requirements. RBAC enforces
strict access controls, ensuring that only authorized personnel can initiate, approve, or execute changes. This prevents
unauthorized modifications and maintains compliance with internal security policies, industry regulations, and best practices.

AWS CloudTrail provides a complete audit trail of all workflow activities, including change requests, approvals,
executions, and notifications. These logs capture detailed information about each action, such as the identity of the user or role
performing the action, the resources affected, and the timestamps. This level of detail supports compliance with regulatory
standards such as HIPAA, GDPR, and SOC 2, which require comprehensive logging and monitoring of system activities.
Additionally, the logs are securely stored and can be easily queried for compliance audits, security reviews, or incident
investigations. By ensuring that all actions are logged, monitored, and compliant with predefined security policies, the
workflow provides a transparent and accountable change management process. This not only satisfies regulatory requirements
but also enhances organizational trust and credibility by demonstrating a commitment to security and governance.

5. Case Studies
5.1. Case Study 1: Patch Management
e Problem: A large enterprise faced significant challenges in managing the patching of hundreds of Amazon EC2
instances across multiple environments. The existing manual process was highly time-consuming and prone to human
errors, leading to inconsistent patch deployment. This inefficiency not only increased operational costs but also
exposed the organization to security vulnerabilities, as unpatched systems remained susceptible to known exploits.
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Additionally, the lack of a standardized process made it difficult to ensure compliance with internal security policies
and regulatory requirements, further compounding the risk.

Solution: To address these challenges, the organization implemented an automated change management and instance
control workflow using AWS Systems Manager for patch management. Systems Manager's Patch Manager feature
allowed the enterprise to automate the deployment of patches across all instances, ensuring consistent and timely
updates. Simple Notification Service (SNS) was integrated to provide real-time notifications to relevant stakeholders
at each stage of the patching process, including initiation, approval, execution, and completion. Role-Based Access
Control (RBAC) was utilized to restrict patch initiation and approval rights to authorized personnel only, ensuring
secure and compliant change management. The workflow also leveraged AWS CloudTrail for detailed logging and
auditing, enabling comprehensive traceability and accountability for all actions performed.

The implementation of the automated workflow yielded significant benefits for the enterprise:

Time Reduction: The time required to manage patching operations was reduced by 70%, primarily due to the
automation of repetitive tasks and the elimination of manual interventions. This allowed the IT team to focus on more
strategic initiatives, improving overall productivity.

Security: By ensuring timely and consistent patch deployment, the organization reduced security vulnerabilities by
90%, effectively mitigating the risk of potential cyber-attacks and data breaches.

Compliance: The detailed logging and access controls provided by RBAC and CloudTrail enabled the organization to
meet all compliance requirements, including internal security policies and external regulatory standards, ensuring a
secure and auditable patch management process.

5.2. Case Study 2: Configuration Management

Results

Problem: A fast-growing startup faced difficulties in maintaining the desired state of its Amazon EC2 instances. Due
to rapid scaling and frequent changes, the startup struggled with configuration drift, where instances deviated from the
predefined configurations over time. This inconsistency led to operational issues such as application downtime,
degraded performance, and increased troubleshooting efforts. The manual configuration management process was not
only time-consuming but also prone to human errors, exacerbating configuration drift and impacting overall system
reliability.

Solution: To overcome these challenges, the startup adopted the automated change management and instance control
workflow using AWS Systems Manager for configuration management. Systems Manager's State Manager was
utilized to define and enforce the desired state of instances, ensuring that all configurations remained consistent with
organizational policies. In addition, Automation features were used to remediate any configuration drift automatically.
SNS was integrated to provide stakeholders with real-time notifications of configuration changes, approvals, and
compliance status. RBAC was implemented to enforce strict access controls, ensuring that only authorized personnel
could initiate or approve configuration changes. This approach not only enhanced security but also reduced the risk of
unauthorized modifications.

The automated workflow delivered substantial improvements in the startup's configuration management processes:

Operational Efficiency: The time required to manage and enforce configurations was reduced by 60%, enabling the IT
team to respond more quickly to changing business requirements and reducing operational overhead.

Configuration Drift: The proactive enforcement of desired states using State Manager reduced configuration drift by
80%, significantly enhancing system reliability and performance.

Compliance: The workflow ensured that all configuration changes were compliant with internal governance policies
and external regulatory standards. The detailed logging provided by CloudTrail facilitated easy audits and compliance
reporting, bolstering the startup's security posture.

Table 1: Change Request Details

Change Request ID User Instance ID Change Type Status Timestamp
12345 John i-12345678 Patch Approved 2023-10-01 12:00:00
12346 Jane i-87654321 Configuration Approved 2023-10-02 13:00:00

Table 2: Workflow Efficiency Improvements
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Metric Before Workflow After Workflow Improvement
Time to Manage Patching 4 hours 1.2 hours 70%
Security Vulnerabilities 50 5 90%
Configuration Drift 20% 4% 80%

5.3. Conclusion

The integration of AWS Systems Manager, SNS, and RBAC provides a robust and automated workflow for change
management and instance control. By automating traditionally manual processes such as patching and configuration
management, the workflow enhances security, operational efficiency, and compliance. The role of RBAC in enforcing access
controls ensures that only authorized personnel can initiate, approve, or execute changes, reducing the risk of unauthorized
modifications and security breaches. Meanwhile, SNS enables efficient communication and collaboration by delivering real-
time notifications to stakeholders, ensuring transparency throughout the change lifecycle. The detailed algorithm presented in
this paper demonstrates the practical implementation of the workflow, highlighting its flexibility and scalability across various
cloud environments. The case studies illustrate the real-world effectiveness of the proposed solution, showcasing significant
improvements in time efficiency, security, and compliance. By standardizing change management processes and automating
operational tasks, the workflow provides a scalable and secure solution for modern cloud infrastructures, catering to both large
enterprises and fast-growing startups.

5.4. Future Work
To further enhance the proposed workflow, future research can focus on the following areas:

e Scalability: Evaluating the scalability of the workflow in large-scale and dynamic cloud environments is crucial as
organizations continue to expand their cloud infrastructure. Research should investigate the performance and
efficiency of the workflow under varying workloads, including auto-scaling scenarios and multi-account architectures.
Additionally, optimizing resource allocation and cost management will be key to maintaining scalability without
compromising operational efficiency.

e Integration: Exploring the integration of the workflow with other AWS services such as AWS Lambda, Amazon
EventBridge, and third-party tools like ServiceNow or Jira can enhance its functionality and adaptability. This
includes seamless integration with CI/CD pipelines for DevOps workflows, incident management platforms for faster
issue resolution, and security information and event management (SIEM) systems for enhanced threat detection and
compliance reporting.

e Machine Learning: Applying machine learning techniques to the approval process can further streamline change
management by automating decision-making based on historical data, risk analysis, and contextual factors. Machine
learning algorithms can be trained to detect patterns and anomalies, enabling predictive analytics for proactive risk
mitigation. For example, anomaly detection models can identify suspicious activities or unauthorized changes,
triggering automated remediation actions or escalating alerts to security teams.
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