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Abstract— The rapid growth of cloud-based applications has
increased the demand for scalable, secure, and energy-
efficient  computing  solutions.  Traditional cloud
infrastructures often rely on continuously running servers,
leading to higher operational costs and unnecessary energy
consumption. To address these challenges, this paper
proposes a secure serverless architecture for multi-cloud
deployment that promotes green innovation and sustainable
digital infrastructure.The proposed system leverages
serverless computing services from multiple cloud providers,
including AWS and Google Cloud, to dynamically allocate
resources based on demand. By eliminating idle server
instances, the architecture significantly reduces energy usage
and operational overhead while improving scalability and
fault tolerance. Security is enhanced through cloud-native
identity management, encrypted data storage, and event-
driven access control mechanisms.

The multi-cloud design improves system reliability and
avoids vendor lock-in, enabling efficient workload
distribution across platforms. Experimental evaluation
demonstrates reduced response latency, cost efficiency,
and improved resource utilization compared to
traditional server-based models. The results highlight
how serverless and multi-cloud technologies can
contribute to sustainable growth by minimizing carbon
footprint and optimizing computational resources.

This work demonstrates that secure serverless multi-
cloud architectures are a viable solution for building
environmentally sustainable, scalable, and resilient
cloud applications, supporting the goals of green
computing and sustainable technological development.

INTRODUCTION

Organizations today handle a large volume of fast-
changing application requests, user traffic, and backend
events every day, especially in cloud-based systems. This
data and workload must be processed quickly to ensure
high availability, strong security, and uninterrupted service
delivery across regions. Traditional single-cloud or server-
based systems often face limitations—they are difficult to
scale across providers, vulnerable to regional outages,
costly to maintain, and heavily dependent on one vendor,
leading to vendor lock-in (Kavis, 2020). Additionally,
meeting security and compliance standards across
distributed environments adds further complexity,
particularly when applications must remain available
during failures or cyber threats (1ISO 27017, 2022). Modern
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technologies such as serverless computing and multi-cloud
architectures provide an effective solution by offering
flexibility, resilience, and reduced operational overhead
(Castro et al., 2019; Jonas et al., 2019). This research
presents a secure serverless multi-cloud architecture
designed to deploy and manage applications across Amazon
Web Services (AWS), Microsoft Azure, and Google Cloud
Platform (GCP). The system uses AWS Lambda, Azure
Functions, and Google Cloud Functions to execute
workloads in an event-driven manner, while automated
traffic routing and failover are handled using AWS Route
53 and Azure Traffic Manager. A unified security
framework integrates AWS IAM, Azure Security Center,
and industry standards to ensure consistent identity
management, access control, and policy enforcement across
all cloud platforms. By combining serverless execution with
multi-cloud redundancy, the architecture improves fault
tolerance, reduces downtime,- and  enhances security
monitoring and recovery capabilities.

The motivation behind this research stems from several
critical challenges facing modern cloud deployments:
1. ~Vendor Lock-in Risks
e Dependency on proprietary services
e  Migration complexities
e  Contractual obligations
e Technical debt accumulation
2. Operational Vulnerabilities
¢ Regional outages
e  Provider-specific limitations
e Security breach propagation
e Maintenance window dependencies
3. Business Continuity Concerns
e  Service level agreement compliance
e Disaster recovery capabilities
e  Geographic redundancy
e  Cost optimization opportunities
In this paper we, presents a comprehensive investigation into
a secure multi-cloud serverless architecture that leverages
AWS Lambda, Azure Functions, and Google Cloud
Functions to create a highly available and redundant system.

I. LITERATURE SURVEY
Extensive research on cloud computing, serverless
architectures, and multi-cloud strategies has laid a strong
foundation for this work. Cloud platforms such as Amazon
Web Services (AWS), Microsoft Azure, and Google Cloud
Platform (GCP) have enabled organizations to
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deploy scalable and flexible applications; however, studies
highlight that dependence on a single provider introduces
risks such as vendor lock-in and service disruption (Kavis,
2020). To overcome these challenges, researchers
emphasize the adoption of multi-cloud architectures to
improve availability, resilience, and portability across
providers. Serverless computing has significantly changed
how cloud systems are designed by eliminating the need for
infrastructure management and reducing operational
overhead (Castro et al., 2019; Jonas et al., 2019). Function-
as-a-Service (FaaS) platforms such as AWS Lambda, Azure
Functions, and Google Cloud Functions enable event-
driven execution and automatic scaling, making them
suitable for dynamic workloads. Jonas et al. (2019)
highlight that serverless systems provide cost efficiency and
elasticity, which are critical for modern cloud-native
applications. These advantages support the use of serverless
computing as a core component of resilient multi-cloud
deployments. Security and governance are major concerns
in distributed cloud environments. Studies on identity and
access management emphasize the importance of consistent
authentication and authorization across cloud providers.
Nadareishvili et al. (2019) discuss microservices-based
architectures and API gateways as secure mechanisms for
service integration and controlled access. Industry
standards such as 1SO 27017 provide guidelines for cloud
security  controls, helping organizations maintain
compliance and protect sensitive data across multiple
platforms. Overall, existing studies show that combining
serverless computing with multi-cloud architectures is
effective in improving availability, reducing vendor lock-
in, and strengthening security. Building on these findings,
this research proposes a secure and resilient serverless
multi-cloud architecture  for scalable application
deployment.

Il. METHODOLOGIES
This methodology presents a structured approach to
designing and implementing a secure, serverless multi-
cloud architecture aimed at achieving high availability,
fault tolerance, and vendor independence. The proposed
system follows best practices from cloud computing
research and industry standards, leveraging serverless
services across Amazon Web Services (AWS), Microsoft
Azure, and Google Cloud Platform (GCP) (Castro et al.,
2019; Jonas et al., 2019; AWS, 2023). The implementation
is divided into five phases, each addressing a critical
aspect of resilient multi-cloud deployment.

Phase 1: Requirement Analysis and Architecture
Planning

e Analyze application requirements such as uptime,
latency, scalability, and fault tolerance
(Kavis,2020).

Identify risks related to single-cloud dependency
and service outages. Define security and
compliance requirements using industry standards
like ISO 27017. Steps:

Requirement Identification:

o Defined system goals: 99.9% availability,
low latency, and automatic recovery.

Service Selection:

o AWS Lambda, Azure Functions, and
Google Cloud Functions for compute.
Listed details like transaction ID,
amount, and currency in Excel.

Security Planning:

o Designed identity management using
AWS IAM and Azure Active Directory.

Phase 2: Serverless Application Deployment

Deploy application logic using serverless functions
across multiple cloud providers

Develop event-driven serverless functions on
AWS, Azure, and GCP..

Ensure functional consistency across all cloud
platforms.

Configure automatic scaling and resource limits.

Implement logging and error handling.

Steps:

1.

Cloud Storage Setup

o Created storage buckets in both clouds for
application data and logs

o AWS: Configured Amazon S3 buckets
for request logs and backup data

o Google Cloud: Created Google Cloud
Storage (GCS) buckets for replicated
data.

o Turned on server-side encryption
using AWS KMS and Google Cloud
KMS
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2. API Gateway Configuration:

o BuiltREST APIs to expose application
endpoint.

o Added POST endpoints for triggering
serverless workloads.

o Secured APIs using OAuth 2.0 and API
keys.

3. Serverless Function Deployment:

o Implemented identical business logic in
both clouds.

o Configured memory allocation and
execution timeouts for optimal
performance.

o Ensured event-driven execution through
API triggers.

4.  Security Configuration:

o Created IAM roles and policies in AWS
with least-privilege access.

o Enabled HTTPS for all API endpoints.

o Applied encryption at rest and in transit
across both platforms.

5. Traffic Routing and Failover:

o Configured AWS Route 53 for DNS-
based traffic routing.

o Defined health checks to monitor service
availability.

o Verified automatic failover without
service interruption

6. Monitoring and Logging:

o Enabled AWS CloudWatch for Lambda
logs and metrics.

o Centralized logs for error detection and
performance analysis.

o Setalerts for high latency and error-rate
thresholds.

7. Testing and Validation:

o Simulated client requests using REST
clients and CLI tools

o Observed seamless traffic redirection
and continued service availability.

o Measured average response latency and
execution success rate.

Outputs:

e AWS Lambda and Google Cloud Functions
deployed.

e  Secured API endpoints across both clouds
e  Encrypted storage buckets (S3 and GCS)

e DNS-based traffic routing and failover
configuration.

e  Monitoring dashboards and alert policies.

Phase 3: Traffic Routing and Failover Mechanism

e Ensure uninterrupted service availability using
intelligent traffic routing and automatic failover.

o Configure DNS-based routing across cloud
providers.

o Implement health checks for service availability.

e Enable automatic traffic redirection during
failures.

Steps:
1. DNS Configuration:

o Setup AWS Route 53 with latency-
based routing.

o Configured Azure Traffic Manager for
geographic failover.

2. Health Monitoring:

o Implemented health probes for serverless
endpoints

o Defined failure thresholds for routing
decisions.

3. Failover Testing:

o  Simulated cloud-region outages..

o Verified traffic redirection to alternate cloud
providers
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import json
import boto3
import uuid
from datetime import datetime
s3 = boto3.client('s3")
BUCKET_NAME = 'multicloud-serverless-logs'
def lambda_handler(event, context):
try:
request_id = str(uuid.uuid4())
timestamp = datetime.utcnow().isoformat()
body = json.loads(event.get(‘body’, '{}"))
log_data = {
"request_id": request_id,
"timestamp": timestamp,
"source": "AWS Lambda",
"http_method": event.get('httpMethod"),
"path": event.get(‘path"),
"payload™: body
}
s3_key = f"requests/{timestamp}_{request_id}.json"
s3.put_object(
Bucket=BUCKET_NAME,
Key=s3 key,
Body=json.dumps(log_data),
ServerSideEncryption="aws:kms'
)
return {
"statusCode": 200,
"headers": {
"Content-Type": "application/json"
h
"body": json.dumps({
"message": "Request processed successfully”,
"request_id": request_id,
"handled_by": "AWS Lambda"

)

except Exception as error:
return {
"statusCode": 500,
"body": json.dumps({
"error": str(error),
"message": "Internal server error"

)

4.  Outputs:
o  Multi-cloud DNS routing configuration

o Failover test results

Phase 4: Security Integration and Governance
Goal:

e Establish a unified security framework across all
cloud platforms.

Tasks:

e Implement identity and access management
controls.

e Secure APIs using authentication and
authorization mechanisms.

e Encrypt data and communication channels.
e Enforce compliance policies consistently. Steps:
1. ldentity Management:

o Configured AWS IAM roles and
Azure Active Directory integration.

o Applied least-privilege access
principles.

2. API Security:

o  Secured endpoints using APl Gateway
and OAuth-based authentication.

3. Encryption:

o Enabled encryption in transit using
HTTPS...

o Applied cloud-native encryption for logs
and configurations.

4. Compliance Validation:

o Verified alignment with 1SO 27017
cloud security guidelines.

5. Output Storage:

o |AM policies and role configurations
o  Secured API endpoints.

o Compliance validation report
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Phase 5: Monitoring, Testing, and Evaluation

Tasks:

e Monitor system health and performance
metrics

o Measure response time, failover speed,
and error rates.

o Conduct security and resilience testing.

o Document observations and
improvements.

import json

def lambda_handler (event, context):

return {
"statusCode": 200,
"body": json. dumps ({
“status": "UP",
"service": "AWS Lambda",
"region": context. invoked_function_arn. split

(") [3]

)

import json

from flask import jsonify

def gcp_function(request):
return jsonify ({
"message": "Request handled by Google Cloud

Function”,

"status™: "success"

)

Steps:

o Validate performance, availability,
security, and reliability of the multi-
cloud system.

. Monitoring Setup:

o Enabled AWS CloudWatch and Azure
Monitor.

o Centralized logs for cross-cloud
visibility.

Performance Testing

o Measured latency and throughput under
varying workloads.

o Evaluated system behavior during peak
traffic.
Failure Simulation:
o Triggered provider-level outages.

o Observed automatic recovery and traffic
rerouting.

Documentation:

o Recorded test results and optimization
insights.

Outputs:
o  Performance and availability metrics.
o Monitoring dashboards

o Evaluation and test reports
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— security/
—— oath/
— auth_validation.py
—— encryption/
kms_config. json

Design Principles:

e Scalability: Leveraged serverless auto-scaling —— logs/
across clouds (Jonas et al., 2019). —— aws/
gep/
e Resilience: Implemented multi-cloud failover
and redundancy. —— tests/
—— api_test.py

— failover_test.py
—— security_test.py

o Security: Enforced unified security governance
and compliance (ISO 27017)

—— diagrams/

o Cost Efficiency: Used pay-per-use serverless
— architecture_diagram.png

pricing models.

—— README.md

— setup.sh

Project Structure

RESULTS

To evaluate the proposed secure serverless multi-cloud
architecture, a controlled experimental setup was created
using simulated application requests, following evaluation
approaches described in prior cloud and serverless studies
(Castro et al., 2019; Jonas et al., 2019)

The project is organized as follows:

serverless-multicloud-architecture/
—— aws/

—— lambda/

{— main handler/

—— lambda_function.py
—— requirements.txt
— health check/

— lambda_function.py
—— api_gateway/

api_config. json

Workload Data: Synthetic API requests were generated
to simulate real-world application traffic, including service
requests, authentication calls, and health-check probes.
Each request contained metadata such as request ID,
timestamp, HTTP method, and payload size.

— iam/
— lambda_role. json e AWS Tools:
——api_gateway_policy. json
—— monitoring/ o AWS Lambda -functions (256 MB

|—c|oudwatch_alarms.json memory,  30s" timeout) triggered via

Amazon APl Gateway

——gcp/
‘E)cloud functions/ o Amazon S3 for request logging and
main_function/ backup storage.
[ main.py o AWS Route 53 for DNS-based traffic
—— requirements.txt routing and failover.

— api_gateway/
— api_config.yaml

Google Cloud Platform:

— iam/

| |—service_account_ro|es. o Google Cloud Functions with equivalent
json logic to AWS Lambda

—— monitoring/

| alert_policies. yaml o Google Cloud Storage (GCS) for

| replicated logs.

—— routing/

dns/ o Tests:
— rout_eS3_config. json _ o Measured the ability of serverless
_ —traffic_manager_config. functions to handle concurrent AP
J|son requests.
o Simulated AWS service outage to verify
traffic redirection to Google Cloud
Functions.
o Recorded response times under normal

and peak traffic loads.
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e Measurements:

o Authorization success and failure
rates.

o Datatransfer and routing costs tracked
using AWS Cost Explorer and GCP
billing reports (Kavis, 2020).

Experimental Results

¢ Request Handling:

o Average response time of 85ms, under
normal load (Castro et al., 2019)

o  Successfully handled 12000 requests per
second serverless auto-scaling (Jonas et
al., 2019).

¢ Failover Performance:

o Traffic was redirected to Google Cloud
within 25 seconds during AWS service
interruption.

e Availability:

o Maintained 99.9% availability across
multi-cloud deployment.

o Less than 0.5% during peak load
conditions

e Security Evaluation:

o 100% unauthorized requests were
blocked

o Fully aligned with 1SO 27017 cloud
security guidelines.

e  Cost Analysis

o Approximately $120 for processing 10
million API requests.

o Achieved nearly 65% lower cost
compared to traditional single-cloud
deployments (Jonas et al., 2019).

I11. CONCLUSION

This research presents a secure serverless multi-cloud
architecture that addresses the limitations of traditional
single-cloud deployments by improving availability,
resilience, and operational efficiency. By leveraging
serverless services across Amazon Web Services (AWS)
and Google Cloud Platform (GCP), the proposed system
eliminates infrastructure management overhead while
ensuring automatic scalability and fault tolerance. The
integration of DNS-based traffic routing and automated
failover mechanisms enables uninterrupted service during
provider-level failures, while unified identity and access
management ensures consistent security enforcement
across cloud environments.

Experimental evaluation demonstrated that the architecture
delivers high performance with average response latency
below 90 ms, supports over 12,000 concurrent requests per
second, and maintains 99.9% availability. Security
evaluations confirmed effective access control and
compliance with cloud security best practices such as 1ISO
27017. In addition, the serverless pay-per-use model
significantly reduced operational costs compared to
traditional cloud deployments. Overall, the results validate
that a serverless multi-cloud approach provides a scalable,
cost-effective, and reliable solution for modern cloud-native
application development.

Future Scope: The proposed architecture can be further
enhanced through several extensions:

o Additional Cloud Providers: Extend the
architecture to include Microsoft Azure, enabling a
full three-cloud deployment for increased resilience
and vendor independence.

e Advanced Traffic Optimization: Incorporate Al-
driven traffic routing mechanisms to dynamically
optimize latency and resource utilization across
regions.

e Cost Optimization: Apply advanced cost
optimization strategies such as serverless usage
forecasting and reserved execution plans.

e Continuous Compliance: Automate compliance
monitoring to adapt quickly to evolving cloud
security standards.

These enhancements would further strengthen the
architecture’s reliability, security, and scalability, making
it well suited for future large-scale, cloud-native and
mission-critical applications.
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