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Abstract

The growing reliance on distributed systems and microservices architecture necessitates resilient API polling
frameworks capable of handling transient failures without compromising system stability. This research introduces a
hybrid framework that integrates adaptive retry strategies with exponential backoff and jitter, dynamically tuned
timeout policies, robust fallback mechanisms, and event-driven strategies. These components collectively enhance
the ability of API polling frameworks to handle transient failures by reducing response times, conserving resources,
and enabling more intelligent recovery mechanisms. By incorporating event-driven approaches, the framework
optimizes communication flow and reduces unnecessary polling. This paper establishes a high-level blueprint for
scalable, fault-tolerant API polling frameworks, laying the foundation for future innovation in resilient distributed
systems.
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1. Introduction

Modern applications increasingly rely on distributed systems and microservices to achieve scalability and fault
isolation. However, such architectures are susceptible to transient failures—temporary disruptions caused by network
instability, resource contention, or intermittent service issues. These failures, though short-lived, can cascade into
broader system instability, affecting performance and reliability.

API polling frameworks are commonly used to query external services for updates or data. Inadequate handling of
transient failures in these frameworks can lead to prolonged latencies, resource bottlenecks, and service outages.
While traditional resilience methods such as retries and timeouts are effective, the inclusion of event-driven
strategies can significantly reduce unnecessary polling and improve system responsiveness.

This paper proposes a hybrid framework combining four key resilience strategies:

1. Adaptive retry strategies with exponential backoff and jitter to prevent synchronized request spikes.
2. Dynamically tuned timeout policies to optimize resource utilization and responsiveness.

3. Robust fallback mechanisms to maintain service continuity during API unavailability.

4. Event-driven strategies to reduce unnecessary polling and respond dynamically to system changes.
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2. Problem Statement

API polling frameworks face several challenges in ensuring reliability during transient failures:

o Request Overload: Repeated retries during API failures can overwhelm services, worsening the
problem.

. Resource Bottlenecks: Poorly configured timeouts can tie up resources and delay fallback actions.
. Service Disruption: A lack of fallback mechanisms results in visible service outages and degraded

user GXpCI'iCIlCC.

o Polling Inefficiencies: Continuous polling can lead to unnecessary overhead and increased latency
in scenarios where event-driven approaches could deliver results more effectively.

These challenges highlight the need for a comprehensive framework that ensures robustness, reduces latency, and
leverages event-driven mechanisms to optimize communication.

3. Solution

The hybrid framework integrates four critical components—adaptive retry strategies, dynamic timeout policies,
robust fallback mechanisms, and event-driven strategies—to address the limitations of traditional API polling
frameworks.

3.1 Adaptive Retry Strategies

Retrying failed requests is a standard technique in handling transient failures, but poorly implemented retries can
overload systems. The proposed framework employs exponential backoff with jitter and real-time system metrics
to optimize retries.

Key Principles

. Exponential Backoff: Retry intervals grow exponentially with each failure, preventing immediate
retries that could worsen service load.

. Jitter: Adds randomness to retry intervals, preventing synchronized retries from multiple clients.

. Adaptiveness: Dynamically adjusts retry behavior based on metrics such as API response times,
error rates, and current load conditions.

Design Considerations
o Retry Limits: Enforce a maximum number of retries to prevent excessive resource usage.

o Priority Handling: Critical requests are allowed more retries, while non-critical requests may fail
over to fallback mechanisms sooner.

o Feedback Loops: Use monitoring data to dynamically adjust base delay and jitter ranges.

Example Implementation
Retry intervals can be calculated using:

© 2022, [JSREM | www.ijsrem.com DOI: 10.55041/IJSREM16747 | Page 2



http://www.ijsrem.com/

QS

IJSREM
*"’”"‘éﬁl ternational Journal of Scientific Research in Engineering and Management (I[JSREM)
RS Volume: 06 Issue: 11 | Nov - 2022 SJIF Rating: 7.185 ISSN: 2582-3930

tretry = base delay x 2" 4 random jitter

Where n is the retry count, and jitter is drawn from a predefined range.

3.2 Timeout Policies

Timeout policies prevent excessive waiting for unresponsive APIs, enabling systems to reclaim resources promptly.
The proposed framework uses dynamically tuned timeouts based on historical and real-time performance metrics.

Key Principles
o Dynamic Adjustment: Modify timeouts in real-time to reflect changing API performance.
o Context-Awareness: Different APIs can have customized timeout profiles based on their expected

response times.
Design Considerations

o Baseline Timeout: Establish initial timeout thresholds based on historical response patterns (e.g.,
95th percentile of response times).

. Real-Time Tuning: Adjust thresholds dynamically to accommodate current conditions, such as
increased latency during peak loads.

o Granularity: Apply timeouts at various levels, from global policies for all APIs to specific policies
for critical endpoints.

Example Implementation
Timeouts can be updated using a weighted moving average:

'ﬂimeuul, = - il-iliﬁl.nvrif:al + (]- - ﬂ) ) 'Tcm'rem

Where a\alphaa determines the balance between historical and real-time data.

3.3 Fallback Mechanisms

Fallback mechanisms ensure continuity during failures, preserving user experience even when APIs are unavailable.

Key Principles
o Static Responses: Provide predefined responses for predictable scenarios.
) Cached Data: Serve previously retrieved data when APIs fail.
. Degraded Functionality: Offer partial features to maintain core functionality.

Design Considerations

o Layered Fallbacks: Use a hierarchy of fallback options, starting with the least disruptive (e.g.,
cache) and progressing to more severe measures (e.g., disabling non-critical functionality).

o Context-Awareness: Tailor fallbacks to user and application needs, ensuring the most relevant
response.
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. Transition Monitoring: Restore normal functionality promptly when the API becomes available.

Example Implementation
Fallback logic can include:

python (P Copy code

if retries_exceeded or timeout_reached:
if cache_available:
return cached_response
elif fallback_static:
return static_response
else:

return degraded_functionality()

3.4 Event-Driven Strategies

Event-driven strategies complement API polling by enabling the system to respond dynamically to changes instead
of continuously polling for updates.

Key Principles

. Event Subscription: Services subscribe to events from APIs, reducing the need for repeated polling.
For example, an e-commerce application might subscribe to inventory change notifications.

. Hybrid Model: Combine polling with event-driven mechanisms for APIs that do not fully support
event notifications. Polling intervals can be dynamically adjusted based on event triggers.

. Event Propagation: Use message queues or pub/sub systems to propagate events efficiently across
distributed components.

Design Considerations

. Fallback to Polling: For APIs that fail to emit events due to transient failures, the system can revert
to traditional polling mechanisms.

. Latency Management: Ensure that event-driven approaches are optimized to minimize the delay
between event occurrence and system reaction.

o Scalability: Design event-handling systems to manage high event volumes without bottlenecks.

Example Implementation
An API polling framework might use a hybrid mechanism:

o Regular polling every 10 minutes.

o Immediate polling triggered by an event notification indicating critical changes.
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4. Uses

The proposed hybrid resilience framework, which integrates adaptive retry strategies, dynamic timeout policies,
fallback mechanisms, and event-driven strategies, is broadly applicable across various domains. In e-commerce
platforms, it can optimize inventory updates and payment processing by reducing unnecessary polling through event-
driven mechanisms. For IoT systems, the framework ensures efficient communication between devices and cloud
services, handling high-frequency updates and transient failures effectively. In financial services, it supports critical
real-time operations such as transaction validation and fraud detection, while fallback mechanisms ensure continuity
in reconciliation tasks during outages. In content delivery networks (CDNs), the framework aids in dynamic cache
invalidation and content updates, leveraging event-driven strategies to maintain performance and scalability. By
addressing transient failures and optimizing communication, the framework provides significant benefits in these
diverse, high-demand environments.

5. Conclusion

This paper proposes a hybrid resilience framework for API polling, addressing transient failures through adaptive
retry strategies, dynamic timeout policies, fallback mechanisms, and event-driven strategies. By incorporating event-
driven approaches, the framework optimizes communication, reduces overhead, and improves responsiveness. These
components collectively enhance system reliability and performance, providing a scalable blueprint for fault-tolerant
distributed systems. Future work can explore integrating machine learning for predictive tuning or extending the
framework to emerging paradigms like edge computing.
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