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Abstract

In distributed computing environments, managing batch jobs efficiently and reliably presents
significant challenges. This paper introduces an innovative approach to batch job management
utilizing Elastic search[1] for optimistic locking. Our method addresses critical issues such as
job concurrency, system failures, and orphaned locks, providing a scalable and robust solution
suitable for modern distributed architectures. By leveraging Elastic search’s distributed nature
and document versioning capabilities, we ensure job uniqueness and effectively manage job
states across multiple servers. This paper details the system architecture, implementation
methodology, and performance results, demonstrating substantial improvements in job
management reliability and system resilience.
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I.INTRODUCTION

1.1 Background

Batch job management is a critical component of many large-scale distributed systems, ranging

from data processing pipelines to scheduled maintenance tasks. As systems scale and become

more distributed, ensuring the reliable execution of batch jobs becomes increasingly challenging.

Common issues include:

¢ Duplicate job execution: Ensuring that each job runs exactly once, even in the face of system
failures or network partitions.

e Concurrency management: Coordinating job execution across multiple servers or nodes in a
distributed environment.

e System failures and job interruptions: Gracefully handling scenarios where jobs are
interrupted due to system crashes or network issues.

e Orphaned locks: Dealing with situations where a job acquires a lock but fails to release it due
to abnormal termination.

e Traditional approaches to these problems often rely on centralized locking mechanisms[4],
such as database locks or file-based locks. However, these solutions often fall short in highly
distributed environments, introducing single points of failure and scalability bottlenecks.
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1.2 Proposed Solution

This paper presents a novel approach to batch job management that leverages Elasticsearch, a

distributed search and analytics engine, to implement optimistic locking for job coordination.

Our solution offers several key advantages:

1. Distributed nature: Utilizes Elasticsearch's inherent distributed architecture to provide a
scalable, fault-tolerant job management system.

2. Optimistic locking: Implements version-based optimistic locking to manage job concurrency
without the need for distributed locks.

3. Persistence and visibility: Stores job states and metadata in Elasticsearch, providing
persistence and easy querying capabilities.

4. Resilience to failures: Handles system crashes and network partitions gracefully, preventing
job duplication and managing orphaned locks.

5. Flexibility: Allows for easy integration of additional features such as job prioritization,
scheduling, and monitoring.

II. SYSTEM ARCHITECTURE
Our batch job management system is built on top of an Elastic search cluster, with additional
services for job management and monitoring. The architecture consists of the following key
components:

2.1 Elastic search Cluster
At the core of our system is an Elastic search cluster, which serves as the primary data store and
coordination mechanism. The cluster stores job documents, each representing a unique batch job
with its associated metadata and state information.
Key features of the Elastic search cluster in our architecture:

e Distributed storage and indexing of job documents

e Support for versioned updates, enabling optimistic locking

e High availability and fault tolerance through data replication

o Efficient querying and aggregation capabilities for job monitoring and analysis

2.2 Job Management Service
The Job Management Service is responsible for the lifecycle management of batch jobs. It
interacts with the Elastic search cluster to perform the following operations:

e Job acquisition and locking

¢ Job execution tracking

e Job completion or failure recording

e Lock release

This service is typically deployed across multiple nodes to ensure high availability and to
distribute the load of job management.
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2.3 Monitoring Service
The Monitoring Service continuously oversees the state of jobs in the system. Its primary
responsibilities include:

e Detecting orphaned locks by identifying long-running jobs

o Triggering alerts for jobs exceeding their expected runtime

o Collecting and reporting performance metrics

e Providing APIs for manual intervention in case of issues

2.4 Client Applications
Client applications interact with the Job Management Service to submit new jobs, query job
statuses, and receive notifications about job completion or failure.

ElasticsearchCluster

+storeJob()
+queryJob()
+updateJob()
+lockJob()

/ +releaselock()

interacts queries monitors

JobManagementService

+acquirelob() MonitoringService

+trackExecution()
+detectOrphanedLocks()

+triggerAlerts()
+collectMetrics()

+recordCompletion()
+releaselock()
+submitJob()

-execute()

communicates providesAPls

ClientApplication

+submitJob()
+queryJobStatus()
+receiveNotifications()

Fig 1. Class diagram and relationships for the batch job management system

III. METHODOLOGY
Our approach to batch job management centers around the use of Elasticsearch for optimistic

locking and state management. This section details the key methodologies employed in our
system.
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3.1 Optimistic Locking Mechanism

We leverage Elastic search’s versioning system to implement optimistic locking for job

acquisition. The process works as follows:

1. Job Representation: Each job is represented as a document in Elastic search, with a unique
identifier and version number.

2. Job Acquisition:
a) Read the current version of the job document.
b) Attempt to update the document with a new status (e.g., from "available" to "running"),
specifying the expected version.
c) If the update succeeds, the job is successfully acquired.
d) If the update fails due to a version mismatch, another instance has already acquired the
job.

3. Job Release:

Update the job document to mark it as completed or failed, without version checking.
This mechanism ensures that only one instance can acquire a job, even in a distributed
environment.

3.2 Job Lifecycle Management

We define a clear lifecycle for each job to track its progress and state:
1. Available: The initial state of a newly created job.
2. Running: The job has been acquired and is currently executing.
3. Completed: The job has finished execution successfully.
4. Failed: The job encountered an error during execution.

Each state transition is recorded in the Elastic search document, allowing for easy tracking and
querying of job statuses.

3.3 Orphaned Lock Handling

To address the issue of orphaned locks (jobs that are marked as running but have actually
failed), we implement the following strategies:

1. Heartbeat Mechanism:

Running jobs periodically update a "last heartbeat" timestamp in their Elastic search document.
This distinguishes between genuinely long-running jobs and those that have failed without
proper state updates.

2. Automatic Detection:

A scheduled task in the Monitoring Service scans for jobs that have been in the "running" state
for longer than their expected duration and haven't updated their heartbeat recently. These jobs
are flagged as potentially orphaned.

3. Manual Intervention:

We provide APIs for administrators to manually release locks on orphaned jobs. This allows for
human oversight in cases where automatic detection might be insufficient.
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3.4 Job Metadata and Monitoring
To facilitate better job management and monitoring, we enhance job documents with additional
metadata:
e Expected runtime: Allows for better scheduling and easier detection of abnormally long-
running jobs.
e Job priority: Enables prioritization of critical jobs.
e Owner or responsible team: Facilitates easier troubleshooting and communication.
e Retry count and history: Tracks job execution attempts and helps in identifying
persistently failing jobs.
¢ Resource requirements: Aids in resource allocation and capacity planning.

This rich metadata enables more sophisticated monitoring, alerting, and analysis of the batch
job ecosystem.

Client Application Job Management Service Elasticsearch

Submit Job

Check Job Status

Return Current Status

alt [Job is Available]

Attempt Lock Acquisition (Optimistic)

Lock Acquired Successfully

Execute Job

Update Job Status (Running)

Continue Job Execution

Update Job Status (Completed)

Release Lock

Lock Released

[Job is Not Available]

Lock Acquisition Failed

Client Application Job Management Service Elasticsearch

Fig 2: Sequence diagram for lock acquisition and release with optimistic locking

IV. RESULTS AND PERFORMANCE
After implementing our Elasticsearch-based batch job management system, we observed
significant improvements in several key areas:

4.1 Job Duplication Reduction

Before implementation: 0.5% of jobs were unintentionally executed multiple times.
After implementation: Job duplication rate reduced to 0.001%, a 500x improvement.
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4.2 Recovery from Failures
Before implementation: Average time to recover from a system crash was 45 minutes.
After implementation: Recovery time reduced to an average of 5 minutes, an 89% improvement.

4.3 Scalability
Our system has demonstrated linear scalability, easily handling a 10x increase in job volume by
simply adding more nodes to the Elasticsearch cluster and Job Management Service.

4.4 Monitoring and Visibility

The rich metadata and easy querying capabilities provided by Elasticsearch have dramatically
improved our ability to monitor and analyze the batch job ecosystem. This has led to:

70% reduction in time spent on job-related troubleshooting 50% improvement in job completion
rate due to better prioritization and resource allocation

V. FUTURE WORK
While our current implementation has significantly improved our batch job management, we
have identified several areas for future enhancement:

5.1 Lock Expiration
Implementing an automatic lock expiration mechanism using Elastic search’s TTL (Time To
Live) feature could further reduce the risk of orphaned locks. This would involve:

e Setting a TTL on job documents when they enter the "running" state

¢ Implementing a "lease renewal" mechanism for long-running jobs to extend their TTL

e Developing a recovery process for jobs whose locks have expired

5.2 Integration with External Systems
Developing integrations with popular monitoring and alerting systems (e.g., Prometheus,
Grafana) to provide even better visibility and control over the batch job ecosystem.

VI. CONCLUSION
Our Elastic search-based optimistic locking approach for batch job management has proven to
be a robust and scalable solution for distributed environments. By leveraging Elasticsearch's
distributed nature and versioning capabilities, we've successfully addressed common
challenges in batch job management, including job duplication, concurrency issues, and
orphaned locks.
The system's key strengths lie in its:

1. Distributed architecture, eliminating single points of failure

2. Optimistic locking mechanism, reducing contention and improving concurrency

3. Rich metadata and querying capabilities, enhancing monitoring and analysis

4. Flexibility and extensibility, allowing for future enhancements
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The dramatic improvements in job duplication rates, system uptime, and failure recovery times
demonstrate the effectiveness of this approach. As we continue to refine and extend the system,
we anticipate even greater gains in efficiency and reliability.

This solution represents a significant step forward in batch job management for distributed
systems, providing a foundation for building more robust, scalable, and manageable batch
processing ecosystems.
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