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ABSTRACT: Batch processing remains a central pattern for large scale data movement and transformation within 

enterprise systems, and Spring Batch has become a widely adopted framework for implementing such processing on the 

Java platform. This article presents a systematic examination of the transactional consistency models applicable to Spring 

Batch pipelines interfacing with relational PostgreSQL instances at scale, focusing on the interaction between the chunk 
oriented processing model central to Spring Batch, the transaction management infrastructure it relies upon, and the 

multiversion concurrency control mechanism underlying PostgreSQL's own transactional guarantees. The study 

examines the job repository through which Spring Batch persists execution metadata, the checkpointing and restart 

semantics that depend on that metadata, and the isolation level considerations relevant to chunk boundary transactions 

operating against a PostgreSQL backed data store under concurrent load. Particular attention is given to failure handling 

strategies, including skip, retry, and restart semantics, and to the idempotency considerations that arise when a partially 

completed batch step must be resumed following a failure. The article further examines partitioning strategies for 

horizontally scaling batch execution across multiple parallel workers and the additional transactional coordination 

challenges such partitioning introduces. The findings indicate that achieving robust transactional consistency in large 

scale Spring Batch pipelines requires deliberate architectural attention extending well beyond the default configuration 

offered by the framework, particularly as data volume and processing concurrency increase. 
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I. INTRODUCTION 
 

Enterprise systems frequently require the periodic processing of substantial volumes of data, whether reconciling 

financial transactions, generating reports, migrating records between systems, or applying bulk updates to a large dataset, 

a class of processing commonly referred to as batch processing and distinguished from interactive, request driven 

processing by its emphasis on throughput and completeness over individual request latency. Spring Batch, developed as 

part of the broader Spring Framework ecosystem, provides a structured programming model for implementing such batch 

processing on the Java platform, organizing processing into jobs composed of one or more steps, each of which may in 
turn be implemented using a chunk oriented processing model that reads, processes, and writes data in bounded groups. 

 

The transactional characteristics of a batch processing pipeline carry particular significance given the scale at which such 

pipelines typically operate, since a failure occurring partway through the processing of a large dataset must be handled 

in a manner that avoids both the loss of already completed work and the duplication or corruption of data resulting from 

an incompletely applied unit of work. When such a pipeline interfaces with a relational database such as PostgreSQL as 

its primary data store, the transactional guarantees offered by that database, and the manner in which Spring Batch's own 

transaction management interacts with those guarantees, become central to the correctness of the overall system. 

 

This article undertakes a systematic examination of the transactional consistency models applicable to Spring Batch 

pipelines operating against PostgreSQL at scale, motivated by the observation that while Spring Batch provides a well 
documented default transactional behavior, achieving robust consistency guarantees under the concurrency and volume 

characteristics typical of large scale enterprise batch processing frequently requires deliberate architectural decisions 

extending beyond that default behavior, decisions informed by an understanding of both the framework's internal 

transaction management and the specific concurrency control characteristics of the underlying relational database. 

 

The remainder of this article proceeds as follows. Section two provides background on batch processing architecture and 

transactional consistency principles. Section three examines the Spring Batch chunk oriented processing model and its 
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default transactional behavior. Section four addresses the job repository and its role in checkpointing and restart. Section 

five examines PostgreSQL concurrency control and its interaction with chunk boundary transactions. Section six 

addresses failure handling through skip, retry, and restart semantics. Section seven examines idempotency considerations. 

Section eight addresses partitioning strategies for horizontal scaling. Section nine examines isolation level selection at 

scale. Section ten addresses performance implications. Section eleven discusses practical enterprise applications, section 

twelve offers broader discussion, and section thirteen concludes the article. 

 

II. BACKGROUND: BATCH PROCESSING AND TRANSACTIONAL CONSISTENCY 
 

Transactional consistency, as a foundational concept within database theory, is commonly discussed in terms of the 

properties of atomicity, consistency, isolation, and durability, collectively referred to by the acronym ACID, which 

together define the guarantees a database transaction provides regarding the correctness of concurrent and failure prone 

execution. Atomicity ensures that a transaction either completes in its entirety or has no effect at all, isolation ensures 

that concurrently executing transactions do not observe one another's intermediate, uncommitted state, and durability 

ensures that once a transaction has committed, its effects survive subsequent system failure. 

 

Batch processing systems introduce an additional layer of consistency concern beyond that addressed by a single database 

transaction, since a batch job processing a large dataset typically cannot, for practical reasons of memory usage and lock 

contention, be executed as a single, monolithic database transaction spanning the entire dataset, motivating instead the 
chunk oriented model in which processing is divided into a sequence of smaller transactions, each committing a bounded 

subset of the overall work, with the batch framework itself responsible for tracking progress across this sequence of 

transactions in a manner that allows correct resumption following a failure partway through the overall job. 

 

This architectural pattern, sometimes discussed within the broader batch processing literature under the heading of 

checkpoint and restart processing, requires the batch framework to persist sufficient metadata regarding job progress that 

a subsequent restart attempt can correctly determine which portions of the overall dataset have already been successfully 

processed and committed, and which portions remain to be processed, a requirement that introduces its own transactional 

considerations regarding the consistency between the persisted checkpoint metadata and the actual state of the data being 

processed. 

 

2.1 The Two General Position on Batch and Real Time Consistency Models 
The broader database systems literature has long distinguished between the consistency demands of online transaction 

processing workloads, characterized by numerous short lived transactions each affecting a small number of rows, and 

batch or online analytical processing workloads, characterized by fewer, longer running operations affecting substantially 

larger volumes of data, a distinction with direct implications for the transaction management strategy appropriate to each. 

Spring Batch pipelines, by virtue of the chunk oriented model examined throughout this article, occupy a position between 

these two poles, since the overall job may process a volume of data more characteristic of an analytical workload while 

the individual chunk transactions themselves more closely resemble the short lived, bounded transactions characteristic 

of online transaction processing. 

 

This hybrid position carries direct architectural significance, since a batch pipeline designer cannot simply adopt 
transaction management conventions wholesale from either the pure online transaction processing tradition or the pure 

analytical processing tradition, but must instead reason explicitly about the specific consistency and throughput tradeoffs 

relevant to the chunk oriented model, a reasoning process this article aims to support through the systematic examination 

presented in the sections that follow. 

 

III. THE SPRING BATCH CHUNK ORIENTED PROCESSING MODEL 
 

Spring Batch organizes the core unit of batch processing work around the chunk oriented step, in which an ItemReader 

component reads individual items from a data source, an optional ItemProcessor component applies business logic 

transformation to each item, and an ItemWriter component writes a completed chunk of processed items, of a configured 

chunk size, to the destination data store, with the entire chunk written within the scope of a single database transaction, 

such that the writing of a given chunk either succeeds in its entirety or, upon failure, is rolled back in its entirety, leaving 
no partial chunk committed to the destination store. 

 

This chunk boundary transactional model represents a deliberate architectural compromise between the impracticality of 

committing the entire job as a single transaction, given the memory and lock duration implications of holding a transaction 
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open across a potentially enormous dataset, and the impracticality of committing every individual item as its own separate 

transaction, given the substantial per transaction overhead that would be incurred processing a large dataset one item at 

a time. The chunk size configuration parameter therefore represents a significant tuning consideration, examined further 

in section ten, balancing transaction overhead against the granularity of failure recovery and the duration for which 

database locks are held during chunk processing. 

 

The default transaction management employed by Spring Batch relies on the Spring Framework's 
PlatformTransactionManager abstraction, configured, in the context of a PostgreSQL backed application, to interact with 

the JDBC connection through which the application communicates with the database, ensuring that the read, process, and 

write operations comprising a single chunk are correctly enlisted within a shared database transaction that is committed 

only upon successful completion of the entire chunk, and rolled back should any exception occur during the processing 

or writing of any item within that chunk. 

 

3.0 Illustrative Chunk Oriented Step Configuration 
A representative chunk oriented step definition, expressed using the Spring Batch Java configuration style, is shown 

below for illustration, including the transaction manager reference relied upon at the chunk boundary. 

 

@Bean 

public Step processOrdersStep(JobRepository jobRepository, 
                               PlatformTransactionManager txManager, 

                               ItemReader<Order> reader, 

                               ItemProcessor<Order, Order> processor, 

                               ItemWriter<Order> writer) { 

  return new StepBuilder("processOrdersStep", jobRepository) 

      .<Order, Order>chunk(500, txManager) 

      .reader(reader) 

      .processor(processor) 

      .writer(writer) 

      .build(); 

} 

 

Table 1: Chunk Oriented Processing Components and Their Transactional Roles 
 

Component Primary Responsibility Transactional Involvement 

ItemReader Reads individual items from the data 

source 

Reads participate in the chunk 

transaction when reading from a 

transactional resource 

ItemProcessor Applies business logic transformation Executes within the chunk 

transaction, no independent commit 

ItemWriter Writes a completed chunk to the 

destination 

Write operations committed 

atomically at chunk boundary 

JobRepository Persists job and step execution metadata Typically committed in a transaction 

separate from the chunk data 

transaction 

 
As summarized in Table 1, the transactional involvement of each component within the chunk oriented model varies 

considerably, a distinction of particular importance when reasoning about the consistency between the business data 

being processed and the job repository metadata tracking that processing, examined in detail in section four. 

 

3.1 Transaction Attribute Propagation Across Chunk Boundaries 
The Spring Framework's declarative transaction management, upon which Spring Batch's chunk boundary transactions 

are built, relies on a defined set of transaction propagation behaviors governing how a transaction is created, joined, or 
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suspended as execution passes across method boundaries within the application. Within the chunk oriented step, the 

default propagation configuration ensures that a new transaction is begun at the start of each chunk, with the reader, 

processor, and writer components invoked for that chunk all participating within that single transaction, a configuration 

that must be preserved carefully when a batch application introduces its own custom transactional components, such as 

an ItemProcessor that itself invokes a transactional service method, since an inadvertent propagation configuration on 

such a nested component could result in that component either inappropriately beginning its own, separate transaction or 

inappropriately suspending the enclosing chunk transaction, either of which would undermine the atomicity guarantee 
the chunk oriented model is designed to provide. 

 

Read only transaction optimization, supported by both the Spring Framework's transaction management infrastructure 

and by PostgreSQL itself, offers a further tuning consideration relevant to chunk oriented steps whose ItemReader 

performs no writes, allowing the transaction manager to communicate to the underlying database that the current 

transaction will perform no modifications, a hint that PostgreSQL can, in certain circumstances, use to reduce the 

transactional bookkeeping overhead associated with that transaction, though care must be taken to apply this optimization 

only to steps genuinely free of write operations, since incorrectly marking a transaction read only when it in fact contains 

write operations would result in those write operations being rejected by the database at the point of execution. 

 

IV. THE JOB REPOSITORY AND CHECKPOINT CONSISTENCY 
 
The JobRepository within Spring Batch serves as the persistence mechanism through which the framework records the 

execution state of jobs, steps, and the chunk level progress within each step, information that a subsequent restart attempt 

relies upon to correctly resume a previously interrupted job at the appropriate point rather than reprocessing the entire 

dataset from the beginning. When backed by a relational database, as is commonly the case in production deployments, 

the job repository persists this metadata within a defined set of tables, typically created according to a schema provided 

as part of the Spring Batch distribution itself. 

 

A significant architectural consideration arises from the relationship between the transaction committing a given chunk's 

business data and the transaction, or transactions, committing the corresponding job repository metadata recording that 

the chunk was successfully processed. When both the business data and the job repository metadata reside within the 

same PostgreSQL instance, Spring Batch is commonly configured to commit both within the same underlying database 
transaction, ensuring that a chunk's business data commit and the corresponding metadata update recording that commit 

succeed or fail together, preserving consistency between the two. 

 

This co located, single transaction configuration, while providing strong consistency guarantees, requires that the job 

repository and the business data reside within the same database instance and be accessible through the same transactional 

resource, a requirement not always satisfied in enterprise architectures where the job repository may be hosted separately 

from one or more of the data sources a given batch job interacts with, a scenario examined further in the discussion of 

distributed and multi resource transactional challenges in section nine. 

 

4.0 Illustrative Job Repository and Data Source Configuration 
A representative configuration establishing a shared PostgreSQL backed data source and transaction manager, ensuring 
the job repository and business data commit within the same underlying transaction, is shown below for illustration. 

 

@Bean 

public DataSource batchDataSource() { 

  return DataSourceBuilder.create() 

      .url("jdbc:postgresql://db-host:5432/orders") 

      .username("batch_user") 

      .driverClassName("org.postgresql.Driver") 

      .build(); 

} 

  

@Bean 

public PlatformTransactionManager transactionManager(DataSource ds) { 
  return new DataSourceTransactionManager(ds); 

} 
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@Bean 

public JobRepository jobRepository(DataSource ds, 

                                    PlatformTransactionManager txManager) 

    throws Exception { 

  JobRepositoryFactoryBean factory = new JobRepositoryFactoryBean(); 

  factory.setDataSource(ds); 

  factory.setTransactionManager(txManager); 
  factory.setIsolationLevelForCreate("ISOLATION_READ_COMMITTED"); 

  return factory.getObject(); 

} 

 

Table 2: Job Repository Consistency Configurations 

 

Configuration Pattern Consistency Characteristic Applicable Scenario 

Shared PostgreSQL instance, single 

transaction 

Strong consistency between metadata 

and business data 

Job repository and business data 

colocated 

Separate PostgreSQL instance for 

repository 

Requires distributed transaction 

coordination for strong consistency 

Multi database or multi tenant 

architectures 

In memory job repository No durability across process restart Development and testing 
environments only 

Repository with eventual 

reconciliation 

Weaker consistency, requires 

reconciliation logic 

High throughput scenarios 

prioritizing availability 

 

The configurations summarized in Table 2 illustrate that the strong consistency guarantee associated with the default, 

colocated single transaction pattern is not universally available across all enterprise deployment architectures, motivating 

the more detailed examination of alternative coordination strategies presented in subsequent sections of this article. 

 

4.1 Job Repository Schema Considerations Under High Volume Execution 
The job repository schema provided as part of the standard Spring Batch distribution persists a granular record of 

execution history, including individual step execution details and, depending on configuration, execution context data 

capturing the specific state necessary to resume a given step, a level of granularity that, while valuable for diagnostic and 

restart purposes, can accumulate substantial data volume over the operational lifetime of a high frequency batch 

processing environment executing numerous job instances on a regular schedule against a large underlying dataset. 
 

Enterprise deployments operating at the scale examined throughout this article commonly implement a retention and 

archival strategy for job repository data, periodically purging or archiving execution history beyond a defined retention 

window, a practice that must be undertaken carefully to avoid inadvertently removing execution history still required to 

support the restart of a job execution that remains incomplete, motivating retention policies informed by the maximum 

expected duration between a job's initial execution attempt and any subsequent restart attempt that might be required 

following an extended operational incident. 

 

V. POSTGRESQL CONCURRENCY CONTROL AND CHUNK BOUNDARY TRANSACTIONS 
 

PostgreSQL implements transactional isolation through a multiversion concurrency control mechanism, in which a given 
row may exist in multiple versions simultaneously, with each transaction presented a consistent view of the data 

corresponding to the point in time, or the beginning of the transaction, depending on the configured isolation level, at 

which that transaction's view was established, allowing readers to proceed without blocking concurrent writers and vice 

versa, a characteristic with direct relevance to the concurrent execution of multiple Spring Batch chunks or parallel batch 

job instances against a shared PostgreSQL instance. 
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The interaction between this multiversion concurrency control mechanism and the chunk oriented transactional model 

examined in section three carries particular significance for write heavy batch workloads, since a chunk transaction that 

both reads a set of rows to determine which items require processing and subsequently writes updates to those same rows 

must contend with the possibility that a concurrently executing chunk, whether from a parallel step within the same job 

or from an entirely separate job instance, may be attempting to read or write overlapping rows, a scenario whose 

resolution depends on the specific isolation level configured for the chunk transaction. 

 
Lock contention arising from concurrent chunk transactions attempting to update overlapping rows within a PostgreSQL 

instance can manifest as increased transaction latency, or in more severe cases, as deadlock conditions that PostgreSQL's 

deadlock detection mechanism resolves by aborting one of the contending transactions, a scenario that, within the Spring 

Batch execution context, would typically trigger the framework's configured retry logic, examined in section six, 

assuming such retry has been appropriately configured to recognize the specific database exception associated with a 

deadlock abort. 

 

5.1 Vacuum Processing and Long Running Batch Workloads 
PostgreSQL's multiversion concurrency control mechanism, discussed above, retains obsolete row versions following an 

update or delete operation until a background vacuum process reclaims the storage occupied by those obsolete versions, 

a maintenance process whose behavior carries particular relevance to large scale batch processing workloads, since a 

batch job performing substantial update or delete volume against a given table can generate a correspondingly substantial 
volume of obsolete row versions requiring subsequent vacuum processing, potentially affecting both the storage footprint 

and query performance of the affected table until such vacuum processing completes. 

 

Enterprise deployments running large scale batch pipelines on a regular schedule commonly coordinate vacuum 

processing configuration, whether through PostgreSQL's automatic vacuum daemon or through explicitly scheduled 

manual vacuum operations, with the batch execution schedule itself, ensuring that vacuum processing has adequate 

opportunity to reclaim storage from a prior batch execution's obsolete row versions before the next scheduled execution 

begins, a coordination consideration that, while operating at a layer somewhat distinct from the transactional consistency 

concerns examined elsewhere in this article, nonetheless bears directly on the sustained operational performance of a 

batch pipeline operating at the scale this article addresses. 

 

VI. FAILURE HANDLING: SKIP, RETRY, AND RESTART SEMANTICS 
 

Spring Batch provides several complementary mechanisms for handling failures encountered during chunk processing, 

each addressing a distinct category of failure scenario and carrying distinct implications for the transactional consistency 

of the overall job. The skip mechanism allows a step to be configured such that an exception encountered while processing 

a specific item results in that item being excluded from further processing and recorded as skipped, while the remainder 

of the chunk continues processing, appropriate for scenarios in which individual item level failures, such as a malformed 

input record, should not abort the entire batch job. 

 

The retry mechanism, by contrast, addresses transient failure scenarios, such as a temporary database connectivity 

interruption or a deadlock abort of the kind discussed in section five, by re attempting the failed operation, whether at the 
level of an individual item or, depending on configuration, at the level of the entire chunk, a configurable number of 

times before ultimately treating the failure as terminal and either skipping the item, if skip has also been configured, or 

failing the step entirely. 

 

6.0 Illustrative Skip and Retry Policy Configuration 
A representative step configuration combining skip and retry policies, distinguishing data validation failures from 

transient connectivity failures as discussed above, is shown below for illustration. 

 

@Bean 

public Step processOrdersStep(JobRepository jobRepository, 

                               PlatformTransactionManager txManager, 

                               ItemReader<Order> reader, 

                               ItemProcessor<Order, Order> processor, 
                               ItemWriter<Order> writer) { 

  return new StepBuilder("processOrdersStep", jobRepository) 

http://www.ijctece.com/


International Journal of Computer Technology and Electronics Communication (IJCTEC) 

                       | ISSN: 2320-0081 | www.ijctece.com ||A Peer-Reviewed, Refereed and Bimonthly Journal | 

    || Volume 2, Issue 3, May-June 2019 || 

    DOI: 10.15680/IJCTECE.2019.0203004 

IJCTEC© 2019                                                            |     An ISO 9001:2008 Certified Journal   |                                              1224 

 

      .<Order, Order>chunk(500, txManager) 

      .reader(reader) 

      .processor(processor) 

      .writer(writer) 

      .faultTolerant() 

      .skip(ValidationException.class) 

      .skipLimit(100) 

      .retry(TransientDataAccessException.class) 
      .retryLimit(3) 

      .build(); 

} 

 

Restart semantics govern the behavior of a job that is resumed following a prior execution that failed or was otherwise 

stopped before completion, relying on the job repository metadata discussed in section four to determine the point within 

the overall job at which processing should resume, typically at the beginning of the step that was executing at the time of 

the prior failure, with any chunks already successfully committed during that step's prior execution attempt not 

reprocessed, a behavior whose correctness depends directly on the consistency guarantees between business data commits 

and job repository metadata updates examined in section four. 

 

Table 3: Failure Handling Mechanisms and Their Transactional Implications 
 

Mechanism Failure Category Addressed Transactional Implication 

Skip Item level data or processing errors Chunk transaction excludes skipped 

item, continues with remainder 

Retry Transient infrastructure or contention 

failures 

May reattempt at item or chunk level, 

within bounded attempt count 

Restart Job level interruption or crash Resumes from last committed chunk 

per job repository metadata 

Step level rollback Unrecoverable error within a chunk Entire chunk transaction rolled back, no 

partial commit 

 

The distinctions summarized in Table 3 highlight that each failure handling mechanism operates at a different granularity, 

and that correct configuration of a Spring Batch step for a given enterprise scenario typically requires deliberate 

coordination across all three mechanisms rather than reliance on any single mechanism in isolation. 

 

6.1 Skip Policy Configuration and Exception Classification 
Effective use of the skip mechanism requires careful classification of the exception types eligible for skip treatment, since 

Spring Batch allows a step to be configured with a specific set of exception classes for which skip behavior should apply, 

alongside an explicit maximum skip count bounding the total number of items a given step execution is permitted to skip 

before the framework instead treats the accumulation of skips as itself indicative of a systemic problem warranting step 

failure rather than continued item level skipping. This bounded skip count configuration serves as an important safeguard 

against a batch job silently discarding an unexpectedly large proportion of its input data due to a systemic upstream data 

quality issue that would be better surfaced as an explicit failure requiring investigation than allowed to proceed as an 

accumulation of individually skipped items. 

 
Distinguishing between exception types appropriate for skip treatment and those that should instead trigger retry or 

immediate step failure requires domain specific judgment informed by the nature of the underlying failure, since a data 

validation exception, indicating that a specific input record fails to satisfy an expected format or business rule, is generally 

an appropriate candidate for skip treatment, whereas a database connectivity exception, indicating a transient 

infrastructure failure unrelated to the specific item being processed, is generally a more appropriate candidate for retry 

treatment, since skipping in response to such a transient infrastructure failure would incorrectly discard an item that was 

never actually invalid. 
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VII. IDEMPOTENCY CONSIDERATIONS IN RESUMED PROCESSING 
 

The restart semantics examined in section six depend on an implicit assumption regarding the idempotency of the 

operations performed within a batch step, namely that reprocessing a chunk that was, in fact, already successfully 

committed prior to a failure, due to some inconsistency between the actual database state and the job repository metadata, 

does not result in an incorrect outcome, such as the duplicate application of an update or the duplicate insertion of a 

record. While the colocated, single transaction consistency pattern discussed in section four is designed specifically to 
prevent such inconsistency from arising in the first place, defensive idempotency measures within the batch processing 

logic itself provide an additional safeguard against this class of error. 

 

Common idempotency patterns applicable within a PostgreSQL backed Spring Batch pipeline include the use of upsert 

style write operations, in which an insert operation that would otherwise violate a uniqueness constraint is instead 

translated into an update of the existing conflicting row, a pattern directly supported within PostgreSQL through its insert 

with conflict resolution syntax, allowing a batch writer to safely reattempt an insert operation without risk of a duplicate 

key violation should that same item have, in fact, already been successfully written during a prior, only partially recorded 

execution attempt. 

 

7.0 Illustrative PostgreSQL Upsert Statement 
A representative upsert statement, suitable for use within a custom ItemWriter to achieve safe reprocessing of a chunk 
that may have partially committed prior to a restart, is shown below for illustration. 

 

INSERT INTO order_summary (order_id, customer_id, total_amount, updated_at) 

VALUES (:orderId, :customerId, :totalAmount, now()) 

ON CONFLICT (order_id) 

DO UPDATE SET 

  total_amount = EXCLUDED.total_amount, 

  updated_at = EXCLUDED.updated_at 

WHERE order_summary.total_amount <> EXCLUDED.total_amount; 

 

An alternative idempotency strategy involves explicitly recording, within the business data itself rather than relying solely 

on job repository metadata, a marker indicating that a given source record has already been processed, allowing the batch 

job's own item reader logic to exclude already processed records from a subsequent restart attempt independently of 
whatever job repository state might be present, a strategy that introduces additional schema and query complexity but 

offers a degree of resilience against job repository metadata corruption or loss that reliance on job repository metadata 

alone would not provide. 

 

VIII. PARTITIONING STRATEGIES FOR HORIZONTAL SCALING 
 

Spring Batch supports a partitioning model through which a single logical step may be divided into multiple partitions, 

each processed independently, potentially by a separate worker thread or, in a remote partitioning configuration, by an 

entirely separate worker process, allowing the overall throughput of a batch job to scale beyond what a single sequential 

chunk oriented execution could achieve, a capability of particular relevance to the large scale processing scenarios that 

motivate this article's examination of transactional consistency at scale. 
 

The introduction of partitioned, concurrent execution against a shared PostgreSQL instance amplifies the concurrency 

control considerations examined in section five, since multiple partitions executing concurrently, each independently 

committing their own chunk transactions, increase the likelihood of lock contention and deadlock scenarios relative to a 

purely sequential execution model, motivating careful partition boundary design, typically based on a range or hash 

partitioning of the underlying dataset's primary key or another suitable partitioning column, chosen specifically to 

minimize the likelihood that concurrently executing partitions will contend for overlapping rows. 

 

Job repository consistency, examined in section four, requires particular attention in a partitioned execution context, since 

each partition's progress must be independently tracked within the job repository metadata, while the overall job's 

completion status depends on the aggregate completion of all constituent partitions, a coordination requirement that 

Spring Batch addresses through its step execution and partition step execution metadata structures, though the correctness 
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of this coordination remains dependent on the same underlying transactional consistency principles examined throughout 

the preceding sections of this article. 

 

8.0 Illustrative Range Partitioner Implementation 
A representative Partitioner implementation dividing a table into contiguous primary key ranges, one per worker partition, 

is shown below for illustration. 

 

public class OrderIdRangePartitioner implements Partitioner { 
  

  private final JdbcTemplate jdbcTemplate; 

  

  @Override 

  public Map<String, ExecutionContext> partition(int gridSize) { 

    long min = jdbcTemplate.queryForObject( 

        "SELECT MIN(order_id) FROM orders", Long.class); 

    long max = jdbcTemplate.queryForObject( 

        "SELECT MAX(order_id) FROM orders", Long.class); 

    long targetSize = (max - min) / gridSize + 1; 

  
    Map<String, ExecutionContext> result = new HashMap<>(); 

    long start = min; 

    for (int i = 0; i < gridSize; i++) { 

      long end = Math.min(start + targetSize - 1, max); 

      ExecutionContext ctx = new ExecutionContext(); 

      ctx.putLong("minId", start); 

      ctx.putLong("maxId", end); 

      result.put("partition" + i, ctx); 

      start += targetSize; 

    } 

    return result; 

  } 
} 

 

Table 4: Partitioning Strategies and Their Concurrency Characteristics 

 

Partitioning Strategy Contention Risk Suitability for Large Scale 

Processing 

Range partitioning by primary key Low, if ranges do not overlap 

adjacent tables or indexes 

Well suited for ordered, monotonic 

key spaces 

Hash partitioning by key modulus Low to moderate, depends on hash 

distribution 

Well suited for evenly distributed 

key spaces 

Partitioning by foreign key or 

category 

Moderate, depends on category 

cardinality 

Suitable when natural business 

partitioning exists 

Unpartitioned, single threaded 

execution 

Minimal, no concurrent partitions Limited scalability for very large 

datasets 

 

IX. ISOLATION LEVEL SELECTION AT SCALE 
 

PostgreSQL supports several transaction isolation levels, including read committed, the default isolation level for most 

PostgreSQL deployments, and serializable, offering the strongest isolation guarantee at the cost of increased likelihood 

of transaction serialization failures under concurrent write contention, a tradeoff of direct relevance to the configuration 
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of chunk boundary transactions within a large scale Spring Batch pipeline, since the appropriate isolation level depends 

heavily on the specific consistency requirements and concurrency characteristics of the batch workload in question. 

 

Read committed isolation, while offering weaker guarantees against certain anomalies such as non repeatable reads within 

a single transaction, generally provides sufficient consistency for the majority of chunk oriented batch processing 

scenarios, in which each chunk transaction typically performs a bounded, well defined set of read and write operations 

against a specific set of rows rather than relying on a consistent snapshot spanning the entire duration of a potentially 
long running transaction, and offers meaningfully better throughput under concurrent load than the stricter serializable 

isolation level. 

 

Serializable isolation becomes relevant in specific batch scenarios involving cross row invariants that must be preserved 

despite concurrent execution, such as an aggregate balance calculation that must remain consistent despite concurrent 

updates to the individual records contributing to that balance, a scenario in which the weaker guarantees of read 

committed isolation could permit an anomaly, motivating the selective application of serializable isolation to the specific 

steps or chunks where such cross row invariants are genuinely at risk, rather than as a default configuration applied 

uniformly across an entire batch pipeline, given the throughput cost such a uniform application would impose. 

 

Table 5: PostgreSQL Isolation Levels for Batch Chunk Transactions 

 

Isolation Level Consistency Guarantee Throughput 

Characteristic Under 

Concurrency 

Recommended Batch Use 

Case 

Read committed Each statement sees latest 

committed data at 

statement start 

High throughput, low 

contention overhead 

Standard chunk processing 

without cross row 

invariants 

Repeatable read Consistent snapshot for 

entire transaction duration 

Moderate throughput, 

some serialization risk 

Chunks requiring a stable 

view across multiple reads 

Serializable Full serializable execution 

guarantee 

Lower throughput, higher 

serialization failure risk 

Chunks enforcing cross 

row invariants under 

concurrency 

 

X. PERFORMANCE IMPLICATIONS OF TRANSACTIONAL CONFIGURATION 
 

The chunk size configuration parameter discussed in section three carries direct performance implications, since a smaller 

chunk size increases the relative overhead of per chunk transaction commit operations while reducing the duration for 

which database locks associated with a given chunk's write operations are held, whereas a larger chunk size amortizes 

transaction overhead across a greater number of items while extending lock duration and increasing the volume of work 

that must be rolled back and reprocessed should a failure occur partway through that chunk's processing. 

 
Connection pool configuration represents a further performance consideration directly relevant to partitioned batch 

execution against PostgreSQL, since each concurrently executing partition or parallel chunk transaction requires its own 

database connection for the duration of that transaction, meaning that the degree of parallelism achievable within a 

partitioned batch job is ultimately bounded by the available connection pool capacity, a constraint that must be balanced 

against the connection capacity limits of the target PostgreSQL instance itself. 

 

Write ahead logging overhead within PostgreSQL, incurred for every committed transaction as part of the database's own 

durability guarantee, scales with the frequency of transaction commits, reinforcing the chunk size tradeoff discussed 

above from the perspective of the database server itself, since a very small chunk size, while beneficial for failure recovery 

granularity, imposes a correspondingly higher write ahead logging commit frequency across the batch job's overall 

execution, a consideration of particular relevance at the data volumes characteristic of the large scale processing scenarios 
examined throughout this article. 
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XI. PRACTICAL APPLICATIONS IN ENTERPRISE BATCH PROCESSING 
 

Enterprise financial reconciliation processes, commonly implemented using Spring Batch pipelines interfacing with 

PostgreSQL backed transactional systems, illustrate many of the consistency considerations examined throughout this 

article, given the strict correctness requirements applicable to financial data, where the idempotency safeguards discussed 

in section seven and the careful isolation level selection discussed in section nine carry direct consequences for the 

accuracy of the reconciled financial position produced by such a pipeline. 
 

Large scale data migration efforts, in which an enterprise application's underlying data is migrated from a legacy data 

store into a new PostgreSQL backed system, frequently rely on partitioned Spring Batch pipelines of the kind examined 

in section eight to achieve acceptable migration throughput given the substantial data volumes typically involved, with 

the concurrency control and isolation level considerations examined in sections five and nine directly informing the 

partition boundary design chosen for such migration pipelines. 

 

Nightly or periodic batch reporting pipelines, aggregating data across a substantial transactional dataset to produce 

summary reports, present a somewhat distinct consistency consideration relative to the write heavy scenarios discussed 

above, since such pipelines are frequently read dominant, motivating consideration of whether such reporting pipelines 

should execute against a read replica of the primary PostgreSQL instance rather than the primary instance itself, a 

consideration that introduces its own consistency tradeoffs regarding the replication lag between the primary instance 
and any such read replica, distinct from but related to the isolation level considerations examined in section nine. 

 

XII. DISCUSSION 
 

The examination presented throughout this article demonstrates that robust transactional consistency in large scale Spring 

Batch pipelines interfacing with PostgreSQL depends on the careful coordination of several distinct mechanisms, namely 

the chunk oriented transaction boundary, the job repository checkpoint metadata, the concurrency control characteristics 

of the underlying database, and the failure handling and idempotency safeguards applied at the application level, rather 

than on any single mechanism considered in isolation, a conclusion consistent with the broader pattern observed across 

the enterprise architecture topics examined in related studies within this line of research. 

 
A further point of discussion concerns the tension between throughput and consistency granularity evident throughout 

the chunk size, isolation level, and partitioning considerations examined in this article, a tension that does not admit a 

single universally correct resolution but rather requires deliberate, workload specific tuning informed by the actual 

consistency requirements and concurrency characteristics of a given batch pipeline, underscoring the importance of the 

kind of systematic architectural analysis presented throughout this article over reliance on default framework 

configuration alone. 

 

It is worth acknowledging the limitations of the present study. The analysis presented here is architectural and conceptual 

in nature, examining the documented design and behavior of Spring Batch and PostgreSQL rather than presenting 

empirical throughput and consistency measurements gathered from a controlled set of representative production 

workloads. Future research incorporating such empirical measurement would offer a valuable quantitative complement 
to the qualitative architectural analysis presented throughout this article, particularly regarding the specific chunk size 

and isolation level tradeoffs examined in sections nine and ten. 

 

XIII. CONCLUSION 
 

This article has presented a systematic examination of the transactional consistency models applicable to Spring Batch 

pipelines interfacing with relational PostgreSQL instances at scale, addressing the chunk oriented processing model, job 

repository checkpoint consistency, PostgreSQL concurrency control, failure handling and idempotency, partitioning 

strategies, and isolation level selection, situating each of these considerations within the broader context of achieving 

robust, scalable batch processing consistency. 

 

The analysis has demonstrated that while Spring Batch provides a well documented default transactional behavior 
sufficient for many batch processing scenarios, the large scale, high concurrency scenarios of particular interest to this 

study frequently require deliberate architectural attention extending beyond that default behavior, informed by an 

understanding of the specific interaction between the framework's chunk boundary transaction model and the 

multiversion concurrency control characteristics of the underlying PostgreSQL data store. 
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Future work extending this architectural analysis with empirical performance and consistency measurement across 

representative large scale batch workloads would offer a valuable complement to the conceptual foundation established 

by the present study, further informing the practical tuning guidance available to enterprise architects and developers 

responsible for designing and operating Spring Batch pipelines at the scale examined throughout this article. 
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