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Abstract

Enterprise payment and treasury reconciliation are weakened by siloed systems, identifier misalignment,
and time lags between payment gateways, internal and bank software, and accounting, and even
inefficiencies in spreadsheet-based reconciliation processes with large exception backlogs needing manual
processing. Process mining technology extracts event logs from transactional systems, reconstructs the
actual reconciliation process, and diagnoses bottlenecks and exception patterns. The presence of domain
knowledge improves the quality of anomaly detection through process mining compared to generic
algorithmic methods. Exception playbooks codify how resolution is performed, using the process mining
analytics captured by the vendor-neutral process, and are executed in Java enterprise architectures.
Microservices implementations using event streaming systems enable high-throughput reconciliation.
Distributed tracing and immutable audit logs help support regulatory compliance. Variability modeling
techniques, on the other hand, enable the building of exception handling logic based on classifications. By
linking process mining diagnostics to systematic exception management systems, automated reconciliation
replaces reactive investigatory methods, thereby improving the control environment, increasing the speed
of cycle-time, and optimizing the working capital requirement.
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1. Introduction

Enterprise payment and treasury reconciliation operations face intrinsic challenges in fragmented architectures of
payment gateways, banking systems, core banking systems, GL systems, and ERP systems. Commercial banking
environments indicate that reconciliation is interdependent across multiple lines of business within the institution.
Customary banks run payment flows through 8 to 15 disparate system interfaces, requiring constant data synchronization
and reconciliation [1]. Furthermore, organizations wishing to operate cross-border payments across multiple currency
pairs must not only factor in exchange rates but also consider rounding conventions, which can create micro
discrepancies requiring advanced matching capability.

The major issue is the fragmentation of identifiers across different systems (for example, payment gateways use
transaction references that differ from ones found in the banking system or general ledger). Process mining on bank
reconciliation activity shows that approximately 15 to 30% of deviations are caused by exceptions in reconciliation paths,
such as differences in identifiers [1]. Adding domain knowledge to the reconciliation process (e.g., via semantic
enrichment of business rules and transactional context) leads to better matches compared to purely algorithmic solutions
(i.e., lacking domain knowledge). However, research shows that combined process mining and domain knowledge can
achieve 85-92% anomaly detection rates when provided knowledge regarding payment processing processes, in
comparison with 68-75% anomaly detection rates using general process pattern mining without prior domain knowledge

[].

Temporal misalignment also complicates matching, as different cut-off times mean that transactions that began before
midnight can appear in post-midnight time slots in downstream systems. Partial payments imply additional matching
problems, and matching rules need to be able to combine partial payments with the invoice amount. The discipline of
business process management has shown that by using a structured approach to process analysis, redesign, and
continuous monitoring, the operation of financial acquisition environments can be improved [2]. Process management
became more common, showing that companies that adopted structured process mining and exception handling reduced
reconciliation cycle times by 35-50%, increasing reliability on control structures [2].

45
Vol: 2026 | Iss: 1 | 2026



Computer Fraud and Security
ISSN (online): 1873-7056

Occasionally, file transmission and system integration issues cause records of the same transactions to be duplicated
across platforms. Spreadsheet-based reconciliation procedures do not reveal inefficiencies, and manual workflows differ
per analyst team. Using process mining technology, analytical tools are provided to close the visibility gap by extracting
event logs and providing a detailed reconstruction of the actual process flow [2]. Business process management
technology has matured; therefore, various analytical techniques are available to help businesses discover, analyze, and
improve complex operational processes in a structured manner [2]. Exception playbooks record and standardize
exception handling, capturing institutional knowledge into Java/J2EE enterprise architectures for reuse. A playbook can
improve straight-through processing through process improvement, e.g, higher speed of resolution or a stronger control
framework. Playbooks can log activities in an immutable format, preserving evidence of steps taken for regulatory

scrutiny.
Metric Value
System Interfaces per Institution 8-15 interfaces
Anomaly Detection Rate 15-30% of transactions
Domain-Enhanced Precision 85-92%
Generic Algorithm Precision 68-75%
Reconciliation Cycle Time Reduction 35-50%

Table 1: Process Mining Performance Metrics in Banking Reconciliation [1,2]
2. The Enterprise Reconciliation Bottleneck
2.1 Root Causes of Mismatch Volumes

Failure to reconcile payments arises from system architecture and operational mismatches in financial payment
processing infrastructures, with fragmented payment identifiers being the major driver. Payment gateways usually return
unique transaction identifiers, which are typically 12 to 20 alphanumeric characters long, with the merchant identifier,
timestamp, and sequence number included. At banks, the banking settlement platform creates unique reference codes in
common formats for international payments. Core banking systems generate internal posting references. General ledger
postings have document numbers based on the chart of accounts. A cross-border payment that transits four systems will
be tagged with many identifiers, little correlated between systems.

Process mining research indicates that deviant trace detection identifies dissimilar process executions, or deviations from
routine behaviors in business processes [3]. Likewise, exception cases are detected in a reconciliation environment and
deviate from the typical processing mode. Outlier transactions, based on process event logs, involve more processing
even if they have fewer transactions. Frequency-based discovery can be used to identify successful process variants, as
well as those that occur less frequently and require human involvement [3]. Statistical measures of deviation are
computed by comparing actual execution traces to normative process models mined from historical data [3].

Temporal misalignment is a major source of exceptions affecting system cut-off times across platforms. Payment
gateways can use UTC timestamps. Banking platforms use regional business day conventions, whereas accounting
systems use fiscal calendar periods. For transactions on days close to a cut-off separating two accounting months, the
mismatch remains high. Complexity is higher at the end of a month. The batch processing window is short, and
transaction volume is much higher than midway through a month.

Partial payments are difficult. In business-to-business electronic invoices, partial payment is possible if the payments
match. This creates multiple payments against one receivable document and could be cumbersome for reconciliation
engines, as they typically operate on a one-to-one match. These incorrectly classify some legitimate partial settlements as
exceptions. More advanced multi-to-one matching logic, which handles partial settlements better, is not widely used due
to implementation hurdles and legacy systems.

Foreign exchange micro-variances are mainly from rounding differences in currency conversions, and banking
intermediaries use mid-market rates adjusted for spreads. Daily fixing rates from central sources are used in accounting
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systems to determine the value of each transaction, producing small variations in amounts. Automated zero-tolerance
matching rules classify these as exceptions for manual review, despite their small monetary value.

2.2 Operational Impact

Unmatched item backlogs incur costs on finance functions. Scalable process discovery approaches indicate that
extracting knowledge from event logs at scale (e.g., millions of events) requires algorithms with good efficiency
characteristics [4]. As regards scalability of conformance checking, computing an alignment (with decomposition) scales
linearly with the length of an event log [4]; the same holds true in reconciliation scenarios where a large number of
transactions have to be matched against reference datasets. Anomalously high unmatched inventories lengthen month-
end close cycles, create an inefficiency in working capital reserve requirements, and give rise to provisioning for
unreconciled balances within the financial institutions. Since process discovery algorithms can handle event logs with
more than 100000 traces, these strategies are scalable to the enterprise level [4]. Reconciliation platforms, which process
the same volume of transactions, can apply similar approaches. These findings have been correlated with deficiencies in
reconciliation controls, which are also commonly noted during regulatory examinations. Common audit observations
include documentation issues and delayed treatment of exceptions, indicating processes that are more fragmented and
reliant on analysts to resolve.

3. Process Mining as Diagnostic Infrastructure
3.1 Event Log Reconstruction

Process mining derives low-level transaction sequences from enterprise system event logs. Modern financial systems
record multiple discrete activities per reconciliation cycle in their event logs. These include payment initiation, gateway
authorization, settlement validation, ledger posting, and exception queue allocation. They are all time-stamped to a
millisecond accuracy to enable temporal analysis to find processing delays that would otherwise be obscured by
aggregation. Event logs from diverse systems need to be mapped into a common schema to enable interoperability of
analysis tools. XES (eXtensible Event Stream) seeks to achieve this.

Process mining techniques for dealing with distributed event data sources have shown that one needs dedicated
architectures to address data fragmentation [5]. Financial reconciliation systems are typically executed within a set of
geographic and operational domains, each of which has its own event log that differs in granularity and structure from the
others. Distributed process mining approaches avoid the need to aggregate sensitive financial data into shared
repositories across subsystems [5]. Privacy-preserving computation enables event correlations across organizational
boundaries while also complying with the data sovereignty principle.

For a full event reconstruction, correlation mechanisms are needed to join events across system boundaries. For example,
in a banking system, payment gateway events do not refer to the same identifier as events in the banking platform,
leading to the need for fuzzy matching. Multi-attribute matching using transaction amount, timestamp distance, and
partial identifier matching has been shown to achieve more than 90% nearest neighbor matches across systems and time
to chain events. The overall process from when a payment is initiated to when it is reconciled to the ledger is mostly a
few events for simple payments and many for exceptions.

3.2 Bottleneck Identification

Using quantitative flow analysis, process steps with unreasonably long cycle times can be detected. Reconciliation
workflows have been observed to concentrate most processing time in bottleneck activities. Cross-system identifier
matching is still routinely completed in a few minutes, but exception investigations have median durations many times
longer. Approval workflow routing can introduce delays in the process; analyzing the frequency can help find out which
ones are causing it. Optimizations may focus on more common cases rather than edge cases.

Process mining metrics quantify variances from these processing estimates. Straight-through reconciliation transactions
have minimal cycle time, from the payment initiation to posting in the financial ledger. The median cycle time of
exception-routed transactions was considerably greater than that of transactions that were settled automatically. As the
batch workload builds up over the course of the day, the within-day post-reconciliation completion rates drop in the last
few hours of processing on the last business day.
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3.3 Variant Analysis

Variant clustering techniques can be used in process mining to analyze behavioral patterns. Automated discovery
techniques create process models from event logs. They identify normative flows and deviation patterns [6]. Further,
advanced process discovery algorithms handle complex behavioral patterns such as concurrency and inclusive choice that
are difficult to represent with customary mining techniques [6]. Reconciliation processes typically exhibit many process
variants at the level of activities, although when clustered by semantic similarity, these variants are fewer. The dominant
variants of straight-through processing dominate transaction volume, while long-tail variants of manual processing
disproportionately consume processing effort for a smaller number of cases.

Conformance checking algorithms compute the extent to which the behavior of a set of actual execution traces fits
process models [6]. For reconstructions with fitness scores higher than some defined threshold, conformance levels
between some reconstructed models are consistent. Where the fitness scores are lower than critical values, the process
models could be fragmented, and standardization may be necessary. Assessment can include fitness, precision, and
generalization, as well as simplicity metrics [6].

Component Characteristic
Activity Types per Cycle Multiple discrete activities
Timestamp Precision Millisecond resolution
Event Log Format XES standard
Geographic Distribution Multiple regions
Correlation Accuracy Exceeding 90%
Matching Attributes Amount, timestamp, identifier
Process Discovery Concurrent activities support
Conformance Checking Fitness score assessment

Table 2: Event Log Reconstruction and Process Mining Techniques [5,6]
4. Exception Playbooks for Standardized Resolution
4.1 Codifying Pattern Recognition

Exception classification taxonomies ease the identification and description of reconciliation errors based on the recurring
patterns of failed reconciliations within reconciliation processes, as obtained by an empirical process analysis. Timeliness
errors and partial payment aggregations represent an important share of all errors. While most of the exceptions arise
from identifier mapping failures, foreign exchange rounding variances, and false positives of duplicate transaction
detection also occur. Each of these exception types has distinctive signature characteristics that can be classified with
higher than 85% accuracy using supervised machine learning classifiers on tens of thousands of labeled historical data
instances derived from the exception population.

In complex operation processes, variability has to be managed where both decision points and alternative paths, as well
as context-specific deviations from the normal processes, have to be modeled [7]. The same application reconciliation
exception handling scenarios. The process variability modeling techniques allow for distinguishing mandatory activities,
optional activities, and alternative execution branches based on the result of exception classifications [7]. The research
shows that explicit variability modeling reduces process model complexity by structuring process variants into
hierarchical models that define common activities and explicitly identify variation points [7].

The decision tree algorithms, comprising several decision nodes, determine the deterministic resolution path for all types
of exceptions. The time-range exceptions are resolved by temporal correlation logic based on configurable time windows
surrounding transaction timestamps. For partial payments, aggregation algorithms are triggered if the payee ID, currency
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code, and hour of initiation are identical. Statistical testing is then performed to verify that the amounts reconcile with the
outstanding receivable balances within reasonable deviations.

Exception playbooks document resolution procedures such as queries into the system, data validation checks,
authorization thresholds, and documentation requirements at a detailed procedural level. Standardized playbook
templates for each type of exception reduce the time needed to resolve the exception compared to an ad-hoc
investigation. The decision criteria matrices in the process documentation also stipulate when a decision has to be
escalated. Decisions associated with monetary thresholds require management's approval. Anomalies presenting above
age thresholds for standard resolution windows trigger escalation according to a specialized investigation protocol.

4.2 Orchestration in Java Enterprise Architecture

The use of enterprise service bus architectures in Java/J2EE-based application servers also eases the building of
enterprise integration flows between systems. Java-based application servers also have advantages over other internet
application development technologies in terms of enterprise facilities supporting distributed transaction management,
security frameworks, and scalable threading models. [8] Java 2 Enterprise Edition specifications define several standard
application programming interfaces to ease enterprise applications, such as servlets, JSP, EJB, and JMS, to implement
multi-tier applications [8]. Message-driven beans asynchronously process reconciliation events. Enterprise-grade
hardware can be scaled for high throughput. Transaction states, trails, and histories can be stored in reconciliation
databases through object-relational mapping via abstractions in the Java Persistence API.

State machines are used by the workflow orchestration engine to manage the state of exceptions, queuing, investigating,
resolving, and closing them. For example, Business Process Execution Language (BPEL) specifications describe the
choreography of processes between payment gateways, banking interfaces, and accounting systems. Java platform
components such as JDBC database connectivity, RMI distributed objects, and servlet containers can be used to deploy
the enterprise applications [8]. The business logic conditions are evaluated by rule engines to make routing decisions.
This includes configurable rulesets that determine which rules govern exception classification, assignment, and
escalation.

Service-oriented architecture principles support modularization. Reconciliation matching, exception classification, and
audit logging services are implemented as Java web services. They communicate using RESTful APIs or SOAP and are
often versioned and deployed independently of one another, improving service availability percentages through
continuous delivery practices and more frequent releases.

Parameter Specification
Classification Accuracy Exceeding 85%
Exception Categories Timing, partial, identifier, FX, duplicate
Decision Tree Structure Multiple decision nodes
Tolerance Windows Configurable hour ranges
Java/J2EE Technologies Servlets, JSP, EJB, JMS
Service Architecture RESTful APIs, SOAP protocols
Deployment Model Independent service versioning

Table 3: Automated Exception Handling Performance Metrics [7,8]
5. Technical Architecture Considerations
5.1 Integration Layer Design

Reconciliation platforms must perform heterogeneous data extraction because they must integrate with a variety of
financial technology platforms using different protocols, formats, and authentication schemes. Enterprise Service Bus
architectures are used to integrate flows from payment providers using RESTful APIs, banking partners using SOAP web
services, and legacy accounting systems using batch file transfers. API gateway layers handle protocol translation,
message transformation, and request routing, and can accommodate high throughput on regular enterprise infrastructure.
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End-to-end reconciliation platforms in distributed fintech ecosystems show the efficacy of microservices architecture
with event streaming technologies. Implementations using Kafka enable real-time transaction processing and high-
throughput performance [9]. Systems built on top of Apache Kafka can process hundreds of thousands of messages per
second through a distributed broker cluster of multiple nodes. For an implementation study of a reconciliation platform,
Kafka topic partitioning allows processing of transactions in parallel while supporting ordering guarantees, and
appropriate replication factors will provide event durability during processing, along with financial audit guarantees on
message ordering and consistency [9].

Message-oriented middleware allows for asynchronous communication patterns, necessary for high-throughput
reconciliation, and for partitioning topics to spread the flow of reconciliation events over several instances. This allows
multiple reconciliation processors to process data in parallel. ETL (Extract-Transform-Load) pipelines normalize data
into canonical reconciliation schemas. Transformation logic manages format differences. Dates may be provided in ISO
8601, epoch time, or other, locale-specific formats. Amount encodings may be in integer cents, decimal dollars, or
scientific notation. Identifier schemes may be numeric, alphanumeric, or UUIDs. Throughput for ETL processing
depends on the complexity of transformations and the active business rule sets.

5.2 Audit Trail Requirements

Financial reconciliation requires detailed activity logs for compliance; event sourcing architectures capture immutable
audit logs recording each reconciliation decision. Manual editing and resolution events are timestamped in high
resolution, attributed to users, signed with cryptographic signatures, and otherwise allow tampering attempts to be
detected. The storage needs grow with every transaction processed. Event payloads, system state snapshots, and decision
context metadata also contribute to the storage requirements.

Distributed tracing mechanisms allow for following requests across microservice boundaries and reconstructing the
actual flow. OpenTelemetry instrumentation generates span data while requiring low CPU and memory overhead on each
service instance. Trace cardinality results in multiple spans per reconciliation transaction. Trace retention policies retain
span data for operational troubleshooting. Aggregated metrics preservation enables compliance audits and trend analysis
over longer timeframes.

5.3 Scalability and Performance

Horizontal scale architectures do not degrade in performance, nor can their workloads/resources become constricted with
scale. The reengineering of microservices-based software systems shows that decomposition can lead to independent
scale-up planning [10] when resource demands arise. Architecture patterns like API Gateway, Service Discovery, and
Circuit Breaker provide resilience infrastructure for distributed systems [10]. The workload is then distributed across
multiple application server instances in production. These processes millions of reconciliation transactions each month.
Database sharding strategies partition the reconciliation data across database instances. Using range-based or hash-based
partitioning of the composite keys of transaction date and account identifier gives high query speed.

Research has shown that microservice architectures are likely to scale when using container-based virtualization
technologies, like Docker, and orchestration technologies, like Kubernetes. In-memory caching layers minimize the load
on databases [10]. Hot data sets are held in systems like Redis or Memcached to enable sub-millisecond lookup
operations. Reconciliation reference data is cached as necessary.

Architecture Component Capability
Kafka Broker Cluster Multiple nodes
Topic Partitioning Numerous partitions
ETL Processing Format normalization
Date Formats ISO 8601, epoch, regional
Amount Encodings Integer cents, decimal, scientific
Containerization Docker, Kubernetes
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Database Sharding Multiple instances

Caching Performance Sub-millisecond lookups

Table 4: Distributed Reconciliation Platform Performance Capabilities [9,10]
Conclusion

In payment and treasury reconciliation, process mining can transform opaque manual work into a controlled, measurable,
and continuously-improvable process. Event log extraction and reconstruction reveal hidden process execution variants,
such as those that create bottlenecks by consuming excessive processing time or generating exception backlogs. Domain
knowledge improves the accuracy of automated matching compared to general-purpose matching algorithms by using
exception playbooks to codify the resolution of common timing mismatches, short payments, identifier fragmentation,
currency conversion, and duplicate transactions. Within Java enterprise architectures, playbooks are service-oriented for
modular deployments and scaling. Microservices, often combined with event streaming technologies, can deliver high
throughput, meeting the transaction volumes of enterprises. Additionally, distributed tracing and similar tools provide
audit trails necessary for regulatory compliance, database sharding and in-memory caches expedite query processing, and
the architecture eases straight through processing, shorter exception resolution time, and smoother working capital
management. Enterprises implementing process mining diagnostics with structured exception management frameworks
build operational capabilities according to transaction complexity growth, regulatory changes, and competition dynamics
in the financial services industry.
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