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Abstract

In SAP MultiBank systems, the payment batch processing failures are usually due to out-of-sync
secure channel negotiations between the corporate SAP treasury systems and the banking interfaces
that are integrated and connected. This research looks into the failure timing impacts of secure
channel handshake intervals such as the time-to-first-byte, SSL certificate validation delays, and
out-of-sync cryptographic negotiations occurring asynchronously. Using transaction logs, synthetic
datasets, and real-world data, we construct a failure propagation framework that models transaction
execution disruptions across various API types and geographical endpoints. The research confirms
that there is a strong dependency between the level of channel desynchronization and the average
payment failure rate with retry latencies and the volume of batches serving as extreme multipliers.
Through recovery strategy analysis based on manual realignments, scheduled syncs, and Al anomaly
driven adaptive predictions, we quantify the changes in batch stability and the integrity of
transmitted data. The findings illustrate that diverse systems require synchronous coordinated
negotiation protocols for secure cryptographic negotiation per transaction, stressing the treasury
teams provide seamless payment failure continuity, enhanced compliance standards, and robust
compliance standards for interbank integration.

Keywords: SAP MultiBank Connectivity, Secure Channel Negotiation, Payment Batch Failures,
Cryptographic Synchronization.

1 Introduction

1.1. Context of MultiBank Integrations in SAP Treasury Modules

Modern treasury functions of an enterprise are executed in conjunction with international banking
systems which require high levels of automation, security, and adherence to a large number of laws and
regulations. SAP’s MultiBank Connectivity (MBC) system serves as a critical facilitator of these
operations because it serves as an integrated interface to the SAP S/4AHANA or ECC systems for a large
number of domestic and foreign banks. It also allows communications with various banking partners
(Loughran & Gupta, 2020). This MBC feature is based on the ability to send high-value payment batches
to several banks through swift, EBICS, H2H, and REST APIs with the necessary encryption, signing,
and secure transport compliance.

This integration also helps in achieving strategic goals such as optimization of liquidity,
intercompany settlement, and cash visibility in real time. With the aid of MBC, the SAP Treasury and

Journal of Internet Services and Information Security (JISIS), volume: 15, number: 2 (May), pp. 512-535.
DOI: 10.58346/JISIS.2025.12.036
*Corresponding author: Jindal School of Management, The University of Texas at Dallas, USA.

512


mailto:naren.jamithireddy@yahoo.com

Failure Propagation in SAP MultiBank Payment Batches Naren Swamy Jamithireddy.
Due to Unsynchronized Secure Channel Negotiations

Risk Management (TRM) modules can support centralized processing of vendor and employee
payments, loan repayments, and foreign exchange transactions (Verhoef, 2021). However, such
integration is bound to have stringent secure communication frameworks, temporal data flow
checkpoints, and session-bound banking interactions. These interconnected systems are susceptible to
misalignment in secure channel calibrations (Amidi, 2016).

As dependency on multi-bank systems rises, businesses now face nuanced and critical failure modes
due to out-of-sync secure channel negotiations (Verma & Mehta, 2024). Take the example of one
banking endpoint completing TLS negotiations while another endpoint gets stuck due to certificate
mismatch or rejected cipher suites. In such cases, all payment batches would inevitably stall leading to
a series of transaction failures, incurring regulatory fines, and damaging the brand reputation (Battiston
et al., 2012). These issues are further complicated by the differences of banking infrastructures, national
custom protocols, and varying perceptions of universal cryptographic frameworks (Raisi & Forutan
2017).

The sheer scale of operations adds tremendous technical complexity. Sending thousands of payments
each minute becomes challenging in scenarios where system clocks, CRL delays, or handshakes create
secure channel status anomalies. Such issues attack the batch structure, leading to rapid failure
propagation. Cryptographic negotiation mismatches, incomplete acknowledgments, invalid session
flags, and integrity check failures are only some of the possible outcomes. When tightly bound issues
are deeply coupled, the response becomes hostile and triggers systemic rollback states, restart all the
SAP job queues, and flood the treasury dashboards with notifications of the monitoring override.

Organizations still struggle to resolve the underlying issues of secure channel failure cascade despite
the complexity of SAP’s Application Interface Framework (AIF), Business Add-Ins (BAdlIs), and their
message monitoring infrastructure (Acemoglu et al., 2015). Current error diagnostic systems tend to
view errors in silos and do not consider the interrelated handshake processes across multiple batch
destinations (Thomas & Iyer, 2024). This lack of visibility and traceability hinders issues from being
resolved proactively, requiring workaround solutions that slow down processes, stagnate critical
payment automation workflows, and diminish trust in the automation system.

Conceptually, the oversight of not enforcing synchronization across parallel secure channel
negotiations is an architectural blind spot. Each individual bank might follow recommended security
practices, but the absence of coordinated control across endpoints, during payment batching,
compromises the entire system's integrity (Ofoghi, 2015). There is a compelling rationale for an
integrated technical exploration on failure state propagation in MBC scenarios and the architectural real-
time counter measures that can be implemented to reduce cascading failure.

1.2.Importance of Secure Channel Negotiation in Payment Workflows

It is critical to define secure channel negotiation as an electronic prerequisite for any financial
investigation with external endpoints. In the scope of SAP MBC ecosystem, the processes are quite
complex and involve: Session Setup, Digital Certificate Exchange, Transport Layer Security (TLS)
Handshake, Mutual Authentication, Session Key Agreement (Stella et al., 2024). With every banking
interface, these processes have specific boundaries constrained in time, cryptographic exchange, and
other banking triggers. The phases of negotiation are critical to the integrity and synchronization of
payment workflows and transaction batch execution.

The critical value of these negotiations address whether a payment batch will be accepted for
processing or flagged as rejected due to noncompliance. For multi-national entities governed by several

513



Failure Propagation in SAP MultiBank Payment Batches Naren Swamy Jamithireddy.
Due to Unsynchronized Secure Channel Negotiations

regulatory authorities such as SEPA (Europe), NACHA (USA), and RBI compliant flows (India), failing
to set up the secure channel not only restarts the transaction but breach regulations on confidentiality of
the data and transmission as well as improper authentication standard (Amini et al., 2016).

In addition, SAP MBC workflows are often based on predefined payment batched calendars, most of
which utilize JIT (Just-in-Time) payment models. These are extremely sensitive to negotiation delays of
a few seconds. For instance, a certain bank's TLS handshake delay may cause SAP payment jobs not to
finish within the processing batch time. SAP systems typically block further processing until they receive
confirmations or error messages, so the consequences of slowing down or dropping a secure channel are
complete payment stalls for AP or Treasury payment runs.

In practical terms, the inability of a single bank server to negotiate a secure channel, for reasons like
expired certificates or unsupported cryptographic suite parameters, can stop entire payment runs,
sometimes amounting to several million USD. These disturbances are expensive, not just in direct costs,
but from an operational perspective due to the dissatisfied suppliers, penalty fees, and in some instances,
affecting the company's credit rating.

In addition, the spread out structure of modern banking APIs makes alignment more difficult. Some
banks operate using REST APIs with embedded JWT tokens and OAuth2 flows, while others stick to
legacy EBICS systems or proprietary H2H direct connections employing bespoke H2H encryption
schema. Though diversity is abstracted by SAP MBC attempts, the underlying secure channel
negotiations are still deeply bound by the specifications of the endpoints’ protocols. Hence,
desynchronization often happens not due to SAP’s shortcomings but occurs due to mismatches in the
bandwidth used, time-window drift, or the backend cert configuration on the bank side (Calafiore et al.,
2022).

Another important one is lack of monitoring tools. SAP can only monitor and track the status codes
and message IDs, but for those framing secure channel negotiation results, they will need some
enhancement logic through BAdIs, or custom integration logic in the PI/PO middleware. Because of
this, treasury teams end up getting error feedback like “Invalid response” or “Bank system unreachable,”
where diagnostics fail to expose whether the cause was a duration limit during handshakes through
transport layer security, cipher suite in use mismatch, or a lapsed root CA cert.

To gain better understanding, some enterprises leverage external monitoring agents or SWIFT
Alliance Access/Entry components, however, like many other solutions, these too have restrictions. For
instance, they do not inherently work with SAP job chains or the message monitoring layers (Bardoscia
et al., 2017). This disintegrated perspective of secure channel status leads to unnecessary duplication of
effort in troubleshooting after failures, and analysis of the root cause is greatly delayed. More
importantly, these processes fail to eliminate root causes in repeat situations because no intelligence that
is predicative in nature is embedded within the process (Kotidis & Schreft, 2024).

Considering the value and sensitivity of corporate payments, there is a pressing need for fully
synchronized and dependable negotiation processes for secure channel positioning. Such a
synchronization forms the foundation of digital trust which exists between the enterprise and its banking
partners. Moreover, it certifies that high-valued financial messages are delivered and confirms that they
are sent on time, delivered securely, and are auditable in full.

1.3.Scope, Research Questions, and Contributions

This study aims to examine the technical and operational aspects of failure propagation associated with
unsynchronized secure channel negotiations in SAP MultiBank payment batch processing. Unlike earlier
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studies which focus on channel security or treasury functionality in SAP systems in silos, this study
attempts to fill such gaps by incorporating lags caused by timing, cryptographic negotiation
discrepancies, and banking APIs calling irregular intervals which result in systemic batch execution
failures.

Using a mix of real bank communication logs, synthetic delay-injected batch tests, and TLS
negotiation profiling, this paper analyzes the interfacing of Multi-SAP S/4HANA and ECC systems with
MBC for multi-bank payments. It addresses multi-country banking scenarios including Host-to-Host
APIs, SWIFTNet FileAct, EBICS TS, and direct JSON/REST over HTTPS endpoints. The goal is to
build a failure propagation model that shows how the states of channel negotiations affect failure across
parallel accounts within a single batch.

The primary focus of this paper has been narrowed down to the following research questions:

1. How does failure propagate in SAP MultiBank payment batches due to unsynchronized secure
channel negotiations across banks?

2. Out of elements specific to a given protocol, which of them (negotiated cipher suite, certificate chain
of trust, negotiation timeout) is most responsible for failure due to desynchronization?

3. What is the correlation of retry intervals, batch size and successful recovery rates?

4. In operational environments, can failure rates be significantly reduced using predictive or
realignment methods (manual, scheduled, AI)?

5. During batch processing, which cross-chanal synchronization design shortcomings could be
addressed to improve architecture offered to SAP and their banking partners?

As a boundary to this research, the following contributions have been established:

o For desynchronized secure channel negotiations, a formal failure state transition model is defined for
SAP MultiBank payments.

e Creating a comprehensive simulation framework from synthetic and actual bank logs for simulation
of timing skews and handshake failures.

e Display of 10 technical diagrams and 4 analytical graphs illustrating the influence of several
parameters (handshake delays, certificate validity, and batch size) on the failure propagation
phenomena.

o Evaluation of manual, rule-based, and Al recovery strategies and their practical metrics of recovery
performance.

e Strategic recommendations for SAP Treasury configuration teams, banking API framers, and
enterprise architects, constrained on tighter failure propagation risk mitigation through enhanced
synchronization and dynamic timeout control.

This research addresses an uncovered concern that spans enterprise finance dependability and safe
digital infrastructures by analyzing the secure channel synchronization—or its absence—issues in the
context of high-stakes treasury operations. It integrates the two dimensions of a thorough technical study
and an operational manual intended to improve the system's resilience and uninterrupted functionality
of SAP payment systems in a multi-bank context.
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2 Background and Literature Review

2.1. SAP MultiBank Connectivity: Architecture and Protocol Layers

SAP MultiBank Connectivity (MBC) serves as a financial interface integration solution that enables
firms to integrate in real-time with several banking institutions. It has been developed to work with SAP
S/AHANA or ECCs and is integrated with other modules like Bank Communication Management
(BCM), Payment Medium Workbench (PMW), and Advanced Payment Management (APM) (Flanagan,
2019). The system enables the orchestration and transportation of payment batches through SWIFTNet,
EBICS, Host-to-Host (H2H), as well as REST and other industry-standard protocols (Selmeci & Orosz,
2012). Simply put, MBC automates the internal payment processes and transforms the requests to the
appropriate external formats at different levels of the bank interfaces after which it securely delivers
them.

The MBC subsystem architecture completes payment order consolidation and validation, message
formatting, digital signature creation using SAP Cryptolib, and payment dispatching to pre-defined bank
endpoints in a stepwise manner. This sequence is facilitated by the SAP PI/PO or SAP CPI middleware
layers which serve as communication interfaces and handle the routing and transformation-specific
requirements. Some of the given signed documents cannot be fully processed unless specific conditions
such as SWIFTNet FileAct and structured ISO 20022 XML envelopes with SWIFT headers are met.
Others such as EBICS-based communication are met after several stages of signature exchange while
some proprietary Host-to-Host systems provide encrypted FTP, REST over HTTPS, and SOAP over
HTTPS interfaces.

Modularity in systems usually guarantees independence of one section from another. In this case,
banks change the interface for each new additional feature requiring different sets of cryptographic
requirements, scheduling of message timing, flow control of acknowledgment and message framing,
and session-based constraints. Critical security gaps stem from multifaceted attempts by an organization
seeking to centralize the treasury operations further expanding beyond hub-and-spoke archetypes
(Baskerville et al., 2020). This is most evident in batch modes where SAP systems attempt to
concurrently initiate outbound messages towards various banking systems that respond asynchronously
or mismatch on cryptographic negotiations.

MBC functionalities are more than mere transmissions of messages. It serves as an interface for
transactions that ensures security and compliance with regulations. Any breakdown in negotiation or
message transmission not only jeopardizes the transaction but also risks non-compliance with
regulations and failed audits. Considering treasury management in today's world where payments are
often tied to real-time liquidity decisions, working capital forecasts, and even cross-border settlement,
interface dependability is critical (Arvinth, 2023). Therefore, coordination between SAP systems and
external banking systems must happen on both the protocol and timing levels (Perera &
Wickramasinghe, 2024).

2.2.Secure Channel Establishment Protocols (SSL/TLS, SAP Cryptolib)

The workflows based in SAP MBC are contingent on the reliable establishment of secure communication
channels with the SAP middleware and external banking systems. In today's enterprises, this is
conducted through Transport Layer Security (TLS). The most widely used version is 1.2 though version
1.3 has been gaining popularity for its better performance and lesser handshake steps (Rescorla, 2018).
Financial workflow TLS negotiations are intricate and multivariate, involving not only certificate
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validation and cipher suite agreement but also session establishment in real-time under strict latency
limits.

The negotiation procedure starts with a ClientHello message, and then a ServerHello reply follows.
These are followed by certificate exchange and trust verification, which is done either through OCSP or
CRLs. After the certificate chain is verified, the session keys are created using either RSA or ECDHE
key exchanges, after which a secure tunnel is created. For the majority of these tasks, such as certificate
management, session establishment, digital signature creation, and key lifecycle management, SAP
systems rely on the SAP Cryptographic Library (SAP Cryptolib), which performs these tasks
automatically (Hirao, 2008). This library is part of the SAP kernel and supports client authentication
based on PKCS#12 and X.509 chain validation.

Nevertheless, external banks have their own expectations of security. While some require mutual
TLS with explicit client certificate validation, others use OAuth 2.0 token based authentication over TLS
(Shamsimukhametov et al., 2022). Lack of a uniform cryptographic standard among banks creates major
interoperability challenges. A payment batch created in SAP may negotiate a TLS session successfully
with one bank, but struggle with others due to differing cipher suite compatibility, expired intermediate
certificates, or untrusted root authorities. Unless payment batches fail or produce vague logs, SAP
administrators essentially remain unaware of these troubles.

These failures accumulate in high-volume batch environments. In parallel attempts, if any one of the
many SAP-system to bank interactions suffer delay or failure, the entire batch suffers from a domino
effect. The absence of built-in synchronization logic implies that while one TLS session may be
completed, others are still pending and facing delays or outright rejection. If not tailored to bank-specific
schedules, SAP’s retry logic stands to repeatedly invoke failures, elaborate race conditions, and
culminate in complete batch rejection (Mariani et al., 2020). These issues become more severe during
periods of intense banking activity or maintenance windows that heavily impact endpoint
responsiveness.

The lack of proper certificate governance is also critical to failure escalation. Enterprises frequently
neglect to keep their trust stores current with intermedia and root certificates. On the other hand, banks
may rotated certificates without sufficient client notifications, resulting in obscure handshake failures.
Moreover, the lack of real time monitoring within SAP to capture and correlate payment job execution
with handshake status adds further difficulty to the diagnostic process. As a consequence, numerous
secure channel negotiation failures are undiagnosed or misdiagnosed as generic network failures or
incorrect format for the payload.

In spite of the intricate nature of charge negotiation, most enterprises still seem to depend on manual
oversight and fixed setups, devoid of anticipatory, predictive, or proactive capacities. With increasing
diversity of banking systems and a trend towards cloud-native SAP model deployments, there is an
urgent and controversial need for adaptable, dynamic, and situational aware secure channel negotiation.
In absence of this, the partial or total payment batch failure risk, due to unsynchronized secure channel
handshakes, remains excessively unacceptably.

2.3.Failure Modes in Payment Batches: Case Studies and Prior Art

Existing frameworks for studying failure propagation in interconnected systems range from
cybersecurity to macroeconomics. In financial messaging systems, there is increasing awareness of how
a failure at one node can affect the rest of the system. Battison et al introduced the DebtRank model,
which seeks to measure the importance of specific nodes in a financial network and how they
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interconnect with other nodes. Focusing on central nodes, it illustrates how these nodes can escape
impact, yet exposed nodes or dependent systems and entities will increasingly deepen the crisis because
of interdependencies (Battiston et al., 2012). In SAP MBC scenarios, a similar behavior is observable
whereby the presence of a single banking endpoint failure, due to misconfiguration or nonresponsive to
service requests, payment batch processing gets thwarted.

By examining the stability of financial networks, Acemoglu demonstrates that interconnected
financial networks that are moderately connected are more resilient as opposed to sparse or overly dense
connected networks (Ofoghi, 2015). In an SAP context, payment batch models are often viewed as
tightly integrated dense networks where multiple jobs, approvals, and retries become interwoven. These
intertwined processes can result in failures—most commonly during the 'handshake' phase with banks—
prevailing dominantly in environments where failures occur. The lack of isolation mechanisms during
these stages results in pervasive collapse or cascading failures. There are abundant examples for this,
including the misaligned timeout case between two banks. If an endpoint responds within 500 ms, while
the other side refuses to respond within a 3-second window, SAP will attempt to either reset, or retry,
the batch, leading to an assumption of failed systems.

Research from numerous financial institutions has shown that a majority of payment failures stem
from environment mismatches rather data errors, such as expired certificates, deprecated ciphers, and
misconfigured DNS records. A recurring problem involves a bank updating its TLS policies to block the
usage of SHA-1 signed certificates while the SAP client persists in offering them. Yet another example
stems from SAP middleware shelving out-of-date CRL lists, leading to failure of revocation which
results in session-establishment interruption (Smolyak et al., 2020).

As noted in the literature, there also exists the issue of state inconsistency in the context of SAP job
chains. Due to the nature of paid jobs in SAP, which are often batched within payment conditions and
executed as workflows, any failure in one job may cause an upstream cascade failure in reconciliations,
journal entries, and intercompany settlements. SAP admins regularly deal with the issue of job failures
stemming from either the need to manually restart failed jobs or the necessity to partition batches by
destination bank, which results in increased complexity and stalled processes.

Solving these issues using traditional monitoring approaches has proven to be quite ineffective.
Focused mostly on diagnostics after failures, most of these tools lack the necessary foresight required to
cancel prerequisites for failure. Even when approaches using predictive failure models are utilized, they
rely on application-level metrics instead of cryptographic state inspection. Inadequate study of failure
propagation due to loss of synchronization within secure channels proves to be a major gap in research
focus alongside industry solutions (Kotidis & Schreft, 2024).

2.4.1dentified Gaps in Synchronization Mechanisms

Along with the continued development of financial messaging systems infrastructures, the SAP MBC
implementations developed finally lack sufficient synchronization mechanisms for the secure channel
negotiations. One of the most critical gaps is lacking the coordinated handshake orchestration. While the
SAP side starts parallel TLS sessions with each banking endpoint, there is no way to align the timing
across negotiations. Because of this, the success of one negotiation does not ensure the entire batch
requirement completion, resulting in inconsistent execution of transactions and ambiguous states of
errors (Amini et al., 2012).

Another important gap is the inconsistency within the banking endpoints for the retrial logic. While
some banks will encourage aggressive dialling strategies after a handshake timeout, others will dial those
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attempts a denial of service and limit the rate. Outside the customization done on the enhancement
frameworks, the SAP systems do treat these behaviors uniformly. Consequently, one bank triggers a
successful connection on retry and the other bank denies the attempt due to policy violation losing
uniformity of the batch execution (Zielinski, 2016).

The third challenge stems from the fragmented management of certificates and revocations. SAP
Cryptolib does provide the ability to automatically fetch CRLs and supports OCSP, but these capabilities
are frequently toggled off or poorly documented. Banks that use intermediate CA authorities are highly
sensitive to trust chain validation—any miscalculation results in handshake termination. Enterprises that
mismanage certificate expiration schedules are especially prone to silent failures, where the system
seems functional until execution commences.

These gaps in synchronization are compounded by the lack of monitoring. SAP provides basic
message monitoring and log tracing, but these provide no granularity into the stages of TLS negotiation
or detailed error causality mapping. While decoupled from SAP’s internal job orchestration, third-party
monitoring tools are more sophisticated, adding to the fragmented nature of diagnostics. Without a
consolidated system that integrates the status of cryptographic negotiation with metrics from batch-level
execution, problems of proactive intervention become impossible (Calafiore et al., 2022).

Predictive analytics and the application of machine learning for anomaly detection in secure channel
negotiation is still lacking. Corporations gather hefty amounts of handshake metadata over the years, yet
very few use this data for failure prediction or modify retry and timeout values in a proactive manner.
The current industry practice is still passive in nature, primarily relying on configuration review as
manual post-failure troubleshooting activities.

Overall, the gaps that pertain to synchronization in secure channel negotiation within SAP MBC
ecosystems are both structural and operational. They result from variability at the level of the protocol
used, drifts in the surrounding environment, lack of coherent observation, and absence of intelligent
predictability. To close these gaps, the solution must circle adaptive Al-based monitor-driven certificate
lifecycle management tailored to heterogeneous banking ecosystems interfaced via SAP.

3 System Model and Failure Propagation Framework

3.1. MultiBank Batch Lifecycle and Secure Channel Dependencies

SAP MultiBank Connectivity facilitates payment orchestration at a larger scale by enabling outgoing
payments to be consolidated into batches across multiple banks. These batches are often time-scheduled
to execute at certain times and can contain several thousand transactions to various banking partners.
Each payment instruction within a batch undergoes a predefined life cycle starting from system job
creation to the payment instruction’s authorization, message formatting, digital signing, encryption, and
finally transmission. A core step in this sequence is establishing a secure communication channel
between the enterprise and the respective banking endpoints.

A MultiBank payment batch’s lifecycle begins from SAP’s financial module, which starts from
reporting payment requests. Consolidated and batched payment allocations are then sent to Bank
Communication Management that accounts for the bank communications in the organization. This action
initiates generation of a Payment Medium File (PMF), which has its own lifecycle that includes message
formatting according to the predefined rules of the destination bank. SAP temps the Payment Medium
Workbench to format the payment medium data using ISO 20022, MT101, or proprietary XML schemas.
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Subsequently, the payment message is formatted and signed cryptographically using private keys kept
in SAP’s protected keystore, then encrypted according to the bank's proprietary encryption standards.

Before any transmission, secure channel negotiation is needed, and your system makes one tls
handshake per bank endpoint, including every step of certificate exchange, mutual authentication (for
mTLS use cases), and cipher suite agreement, meaning that all banks and SAP systems have their own
TLS policies with differences in cryptographic policies, session timeouts, and handshake complexity.
After the payment message is sent and SAP waits for confirmations or error codes, the acknowledged
secure channel is successfully negotiated.

The secure channel synchronization is important when there are instructions containing several
payment batches for different banks. Without a master controller, some channels may build connections
in no time, while others would be stalling or failing, leading to the inconsistent batch states. These
uncontrolled discrepancies create asynchronization; delays on dependent channels end up blocking the
processing of the entire payment batch.

Unsynchronized secure channel negotiations tend to fail more often as the payment batch size
increases due to a secure cryptographic mismatch, certificate timeout, or even validation error. This

change is direct to the default payment processor settings. The shift is quantitively displayed on Figure
1.

16
14|
12r

10r

Failure Rate (%)
-]

200 400 600 800 1000
Batch Size (Number of Payments)

Figure 1: Failure Rate vs Batch Size

Figure 1 showing batch size in relation to failure rate. The trendline indicates a steep increase in the
chances of failure as batch size expands from 100 to 1000 payments. For example, failure rates start at
around 0.5% for 100 batches and surge to over 15% at nearly 1000 batches. This change indicates a form
of nonlinear increasing geometric influence, where larger batches sustain higher levels of disruption at
the channel level. The result confirms our theory that failure propagation is not additive but rather
exhibits properties of systems.

3.2.Failure Graphs, Propagation Rules, and Transaction States

To study how failure propagates within the SAP MultiBank framework, it is essential to analyze
particular systemic dependencies that individual failures have to enable cascading. In the SAP system,
there are payment jobs which are usually serialized and tied to logical divisions. A component failure
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will often lead to a downstream failure in receiving acknowledgments, reconciliations, or cash position
updates.

Every payment instruction has a process that pays through several core stages as it comes to
completion. These include initiation (when the job is triggered), signing (where the digital signature is
applied), encryption (where payload security is applied), channel establishment (where secure
communication is configured), transmission (when the message is sent), and termination (either success
or failure). The previously listed transitions can be backtracked to both SAP internal logic or external
breaking system responses.

Failure of secure channel negotiation can disrupt the the described lifecycle at multiple points.
Expired certificates disrupting handshake protocols, may prevent achievement of channel open state.
Cipher mismatch that allow connection but blocks pay load acceptance may stagnate progression at
transmission stage. Propagation describes the scenario where one bank's failure results in other banks
being delayed job completion logic. SAP has collective status reporting whereby one error in a batch of
processes will cause the entire batch to be marked ‘not completed’ and result in the need for retries or
operator intervention to force the process out of the endless loop it’s caught in.
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Figure 2: Secure Channel Negotiation Delay vs Failure Frequency

Figure 2 deepens our understanding of the relationship between the delay in the handshake process
and the rate of failure. This is a heatmap showing the impact of secure channel negotiation delays on the
probability of failure of batches across five bank interfaces. An increase in observed failure counts was
noted as negotiation delay progressed from under 50 milliseconds to over 500 milliseconds. For instance,
at sub-50ms latency, Bank C has 3 failures, which increases to 27 at over 500ms negotiation time. All
banks demonstrate this behavior, although the degree varies, suggesting that there's a unique threshold
for each bank's performance, but the phenomenon of delay-induced failure is common across all banks.

The data indicates that time-to-complete negotiation poses the greatest risk. Failures in time-sensitive
operations can arise from an OCSP server going offline, expired intermediate certificates, or poor DNS
resolution paths. Due to lack of channel synchronization logic, a completed negotiation at one bank does
not free the batch—it has to wait until all banks align. In high-volume payment operations, this behavior
results in a bottleneck where the slowest link governs batch timing, increasing the chances of surpassing
SAP’s background job limits.
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In SAP, transaction states are linked with specific monitoring dashboards and are tracked using the
Application Interface Framework (AIF). However, not all state transitions are monitored via logs. A lot
of failures are hidden behind generic error codes, which obscure the actual failure location. In response,
a defined state transition diagram has been created, which is in Table 1 below.

Table 1: Failure State Transition Matrix for MultiBank Payment Batches

Current State | Next State 1 | Next State 2 | Next State3 | Next State4 | Next State 5 | Terminal State
Initiated Signed Failed
Signed Encrypted Failed
Encrypted Channel Open Failed
Channel Open Transmitted Failed
Transmitted Success Failed

Failed Terminal

Table 1 displays the state changes that occur in the process of executing batch payments, including
possible failure cases. For instance, payments that fail during the encryption due to corrupt payloads or
signing mismatch is a direct transition to the “Failed” state. Successful transmission transitions to either
“Success” (acknowledgment is received) or “Failed” (rejection or timeout). The matrix makes it clearer
that there are multiple junctions where failure can happen, and recovery from errors needs to be tailored
to the specific interruption point. With these precise models, organizations can classify and cluster
failures, thus designing tailored context-sensitive retry strategies instead of one-size-fits-all approaches.

3.3.Failure State Transition Model

The failure state transition model proposed in this study stems from the payment behavior patterns noted
in MultiBank payments processed through the SAP system. It describes the transaction life cycle as a
directed graph, with each state representing a node and edges representing valid transitions. This model
incorporates both successful and unsuccessful transactions along with latent states such as retry-pending
and operator-override which are frequently invoked during manual recovery processes.

A transaction starts at the “Initiated” state. After validation, it moves to “Signed,” where
cryptographic signatures are added. If this step is successful, “Encrypted” is the next state where the
payload is encrypted. “Channel Open” requires completion of the secure channel negotiation. If this step
fails, the message is never sent, and the transaction will be marked as “Failed.” If the channel opens
successfully, the status transforms to “Transmitted.” Acknowledgment leading to terminal “Success”
results is a successful acknowledgment, while rejection or timeout returns it to “Failed.”

At any of these stages, transaction failure can invoke retry procedures, but such procedures depend
on the system setup. For example, some SAP systems are set up to automatically attempt a maximum of
three retries with increasing interval delays, while others escalate to manual intervention after a single
failure. These policies do not always align with external banking institution limits on the number of
allowed attempts, resulting in blocking the account too soon or stalling recovery processes.
Organizations can reduce failure rates at the batch level by understanding how state transitions work,
optimizing configurations, and strategically adjusting bank-specified retry thresholds.

Moreover, the model indicates that batch-level resilience can be enhanced due to segment-based
isolation. SAP systems have the capability to contain failures without having to cancel the entire batch
by compartmentalizing and temporally organizing payments by their endpoints based on prior historical
responsiveness of the channel. Nonetheless, this approach mandates the use of predictive modeling and
adaptive job scheduling, which are not directly supported by SAP, though could be realized through
integrative Al-based orchestration engines.
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In domains where payments are processed in the hundreds to thousands every hour, the cost of failure
can be quite high. A single failed TLS handshake could lead to delayed vendor payment transactions,
missed payroll processing, or stalled intra-company settlement transactions. The impact of these
outcomes is exacerbated by the recursive nature of the financial workflows in SAP, where one batch
becomes another one’s reconciliation, liquidity management, and accounting closure. Thus, ensuring
minimal failure chances at each transition becomes critical, transcending technical goals and entering
business necessity.

This approach aids in understanding systemic weaknesses deep by modeling every possible transition
scenario, including partial successes and expiration of states bounded by time. MultiBank batch
processing vulnerabilities in SAP can be addressed by the transition matrix and corresponding graphs.
These can be used to enhance monitoring dashboards and alert systems, as well as integrate them with
Al-powered decision-making systems. This integration equips organizations with capabilities to detect,
prevent, and recover from failures more effectively.

To summarize, the system model and failure propagation framework created in this research provides
a structured approach to assess and manage secure channel negotiation issues in the context of SAP
MultiBank environments. It integrates and closes the divide between handshake behaviors at the protocol
level and transact

4 Experimental Setup and Dataset Profile

4.1.Synthetic and Real-World Payment Logs

To examine failure propagation in the SAP MultiBank payment configurations, a hybrid dataset
approach was applied by blending fictitiously created payment logs with actual transaction records
received under non-disclosure agreements from partner entities. The synthetic dataset sought to
reproduce the structural features of real SAP payment batches, including the expected job order and state
transitions, and channel negotiation behaviors, while allowing strict control over certificate validity,
cipher suite enforcement, and negotiation timing. The real world dataset, on the other hand, consisted of
anonymized log fragments from the SAP Application Interface Framework (AIF) tair middleware logs
from the SAP PI/PO systems, and bank communications over TLS.

The payment log dataset was augmented synthetically, totaling 15,000 payment records structured
into 150 batches, each aiming at simultaneous 2 to 5 banking endpoints. Each hypothetical bank interface
was provisioned with different policies concerning TLS timeouts, retries, and certificates, introducing
controlled variation. For instance, Bank A was modeled with strict cipher suite enforcement and short
session timeout, while Bank C had loose signature validation but strict retry limits. Each batch execution
captured more than 30 event attributes, including handshake status, latency, cipher matching, retry
counts, and batch-level completion status.

The dataset from the real world captured over 500,000 transactions from multinational companies
located in Europe, Asia, and North America over a period of six months. The logs offered a myriad of
negotiation anomalies like OCSP timeout’s, expired certificate chain’s, and TLS renegotiation errors.
These logs also aided in tracing failure cascades in batch executions illustrating how one endpoint’s
problem could indirectly slow down or abort other endpoints in the same execution group. Metadata like
job start time, destination bank code, and return message type were instrumental in reconstructing the
timeline of event negotiation and payment result sequences.
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Synthetic data served to purposefully simulate certain failure types, their particular timing, and their
impact on batch behavior in isolation. For example, server certificate response delays caused “handshake
timeout” simulations, while client unsupported policy algorithms triggered “cipher mismatch errors.”
These changes provided assessment of system behavior under various desynchronization events and
highlighted intricate interactions that remained masked within the real-world logs because of insufficient
instrumentation.

Integrating these data sources enabled the systematic assessment of the impacts of secure channel
negotiation dynamics on payment batch outcomes in both controlled experimental settings and real-
world enterprise implementations. This approach provided insights into the SAP MultiBank ecosystem's
failure modes and allowed for statistical modeling of the likelihood of failure across batch sizes, retry
strategies, and endpoint interactions.

4.2. Benchmarking Infrastructure and Testing Scenarios

In order to implement the experimental design, an SAP S/4AHANA 2021 (FPS02) system with Advanced
Payment Management (APM) modules was interfaced with SAP PI 7.5 acting as a middleware for on-
premise orchestration, creating a testbed environment. The system was hosted on a four node cluster
with SUSE Linux Enterprise Server (SLES) containing 32-core Intel Xeon processors with 128 GB of
memory on a private test network. External bank endpoints were simulated with Docker-based TLS
services using Apache HTTP Server and OpenSSL for detailed certificate and handshake behavior
simulation.

Each simulated bank server had unique features to model interface variability in actual banking
software. These features included separate CA certificate chains for each server (self-signed,
intermediate-authority, and revoked variants), timeout enforcement policies, supported cipher suites, and
TLS versions from 1.1 to 1.3. Inbound SAP PI adapters were parameterized per destination with different
key store and trust store pairs which controlled negotiation behavior, allowing endpoint-specific logs to
be attributed to the correct batch instance.

The benchmarking scenarios were structured along three components: handshake latency, retry logic,
and error categorization. Each batch run was controlled by an SAP timed job, scheduled to begin
simultaneous secure channel negotiations with all bank endpoints in the batch. If any negotiation
violated a predefined timeout or a handshake error was registered, the batch status was set to “Partial
Failure” and all subsequent transactions within that batch were suspended or diverted based on system
settings.

Table 2 captures the default timeout and retry settings for each simulated banking endpoint. These
configurations reflect typical industry standards documented in publicly available bank API
documentation and observed in their day-to-day operational behavior.

Table 2: Bank-Specific Secure Channel Timeout Parameters

Bank | TLS Timeout (ms) | Retry Interval (s) | Max Retries
Bank A 3000 10 3
Bank B 2500 12 2
Bank C 4000 8 4
Bank D 3500 10 3
Bank E 2000 15 2
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As an illustration, Bank C simulated cooperative versatile behavior with a higher timeout and more
generous retries. On the other hand, Bank E provided a persistent failure source for propagation analysis
with its limited retry window’s strict timeout and frequent handshake failures.

To control for temporal anomalies, each scenario was randomized and reproduced 50 times with
different endpoints across edge cases. Handshake traces were captured with Wireshark, OpenSSL debug
logs, and SAP PI logs, which tracked messages, adapter errors, and retries. The logs were refined, then
analyzed using Python scripts for frequency mapping, time-series plotting, and failure clustering.

4.3.Real-World Scenarios for Failure Injection

The most impactful phase of the experimentation process was the injection of controlled failures into
the batch lifecycle to simulate real-world desynchronization scenarios. These failures were performed
via a delay injection proxy situated between SAP PI and the endpoint, or by real-time modifying
endpoint configuration files to simulate certificate or cipher deprecation. These injections created a
sandbox to analyze the impact of a secure channel setup failure on inter-transactions within the same
batch, particularly with regard to latency rolling, rollback actions, and queue stall.

Perhaps, one of the most insightful findings was failure rate mapping by bank API types. As shown
in Figure 3, Host2Host interfaces were identified as the most susceptible to secure channel
desynchronized. Their high failure rate of 6.3% is distinctively greater in comparison to 3.7% for
SWIFTNet and 2.1% for EBICS.

Failure Rate (%)

Host2Host SWIFTNet EBICS
APl Type

Figure 3: Failure Rates by Bank API Type

The disparity reasons lay in protocol adaptability. Host2Host APIs are customized for each bank and
thus lack uniform negotiation policies. The variability in TLS profiles is notable to some enforcing
deprecated cipher suites while others requiring static IP trust. These limitations increase the chances of
failure when initiated from a generic SAP settings perspective. SWIFTNet, though more bounded, also
demonstrated intermediate susceptibility which stems mainly from within the provisions of delayed
message queuing and certificate chain verification timing intervals. EBICS demonstrates the lowest
failure rates which aligns with his tighter standardization and continental uniformity.

Figure 4 Reason Breakdown of Secure Channel Failures Synthesized and Real Data Sets. Cipher
suite mismatches contributed to 28 percent of all failures, followed by handshaking timeouts (25%) and
expired certificates (22%).
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Invalid Trust Chain

Certificate Expired

Cipher Suite Mismatch

Handshake Timeout

Figure 4: Share of Failures Attributable to Desynchronized Channels

The presence of invalid trust chains, often resulting from missing intermediate CA certificates,
accounted for 18% of failures, while DNS problems or adapter misconfiguration contributed an
additional 7%. Timeout failures resulted from both SAP-side and endpoint-side latency, particularly due
to delays from OCSP validation or CRL download.

Failures were not confined to the negotiation layer. Their impact was felt in job status logic leading
to secondary transaction delays and increased batch processing times. In a number of test runs, an
endpoint failure resulted in a 10 to 15 minute delay in the final transmission stream due to lock
management within the SAP job control layer. This observation is important for production
environments that rely on chained scheduled batch job executions, where one failure can compromise
an entire treasury execution orchestration.

To evaluate recovery, some test scenarios were designed with retries and dynamic routing. For
instance, if Bank D could not complete the TLS handshake, the payment message would be sent to an
alternate endpoint that had less strict ciphers for payment messages. This made more transmissions
possible but added complexity with the need for tight coupling between SAP's BCM and external routing
controllers. With no automation, such recovery pathways would become bottlenecks.

Use of synthetic failure injection combined with real-world replay offered a holistic view of failure
propagation coupled with an SAP MultiBank environment and validated the under synchronized secure
channel negotiation hypothesis accusing it as a major driver for batch systemic disruption. This
confirmed that measurable failure exists in all systems along with controllable parameters such as
enhanced orchestration, proactive monitoring and adaptive retry strategies.

5 Results and Analysis

5.1.Propagation Dynamics Across Batch Size and Timing

The first focus was analyzing how failure propagation changes with volume and timing by assessing the
system’s varying batch size and retry interval. The simulations showed the opposite relationship between
retry latency and the aggregate error rate. With increased retry latency, performance improved due to
decreased concurrency collision among numerous control processes and handshake saturation events.

Figure 5 depicts the relationship between observed error rates in SAP payment batches and retry wait
time (in seconds), showing the latter’s impact on performance. Beginning with a 12% error rate at 1
second of retry wait time, failure rates progressively decline to 1.8% at a 6 second interval. This suggests
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that controlled retries allow the network and bank endpoints time to recover from temporary negotiation
deadlocks or backend slowdowns. This is crucial for production systems that may face transient
connection problems due to traffic surge, firewall resets, and similar routing interruptions.

12

101

Error Rate (%)

1 2 3 4 5 6
Retry Latency (seconds)

Figure 5: Retry Latency vs Error Rate Drop

The efficiency of a resilient system with retries hinges on the throughput of a system versus its
latency. While higher latency reduces errors, it increases overall throughput time per batch. Hence,
enterprises need to establish retry policies based on the payment’s criticality, job window times, and
performance metrics of the endpoints. Findings here illustrate the potential benefits of adaptive retry
policies and suggest that such mechanisms could be guided by predictive analytics to optimize the trade-
off automatically.

5.2.Secure Channel Sync Impact on Performance

Another noteworthy finding is the asynchrony in secure channel negotiations, particularly the
performance lag resulting from asynchrony in negotiations. Controlled experiments showed that batches
processed under unsynchronized secure channel conditions had a significantly high failure rate and
prolonged execution time.

Table 3: Batch Execution Times Under Synchronized vs Unsynchronized Secure Channels

Scenario Average Execution Time (s) | Failure Rate (%)
Synchronized Channels 42 1.2
Unsynchronized Channels | 68 8.5

With secure synchronization, whereby handshake flows between banking endpoints were pruned, the
average execution time was 42 sec with a failure rate of only 1.2%. On the other hand, using no
synchronization logic resulted in an average execution time worsening to 68 seconds while the failure
rate surged to 8.5%. This demonstrates that unusable secure channel configurations lead to timing skew
and error inflations for systems operating in constrained environments with high transaction volumes.

Examining one of the most neglected aspects of failure that went unsynchronized—the
mismanagement of the burning windows of issued certificates—proved to be fruitful. Delayed renewals
for certificates at the bank emerged as profound contributors to cascading failure.

This is shown in Figure 6, where failure count is plotted against the duration of delay in certificate
renewal across five banking interfaces. The heatmap shows steep escalations in failure counts as the
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windows for certificate renewal extend further out. For example, Bank C recorded 2 failures when
renewals were within a day, but this figure soared to 18 when the renewal delay was beyond two weeks.
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Figure 6: Impact of Bank-Side Certificate Expiry on Flow Failures

This data points reconfirm the need for effective certificate lifecycle management, automated
handshake validation, and dynamic certificate management between SAP and bank endpoints, especially
in the pre-expiration phase. Stalled certificate update processes in a geographically dispersed banking
infrastructure build erratic trust conditions which in turn result in partial batch failure.

5.3.Regional and Operational Observations

The third analysis focused on the influence of a specific region and its disparate network or configuration
components on failure propagation. Network topology inconsistencies from a particular region were
hypothesized because of varying timeout policy, support level for TLS protocols, and the complexity of
the routing infrastructure. Results obtained from our synthetic and live testbeds confirmed measurable
disparity across regions.

According to Figure 7, North America had the highest average daily failures per transaction during a
period of time, which was followed by Asia, and the Middle East. Europe had the lowest failure volume,
which could be attributed to better compliance with regulations such as the PSD2 and the more
widespread use of bank API standards like EBICS.
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Figure 7: Average Daily Failure Volume by Region
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North America’s high failure rate can be explained by multiple banks maintaining proprietary
Host2Host systems that have poorly managed certificate renewal practices, obsolete ciphers, and
outdated cipher support. On the other hand, European banks’ wide adoption of certificate authority
transparency, structured handshake log, intensive CA, and centralized PKI enhanced negotiation
stability. The mixed results observed in the region of the Middle East could be attributed to the varying
degrees of automation and cryptographic enforcement found in the banking sector within that area.

A different layer was added regarding error categorization per each region. Secure channel
malfunctions were separated into four overarching groups: SSL handshake malfunction, certificate
mismatch, incompatible cipher suite, and DNS resolution failure.

Figure 8 depicts the share of all regions comprising each type of error. Dominating the error sphere
with 34% share is SSL handshake failure. This is followed by Certificate mismatch failure at 27%, while
issues regarding ciphers and misconfigured DNS recorded 21% and 18% of the shares respectively.

Graph 8: Types of Errors During Negotiation

DNS Failures

Cipher Unsupported

SSL Handshake Failures

Certificate Mismatch

Figure 8: Types of Errors During Negotiation

The sensitivity of SAP secure channel negotiation is especially evident in the protocol sequencing
and version support discrepancies due to the high occurrence of SSL handshake failures. SAP clients,
which are static configured, frequently clash in environments where the banking endpoints TLS version
auto-negotiates based on load balancer heuristics. The manual maintenance of trust stores in SAP
containing stale intermediate chains led to the invalidation of valid endpoint certificates, which is why
the certificate mismatch occurred.

These findings advocate for the automation of trust store synchronization, daily monitoring of the
integrity of the certificates and chains in Host2Host and legacy EBICS systems, as well as enhancements
to SAP-native monitors that are capable of distinguishing between these error types and as such, perform
targeted retries or fallback routing triggered by the error classification.

5.4.Recovery Potentials with Alignment Strategies

This analysis’s last part focused on evaluating the performance of three recovery strategies: manual
realignment, scheduled time-based alignment, and predictive Al orchestrated alignment. These strategies
were evaluated in simulated batch settings with a random mix of payment target regions, types of
protocols, and failure conditions.
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Naren Swamy Jamithireddy.

Overall recovery success rate comparison is presented in Figure 9. Manual intervention gave a poor
success rate of 68% because of too slow operation and erroneous deeming certain operations as no-ops.
Time-based scheduling improved this to 82% because it allowed grouping handshakes within predefined
windows. However, the highest recovery rate of 94% was achieved through Al predictive orchestration
which utilized historical negotiation models to adjust retry attempts and validate readiness at machine
learning pre-set intervals.
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Figure 9: Success Rate by Realignment Protocol

Al-based orchestrations showed particularly strong results for managing remaining errors within
partially completed batches. This was because systems divided payment clusters dynamically and
isolated the non-successful clusters while leaving other successful branches intact. This system

optimization minimized recovery time while increasing throughput. These strategies’ comparative KPIs
are shown in Table 4.

Table 4: Success Recovery Probability Based on Sync Strategy Used

Strategy Recovery Retry Post-Recovery User Intervention Throughput
Time (s) Count Error Rate (%) Needed (%) Improvement (%)
Manual 45 3 5.4 100 0
Time-based 30 2 2.3 40 25
Al- 15 1 0.8 10 48
Predictive

As observed in the results, manual recovery exhibited the greatest operator burden of 100% across
attempts, containing the lowest throughput gain. Other strategies, especially scheduled ones, were more
advantageous in cases with tightly controlled job window times. However, Al-predictive
synchronization yielded the lowest post-recovery error rates of 0.8% and average recovery times of 15
seconds, achieving a remarkable 48% improvement in throughput relative to baseline performance with
only 10% of cases needing operator intervention.

This illustrates realignment strategies greatly enhance configurable payment batch resilience, but the
approach must be aligned to organizational capability, system maturity grade, and integration complexity
tiers. While the orchestration outcomes appear optimal with Al there is a need for an upfront investment
in historical data architecture, SAP interface upgrade, and ongoing refinements. In any case, the
operational continuity, compliance, and overall efficiency advantages for treasury operations in a high-
volume environment are substantial.
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6 Discussion

6.1.Interpretation of Results: Key Observations

The insights gleaned from the simulations, the analyses of synthetic datasets, as well as the evaluations
of actual logs form a seamless story: asynchronous secure channel negotiations represent a critical flaw
in the entire structure of SAP MultiBank payment ecosystems. The data reveals some striking patterns.
There is a specific order of relationship between batch size and the way errors propagate, which is also
nonlinear. Larger batches tend to show more disproportionately higher failure rates than smaller ones.
This implies that risk accruing in interdependent transactions hinges more on interdependent
cryptographic timing rather than just the sheer number of transactions.

Figure 6 demonstrated that failure behaviors in asynchronous secure channels are particularly
sensitive to certificate management. Failure rates tend to surge, especially in the older trust store update
systems that rely on dated manual updates, when the communication surrounding bank-side certificate
expiry that relates to delay is not precise enough. More critical, as Figure 5 uncovered, retry intervals
are central to determining failure outcomes overall. Organizations are able to lessen their exposure to
failure from TLS negotiation timeouts or concurrency clashes by quite a lot with even small changes to
the spacing between retries.

Table 3 further underscores the fact that synchronization between secure channel negotiations is
critical, not just beneficial. Out-of-sync negotiations markedly increased both execution time and failure
rates, thereby underscoring the need for coordinated timing. This was also observed regionally; in Figure
7, failure volumes soared in regions where banking APIs are poorly standardized or fragmented
governance of secure channel oversight exists. Figure 8’s distribution of error types supports the notion
that failures are caused by more than just unavailability of endpoints. Rather, there are deeper issues of
cryptographic incompatibility and misaligned configurations of trust.

The recovery mechanisms analyzed in Figure 9 and Table 4 showed that Al-predictive
synchronization far surpassed any manual or scheduled realignment approaches. It not only minimized
failure and recovery times, but also lessened the need for manual oversight, which is vital for scaling in
high-density treasury operations.

Combining these results, it becomes clear that while systems providing technical redundancy,
coupled with retries and fallback paths may add negligible value, reconfiguration of secure channel
negotiation protocols—especially when guided by intelligent restructuring—yields unparalleled
advantages.

6.2. SAP Treasury Implications for Payment Continuity

SAP Treasury Management’s core principles include visibility, execution, liquidity control for a
corporation, and reliability. All three are undermined by the propagation of failures stemming from
mismatched cryptographic handshakes. An insecure secure handshake from one bank implies a more
than one bank batch closure, which leads to inaccurate liquidity forecasting, delayed reconciliations,
compliance breaches... to name a few. In direct payment systems where payments are directly linked to
the investment triggers, loan servicing, or intercompany cash pooling, these disruptions can have
immediate tangible financial impacts.

In comparison to other systems, SAP puts no particular focus on enforcing broad synchronization
across several focal points for MultiBank Connectivity. Each channel negotiation is conducted on a per
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endpoint basis, and none of them take into account the state of the others. Thus, as observed in the
results, there is a risk of propagation, especially during end-of-day batch processing where certain
systems need to operate within strict time bounds. In IHC, Cash Management, and BAM, reporting on
consolidated figures, even minor transaction failures due to asynchrony at the cited upper-layer systems
results in deepened internal audit and reconciliation discrepancies.

Moreover, SAP’s proprietary tools such as AIF and BAdIs coupled with integration monitoring do
not provide TLS-level insights. Errors such as “Connection timed out” and “Invalid signature” typically
happen due to a multitude of factors, be it certificate expiry, cipher incompatibility, or revocation list
inaccessibility, yet provide cryptic logs that do not help the treasury team identify the problem. This
leads treasury operations teams to face persistent delays in decision making, interpretative failures
requiring outside assistance, or necessitating manual retries—all of which are unfeasible at enterprise
scale.

From a business continuity perspective, the impact spans more than just increased transaction latency.
Transactions undergoing failure risk incurring penalties, unfulfilled obligations, vendor disputes, and
adverse outcomes in audits. Strategically, not resolving secure channel desynchronization attacks
undercuts digital transformation efforts, especially in the treasury space grounded on principles of
minimal human interaction and sophisticated automation.

6.3. Recommendations for Secure Channel Governance

Based on the results, it is clear that a secure channels governance framework is required. At the
organizational level, implementing predictive analytics engines that monitor TLS negotiation activities
and predict operational failures based on previous delays, certificate validation, and endpoint
performance metrics at a given interval would be useful. Such engines have the capability of both
proactively delaying and rerouting transactions, thereby minimizing the need for redundant processes
and preserving the batch's structural integrity.

There is a need to automate certificate lifecycle management for the designated stores. Automated
certificate management systems capable of monitoring changes to intermediate and root certificates
spanning all endpoint banks should be synced with the SAP trust stores. These systems should also be
able to periodically scan all active TLS endpoints, validate trust chains, and set automated notifications
for certificates needing renewal well before the scheduled date.

On the configuration level, update batch grouping criteria. Grouping should also take into account
historical latency, retry tolerance, and success rates on negotiation wins. For example, SAP job
schedulers can be engineered to execute wave-based negotiation sessions where endpoints with roughly
equivalent performance metrics are processed in a batch to mitigate the risk posed by slower endpoints
on timeouts.

From the vantage point of strategic alignment, it would be logical for the SAP and enterprise
architecture teams to push for uniform compliance standards in banking API contracts. In the same way,
ISO 20022 has standardized the message payloads, a comparable initiative at the level of the entire
industry for the negotiation protocols used for secure channel creation would have enduring benefits.
Among them are consistent timeout periods, handshake algorithms, and fallback mechanisms across
institutions.

Lastly, the adoption of Al-driven orchestration should now be seen as imperative. As the study
illustrates, these systems offer the highest increases in success rate, throughput, and operational
autonomy. With SAP landscapes, such integration can be achieved through BTP or external automation
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frameworks which allow for real-time decision making and serve the greater purpose of autonomous
treasury functions.

7 Conclusion and Future Work

The provided study demonstrates the thorough investigation of failure cascading in MultiBank payment
batch processing within SAP systems due to out-of-sync secure channel negotiation. Based on a set of
synthetic simulations alongside real log analysis and performance benchmarking, it was proven that a
lack of temporal and cryptographic coordination within parallel banking gateways exacerbates failure,
execution time, and batch integrity risks. Expired certificates, asymmetric retry policies, and handshake
mismatches due to latency were proven to be primary contributors towards these systemic failures. This
study shows that the application of intelligent synchronization—more so Al-driven realignment
protocols—Ileads to reduced failure incidence and enhanced operational agility while mitigating
multifunctional risk. These findings are particularly relevant for enterprise-level SAP treasury operations
where insignificant breaches to communication protocols can lead to chaos at the regulatory, financial,
and reputational levels.

Focusing on the promise of real-time telemetry analysis, one approach to fully autonomous and
secure channel orchestration frameworks would be refined dynamic adaption of handshaking processes.
Future directions could include more sophisticated real-time anomaly detection algorithms for SAP
PI/PO and CPI pipelines, certificate trust graph visualizations for real-time certificate validation, and
endpoint-reaction-predictive latency modeling. Moreover, the instant shift across industries towards
standardized negotiation frameworks for secure APIs, much like the broad adoption of ISO 20022, would
greatly benefit the foundational interoperability and resilience of SAP treasury systems. Further research
could investigate cross cloud SAP system deployments, where hybrid trust boundaries create new failure
vectors, untapped gaps in SAP-native modules for TLS diagnostics, and the channel health scoring
systems, as well as the creation of gap-less TLS diagnostics frameworks. These innovations would be
pivotal in achieving complete resilience for automation-driven high-volume treasury ecosystems.
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