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ABSTRACT: Derivatives enable dynamic risk-sharing across market participants, yet the costs of managing exposures
with multiple counterparties typically outweigh the associated benefits. Al-driven contract automation could radically
reduce these operating expenses, thus facilitating real-time integration of financial systems, once considered a distant,
blue-sky promise. Positioned at the higher end of the architectural stack within cloud-native microservices ecosystems
that support regulation-driven observability, security, and compliance requirements, Al agents can elevate the state of
the art by mapping trade lifecycle executions and decisions to an orchestrated process with governed interfaces among
sequential and parallel workflows. Orchestration is responsible for decisioning and grounding Trade Logic, an event-
driven catalogue of trade lifecycle phases, decision points, triggers, and exception-handling switches. Decisions govern
Protocol negotiation, counterparty readiness for trading, and Trade Lifecycle event sequencing. Industry-standard
message formats streamline data ingress, but in the absence of a common Transport Protocol interconnect, logic can
leverage SWIFT, e-mail, and conventional bank-to-bank telephony.

Derivatives introduce counterparty credit risk, a burden borne by the derivative’s buyer. Daily collateral transfers ensure
that the market risk borne by both sides is closely matched. This set of mechanics becomes inefficient in the real-time
paradigm and innovations such as Clearing, Margining, Netting and Multi-Counterparty trades attempt to restore
efficiency while lowering settlement risk. A Multi-Counterparty Trade is a derivative executed with multiple
counterparties over a single settlement cycle. It transfers high-market-risk and thus high-collateralised-exposure
derivative positions, often among relatively weakly correlated market participants, with relatively strong participants
acting as risk intermediaries. Legal structures exist to mandate the transfer of these exposures although regulation limits
this obligatory risk transfer in order to facilitate competition.

KEYWORDS: Integrated Services Digital Network (ISDN), Interseismic Processing Of Surface Waves (IPS), M-band
Wireless Local Area Network (WLAN), Security Oriented System Architecture (SOSA), One Global Radio Network
(OGR), National Policing Improvement Agency (NPIA ), Wireless Network Testbed (WNT), Temperate And Cold
Latitude Program (TCLP).

I. INTRODUCTION

Real-time financial integration aligns financial exchanges with business operations and real-world economics. Multi-
counterparty derivatives with collateral management are the primary instruments that realize this ambition, executing
netting across multiple parties while minimizing systemic risk. They reside within the financial navigation layer of the
economy, managing risk and liquidity throughout the real economy, thus enhancing the real-time integration of financial
markets with supply chain and credit markets. Yet such financial instruments remain underexplored.

A cloud-native framework with Al support creates an environment for the automatic, scalable, secure, and resilient
execution of this complex financial task. The focus is on the orchestration layer, which manages the flow of capital and
risk throughout processing. Al agents facilitate the trade lifecycle with observing, deciding, and doing capabilities that
span all three functions. An Al-driven orchestration layer runs on the bank’s capital, credit, and liquidity engine. All-
party Connectivity, within set protocols, is provided in a self-service manner. Data in motion is constantly monitored,
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decision agents regularly notified, and transactions in matched event-driven mode. Al agents operate within bounded
autonomy, governed by predefined rules and risk appetite functions.

Recent market developments have reached a critical point in financial services. Capital, liquidity, and operational
requirements have introduced a step-change increase in the cost of maintaining nearly real-time trading, execution, and
settlement processes. These requirements consume both a large percentage of financial institutions’ IT budgets and
considerable resources from the institutional and retail client communities. Cybercrime, incident impact, and frequency
levels have reached unprecedented levels of urgency and significance for business and governing parties. Regulatory
compliance and technical information security requirements are an acute burden to many banks and financial service
organizations, given the unpredictability of the range and burden of associated demand in the market.

1.1. Background and Significance: Real-time financial integration involves effecting transactions across different
institutions at least every business day or sooner—ideally, instantly—and responding to market moves (with particular
emphasis on pricing or value) within the same timeframes. In this context, trades and transactions behave like an element
of the physical world: an event, with its full lifecycle visible and its effects on all counterparties reflected in their books
via the correct succession of events. Hence, the integration under discussion goes beyond the purely technical aspect of
being able to message externally with other parties, using a given standard protocol like FIX or FpML,; it also requires
fulfilling the economic and business objectives. Trade execution, normally achieved via a request-for-quote mechanism,
fits well within this operational paradigm. The trade life cycle, from intent to closeout of the position, is not validated
simply by KPI throughput measures; rather, this represents a continuous flow of market events happening during the day,
with trade intent being a part of that flow. The rate and volume of events might change rapidly; the trades becomes a
form of congestion point in that classical queuing theory sense.

The integration should be applied to instruments that typically involve several counterparties, such as futures contracts,
but also credit default swaps (CDS) and total return swaps (TRS). Such instruments arise when trades can be netted and
closed out anytime. Beyond the products, the term also applies to broader operations involving several parties touching
a series of corresponding trades, such as repo trades for borrowing security. These transactions require an operational
team monitoring the market and reverting on a near-real-time basis. The execution latency often aims at achieving bid-
ask spreads narrower than other judgment-based spreads, albeit that target is seldom met. The “real-time readiness” aspect
relates to market conditions where the cost of not being integrated can be large, as with credit risk of bonds or related
underlying exposure.
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Fig 1: Financial Risk Management

1.2. Research design: Two tightly integrated questions are addressed. How do developments in cloud-native
microservices, Al-based orchestration agents, and business data models with real-time data synchronization influence the
design of operational risk and compliance functions in the financial services industry? To what extent can these
innovations enable real-time integration of market pricing, trading, and collateral management for derivatives and other
financial instruments where interaction among multiple counterparties is essential? The scope is defined by these
questions, and illustrative examples are drawn from a detailed architectural design produced during sponsorship by a
leading universal bank. This design deploys Al agents, orchestrating workflows through a multi-layer, event-driven
architecture built on cloud-native microservices—one of the most exciting developments in the two-sided merchant
banking aspects of Al. The architecture emphasizes data quality and sophistication, with uncertainty and value at stake
in much of the interaction.
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Testing is clearly a critical aspect of any Al initiative. This cloud-based architectural design emphasizes transaction cost
reduction through improved execution speed and other efficiency measures and is intentionally kept generic; it seeks not
simply to fulfil a particular business case, but to demonstrate the applicability of shaping an Al-assisted practical real-
time implementation. The real-time aspect is grounded in strict control of the latency, data freshness, and synchronization
required for appropriate trade execution and take-up.

Il. THEORETICAL FOUNDATIONS

Integration of trading and risk management functions with latency in the seconds range supports near-real-time collateral
management and regulatory reporting. Such real-time integration of business and technology processes into a single
orchestrated flow is distinct from conventional batch integration approaches, in which the outputs from one technology
function can serve as the inputs for subsequent functions only after the completion of a batch process. Real-time
integration might also be considered a movement towards the broader concept of continuous risk management. Achieving
such integration requires responding quickly to events such as the triggering of margin calls, the recomputation of risk
or pricing sensitivities, or the detection of a significant deviation from an expected outcome during the normal course of
trading, margining, or anticipated surveillance activities.

Batch processing is the predominant paradigm employed for integrating the various trading and risk management
functions in a financial institution. These specialized functions—covering trade execution, market risk management,
counterparty credit risk management, legal documentation, collateral management, financial and regulatory reporting—
operate in relative isolation, each executed by a dedicated technology community and separate batch applications.
Business processes comprising multiple functions are typically defined in terms of inter-function handoff points, where
an interface specification or SLA between the handoff partners may also reflect technology integration requirements.
Event-driven processing, on the other hand, breaks down these defined (and often artificial) isolation boundaries into
task-specific components and enables dedicated, independent, and parallel responsiveness to the same underlying event.

Multi-Counterparty Derivatives

Multi-counterparty derivatives are reliant on the underlying parallization in the trade lifecycle management processes for
each counterparty, translation of risks across multiple reporting venous, and final aggregation of positions based on
margining requirements across multiple exposure segments. Multi-counterparty derivatives are contracts negotiated with
a consortium of counterparties to transfer the idiosyncratic risk of the underlying position while entering into
counterparty-specific exposure segments for the grounded risk incurred. The contracts typically bridge multiple dispatch
periods covering the expected delivery period, where the netting of risks across counterparties is formally recotized via
an agreed set of netting formulas. Events triggering the response may include the final hazard conditions of the contract
and the respective final hazard assessments anticipated for each of the counterparties.

Equation 1: Mark-to-Market (MtM) value of a derivative
Let a derivative’s value to us at time t be:
V(t)
e V(t) > 0: counterparty owes us (our exposure is positive)
e V(t) < 0: we owe counterparty
If the derivative payoff at maturity T is X(T), then under risk-neutral pricing:

v(e) = B2 ek T x(r) | 7|

Step-by-step meaning

T
1. Discount payoff back to time ¢t: multiply by e~ Je "@du
2. Take conditional expectation given information F,
3. Use the risk-neutral probability measure Q

2.1. Real-Time Financial Integration: Real-time financial integration links counterparties for transaction completion
within a single market session, meeting latency requirements of minutes to seconds. In a multi-counterparty context, real-
time integration implies managing multiple counterparties and executing multiple transactions, including trades and col-
lateral movements, throughout the session. Latency is only one aspect of real-time integration; freshness of the data used
in decision making and the degree of synchronization across parties can also be important. The two paradigms — event-
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driven (or on-demand) and batch — can support applications with real-time requirements using different implementation
approaches.

Event-driven integration responds to events, often exchange notifications, that may originate from internal or external
sources. When such an event occurs, the required data is fetched and the associated processing is triggered, independent
of any other time schedule. The use of such an architecture eliminates the need for a fixed frequency scheduling, thus
reducing the processing demand during quiet periods. For those processes that are real-time critical and can tolerate the
latencies that may be incurred, a fully event-driven approach can yield a false sense of security, as there may be multiple
counterparty dependencies that do not have overlapping requirements.

2.2. Multi-Counterparty Derivatives: Multi-counterparty OTC derivative instruments settle with multiple
counterparties and contractually enable risk transfer by means of point-in-time netting. Scope four-corner arrangements
where a central service provider operates on behalf of two or more clients, enabling scaling economies, faster settlement
cycles, restricted credit considerations, and collateral optimization. The benefit over standard bilateral settlements lies in
reduced counterparty risk exposure, not the transfer of the underlying risk.

Settlement with multiple counterparties necessitates a collateral mechanism. Assets move between two or more financial
intermediaries at least once during the trade lifecycle. Settlement risk is mitigated through the exchange of collateral.
Collateral is determined and collected throughout the trade lifecycle, and the collateral flows are aligned with the risk
exposure during the settlement leg and, in most use cases, prior to settlement.

The party receiving collateral is required to hold it safely and to return it in accordance with the pre-agreed terms. Failures
to return collateral when required also generate costs. Margining is best understood as a mechanism for moving the
collateral effect forward in time: instead of leaving the collateral exchange to the point of final settlement, the pre-agreed
terms specify the risk exposure on a daily basis and the required collateral adjustments are done at that rhythm.

Multi-counterparty settle-and-net OTC derivative instruments running with collateral exchanges require adaptation to the
related legal context, including netting and collateral legislation. As far as netting is concerned, it is possible that local
law does not permit the netting by a single entity of all risks arising from different counterparties. Multi-counterparty
settle-and-net swaps operated under an ISDA master agreement allow collateral adjustments and settlement never to
exceed the role of protection against risk netting.

I1l. ARCHITECTURAL OVERVIEW

The proposed architecture comprises an orchestration layer hosting many re-usable Al agents that drive the integration
of low-latency, event-driven data sources with business processes requiring fresh data. As discussed in the context of
operational support, these Data Decision agents effectuate automated execution but may also provide suggestions or
preliminary actions undertaken by an operator in immersive decision-support mode. The higher-level governance uses
the Al agents’ interpreted outputs to manage, approve, and monitor business decisions. At lower levels, Data Decision
agents interact with structured business processes and are incorporated into APIs exposed to external systems. Device
agents operate at low levels, providing security mediation and protocol translation for counterparty connectivity.

The orchestration function described above is complemented by data compute facilities. Any process with continuous
external data dependencies can be expressed in an event-driven manner, achieving the required freshness. Nonetheless,
a legal-framework-driven settlement cycle represents a natural cadence for these business operations. Data Preparing
services consolidate decision information into a temporal backcasting view with the required historical.
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Fig 2: Al-Native Orchestration Architecture

3.1. Orchestration Layer and Al Agents: The orchestration layer generates real-time coordination across business
functions, processes, and decision personnel via predefined governance principles. The layer comprises different decision
agents (multiple role-oriented personal assistants) serving diverse users (clients, operations, trading, growth, risk, and
compliance), each responsible for domain-specific coordination. Decision agents reside logically within the orchestration
layer and trigger environment-dependent external Al capabilities. These capabilities support Al-driven decisions but do
not use multiaction decision trees. Non-SAP capabilities, such as machine learning and artificial intelligence, reside
outside the real-time integration design and are included as per business needs.

The orchestration layer interacts with other business reality layers through a collection of strongly-coupled interfaces.
Events trigger and notify the decision agents of internal and external events, comprising supply-and-demand
(information) list updates for a set of customer-driven services. A subset of services automated by third-party systems
(e.g., digital and trade finance solutions) is initiated through the orchestration layer. The governing decision agents
determine the Al capabilities required for fulfilling the service requests. Decision agents support business reality layers
through a collection of Al capabilities that provide intelligence for optimal decision-making at every level of orchestration
process. The separation of decision and Al capability enables region and industry specialization of service delivery while
ensuring proper use of organizational resource and maintenance spares. The mastery level of the Al capabilities
remains—at least during initial phases—Ilower than other industry-matured capabilities.

3.2. Data Ingress and Normalization: All data sources and formats with their service schemas are mapped to the
canonical model, supported by automatic data quality checks. Ingested data are time-aligned and tags containing the last-
modified timestamps for individual fields are incorporated. This knowledge enables the controller decision agents to
identify the freshest events and update visualizations and other systems consuming the canonical data. Data lineage and
provenance information is kept to address regulatory compliance requirements, accommodate stakeholder due diligence
requests, and facilitate troubleshooting.

Classification and addressing of the input protocols, data formats, and supported security protocols enable different types
of systems to converse across network boundaries as prescribed by industry standards while ensuring confidentiality of
the transactions. All systems correspond to well-defined industry-standard interfaces that create suitable middleware for
data conversion for transit, bridging, or adaptation purposes. Any poorly formed messages that cannot be processed by
the connector microservice or requests that cannot be completed in the expected time frame are reported back to the
relevant systems. For protocols lacking direct implementation with the local agent, fallback options using a combination
of the common industry standards are specified and supported to ensure continuous connectivity.
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IV. AI-DRIVEN ORCHESTRATION IN PRACTICE

The trade lifecycle encompasses all activities associated with the inception and conclusion of a trade, primarily focusing
on trade capture, allocation, confirmation, affirmation, settlement, and ancillary operations. Certain phases, such as
capture and allocation, often experience widespread user-driven engagement, with decision-making frequencies ranging
from once per trade to millions of times per day across an entire trading book. These naturally lend themselves to Al-
based optimization and, when combined with Al-supported event-driven monitoring and management, present an
opportunity to enable real-time processing of a trade’s full lifecycle. Other phases, like settlement and associated
exception management, have inherently lower batches per hour, making them less suited to standard ‘transaction
processing’ and ‘event-driven’ paradigms. Nevertheless, the very nature of these processes means a focus on resiliency
and observability is paramount. Cost control remains important, though these stages are not critical in driving investment
decisions.

Throughput targets of fifty trades completed through the full lifecycle per second (on dedicated infrastructure) are
sufficiently aggressive to warrant multiple execution engines working in parallel and the connectivity mechanism
achieving substantial scalability without requiring architectural changes. The proposed solutions should drive reduced
time-to-decisions for trade processing exceptions across the full lifecycle, leading down the resilience continuum towards
real-time trade processing with manageable costs. Outages or degraded service windows will also support satisfactory
near-time trade processing performance.

4.1. Trade Lifecycle Automation: Analysis-driven Al agents automate the trade lifecycle for the 3Ms of mission-critical
data-driven applications. On initiation, the order book is loaded with live quotes; cycle time is expressed in hours.

The trade lifecycle comprises a series of asynchronous stages and decision groups linked by events. Thoughtful
orchestration defines the sequence of activities, decision points, and exception-handling components, driving bandwidth
and transaction speed. Key elements include profitability drivers and traders’ and risk managers’ preferences for low-
variance and low-maximum-loss trades. The goal is to identify, execute, and settle trades that maximize net trading
income (NTI) on a rolling basis with millisecond latencies, very short hold times, and a positive trade-per-day count.
Such performance delivers predictive accuracy, which is why market-making firms trade in very large volumes.
Roadblocks typically arise in counterparty connectivity.

Equation 2: Netting (single netting set)
If values inside a netting set are V,, ..., Vy, the netted value is:

N
MOESRAC
i=1

and the netted exposure is:

N
amu>=nmx(§:m(wwﬂ
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Why this reduces collateral/exposure

Compare:

e Gross: sum of positives

o Netted: positive part of the sum

Since negative values offset positives inside the sum, typically:

Enet(t) < Eg‘ross(t)

4.2. Counterparty Connectivity and Protocols: Wide area connectivity between counterparties is a prerequisite for
private market integration. Messages can traverse the public internet with encrypted channels between counterparties or
through intermediary players offering high-availability capacity under a security model. Specific standards support
security on the application layer, such as FIX, and extend support for financial transactions through FIXAllied, FpML
and FIXatdl for derivatives. 1SO20022 fosters industry participation but also creates challenges in reconciling multiple
business models along the financial services infrastructure. Even standards converging towards the cloud face potential
alignment gaps between individual applications or ecosystems. Private data sharing remains an issue, with some alliances
restricting data evolution in a proprietary model by allowing usage of some infrastructure such as orchestration platforms
only on a controlled basis. Although cross-border agreements for cooperative information sharing have been in place for
a long time, it has not yet led to the creation of a common information exchange risk framework. When such agreements
or protocols are not in place or adequate, counterparties need to maintain alternative channels, allocating time and costs
for switching from their normal trading processes.

In addition to Protocols, financial players continuously participate in industry groups defining new rules and harmonising
processes. Reconciling the expected gains with costs along some sub-journeys often lead to some specific changes in
protocols resulting in a compromise between the goal of less cost and more profit along the entire trade and possible
compensation for increased/trading costs, when justified, on those private journeys.

V. CLOUD-NATIVE IMPLEMENTATION

The need for monitoring, tracing, logging, incident response, security controls, incident response, encryption, and audit
logistics and procedures is common to nearly all cloud-native deployments. An appropriate strategy set for observability
and security can fulfill compliance requirements related to varied regulations, including GDPR, Basel, MiCA, NYDFS,
and FINRA. These systems are also implemented and tested in accordance with the OWASP Top 10 security risks,
covering standards such as the Payment Card Industry Data Security Standard (PCI-DSS), Health Insurance Portability
and Accountability Act (HIPAA), NIST Cybersecurity Framework, CIS Controls, and Cybersecurity Maturity Model
Certification (CMMC).

The risk and compliance monitoring requirements increase for the orchestration of trade automation and real-time
integration with multiple counterparties; those that involve the Al-driven microservices orchestrated through a dedicated
layer also require management of model risk. Model risk can arise from any of the decision-making components
composing the orchestration layer—trading decision points, routing agents for direction, exception-management agents
for out-of-band trade lifecycle tasks, data-quality-monitoring agents tracking data preparedness for follow-on processes,
and agents reconciling executed trades against their constituent life-cycle events. The validation plan proposes
performance benchmarks and criteria for each of these Al models, as well as dedicated backtesting of the routing agents
based on historical datasets that can assess whether the selected path produced the best probable outcome. As for other
algorithms, the approach integrates governance of model risk across model development, implementation, and ongoing
performance assessment within the Al-driven orchestration layer.
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Fig 3: Al-based orchestration for cloud-native

5.1. Microservices and Containers: The orchestration layer’s components are implemented as finely grained
microservices, often implementing a single well-defined function and communicating with each other via standard
application programming interfaces (APIs). There is a clear separation between the application logic and state, with the
latter usually persisted in a data store. Data that needs to be shared with other applications is either replicated by event-
driven log systems based on the publish-subscribe model or made available in tabular form in data lakes. The
containerized microservices are orchestrated by an industry-standard container orchestration platform, which
dynamically allocates computing resources across microservices and scales them horizontally in a cloud environment.
Software deployment pipelines automate the lifecycle of microservices, deploying, upgrading, and decommissioning
them in a continuous fashion.

The operational characteristics of individual microservices are addressed during the implementation. Resource
consumption is minimized to reduce cloud costs, while observability is maximized by integrating monitoring and tracing
at the code level. High-throughput and low-latency requirements are carefully balanced, with optimized database access,
time-consuming operations offloaded to batch processing, and sufficient close-calling overhead to ensure that the planned
latency budget is not exceeded. Individual microservices could also be consolidated together, so long as high throughput
is required and latency is not excessive, to reduce codebase maintenance effort and deployment overhead. This low-
latency coding guideline is, however, only applicable to the microservices involved in data ingress and their data
providers; the latency budgets of other microservices may vary freely based on use-case characteristics of their functions.
Finally, thorough testing ensures strong resilience against both expected and unexpected extreme cases.

5.2. Observability, Security, and Compliance Corresponding observability, security, and compliance properties are
paramount for a cloud-native deployment of such an orchestration engine. Comprehensive observability covers
monitoring, tracing, and logging; security encompasses access control; incident response procedures outline the response
to detected anomalies; encryption protects the integrity and confidentiality of sensitive data; auditability enables
reconstruction of the sequence of events and verification of controls and access.

The primary monitoring functions track service availability, data quality and freshness, pipeline throughput, processing
latencies, and operating costs. Access patterns are monitored to detect anomalous behavior, either by individual users or
in aggregate, and trigger further investigation or incident response. Tracing enables the reconstruction of problematic
processing paths, including hot spots or bottlenecks, and supports action to mitigate recurrence. An alerting mechanism
oversees these elements, along with controls defined through a service-level agreement with users. Incident response
procedures define actions to be taken upon detection of sensitive keywords (e.g., “fire,” “bomb”) in messages and upon
detection of anomalous patterns in access controls. Access control incorporates Shaw and Memon’s fuzzy multi-level
security model and serves to determine the set of attributes required to access the service at a given time.

Information classification enables discovery of sensitive data that requires encryption at rest or in flight, on the basis of
current access control decisions. Encryption is particularly important where data traversing external networks could be
intercepted and used for adverse purposes; in cloud environments, the risk extends to internal staff. Note that, within a
well-defined and controlled environment, encryption is unnecessary for efficiency, although diligent operators would still
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apply it to protect data integrity. Auditability enables reconstruction of data provenance, service usage, and decision-
making patterns. Controls are implemented to reconstruct service usage, reconstruction of decisions taken by Al agents,
and data provenance discovery. These requirements collectively align with the operational risk management principles
specified by the US Federal Reserve SOP-13-1 guidelines.

VI. RISK MANAGEMENT AND COMPLIANCE FRAMEWORKS

Real-time integration of financial systems applies to multi-counterparty derivatives and real-time collateral-management
architectures (RCA) powered by actors automated through Al-based orchestration. The design within a cloud-native
microservices-based architecture aligns economic and operational transactions with risk management and compliance
processes governed by external regulatory requirements. The primary architects have a sound understanding of the
operational and regulatory environments governing their business operation.

Associated management processes typically require tailored developed solutions that ensure the timely and accurate
completion of the trades and custody activities during the life of all trades with depositaries. In addition, depositaries are
an integral part of the information processes between a regulated fund and investors. RCA apply daily for reversed repo
transactions and a regular basis for derivatives, in which collateral is required with multiple counterparties. Future
outlooks should include reporting demands and data localization, which apply country-specific regulations. At any
junction stage, the process allows controller checks of all the actions to mitigate potential risks.

Equation 3: Throughput scaling (paper mentions aggressive targets)
Let:

e k =number of parallel execution engines

e R =baseline throughput per engine (e.g., 50 trades/sec)

e 0(k) = coordination/overhead factor (grows with k)

A simple model:

Throughput(k) = Rk
B P (7
If overhead grows roughly linearly:
Rk
ok)=alk—1)> Throughput(k) = m

Step-by-step

4. ideal scaling without overhead: Rk

5. introduce overhead penalty factor 1 + a(k — 1)
6. divide to get effective throughput

6.1. Regulatory Alignment and Reporting: Numerous financial markets regulations impose reporting responsibilities
on market participants. Some of these regulations require transaction reports in near real-time with very short reporting
timeframes (for example, the European Market Infrastructure Regulation—EMIR), while others prescribe a more relaxed
timeline but require the creation of a transaction repository to facilitate regulatory scrutiny. Such a centralized facility is
possible during the trade lifecycle within the CSDR (Central Securities Depository Regulation), which mandates that
settlement occurs in a local CSD to the issuer's jurisdiction (including swaps with securities as collateral). Other
regulations such as the EU's MiFID Il (European Union's Directive on Markets in Financial instruments) require near
real-time trade publications within a location and for all market participants either on an as-traded basis, where
publication is mandatory alongside execution, or on an end-of-day basis in an aggregated manner.

Compliance with these requirements is typically hardwired into the portfolio management process. Data quality checks
and lineage of information that provide feedback into data preparation and cleansing processes may afford an opportunity
to rewire these controls as a part of regular model risk framework. The intelligence hub within the higher-level
governance framework may enable detailed reporting capability from the volume and technology standpoints across all
regulation-specified parameters. However, once the trade lifecycle has completed (for example, a higher-level
governance agent N, Role A3 has triggered the settlement process for a portfolio), the status has to be communicated to
repositories specified by CSDR and retained for data localization requirements.
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6.2. Model Risk and Validation: Model risk affects any financial institution using models and, increasingly, artificial
intelligence across a range of applications, and appropriate validation processes are required. Model risk due to Al
components is particularly challenging to manage because of the inherent complexity and opacity of Al techniques, and
a structured approach is essential in the mitigation of risks that may arise. Al model classes, validation plans, performance
benchmarks, backtesting activities, and governance structure are defined to foster appropriate model risk oversight.

Facing a wide range of Al applications, including image and video processing, dialogue systems, language generation or
translation, game playing, music generation, and chatbots, model risk must be an area of focus for any financial
institution, and now more than ever — as technologies based on Large Language Models (LLMs) become popular.
Moreover, survey results have shown that financial practitioners responsible for maintaining supervisory relations believe
that Al-generated capital market instruments, designed to be market neutral, performed poorly during the most recent
global crisis. Addressing model risk, especially in business-critical applications, remains vital. A structured approach is
therefore essential for the mitigation of risk in Al models. Such an approach attempts to reduce the occurrence of poor
performance or breakdown created by an Al model whose use is both voluntary and also provides an indication of its
transparency and explainability, rather than recommending it as the best performing model.

VII. ECONOMIC AND COMPETITIVE IMPLICATIONS

Total cost of ownership considers initial investment, ongoing operating costs, and revenues. Key drivers of return on
investment include removal of latencies in the trade lifecycle, more profitable deals, reduction of operational exposure,
and cost-to-income ratio improvements. An unconstrained implementation offers higher throughput than market volumes,
enabling trading in illiquid conditions but presenting potential liquidity strains when scaling back. Service-based
deployments reduce absolute costs but create service-level agreements that may impact profitability and increase
latencies. Sensitivity analysis illustrates relationships between revenue and required investment for service-level
agreement attainment.

7.2. Market Impact and Adoption Barriers

Derivatives markets are characterized by of incumbent structures favoring size, a need for standardized products created
by multiple participants, and the fact that no party would survive reduced trading volumes. As a result, competition is
low; nevertheless, the absence of a move from batch to real-time operation hinders both revenues and costs for certified
players. Enabled by an appropriate regulatory environment, such architectures may shift risk onto the balance sheets of
smaller institutions with adequate operational capability, especially during periods of stress. Availability of open-source
specifications is an important precondition for multi-counterparty clearinghouses. Al-driven decision support could also
enable platforms catering to very specific niches at the same level as their larger competitors.

lllustrative MTM path (drives daily VM transfers)

Mark-to-market ($mm)
o
o

Day

7.1. Cost-Benefit Considerations: Total Cost of Ownership references hardware and software acquisition, deployment,
maintenance, and operational costs, as well as the costs associated with regulatory compliance and model risk considered
in the subsequent section. Additional ongoing infrastructure expense and major capital purchases of hardware for on-
premises deployment may be avoided by deploying in a public cloud supplementing data localization compliance. ROI
drivers include increased transaction throughput, costly revenue-at-risk mitigation for even test scenarios, substantial
reduction of reconciliation failure rates (backed by experience with a cloud-native solution for event-driven market-data
recipients) and consequent efficiency in back-testing Al components or any other automation of decision-making
processes. Current concentration of multiple-edge and Al-community products in trade-life-cycle automation also lowers
associated costs.
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Scaling to super-linear service capacity that need not solicitate formal quotations from customers would ameliorate cost-
to-income ratios for capital-intensive infrastructure. Movement from batch refresh of counterparty data to comparison
against canonical form of recently received updates would also ameliorate performance-to-cost ratios. Sensitivity
analyses would further reinforce business case: a 10% decrease in cost capacity, 10% growth in key economic area GVA,
normalizing of the costs of computing on petabyte volumes of data and of economic activity above 0.1 would also
strongly support development in this area compared to the status quo, even allowing for modeling and back-testing of
possible expansion from suppression of other modes of finance to exchange in multi-counterparty derivatives.

7.2. Market Impact and Adoption Barriers: The proposed cloud-native Al-supported framework for orchestrating the
real-time financial integration of services and business processes aims to leverage the automation potential of multi-
counterparty derivatives and collateral management to achieve quantum cost savings and commercial outcomes. From a
market impact perspective, the extent of cost reduction and revenue enhancement is an important metric for evaluating a
computing design or architecture. A comprehensive analysis of return on investment—based on a total cost of ownership
model—reveals the elements that have the most pronounced impact on ROI and profitability. Such economic
considerations also form the basis for a preliminary business case, investigating whether the proposed Al-supported
framework can deliver a commercially viable solution.

Not unexpectedly, these drivers of profitability resilience are important when determining the commercial attractiveness
(and hence market impact) of the scaffolding being detailed in preceding sections. Incentives for investing in such a
design also have significant implications for its potential adoption within the broader risk and compliance community.
When viewed through the lens of Economics 101, the question ultimately becomes whether the choice of a cloud-native
design is motivated by the strategic desire to introduce a fundamentally different risk and compliance business model
into the real-time infrastructure of global financial markets (one that is incorporating ever more capability to consume
commodities such as Aaa-rated credit and liquidity risk) or borne of sheer necessity.

Emerging Al
Regulations
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4\ Explainability \
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Management
Complexity
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Trusti |n
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Fig 4: Barriers to Al Adoption
VIIl. CONCLUSION

Cloud-native Al paradigms support the real-time integration of financial processes that require high throughput but may
nevertheless encompass complex interactions with other parties. High-frequency trading, such as cash equity trading and
foreign exchange trading (in both liquid and more exotic instruments), is thereby complemented with a wider range of
products and services that nevertheless generate revenue from greater liquidity and lower bid-offer spreads. The technical
challenge lies not in attaining low latencies—certain market-making desks require round-trip latencies in the order of
sub-milli-seconds—but in sustaining such latencies for the totality of the trade life cycle and in integrating across different
products and counterparties, including the use of collateral.

The present work is focused on newer, non-discretionary trading strategies that rely on flows from electronic user
interfaces but are nevertheless high-volume, support shorter settlement periods than are conventionally adopted (reducing
the net funding effect), and can be executed with minimal market impact. Examples include trading strategies based on
indexed listed products that replicate the risk-return profile of over-the-counter contracts but offer a business-to-client
solution. Such trading strategies may comprise a total of several million trades per year but are short-lived and do not
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require model-driven pricing. Al technologies can play a significant role in orchestrating such trade life cycles—across
different internal and external counterparties—»by efficiently handling any exceptions and reconciling the various sources
and sinks of risk.

8.1. Future Trends: Future trends in orchestration and management of Al-enabled, real-time financial integration
focusing on multi-counterparty derivatives and collateral management using cloud-native risk-compliance frameworks:
Transformational technologies and business models provoke continuous evolution of financial and risk architectures and
their constituent processes. In this spirit, orchestration layers incorporate smart, multimodal, inter-domain agents that
govern greater levels of machine interaction. Al-enabled business processes that take advantage of the tools, techniques,
and technologies of cloud economics proliferate. Within the domain of Al-associated risk compliance and risk integration,
a cloud-native architecture orchestrates end-to-end manager agents that automate trade lifecycles and collateral
management via seamless connectivity.

Business and regulatory drivers combine to deepen scrutiny and automation of counterparty credit and operational risks.
For capital-market firms, real-time risk compliance is the objective:[s_ép]“[he ability to generate an updated risk and
compliance assessment at the speed of business. This extends Al-enabled real-time integration beyond the computation
of incremental risk into a wider and deeper orchestration of events, trades, settlements, and statements that brings together
fresh data, fresh views, and decision-making support within its integration web. In parallel, the integration of multi-
counterparty derivatives and current or intraday collateral management operates under the continuous monitoring and

control of intelligence — an articulation of supervisory control architecture.
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