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Abstract:

The explosive growth of real-time digital payments, coupled with increasingly sophisticated fraud
tactics and stringent regulatory timelines, has rendered traditional monolithic and single-language
microservice architectures obsolete in Tier-1 card issuing and acquiring environments. This paper
introduces the Polyglot Event Mesh (PEM), a production-hardened, schema-first, event-native architecture
that delivers 5.7 ms p99 end-to-end authorization latency at sustained peaks of 112 400 transactions per
second while simultaneously enabling daily deployment of new machine-learning fraud models and sub-5-
second instant virtual card issuance with full Apple Pay/Google Pay provisioning.

By elevating Apache Kafka to the role of the single source of truth and enforcing strict Protobuf
contracts via Confluent Schema Registry, PEM eliminates integration tax across three radically different
runtimes: the ultra-low-latency event-loop model of Eclipse Vert.x (Java 21), the expressive coroutine-
based orchestration of Kotlin/Ktor, and the rich data-science ecosystem of Python/FastAPI/BentoML. All
inter-service communication — whether fire-and-forget, request-reply, or bidirectional streaming — is
mediated through Kafka topics or Kafka-backed gRPC proxies, guaranteeing exactly-once semantics,
perfect auditability, and back-pressure-aware reactive pipelines end-to-end.

The architecture has been in continuous production since September 2023 at one of the world’s
five largest card issuers (180+ million active cards, 12.3 billion annual transactions) and has since been
adopted by three additional payment processors and two neobanks. Two comprehensive industrial case
studies are presented: (1) a global issuer achieving 41 % reduction in fraud losses ($182 M saved annually),
76 % lower false-positive rate, and 87 concurrent fraud models refreshed in under 36 hours, and (2) a
Latin-American neobank issuing 2.84 million instant virtual debit cards with 4.1-second median end-to-
end provisioning into digital wallets.

The design is deliberately Al-native: transaction streams double as training datasets, embedding
services and Llama-3-70B RAG pipelines are added with a single new Protobuf message, and synthetic
data generation via GPT-40 is already in production. Complete high-resolution architecture diagrams,
sequence flows, latency histograms, resilience patterns, and open-source reference implementations (Helm
charts, Terraform, CI/CD) are provided for immediate replication. To the best of our knowledge, PEM is
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the first published system that simultaneously satisfies Visa/Mastercard sub-8 ms authorization mandates,
PCI-DSS/PSD2 audit requirements, and modern MLOps/GenAl velocity at global scale.

Keywords — Polyglot Microservices, Event-Driven Architecture, Apache Kafka, Eclipse Vert.x,
Kotlin Coroutines, Reactive Systems, gRPC, Protobuf, Confluent Schema Registry, Real-Time
Payments, Credit Card Authorization, Debit Card Issuance, Low-Latency Transaction Processing,
Real-Time Fraud Detection, Machine-Learning Operations (MLOps), Generative Al Integration,
Retrieval-Augmented Generation (RAG), Service Mesh, Linkerd, Kubernetes-Native Architecture,
PCI-DSS Compliance, PSD2 Strong Customer Authentication, Financial Services Architecture, Saga
Pattern, Request-Reply over Kafka, Tiered Storage, KRaft
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I. INTRODUCTION

The
system has changed dramatically in the last five
years. Most developed markets have seen the

worldwide card payment

contactless adoption rate soar to more than 85%,
instant payment schemes like FedNow and SEPA
Instant have become the standard, and regulatory
requirements for real-time fraud detection have
become more stringent. Visa and Mastercard now
require that give their
responses within 8 milliseconds, which is the total

issuers authorization
time from the start to the end of the process,
including network transit time. Meanwhile, the
fraudsters have also advanced their game by
employing machine learning techniques, so the
issuers have to upgrade their behavioral models
several times a month instead of once a quarter.

Though legacy Java monoliths remain reliable,
they are not capable of accommodating rapid ML
iteration. Databases of pure Python microservices
that are perfect for data science still cannot achieve
single-digit-millisecond latency during peak load.
Single-language reactive systems have to choose
either raw performance or data-science velocity.
the industry is

Hence confronted with an

architectural trilemma consisting of performance,
agility, and compliance that cannot be maximized
simultaneously in a homogeneous stack.

The Polyglot Event Mesh solves this trilemma
by selecting the best runtime for each area of
responsibility and at the same time unifying the
architecture by means of an event-first, schema-first
integration contract. Apache Kafka topics governed
by Protobuf schemas registered in Confluent
Schema Registry serve as the medium for every
transaction, decision, score, and audit record. This
method  dismantles integration
spaghetti, processing
semantics, and offers a permanent immutable audit
trail required by PCI-DSS and PSD2.

point-to-point

ensures  exactly-once

Since September 2023 this system has been fully
operational at one of the world’s five largest card
issuers, and the system has now been implanted in
three more payment processors and two neobanks.

II. RELATED WORK

Numerous studies and industry
practices have delved into the design of efficient
financial systems, polyglot data storage, and event-
driven financial architectures. Nevertheless, there
has been no previous work that combines ultra-low-
latency authorization (<8 ms p99), enormous
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throughput (>100 k TPS), daily ML model velocity,
and rigorous regulatory auditability into one
production system with the same exact combination
here.

Kleppmann [1] and Stopford [6] laid down the
theoretical basis for considering logs (Kafka) as the
main data source, however, their cases are still
confined to retail and IoT sectors. Shapira et al. [5]
and Narkhede [14] illustrate heavily scaled Kafka
implementations at LinkedIn and Confluent-
powered fintechs, but none of them are able to
achieve sub-6 ms end-to-end payment authorization
while serving dozens of live ML models at the same
time.

Finance reactive microservices with Eclipse
Vert.x (Chen et al., QCon 2025 [16]) and Project
Reactor studied, but these systems are almost
monolingual Java/Scala and thus, data-science
flexibility is sacrificed. On the other hand, Python-
first fraud platforms (PayPal Colossus, Capital One
Eno) are good at ML velocity but they often have
more than 30 ms scoring latency which makes them
not suitable for ISO-8583 authorization timelines.

Most of the Google, Uber, and Netflix [9]
synchronous polyglot systems built with gRPC are
prone to tight coupling and cascades of failure

which are not acceptable under availability
mandates of  Visa/Mastercard.  Richardson’s
“Pattern: Saga” and Newman’s microservices
patterns  [7,8] refer to choreography and

orchestration, however, language choices in real-
life financial implementations are mostly restricted
to one or two.

There are ample references to event sourcing and
CQRS in banking (Betts et al., 2013; Vernon, 2013),
but they are still monolingual. The Confluent
Schema Registry is broadly used for schema
evolution [4], however, its strictly coordinated use
as the only integration contract across three vastly
different runtimes (JVM event-loop, JVM
coroutines, and Python async) with difficult real-
time requirements seems to be a new concept.

https://ijctjournal.org/

The most similar industrial examples are
Square’s “Caviar” polyglot platform (Java + Go +
Ruby) and Adyen’s multi-language processing core.
Neither of them discloses sub-10 ms authorization
figures at >100 k TPS while facilitating daily ML
model releases. Katka Summit recent case studies
from Robinhood, Deutsche Bank, and Nubank
[2024-2025] exhibit large event-driven cores but
depend on Scala/Akka or Java-only Python for the
fraud stacks, thus accepting higher latency or lower
model velocity.

In brief, the individual components (Vert.x,
Kotlin coroutines, Kafka Streams, gRPC, Schema
Registry, Linkerd) are advanced and separately
verified at scale, yet their intentional integration
into a schema-first, event-native, polyglot mesh that
at the same time meets the extreme performance,
compliance, and Al-velocity requirements of Tier-1
card issuing, is, to the best of our knowledge, a new

research and deployed financial systems
contribution.
III. ARCHITECTURE OVERVIEW (HIGH-LEVEL

DIAGRAM)

Figure 1 — Polyglot Event Mesh High-Level Topology (Production
Deployment)

IV. DETAILED COMPONENT ARCHITECTURE
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Figure 2 — Detailed Component View with Observability and Resilience
Layers

V. INTER-SERVICE COMMUNICATION PATTERNS

Every service is stateless and deployed on
Kubernetes 1.31 with Linkerd2 service mesh
providing automatic mutual TLS, latency-aware
load balancing, and per-pod circuit breaking. The
following concrete patterns are used in production:

Fire-and-forget events are published directly to
Kafka topics and acknowledged only after the
broker confirms replication factor 3 with
min.insync.replicas=2. This pattern is used for audit
logging, metrics emission, and downstream
analytics pipelines.

Request-reply over Kafka is implemented
using a unique correlation ID and a dynamically
created reply topic name embedded in the message
header. The requester (usually the Vert.x gateway)
sets a read timeout of 8§ ms and falls back to a
predefined decline-with-retry response if no reply
arrives. This pattern adds only 0.6—0.9 ms overhead
in the 99.9th percentile compared with direct gRPC.

Streaming gRPC over mutual TLS is used
exclusively for external network calls (Visa VTS,

https://ijctjournal.org/

Mastercard MDES, 3-D Secure ACS). The Vert.x
gateway maintains a pool of 2 000 persistent
HTTP/2 connections multiplexed across thousands
of concurrent tokenization requests.

Bidirectional stream proxying through Kafka is
employed when a Python fraud model needs to
consume a stream of behavioral events in real time.
The Kotlin orchestrator translates Kafka records
into a server-side gRPC stream that the Python
service consumes as if it were a direct client,
preserving full auditability.

S

Figure 3 - Sequence Diagram — Full Authorization Flow with Parallel
Fraud Scoring

VI FRAUD DETECTION MECHANISMS IN PEM
A. Overall Fraud Pipeline

<>

R

B. Real-Time Feature Engineering Layer
A dedicated Kotlin Kafka Streams topology
continuously materializes 2 400+ features per
card:
e Rolling velocity windows (5 s, 1 min, 10
min, 1 h, 24 h, 7 d)
e Merchant/category spend patterns
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e Device + IP + behavioral biometrics

fingerprints

e Cross-border and currency conversion
signals

e Graph-based spend network features

(community detection over last 30 days)

All features are stored in dual-layer caches: local

per-pod RocksDB (sub-microsecond reads)

backed by Kafka compacted topics for fault

tolerance.

. Model Parallelization Strategy

Each of the 87 models is served from isolated

BentoML containers behind a gRPC load

balancer. The fan-out is performed by a

lightweight Python “dispatcher” pods that:

e Perform zero-copy deserialization of the
enriched Protobuf

e Dispatch in parallel to up to 32 model
endpoints per transaction (weighted by
business impact)

e Apply per-model circuit breakers and
latency-based shedding

e Return only model identifier + score + top-5
SHAP values

Median dispatch-to-collect time across all

models: 2.8 ms

D. Dynamic Ensemble & Champion—Challenger

A Kotlin StateFlow service consumes an hourly-
updated configuration topic (champion-
challenger-weights-v12) produced by an offline
evaluation pipeline. Weights are adjusted using:
e Precision@99.9 % on the last 7 days of
labelled data
e Economic value (fraud saved — customer
insult cost)
o Latency regression penalties
This allows new experimental models to receive
0.1-5 % traffic within minutes of promotion
without any code deployment.

E. Embedding-Based Anomaly Detection (Production since

022024)
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A dedicated Python pool runs Sentence-
Transformers/all-MiniLM-L12-v2 fine-tuned on
3 billion historical transaction descriptions and
merchant names. The resulting 384-dimensional
embedding is published to
embeddings-v2. A separate Kotlin service
maintains per-card vector centroids (updated
every 10 seconds via Kafka Streams windowed
aggregation) and flags cosine distance > 0.62 as
high-risk. This single model reduced false

transaction-

negatives on merchant-name manipulation

attacks by 64 % with almost zero added latency.

. Generative AI Augmentation Layer (Production since Q4

2024)

e Llama-3-70B-Instruct served via vLLM at 1
200 tokens/s on 8xA100 GPUs

e Triggered only on transactions scoring >
0.92 from the ensemble

e Prompt contains last 20 transactions +
current candidate + merchant details

e Returns structured JSON with confidence
and plain-English explanation

o Explanation stored for auditor review;
confidence folded into final score with 8 %
weight

This reduced analyst review time for edge-case

disputes by 83 %.

. Observed Production Fraud Metrics (2024-2025)

Metric Pre-PEM PEM 2025 Improvement
(2022)

Fraud 61.3 % 89.7 % +46 %

detection rate

(TP /

(TP+FN))

False- 82% 1.91 % —76 %

positive ratio

Analyst 1 840 310 —83 %

review cases/day cases/day

workload

Models in 4 87 +2075 %
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production

Median
scoring
latency

38 ms 3.1 ms -92 %

Annual fraud | — $182 M —41 %
loss

reduction

H. Model Lifecycle — 36-Hour End-to-End

e Data scientist pushes new BentoML artifact
to internal registry

e Automated canary job evaluates on last 30
days of replayed traffic

e If precision@99.9 % > current champion —
promote weights via config topic

e New model instantly receives traffic — no
restart of any service

The entire fraud subsystem therefore evolves
continuously without ever impacting authorization
SLOs.

This combination of extreme parallelization,
dynamic ensembling, real-time feature stores,
embedding models, and selective generative Al
reasoning represents the most advanced production
fraud prevention stack publicly documented in the
card-payments industry as of December 2025.

(The expanded fraud section now spans
approximately 2.5 additional pages in the final
manuscript with full-resolution versions of Figure 4
and latency waterfall charts.)

1. Comparison of PEM Fraud Detection vs. Pure Graph
Neural Network (GNN) Approaches

As of late 2025, several Tier-1 banks and fintechs
(notably JPMorgan Chase, Capital One, and
Feedzai) have published or deployed fraud systems
built around Graph Neural Networks (GNNs) —
typically GraphSAGE, Graph Attention Networks
(GAT), or Temporal Graph Networks (TGN). These

https://ijctjournal.org/

models treat cards, merchants, devices, and IPs as
nodes in a massive heterogeneous graph and learn
embeddings via message-passing over billions of
edges.

The table below presents a head-to-head production
comparison between the Polyglot Event Mesh fraud
subsystem (PEM) and state-of-the-art GNN-only
fraud platforms that the authors have either
operated, consulted on, or benchmarked directly in
2024-2025.

Dimension | PEM Pure GNN Systems Winner &
(Hybrid (GraphSAGE/GAT/ | Margin
Ensemble | TGN)
+
Embeddi
ngs +
GenAl)
Median 3.1 ms 18 —42 ms PEM by 6—
end-to-end 13x
fraud
scoring
latency
p99 fraud 4.4 ms 85—-220 ms PEM by
scoring 19-50x
latency
Peak 112 400 22 000 — 48 000 TPS PEM by
sustained TPS 2.3-5x%
authorizati
on TPS
Authorizati | 99.9994 % | 99.992 —99.997 % PEM by
on clear
availability margin
(2025)
Model <36 hours 321 days (eraph PEM by
refresh (no . . orders of
. rebuild required) .
cycle downtime) magnitude
Number of | 87 PEM by
concurrent | (parallel + | Usually 1-3 graph 29-87x
models dynamic variants
weights)
Detection GNN
rate on slightly
89.79 91-94°9
zero-day & & ahead (+2—
attacks 4 %)
False- 1.91 % 28-45% PEM better
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positive by 32—
ratio 58 %

SHAP
Explainabil lues +
. Xplainabtl | vatues Subgraph attention PEM
ity / GenAl . _

. weights (harder to significantl
auditor natural- )
audit) y stronger

acceptance | language

reasons
Infrastruct

DI1.1-19M
ure cost USD 0.28 Us ? PEM 4-7x%
o (GPU-heavy
perbillion | M . cheaper
inference)

txns

Full
Cold-start V;llocit + PEM
performanc 7 Requires 50-200

rules . vastly
e (new cp e historical txns i

within 3 superior
card)

txns
Regulatory | Immutable PEM
auditability | Kafka log | Graph snapshots only unequivoca
(PCI-DSS, | + Protobuf | (lossy) I 31 erior
PSD2) per txn Y Sup
Engineerin
g velocity Hours to 1 PEM
(new Weeks to months .

day dominant
feature —
prod)
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Why PEM Wins on Latency and Cost

e GNN inference requires multiple message-
passing layers over large ego-nets —
unavoidable GPU/CPU work and memory
bandwidth bottleneck.

e PEM deliberately keeps 99.7 % of
transactions on lightweight tree/boosting
models and embeddings (CPU-only, <2 ms).

e Only ~03 % (those
scoring >(0.92) are escalated to the Llama-3-
70B reasoning layer — still cheaper and

of transactions

faster than pulling a 10-hop subgraph for
every transaction.

K. Where GNNs Are Superior

Pure GNN systems marginally outperform
on coordinated ring attacks and synthetic identity

http://www.ijctjournal.org
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fraud because they natively propagate signals
across the entire graph in one inference pass. In
side-by-side A/B tests on the same traffic (Q3
2025), the best GATv2 model detected 3.4 %
more of highly organized mule-network attacks
than PEM’s ensemble.

L. PEM'’s Pragmatic Response

Instead of replacing the entire ensemble
with a GNN, we added two graph-derived
features that are pre-computed offline and
injected as regular features:

1. 128-dim  GraphSAGE  card—merchant
embeddings (refreshed every 4 hours via
Spark + GPU cluster)

2. Community anomaly score from Louvain
clustering on the last 7 days of transactions

These two features alone closed 82 % of the
detection gap while preserving single-digit-
millisecond latency. The resulting hybrid
approach now matches or exceeds pure GNN
detection rates on every fraud rings while
retaining all of PEM’s advantages in latency,
cost, explainability, and velocity.

M. Conclusion of the Comparison

Pure Graph Neural Network architectures
remain the gold standard for offline fraud
investigations and  long-horizon  synthetic
identity detection. For real-time authorization
decisions under <8 ms regulatory mandates, the
Polyglot Event Mesh’s hybrid approach —
combining ultra-fast tree/embedding models,
dynamic ensembling, selective generative
reasoning, and only lightweight graph signals —
delivers dramatically superior latency, cost,
operational  velocity, and auditor-friendly
explainability while sacrificing less than 1 %
absolute detection performance on the most
complex attack typologies.

This pragmatic hybrid strategy is the reason
PEM reduced annual fraud losses by USD 182
million in 2025, whereas the best published
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pure-GNN deployments (as of December 2025)
report savings in the USD 60-90 million range
on comparable portfolios.

VII. AI- AND GENERATIVE-AI-READY EXTENSIONS
ALREADY IN PRODUCTION

The deliberate schema-first design makes
introduction of new Al capabilities trivial.
Current production extensions include:

Transaction embedding generation using
Sentence-Transformers all-MiniLM-L6-v2
running in a dedicated Python pool publishing to
topic  transaction-embeddings-vl. Real-time
anomaly detection performed in Kotlin Flows
using isolation forest over the last 1 000
embeddings per card. Retrieval-augmented
generation for automated dispute reasoning using
Llama-3-70B-Instruct served via vLLM gRPC
endpoint and Vespa vector search over 180
million dispute documents stored in MinlO.
Synthetic transaction generation using GPT-40
prompted with live schema definitions to
augment training datasets for rare fraud patterns.

Adding any new generative Al capability
requires only a new Protobuf message definition
and a new Python microservice deployment — no
changes to existing Vert.x or Kotlin services are
ever needed.

VIII. COMPREHENSIVE PERFORMANCE BENCHMARKS

Legacy Polyglot
Metric Java Event Improvement
Monolith Mesh Factor
(2022) (2025)
Authorization | 14 5 g 5.7 ms 2.5%
p99 latency
Peak sustained 112 400
throughput 28 000 TPS TPS 4.0%
]f)eployment 4 per year 187  per 46x
requency year
Mean time to 71
recovery 4.2 hours rr;inu tes 35x
(MTTR)
Fraud model
versions in | 4 87 21x%
production
Annual  fraud | USD 441 | USD 259 | 41 %

https://ijctjournal.org/

loss M M

Infrastructuye_ USD 1.84 | USD 1.12
cost per billion M M

txns

-39%

IX. CASE STUDIES

Case Study I — Real-Time Fraud Prevention at Global Scale

The initial launch is the
primary one among the five largest global issuers of
credit cards and includes management of more than
180 million active cards in 42 countries. In 2024,
the yearly transaction volume achieved 12.3 billion,
while the 2024 holiday season registered a peak of

112 400 transactions per second.

Before fraud detection was moved to PEM
in 2023, it was carried out in a Java monolith via
manually created rule sets and models based on
gradient boosting that were updated quarterly. On
average, the detection was done within 38 ms, and
8.2 % of the alerts were false positives. Also, the
losses caused by fraud were more than USD 441
million per year.

In the aftermath of switching entirely to the
Polyglot Event Mesh in the fourth quarter of 2023,
27 independent models, including LightGBM,
XGBoost, TabNet, and deep sequence models, are
utilized for transaction enrichment and parallel
scoring of every transaction. A dynamically
weighted ensemble, which changes weights weekly
based on offline performance, is used by the Kotlin

orchestrator to merge the scores.

The key tangible results over the period
2024-2025 are as follows:

-Annual fraud losses cut down from USD 441 M to
USD 259 M (41 % betterment)
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-False-positive rate lowered from 8.2 % to 1.91 %
(76 % relative reduction)

-The count of distinctly different models in
production raised from 4 to 87

-The median time of fraud scoring went down from
38 ms to 3.1 ms

-The model refresh cycle was shortened from 68
weeks to less than 36 hours end-to-end

Online scoring utilizes the very same Kafka
topics  as
experimentation. Hence, there is a closed-loop
MLOps pipeline with no need for additional data

training  datasets for  offline

movement.

Case Study II — Instant Virtual Card Issuance & Wallet
Tokenization

A major Latin American
digital bank wanted to be able to create a fully
functional virtual debit card and add it to Apple Pay
or Google Pay within seven seconds after finishing
KYC. Normal batch-based issuance systems took

20-40 minutes.

By implementing the Polyglot Event Mesh,
the flow for issuing the card was changed in the
following manner: the mobile app sends a Kafka
event that is picked up by the Kotlin orchestrator.
The orchestrator simultaneously sends the
compliance checks (OFAC, PEP, adverse media) to
Python services, at the same time, it does device-
risk scoring and calls the Vert.x tokenization proxy
which is the one that keeps the persistent gRPC
streams to Visa VTS and Mastercard MDES. After
successful tokenization, the token is put back to
Kafka and is thus immediately made available to
the handset via Firebase Cloud Messaging.

Production results after nine months of
operation:

https://ijctjournal.org/

2.84 million virtual cards successfully created

Median total time from KYC approval to wallet
notification: 4.1 seconds

Success rate: 99.97 % (the remaining 0.03 % are
automatically retried from dead-letter topics)

There were no instances of manual intervention

after the initial rollout

X. CONCLUSION

The Polyglot Event Mesh (PEM) conclusively
demonstrates that the apparent contradiction
between extreme low-latency payment processing,
daily machine-learning velocity, generative-Al
integration, and bullet-proof regulatory compliance
is not fundamental, but an artifact of forcing all
concerns into a single language or runtime. By
deliberately making Apache Kafka the single source
of truth, enforcing schema-first Protobuf contracts
through Confluent Schema Registry, and allowing
each domain to use its objectively best tool —
Vert.x for sub-6 ms authorization, Kotlin coroutines
for saga orchestration, and Python for fraud and
generative Al — we achieved performance, agility,
and auditability numbers that were previously
considered mutually exclusive.

In production for over two years across five
independent Tier-1/Tier-2 financial institutions
(cumulatively >420 million cards and >28 billion
annual transactions as of December 2025), PEM has
delivered:

e sustained 112 400 TPS with 5.7 ms p99
authorization latency,

e 187 production deployments per year (vs. 4
in the legacy monolith),

e 87 concurrent fraud models refreshed in <36
hours,
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e $182 million annual fraud-loss reduction at
a single issuer,

e 4.1-second median virtual-card-to-Apple-
Pay provisioning,

e infrastructure cost 39 % lower than the

previous generation despite 4x higher

throughput.

More importantly, the architecture has removed
entire classes of operational risk. There has not
been a single authorization outage caused by a
fraud-model update since go-live. Schema-registry
compatibility checks have prevented 100 % of
that
previously The
immutable Kafka log, combined with tiered storage,
satisfies 7-year PCI-DSS  and
laundering  retention
USD/GB/month.

backward-incompatible deployments
caused multi-hour incidents.

anti-money-

requirements at  <0.02

The deliberate decision to mediate all inter-
service contracts through Kafka topics — even for
request-reply and streaming gRPC — has proven to
be the architectural keystone. It provides perfect
observability (every message is traceable via
OpenTelemetry and retained forever), automatic
dead-letter and

back-pressure, handling,

replayability for both debugging and model training.

No other integration style (REST, direct gRPC,
message queues, or actor systems) offers this
combination in regulated financial environments.

From an Al perspective, PEM is the first
documented production system in which the online
transaction path and the offline training path are the
same Kafka topics. This eliminates months of ETL
work, removes data-drift surprises, and enables true
closed-loop MLOps at scale. Adding Llama-3-70B
reasoning, GPT-40 synthetic data generation, or
retrieval-augmented dispute resolution required
only a new Protobuf message and a new Python
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deployment — no changes to authorization or
orchestration code.

The comparison with pure Graph Neural
Network fraud platforms further validates the
hybrid approach: while GNNs remain marginally
superior on highly coordinated fraud rings, PEM’s
combination of ultra-fast tree/embedding models,
selective generative reasoning, and lightweight
offline graph features delivers dramatically better
latency (6-50x), cost (4—7%), velocity, and auditor
acceptance while sacrificing <I %
detection performance. This pragmatic trade-off is

absolute

the only viable path under Visa/Mastercard <8 ms
mandates.

Future work is already underway:

e Formal verification of cross-service sagas
using TLA+ and learned invariants from
production traces,

e Zero-downtime automated schema
migration using Kafka Streams co-grouping

and dual-write windows,

e Full generative-Al co-pilot for dispute
handling (currently 94 % auto-adjudication
in pilot),

o Extension of the mesh to ISO-20022 instant
payments and central-bank digital currency
(CBDC) settlement networks,

e Open-source release of the complete fraud-
feature store and champion—challenger
framework in Q2 2026.

We believe the Polyglot Event Mesh represents a
new reference architecture not only for payment
systems, but for any regulated, real-time, data- and
Al-intensive domain. All components — Helm
charts, Terraform modules, Protobuf contracts,
CI/CD pipelines, observability dashboards, and
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production-grade fraud models. In an industry long
defined by “good, fast, or compliant — pick two”,
PEM proves that modern event-driven, schema-first,
deliberately polyglot design can deliver all three
simultaneously, at global scale, today.
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