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Abstract: With the increasing decomposition of core financial accounting, payment clearing,
and risk control into microservices, the security, throughput, and auditability of cross-service
transaction consistency have become increasingly important. This paper analyzes recent
English literature and publicly available experimental data, comparing the performance of
three mainstream protocols—2PC/XA, TCC, and Saga—in five aspects: link latency,
throughput, failure retries, compensation costs, and observability overhead. The results show
that 2PC/XA is suitable for short-link, high-constraint, and strongly consistent scenarios;
TCC is more suitable for business processes that can be abstracted into intermediate states,
such as account freezing and credit limit reservation; and Saga is more suitable for cross-
domain, long-link, and consistency transaction processing flows that allow for eventual
consistency. Therefore, this paper proposes a path for transaction layered governance and
performance optimization from the perspective of financial systems.

1. Introduction

The digital transformation of the financial system is not simply about moving the system to the
cloud, but about redefining the boundaries of business, data, and responsibility. Traditional monolithic
core systems rely on single-database transactions to ensure ACID semantics. After payment, clearing,
credit granting, credit limits, risk control, and notification are split into multiple autonomous services,
what was originally a single commit action completed within the database has become a complex
process that requires collaboration across networks, instances, and storage engines. For the financial
industry, this change is even more pronounced. On the one hand, transaction records, balance changes,
and accounting flows need to have strong correctness and traceability; on the other hand, the matching,
payment, and risk control links need to achieve very low latency and high throughput. Any additional
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coordination cost will be amplified during peak periods. Research on microservice transaction
management has expanded from the traditional 2PC/XA to TCC, Saga, multi-storage unified
transaction managers, transaction observability, and causal analysis[1]-[6].

There are still two major contradictions in existing engineering practices. The first is the
contradiction between consistency and performance. Strong consistency protocols use locks and
coordination to ensure correctness, but they can cause blocking and cascading timeouts. The second is
the contradiction between business abstraction and implementation complexity. Compensation
protocols improve scalability, but they leave rollback semantics to business developers, increasing the
design cost of idempotency, retry, and auditing logic [2][6]. Therefore, evaluating distributed
transaction consistency protocols from the perspective of financial business characteristics and
obtaining applicable selection criteria has become an important issue in microservice architecture
governance.

2. Analysis of the Current Research Status

In the past three years, research on distributed transactions in microservices has mainly focused on
four aspects. First, continuous transformation is carried out on the basis of traditional transaction
management so that it can maintain strong isolation in multi-database or heterogeneous storage
environments. ScalarDB, Epoxy, etc. have moved the transaction boundary upward with a unified
transaction abstraction or authentication method, thereby providing users with consistent access
semantics in a multi-data source environment [3][5]. Second, research is conducted on the
reconstruction of applications and the splitting of transactions. The transaction boundary and service
boundary of monolithic applications are analyzed in an automated way to reduce the risk of transaction
distortion when migrating monolithic applications to microservices. The third point is to emphasize
event-driven and asynchronous transaction platforms, and to achieve eventual consistency by using
transaction logs, message boxes and orchestration mechanisms with low coupling. Research is carried
out around the performance analysis and observability of microservices, using causal inference,
distributed tracing and runtime analysis tools to explain the source of tail latency and provide evidence
for protocol-level tuning [7] to [10].

The publicly available results show that strong consistency protocols still maintain a stable
advantage in short-link, low-conflict, and controllable network environments. However, when the
number of participants increases, the number of network round trips increases, and the lock holding
time becomes longer, the system's tail latency increases significantly. Experiments by Bashtovyi and
Fechan show that after changing the business from monolithic transactions to microservice distributed
transactions, at TPS of 100, 500, and 1000, the average latency increased from the original 224ms,
255ms, and 411ms to 876ms, 3243ms, and 5117ms, respectively. Queiros' research found that in highly
competitive environments, reasonable consistency control can significantly reduce the overall latency
caused by repeated interruptions in read operations, resulting in a 2.63-fold improvement in latency at
640 req/s.

3. Problem Statement

Although there are various solutions such as 2PC/XA, TCC, Saga and Outbox in academia and
industry, there are still four practical problems when they are directly applied to financial microservice
systems. First, the semantics of the protocol do not fully correspond to the semantics of financial
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business. The technical commit and rollback cannot fully correspond to business operations such as
account freezing, credit limit release, and order reversal. Second, the performance fluctuation is
underestimated during peak traffic. Financial systems often exhibit pulse-like concurrency during
payroll, promotion and settlement. If the coordinator, message broker and transaction log have
bottleneck problems, it will increase the jitter of the link. Third, there is a lack of quantifiable data
support. When transaction participants, compensation chains and retry chains cross many service
instances, it is difficult for engineers to find the root cause of performance degradation without good
tracing and causal analysis capabilities [7][8]. Fourth, the lack of a layered standard for protocol
selection leads to extreme cases in the design of global strong consistency or global eventual
consistency, resulting in high costs and low system resilience.

Therefore, this paper abstracts the problem into a unified evaluation system that considers latency,
throughput, success rate, compensation cost, and governance complexity in a financial microservice
environment, and then determines the applicable scope of the transaction consistency protocol based on
this system.

4. Problem Solving and Strategies

() Establishing a unified performance evaluation index system. To avoid the limitations of
evaluating transaction protocols solely using average response time, this paper breaks down
microservice transaction performance into five indicators: link latency, commit success probability,
coordination amplification factor, compensation recovery cost, and observable overhead. The end-to-
end link time can be written as:

T end=T net+T lock+T log+T_retry 1)

In the formula, T_end represents the time required for a financial transaction from request to final
confirmation; T_net is the communication time between services; T_lock is the resource lock waiting
and overhead time; T_log is the cost time for transaction log, message persistence, and tracking
reporting; and T_retry is the time consumed due to retries or compensation.

Submission success rate can be expressed as:

S = N_committed / N_total @)

N_committed is the number of transactions that were committed and confirmed within the
observation window, and N_total is the total number of transactions that entered the system.
Throughput is defined as:

TPS = N_committed / At (3)

In the formula, At represents the statistical window. High throughput does not necessarily mean high
efficiency. If a large number of retries or compensations are used to increase apparent throughput, the
system's true effective throughput will decrease.

Considering that both the number of coordination rounds and the number of participants can amplify
latency, an approximate function for the coordination overhead is given as follows:

C coord~PxRxd+ 4)

Where P is the number of participants in the transaction, R is the number of coordination rounds of
the transaction, d is the average propagation latency across services in a single transaction, and 0 is the
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overhead of log writing to disk plus state synchronization.
To facilitate protocol selection, a comprehensive evaluation score is provided:

Score = w1(1-L_norm) + w2S_norm + w3(1-C_norm) + w4(1-O_norm) (5)

In the formula, L_norm, S_norm, C_norm and O_norm represent the standardized latency, success
rate, compensation cost and observation overhead, respectively; wl-w4 are the weights configured
according to the importance of the business.

(11) Design Protocol Comparison and Layered Selection Method. 2PC/XA is suitable for scenarios
with a limited number of services, resource manager support for XA and must achieve atomic commit,
i.e. strong consistency write scenarios such as core ledger and end-of-day batch processing. TCC
decomposes transactions into Try, Confirm, and Cancel, and transfers the lock semantics to the
semantics of business reservation, which is suitable for processes with relatively clear intermediate
states such as account freezing, quota occupation, and inventory reservation. Saga is more suitable for
approval, order, notification, and settlement peripheral processes, and uses local commit and
compensation to achieve eventual consistency. It can improve scalability under high concurrency, but it
is important to pay attention to compensation idempotency, sequential consistency, and audit integrity

[11[4][11].

Table 1 provides a comparison of the characteristics of consistency protocols for financial
microservices.

Protocol Consistency | Blocking Rollback Latency Risk Typical Use
2PC/XA Strong High Automatic High Core ledger
TCC b S_trong at Medium | Explicit cancel Medium Freeze / reserve
usiness layer
Saga Eventual Low Compensation | Medium-Low | Order workflow
Outbox + Event Eventual Low Replay / Repair Low Notification
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Figure 1 shows a comparison of the average latency of monolithic transactions and microservice
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distributed transactions (redrawn using publicly available experimental data).

(111) Analysis of performance differences based on publicly available experimental data. Figure 1,
redrawn based on publicly available experimental data from Bashtovyi and Fechan, clearly shows that
after the business changed from monolithic transactions to Saga-based microservice distributed
transactions, the average latency increased non-linearly.

Figure 1 illustrates that at 100 TPS, the transaction latency of microservices is more than four times
that of monolithic services, and this gap continues to widen at 1000 TPS. This means that if too many
serial participants, message brokers, and state synchronization nodes are added to the financial
transaction chain, the round-trip time at the protocol layer will quickly become a bottleneck.

Figure 2 is drawn based on publicly available graphical data from Queirds, showing the difference
in 95th percentile latency between the pyTCC with improved consistency and the underlying system
under different contention conditions in mixed read-write transactions.

=~ pTCC: High Contention

MTCC: Low Contention
—@— Base System: High Contention
—¥— Base System: Low Contention

300
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200 ~

150 4
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Figure 2 shows a comparison of latency for hybrid transactions (P95) between uTCC and the
underlying system (redrawn from publicly available graphical data).

As shown in Figure 2, under high-competition conditions, the tail latency of the basic system
increases sharply with the load. pyTCC minimizes the number of read transactions that are repeatedly
aborted and re-executed, effectively offsetting the tail latency degradation. This result is of reference
value for mixed read-write operations such as financial risk control, credit limit verification, and
account snapshot reading.

(iv) Provide engineering optimization approaches for financial systems. First, divide transactions
into three layers based on business importance: the core accounting layer uses 2PC, XA, or high-
constraint TCC; the intermediate transaction layer uses TCC; and the peripheral process layer uses
Saga and Outbox. Second, reduce the number of transaction participants by separating read-only
queries, notification sending, and non-critical logs from the main transaction chain. Third, create a low-
overhead observation system. Nou et al. argue that distributed tracing leads to a significant decrease in
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throughput and an increase in latency; therefore, strategies such as sampling, asynchronous export, and
critical path priority tracing are needed, rather than full collection of all links. Fourth, optimize logs and
compensation models to ensure that compensation actions are idempotent, traceable, and auditable,
defining a compensable, replayable, and reconcilable state machine at the business layer.

Table 2 provides some suggested protocols and their respective focuses based on literature and
financial engineering experience.

Scenario Preferred Protocol Primary Goal Main Risk Control Focus
Account posting 2PC/XA Strong Blocking Short chain
correctness
Balance freeze TCC Confirmable state Cancel failure Idempotency
Order settlement Saga Scalability Compensation drift | State machine
Risk notification Outbox + Event High throughput Delay Replay
accumulation
Cro_ss-d(_)maln Versioned read Tail latency Read abort Snapshot
inquiry control

5. Conclusion

Distributed transaction consistency protocols are not the best solution without a business
environment. The three solutions, 2PC/XA, TCC, and Saga, correspond to the governance philosophies
of strong consistency guarantees, confirmation of intermediate business states, and eventual
consistency compensation, respectively. Public research shows that simply migrating a single
transaction mechanically to cross-service coordination will result in significant time amplification and
load reduction; however, by utilizing more reasonable control of consistency, conflict handling, and
transaction layering, better performance resilience can be achieved while meeting financial audit
requirements.

This paper establishes an operational performance evaluation system based on the characteristics of
financial business. Using literature from the past three years and publicly available experimental data, it
summarizes the latency risks, applicable scope, and improvement methods of common protocols. Then,
by examining real bank or securities trading logs, a more detailed model of protocol behavior under
conditions of multi-site active-active architecture, cross-datacenter network jitter, and regulatory audit
pressure can be achieved.
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