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Beyond stateless:
Distributed Transaction with Autoscaling and consistency on 

Kubernetes
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The transaction concept comes from contract law. 

Parties negotiate and then bind a deal through a formal act, such as signing a document or using an 

intermediary like an escrow officer. A Christian wedding is a typical example: after prior negotiation, a 

minister confirms consent and declares the contract complete. Although individuals may violate contracts, 

legally they can be annulled only if they were illegal, and problems are resolved through compensating 

transactions.

Translating the transaction concept to the realm of computer science, 

we observe that most of the transactions we see around us (banking, car rental, or buying groceries) 

may be reflected in a computer as transformations of a system state.

Individual Individual

Minister

Family

Contract

Do you agree 
the marriage?

I do.

※ Jim Gray, “The Transaction Concept:Virtues and Limitations”, 1981



©Hitachi, Ltd. 2026. All rights reserved 

Placed

Checkout

Shipped

Add cart

Place an order

shipping



©Hitachi, Ltd. 2026. All rights reserved 

•

•

•

•

My Order never 
arrived…..

Placed

Checkout

Shipped

Add cart

Place an order

shipping



©Hitachi, Ltd. 2026. All rights reserved 

•

•

•

•

In the end…
My order never 

arrived.

Replication

Placed

Checkout

Shipped

Add cart

Place an order

shipping

Placed

Checkout

Shipped

Add cart

Place an order

shipping



©Hitachi, Ltd. 2026. All rights reserved 

Scale out

I have no idea what`s 
happened…

Placed

Checkout

Shipped

Add cart

Place an order

shipping

Placed

Checkout

Shipped

Add cart

Place an order

shipping

Placed

Checkout

Shipped

Add cart

Place an order

shipping

Placed

Checkout

Shipped

Add cart

Place an order

shipping



©Hitachi, Ltd. 2026. All rights reserved 

Master Data

Massive
Monolith
Structure



©Hitachi, Ltd. 2026. All rights reserved 

Master Data

Massive
Monolith
Structure

–

–

–

Number of
State 
Combination

Number of failure point



©Hitachi, Ltd. 2026. All rights reserved 

Client

Event(Place an order)

•

•

•

• Placed

Checkout

Shipped

Add cart

Place an order

shipping

Placed

Checkout

Shipped

Add cart

Place an order

shipping

Placed

Checkout

Shipped

Add cart

Place an order

shipping

Atomic Broadcast



©Hitachi, Ltd. 2026. All rights reserved 

Ordering

Executed

Settling

Place Order

Execution Confirmed

Settlement Instruction

Completed

Settlement Completed

Canceled

Cancel

Failure

Atomic 
Broadcast

Atomic 
Broadcast

Atomic 
Broadcast

HPA

HPA HPA



©Hitachi, Ltd. 2026. All rights reserved 

Ordering

Executed

Settling

Place Order

Execution Confirmed

Settlement Instruction

Completed

Settlement Completed

Canceled

Cancel

Failure

Atomic 
Broadcast

Atomic 
Broadcast

Atomic 
Broadcast

HPA

HPA HPA

Very Slowly…..



©Hitachi, Ltd. 2026. All rights reserved 

When Microservices Stop Scaling: The Hidden Cost of 
Consensus

Atomic 
Broadcast

Atomic 
Broadcast

Atomic 
Broadcast

Atomic 
Broadcast

Atomic 
Broadcast

HPA

More
Slowly….



©Hitachi, Ltd. 2026. All rights reserved 

The transaction concept comes from contract law.

The transaction concept emerges with the following properties:

– the transaction must obey legal protocols.-> Consistency

– it either happens or it does not; either all are bound by the contract or none are. -> Atomicity

– once a transaction is committed, it cannot be abrogated. -> Durability

Individual Individual

Minister

Family

Contract

Do you agree 
the marriage?

I do.
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– the transaction must obey legal protocols.-> Consistency

– it either happens or it does not; either all are bound by the contract or none are. -> Atomicity

– once a transaction is committed, it cannot be abrogated. -> Durability
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Architect

Resource
Manager

Resource
Manager

New Concept of
Transaction 

Monitor
Need Scalability
And Resiliency

Let’s revisit what a transaction really is. By abstracting it into ACID properties and explicit state 

transitions, we establish a foundation for building scalable and resilient transaction mechanisms in 

cloud-native systems.
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New Concept of
Transaction 
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Resource
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Resource
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Implement by
Atomic Broadcast theory

By abstracting transactions into ACID properties and state 
transitions, we lay the foundation for scalable and resilient 
distributed systems.
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Paxos Commit Transaction Orchestrator

Deployment(stateless)

Deployment(stateless)Deployment(stateless)

StatefulSet

Quorum Transaction
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Scalability issues in distributed transactions are not solved by tuning consensus, but by re-architecting transaction management itself. Paxos 

Commit provides that architectural foundation, and Kubernetes makes it practical at scale.
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Simplifying Transaction Finality with Paxos Commit

Deployment(stateless)

Deployment(stateless)Deployment(stateless)

StatefulSet

Quorum Type Coordinator

From initiation to completion, the Paxos Commit Transaction Orchestrator proceeds in two steps: 

first updating all participating data, 

then reaching consensus to either commit or abort the transaction.
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Simplifying Transaction Finality with Paxos Commit
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From initiation to completion, the Paxos Commit Transaction Orchestrator proceeds in two steps: 

first updating all participating data, 

then reaching consensus to either commit or abort the transaction.
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Scaleout

28

Independent HPA Scaling of Stateless Services and Quorum Coordinators

Deployment(stateless)

Deployment(stateless)Deployment(stateless)

StatefulSet
Quorum Type Coordinator

As transaction volume grows, stateless business applications managed by Deployments scale automatically via HPA, while the Quorum-Type Coordinator managed 

by a StatefulSet can also be independently auto-scaled using HPA.。
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Improving Transaction Response Time with Reactive Processing

Deployment(stateless)
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Shorter response times directly improve the user experience of online transactions. By using reactive processing with Spring WebFlux WebClient and separating 
request and response threads, updates can be executed in parallel without response time being constrained by database latency or microservice scale.
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Topology-Independent Transaction Finality with Reactive Processing

Even as business microservices grow in scale:

1. Reactive processing allows updates to be executed in parallel across multiple components.

2. The transaction resolution path is independent of the microservice topology, and consensus is reached in approximately 0.03 seconds in all cases.
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Resiliency
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Distributed consensus enables resilient transaction processing: even during partial failures, a surviving majority of Coordinator guarantees 
consistent results and stable response times of about 0.03 seconds.
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Advanced Transactions, Simple Application Code
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Strongly Consistent Transactions with Multiple Resource Types
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CAP Conjecture

CAP Conjecture ：

The Conjecture is that distributed systems cannot simultaneously satisfy consistency, availability, and Partition-tolerance all at the same time.

Since availability and Partition-tolerance are essential in the cloud, the idea that consistency is ensured by consequence consistency became 

popular.

• If Partition does not occur, both consistency and availability can be achieved

• Partition rarely occurs in real systems. Even if it does occur, using Paxos to provide redundancy and wait for a commit can 

prevent the lack of consistency.

• When consistency and Partition-tolerance are required, 100% availability cannot be achieved. However, redundancy can bring 

availability as close to 100% as possible.
Source： Dwork, Lynch, Stockmeyer, 「Consensus in the presence of partial synchrony」「 Brewer's conjecture and the feasibility of consistent, available, partition-tolerant web services 」

Using distributed agreement algorithms such as Paxos/Raft, integrity, availability, and 

fragmentation tolerance can all be satisfied simultaneously


