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Introduction to Blockchain

Blockchain is a decentralized distributed immutable ledger shared
among untrusted parties1.

Each block contains a set of transactions.

Block-1

T1 T2 T3 T4

Block-2

T1 T2 T3

1Satoshi Nakamoto. Bitcoin: A Peer-to-Peer Electronic Cash System.
https://bitcoin.org/bitcoin.pdf. 2008.
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Introduction: Blockchain High Level Design

Block Producer is responsible for creating new blocks by grouping
transaction.

Peer4 T1 T2 T3 FS
Hash of the 

Previous 
Block

B1 B2 B3 B4

Figure: Block producer forms a block B4 and computes final state (FS)
sequentially
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Figure: Block producer broadcasts the block B4
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Introduction: Blockchain High Level Design
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Figure: Validators (Peer 1, 2, and 3) compute current state (CS) sequentially

ICSA 2026 BlockRaFT IIT Hyderabad 5 / 25



Introduction: Blockchain High Level Design

Peers acting as Block Validators are responsible for verifying
transactions.

Peer1
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No
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Figure: Block Validators verify the FS and add the block
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Introduction: Blockchain High Level Design
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Figure: Block B4 successfully added to the blockchain
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Motivation: Fault Tolerance

Figure: Active node vs Crashed node

Blockchain networks are inherently crash tolerant.

However, if an organization’s blockchain node crashes, that
organization loses access to the blockchain services.

ICSA 2026 BlockRaFT IIT Hyderabad 8 / 25



Motivation

Permissioned blockchains face two major challenges:

Scalability
Low throughput
Increasing smart-contract complexity

Availability and Fault Tolerance
Each organization typically runs only a few nodes
Node crashes deny service to that organization
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Solutions : Approaches

Figure: Replicated Node Figure: Our Approach: Distributed Node

ICSA 2026 BlockRaFT IIT Hyderabad 10 / 25



Table of Contents

1 Introduction to Blockchain

2 Motivation

3 Solution Approach: Distributed Architecture

4 Achieving Crash Tolerance

5 Results

6 Conclusion and Future Work

ICSA 2026 BlockRaFT IIT Hyderabad 10 / 25



Related Work on Distributed Architecture

There are two frameworks on Distributed Architecture:

DiPETrans2: Distributed framework mainly for performance.

PilotFish3: Distributed architecture with master & slave approach. It
can tolerate failure of slave nodes but not the master.

2Shrey Baheti et al. “DiPETrans: A framework for Distributed Parallel Execution of
Transactions of Blocks in Blockchains”. In: Concurrency and Computation: Practice
and Experience 34.10 (2022), e6804.

3Quentin Kniep et al. “Pilotfish: Distributed Execution for Scalable Blockchains”. In:
Financial Cryptography and Data Security (FC). Miyakojima, Japan, Apr. 2025.
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Our Solution: Distributed Architecture

Figure: Distributed Framework Design for the Blockchain Node.
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Distributed Framework

Only Leader

Only Follower

Both

Fig. 3. Node Architecture in the Proposed Framework

the resulting state changes, finalizes the block, and publishes
it to the blockchain. In validation mode, the leader ensures that
the computed state from worker nodes matches the expected
final state embedded in the block.

Follower Module

The Follower module executes transactional workloads del-
egated by the leader. Each follower reconstructs the DAG
based on information received from the leader and executes
its assigned components in parallel according to the DAG’s
topological ordering. Followers report completed execution
states and synchronize changes across the cluster. They also
respond to state commit or discard instructions following block
validation. If the leader crashes any time during the execution,
the followers halts all operations and participates in new RAFT
election.

Block Producer

The Block Producer aggregates transactions from the shared
transaction pool and constructs new blocks. It performs essen-
tial preprocessing steps like transaction validation, signature
verification, and expiration filtering. The resulting block is then
forwarded to the Block Manager for further processing.

Block Manager

The Block Manager acts as the central coordinator for block
lifecycle management. It receives newly created blocks from
the Block Producer and blocks from other nodes for validation.
These blocks are then dispatched to the DAG Module for
conflict analysis and decomposition. The Block Manager also
interfaces with the Consensus Engine to confirm the consensus
outcome and ensures that only validated blocks progress to
final state computation and storage.

DAG Module

To facilitate efficient transaction execution, our framework
incorporates a Directed Acyclic Graph (DAG) module, which
operates in two distinct phases:

1) DAG Construction
2) Component Detection

DAG Construction: The framework models inter-transaction
dependencies using an adjacency matrix that captures read-
write (RW), write-read (WR), and write-write (WW) rela-
tionships. Upon receiving a block of transactions, the DAG
module employs multithreaded processing to analyze each
transaction’s read and write addresses. Dependencies are rep-
resented as directed edges in the adjacency matrix, where
edges from transactions with lower IDs to those with higher
IDs. This technique enforces acyclicity, a crucial property for
maintaining deterministic execution order. The DAG module
is inspired from the parallel execution model proposed in [6].
We have adapted the module for our distributed approach.
Component Detection: After constructing the dependency
graph, we apply a recursive Depth-First Search (DFS) algo-
rithm [15] to identify connected components within the graph.
Each connected component represents a set of dependent
transactions and can be independently scheduled for execution.
These components are then evenly distributed among the
currently active follower nodes within the cluster to maximize
parallelism and resource utilization.

Parallel Scheduler

The Parallel Scheduler is responsible for scheduling trans-
action execution based on the DAG structure provided by
the leader. The scheduler identifies the transactions belonging
to its assigned components for each follower and schedules
them for parallel execution. An indegree array is maintained
to manage dependencies, recording the number of incoming
edges (dependencies) for each transaction. The scheduler
continuously searches for transactions with zero indegree,

Figure: Node Architecture in the Proposed Framework
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Distributed Framework

Only the leader interacts with the blockchain network, allowing the
entire BlockRaFT cluster to appear as a single blockchain node.

All nodes exchange periodic heartbeat messages to detect failures.

Figure: Simplified Leader-Follower Execution Flow
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Distributed Framework

A workload balancer at the leader partitions and distributes execution
tasks across active followers.
ETCD4 provides a distributed shared-memory abstraction for
cluster-wide coordination and task communication.

Figure: Simplified Leader-Follower Execution Flow

4Open Source Community. etcd: A distributed, reliable key-value store for critical
data. GitHub repository. Accessed: 2025-02-19. url:
https://github.com/etcd-io/etcd.
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Block Validator Work Flow

The leader receives a block for validation from the blockchain network
A dependency DAG is constructed to capture conflicts among
transactions.
Independent DAG components are assigned to followers.

Figure: Block Validation Work Flow
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Crash Scenarios: Leader Crash

Leader failure is detected through missing heartbeats.

Followers initiate a new RAFT protocol for leader election.

We use on ETCD’s RAFT5 leader election to elect a new leader.

Figure: Procedure for Leader Crash Handling

5Diego Ongaro and John Ousterhout. “In search of an understandable consensus
algorithm”. In: Proceedings of the 2014 USENIX Conference on USENIX Annual
Technical Conference. USA, 2014, pp. 305–320.
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Crash Scenarios: Follower Crash

The leader detects follower failures using heartbeat monitoring.

Work assigned to the failed follower is redistributed to active followers.

Execution continues as long as the cluster maintains quorum (n/3 as
required by RAFT).

Figure: Procedure for Follower Crash Handling
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Experimental Setup

Operating System: Ubuntu (64-bit)
Processor:

Model: AMD EPYC 7452 32-Core Processor

Architecture: x86 64

CPU Count: 128 logical CPUs (2 sockets × 32 cores × 2 threads per core)

Memory: 251 GB

Buffer/Cache: 7.2 GB

Base Frequency: 1.5 GHz

Individual node configuration
Operating System: Ubuntu (64-bit)
Processor:

CPU Count: 16 logical CPUs (1 sockets × 8 cores × 2 threads per core)

Memory: 9.7 GB

Buffer/Cache: 3.4 GB
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Results: Varying Transactions per Block
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Figure: Performance Comparison across
Transactions per Block

Observation:

Execution time grows
linearly with transaction
volume.

Multi-core performance is
best and single-core is
worst.
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Results: Varying Thread count
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Figure: Performance Comparison across varying
Thread count

Observation:

Execution time decreases as
thread count increases from 2
to 16.

Optimal performance is
achieved at 32 threads,
aligning with twice the
number of node cores.
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Results:Varying cluster size

Observation :

A cluster of size n, can
tolerate n/3 crashes.

Execution time increased
with failures but system
stayed functional.

After the first crash, further
crashes have minimal
performance impact.
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Figure: Execution Time Varying cluster size with
crashes
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Conclusion

Distributed node architecture Achieves an average 3× speedup
over traditional single-core blockchain systems.

Incurs a 1.8× overhead compared to multi-core systems a trade-off
justified by:

Crash tolerance
Fault resilience
Improved availability

Overall, Distributed node presents a practical and robust alternative
for scalable, reliable blockchain execution.

ICSA 2026 BlockRaFT IIT Hyderabad 23 / 25



Future Work

Reduce communication overhead
Reduce overhead introduced by data sharing, particularly at 0% conflict
percentage

Move toward decentralized coordination
Beyond leader-centric cluster management (peer-to-peer arch)

Evaluate at larger scale
Perform analysis with large scale deployment.
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Thank you

Figure: Link to Code
Repository

ICSA 2026 BlockRaFT IIT Hyderabad 25 / 25


	Introduction to Blockchain
	Motivation
	Solution Approach: Distributed Architecture
	Achieving Crash Tolerance
	Results
	Conclusion and Future Work

