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Blockchains are Fast

Blockchain Claimed TPS

Algorand 1000, 46000

Avalanche 4500

Solana 200,000
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Blockchains are Fast…?

Blockchain Claimed TPS Observed TPS

Algorand 1000, 46000 885

Avalanche 4500 323

Solana 200,000 8845
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TPS (Transactions Per Second): a unit to measure the number of 
transactions per unit of time.
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Definitions

TPS (Transactions Per Second): a unit to measure the number of 
transactions per unit of time.

Blockchain  
Network

1200 TPS

1000 TPS
Throughput 

Sending rate 

Throughput: the amount of transactions committed per unit of time
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Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.
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Synthetic vs. Realistic Workload

• Synthetic workloads are often expressed in fixed rate

• The rate does not represent variations (e.g., bursts) 

• This hides the impact of congestion (e.g., slowdown, crash)

• It is better to evaluate throughput with latency
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Experimental Setup

• Simulated networks (artificial networks) 

• Emulated networks (artificial delays)

• vCPUs: amount of computational power per node

• Memory: amount of memory available to each node  

• Hardware optimizations: special instructions, GPUs, etc. 



22

Distribution

• Most blockchains do not scale well, they accept O(1) transactions 
independently of the number of validators

• Their performance do not increase with the system size

• But one cannot reasonably test a blockchain on a single node  

• Rare blockchains combine proposed blocks into a superblock 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Benchmarking
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Related Work

• Hyperledger Caliper has synthetic workloads 
https://hyperledger.github.io/caliper/

• Blockbench features YCSB and SmallBank but no real traces 
Tien Tuan Anh Dinh, Ji Wang, Gang Chen, Rui Liu, Beng Chin Ooi, and Kian-Lee Tan. 2017. BLOCKBENCH: A 
Framework for Analyzing. Private Blockchains. In Proceedings of the 2017 ACM International Conference on 
Management of Data. 1085–1100

• Stellar was evaluated worldwide but with a focus on latencies 
Marta Lokhava, Giuliano Losa, David Mazières, Graydon Hoare, Nicolas Barry, Eli Gafni, Jonathan Jove, Rafał 
Malinowsky, and Jed McCaleb. 2019. Fast and Secure Global Payments with Stellar. In SOSP’19

• Algorand was evaluated across the US country. Yossi Gilad, Rotem Hemo, Silvio 
Micali, Georgios Vlachos, Nickolai Zeldovich. Algorand: Scaling Byzantine Agreements for Cryptocurrencies in 
SOSP’17.

• Redbelly TPS was evaluated worldwide but without comparisons 
Tyler Crain, Christopher Natoli, and Vincent Gramoli. 2021. Red Belly: a Secure, Fair and Scalable Open Blockchain. In 
Proceedings of the 42nd IEEE Symposium on Security and Privacy (S&P’21)

https://hyperledger.github.io/caliper/
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Abstract
With the recent advent of blockchains, we have witnessed
a plethora of blockchain proposals. These proposals range
from using work to using time, storage or stake in order to
select blocks to be appended to the chain. As a drawback
it makes it di�cult for the application developer to choose
the right blockchain to support their applications. In partic-
ular, the scalability and performance one can obtain from
a speci�c blockchain is typically unknown. The claimed re-
sults are often obtained in isolation by the developers of the
blockchain themselves. The experimental conditions corre-
sponding to these results are generally missing and the lack
of details make these results irreproducible.
In this paper, we propose the most extensive evaluation

of blockchain to date. First, we show how the experimen-
tal settings impact the performance of 6 state-of-the-art
blockchains and argue for more detailed experiments. Sec-
ond, and to cope with this limitation, we propose a unifying
framework to evaluate blockchains on the same ground. The
framework includes a suite of 5 realistic Decentralized Ap-
plications (DApps), helps deploy the blockchain nodes at
di�erent scales and evaluate their performance. Finally, we
show that selecting a particular virtual machine or weaken-
ing guarantees can help handle computationally demanding
workloads but that none of the tested blockchains can yet
support the load of these realistic DApps.

1 Introduction
With the growing adoption of blockchain technology, the
number of readily-available solutions have multiplied dra-
matically. As of March 2021, approximately �ve thousand
distinct cryptocurrencies have been reported on a single
website [2]. Each of these consists of a separate protocol
o�ering distinctive features like speed, a new �nancial ser-
vice, scalability, etc. Although a number of these variants
could, in theory, be running on multiple instances of the
same blockchain, they are often packaged as their own stan-
dalone blockchain implementation. A recent survey [28]
highlights the breadth of the blockchain landscape through

a classi�cation of blockchains, listing 8 di�erent protocols
to select nodes that are tasked with proposing blocks, 13
di�erent consensus protocols and 9 data structures to store
transaction information. This diversity illustrates a probably
small subset of all blockchain implementations that exist
today.

This plethora of blockchain proposals raises the question
of which proposal is the ideal blockchain for a particular
application. Unfortunately, most of these proposals are not
reported in scienti�c publications. They are at best described
in the form of white papers that present a 10-000-foot-view
of their implementation details. As an example, the Ethereum
yellow paper [41] presents the technicalities of the Ethereum
Virtual Machine but does not explain how Ethereum partici-
pants can reach consensus on a unique block at a given index
of the chain. In order to analyse the underlying protocols
of such blockchains, researchers typically had to look at the
available source code before being able to reason about the
correctness of the protocols [16].
Another approach is for researchers to evaluate

blockchains as black boxes by generating workloads and
measuring their performance. The idea is to spawn a
blockchain network of nodes, to send them transactions that
will be propagated and executed at all blockchain nodes
while measuring the performance of the blockchain network
to store the results of these transactions in the blockchain.
Following this approach, many announcements were made
online about the performance of a speci�c blockchain. As an
example, Avalanche was recently claimed to achieve 4500
transactions per second (TPS) with a 2 second latency on its
o�cial website [1], but we could not �nd the experimental
conditions in which these results were obtained. This could
be confusing, especially given that an earlier technical
report presented a peak throughput at 1300 TPS [30].
There have been some thorough scienti�c publications

about new blockchains and their performance [7, 14, 17, 25].
These publications usually provide detailed environmental
settings that allow the reader to reproduce the experiments.
Except for too few occasions [14], the blockchains are eval-
uated in isolation of other blockchains [7, 17, 25] making
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Performance Comparison
200 machines from 10 countries in 5 continents
Various decentralized applications (mobility service, web service, decentralized exchange, gaming…)
7 blockchains

20 machines
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Experimental Setup and Distribution

Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.
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Experimental Setup and Distribution
No GPU 
No special  
instructions 

Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.



29

Experimental Setup and Distribution
Real 
Network 

Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.
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Experimental Setup and Distribution

Best setup for Algorand 

Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.
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Experimental Setup and Distribution

Best setup for Avalanche and Solana 

Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.
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Realistic Workloads with DApps

Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.
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Blockchain Comparison
Blockchain Property Consensus DApp language

Algorand
Probabilistic 

BA* PyTeal

Avalanche Avalanche Solidity

Diem

Deterministic

HotStuff Move

Quorum IBFT Solidity

Redbelly DBFT Solidity

Ethereum
Eventual

Clique Solidity

Solana TowerBFT Solidity
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Performance Comparison

Redbelly

Tennakoon, Gramoli. Smart Red Belly Blockchain: Reducing Congestion for Web3, IPDPS 2023.

Setup: Community, DApp: Exchange/Nasdaq
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Performance Comparison (con’t)
Setup: 
Community
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Conclusion

• Setup, workloads and distribution impact performance significantly

• It is important to document them for the sake of reproducibility

• Use a well established benchmark to evaluate your blockchain
• Contribute to https://diablobench.github.io/

• Compare with other blockchains

https://diablobench.github.io/
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Conclusion @VincentGramoli 


