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What is transactional throughput (TPS)?

ﬂ Written by Rocky Rock. Updated over a week ago

Transaction throughput is the rate at which valid transactions are committed by a blockchain in a
defined time period. The throughput of a given blockchain is defined by the number of
transactions per second (tps). Some of the notable blockchains and their throughput are: Bitcoin

can support 7 tps, Ethereum can support 14 tps, and Avalanche® can support 4500+ tps.

For any additional questions, please visit our knowledge base or contact a support team member

via the chat button at support.avax.network.
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Experimental Settings?

Blockchain Claimed results
throughput latency
Algorand 1K-46K TPS [26] 2.5-4.55s [26]
Avalanche 4. 5K TPS [29] 2s [8]
Solana 200K TPS [34] <1s [43]
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Experimental Settings?

Blockchain Claimed results
throughput latency setup
Algorand 1K-46K TPS [26] 2.5-4.55s [26] ?
Avalanche 4. 5K TPS [29] 2s [8] /s
Solana 200K TPS [34] <1s [43] 150 nodes
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Experimental Settings?

Blockchain Claimed results Observed results
throughput latency setup throughput latency setup
Algorand 1K-46K TPS [26] 2.5-4.5s [26] ? 885 TPS 8.5s testnet
Avalanche 4.5K TPS [29] 2s [8] ? 323 TPS 49 s datacenter
Solana 200K TPS [34] <1s [43] 150 nodes 8845 TPS 12s datacenter
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Diablo benchmarking framework
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Blockchain Evaluations

Algorand probabilistic PyTeal
Avalanche probabilistic Avalanche geth Solidity
Diem deterministic HotStuff MoveVM Move

Quorum deterministic IBFT geth Solidity
Ethereum eventual Clique geth Solidity

Solana eventual TowerBFT eBPF Solidity

Vincent Gramoli



Available and Evaluated Artifacts

Code and documentation available at http://diablobench.github.io

DiaBLO: A Benchmark Suite for Blockchains

Lausanne, Switzerland
vincent.gramoli@sydney.edu.au

Chris Natoli
University of Sydney
Sydney, Australia
chrisnatoli.research@gmail.com

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 difficult 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 specific 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
1 framework to evaliiate hlackchaine on the came ocrouind The
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Each of these consists of a separate protocol offering distinc-
tive features like speed, a new financial service, 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 standalone blockchain imple-
mentation. A recent survey [28] highlights the breadth of the
blockchain landscape through a classification of blockchains,
listing 8 different protocols to select nodes that are tasked
with proposing blocks, 13 different consensus protocols, and
9 data structures to store transaction information. This di-
versity 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 scientific 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
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Blockchain Evaluations

Algorand probabilistic PyTeal
Avalanche probabilistic Avalanche geth Solidity
Diem deterministic HotStuff MoveVM Move

Quorum deterministic IBFT geth Solidity
Ethereum eventual Clique geth Solidity
Solana eventual TowerBFT eBPF Solidity

Smart Redbelly deterministic DBFT SEVM Solidity
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Decentralized Applications (DApps)

DApp ‘ Exchange Mobility service Web service Gaming Video sharing

20000 1200 6000 18000 80000

15000 - 900 A _\M_;—— 4500 4 13500 - 60000 A
Workload 10000 - 600 3000 1 9000 - 40000

50001 300 15001 45001 20000

0 : — 0 : : ol : : | o4 : , ol ; :
0 60 120 180 0 40 80 120 0 60 120 180 0 100 200 300 0 40 80 120

Source trace NASDAQ Uber Fira Dota 2 YouTube
Characteristics Burst Compute intensive Contended High sending rate ~ Very high sending rate

Table 2. Decentralized applications (DApps) used as DiaBLo benchmarks and their associated workload based on real traces.
Each graph shows the number of submitted transactions (y-axis) per second (x-axis).
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Experimental Settings

Configuration Blockchain nodes Regions
number #vCPUs memory
datacenter 10 36 72 GiB Ohio
testnet 10 4 8 GiB Ohio
devnet 10 4 8 GiB all
community 200 4 8 GiB all
consortium 200 8 16 GiB all

& o S,

e ybh» ?619,0 o'bl;aj 6‘}"711@ C}@o/,b 471'/% 6)%1-%1 °8 Wy, Oé'b Oreé’oo
Cape Town{ | 261 | 360 | 208 | 50.8 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 1121 | 421 | 481 | 668 | 393 | 858 | 108.8
Mumbai | 2720 | 127.2 759 | 81.3 | 103.2 | 336.3 | 308 | 53.3 | 485
Sydney 102.3 | 146.8 320 | 424 | 59.6 | 312 | 57.0 | 80.8
Stockholm { 179.7 | 241.2 | 138.9 [ 295.7 m 818 | 482 | 947 | 676
Milan{ 1624 | 214.8 | 110.8 | 238.8 | 30.2 1057 | 494 | 1049 | 70.1
Bahrain{ 287.0 | 164.3 | 364 | 179.2 | 137.9 | 108.2 299 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 60.5
Ohiod 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 121.9 105.0

Oregon{ 276.6 | 96.7 | 215.8 | 139.7 | 162.0 | 157.8 | 251.4 | 178.3 | 55.2
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Experimental Settings

No GPU
No special instructions

Configuration Blockchain nodes Regions
number #vCPUs memory
datacenter 10 36 72 GiB Ohio
testnet 10 4 8 GiB Ohio
devnet 10 4 8 GiB all
community 200 4 8 GiB all
consortium 200 8 16 GiB all

Q‘% O, Sa

: ybh» Olg,o o'bl;aj 6‘}"7116} C}@o/,b 471'/% 6)%1-%1 °8 Wy, Oé'b Oreé’oo
Cape Town 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 1121 | 421 | 481 | 668 | 393 | 858 | 108.8
Mumbai | 2720 | 127.2 759 | 81.3 | 103.2 | 336.3 | 308 | 53.3 | 485
Sydney 102.3 | 1468 320 | 424 | 59.6 | 312 | 57.0 | 80.8
Stockholm { 179.7 | 241.2 | 138.9 [ 295.7 m 818 | 482 | 947 | 676
Milan{ 1624 | 214.8 | 110.8 | 238.8 | 30.2 1057 | 494 | 1049 | 70.1
Bahrain{ 287.0 | 164.3 | 364 | 179.2 | 137.9 | 108.2 299 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 60.5
Ohiod 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 121.9 105.0

Oregon{ 276.6 | 96.7 | 215.8 | 139.7 | 162.0 | 157.8 | 251.4 | 178.3 | 55.2
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Experimental Settings

Configuration Blockchain nodes Regions
number #vCPUs memory
datacenter 10 36 72 GiB Ohio
testnet 10 4 8 GiB Ohio
devnet 10 4 8 GiB all
community 200 4 8 GiB all
consortium 200 8 16 GiB all

Real Network
Q‘% O, Sa

: ybh» Olg,o o'bl;aj 6‘}"7116} C}@o/,b 471'/% 6)%1-%1 °8 Wy, Oé'b Oreé’oo
Cape Town 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 1121 | 421 | 481 | 668 | 39.3 | 858 | 1088
Mumbai - 2720 | 127.2 759 | 81.3 | 1032 [ 3363 | 308 | 53.3 | 485
Sydney 102.3 | 1468 320 | 424 | 596 | 312 | 57.0 | 808
Stockholm 179.7 | 241.2 | 138.9 | 295.7 m 81.8 | 482 | 947 | 676
Milan{ 162.4 | 214.8 | 110.8 | 2388 | 30.2 105.7 | 494 | 1049 | 70.1
Bahrain | 287.0 | 164.3 | 364 | 179.2 | 137.9 | 1082 299 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 60.5
Ohio 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 121.9 105.0

Oregon{ 276.6 | 96.7 | 215.8 | 139.7 | 162.0 | 157.8 | 251.4 | 178.3 | 55.2
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Experimental Settings

Configuration Blockchain nodes Regions
number #vCPUs memory

datacenter 10 36 72 GiB Ohio
testnet 10 4 8 GiB Ohio
devnet 10 4 8 GiB all
community 200 4 8 GiB all
consortium 0 8 16 GiB all

Best setup for Algorand

Q‘% O, Sa

: ybh» ?619,0 o'bl;aj 6‘}"7116} C}@o/,b 471'/% 6)%1-%1 °8 Wy, Oé'b Oreé’oo
Cape Town 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 1121 | 421 | 481 | 668 | 393 | 858 | 108.8
Mumbai | 2720 | 127.2 759 | 81.3 | 103.2 | 336.3 | 308 | 53.3 | 485
Sydney 102.3 | 1468 320 | 424 | 59.6 | 312 | 57.0 | 80.8
Stockholm { 179.7 | 241.2 | 138.9 [ 295.7 m 818 | 482 | 947 | 676
Milan{ 1624 | 214.8 | 110.8 | 238.8 | 30.2 1057 | 494 | 1049 | 70.1
Bahrain{ 287.0 | 164.3 | 364 | 179.2 | 137.9 | 108.2 299 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 60.5
Ohiod 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 121.9 105.0

Oregon{ 276.6 | 96.7 | 215.8 | 139.7 | 162.0 | 157.8 | 251.4 | 178.3 | 55.2
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Experimental Settings

Configuration Blockchain nodes Regions
number #vCPUs memory
datacenter 10 36 72 GiB Ohio
testnet 10 4 8 GiB Ohio
devnet 10 4 8 GiB all
community 00 4 8 GiB all
consortium 2 8 16 GiB all
Best setup for

Avalanche and Solana

Q‘% O, Sa

: ybh» ?619,0 o'bl;aj 6‘}"7116} C}@o/,b 471'/% 6)%1-%1 °8 Wy, Oé'b Oreé’oo
Cape Town 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 1121 | 421 | 481 | 668 | 393 | 858 | 108.8
Mumbai | 2720 | 127.2 759 | 81.3 | 103.2 | 336.3 | 308 | 53.3 | 485
Sydney 102.3 | 1468 320 | 424 | 59.6 | 312 | 57.0 | 80.8
Stockholm { 179.7 | 241.2 | 138.9 [ 295.7 m 818 | 482 | 947 | 676
Milan{ 1624 | 214.8 | 110.8 | 238.8 | 30.2 1057 | 494 | 1049 | 70.1
Bahrain{ 287.0 | 164.3 | 364 | 179.2 | 137.9 | 108.2 299 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 60.5
Ohiod 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 121.9 105.0

Oregon{ 276.6 | 96.7 | 215.8 | 139.7 | 162.0 | 157.8 | 251.4 | 178.3 | 55.2
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Large Scale Evaluations

200 blockchain nodes, each with 8 vCPUs, 16 GiB memory, from 10 countries in 5 continents (enough secondaries)

20 machines

Vincent Gramoli




Comparison Overview

t / Submit Latency (s) Throughput (TPS)
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Comparison Overview

B Ethereum B Avalanche EEN Diem s Algorand B Quorum Bl Solana
S a workload = 168 TPS workload = 852 TPS workload = 3483 TPS workload = 13303 TPS workload = 37976 TPS
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None of the blockchains can commit all transactions of any DApp
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Comparison Overview
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No blockchains have a higher throughput than 66 TPS
even though the sending rate is almost constant
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Comparison Overview

Throughput (TPS)

)
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Algorand, Diem and Solana cannot commit any transaction

due to a “budget exceeded” error
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Smart Redbelly Blockchain (SRBB)

Bl Algorand Avalanche Il Diem Bl Ethereum Hl Quorum Il Solana SRBB s EVM+DBFT
1800 =
n 200
£ 1500 -
*g 1200 5150
% 900 = £ 100
= 84 46 (o
é 600 ~
50
300 55 87 2 1.8 = = ﬂ ’_ﬂ
0 0 04 8 27 413 15 6 1 62, 2 0 2 0 0

NUF (NUF NUF NUF NUF) NUF NUF  (NUF

(NUF) (NUF) (NUF) (NUF) (NUF (NUF) (NUF (NUF)

Fig. 2: Throughput (y-axis) and commit percentage (top of the  Fig. 3: Latency (y-axis) for NASDAQ, Uber and FIFA workloads
bar) for NASDAQ, Uber and FIFA workloads (i.e., (N,U,F) is (i.e., (N,U,F) is NASDAQ, Uber and FIFA)
NASDAQ, Uber and FIFA)

Smart Redbelly Blockchain: Reducing Congestion for Web3. D. Tennakoon, Y. Hua, V. Gramoli.
37th IEEE International Parallel & Distributed Processing Symposium (IPDPS), 2023.

Red Belly: A secure, fair and scalable open blockchain. T. Crain, C. Natoli, V. Gramoli.
IEEE Symposium on Security and Privacy (S&P), 466-483, 2021.
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Smart Redbelly Blockchain (SRBB)

—— Algorand  — Avalanche = = Libra-Diem = = Ethereum = Quorum  —— Solana —— SRBB
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Smart Redbelly Blockchain: Reducing Congestion for Web3. D. Tennakoon, Y. Hua, V. Gramoli.
37th IEEE International Parallel & Distributed Processing Symposium (IPDPS), 2023.

Red Belly: A secure, fair and scalable open blockchain. T. Crain, C. Natoli, V. Gramoli.

IEEE Symposium on Security and Privacy (S&P), 466-483, 2021.
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Related Work and Conclusions

Prior blockchain benchmarks were not realistic
* Hyperledger Caliper has synthetic workloads
https://hyperledger.github.io/caliper/

 Blockbench features YCSB and SmallBank but no real traces
Anh Dinh, Wang, Chen, Liu, Chin Ooi, Tan. BLOCKBENCH: A Framework for Analyzing Private
Blockchains. SIGMOD 2017

Diablo allows to assess blockchains on the same ground

* One can easily add blockchains to it

* One can easily add DApps to it

 The dataset, code, documentation are publicly available

Feel free to contribute to Diablo by adding blockchains or DApps

Vincent Gramoli
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https://hyperledger.github.io/caliper/
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Feedbacks

* Solana development team confirmed that c5.xlarge instances were insufficient
* Avalanche team confirmed that C-Chain was using the London update
 Diem informed us that we could not speedup the account creation

e Algorand confirmed that 1000+TPS was peak throughput obtained on load tests



Comparison Overview
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average sending rate (168TPS)

=> Quorum and Avalanche commit >86% txs
Other blockchains commit <47% txs

Vincent Gramoli



Smart Redbelly Blockchain (SRBB)

B Redbelly B Quorum [ Algorand Avalanche Solana | Diem | Ethereum
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Smart Redbelly Blockchain: Reducing Congestion for Web3. D. Tennakoon, Y. Hua, V. Gramoli.
Proceedings of the 37th IEEE International Parallel & Distributed Processing Symposium (IPDPS), 2023
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