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What is transactional throughput (TPS)?
ﬁ Rocky Rock

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

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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I Blockchains are Fast
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I Definitions

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

TPS (Transactions Per Second): a unit to measure the number of

transactions per unit of time.
Throughput
Son 1000 TPS
ending rate :
é 1200 TPS B")kca'n. "J/ '

Throughput™the amount of transactions committed per unit of time
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I Definitions

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

2,
.

Throughput: the amount of transactions committed per unit of time
Latency: the time needed to commit a transaction

Blockchain
Network
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I Definitions

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

Blockchain

Latencythe time needed to commit a transaction
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I Impression vs. Reality

Blockchain Claimed results
throughput latency
Algorand 1K-46K TPS [26] 2.5-4.55 [26]
Avalanche 4.5KTPS [29] 2s (8]
Solana 200K TPS [34] <1s [43]

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

Blockchain Claimed results
throughput latency setup
Algorand 1K-46K TPS [26] 2.5-4.55 [26] ?
Avalanche 4.5KTPS [29] 2s (8] ?
Solana 200K TPS [34] <1s [43] 150 nodes

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

Blockchain Claimed results Observed results
throughput latency setup throughput latency setup
Algorand 1K-46K TPS [26] 2.5-4.55s [26] ? 885 TPS 8.5s testnet
Avalanche 4.5KTPS [29] 2s (8] ? 323 TPS 49s datacenter
Solana 200K TPS [34] <1s [43] 150 nodes 8845 TPS 12s datacenter

Gramoli, Guerraoui, Lebedev, Natoli, Voron. Diablo: A Benchmark Suite for Blockchains. EuroSys 2023.
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Why so much
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I 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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I 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.
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| 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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I 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 Mazieres, Graydon Hoare, Nicolas Barry, Eli Gafni, Jonathan Jove, Rafat
Malinowsky, and Jed McCaleb. 2019. Fast and Secure Global Payments with Stellar. In SOSP’19

« Algorand was evaluated across the US country. vossi gitad, Rotem Hemo, sitvio
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&P21)
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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
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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 diversity illustrates a probably




I Performance Comparison

200 machines from 10 countries in 5 continents
Various decentralized applications (mobility service, web service, decentralized exchange, gaming...)
7 blockchains
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I Experimental Setup and Distribution

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

Co Sto, 5, S

o, %, [I@]bé@i QPQ)"% %60/’?2 Vi, gy oy, O, O’eé’ozz
Cape Town 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 112.1 | 421 | 481 | 668 | 39.3 | 85.8 | 1088
Mumbai 127.2 759 | 81.3 | 103.2 | 336.3 | 308 | 53.3 | 485
Sydney 102.3 | 14638 320 | 424 | 59.6 | 312 | 57.0 | 808
Stockholm 1 179.7 | 241.2 | 1389 | 295.7 - 818 | 482 | 947 | 67.6
Milan | 1624 | 214.8 | 110.8 | 238.8 | 30.2 1057 | 494 | 1049 | 70.1
Bahrain{ 287.0 | 1643 | 364 | 179.2 | 137.9 | 1082 209 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 | 605
Ohio 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 1219 105.0

Oregon{ 276.6 | 96.7 | 2158 | 139.7 | 162.0 | 157.8 | 251.4 | 1783 | 55.2

Round trip time (ms)

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

Co Sto, 5, S

o, %, [I@]bé@i QPQ)"% %60/’?2 Vi, gy oy, O, O’eé’ozz
Cape Town 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 112.1 | 421 | 481 | 668 | 39.3 | 85.8 | 1088
Mumbai 127.2 759 | 81.3 | 103.2 | 336.3 | 308 | 53.3 | 485
Sydney 102.3 | 14638 320 | 424 | 59.6 | 312 | 57.0 | 808
Stockholm 1 179.7 | 241.2 | 1389 | 295.7 - 818 | 482 | 947 | 67.6
Milan | 1624 | 214.8 | 110.8 | 238.8 | 30.2 1057 | 494 | 1049 | 70.1
Bahrain{ 287.0 | 1643 | 364 | 179.2 | 137.9 | 1082 209 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 | 605
Ohio 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 1219 105.0

Oregon{ 276.6 | 96.7 | 2158 | 139.7 | 162.0 | 157.8 | 251.4 | 1783 | 55.2

Round trip time (ms)

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

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

Co Sto, 5, S

o, %, [I@]bé@i QPQ)"% %60/’?2 Vi, gy oy, O, O’eé’ozz
Cape Town 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Tokyo 89.3 | 112.1 | 421 | 481 | 668 | 39.3 | 85.8 | 1088
Mumbai 127.2 759 | 81.3 | 103.2 | 336.3 | 308 | 53.3 | 485
Sydney 102.3 | 14638 320 | 424 | 59.6 | 312 | 57.0 | 808
Stockholm 1 179.7 | 241.2 | 1389 | 295.7 - 818 | 482 | 947 | 67.6
Milan | 1624 | 214.8 | 110.8 | 238.8 | 30.2 1057 | 494 | 1049 | 70.1
Bahrain{ 287.0 | 1643 | 364 | 179.2 | 137.9 | 1082 209 | 494 | 387
Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 | 605
Ohio 237.0 | 131.8 | 197.3 | 187.9 | 120.0 | 109.2 | 212.7 | 1219 105.0

Oregon{ 276.6 | 96.7 | 2158 | 139.7 | 162.0 | 157.8 | 251.4 | 1783 | 55.2

Round trip time (ms)

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

o, S 8,
e 2y Yy, S, O By, "0p O
76”'11 Oy g g, K %/% 6’% Wy O, %o,
. . . Cape Town| | 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Configuration  Blockchain nodes Regions Tokyo 893 | 1121 | 421 | 481 | 668 | 393 | 858 | 1088
number #vCPUs memory Mumbai{ 272.0 | 127.2 759 | 81.3 [ 103.2 | 336.3 | 308 | 53.3 | 485
. . Sydney 1023 | 146.8 320 | 424 | 596 | 312 | 57.0 | 80.8
10 36 72 (?IB Ohfo Stockholm | 179.7 | 241.2 | 138.9 | 295.7 40467 s18 | 482 | 947 | 676
10 4 8 GiB Ohio Milan { 162.4 | 2148 | 110.8 | 238.8 | 30.2 105.7 | 494 | 104.9 | 70.1
10 4 8 GiB all Bahrain{ 287.0 | 1643 | 364 | 179.2 | 137.9 | 1082 209 | 494 [ 387
community 4 8 GiB all Sao Paulo 256.6 | 305.6 | 310.5 | 214.9 | 211.9 | 320.0 92.3 | 60.5
: . Ohioq 237.0 | 131.8 | 197.3 | 187.9 | 1200 | 109.2 | 212.7 | 1219 105.0
nsortium 16 GiB 1l
consortiu 8 6G a Oregon | 276.6 | 96.7 | 2158 | 139.7 | 162.0 | 157.8 | 2514 | 1783 | 55.2

Round trip time (ms)

Best setup for A@

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

o, Ky 8
Cog 7 My Sy T, o, G, s o
76”'11 Oy g g, K %/% 6’% Wy O, %o,
. . . Cape Town| | 261 | 360 | 208 | 598 | 67.1 | 336 | 27.1 | 436 | 359
Configuration  Blockchain nodes Regions Tokyo 893 | 1121 | 421 | 481 | 668 | 393 | 858 | 1088
number #vCPUs memory Mumbai{ 272.0 | 127.2 75.9 | 81.3 | 103.2 | 336.3 | 30.8 | 53.3 | 485
] ) Sydney 102.3 | 14638 320 | 424 | 596 | 312 | 57.0 | 808
datacenter ) 10 36 72 (?IB Ohfo Stockholm { 179.7 [ 2412 | 138.9 [1295.7 40467 s18 | 482 | 947 | 676
testnet 4 8 GiB Ohio Milan | 162.4 | 2148 | 110.8 | 238.8 | 302 1057 | 494 | 1049 | 701
devnet 4 8 GiB all Bahrain | 287.0 | 164.3 | 364 | 179.2 | 137.9 | 108.2 299 | 494 | 387
community 4 8 GiB all 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 | 1219 105.0
nsortium 16 GiB 11
conso u 8 6G a Oregon{ 276.6 | 96.7 | 2158 | 139.7 | 162.0 | 157.8 | 251.4 | 1783 | 55.2

Round trip time (ms)

Best setup for Avalanche an@

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

DApp Exchange Mobility service Web service Gaming Video sharing

20000 1200 6000 18000 80000

15000 A 900 1 4_1—— 4500 A 13500 1 60000
Workload 10000 - 600 1 3000 1 9000 1 40000

5000 3001 15001 4500 20000

0 0 . . o4 . . ! 04 T - o4 : .
60 120 180 0 40 80 120 0 60 120 180 0 100 200 300 0 40 80 120

Source trace NASDAQ Uber F1ra Dota 2 YouTube
Characteristics Burst Compute intensive Contended High sending rate ~ Very high sending rate

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

Blockchain Property DApp language
BA*

Algorand PyTeal

Avalanche Probabilistic Avalanche Solidity
HotStuff Move

Deterministic IBFT Solidity

Redbelly DBFT Solidity

Clique Solidity

Eventual
TowerBFT Solidity
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I Performance Comparison

Setup: Community, DApp: Exchange/Nasdaq

—— Algorand  —— Avalanche =~ — Libra-Diem = —— Ethereum  —— Quorum  —— Solana —— Redbelly
1.00 £
a
0.75 £ 2000
w 5
0 0.501 a
O 51000
0.25 — )
— S
000 20 40 60 80 100 120
Latency (s) Time (s)

Tennakoon, Gramoli. Smart Red Belly Blockchain: Reducing Congestion for Web3, IPDPS 2023.
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Performance Comparison (con’t)

B Redbelly ® Quorum [ Algorand Avalanche Solana | Diem || Ethereum etu

100%

75%

50%

Relative throughput

25%

0%

Communlty

Exchange (Nasdaq) Mobility service (Uber) Web service (Flfa)




Conclusion



I 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
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https://diablobench.github.io/

I Conclusion

coursera

> Computer Science > Computer Security and Networks

Blockchain Scalability and its
Foundations in Distributed
Systems

* Kk hkhw 45 64ratings

3,612 already enrolled

0 y @VincentGramoli

Vincent Gramoli

Blockchain
Scalability and

its Foundations
in Distributed
Systems

@ Springer

38



