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Pando is the world's largest tree...

● An ancient aspen, found in Utah

● All trunks grow from one enormous 

root system

● Whose name means “I spread out”

The world’s largest organism: 

https://www.youtube.com/watch?v=zC8abuKnr90

https://www.youtube.com/watch?v=zC8abuKnr90


Byzantine Fault Tolerance (BFT)

● Building block for blockchains

Partial 

synchrony

Synchrony

● Timing assumptions

● Known/Unknown/No upper bound for message 

transmission

● Atomic broadcast (ABC)

● No clients

Asynchrony
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Blockchain Scalability

● Communication / computational 

overhead

● N-to-n communication

● Quorum certificates (a set of O(n)

signatures)

● Performance degrades significantly 

as the number of nodes grows
Protocols

Max network size 
evaluated

Narwhal (Eurosys 2022) 50

Star (Eurosys 2024) 90

FIN (CCS 2023) 160

Red Belly (S&P 2021) 240

Pando (this work) 1000



BFT from committee sampling

● Decouple block transmission from consensus

Transmission in fully 

parallelize

Agree on hashes or 

digital signatures

Transmission bulk data Agreement on the order

● Communication-efficient

All replicas

Committee

(O(κ) communication)

Static security model

Blockchain network

(O(n) communication)

Adaptive security model



Challenge for committee sampling-based BFT

● Partially synchronous BFT

● f < n/3 (i.e., n ≥ 3f + 1)

● Committee sampling-based BFT

● f < (1/3 - 𝜖 )n, 𝜖 ∈ (0,1/3)

● 𝜖 -> 0, near-optimal resilience claim

● Failure rate

● With 10 -9, Algorand (SOSP 2017) needs n ≥ 2000！

Can we build a scalable BFT protocol from committee sampling by supporting 

small committee sizes while achieving a practically low failure rate?

Protocols Max network size

Narwhal (Eurosys 2022) 50

Star (Eurosys 2024) 90

FIN (CCS 2023) 160

Red Belly (S&P 2021) 240

Pando (this work) 1000



Our Approach

Decoupling + Committee sample 

Low communication and computational overhead

• Building blocks:

• consistent broadcast

• committee sampling function 

(ComProve()/ComVerify() oracle)

A scalable BFT: Pando

Low failure rate with smaller committee size 

• Partially synchronous BFT

• Weakly adaptive adversary

• O(κ) communication

• Near-optimal resilience

• 10-9 failure rate, only 200 committee size!

• Pando performance

• easily scale to 1000, with ~70,000 TPS



Scalable CBC for transmission

● The fraction of Byzantine replicas in the committee 

≈ that in the entire system

● Chernoff Upper Tail  Bound：

O(κ) signatures as a QC
n digital signatures / 

threshold signatures vs.
● κ term communication

● Communication cost does not grow 

as n grows



ABC at scale for consensus

● Sample 3 committees, twice in each epoch

● only committee members send votes

● O(𝜹𝟐) failure rate

● 𝛿 :  each committee has more than 1/3 of faulty 

rel icas

● Communication-efficient

● input message M: O(κ2n) -> O(κn2)

● κ-to-all communication: O(|M|n+κ2n) -> O(|M|n+κn2)



● Based on our proof:

● committee size 𝜆 =
3𝛼

𝜖2
ln

1

𝛿
, with probability 1-negl(κ)

● faulty replicas in the committee ≤
𝜆

3

● 𝛿 : failure rate, 𝛼 : small constant

● Relationship between committee size and 𝝐

Probability of safety and liveness violation

f < (1/3 - 𝜖)n, 𝜖 ∈ (0,1/3)



Evaluation

● Golang

● 10,000 LOC for protocols, 1,000 LOC for evaluation

● Evaluated 3 protocols in total

● Pando (Our approach), Star (Eurosys’24), Narwhal (Eurosys’22)

● AWS instance with m5.xlarge (4 vCPU, 16GB memory)

● Up to 500 VMs and up to 1,000 replicas



Results

● Pando(x) -> xn committee members

● Pando vs. Star vs. Narwhal

● Pando(1): 

● consistently outperforms Narwhal

● marginally lower than Star

● When n = 91, the peak TPS of 

Pando(0.8):

● 28.22% that of Star

● 81.01% that of Pando(1)



Results

● Low-end VMs

● When the CPU and memory become 

lower, the throughput decreases

● For VMs with the same CPU and 

memory, the throughput becomes 

lower on the bandwidth-restricted 

VMs



Results

● Pando scalability 

● For n = 100 to n = 500, TPS 

degrades significantly as n grows

● Pando with 1,000 replicas! 

● The network bandwidth is the 

bottleneck

● With better configuration but lower 

bandwidth, Pando only gets 1,600 

TPS

● up to 73,200 TPS!
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● An adaptively secure and scalable BFT design from committee sampling

● Decouple block transmission from consensus on the order

● Communication efficient and computation-efficient

Open source: 

https://github.com/DSSLab-Tsinghua/Pando

https://www.youtube.com/watch?v=zC8abuKnr90
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