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Abstract As one of the key technologies of distributed ledgers, blockchain solves the trust problem in
open network without relying on any trusted third party. Its decentralized feature makes it potential
for a wide range of application scenarios. However, it still faces scalability problems. The bottleneck
of blockchain scalability is mainly in two aspects: low efficiency and difficulty in functional extension.
For instance, Bitcoin can only deal with 7 transactions per second averagely. Obviously, it cannot
meet the requirement of current digital payment scenarios, nor can it be carried in other applications
such as distributed storage and credit investigation service. On the other hand, the data or assets
within different blockchains are difficult to interact with each other. This restricts the functional
extension of blockchain system. In reality, there are a variety of blockchain systems which are
specially devised for various functionalities or applications. Therefore, it is crucial to establish
interaction channels among different blockchains to make them form the Internet of value. So far the
research of blockchain scalability has attracted much attention from both academia and industry due to
its importance. This paper introduces and analyzes the blockchain scalability related technologies from
the aspects of improving efficiency and extending functionality of blockchain system, respectively.
Firstly, we introduce three major schemes for performance enhancement of blockchain, including off-
chain payment network, Bitcoin-NG and sharding mechanism; and four typical cross-chain approaches
for blockchain functionality extension. Then we analyze the merits and demerits of each technology,

based on which we give the challenges and suggestions for further research in blockchain scalability.
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Table 1 Comparison on the Number of Signatures

Required for Each Stage

1

Project Set Up Payment Reset (Dsiz;ti:c)
Lightning 2X2 1X2 no 3

Duplex (d+2) X2 1 yes 1X2

Raiden 2 1X2 no 1X2

Sprites 2 1X2 no 1X2

Table 2 Characters of Different Payment Channels

2
Store Stora

Project Bidirectional ( Iirg;glj ) C(;‘:ij Cost
Lightning yes O(N) 2or3 LX1t
Duplex yes 1+d 2 LXt
Raiden yes O(1) 1 L X1t
Sprites yes O 1 L+t

3 ,
b

b
b
b
b
’ b
b b

Bitcoin-NG

Bitcoin-NG
10%,

3.2

D

2)

3)

b

Zilliga.

4) Bitcoin-NG
(directed acyclic graph)

’

Sprites,

b

b

Landmark

Elastico

DAG

[34]



2107

A.B , 2
/ ;
2 ,
) 4
D 3
2) / ;
3) Hash ;
4)
4.1
A
A , (
B
4.2 /
[35-36] [37-38]
BTC-Relay , BTC-Relay
ETH ,
ETH ,
ETH
ETH
ETH
(Relayer)
BTC-Relay
ETH ,
1) Alice Bob
Alice BTC Bob ETH ,Bob
ETH ;
2) Alice  Bob BTC
3) Alice . SPV
, ETH ;
4) SPV )
Bob ETH Alice
Cosmos
4 . Cosmos

(Zone) , Hub

Hub, Hub

Cosmos A B
Hub

Fig. 4 Structure on cosmos relay network

4 Cosmos

4.3 Hash
Hash HTLC s
Hash ; )
5 , :
DA r, r  Hash h, &
B.
2) A B HTLC
A B, T,<T,.
A , T, .B
r A , A B
, T, LA r
B , B
3 A r B
B r, r
A

Fig. 5 Process of cross-chain atomic swap

5

4.4

Fusion™" ,



2108 2018, 55(10)
[40] [41]
5
)
2 )
Fusion
5.1
A Fusion 3 s N
, ) N
Fusion , BTC-Relay
, BTC-Relay
2) LA ETH BTC , BTC ETH
) , 3
3) A A
Fusion . ,
,
1) A Fusion ., 51% , Hash
2) A Fusion s )
, A Fusion , ,
, ,
3) , Hash
4) ) ,
A ,
5) A A ; ,
Fusion ,
Table 3 Characters of Cross-Chain Technology
3
Technology Scene Trust Model Application Degree of Difficulty Implementation
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