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Effects of Relay Networks in Bitcoin
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Abstract Bitcoin’s throughput falls greatly behind that of centralized systems such as Visa and PayPal. Its
throughput must be improved for Bitcoin to handle the comparable number of transactions. It is known that block
propagation time improvement is necessary if there is to be substantial improvement in throughput. Relay networks
have been attracting attention as a method to improve throughput. However, it is not yet clear what kind of effects
relay networks have or how strong these effects are. In particular, the effects on individual nodes have received
little attention. Thus, this study aims at investigating the effects of relay networks on the Bitcoin network and
its nodes under the current network state in approximately 2019. We simulated a relay network under the current
network state because simulation was virtually the only way to obtain data for all the nodes. A major contribution
of this study is its investigation of the relay network effect on the 90th percentile of block propagation time; to our
knowledge, this is the first such investigation. Moreover, this study shows that relay networks benefit not only the
system but also the nodes utilizing them. It was observed that the utilizing nodes were significantly less likely to
produce orphan blocks than the non-utilizing nodes. This finding can motivate nodes to utilize relay networks.
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Table 1 Parameter settings.

# of nodes 10000
Block interval 10 min
Block size 534 KiB

# of connections Distribution according to Miller et al. [11]
Geographical Distribution Distribution according to Gervais et al. [5]
Bandwidth 6 regional bandwidth according to Nagayama et al. [9]

Delay 6 regional delay according to Nagayama et al. [9]
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Region A

-~ Blocks are sent at 10x an upward
bandwidth of the sender.

M1 V=% Y hU—2EFIL.
2 The relay network model.
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Fig.3 50th percentile of block propagation times.
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Table 2 50th percentile of block propagation times (msec).

UR? 0% 1% 3% 6% 12%  25% 50% 100%
Group
Utilizing N/A 3050 2763 2590 2365 2160 1969 1837
Non-utilizing 3854 3853 3741 3576 3378 3081 2692 N/A
All 3854 3851 3730 3555 3316 2993 2366 1837

! utilization rate.

# 3 90% 70w 7GR (msec).
Table 3 90th percentile of block propagation times (msec).

UR!
0% 1% 3% 6% 12%  25% 50% 100%
Group

Utilizing N/A 3660 3171 2972 2719 2511 2318 2154
Non-utilizing 5317 5307 5126 4905 4691 4338 3831 N/A

All 5317 5302 5106 4862 4573 4100 2903 2154

I utilization rate.
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Table 4 Orphan block rate.

Utilization rate 0% 1% 3% 6% 12% 25% 50% 100%
Orphan block rate 0.95 0.93 0.89 0.79 0.76 0.63 0.43 0.34
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Table 5 A breakdown of orphan blocks (%).

Case case 1 ! case 2 2 case 3 3 case 4 4

UR®

1% 0.0 3.0 0.0 97.0
3% 3.0 3.0 0.0 94.0
6% 2.0 6.0 1.0 91.0
12% 10.0 14.0 0.0 76.0
25% 13.0 30.0 4.0 53.0
50% 24.0 24.0 4.0 48.0

2 utilization rate.

1 the possibility that both an orphan block and the
main block are generated by utilizing nodes.

2 the possibility that an orphan block and the main
block are generated by non-utilizing and utilizing
nodes, respectively.

3 the possibility that an orphan block and the main
block are generated by utilizing and non-utilizing
nodes, respectively.

4 the possibility that both an orphan block and the

main block are generated by non-utilizing nodes.
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Fig.6 Orphan block rate of utilizing nodes and non-utilizing
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