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Abstract. Payment networks were introduced to address the limitation
on the transaction throughput of popular blockchains. To open a payment channel one has to publish a transaction on-chain and pay the
appropriate transaction fee. A transaction can be routed in the network,
as long as there is a path of channels with the necessary capital. The
intermediate nodes on this path can ask for a fee to forward the transaction. Hence, opening channels, although costly, can benefit a party,
both by reducing the cost of the party for sending a transaction and by
collecting the fees from forwarding transactions of other parties.
This trade-off spawns a network creation game between the channel parties. In this work, we introduce the first game theoretic model for analyzing the network creation game on blockchain payment channels. Further,
we examine various network structures (path, star, complete bipartite
graph and clique) and determine for each one of them the constraints
(fee value) under which they constitute a Nash equilibrium, given a fixed
fee policy. Last, we show that the star is a Nash equilibrium when each
channel party can freely decide the channel fee. On the other hand, we
prove the complete bipartite graph can never be a Nash equilibrium,
given a free fee policy.
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Introduction

Distributed ledgers that employ the Nakamoto [13] or similar consensus mechanisms suffer from major scalability problems [8]. In essence, the security of the
consensus is based on the ability of each node to verify and store a replica of
the entire blockchain history. Prominent solutions to this problem are payment
channels [10, 14, 17]. Payment channels are constructions that allow participants
of the blockchain to execute the transactions off-chain while maintaining the
security guarantees of the blockchain. The parties that enter a payment channel
open a joint account with a specific capital and update the distribution of this
capital every time they exchange a transaction. This way the parties can execute
an unlimited number of transactions as long as they all agree on the current distribution of capital. In case of a dispute, the blockchain acts as a judge, ensuring
that the latest agreed capital distribution is enforced.

