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Algorithm 1: Constructing Payment Channels for Blockchain Trans-
actions
Input: (1) Set of players P, each requiring blockchain transactions.
(2) A single server S acting as the intermediary for opening and closing
payment channels.
Output: (1) Graph dataset (; with nodes representing players and the
server, and edges representing payment channels.

1

2 PROCEDURE:

3 Part 1: Payment Channel Creation

4 Initialize an empty dataset D.

5 Define a single server S as a central node.

6 for each player p € P do

7 Define a node for player p.

8 Create an edge E between player p and server S when a

L payment channel is opened.

9 Initialize node feature matrix X and edge index list.

10 for each player p € P do

11 Encode player characteristics (e.g., balance, transaction count)
into feature vectors.

12 Append to node feature matrix X.

13 for each payment channel opened do

14 Record source and target nodes (player and server) in the edge
index list.

15 L Store off-chain transaction data temporarily in the channel.

16 if a player or server decides to close the channel then

17 Record the total transaction history.

18 Submit the final state (aggregated results and changes) to the
blockehain as a single batch.

19 Encode the final state of the channel closure as an edge label Y.

20 Create a graph data object G; = (X, E,Y") with features, edges, and

labels.
21 Add G; to dataset D.
22 return dataset D for payment channel analysis.
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Algorithm 1: Managing Payment Channels with Automatic Dispute
Resolution
Input: (1) Set of players F* and server S.
(2) Set of initial conditions for opening payment channels, including
server fees and cost optimization for users.
(3) Set of conditions for resolving disputes between players and server.
Output: (1) Successful creation of payment channels.
(2) Resolution of disputes, if any, during the payment channel lifecycle

1
2 PROCEDURE:
3 Part 1: Payment Channel Creation with Fee Optimization
4 Initialize an empty set of active channels .
o for each player p € P do
G Player p sends a request Lo server S to open a payment channel.
T Server S verifies the conditions for opening the channel,
including initial server fees.
8 if conditions are met {including agreement on server fees) then
8 Create a new payment channel ¢ between player p and server
5.
10 Record the starting balance of the player and server.
11 Add ¢ to the set of active channels
1z Caleulate optimized transaction fees for the player, ensuring

that the cost of transactions within the channel is lower

than direct blockchain transactions.

13 Player p can now send multiple transactions through the
payment channel, with each transaction being cost-optimized

L and lower than the blockchain fees.

14 Part 2: Automatic Dispute Resolution

15 for exch active channel c € C' do

16 Monitor the transactions between player p and server S.
17 if a dispute arises {e.qg., @ i y in b tion history or
balance) then
18 Automatically trigger th te resolution 1
19 Check the dispute conditions (e.g., balance, transaction
count, and proof of transactions).
20 if player p challenges the server then
21 Server § must provide proof of valid transactions.
22 Player p can request that the server stakes an additional
collateral to ensure fairness.
23 if proof is walid then
24 L Dispute is resolved in favor of server 5.
25 clse
26 Dispute is resolved in favor of player p, and the
L channel may be closed.
27 L If no disputes oceur, the channel continues to function as normal.
28 for each closed channel c do 1
28 Submit the final state of the payment channel (total
transactions, balances) to the blockehain for final settlement.
0 | Remove ¢ from the set of active channels C.

31 return The set of active channels and their states.
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