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Abstract The InterPlanetary File System (IPFS), a decentralized storage system, is based on content addressing and peer—
to-peer networking. However, the data stored in each node is determined by the free will of owners, which often results in
the geographical concentration of identical data. Consequently, when large-scale disasters or power outages occur, there is a
significant risk of losing access to specific data. Existing approaches such as Filecoin and Kademlia DHT attempt to achieve
data distribution through economic incentives or random allocation, but their ability to enhance fault tolerance is limited. To
address this problem, we propose a novel method in which nodes permanently store data if the upper bits of their Peer ID match
the upper bits of the Data ID. In addition, we introduce a Peer ID assignment algorithm that allocates identical bit strings to
repositories distributed across different geographic regions. This design enables the system to maintain data availability even in
the event of large-scale disasters. Through simulation-based evaluations, we demonstrate that the proposed method outperforms
conventional approaches by reducing retrieval latency under normal conditions and significantly improving recovery success
rates during disaster scenarios.
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Algorithm 1 Peer ID Assignment Algorithm

1: Input: Graph G = (V, E) with coordinates (x,, y,), max depth K,

weight a

2: Output: K-bit Peer ID prefixes, for all repositories
3: fork —<0to K —1do
4:  Partition current set S into two subsets Sy (0) and Sg4; (1)
5: Compute cost Ty, = dpop (1, Sks1(0)) + dpop (1, Sge1 (1))
6: Add geographic penalty:
C= ) Tu+ta- Y dgeoli,)) M
neSy 1,j€Sk41

7:  Choose partition minimizing C
8: Assign (k + 1)-th bit = 0 or 1 to nodes in each subset
9: end for

10: Return all nodes with K-bit prefixes
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2: Results of normal state scenario against Zipf parameter 6
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