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ChainVoxel: A Data Structure for Scalable Distributed
Collaborative Editing for 3D Models

KENGO IMAE""® NAOHIRO HAYASHIBARA'-D

Abstract: Collaborative editing is one of the most significant topics in distributed systems because it includes a prob-
lem of consistency maintenance on shared data in distributed systems. There are so many papers which have proposed
various approaches for this problem so far. Most of solutions that have already proposed are for document editing
but there are a few for 3D models. We propose ChainVoxel, a conflict-free data structure for lock-free distributed
collaborative editing of 3D Models. It is an instance of the conflict-free replicated data type (CRDT) and is defined as
a set of operations. As a result, it guarantees the eventual consistency without exclusive control. ChainVoxel contains a
chained hash table for collision resolution while editing voxels in the same position by multiple users. We also analyze
our proposed algorithm and data structure in terms of data size and the number of operations.

Keywords: Conflict-free data structure, Collaborative editing, Eventual consistency, 3D models, Decentralized sys-
tems, Scalability
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Algorithm 1 insert operation
1: Inputs:
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ts < current time

posID < the given position from users
2: Initialize:
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: insertVozel < (sid, ts, posID)
. if negativeVozel € Vpos1p then
if fis(negativeVoxel) > ts then
return /* do nothing */
end if
end if
: Vposip U {insertVozel}
10: broadcast insert(sid, ts, posI D) to every other sites
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Algorithm 2 delete operation
1: Inputs:

sid <— a negative integer
ts <— current time

posID < the given position from users
2: Initialize:
negativeVoxel < 1
. if negativeVozel € V051D then
if fis(negativeVoxel) < ts then
update(negativeVoxel, ts) /* update the timestamp */
end if
else
negativeVozel < (ts,posID)
Vposip U {negativeVoxel} /* add a negativeV oxel */
: end if
: broadcast delete(ts, posI D) to every other sites
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