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As a result of a deployment of ICT, large-sized data is available these days. Since graphical structures can 
effectively capture sparse relationships among data, they are actively studied recently. In this study, we developed 
an efficient algorithm to construct L1-graph from large size of data. We reduce the computation cost by analyzing 
conditions with which nodes have an edge between them.  Since our algorithm significantly improves the 
computation speed comparing to existing approaches, it can efficiently reveal relationships behind data. This 
indicates that we can effectively analyze large-sized data which is not considered to apply graph mining approaches. 
We can effectively perform recommendation and prediction based on big data. In the near future, we can obtain 
world-wide data as by using IoT. We believe our algorithm is useful in analyzing such data. 
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Fast mining of relationships of large-scale data 
- An efficient algorithm for L1-graph construction -

Background: L1-grpah Problem: high computation cost

Compute edge weights by 
minimizing the objective function

Not all the nodes are 
connected 

Effectively represent sparse relationships 
among data by using L1 regularization

Compute coefficients of the regression 
(lasso) for all the node

𝑤𝑤𝑝𝑝[𝑢𝑢] ⟵
𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 − 𝜆𝜆
𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 + 𝜆𝜆

𝑧𝑧𝑝𝑝0𝑧𝑧𝑝𝑝

𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 > 0 かつ 𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 > 𝜆𝜆
𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 < 0 かつ 𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 > 𝜆𝜆

𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 ≤ 𝜆𝜆

𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 = 1
𝑀𝑀 ∑𝑖𝑖=1

𝑀𝑀 𝑥𝑥𝑢𝑢[𝑖𝑖] 𝑥𝑥𝑝𝑝 𝑖𝑖 − �𝑥𝑥 𝑝𝑝[𝑖𝑖]𝑢𝑢in which

Need parameter 𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 in computing 
edge weight 𝑤𝑤𝑝𝑝[𝑢𝑢]

Approach: node pruning

Processing time for each dataset[s]

Up to 1300 times faster 
than previous approach

We can handle 
large-size data 

Compute lower bound 𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 and upper bound 
𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 of parameter 𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 by using SVD

Prune the node since we  know 
𝑧𝑧𝑝𝑝 𝑢𝑢 𝑤𝑤𝑝𝑝 ≤ 𝜆𝜆 from the bounds

min
𝑤𝑤𝑝𝑝

1
2𝑀𝑀 𝑥𝑥𝑝𝑝 − 𝑤𝑤𝑝𝑝𝑋𝑋 2

2 + 𝜆𝜆 𝑤𝑤𝑝𝑝 1

𝑤𝑤𝑝𝑝:Edge weight
𝑀𝑀 :#dimensions
𝑥𝑥𝑝𝑝:data point
𝑋𝑋 :data matrix
𝜆𝜆:parametesr
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