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What is Spatiotemporal Network K-function-based Analytics?

(a) Dispersed (b) Clustered

• Count the number of data points that are within the spatial threshold 𝑠 and the temporal threshold 𝑡 
from each data point.

• Spatiotemporal network K-function: 

• A spatiotemporal dataset 𝑃 = p1, 𝑡p1 , p2, 𝑡p2 , … , p𝑛, 𝑡p𝑛  with size 𝑛 on a road network 𝐺 = (𝑉, 𝐸)

• Spatial threshold 𝑠
• Temporal threshold 𝑡

𝐾𝑃 𝑠, 𝑡 = ෍

(p𝑖,𝑡p𝑖)∈𝑃

෍
(p𝑗,𝑡p𝑗)∈𝑃

𝑗≠𝑖

𝔗 𝑑𝐺 p𝑖 , p𝑗 ≤ 𝑠, 𝑑 𝑡p1 , 𝑡p𝑗 ≤ 𝑡

(c) Spatiotemporal network K-function plot

• Spatiotemporal network K-function plot:
• A spatiotemporal dataset 𝑃 and 𝐿 randomly generated datasets 𝑅1, 𝑅2, … , 𝑅𝐿 (with the same size 𝑛)

• 𝑀 spatial thresholds 𝑠1, 𝑠2, … , 𝑠𝑀
• 𝑇 temporal thresholds 𝑡1, 𝑡2, … , 𝑡𝑇
• Compute 𝐾𝑃(𝑠𝛼 , 𝑡𝛽) (green plane), ℒ(𝑠𝛼, 𝑡𝛽) (red plane), and 𝒰(𝑠𝛼 , 𝑡𝛽) (yellow plane)

ℒ(𝑠𝛼 , 𝑡𝛽) = min 𝐾𝑅1 𝑠𝛼 , 𝑡𝛽 , 𝐾𝑅2 𝑠𝛼 , 𝑡𝛽 , … , 𝐾𝑅𝐿 𝑠𝛼 , 𝑡𝛽

𝒰(𝑠𝛼, 𝑡𝛽) = max 𝐾𝑅1 𝑠𝛼 , 𝑡𝛽 , 𝐾𝑅2 𝑠𝛼 , 𝑡𝛽 , … , 𝐾𝑅𝐿 𝑠𝛼 , 𝑡𝛽

• Applications

• Determine whether the spatiotemporal clusters/hotspots are meaningful.

• Help for choosing the correct parameters for those statistical/clustering models.

Our Solution: EARTH

• Decomposition of 𝐾𝑃 𝑠, 𝑡

𝐾𝑃 𝑠, 𝑡 = ෍

(p𝑖,𝑡p𝑖)∈𝑃

෍

𝑒∈𝐸

𝐶
𝑃(𝑒)

(p𝑖,𝑡p𝑖)(𝑠, 𝑡)

where

𝐶
𝑃(𝑒)

(p𝑖,𝑡p𝑖)(𝑠, 𝑡) = ෍
(p𝑗,𝑡p𝑗)∈𝑃(𝑒)

𝑗≠𝑖

𝔗 𝑑𝐺 p𝑖 , p𝑗 ≤ 𝑠, 𝑑 𝑡p𝑖 , 𝑡p𝑗 ≤ 𝑡

• Computing 𝐶
𝑃(𝑒)

(p𝑖,𝑡p𝑖)(𝑠, 𝑡) takes 𝑂(|𝑃(𝑒)|) time. 

• Core idea: Mapping data points for each edge 𝑒 = 𝑢, 𝑣  

onto a two-dimensional (time, distance)-plane. 

• Edge-Augmentation with Range-tree (EAR)

• Multi-Threshold Sharing (MTS)

• EARTH = Edge-Augmentation with Range-tree + multi-THreshold sharing 

𝑂(log |𝑃(𝑒)|) time ☺

𝑂(𝑀𝑇 + 𝑃 𝑒 ) time ☺

Very Slow!

Theoretical Performance Experimental Results
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