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Sampling and Threshold Sharing Solution (STARS)

Experimental Results and Case Study
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• Network K-function is a fundamental GIS operation for checking whether the clusters/hotspots 

(discovered by the clustering/hotspot detection algorithms) in the datasets are significant.

• Reformulate the network K-function as a one-

dimensional KDE problem, enabling the use of 

the optimal Sort Selection (SS) sampling strategy.

• Domain experts need to (1) determine 𝐷 thresholds 𝜏1, 𝜏2, … , 𝜏𝐷, (2) generate 𝐿 random datasets (with the 

same size 𝑛) 𝑅1, 𝑅2, … , 𝑅𝐿 , and (3) compute the following network K-function values:

(i) 𝐾𝑃 𝜏𝑑
(ii) ℒ 𝜏𝑑 = min 𝐾𝑅1 𝜏𝑑 , 𝐾𝑅2 𝜏𝑑 , … , 𝐾𝑅𝐿 𝜏𝑑

(iii) 𝑈 𝜏𝑑 = max 𝐾𝑅1 𝜏𝑑 , 𝐾𝑅2 𝜏𝑑 , … , 𝐾𝑅𝐿 𝜏𝑑

• Existing method are slow!

Sampling Threshold Sharing

② Generate boundaries

Compute left/right threshold 

boundaries for every sampled point.

③Merge & Sort Boundaries

Merge and sort all threshold 

boundaries into one ordered sequence.

④ Sweep-Line Processing

Sweep once to evaluate all thresholds 

simultaneously.

• Merge all threshold boundaries into a single 

ordered sequence and evaluate all thresholds 

through one sweep-line pass.

① Representative Edge Sampling

Reduce the evaluated points from |𝑃(𝑒)| to 

𝑂(1/𝜀).

Theoretical Guarantees

Sampled dataset size

𝑂(|𝐸|/𝜀 )

Approximation Guarantees

𝐴𝑃,𝑄 𝜏 − 𝐾𝑃 𝜏 ≤ 𝜀
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Exact

STARS preserves the analytical 

conclusions of the exact methods while 

enabling efficient hotspot analysis
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Example: >10 hours on 6.05M events and 100 thresholds 


