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(a) San Francisco 311 calls

Detect time-dependent hotspots using the location data of San Francisco 311 calls.

Color each pixel-timestamp (𝐪, 𝑡𝑖) pair based on the spatiotemporal 

kernel density function ℱ ෠𝑃(𝐪, 𝑡𝑖), where
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Commonly used spatial kernel functions and temporal kernel functions.

STKDV is computationally expensive, which takes 𝑂(𝑋𝑌𝑇𝑛) time.
Example:

• The resolution size (𝑋 × 𝑌): 1280 × 960

• The number of timestamps (𝑇): 32

• The total number of data points (𝑛): 1.83 million 

• The total cost is: 71.96 trillion operations 

Overview of Existing Solution : SWS and PREFIX

Only those data points (𝐩, 𝑡𝐩) in 𝑊(𝑡𝑖) 

can contribute to ℱ ෠𝑃 𝐪, 𝑡𝑖 .

Efficiently update from 𝑆𝑊 𝑡𝑖

𝑢
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to 𝑆𝑊 𝑡𝑖+1

𝑢
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The time complexity of SWS is 

𝑂(𝑋𝑌(𝑇 + 𝑛)).
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SWS: PREFIX: First maintain the prefix-matrix with 

respect to all X×Y pixels for each end 

point in the time axis. 

Once they have all prefix-matrices, they 

then evaluate each 𝑆𝑊 𝑡𝑖

𝑢
𝐪  based on the 

following equation and compute ℱ ෠𝑃 𝐪, 𝑡𝑖  

for all pixels q.

The time complexity of PREFIX is 

𝑂(𝑋𝑌𝑇 +  𝑌𝑛).

Core ideas of Our Solution (COMP)
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The distribution of San Francisco 

311-call data points.

Real data often contain 

spatiotemporally close points.

COMP reduces data by merging nearby 

spatiotemporal points into block centers with weights.

The number of blocks, varying the absolute error 𝜖. Response time for computing STKDV, varying the spatial resolution.

How to determine the block size of COMP to ensure that 

the following absolute error guarantee holds?
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