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What is Kernel Aggregation Queries?

ℱ𝑃 𝐪 = ෍

𝐩𝐢∈𝑃

𝑤𝑖 exp(−𝛾 ∙ 𝑑𝑖𝑠𝑡 𝐪, 𝐩𝐢
2)

Kernel Aggregation Function Approximate Kernel Aggregation Query (𝜀-KAQ)

• Input: query vector q, dataset P, relative error 𝜀

• Output: value ෠𝐹

where: (1 − 𝜀)ℱ𝑃 𝐪 ≤ ෠𝐹 ≤ (1 + 𝜀)ℱ𝑃 𝐪

Threshold Kernel Aggregation Query (𝜏-KAQ)

• Input: query vector q, dataset P, threshold 𝜏

• Output: 1 (if ℱ𝑃 𝐪 ≥ 𝜏) or -1 (if ℱ𝑃 𝐪 < 𝜏)

KAQ -KAQ, =0.01 -KAQ, =0.2

Applications of Kernel Aggregation Queries

Server

Classify

Signal
Anomaly

Class

Normal

Class

User 1

User 2 User 3

User 4

User 5

ℱ𝑃 𝐪 ≤ 𝜏

ℱ𝑃 𝐪 > 𝜏

Kernel Support Vector Machine ClassificationKernel Density Estimation

Black dots (Crimes)

• Aggravated assault

• Robbery

• Commercial burglary

• Motor vehicle theft

Goal:

• Crime rates prediction

State-of-the-art Method and its Weakness

R

q
mindist(q,R)

O(d) time

𝐿𝐵𝑅 𝐪 = 𝑤 ∙ 𝑅. count ∙ exp(−𝛾 ∙ 𝑚𝑎𝑥𝑑𝑖𝑠𝑡 𝐪, 𝑅 2)

𝑈𝐵𝑅 𝐪 = 𝑤 ∙ 𝑅. count ∙ exp(−𝛾 ∙ 𝑚𝑖𝑛𝑑𝑖𝑠𝑡 𝐪, 𝑅 2)
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𝐿𝐵𝑅 𝐪 = 𝑤 ∙ 𝑅. count ∙ exp(−𝛾 ∙ 𝑚𝑎𝑥𝑑𝑖𝑠𝑡 𝐪, 𝑅 2)

How to speed up?


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q is in class +1

q is in class -1

𝜏-KAQ (Stop Condition)

O(|P|  d) time

𝐿𝐵 𝐪 ≤ ℱ𝑃 𝐪 ≤ 𝑈𝐵(𝐪)

ℱ𝑃 𝐪 = ෍

𝐩𝐢∈𝑃

𝑤 exp(−𝛾 ∙ 𝑑𝑖𝑠𝑡 𝐪, 𝐩𝐢
2)

Much smaller than 

O(|P|  d) time
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Our techniques

ℱℒ𝑃 𝐪, 𝐿𝑖𝑛𝑚,𝑐 = ෍

𝐩𝐢∈𝑃

𝑤 𝑚 𝛾𝑑𝑖𝑠𝑡 𝐪, 𝐩𝐢
2 + 𝑐

= 𝑤𝑚𝛾 𝑃 𝐪 2 − 2𝐪 ∙ 𝐚𝐏 + 𝑏𝑃 +𝑤𝑐|𝑃|

where 𝐚𝐏 =෍
𝐩𝐢∈𝑃

𝐩𝐢 and 𝑏𝑃 =෍
𝐩𝐢∈𝑃

𝐩𝐢
𝟐

O(d)O(d)

xi

ℱ𝑃 𝐪 = ෍

𝐩𝐢∈𝑃

𝑤 exp(−𝛾 ∙ 𝑑𝑖𝑠𝑡 𝐪, 𝐩𝐢
2)

Time

Tightness
Exact

O(|P|d)O(d)

Existing bounds

Ours

Experimental Results
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EL(x)=ml x + cl


