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Simba: Spatial In-Memory Big data Analytics 

System Architecture

Query Processing Workflow

Table Indexing

Range & 𝒌NN Query

Distance Join -- DJSpark

𝒌NN Join -- RKJSpark
• R-Tree 𝒌NN join (RKJSpark)

• For each partition 𝑹𝒊, find 𝑺𝒊 ⊂ 𝑺, 𝒔. 𝒕. ∀𝒓 ∈ 𝑹𝒊, 𝒌𝒏𝒏(𝒓, 𝑺) = 𝒌𝒏𝒏(𝒓, 𝑺𝒊)

• Define 𝑐𝑟𝑖 as the centroid of partition 𝑅𝑖
• Take a uniform random sample 𝑆′ ⊂ 𝑆, and let 𝑘𝑛𝑛(𝑐𝑟𝑖 , 𝑆′ ) = {𝑠1, … , 𝑠𝑘}

• For each partition 𝑅𝑖 :
𝑢𝑖 = 𝑚𝑎𝑥

𝑟∈𝑅𝑖
𝑟, 𝑐𝑟𝑖

𝛾𝑖 = 2𝑢𝑖 + |𝑐𝑟𝑖 , 𝑠𝑘 |
𝑆𝑖 = {𝑠|𝑠 ∈ 𝑆, |𝑐𝑟𝑖 , 𝑠| ≤ 𝛾𝑖}

Query Optimizations
• Partition size auto-tuning : predefined customized partitioner

• Spatial predicates merging

• Index scan optimization : table scan → index look up

• Selectivity estimation cost-based Optimization: scan or index

• Broadcast join optimization: small table joins large table

• Logical partitioning optimization for RKJSpark

• Provides tighter pruning bound 𝛾𝑖

Comparison with Existing Systems Experimental Results

It is now open sourced at:
https://github.com/InitialDLab/Simba

SELECT poi.id, count(*) as c

FROM poi DISTANCE JOIN data

ON POINT(data.lat, data.long)

IN CIRCLERANGE(POINT(poi.lat, poi.long), 3.0)

WHERE POINT(data.lat, data.long)

IN RANGE(POINT(24.39, 66.88), POINT(49.38, 124.84))

GROUP BY poi.id

ORDER BY poi.id

poi.distanceJoin(data, Point(poi(“lat”), poi(“long”)),

Point(data(“lat”), data(“long”)), 3.0)

.range(Point(data(“lat”), data(“long”)),

Point(24.39, 66.88), Point(49.38, 124.84))

.groupBy(poi(“id”))

.agg(count(“*”).as(“c”)).sort(poi(“id”)).show()

Big Spatial Data Analysis at Ease

CREATE INDEX idx_name ON R(𝑥1, … , 𝑥𝑚) USE idx_type

DROP INDEX idx_name ON table_name

https://github.com/InitialDLab/Simba

