
Location-aware Server

Keep me updated by nearest 
three restaurants

Send E-coupons to all cars that this 
gas station is their nearest

How many cars in the 
highlighted area?

What are my nearest 3 
police cars?

Monitor the traffic in the 
red areas

Range Query Range Query

K-NN QueryK-NN QueryReverse-NN Query
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� Continuous evaluation
� Query/Object combinations

� Stationary queries / Moving 
objects

� Stationary queries / Moving 
objects

� Moving queries / Moving 
objects

Uncertainty in Continuous Queries

T0 T1 T2

T0 T1 T2

� Moving range queries

� Stationary kNN queries

T0 T1

� Predicting the result

Challenges of Spatio-temporal Streams
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SELECT COUNT(ObjectID)

FROM     MovingObjects
INSIDE    RegionR

INSIDE

COUNT

+/-

MovingObjects

SELECT COUNT(M.ObjectID)

FROM     MovingObjects M,
AvisCars A
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Spatio-temporal Operators

� Negative tuples are produced 
from continuous sliding predicate-
based window
� Tuples are expired out-of-order. In 
contrast to First-In-First-Expire as in 
sliding time-based window queries

Incremental Evaluation

� Only the updates of the 
query answer are reported 
� Two types of updates

� Positive updates
� Negative updates

Incremental Answer

Sign Object

+

Query Result

+_

Incremental Answer

Sign Object

� Data expiration (Predicate-
based window queries)

� Scalability
� Massive number of objects
� Massive number of 

continuous queries

Extended SQL Syntax
Shared Execution

� Concurrent continuous 
queries share a grid structure

� Moving objects are hashed 
to the same grid structure as 
queries

Architecture

A Query Processor for Real-time Spatio-temporal Data Streams

A Query Processing Engine for Data Streams

PREDATOR

Abstract data types

Storage engine

Query processor

SQL Language

� Continuous time-based
Sliding Window Queries

� Continuous 
Predicate-based
Window Queries

� Moving Queries

Stream data types

Stream of Moving 
Objects/Queries

Stream_Scan Operator

W-Expire Operator

Negative Tuples

INSIDE Operator

kNN Operator

WINDOW window_clause
kNN knn_clause
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