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IntroductionIntroduction

Life Science

Uncertainty is everywhere

Moving Objects
Personal Identification Systems 
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Similarity JoinSimilarity Join

Database Group

Let R and S be two sets, ε ≥ 0,
and let d : R × S → ℜ+ be a distance function.

The distance range join of R and S is the set
R ⋈ S := {(r, s) ∈ R × S : d(r, s) ≤ ε}

0

ε

Distance-Range Join (ε - join)

→ join algorithms are often based on index structures
(e.g. R-tree spatial join)
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Uncertain DataUncertain Data

Database Group

Let o ∈ O ⊆ ℜd be an object from a database.
An uncertain object representation is a function
ouncertain: ℜd → ℜ+ ∪ ∞, for which holds: ∫∫ ouncertain(v)dv = 10

ℜd

Uncertain Object Representation

Uncertain Object Descriptions

y

x

y

x
x

ouncertain
ouncertainouncertain

Feature vectors Moving objects Sensor data
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Let d : O × O → ℜ+ be a distance function, 
and let P(a ≤ d(o, o’) ≤ b) denote the probability that d(o, o’) is 
between a and b.

Then a probabilistic density function fd is called a probabilistic
distance function if the following condition holds:
P(a ≤ d(o, o’) ≤ b) =   fd(o, o’)(x)dx∫

b

a

Distance FunctionDistance Function

Database Group

Probabilistic Distance Function

0

→ traditional join algorithms require distance functions which
express the similarity between two objects by exactly one 
numerical value
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Distance Function ExampleDistance Function Example
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probability

position
x x+τ

ouncertain(x)
o’uncertain(x+τ)

o’uncertainouncertain

τ

Two 1-dimensional uncertain objects o and o’ in an uncertain feature space

probability

distance

distance density function
fd(o, o’)

0 τ

Probabilistic distance function
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The expected distance value Ed : O × O → ℜ+ represents the 
probabilistic distance function by a single value:
Ed(o, o’) =    x · fd(o, o’)(x)dx

Non-Probabilistic ApproachNon-Probabilistic Approach

Database Group

Expected Distance Value

0

probability

distance

distance density function
fd(o, o’)

0

Probabilistic distance function

Ed(o, o’) 

∫
∞

∞−
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Distance-Range Join ExampleDistance-Range Join Example

Database Group

distance-range join based on the expected distance

ε
oA

oB

oC

oD
probability

distance

fd(oA, oC)

0 ε

similarity joins based on the expected distance
fail to produce meaningful results

fd(oA, oD)

fd(oA, oB)
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Probabilistic ApproachProbabilistic Approach

Database Group

based on the generally applicable concept of
monte-carlo sampling

ε

probabilistic distance-range join for object o and o‘
(sample rate s=5)

o

o’
p(o, o‘) = 6/25 = 24%
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Distance-Range JoinDistance-Range Join

Database Group

to reduce computational cost, samples of the same
object are grouped together in clusters

clustered object o
(cluster number k=3,sample rate s=17)

MBR(o)

MBR(C1(o)) MBR(C2(o))

MBR(C3(o))

the distance-range join can be carried
out based on a parallel R-tree run

R2

R1 maxdist(R1,R2)

mindist(R1,R2)
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Overview of the AlgorithmOverview of the Algorithm

Database Group

Overview of the Distance-Range Join Algorithm

→ it is desirable that the result is sorted in descending order
of the probability values

• carry out an approximated probabilistic similarity join
based on a parallel R-tree run

• sort the filter result in descending order according to the 
probability

• incrementally walk through the sorted list and compute 
the exact probability

→ use the fact that pfilter(r, s) ≥ pexact(r, s)
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Computation of the Filter Probability pfilterComputation of the Filter Probability pfilter

Database Group

INPUT:
o =                                                ;   // clustered uncertain object
o’ =                                                     ; // clustered uncertain object

BEGIN
IF mindist(MBR(o), MBR(o’)) > ε THEN

RETURN 0;
ELSE IF maxdist(MBR(o), MBR(o’)) ≤ ε THEN

RETURN 1;
ELSE BEGIN

filter := 0;
FOR i = 1 TO k DO

FOR i ’ = 1 TO k DO
IF mindist(MBR(Ci(o)), MBR(Ci ‘ (o’))) ≤ ε THEN

filter := filter + ni · n’i ‘
RETURN filter / s2; 

END;
END;

}} ..., ,{},..., ..., ,{{ ,, knkk,n, oooo 1111 1

}} ..., ,{},...,' ..., ,'{{ ,, knkk,n, oooo '1'111 '
1
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Computation of the Exact Probability pexactComputation of the Exact Probability pexact

}} ..., ,{},..., ..., ,{{ ,, knkk,n, oooo 1111 1

Database Group

INPUT:
o =                                                ;   // clustered uncertain object
o’ =                                                     ; // clustered uncertain object

BEGIN
// perform mindist/maxdist test
exact := 0;
FOR i = 1 TO k DO

FOR i ’ = 1 TO k DO
IF maxdist (MBR(Ci(o)), MBR(Ci’(o’))) ≤ ε THEN

exact := exact + ni · n’i ’
ELSE

FOR j = 1 TO ni DO
FOR j ’ = 1 TO n’i ‘ DO

IF dist (oi,j, o’i ’,j ’) ≤ ε THEN
exact := exact + 1;

RETURN exact / s2; 
END;

}} ..., ,{},..., ..., ,{{ ,, knkk,n, oooo 1111 1

}} ..., ,{},...,' ..., ,'{{ ,, knkk,n, oooo '1'111 '
1
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Experimental EvaluationExperimental Evaluation
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ARTd(u) PLANE                          PDB

effectiveness and efficieny evaluation of the proposed
probabilistic similarity join approach

dimensions: 42
uncertainty: 1%

dimensions: 120
uncertainty: 4%

dimensions: d =3, d =10
uncertainty: 3%, 5% (d=3)

3%, 4% (d=10)
(low) (high) 
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a sample rate of s = 25 leads to a good trade-off between 
cost and quality of the result set

Influence of the Sample Rate sInfluence of the Sample Rate s
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the optimal setting for k depends on the sample rate s

Performance for varying Number of Clusters kPerformance for varying Number of Clusters k
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the proposed incremental join processing is particularly useful
when the user is interested in a small portion of the result set 

Performance of the ranked Distance-Range Join 
for ART3(high)

Performance of the ranked Distance-Range Join 
for ART3(high)
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• Assigns to each object pair a probability value indicating the
likelyhood that it belongs to the result set

• Effective computation based on the concept of monte-carlo sampling

• The incremental probabilistic distance-range join allows to report the
results very early

Our Approach:

• Extend our approach to other similarity join predicates, e.g. nearest
neighbor predicate

• Apply our approach to data mining algorithms, e.g. clustering and 
classification

Future Work:

Database Group

Conclusions and Future WorkConclusions and Future Work
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