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Introduction

Uncertainty is everywhere

Moving Objects Life Science
Personal Identification Systems
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Similarity Join

Distance-Range Join (¢ - join)

Let R and S be two sets, € > 0,
and let d : R x § — R be a distance function.

The distance range join of R and S 1s the set
RS :={(r,s) e RxS:dr,s)<cg}

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

Uncertain Object Representation

Let o € O < RY be an object from a database.
An uncertain object representation is a function

0 : RY — R+ U oo, for which holds: ﬂ 0 nceriainV)AV =1

uncertain®

Uncertain Object Descriptions

Ouncertain Aouncertain (0] ;
y \ uncertain
yL
x X‘
v X )(E\A
Feature vectors Moving objects Sensor data
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Distance Function

— traditional join algorithms require distance functions which
express the similarity between two objects by exactly one
numerical value

Probabilistic Distance Function

Letd: O x O— R be a distance function,
and let P(a < d(o, 0’) < b) denote the probability that d(o, 0’) is
between a and b.

Then a probabilistic density function f, is called a probabilistic
distance function 1f the following condition holds:

P(a < d(o0, 0) < b)=[ f0, 0")(x)dx
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Distance Function Example

Two 1-dimensional uncertain objects o and o0’ in an uncertain feature space

probability )

uncertain

o o

) uncertain

0 uncertain (X+T) ]

Ouncertain(x) ]

> =i > position
X T X+t p
Probabilistic distance function
probability distance density function
9
: A/f;d(O’ 0 )

< > > distance
0 T
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Non-Probabilistic Approach

Expected Distance Value

The expected distance value £, : O x O — R} represents the
probabilistic distance function by a single value:

E (0,0') = fix - f (0, 07)(x)dx

Probabilistic distance function

probability distance density function
e
> distance
0 :
Ed(oa 0 )
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Distance-Range Join Example

distance-range join based on the expected distance

< e babili
e ~o probability fd(OAa OD)

\\\ A EA/
e \ :
O/ \\ SO0 08) |} Jao, 00)
1
1

distance
7 T >

=> similarity joins based on the expected distance
fail to produce meaningful results
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Probabilistic Approach

»based on the generally applicable concept of
monte-carlo sampling

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

»1o 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(C(0)

MBR(0)

.

IMSFB‘B}

/MBR(C(0)

xo

/

‘v

|

\ MBR(C,(0))

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

Rz/‘
mindist(R1,R2)

R1

maxdist(R1,R2)
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Overview of the Algorithm

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 pg,. (r, S) 2 Poyacdl S)
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Computation of the Filter Probability pg.,

INPUT:
0 ={{015-0,, b {0415 04, B /I clustered uncertain object
o'={{o",,- 0", b-{0s1s-0, }; [ clustered uncertain object
BEGIN - | |
IF mindist(MBR(0), MBR(0’)) > ¢ THEN
RETURN 0O;
ELSE IF maxdist(MBR(0), MBR(0)) < ¢ THEN
RETURN 1;
ELSE BEGIN
filter := O;
FOR/=1TO kDO
FOR/'=1TO kDO
IF mindist(MBR(C(0)), MBR(C;:(0'))) < ¢ THEN
filter := filter + n; - n’;.
RETURN filter | s?;
END;
END;
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Computation of the Exact Probability p., .

INPUT:
0 ={{015-0,, b {0415 04, B /I clustered uncertain object
o'={{o",,- 0", b-{0s1s-0, }; [ clustered uncertain object
BEGIN - | |
/[ perform mindist/maxdist test
exact .= 0;

FOR/=1TO kDO
FOR/'=1TO kDO
IF maxdist (MBR(C(0)), MBR(C (0)))) <e¢ THEN
exact := exact + n.- n’,
ELSE
FOR,=1TOn, DO
FOR,;' =1TO n’;. DO
IF dist (0;;, 0-;:) <& THEN
exact := exact + 1;
RETURN exact / s?;
END;

I i’
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Experimental Evaluation
ARTd(u) PLANE

dimensions: d =3, d =10 . o | o
uncertainty: 3%, 5% (d=3) dimensions: 42 dimensions: 120

3% 4% (d=10) uncertainty: 1% uncertainty: 4%
(low) (high)

= effectiveness and efficieny evaluation of the proposed
probabilistic similarity join approach
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Influence of the Sample Rate s

0 ART3(low) @ ART3(high) ARTS (low) ARTS3 (high)
m ART10(low) m ART10(high) ——ART10(low) ——ART10(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
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Performance for varying Number of Clusters k
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=> the optimal setting for k depends on the sample rate s
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Performance of the ranked Distance-Range Join

for ART3(high)

Performance with respect to Performance with respect to
the result set probability the number of returned results
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probability values of the returned results

number of returned results

=> the proposed incremental join processing is particularly useful
when the user is interested in a small portion of the result set
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Conclusions and Future Work

Our Approach:

» 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

Future Work:

« 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
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