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Probabilistic Databases

- Motivation: Increasing amounts of uncertain data
- Sensor Networks; Information Networks
- Data Integration and Information Extraction
- X
- Probabillistic databases
- Annotatetupleswith existence probabilities, and/or
attribute valueswith probability distributions

- Interpretation according to thepossible worlds
semantics




e ™
Possible World Semantics
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We focus ortuple uncertainty in the talk
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Topk Query Processing

Scorevalues are used to rank thaplesin everypw.
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The top1 answer for each possible world
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Topk Queries:Many Prior Proposals

- Returnk tuplest with the highestscore(t)Pr(t]Jexp. score]

- Returns the most probable toganswer|U-top-k]
- At ranki, returntuple with max. prob. of being at rank[U-rank-k]

- Returnk tuplest with the largestPr (r(t)- k)values PT-k/GT-k]

- Returnktuplest with smallestexpected rank &, Pr(pw)r,(t)
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Topk Queries
. Which one should we use???

. Comparing different ranking functions
Normalized Kendall Distance between two tdpanswers:

Penalizes #reversals and #mismatches

Lies in0,1], 0:Same answerg;: Disjoint answers

EScore || PT/GT | U-Rank || ERank U-Top

EScore ---- 0.124 0.302 0.799 0.276

PT/IGT | 0.124 - 0.332 0.929 0.367

U-Rank || 0.302 0.332 —---- 0.929 0.204

ERank || 0.799 0.929 0.929 - 0.945
U-Top 0.276 0.367 0.204 0.945 o

Real Data Set: 100,0Q0ples, Top100
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Topk Queries
. Which one should we use???

. Comparing different ranking functions
Normalized Kendall Distance between two tdpanswers:

Penalizes #reversals and #mismatches

Lies in0,1], 0:Same answerg;: Disjoint answers

EScore || PT/GT | U-Rank || ERank U-Top

EScore —--- 0.864 0.890 0.004 0.925

PT/IGT | 0.864 ---- 0.395 0.864 0.579

U-Rank | 0.890 0.395 o 0.890 0.316

ERank | 0.004 0.864 0.890 . 0.926
U-Top 0.925 0.579 0.316 0.926 o

Synthetic Dataset: 100,00@iples, Top100
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Our Approach

™

- Define twoparameterizedanking functionsPRF; PRE

- .. that can simulate or approximate a variety of ranking funct
- PREmuch more efficient to evaluate (thaPRF)
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Outline

- Parameterized Ranking Functions
. Computing PRF

- IndependentTuples

- ComputingPRE®)

- X-Tuples

. Summery of Other Results
. Approximating Ranking Functions

- Experiments
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Parameterized Ranking Function

AWeight Function! : (tuple, rank) C
AParameterized Ranking Function (PRF)

To(t) =Y w(t,i)-Pr(r(t) = ).
i>0 a1y S,

Probability thatt is ranked at
positioni across possible worlds
\

|

Returnk tupleswith the highest|T.| values.
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Parameterized Ranking Function

Yo () =Y wlt,i)-Pr(r(t) = ).

1 >0
-1 (t,)= 1. Rank thduplesby probabilities
- I (t,1)=score(t)&Score
- PRE®): ! ()=® where ®can be a real or a

complex number

- PRF(h): w(t,i) = w(i) and w(i) =0 Vi > h

. GeneralizesPT/GTk andU-Rank
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Outline

- Parameterized Ranking Functions
. Computing PRF

. IndependentTuples

- ComputingPRE®)

- X-Tuples

. Summery of Other Results
. Approximating Ranking Functions

- Experiments
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Computing PRF: Independehtples

Computing Pr(t) = |), for a givetuple t; and a given rank |
T =ft,,t,= X_J ile., the set ofupleswith scores higher thah

Pr(r(t:) =j) = Pr(t:) > Pr(pw)

pw:j—1 tuples in T;_ 1 exists

= Prit) Y [Py [ (a—Pr)

sCT;_, tES teT; 1\S
|S|=j—1

Generating Function Method

Fi(z) = ( 11 (1 — Pr(t) + Pr(t) a:)) (Pr(t:) - @)

tel; 1

The coefficient of : Pr(r¢;)=j)
S /
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Computing PRF: Independehitples

. Algorithm:

. Fori=1 ton \

Can be improved to
T(t;) = 0, w(ts, §)Pr(r(ts) = j) N o(n) time

- Return ktupleswith largest|Y.| values

| | [ O(rv) overall J
F and F differ in two multiplicative terms

Fi(z) = ( H (1 — Pr(t) + Pr(2) - a:)) (Pr(t;) - x)

teT; 1
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Outline
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