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Tuple-independent databases (TID)

» Probabilistic databases: model uncertainty about data

« Simplest model: tuple-independent databases (TID)

- Arelational database /
- A probability valuation = mapping each fact of I to [0,1]

e Semantics of a TID (I, 7): a probability distribution on I’ C I:

- Each fact F € I is either present or absent with probability 7 (F)
- Assume independence across facts
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Probabilistic query evaluation (PQE) problem for Q and Z:

e Givenaqueryge Q
» Given an instance | € 7 and a probability valuation =
» Compute the probability that (I, 7) satisfies g

= Pr((l,m) = a) = 22)cs, j=q PrU)
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Complexity of probabilistic query evaluation (PQE)

Question: what is the (data, combined) complexity of PQE
depending on the class Q of queries and class Z of instances?
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— There is an FO query for which PQE is #P-hard on any
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What about combined complexity?
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Restrict instances to trees

Q = one-way paths (1WP), Z = polytrees (PT)
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Restrict instances to trees

Q = one-way paths (1WP), Z = polytrees (PT)
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S

+ prob. for each edge

Proposition
PQE of 1WP on PT is #P-hard
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Q = two-way paths, T = polytrees, without labels
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Q = two-way paths, T = polytrees, without labels

« Q = two-way paths (2WP), T = polytrees (PT)
» #P-hard

 Global orientation of the query has an impa:ct/ ’\
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Q = one-way paths, 7 = downwards trees
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N
AN
AN

+ prob. for each edge

10/17



Q = one-way paths, 7 = downwards trees

* Q = one-way paths (1\WP), T = downwards trees (DWT)

N
RTASERN
/ YN

+ prob. for each edge

10/17



Q = one-way paths, 7 = downwards trees

* Q = one-way paths (1\WP), T = downwards trees (DWT)

e PTIME also: -acyclicity of the lineage
N
S )
I
S S S
T S S S T
Q: > > > > > \/\/ \
VAVAN
S

+ prob. for each edge

10/17



Q = one-way paths, 7 = downwards trees

* Q = one-way paths (1\WP), T = downwards trees (DWT)
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Q = downwards trees, Z = downwards trees, with labels
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Q = downwards trees, Z = downwards trees, with labels
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Our graph classes
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> 2 labels

1Q [— | AWP 2WP DWT PT Connected
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Reduction for Q = one-way paths, 7 = polytrees
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Reduction for Q = one-way paths, 7 = polytrees
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Reduction from #P-hard problem #PP2DNF:

* INPUT: Boolean formula ¢ = V;_, ,(Xx AYy,) on variables
Xy oo X, J U Y, Y, )
e OUTPUT: number of satisfying assignments of ¢
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Reduction for Q = one-way paths, 7 = polytrees
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Disconnected graphs

We also introduce the classes | |1WP (resp., | |2WP, | |DWT, | | PT) of
graphs that are disjoint unions of (WP (resp., 2WP, DWT, PT)

1G H— | aWP 2WP DWT PT Connected
| [1WP H
LJawP No labels
| | DWT |
| |PT
!

With labels, PQE of | |1WP on 1WP is already #P-hard!
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» Established the complexity for all combinations of the graph
classes we considered

Drawbacks and future work:

» Our graph classes may seem “arbitrary”
* Not yet a dichotomy, just starting to understand the problem

e Practical applications?

Thanks for your attention!
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