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Functional dependencies and domain knowledge

• Data from a hydropower turbine:
◦ incoming flow F (m3 · s−1)

◦ elevation E of the waterfall (m)

◦ power P produced (MW)

• Domain knowledge:
◦ P is determined by E and F ,

i.e. P = f (E ,F )

Question. Is domain knowledge supported by data?
• function P = f (E ,F ) ⇔ functional dependency EF !P holds
• EF !P does not hold: (t3, t6) is a (unique) counterexample
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Drawbacks of functional dependencies

• A functional dependency (FD) X !A holds in a relation r , written
r |= X !A, if

∀t1, t2 ∈ r , t1[X ] = t2[X ] =⇒ t1[A] = t2[A]

• Real-life problems:

7 mathematical equality is too restrictive

7 may not hold on the whole dataset

• Theoretical solutions:

3 use predicates instead of equality

3 use a coverage measure to estimate the partial validity of X !A
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Predicates to relax equality

• Each attribute A is equipped with a binary predicate comparing every two
values in the domain (dom) of A:

φA : dom(A)× dom(A) ! {true, false}

• e.g.: distance, similarity, order, ... [Caruccio et al., 2021, Song et al., 2020]

• Relation scheme with predicates (R,Φ): a relation scheme R with a set Φ of
predicates (one for each A ∈ R)

• A FD X !A holds in a relation r w.r.t. (R,Φ), written r |=Φ X !A, if

∀t1, t2 ∈ r ,
∧
B∈X

φB(t1[B], t2[B]) =⇒ φA(t1[A], t2[A])
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The g3-error and the error validation problem

• g3-error coverage measure introduced in [Kivinen, Mannila, 1995]:
◦ for classical FDs and equality,

◦ minimal proportion of tuples to remove from r to satisfy X !A

• adapted to predicates [Faure--Giovagnoli et al., 2022]:

gΦ
3 (r ,X !A) = 1− max({|s| | s ⊆ r , s |=Φ X !A})

|r |

• thus, assessing domain knowledge is solving:

Problem. Error Validation Problem with Predicates (EVPP)
In: a relation scheme with predicates (R,Φ), a relation r and a
FD X !A over R, k ∈ R.

Out: YES if gΦ
3 (r ,X !A) ≤ k , NO otherwise.
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Back to the example

• (t3, t6) no longer an “erroneous” counterexample

• (t4, t6) “real” counterexample, so r 6|=Φ EF !P

• gΦ
3 (r ,EF !P) = 0.5
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Situation

• about the complexity of EVPP:
◦ polynomial for usual FDs with equality [Huhtala et al., 1999],

◦ NP-complete for specific relaxed FDs (e.g. differential, matching,
comparable) [Song et al., 2013, Caruccio et al., 2021]

• what makes the problem tractable (or not)?
◦ idea: study the impact of (common) predicates properties on EVPP:

(ref): φA(x , x) = true

(sym): φA(x , y) = true implies φA(y , x) = true

(tra): φA(x , y) = φA(y , z) = true implies φA(x , z) = true

(asym): φA(x , y) = φA(y , x) = true implies x = y

◦ goal: a quick-reference map of EVPP complexity
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Conflict-graph

• CGΦ(r ,EF !P) conflict-graph of EF !P in r (see [Bertossi, 2011])

• for s ⊆ r , s |=Φ EF !P ⇔ s is an independent set of CGΦ(r ,EF !P)

• solving EVPP ⇔ finding the maximal size of an independent set in CGΦ
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The structure of conflict-graph

• Finding the maximal size of an independent set is NP-complete

• The properties of the predicates bound the structure of the conflict-graph!
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The complexity of EVPP

Theorem. [Vilmin et al., 2022] The problem EVPP is :
• NP-complete when predicates enjoy ref and sym

• NP-complete when predicates enjoy ref, tra and asym

• polynomial when predicates enjoy tra and sym
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Conclusion

• EVPP : estimate the g3-error of a functional dependency with predicates
◦ can be used to confront experts knowledge against data

[Faure--Giovagnoli et al., 2022]

◦ complexity depends on the properties of predicates and the underlying
conflict-graph [Bertossi, 2011]

• Main results:
◦ having sym and tra =⇒ EVPP polynomial

◦ dropping sym or tra =⇒ EVPP NP-complete

• Further research:
◦ practical algorithms for special cases?

◦ connection with repairs for sets of FDs? [Livshits et al., 2017]
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