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ProbLog

0.10 :: edge(x_gene’, 'DiseaseX’)
0.66 :: edge('x_gene’, 'Diseasel’)
0.39 :: edge('Diseasel’, 'x_gene’)
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0.10 :: edge(x_gene’, 'DiseaseX’)
0.66 :: edge('x_gene’, 'Diseasel’)
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path(X,Y) :- edge(X,Y)
- path(X)Y) :- edge(X,Z), path(Z)Y)
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ProblLog

0.10 :: edge(x_gene’, 'DiseaseX’)
0.66 :: edge('x_gene’, 'Diseasel’)

0.39 :: edge('Diseasel’, 'x_gene’)

path(X,Y) :- edge(X,Y)

path (X Y) - edge(X Z) path (Z Y)
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Calculating Probabilities

DiseaseX Ps('x_gene’, 'DiseaseX’|L)=?
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Parameter Learning

:: edge(x_gene’, 'DiseaseX’)
:: edge(x_gene’, 'Diseasel’)
:: edge(‘Diseasel’,’x_gene’)

path(X,Y) :- edge(X,Y)
path(X,Y) :- edge(X,Z), path(Z,Y)
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Gradient Descent

® |nit probabilities randomly

® while MSE is too high

® find proofs for queries and build BDDs
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How to calculate the
Gradient of the MSE?
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How to calculate the
Gradient of the MSE?

0/0 edge(‘x_gene’,Diseasel’) Ps(path(‘x_gene’, 'DiseaseX’) |L)

DiseaseX

0.9%0.39

0.10 \ 0.39 edge(‘x_gene’,DiseaseX’)




Proofs are Queries

® queries explain that something is true, but
they don’t carry the concrete explanation




Proofs are Queries

® queries explain that something is true, but
they don’t carry the concrete explanation

o

path(‘x_gene’, 'DiseaseX’




Proofs are Queries

queries explain that something is true, but
they don’t carry the concrete explanation

path(‘x_gene’, 'DiseaseX’)

5 N ¥ " b v

a P iy % Vo ok 1 4 s L | ey w sl " et 2
W ek Lo N - hos 33N S M e sl Ao a2 o o R W .

; B N “‘- PR S 5 A .é-f’..o. ' oy PR LIrTY) o il 7 N

L o Yy " e W Aok 2 PR '1,? v:—:_.\\q'-" > --",- &

8 ponl o~ Py 5 et T : e e g ol Sl S s y k

g Mgport Kb s = ARl T et S LI et S B g S b B L WY — T S e (S ) AR YL
b s W oy ..‘.,_.,:.‘ ,:4 e ._..‘.t.,;‘ﬂ \.. - "'h.‘"'\?:,‘ -h;‘:. ~ 1 ',A..\,-..»J - 3 .'-.‘1. y ....’_.O.:L i :_‘ ;= ,;{.J-’..I., h‘. K
oy AP AW ] A SN e R I e sl el Bes AW £ o Y am el AR e i PR g N ek e LA aRAh o)
AP o ” s s F Xy - y \ 2 « 4' g e, .




Proofs are Queries

® queries explain that something is true, but
they don’t carry the concrete explanation

path(‘x_gene’, 'DiseaseX’)
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Proofs are Queries

® queries explain that something is true, but
they don’t carry the concrete explanation

path(‘x_gene’, 'DiseaseX’)
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Proofs are Queries

® queries explain that something is true, but
they don’t carry the concrete explanation

path(‘x_gene’, 'DiseaseX’)
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Experiments

® subgraph from the
BIOMINE database
around asthma genes

® |27 nodes, 241 edges

® sampled 500 random
node pairs

® calculated P(path(X,Y))

e |0O-fold cv




Recovering Probabilities

Asthma graph, update proofs every iteration, k=5
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Reducing lest Error

Asthma graph, update proofs every iteration, k=5
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Using Proofs

Asthma graph, update proofs every iteration, k=1

0.14 l
rootMSE
0.12 B MAD

0.1 |
0.08 |
0.06 }
0.04 |
0.02

test
Facts

1/6 2/6 3/6 4/6 5/6

Fraction of training data given as proof




Summary

it works

it can naturally deal with proofs







