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Example: Parsing arithmetic expressions, e.g. X + Y=f(E) + /(B =

% neural rule

?::digit(Image, {0..93}) :- data(Image).
% data loaders -- interact with Python code img1 '/ Of(8)
data(imgl) ~ test(@mnist_test), train(@mnist_train). 6", ‘
data(img2) ~ test(@mnist_test), train(@mnist_train). "M" ’N

V“
% prob. answer set program 3 "09 l'
,A,A

add(Z) :- digit(I, X), digit(J, Y), Z =X + Y. img2
subtract(Z) :- digit(I, X), digit(J, Y), Z = X - Y.
multiply(Z) :- digit(I, X), digit(J, Y), Z = X * Y.

% learn the program end-to-end and pass learning parameters
#learn @mnist_sum, lr = 1., niters = 5, ..., batch = 1000.
% inference: what is the probability of X + Y = 14 given X = 8?
#query add(11) | digit(imgl, 8).



,/‘M’%"é}
ol
Vs

Of(8)

NEURAL NETWORK
Q 0, O f(9)
Y
imgl O

PROBABILISTIC INFERENCE

OUTPUT
......................... 4’1 P(query) = 0.97 ‘
CREDAL MAX-ENT
Pl add(11) |
’ I GROUND-TRUTH
.vvl"’ i
img2 “\o (1)
'A\ add(14)
J—0f(0) \ ,
digit(8) Inference flow
digit(3)
add(z) :- digit(I, X), digit(J, Y), ... L-STABLE 4
subtract(z) :- digit(I, X), digit(J,... Update flow
multiply(z) :- digit(I, X), digit(J SMPROBLOG subtract(5)
PROGRAM TRANSLATION LOGIC INFERENCE




,/‘M’%"é}
ol
Vs

Of(8)

NEURAL NETWORK
Q 0, O f(9)
Y
imgl O

PROBABILISTIC INFERENCE

OUTPUT
......................... 4’1 P(query) = 0.97 ‘
CREDAL MAX-ENT
Pl add(11) |
’ I GROUND-TRUTH
.vvl"’ i
img2 “\o (1)
'A\ add(14)
J—0f(0) \ ,
digit(8) Inference flow
digit(3)
add(z) :- digit(I, X), digit(J, Y), ... L-STABLE 4
subtract(z) :- digit(I, X), digit(J,... Update flow
multiply(z) :- digit(I, X), digit(J SMPROBLOG subtract(5)
PROGRAM TRANSLATION LOGIC INFERENCE




,/‘M’%"é}
ol
Vs

Of(8)

NEURAL NETWORK
Q 0, O f(9)
Y
imgl O

PROBABILISTIC INFERENCE

OUTPUT
......................... 4’1 P(query) = 0.97 ‘
CREDAL MAX-ENT
Pl add(11) |
’ I GROUND-TRUTH
.vvl"’ i
img2 “\o (1)
'A\ add(14)
J—0f(0) \ ,
digit(8) Inference flow
digit(3)
add(z) :- digit(I, X), digit(J, Y), ... L-STABLE 4
subtract(z) :- digit(I, X), digit(J,... Update flow
multiply(z) :- digit(I, X), digit(J SMPROBLOG subtract(5)
PROGRAM TRANSLATION LOGIC INFERENCE




Experiments

Accuracy (%)

100

80

60

40

20

How much faster is dPASP on the MNIST Add?

TIME
we=  dPASP 1000 batch 14s
we dPASP 500 batch 20s
s NEURASP 9m 17s
=== DEEPPROBLOG 17m 22s
we= CNN sUM 29s

CNN DIGIT 30s
| | | | | | |
2 3 4 5
Epochs

[m] = =




Experiments

Accuracy (%)

100

80

60

40

20

How much faster is dPASP on the MNIST Add?

TIME
we=  dPASP 1000 batch 14s
we dPASP 500 batch 20s
s NEURASP 9m 17s
=== DEEPPROBLOG 17m 22s
we= CNN sUM 29s

CNN DIGIT 30s
| | | | | | |
2 3 4 5
Epochs

[m] = =




dPAS

Differentiable Probabilistic Answer Set Programming
For Neurosymbolic Learning and Reasoning

Renato Lui Geh, Jonas Gongalves, Igor Cataneo Silveira,
Denis Deratani Maud, Fabio Gagliardi Cozman

University of Sao Paulo



