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Overview

» Classic ILP algorithms combine cover set
evaluation with a search algorithm using that
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Overview

e Classic |ILP algorithms combine cover set
evaluation with a search algorithm using that
best
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Overview

 General-purpose GPU computation allows
data-parallelism to be used in finding the
SQueL el gLlogic upoiheses.




Description Logics

 Make use of unary predicates (concepts) and binary
predicates, so called roles, e.g.: carl in_front_of car?2,

carl size short

e Several classes of DL exist depending on their expressivity,
e.g. whether they have:




Description Logics

e Expressivity of a given DL may affect decidability

* DL vs Horn clauses: neither subsumes the other. A good overlap, e.g. these
definitions™ are equivalent (for explicit types & non-transitive def. of infront/2):

eastbound(X):-
has_car(X,Y), shape(Y, rectangle), infront(Y,Z), load(Z, triangle).




Relational Learning
for Description Logics

DL-FOIL (Fanizzi, d’Amato,

-sposito 2008

tohal 2016
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Speeding up
ILP Learners
* Avoid redundancy:

+ Query packs (Blockeel et al 2000

* Parallelise computation (Fonseca et al 2005):




Speeding up
Hypothesis Evaluation

e (Given a GPU

+ The CPU can run the search algorithm while




CPU > GPU Interplay

Parallel intensive

computation
operation




GPU Hypothesis Evaluation
for Propositional Data
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GPU Hypothesis Evaluation
for Propositional Data

Membership of unary predicates/concepts is represented through a
2D binary matrix in the ‘global’ GPU memory (shared by all threads).
There are two such matrices for the @, resp. @ examples of the target

concept.

Data parallelism is used to compute conjunction, disjunction or
negation of concepts: the matrix is split up, and a thread assigned to




GPU Hypothesis Evaluation
for Propositional Data

» Fachresult(e.g.C1l U C2 U C3) can be directly
memoized by simply adding it as another column to
the individuals x concepts matrix. The memory ftor it
needs to be preallocated though to make the process




Sample Operator Pseudocode

Algorithm 1 For a Boolean matrix M (individuals X concepts)
procedure PARALLELCONCEPTCONJUNCTIONCOVERSET

set S := list of concepts in conjunction

parallel_foreach thread T_i

foreach individual I_j in thread T_i

set result(row(I_j)) := 1

foreach concept C_k in set S

| set result(row(I_j)) := result(row(I_j)) && M(row(I_j),column(C_k))
| if (result(row(I_j)) == 0) break

endfor

endfor

endfor

return Boolean array: result(1l..numberOfIndividuals)




Best & Worst Times

Instances 4 concepts
(pos+neg)

Time Time

(all 1s) (all Os)
conj dis] conj dis]
2 x 100 10.69 ps| 9.09 pus| 10.69 ps| 11.20 us
2 x 1,000 12.83 pus| 16.38 pus| 11.14 ps| 11.81 us
2 x 10,000 20.35 ps| 29.95 us| 17.34 us| 20.35 us
2 x 100, 000 44.16 ps| 31.97 pus| 31.55 us| 45.02 us
2 x 1,000,000 |315.65 us|224.74 us|223.30 pus|314.08 us
2 x 10,000, 000 2.76 ms| 2.0 ms| 2.06 ms| 2.75 ms
2 x 100,000, 000| 27.55 ms| 20.63 ms| 19.10 ms| 25.45 ms




CPU (1 thread) v GPU (1, 32 threads/block)
4 attributes/concepts/unary predicates

E.xecutlon 10
Time (ms)

001 &

2 x 1E+2 2 x 1E+3 2 x 1E+4 2 x 1E+5 2 x 1E+6 2 x 1E+7 2 x 1E+8
Number of Instances

@ All 1s (Worst Case) GPU Multi-Threaded 4 All Os (Best Case) GPU Multi-Threaded
All 1s (Worst Case) GPU Single-Threaded ><-All Os (Best Case) GPU Single-Threaded
-+-All 1s (Worst Case) CPU Single-Threaded —+All Os (Best Case) CPU Single-Threaded




GPU vs single-thread CPU

e or 2,000,000 individuals and 4 concepts, and
the worst case w.r.t. lazy evaluation:




{=1(#concepts

Execution
Time (ms)

10

10

Number of Concepts

®— All 1s (Worst Case) &— All Os (Best Case)




=T(#Cconcepts

e Due to lazy evaluation, increasing the number of
concepts does not necessarily increase execution tim

=
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Representing Roles
on the GPU




Existential Restriction
Pseudocode

Algorithm 4 Compute Existential Restriction (3)

procedure ParallelExistentialRestrictiOnConcepts (role,role start ind,role end ind,S)

Call setAllElementsInResultToVal inParallel (0)

set S := list of concepts 1in conjunction

set IndA := 1list of individualA (individualA values) 1n the same Role
set IndB := 1list of individualB (individualB values) 1n the same Role
parallel foreach thread T 1

| foreach individualA I A in set IndA

set result(row(I A)) :=1

foreach concept C k in set S

| set result(row(I A)) := result(row(I A)) && M(row(I B),column(C k))
| 1if (result(row(I A)) == 0) break

endfor

endfor
endfor

return Boolean array: result(l..numberOfIndividuals)




Value Restriction
Pseudocode

Algorithm 5 Compute Value Restriction (V)

procedure ParallelUniversalRestrictiOnConcepts(role,role start ind,role end ind,S)

Call setAllElementsInResultToVal inParallel (1)

set S := list of concepts in conjunction

set IndA := list of individualA (individualA values) 1in the same Role
set IndB := 1list of individualB (individualB values) 1in the same Role
parallel foreach thread T 1

| foreach individualA I A in set IndA

| | foreach concept C k in set S

| | | set result(row(I A)) := result(row(I A)) && M(row(I B),column(C k))
| | | 1f (result(row(I A)) == 0) break

| | endfor

| endfor

endfor

return Boolean array: result(l..numberOfIndividuals)







