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Fitness Evaluation

Observation 1
GP algorithms do not let programs know which tests they solve.

Typical fitness function in GP aggregates program'’s behavior on tests by

@ counting the number of passed tests (discrete domains).

f(p) = Hyi # ()} (1)

@ summing the errors on individual tests (continuous domains).

f(p) =Y (vi— 5ip))’ (2)
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Test-based Genetic Programming

Observation 2
Detailed information on particular interactions with is available in GP.

G| ti ta tz ta

g:PxT—10,1] m|1 1 0 0
» pp |0 1 0 1

p3 1 1 1 0

P4 0 1 1 0

P: set of m programs,

T: set of n tests (fitness cases)
g(p, t): interaction function between p€ Pand t € T
G: m x n matrix of interaction outcomes between P and T

Test-based problems (Pollack, Bucci, de Jong, Popovici)
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Fitness Evaluation

Observation 3
Interaction outcomes for particular tests are partially dependent.

Can be used to derive alternative search objectives (search drivers):

@ Derivation of Search Objectives
(Krawiec & Liskowski, EuroGP 2015, ECJ 2016)
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Fitness Evaluation

Observation 3
Interaction outcomes for particular tests are partially dependent.

Can be used to derive alternative search objectives (search drivers):

@ Derivation of Search Objectives
(Krawiec & Liskowski, EuroGP 2015, ECJ 2016)

@ An interaction outcome g(p, t) can be reconstructed from other
elements of G

@ We may reduce so the number of program-test interactions.

The idea
Matrix factorization to estimate some program-test interactions in G.
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SFIMX: Surrogate Fitness via Factorization of Interaction Matrix

Algorithm

@ Calculate sparse interaction matrix G between P and T
o For each p € P draw a random subset of «|T| tests T' C T
o Apply p to tests in T’

@ Factorize G into non-negative components W and H (rank < k)

© Reconstruct the interaction outcomes by calculating G = WH

o « € (0,1] - desired density of partial interaction matrix

Example: P={py,....ps}, T={t1,....ts}, a =2 =06

ti te t3 ta ts

D1 2 1 2

g P2 2 1 1 Missing outcomes duetoa < 1
ps| 1 2 2
pa \2 1 1
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p1 [ 2 2
c=P 2 1 1 Missing outcomes duetoa: < 1
ps| 1 2 2
pa \2 1 1
0f416 1f926 c{is bt fs o f o
Do o1 o005 fi (048 150 0.01 0.41 0.41
w= P2 ) . , H= f> | 087 0.14 0.19 0.77 0.01

“ ps | 1.37 0.02 2.83
ps \ 04 1.86 1.60

t1 to t3 tq ts

f3 \0.11 0.09 1.02 0.50 0.51

n
pr /2 102 1 2 052 fe) =95  f(p)=6.54
_ Cp |08 2 1 107 1 i=1 f(ps) =5.87
G=WH=111 231 210 2 2 " fps) =941
pa\2 1 201 24 1 fps) =841

@ Sizes of W and H controlled by parameter k > 1 (here: k = 3)
@ Technical realization: multiplicative update rule.
o Cost of evaluation reduced 1 times.
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e GP: ‘vanila’ GP, |P| = 1000
o SFIMX: |P| increased (1 — a) times = same budget
e FULL: k = |T]|,
e HALF: k = @
e LOG: k = log|T|
o RSS: Calculates fitness using «| T| random tests (same budget)
° 0c01,02,...,1.0

Domain  Instruction set Problem Variables  #tests
Cmpb 6 64
and, nand Cmp8 8 256
Boolean or, nor Parb 5 32
Mux6 6 64
Maj6 6 64
ai(x,y) Disc-al...a5 3 27
Algebras ai(x,y) Malcev-al. .. a5 3 15

P. Liskowski, K. Krawiec Surrogate Fitness via Factorization of Interaction Matrix



Average ranks on success rate (Friedman's p < 0.001)

SFIMX GP  RSS

HALF FULL LOG
All problems 2.07 213 267 3.90 4.23
Boolean 2.4 1.7 3.3 3.2 4.4
Categorical 190 235 235 425 415

Best results for « = 0.3 and a« = 0.4

Roughly the same performance as GP using only 10% of interactions

(]

LOG variant — high compression without affecting the performance

o — Interaction outcomes are indeed corrrelated.

Low k — low computational overhead of factorization
o For SFIMX-LOG: only 6% of the total cost of 1,000|T| interactions
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Impact of v on success rates
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Conclusions

@ SFIMX = well-informed and scalable surrogate fitness.
@ Target domains:

o Problems with expensive interaction functions
o Problems with large numbers of tests
o Evolving controllers, two-player games, image analysis, ...

@ Replaces a discrete fitness function with a continuous one.

@ Ongoing work: continous domains

P. Liskowski, K. Krawiec Surrogate Fitness via Factorization of Interaction Matrix



Conclusions

@ SFIMX = well-informed and scalable surrogate fitness.
@ Target domains:

o Problems with expensive interaction functions
o Problems with large numbers of tests
o Evolving controllers, two-player games, image analysis, ...

@ Replaces a discrete fitness function with a continuous one.

@ Ongoing work: continous domains

b s N v"" 1

Thank You
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