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Abstract

This paperpresentswo new schemaheoremsn
which expectationsareabsentThefirst theorem
providesconfidenceantervals for the numberof
instance®f aschematthenext generationThe
secondjivesalowerboundfor thesameguantity

1 THEOREMS

In (Poli et al. 1998)we notedthatthe processf propaga-
tion of a schemaH from generationt to generatiort + 1
can be seenas a Bernoulli trial with succesgrobability
a(H,t), wherea(H, t) is theprobabilitythat H eithersur
vivesor is createdafter selection cross@er andmutation.
Thus, the numberof instancesf H at generatiort + 1,
m(H,t + 1), is binomially distributed. So, givena(H, t)
we cancalculatexactly theprobability, Pr{m(H,t+1) >
x}, thattheschemaH will have atleastz instancesitgen-
erationt + 1, for ary givenz. Unfortunately the resultof
this calculationis difficult to use(Poli 1999).

Oneway to remove this problemis to not fully exploit our
knowledgeabouttheprobabilitydistributionof m (H, t+1)
whencomputingPr{m(H, ¢ + 1) > z}. Insteadwe could
useChebyshe's inequality: Pr{|X — u| < ko} > 1 —
,:—2 where X is a stochastiovariable(with any probability
distribution), u is themeanof X, ¢ is its standardleviation
andk is anarbitrarypositive number(Spiggel 1975).

Sincem(H,t + 1) is binomially distributed,u = M« and
o = y/Ma(l — «a), wherea is a shorthandhotationfor

a(H,t) andM isthepopulatiorsize.By substitutinghese
equationsnto Chebyshe'sinequalitywe obtain:

Theorem 1 (Two-sided Probabilistic Schema Theorem).
For any given constant £ > 0

Pr{|m(H,t +1) — Ma| < ky/Ma(l —a)} > 1— %

Also, sincePr{m(H,t+1) > Ma — k\/Ma(l —a)} >
Pr{im(H,t +1) — Ma| < ky/Ma(1 — a)}, weobtain

Theorem 2 (Probabilistic Schema Theorem). For
given constant & > 0

any

Pr{m(H,t+1) > Ma — ky/Ma(l—a)} > 1 — ki2

As discussedn (Poli 1999), this schemaheoremcan be
usedto predictthe pastfrom the future. This allows oneto
findtheconditiongatthepreviousgenerationyundemwhich
solutionswill befoundatagivengenerationBy usingthe
ideaof discovering onenew bit of the solutionper gener
ation and by recursvely applyingthe schematheoremto
suchconditionsonecanfind underwhich conditionsonthe
initial generatiorthe GA will corvergein aconstantime.
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