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Abstract

Thispaperpresentstwo new schematheoremsin
which expectationsareabsent.Thefirst theorem
providesconfidenceintervals for the numberof
instancesof aschemaatthenext generation.The
secondgivesalowerboundfor thesamequantity.

1 THEOREMS

In (Poli et al. 1998)we notedthat theprocessof propaga-
tion of a schema

�
from generation� to generation�����

can be seenas a Bernoulli trial with successprobability��� �
	 ��� , where�
� �
	 ��� is theprobabilitythat
�

eithersur-
vivesor is createdafterselection,crossover andmutation.
Thus, the numberof instancesof

�
at generation�
��� ,��� �
	 ������� , is binomially distributed. So,given �
� �
	 ���

wecancalculateexactlytheprobability, ����� ��� �
	 ������������ , thattheschema
�

will haveat least� instancesatgen-
eration ��� � , for any given � . Unfortunately, theresultof
thiscalculationis difficult to use(Poli 1999).

Oneway to removethis problemis to not fully exploit our
knowledgeabouttheprobabilitydistributionof ��� ��	 �!�"���
whencomputing����� ��� �
	 ���#���$� �%� . Insteadwe could
useChebyshev’s inequality: ���!�'& (*),+�&.-0/21 � �3�4)5687 where ( is a stochasticvariable(with any probability
distribution), + is themeanof ( , 1 is its standarddeviation
and / is anarbitrarypositivenumber(Spiegel1975).

Since��� �
	 �%�9��� is binomiallydistributed, +;:�< � and1=:?> < ��� �$) � � , where � is a shorthandnotationfor��� �
	 ��� and < is thepopulationsize.By substitutingthese
equationsinto Chebyshev’s inequalityweobtain:

Theorem 1 (Two-sided Probabilistic Schema Theorem).
For any given constant /A@CB
���!�'& ��� ��	 ���D���E)�< � &GFD/ > < ��� �$) � � � � �$) �/'H%I

Also, since����� ��� �
	 �J�,����@K< � )�/L> < ��� �$) � � � ������G& �M� �
	 ���9����)N< � &'FK/L> < �
� �$) � � � , weobtain

Theorem 2 (Probabilistic Schema Theorem). For any
given constant /O@KB
���!� ��� ��	 ���D����@,< � )N/ > < �
� �$) � � � �P�$) �/'H�I

As discussedin (Poli 1999), this schematheoremcanbe
usedto predictthepastfrom thefuture.Thisallowsoneto
find theconditions(atthepreviousgeneration)underwhich
solutionswill befoundat a givengeneration.By usingthe
ideaof discoveringonenew bit of thesolutionpergener-
ation andby recursively applying the schematheoremto
suchconditionsonecanfind underwhichconditionsonthe
initial generationtheGA will convergein aconstanttime.
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