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Preliminar ies

Model and Assumptions

m Rank-BasedSelection
G=M S R

Truncation Selection, Tournament Selection, Rank
Selection, etc.

m Complete Mixing
= Ax
(genome utilities = payoff matrix  peer proportions)

m Either Finite or In nite Populations

m Either Finite or In nite numbers of dif ferent
genomes
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Preliminar ies

Ranking Functions R

m Objective

Always establishesthe sameordering among all

iIndividuals in anin nite population regardless of the
proportions in the population vector .

.. Ri T Rjinvariant evenwhen x; = 0;x; = 0
m Existentially Objective

Always establishesthe sameordering among

Individuals in anin nite population which have
non-zero proportions in %

.. Ri T R consistentonly when x; 6 0;x; 6 O
Objective =) Existentially Objective
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Preliminar ies

The Pay off Matr ix A

m Weakly Transitive

o . (Aj> Ai Ak Aqg ! Ak> AN
For distinct i; J; K. (Aj= Ai» Ax> Ag ! Ak> Ag)
(Aij= Aji " Ak= A ! A= Ag)

i J i J i J i J
k k k k

m Strongly Transitive
Weakly Transitive and Ajj6 Aji; Ajk6 Axj; Aik6 Ay
i J

R. Paul Wiegand - Evolutionary Computation Laboratory —p.5/16



The Basic Question...

Rank Equivalence

m Fithessmeasures f and g are rank equivalent

If they order the genotypesin the sameway.
There exists an ordering of f and of g suchthat 8j;k

genotypes, (f;> fx ! g;> k)
f rO

m When is a coevolutionary tness measure
rank equivalent to some Objective or
Existentially Objective EA tness measure?
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The Basic Question...

Guar anteeing Rank Equivalence

m Why guarantee that a CEA subjective
measure is Rank Equivalent to some
[existentially-] objective EA measure?

m Dynamic equivalenceto an EA

“Safe in the Knowledge” that the CEA is “evolving” in
the sensethat an EA does

(Both Objective and Existentially Objective)
m Context-independent objective measure

Comparing algorithm performance
Detecting arms races

Validating the external measure itself
(Objective only)
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The Basic Question...

Transitivity IsInsuf cient

m Weak/ Strongly Transitive ranking function
cannot guarantee rank equivalenceto an
[Existentially] Objective EA tness measure.
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Objectiv e Rank Equivalence

m [o show CEA rank equivalenceto an
objective measure:
Must show that 8i;j: (fi> f; ! 8k:Ax> Aj)

...becauseentire population context could consist solely
of a single genomek

m Consequences:
If: an objective measure exists which is rank equivalent
to the subjective thess measure of the CEA
Then: All possible genomesmay be assigneda
context-free” tness” according to that ranking
And Thus: there existsan EA (using that “ tness”)
which is dynamically equivalent to the CEA
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Objectiv e Rank Equivalence

For Example . ..

m [he greaterthangame
Individual i beatsindividual jwhen Ajj > A
e.g.,i receivesscaleddif ferencebetween the payoffs

m Mor e generally: when subjective utility is
linearly related to some objective measure,

u |_f
Aij = afi+ bf;j (aslong asa > 0)
... the CEA using Afor tness is dynamically
equivalent to an EA using f for tness
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Existentially Objectiv e Rank Equivalence

m When is a CEA rank equivalent to an
Existentially Objective EA ranking function?
One necessarycondition:
8i;;k:i(Ri>R; I (Aj>A;; A Aj)_
(A A~ A A N
(Ri=R; ! Ax= Ay
m Consequences

Ordering within the population will always be the

samebetween the CEA and some EA
CEA will be dynamically equivalent to the EA

Does not guarantee that we may can determinghe
context-freerank of an individual.
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Existentially Objectiv e Rank Equivalence

A Sufcient Condition

m A CEA isdynamically equivalent to an EA if

payoff matrix Als:
Weakly Transitive...

i J i J i J i J

Monotone... 8i; J;k (not necessarilydistinct):

A AN Ak A A maxAijAj)
Constant-Sum Plus... (Constant Sum, with
slightly looser restrictions along the diagonal of A)
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Existentially Objectiv e Rank Equivalence

Example

m GP CheckersGame

In nite kinds of players
All players play all other players (including

themselves)
Winner of match gets+1, loser gets-1, draws get O

Weak Transitivity (such as:if A beatsB, and B beatsC,
then A will beatC, etc.)

m ...thenno reasonto play all those games!
Justdo tournament selection, and do lazy evaluation

by dir ectly playing A against Bwhen in the
tournament.
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Conclusions

Recap

m Assumptions
Complete Mixing, Rank-BasedSelection

m We show:
Transitivity does not guarantee dynamic equivalence
to an EA
Necessaryand suf cient conditions to guarantee atrue
objective function for full-mixing CEA
Necessaryconditions for guaranteeing dynamic
equivalence to EA

An example giving suf cient conditions
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Conclusions

Where To Go Fiom Here?

m Permitting Intransitivity

Discovering “local” intransitive cyclesand
path-compressingthem into transitive DAGs

m Experimental Analysis
How doesdeviating from the minimum conditions
given affect the effectivenessof the CEA?
How doesdeviating from full mixing affect the
dynamics of the CEA?
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http://www .cs.gmu.edu/ sean/

sean@cs.gmu.edu

m R. Paul Wiegand

paul@tesseract.og

m EC

http://www .cs.gmu.edu/ eclab/

R. Paul Wiegand - Evolutionary Computation Laboratory —p.16/16



	Overview
	Model and Assumptions
	Ranking Functions (mathcal {R})
	The Payoff Matrix (A)
	Rank Equivalence
	Guaranteeing Rank Equivalence
	Transitivity Is Insufficient
		extbf {Objective} Rank Equivalence
	For Example . . .
		extbf {Existentially Objective} Rank Equivalence
	A Sufficient Condition
	Example
	Recap
	Where To Go From Here?

