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Abstract

This technical report describes how to compute the fitness of a rule for an arbitrary size multi-
plexer without doing any instance matching. Pittsburgh-style learning classifier systems require
the accuracy and the error of a rule to compute a fitness that promotes maximally accurate and
maximally general rules. The accuracy (α) may be computed as the proportion of overall ex-
amples correctly classified, and the error (ε) is the proportion of incorrect classifications issued.
Once the accuracy and error of a rule are known, the fitness can be computed as f(r) = α(r)·ε(r).
This technical note shows how to computed the fitness only by inspecting the rule, requiring a
time proportional to number of possible address values O

(
2|a|) instead of the O

(
2|a|+2|a|

)
that

requires a traditional rule matching strategy against all the possible instances. The proposed
method makes tractable for Pittsburgh learning classifier systems multiplexer problems larger
than the 11-input one.

1 Motivation

In order to promote maximally general and maximally accurate rules a la XCS (Wilson, 1995),
CCS and later χeCCS compute the accuracy (α) and the error (ε) of an individual (Llorà, Sastry,
& Goldberg, 2005; Llorà, Sastry, & Goldberg, 2006). In a Pittsburgh-style classifier, the accuracy
may be computed as the proportion of overall examples correctly classified, and the error is the
proportion of incorrect classifications issued. Let nt+ be the number of positive examples correctly
classified, nt− the number of negative examples correctly classified, nm the number of times that a
rule has been matched, and nt the number of examples available. Using these values, the accuracy
and error of a rule r can be computed as:

α(r) =
nt+(r) + nt−(r)

nt
(1)

ε(r) =
nt+

nm
(2)

The error (equation 2) only takes into account the number of correct positive examples classified.
This is due to the close-world assumption of the knowledge representation which follows from using
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Table 1: Number of total instances to match for a given multiplexer size.

Address bits (|a|) Problem size (` = |a|+ 2|a|) Number of instances (Σ = 2`)
1 3 8
2 6 64
3 11 2048
4 20 1.05e+06
5 37 1.37e+11
6 70 1.18e+21
7 135 4.36e+40

a default rule. Once the accuracy and error of a rule are known, the fitness can be computed as
follows.

f(r) = α(r) · ε(r) (3)

The above fitness measure favors rules with a good classification accuracy and a low error, or
maximally general and maximally accurate rules.

However, computing the fitness measure presented in equation 3 requires to match all the
possible multiplexer instances. Given a multiplexer with ` conditions (` = |a|+2|a| where |a| is the
number of address bits), matching 2` instances to compute the fitness rapidly becomes intractable
due its non-polynomic nature. Table 1 shows, given a multiplexer size, the number of instances to
match to compute the exact fitness of a rule after equation 3. The complexity of this process is
bounded by O(2`).

The rest of this short note presents how the same exact fitness can be computed without any
instance matching. I introduce in section 2 how the fitness can be computed by only decoding
the possible addresses encoded by the rule and inspecting the value in the decoded address. The
method, as later explained, assumes a close world with only positive and negative examples. The
complexity of the proposed technique is reduced to O(2|a|), making tractable large multiplexers
previously out of reach for Pittsburgh LCS (Llorà, Sastry, & Goldberg, 2006).

2 Fast Fitness Implementation for Multiplexer Problems

The method proposed below does not require any instance matching; it only requires inspecting the
rule. The method assumes that if a rule is matched, then the instance matched by the rule is labeled
as positive. If the instance is not matched, then it is labeled as negative instance—default rule.
The idea behind the fast fitness implementation given a rule r for multiplexer problems summarizes
as follows:

1. Compute the specificity si of the input bits of the rule r.

2. Compute the number of possible input states nis described by the rule r as nis = 22|a|−si .

3. Create a set A containing all the possible addresses encoded in the rule r.

4. For each a ∈ A

(a) If r[a]=1 then all the instances described by this address (nis) are correctly classified.

(b) If r[a]=0 then all the instances described by this address (nis) are incorrectly classified.
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(c) If r[a]=‘#’ then the instances described by this address (nis) are split in two equal size
sets of correctly (nis/2) and incorrectly (nis/2) classified.

For instance, let’s assume that r=0#01##. The first step is to compute the specificity of the input
conditions of r—si = 2—and the number of possible input states described by r—nis = 22 = 4.
The set A contains two possible addresses {00, 01}. Given the address a=00 the 0th input bit
is wrongly set (0). Thus, nis will be incorrectly classified. For the next address in A, a=01, the
= 1st input bit is correctly set, hence, nis will be correctly classified1. It is also true that the total
number of states matched by the rule is 2`−s, where s is the specificity of the rule. Given nt+ = 22,
nt− = 25 − 22, nm = 23, and nt = 26, the fitness of r is computed using equation 3 as:

f(r) = α(r) · ε(r) =
22 + 25 − 22

26
· 22

23
=

4 + 32− 4
64

· 4
8

= 0.5 · 0.5 = 0.25 (4)

The complexity of this approach is O(2|a|), and do not require any instance matching matching.
Further details about the implementation of this fitness function for arbitrary length multiplexer
problems is provided in appendix A. This appendix contains a Java implementation of the method
described above.

3 Disclaimer

The code described in this technical report is distributed for academic purposes only under GPL
license. It has no warranty implied or given, and the author assume no liability for damage resulting
from its use or misuse. If you have any comments or find any bugs, please send an email to
xllora@illigal.ge.uiuc.edu.
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A Java Implementation of the Fast Fitness Computation of Mul-
tiplexer Problems

1 /∗
∗ A c l a s s t ha t implements a f a s t f i t n e s s c a l c u l a t i o n fo r mu l t i p l e x e r

3 ∗ problems fo r P i t t s bu rgh LCS.
∗ Copyright (C) 2006 Xavier Llora

5 ∗
∗ This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/or

7 ∗ modify i t under the terms o f the GNU General Pub l i c License
∗ as pub l i s h ed by the Free Software Foundation ; e i t h e r ver s ion 2

9 ∗ o f the License , or ( at your opt ion ) any l a t e r ver s ion .
∗

11 ∗ This program i s d i s t r i b u t e d in the hope t ha t i t w i l l be use fu l ,
∗ but WITHOUT ANY WARRANTY; wi thout even the imp l i ed warranty o f

13 ∗ MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
∗ GNU General Pub l i c License f o r more d e t a i l s .

15 ∗
∗ You shou ld have rece i v ed a copy o f the GNU General Pub l i c License

17 ∗ along with t h i s program ; i f not , wr i t e to the Free Software
∗ Foundation , Inc . , 51 Frank l in Stree t , F i f t h Floor , Boston , MA

19 ∗ 02110−1301, USA.
∗/

21

package edu . uiuc . i l l i g a l . ga . f i t n e s s . f un c t i on s . gbml ;
23

import java . math . B ig In tege r ;
25 import java . u t i l . Vector ;

27 import edu . uiuc . i l l i g a l . ga . f i t n e s s . F i tn e s s ;
import edu . uiuc . i l l i g a l . ga . f i t n e s s . f un c t i on s . F i tnessFunct ion ;

29 import edu . uiuc . i l l i g a l . ga . i n d i v i dua l . XaryIndiv idua l ;

31 /∗∗ Computes the f i t n e s s o f a Xary ru l e {0 ,1 ,#} f o r a g iven mu l t i p l e x e r
∗ t a s k . The f i t n e s s func t i on used i s the one de sc r i b ed in ”The compact

33 ∗ c l a s s i f i e r system : Motivation , ana l y s i s and f i r s t r e s u l t s ” by
∗ Llor&agrave ; , X. , Sastry , K. , Goldberg , D. E. (2005) . Proceedings o f

35 ∗ the Congress on Evo lu t ionary Computation , 1 , 596−−603.
∗

37 ∗ This implementat ions i s ment a l s o to work f o r MUX 70 and l a r g e r .
∗

39 ∗ @author Xavier Llor&agrave ;
∗

41 ∗/
public class LargeMultiplexerOneRule

43 extends FitnessFunct ion {

45 /∗∗ A de f a u l t s e r i a l ID ∗/
private stat ic f ina l long se r ia lVer s ionUID = 1L ;

47

/∗∗ The address l en g t h ∗/
49 protected int iAddressLength = 0 ;

51 /∗∗ The ru l e l eng t h ∗/
protected int iRuleLength = 0 ;

53

/∗∗ Creates a f i t n e s s func t i on tha t implement a mu l t i p l e x e r func t i on
55 ∗ to e va l ua t e a s i n g l e ru l e prov ided by a XaryIndiv idua l .

∗
57 ∗ @param iAddressLength The l eng t h o f the address par t

∗/
59 public LargeMultiplexerOneRule ( int iAddressLength )

{
61 this . iAddressLength = iAddressLength ;

this . iRuleLength = iAddressLength+( int )Math . pow(2 , iAddressLength ) ;
63 }
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65 /∗∗ Decode the address va lue .
∗

67 ∗ @param iaAdd The address va lue
∗ @return The decode va lue

69 ∗/
protected int decode ( int [ ] iaAdd ) {

71 int iVa l = 0 ;
int i I n c = 1 ;

73

for ( int i=iaAdd . length−1 ; i>=0 ; i−− ) {
75 i f ( iaAdd [ i ]==2 )

iVal += i I n c ;
77 i I n c ∗= 2 ;

}
79

return iVa l ;
81 }

83 /∗∗ Computes the f i t n e s s f o r an i n d i v i d u a l encoding and Xary {0 ,1 ,#} ru l e
∗ f o r the mu l t i p l e x e r problem . This implementat ions i s ment to a l s o work

85 ∗ f o r MUX 70 and l a r g e r .
∗

87 ∗ @param x i The Xary i n d i v i d u a l
∗ @param f The f i t n e s s to update

89 ∗/
public void f i tne s sForXary ( XaryIndiv idua l xi , F i tne s s f )

91 {
// Dec larat ion v a r i a b l e s

93 int iRuleInCondGen = 0 ;
int [ ] iaRule = x i . g e tVar i ab l e s ( ) ;

95 Vector vecVals2Check = new Vector ( ) ;
int [ ] iaTmp = null ;

97 int [ ] iaAux = null ;
boolean bGen = true ;

99 int iCnt = 0 ;
// Fi tnes s

101 Big Intege r biOk = Big Intege r .ZERO;
Big Intege r biWrong = Big Intege r .ZERO;

103 Big Intege r biMatched = Big Intege r .ZERO;
Big Intege r biNumIns = Big Intege r .ZERO;

105 Big Intege r biNumInsD2 = Big Intege r .ZERO;
Big Intege r biTmp = Big Intege r .ZERO;

107 Big Intege r biTwo = new Big Intege r ( ”2” ) ;
int iRuleAdd = 0 ;

109

// I n i t i a l i z e the address
111 iaTmp = new int [ this . iAddressLength ] ;

System . arraycopy ( iaRule , 0 , iaTmp , 0 , this . iAddressLength ) ;
113 vecVals2Check . addElement ( iaTmp ) ;

while ( bGen ) {
115 iaTmp = ( int [ ] ) vecVals2Check . elementAt ( 0 ) ;

iCnt = 0 ;
117 for ( int iMax=this . iAddressLength ;

iCnt<iMax && iaTmp [ iCnt ]>0 ;
119 iCnt++ ) ;

i f ( iCnt<this . iAddressLength ) {
121 vecVals2Check . removeElementAt ( 0 ) ;

iaTmp [ iCnt ] = 1 ;
123 vecVals2Check . addElement ( iaTmp ) ;

iaAux = new int [ this . iAddressLength ] ;
125 System . arraycopy ( iaTmp , 0 , iaAux , 0 , this . iAddressLength ) ;

iaTmp [ iCnt ] = 2 ;
127 vecVals2Check . addElement ( iaAux ) ;

}
129 else

bGen = fa l se ;
131 }
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133 // Compute the ru l e s p e c i f i c i t y
for ( int i=this . iAddressLength , iMax=this . iRuleLength ; i<iMax ; i++ )

135 i f ( iaRule [ i ]==0 )
iRuleInCondGen++;

137

// Process each o f the en t r i e s
139 for ( int i =0, iMax=vecVals2Check . s i z e ( ) ; i<iMax ; i++ ) {

// Recover the entry
141 int [ ] iaAdd = ( int [ ] ) vecVals2Check . elementAt ( i ) ;

// Updates
143 iRuleAdd = iaAdd . l ength+decode ( iaAdd ) ;

biTmp = biTwo . pow( iRuleInCondGen ) ;
145 switch ( iaRule [ iRuleAdd ] ) {

case 2 :
147 // A 2 in t e g e r encode a ’1 ’

// The ru l e i s co r r ec t
149 // Assumes match ru l e s are +

// ( c l o s e world assumption fo r b inary c l a s s i f i c a t i o n )
151 biOk = biOk . add (biTmp ) ;

biMatched = biMatched . add (biTmp ) ;
153 break ;

case 1 :
155 // A 1 in t e g e r encode a ’0 ’

// The ru l e i s wrong
157 // Assumes match ru l e s are +

// ( c l o s e world assumption fo r b inary c l a s s i f i c a t i o n )
159 biWrong = biWrong . add (biTmp ) ;

biMatched = biMatched . add (biTmp ) ;
161 break ;

case 0 :
163 // A 0 in t e g e r encode a ’#’

// The ru l e i s h a l f h a l f s ince i t has a hash symbol
165 // Assumes match ru l e s are +

// ( c l o s e world assumption fo r b inary c l a s s i f i c a t i o n )
167 biOk = biOk . add (biTmp . d iv id e (biTwo ) ) ;

biWrong = biWrong . add (biTmp . d iv id e (biTwo ) ) ;
169 biMatched = biMatched . add (biTmp ) ;

break ;
171 }

}
173

biNumIns = biTwo . pow( iaRule . l ength ) ;
175 biNumInsD2 = biNumIns . d i v id e (biTwo ) ;

177 Big Intege r b iCor rec t = biOk . add (biNumInsD2 . subt rac t ( biWrong ) ) ;

179 double dAcc = biCor rec t . doubleValue ( )/ biNumIns . doubleValue ( ) ;
double dErr = biOk . doubleValue ( )/ biMatched . doubleValue ( ) ;

181

f . s e tF i t n e s s ( 0 , ( f loat ) ( dAcc∗dErr ) ) ;
183 }

}
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