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Abstract

Learning classifier systems represent a technique
by which various characteristics of a given
problem space may be deduced and presented to
the user in a readable format. W present results
from the use of XCS on simple tasks with the
general multi-variable features typically found in
problems addressed by an Interactive
Evolutionary Design process. That is, we
examine the behaviour of XCS with versions of a
well-known single-step task and consider the
speed of learning, noise, and the ability to
respond to changes. We introduce a simple form
of supervised learning for XCS with the aim of
improving its performance with respect to these
two measures. Results show that improvements
can be made under the new learning scheme.

1 sXCSR

Interactive Evolutionary Design (IED) (Parmee and
Bonham, 1999) moves away from the use of evolutionary
computing techniques within a rigid optimization
environment and instead utilizes them as generators and
gatherers of optimal design information.  The approach
involves the capture of designer experiential knowledge
and intuition within adaptive search processes through an
iterative designer/machine-based refinement of the design
space.  This last aspect of the process is of interest to us
here: we consider a way in which to enhance the
presentation of results from a given iteration of the search
process through the use of learning classifier systems.

XCS (Wilson, 1995) has been shown to perform well on a
number of benchmark data mining tasks with the added
benefit of producing readable production system rules.
XCS uses the incremental Widrow-Hoff procedure to
update expected payoff values. Here, we introduce a
simplified update procedure whereby newly created rules,
i.e. those which have never participated in an action set
since their creation (via cover or the GA), have their
expected payoff value set to that of the first training
instance they experience. This value remains constant. All
other parameters are initialized and updated as in
traditional XCS. With a real-numbered representation

scheme this system is here termed sXCSR. The system
was applied to a single-step function defined for binary
strings of length l = k + 2k, that is, a real-numbered
multiplexor problem. Figure 1 shows that improvements
can be made under the new learning scheme.

Figure 1: XCSR and sXCSR on the 11-variable
multiplexer task.

In terms of the introduction of a learning technique to the
Interactive Evolutionary Design concept, this work can
only be considered a preliminary investigation.  However,
the results strongly indicate a significant potential in the
utilisation of learning classifier systems to support
designers as part of the IED process. Utility could extend
beyond this initial task to generating rules relating to a
wide spectrum of relevant design information.
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1 INTRODUCTION

In this work the classical learning methods C4.5

[Qui93] and FOIL [Qui90] are compared with the ge-

netic learning systems GEA (Generic Evolutionary

Programming Library, [Tot01]) and GeLog (Genetic

Logic Programming, [Kok01]). Two problems were in-

volved in the comparison: A mushroom classi�cation

and a chess endgame problem. The experiences show

that the evolutionary methods not only reach the per-

formance of the traditional learning systems but in

complex tasks even outperform them.

2 THE TESTED SYSTEMS

GEA is an evolutionary optimizer tool, with imple-

mentation of EAs and ESs. Due to the applied plug-in

technology, it is easily extendible with new individual

representation forms and evolutionary algorithms.

In contrast to GEA, the GeLog system alloys the ro-

bust searching technique of genetic algorithms with

the learning approach of ILP (inductive logic program-

ming). It evolves Prolog programs by means of back-

ground knowledge and positive and negative examples.

FOIL is a relational learning system developed in the

framework of ILP. It learns Horn clauses by consid-

ering their coverage on the training data which is ex-

pressed as relations.

The last system partaken in the comparison is the de-

cision tree learner C4.5. It builds decision trees by

the guidance of information-based heuristics from the

attribute-value representation of the training exam-

ples.

3 THE LEARNING TASKS

The �rst learning task in the comparison is the recogni-

tion of poisonous mushrooms from 22 attributes, some-

times with missing values. The database contains the

descriptions of 8124 mushrooms, 48.2% of which are

poisonous. In the second task, the goal is to classify

board con�gurations for the chess endgame situation

white king and rook against black king (KRK). A con-

�guration is considered positive if white wins immedi-

ately or the result of the game is draw. 10.1% of the

28056 examples in the database are positive.

4 RESULTS

All of the tested systems achieved basically the same

classi�cation accuracy on the simpler mushroom clas-

si�cation problem. On the more complicated KRK

problem, the genetic learners overperformed C4.5 and

produced rule sets that contain signi�cantly less rules

than the results of both classical greedy learning sys-

tems. The price of the simpler and more general hy-

potheses is the longer execution time of the learning

processes.
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d LeEGFIFIf�X�PBEWg`h>EWYiSZjMklJ�mMH UMcGSIPWU/jonpH FIF]EGOqjrKls�tWuWtWvWnwjoT�x#jeEGUeg
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��QlP+\�PbPW�rJ�F]ECSIH VWJ	\�PWUe\�J��oSlO JZEGFIUMH UMc'YiSIF]ECSIJ�cWH JZY>EGFIJ�H UbVWJZYi�
SIH cBECSIJZg�Q�H SI^.FIJZY[�rJZ\�S	SIP~SI^MJ'y;JZECSILMFIJZY	PGy0SI^MJ'y;PWLMUeg.\�PWUo�
\�J��oS�goJZYI\�FIH �oSIH PWUeY�����^MJ�Y[foYiSIJ�z�X	hl�����RH�Y�LeY[JZg�EWY#E
J��o�rJ�FIH z#J�UBS]EGO/y;F]EGz#J�QlPWFI������^MJ+PWmo�iJZ\�SIH VWJ'H�Y�SIP��MFIPogoLe\�J
E~z#PWFIJ�J���\�H J�UBS
O JZEGFIUMH UMc�Y[foYiSIJ�z��	��goJZYI\�FIH �oSIH PWU.EGmrPWLoS
^MPCQ SIP
Y[J�SILM��E�Y[LMH S]EGmMO JlJ��o�rJ�FIH z#J�UBS]EGObY[J�SILM�'H�Y<FIJ��rPWF[SIJZg¡�
|}S�H�Y�QlPWF[SI^bQ�^MH O J�SIP�UMPGSIJ
SI^eECSZjoH U`�MFIH Ue\�H �MO JWjbSI^MJZY[J�\�PbPW�o�
J�F]ECSIH VWJ�O JZEGFIUMH UMc�YiSIF]ECSIJ�cWH JZY�\�PWLMO�g¢mrJ~EG�M�MO H JZg.SIP�E`�rPbPWO
PGy�goH £�J�FIJ�UBS�O JZEGFIUMH UMc~Y[foYiSIJ�z~Y��
X	hl�����R¤ ¥	J�FIH�EGUeg�aoEGH S[S]EMj/¦Z§W§Wubj¡¥	J�FIHqj¡¦Z§W§b¨�©�O JZEGFIUeY�FIJ��
O�ECSIH PWUeEGObgoH�Y;�iLMUe\�SIH VWJ�\�PWUe\�J��oS�goJZYI\�FIH �oSIH PWUeY�H U#E�FIJZYiSIFIH�\�SIJZg
y;PWFIzªPGy
N<H F]YiS`{�F]goJ�F#�/PWcWH�\�mbf«LeY[H UMc«\�PbPW�rJ�F]ECSIH VWJ�J�VWPG�
O LoSIH PWU/�+X	hl������¬ Y�EGF]\]^MH SIJZ\�SILMFIJ+H�Y�E�UMJ�SiQlPWFI��PGy�¥­�MFIPG�
\�JZYIY[JZY�®�¯�°>±³²B´³µ/±Z´G¶WjG\�PbPWF]goH UeECSIJZg�mbf�E
·0¸B¹r±Z´³ºB»i¶Z¼³´lSI^eECS
H z#�rPBY[JZY	\�PbPW�rJ�F]ECSIH PWU�EGz#PWUMc#SI^MJ�J�VWPWO VbH UMc#�rPW�MLMO�ECSIH PWUeY��
h>EW\]^+®�¯�°>±³²B´³µ/±Z´Z½�SIFIH JZY�SIP�¾eUeg+E
goJZYI\�FIH �oSIH PWU'y;PWF�E�Y[LMmo�
Y[J�S�PGy<SI^MJ'O JZEGFIUMH UMc#H UeYiS]EGUe\�JZY	°l·¡½�mbf`J�VWPWO VbH UMc#H S]Y��rPW�o�
LMO�ECSIH PWU/�¿|ÀU�EWgMgoH SIH PWU/j�SI^MJ�®�¯�°>±³²B´³µ/±Z´G¶�z~E³f«�rJ�F[y;PWFIz
z#H cWF]ECSIH PWU¿Á;J��M\]^eEGUMcWJ³Â�PGy�H UegoH VbH�goLeEGO�Y�����^MJ#·0¸B¹r±Z´³ºB»i¶Z¼³´
\�PbPWF]goH UeECSIJZY�SI^MJÃgoH�YiSIFIH mMLoSIJZgRO JZEGFIUMH UMcpEW\�SIH VbH Sif,mbfÄ�rJ��
FIH PogoH�\�EGO O f,EWYIY[H cWUMH UMc�goH £�J�FIJ�UBS.Y[LMmeY[J�S]Y�PGy+SI^MJ O JZEGFIUMH UMc
H UeYiS]EGUe\�JZY�SIP�SI^MJ«®�¯�°>±³²B´³µ/±Z´G¶W����^MJ«\�PWz#�rPBY[H SIH PWUÄPGy
SI^MJZY[J�Y[LMmeY[J�S]Y�goJ��rJ�UegMY�PWU�SI^MJ'Y[�rJZ\�H ¾r\�\�PbPW�rJ�F]ECSIH VWJ��rPWO �
H�\�f�LeY[JZg¡����QlP'�rPWO H�\�H JZY�PGy/\�PbPW�rJ�F]ECSIH PWU#^eE³VWJ�mrJ�J�U�H UbVWJZYi�
SIH cBECSIJZg¡�
��Y#UMP«E¢�MFIH PWFIH�H Uoy;PWFIz~ECSIH PWUÃH�Y~E³VCEGH O�EGmMO J`PWU�Q�^eECS~H�Y#E
Y[Le\�\�JZYIYiy;LMObEWYIY[H cWUMz#J�UBS<PGyMO JZEGFIUMH UMc	H UeYiS]EGUe\�JZY�jCQlJlgoJZ\�H�goJZg
SIP�goJ�VWJ�O PW��SiQlP	\�PbPW�rJ�F]ECSIH VWJ�O JZEGFIUMH UMc	YiSIF]ECSIJ�cWH JZY¡meEWY[JZg
PWU
goH £�J�FIJ�UBS�EWYIY[LMz#�oSIH PWUeY��
��^MJ�¾eF]YiS¿\�PbPW�rJ�F]ECSIH VWJÃO JZEGFIUMH UMcÅYiSIF]ECSIJ�cWfWj�UeEGz#JZgÆ�/J�S
abJ�JZgÃh��o�eEGUeg¡j�QlPWFI�oY�EWY+y;PWO O PCQ	Y���Q�^MJ�UÇE¢O JZEGFIUMJ�F+¾eUeg
E¢goJZYI\�FIH �oSIH PWU¿È�j�FIJ�z#PCVWJ~y;FIPWz5H S]Y+O JZEGFIUMH UMc�Y[J�S#EGO OlSI^MJ
H UeYiS]EGUe\�JZY	\�PCVWJ�FIJZg�mbf`PGSI^MJ�F�EGO FIJZEWgof�y;PWLMUeg�goJZYI\�FIH �oSIH PWUeY
EGUegÃUMPGS�\�PCVWJ�FIJZg¿mbf¿È�j�EGUegÃO J�S�ÈÉH z#�MFIPCVWJW��|ÀUpY[PWz#J
Y[J�UeY[JWjBSI^MH�Y��rPWO H�\�f~FIJZEGO H Ê�JZYlE+�rPbPWO¡PGy<ËWgoH VbH�goJ
J�S�H z#�rJ�F]EWË
O JZEGFIUMJ�F]YlJ�VWPWO VbH UMc�H U��eEGF]EGO O J�Oq�

��^MJ­Y[JZ\�PWUeg)y;PWFIz3PGy¿\�PbPW�rJ�F]ECSIH PWU/j�UeEGz#JZg�Ì�JZYI\�FIH mrJ
��^MPBY[J�aBSIH O OeT	Ue\�PCVWJ�FIJZg¡j³y;PWF]\�JZY�SI^MJ�O JZEGFIUMJ�F]Y�H U#goJZEGO H UMc�EWY
Y[PbPWU EWY��rPBYIY[H mMO J#Q�H SI^�SI^MJ~H UeYiS]EGUe\�JZY�goH ��\�LMO S�SIP.\�PCVWJ�FZ�
h>YIY[J�UBSIH�EGO O fWj�EWY�Y[PbPWUpEWY�E �MFIPWz#H�Y[H UMc¿\�PWUe\�J��oS`goJZYI\�FIH �o�
SIH PWU¿J�z#J�FIcWJZY�j�SI^MJ�H UeYiS]EGUe\�JZY'UMPGS#\�PCVWJ�FIJZg�mbf�H S#EGFIJ~H Uo�
\�O LegoJZg�H UBSIP#EGO OeSI^MJ
O JZEGFIUMH UMc�Y[J�S]Y�jbQ�^MJ�FIJZEWY�JZEW\]^�\�PCVWJ�FIJZg
H UeYiS]EGUe\�J�H�Y�H UeY[J�F[SIJZg�H UBSIP#PWUMO f�PWUMJ�O JZEGFIUMH UMc#Y[J�SZ�
��^MJ#SiQlP.\�PbPW�rJ�F]ECSIH VWJ#YiSIF]ECSIJ�cWH JZY�Y[^MPCQ�goH £�J�FIJ�UBS'mrJ�^eE³VB�
H PWF]Y�Q�H SI^wFIJZY[�rJZ\�S�SIPÇSI^MJ y;JZECSILMFIJZY�PGy�SI^MJ y;PWLMUegw\�PWUo�
\�J��oS+goJZYI\�FIH �oSIH PWUeY���n�J�mrJ�O H J�VWJ#SI^eECS+E«Á9goH�YiSIFIH mMLoSIJZg cWJ��
UMJ�SIH�\¢meEWY[J³Â~O JZEGFIUMJ�F`EGmMO J.SIPÃJ��o�MO PWH S�mrPGSI^R\�PbPW�rJ�F]ECSIH VWJ
YiSIF]ECSIJ�cWH JZY�z~E³fREW\�ÍBLMH FIJ¿YIECSIH�Yiy9EW\�SIPWFIfÄ\�PWUe\�J��oS�goJZYI\�FIH �o�
SIH PWUeY
EW\�FIPBYIY	E�Q�H�goJ+F]EGUMcWJ'PGy>EG�M�MO H�\�ECSIH PWUeY���NMLMF[SI^MJ�F
FIJ��
Y[JZEGF]\]^�SIP~H UbVWJZYiSIH cBECSIJ�SI^MH�Y	\�O�EGH zÎH�Y�H U`�MFIPWcWFIJZYIY��
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