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In recent years researchers have used genetic algorithm
techniques to evolve neural network topologies. Although
these researchers have had the same end result in mind
(namely, the evolution of topologies that are better able to
solve a particular problem), the approaches they used varied
greatly. ¨H©1ªH«V¬®R¯1°]±]²�²�³+´7µ�¶e·�¬w©V¸!«V¹�º!»R©+µ�©;¼=·�»R¼�©F½p¾H¾À¿�ÁpÂ!«F¼�kÃ!Äh«
¯M©V¬7n©F¯�·�¶}ÅVÄ+¬7·�Æ4ÇRÂDÈF·+¹�¹q«ZÃ�½�¯VÉ�Ä=R¼�©�kÃ!¯7ÇR¬?Ê!ÈVÇWn·�Ã!¯�·+ÃPÂ!·=ÆËÇW·
Ä+¬?·�ÆÌÈ;·�Ã�Ã!©FÈVÇaR·�Ã!¯H«V¹q·+Ã�ÄpÃ!·�½=©;¯VÍ�ÎÏ«FÈZÂhÃ�·�½=©�kÃhÇnÂ�©�Ã!©VÇWÆH·+¬7Ð
º�¬7·�ÈF©F¯M¯M©F½|¯IRÄ+Ã!«F»R¯zÇRÂ!«VÇbÇW·�»R½|kÇbÂ!·=ÆÑÇa·m©Z¸=ÇW©ZÃ�½|kÇW¯�¯MÁ�Ã!«Vº!¯I©;¯VÍ
Ò Â�©]Ã�ÇnÆ4·�½+T¶W¶9©]¬e©]Ã+Ç�¯7ÁFÃ�«]º�¯7©Z¯A¬?©Z«ZÈ]Â�©Z½�©Z«ZÈ]Âq·FÇkÂ�©]¬®µ�«}Ã!©FÆ�Ã�·�½=©ÆH«F¯|¶?·+¬?¹q©;½�Í1Ó�Â�©ÔÄ=©ZÃ�©ZÇWRÈÔ«F»RÄ�·+¬7kÇRÂ�¹ÕÆH«F¯D¬®©F¯7º�·+Ã�¯Mk¿!»R©Ô¶?·+¬
©Z¼+·+»k¼+^Ã�Ä�ÇkÂ�©1¯M©FÖ+Ê�©ZÃ�È;©�·�¶\Ä�¬®·=Æ4ÇnÂ�ÈF·+¹�¹q«ZÃ�½�¯4ÇRÂ!«VÇÏÈF·+Ã=ÇR¬®·=»n»R©F½
Â!·=Æ�ÇRÂ�©�Ã!©VÇWÆH·+¬7Ðh½�©F¼�©F»n·�º!©F½
Í

Fullmer and Miikkulainen (1991) developed a GA coding
system where pieces of a genotype went unused, imitating
biological DNA processing. Only information stored between
a Start marker and an End marker was used to generate
networks. The amount of correctly configured Start-End
markers defined how many hidden nodes the network would

have. In addition, information between these Start-End
markers defined how the nodes were connected to each
other. 

Ó�Â�©�¹q©F«ZÃ�kÃ!ÄhÈF·+Ã!¼=©;Á=©;½p¿�Áh©;«FÈVÂhº!·�¯IkÇaR·�Ã�TÃhÇRÂ�©�Ê!¯I©;½
º!«V¬?ÇD·=¶~ÇRÂ!©ÀÄ�©VÃ!·+¹p©i½�©Vº!©VÃ!½=©;½�·+Ã×kÇW¯�½�R¯ØÇa«VÃ!ÈF©i¶9¬7·+¹ÙkÇW¯
ÈF·+¬?¬®©F¯7º�·+Ã!½=kÃ!Ä�Ú=ÇW«V¬eÇA¯MÁ+¹�¿!·�»?Í

Û ·F¬Ï©]¸�«x¹�º�»k©;µ=ÇkÂ�©1Ä+©]Ã�·F¹�©1¯?Â�·�Æ4Ã�kÃ�¶?nÄ�Ê�¬7©P±_ÆH·+Ê�»R½hÄ�©VÃ!©V¬®«VÇW©ÇnÆ4·�Ã�·=½�©F¯Cµ�·+Ã�©�¶?·+¬w¯ØÇn¬7kÃ!Ä
“S,a,1,b,5,a,-2,E”“S,a,1,b,5,a,-2,E”

«ZÃ�½
«]Ã�·FÇkÂ�©]¬Ï¶W·F¬A¯?ÇT¬eÜÃ�Ä

“S,b,0,a,3,E”
µ�Æ4Â!RÈVÂ�Æ4¬®«Vº!̄H«V¬®·�Ê�Ã�½

ÇTÂ�©_©]Ã�½�·+¶#ÇTÂ�©1Ä=©ZÃ�·+¹q©=Í�¾1·�½=©
“a”“a”

Â!«F½h«ZÃ�kÃ!kÇWR«;»y«;ÈVÇWR¼�«VÇaR·�Ã
·+¶b±}°k¿�©ZÈZ«]Ê�¯7©_·+¶�¯?Ê+¿�¯?Çk¬e^Ã�Ä

“S,a,1”
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æ4ï\ð7íTæ�î�à�±IðØí^ïÔî�±Ià�ðIÍ Ò Â�©ZÃhÇRÂ�©;¯I©�ÇRÂ�¬7©;©�¬?Ê!»R©F¯H«Z¬7©�«Vº�º�»nR©F½Æ4©1©]Ã�½pÊ�º�ÆHkÇRÂ�«�ß�ñVßh¹q«ZÇR¬7k¸hÇnÂ�«ZÃ�½=©;¶?kÃ!©F¯4ÇRÂ!©�ÈF·+Ã=Ã!©FÈZÇWR¼�kÇWÁ
¿!©VÇWÆH©;©VÃhÇRÂ!©�ÇWÆH·pÃ�·�½�©F¯HkÃhÇRÂ!©�Ã�©ZÇWÆH·+¬7Ð
Í

Given that the approaches presented above are a very distance between genes that can define a connection, and
quick glance at the options available, it is obvious that averaging over the number of connections, we obtain a total
researchers have to choose a representation scheme from a disruption index (TDI) of 
vast number of possibilities. Random selection of a genome
coding scheme can easily result in sub-optimal genetic
performance, since the efficiency of different evolutionary
operations depends on how they affect schemata being    (1)
processed in the population. In addition, the computational
complexity involved in creating and evaluating neural
networks usually does not allow for repetition of genetic where C is the number of connections, N is the number of
experiments under different genome coding. genes, P(x) returns the position of gene x in the

This paper is an attempt at developing a metric that can chromosome, and DC(k, x) equals to a number between 0
be used to evaluate different evolutionary computation and 1 which indicates what is the probability that gene x is
coding schemes. involved in defining connection k.

ò�ó�ô £�õ ô §e wö�÷d÷ùø\ú�¢�ú�ûýü!¡]ü�¢
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A review of the NN-GA literature quickly reveals that The following section reports empirical testing of the
researchers have chosen to evolve different aspects of NN mathematical formulation presented above 

¶?·+¬\ÇWÆH·hªHæ�ÞR¾H¾
configurations. Concentrating on topology, there are several

Â!Á�¿�¬7R½m¯IÁ�¯7ÇW©V¹q¯��\·+Ã�©P¶e·�¬�Ã!«VÇRÊ�¬7«;»H»R«ZÃ�Ä+Ê!«FÄ�©dº�¬7·�ÈF©;¯I¯MkÃ!Ä�µ\«ZÃ�½
factors one might choose to optimize, such as number of

«VÃ!·+ÇRÂ�©Z¬w¶?·+¬�¬®·�¿!·+ÇyÃ!«F¼�RÄ�«VÇWR·+Ã�Í
nodes to use, how many hidden layers to have, how many
nodes to have in each hidden layer, or even if a layered
approach should be used or not. 

At the lowest level of abstraction, we can see topology
optimization as a process that determines if a connection
should exist between nodes x  and x , where A and B rangeA  B

across all nodes that exist in a network. If having a
connection between x  and x  is useful for the task being

«HÃ�©xÇnÆ4·F¬eÐ�T¯�«Z¯7Ð+©Z½�ÇR·�¬e©ZÈZ©VT¼+©1«_¯7©]Ã+Çn©xÃ�ÈZ©1·�Ã!©�ÆH·�¬®½h«VÇÏ«�ÇWk¹q©+µ
A  B

solved, schema theory suggests that individuals in the
«]Ã�½�ÇR·�^Ã�Èx¬e©]¹�©]Ã+Çn«V»T»TÁz¿+Ê�T»T½�«1½+©Z¯7È]¬?^º+Çnk·FÃq·+¶�ÇkÂ�©1¯7©]Ã+ÇR©]Ã�ÈZ©�kÃ�kÇW¯

population will benefit from having such a connection
·FÊ+ÇRº�Ê=Ç�Ã!·=½�©F¯ZÍ Û ·�¬w©V¸!«V¹�º!»R©+µ�n¶åÇnÂ�©�¯M©VÃ�ÇW©VÃ!ÈF©qÅxÇnÂ�©�¿!·=Áp¬®«VÃ�kÃ

present, all other things being equal (Holland [1975]). For
ÇRÂ!©Ñº�«Z¬7Ð
É�R¯À©VÃ�ÇW©V¬®©F½!µ~ÇRÂ!©×Ã!©VÇWÆH·+¬7Ð�¯ØÂ!·�Ê!»R½ç¬7©F¯7º!·�Ã!½ ¿!Á

the same reason, any evolutionary operator that disrupts the
^Ã�½+kÈZ«]ÇR^Ã�Ä�ÇkÂ�«]Ç#ÅCÇTÂ�©H¿�·+Á�É4T¯\«}Ã�·+Ê=Ãhº�Â�¬7«F¯M©+µ�«ZÃ�½hTÇA«;ÈVÇW¯H«;¯4ÇRÂ�©

existence of useful traits could decrease offspring fitness. If
«FÄ+©ZÃ=ÇÏ·�¶�¼�©V¬e¿PÅx¬®«VÃ�ÉFÍ
Ó�Â�©�Ã!©VÇWÆH·+¬7Ðh¯7Â�·+Ê!»R½h«F»R¯M·hkÃ!½=nÈF«VÇa©zÇnÂ�«ZÇ

we assume that the typical evolutionary operations of
ÅVTÃPÇRÂ!©�º!«V¬®Ð�É�R¯_«�º=¬®©Vº!·=¯MkÇWn·�Ã!«F»yº�Â�¬7«F¯M©�¹q·�½=n¶?Á�kÃ�ÄpÇnÂ�©�¼�©V¬?¿

crossover and mutation are to be applied, we can analyze
Åx¬®«VÃ�ÉFÍ

genome coding in light of how it affects the way in which
Î�Ã+Çn©V¬7TÃ�Äh«�ÆH·+¬7½hkÃ�ÇW·pÇRÂ!©�Ã�©ZÇWÆH·�¬®Ðh«V¹q·+Ê=Ã�ÇW¯4ÇW·h«;ÈVÇWR¼�«VÇakÃ�Ä

evolution progresses.
«d¯MkÃ�Ä�»R©�Ã!·=½�©�ÇRÂ!«VÇ4¬7©Zº=¬®©F¯M©VÃ�ÇW¯zÇRÂ!©dÄ�R¼=©ZÃ{ÆH·+¬7½|«ZÇbÇnÂ�©dkÃ�º�Ê=Ç
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If  we view evolutionary computations as a process to define
connections between any two nodes as their main result, then
we can determine their ability to combine building blocks by
estimating how likely it is for evolutionary operations to
disrupt connection definitions; the less likely it is for
connection definitions to be disturbed, the easier it is for the
algorithm to combine building blocks present in the current

population. 
An operation like crossover can disrupt a connection

definition every time a crossover point is selected between
two genes that, taken together, define a connection between
nodes of a network. Therefore, how likely it is for crossover
to cause this disruption can be estimated by the distance
between genes that combine to define any particular
connection. If a particular connection is defined by alleles in
genes g and g , then the bigger the distance between  g andi  j         i

g , the bigger the chance that the connection will bej 

disrupted by a crossover operation. Taking a sum of the

4.1 Case Study #1: A Natural Language Processing
System

This example is based on research originally presented in
Dávila [1999a, 1999b, 1999c], which was used to evolve NN
topologies for natural language processing. As an overview,
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Under SYSTEM-A, the existence of a connection k
between nodes i & j depends on the number of layers that
the hidden nodes are divided into (gene 30), which layers
contain nodes i & j (genes 0-29), where the layer with node
j takes its input from (a gene from among genes 31-60,
depending on the values of j, gene 30, and the nodes/layer
distribution determined by genes 0-29), and where the layer
with node i sends its output to (a gene from among genes
61-90, again depending on the values of i, gene 30, and the
nodes/layer distribution determined by genes 0-29).

As a comparison, the same type of network topology
could be evolved by using the following coding scheme,
which I will call SYSTEM-B. 
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¹�Ê�»TÇWkº!»RR©F½|¿�Ááâ+ß{«ZÃ�½D¬®·�Ê�Ã�½�©F½DÇW·DÇRÂ!©hÃ�©;«V¬7©;¯ØÇbkÃ�ÇW©FÄ�©V¬CÍyÓ�Â!©
¬7©;¯ØÊ!»kÇWTÃ�ÄmÃ�Ê�¹�¿!©V¬�º�·�kÃ�ÇW¯�ÇW·mÆ4Â�nÈVÂv»n«FÁ�©V¬�ÇRÂ!R¯q·�Ã!©dÇW«;Ð=©;¯pkÇW¯
kÃ�º=Ê�Ç}¶W¬7·+¹dÍyæ ¼=«;»kÊ�©d·=¶h±hÆH·+Ê!»R½á¹q©;«VÃ|ÇRÂ�©d»R«FÁ�©V¬_ÇW«FÐ�©F¯�kÇW¯
kÃ�º=Ê�Ç�¶9¬®·�¹çÇRÂ!©pTÃ=º�Ê=Çå»R«FÁ�©V¬CÍ�æ�¼�«F»kÊ!©�·=¶\â+ß�ÆH·�Ê!»R½p¹q©F«ZÃhÇRÂ!©
»W«+Á=©Z¬hÇa«FÐ�©F¯PkÇW¯PkÃ�º=Ê�Çq¶e·�¬e¹�ÇRÂ!©v·+Ê=Çnº=Ê�Çq»R«;Á=©Z¬]Í Û ·+¬�¼�«F»kÊ!©F¯¿�©]ÇRÆw©Z©xÃ�ßq«]Ã�½�¾ ��±]µ=ÇkÂ�©1»k«;Á=©Z¬wÆH·�Ê!»R½pÇW«;Ð=©�kÇW¯HTÃ=º�Ê=ÇÏ¶9¬®·�¹ÑÇRÂ�©
°a¾�ÞC±x´YÂ!R½�½=©ZÃ�»R«FÁ�©V¬CÍ" #�W¶yÆw©_«Z¯7¯?Ê+¹�©HÇTÂ�«xÇ�¨�$\°WÐ�µ ¸!´&%�±_¶e·�¬w«F»n»y¼�«F»kÊ!©F¯H·�¶\Ðh«VÃ!½p¸
µ
Ó�¨'�7°?Ú��1Ú�Ó�Î��mÞWæ_´(%áÓ#¨'�®°?Ú��1Ú�Ó#Î)�mÞaïw´MÍ*�WÃ~¬®©F«F»nkÇWÁ!µ�ÇRÂ!·+Ê�Ä+Â
µ
¨'$w°9Ð!µ ¸!´z½�·=©;¯zÃ!·+ÇH«F»nÆH«FÁ�¯z¬®©VÇRÊ�¬?Ãì±ZµA«VÃ!½|TÃ{¶e«FÈZÇHkÇwÇW©VÃ!½=¯�ÇW·
¬7©ZÇRÊ�¬?Ã�¯7¹p«;»R»R©Z¬u¼=«;»kÊ!©F¯�Ê�Ã!½=©Z¬�Ú��1ÚsÓ�Î)�mÞaï ÇRÂ!«VÃ�Ê�Ã!½=©Z¬
Ú��1Ú�Ó#Î)�mÞ9æ�Í�¾1·+ÇWRÈ;©+µ�¶e·�¬H©V¸!«V¹�º�»n©+µ�ÇnÂ�«ZÇåÊ=Ã!½=©Z¬_Ú��1Ú�Ó#Î)�mÞ9æ
ÇTÂ�©_¯7©]Ç�·+¶�Ä+©VÃ!©�¯I©;Ö�Ê!©VÃ!ÈF©;¯4ÇRÂ!«VÇÏÆH·�Ê!»R½h«F»n»R·=Æ�Ã�·�½�©zÃhÇa·p¿�©�kÃ
»R«;Á=©Z¬,+ËÂ!«F¯�«PÂ!RÄ+Â�©Z¬�ÈF«Z¬7½�kÃ�«;»RkÇWÁ|ÇRÂ�«ZÃ�Ê�Ã�½�©V¬pÚ��1Ú�Ó#Î)�mÞRïHµ
Ä�R¼=©ZÃhÇRÂ!«VÇåÚ��1Ú�Ó�Î��|Þaï�«;»RÆH«FÁ�¯4Â�«;¯Hâ=àpÂ!R½�½=©ZÃ�»R«FÁ�©V¬®¯]µ�Æ4Â!R»R©
Ê�Ã�½�©V¬�Ú��1Ú�Ó#Î)�mÞ9æ ÇRÂ!© Ã�Ê=¹�¿!©V¬�·=¶çÂ�R½�½�©VÃ »R«FÁ�©V¬®¯ R¯
½+©]ÇR©]¬W¹�^Ã�©Z½z¿�Á�«1Ä+©]Ã�©�Í�Ó�Â�T¯\Æ4T»k»Wµ�TÃhÇRÊ=¬eÃ
µ�«;¶?¶e©FÈVÇÏÆ4Â!RÈVÂ�Ä�©VÃ!©F¯
«V¬®©~TÃ�¼�·=»n¼=©;½ákÃ|½=©;¶?kÃ!kÃ!Äá«�È;·�Ã�Ã�©;ÈVÇWn·�Ã~¿�©ZÇWÆH©F©ZÃáÇWÆH·~Ä=R¼�©VÃ
Ã!·=½�©F¯CµDÆ4Â!RÈVÂ «F¶e¶?©FÈZÇW¯ý¨'$w°WÐ�µ ¸�´MÍ.-HÃ!½=©Z¬�¯7ÇW«VÃ!½=«Z¬7½Ñ¬7«VÃ!½�·�¹
½�R¯ØÇn¬7k¿�Ê=ÇaR·�Ã!¯Cµ�ÈF·+Ã!¯IR½�©V¬®kÃ!Äd«;ÈVÇRÊ!«F»A¼�«F»TÊ�©;¯_¶e·�¬w¨'$4°WÐ�µ ¸!´4ÆH·+Ê�»R½
Ä�R¼=©�Ó�¨'�7°eÚ��1ÚsÓ�Î)�mÞ9æ1´0/�Ó�¨'�7°eÚ��1ÚsÓ�Î)�mÞaïw´IÍ Ò Â�«ZÇvÇnÂ�R¯Æ1·=Ê�»n½ì¹q©F«VÃÀR¯~ÇRÂ!«VÇhkÇhR¯|©;«F¯MR©V¬D¶e·�¬D«�º!«V¬eÇWRÈZÊ�»R«Z¬7»RÁ�Ä=·�·=½
¯7È]Â�©]¹�«}Çn·�¿�©_½+T¯?¬WÊ+º+ÇR©Z½�¿�Á�È]¬?·+¯7¯7·+¼+©]¬�Ê+Ã�½=©Z¬bÚ��1Ú�Ó�Î��|Þ9æÌÇRÂ!«VÃ
Ê�Ã�½�©V¬bÚ��1Ú�Ó#Î)�mÞaï1Í
æ1¯IR½�©p¶W¬7·+¹çÇRÂ�©q©F¶e¶?©FÈZÇ\·�¶�¨'$w°9Ð!µ ¸!´7µ�·�¶4ÈF·+Ê�¬7¯M©+µ�ÇRÂ�©q«FÈZÇRÊ�«;»

º!·=¯MkÇWR·+Ã!kÃ�Äd·=¶�ÇRÂ�©pÄ=©ZÃ�©;¯�«VÃ!½�Â!·�Æ�ÇnÂ�©;Á�¹q«VºDkÃ=Ça·�º�Â�©ZÃ�·+¹q©
È]Â�«]¬?«ZÈ]Çn©x¬eT¯?ÇRTÈZ¯\«V»T¯7·�Â�«Z¯�«]Ãq©Z¶W¶9©ZÈ]Ç�·FÃ�ÇTÂ�©�½�R¯7¬?Ê�º=ÇWn·�Ã�È;«VÊ!¯I©;½p¿�Á
È]¬e·+¯7¯7·+¼+©x¬Ï·+º�©Z¬7«VÇaR·�Ã!¯ZÍ
Óy«;Ð=© µ�¶?·+¬4©Z¸�«Z¹�º�»R© µ�«�¯IÁ�¯ØÇa©V¹çÆHkÇnÂhÇRÂ�©
¯7«]¹�©HÇRÁFº�©Z¯\·+¶yÄ+©]Ã�©Z¯H«F¯1Ú��1Ú�Ó�Î��mÞRïbµ�¿=Ê�ÇAÆ4Â!©V¬®©�ÇRÂ�©�º!·=¯MkÇWn·�Ã
·�¶4ÇRÂ�©pÄ�©VÃ!©F¯}Â!«F¯}¿!©F©ZÃD«F»kÇW©Z¬7©;½�Í
�WÃ�¯7ÇW©F«;½d·=¶�Â!«F¼�kÃ!Ädâ=àdÆH·+¬?ÇRÂ
¼+«Z»ÜÊ�©Z¯\¶W·+»R»R·�ÆH©F½p¿!Áhâ=àpÇa«FÐ�©F¯CÞ9kÃ�º=Ê�ÇeÞW¶9¬7·+¹ç¼�«F»kÊ!©F¯H«ZÃ�½pÇnÂ�©ZÃ�â=à
¯M©VÃ!½=¯CÞ9·+Ê=Çnº=Ê�ÇeÞaÇa·�¼�«F»TÊ�©;¯]µ�Ú��1Ú�Ó#Î)�mÞ1$ý«V¬e¬7«VÃ!Ä�©F¯HÄ�©VÃ!©F¯H¯M·pÇRÂ�«ZÇ
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ÇRÂ!©dÆH·+¬?ÇnÂ
µ�ÇW«;Ð=©;¯]ÞWkÃ�º=Ê�ÇeÞ9¶W¬7·+¹ «VÃ!½~¯M©VÃ!½=¯CÞ9·+Ê=Çnº=Ê�ÇeÞaÇa·~Ä=©ZÃ�©;¯z¶?·+¬
«VÃ!ÁP·+Ã!©�º!«V¬?ÇaRÈVÊ!»R«V¬b»R«FÁ�©V¬b«V¬®©pkÃ�ÇRÂ�¬7©F©qÈF·+Ã�¯M©FÈZÊ=ÇaR¼=©�º�·�¯MkÇWR·+Ã�¯
°aº!·�¯IkÇaR·�Ã!¯�â
ñ�+\µ�â�ñ�+@��±Zµ#«ZÃ�½�â�ñ�+@�=ßsµ#Æ4Â!©V¬®©F+�R¯}ÇnÂ�©�Â!R½=½�©VÃ
»T«VÁ+©]¬�Ã+Ê+¹�¿�©]¬e´ØÍ+ï\©ZÈZ«]Ê�¯7©_«1Ä+©]Ã�©_ÆwÜÇTÂq«}º�«]¬WÇnkÈ]Ê�»T«x¬Ï¶RÊ+Ã�È]ÇWR·+Ã�«;»RkÇWÁ
Æ4T»T»�Â�«Z¼+©}ÇTÂ�©�¯M«V¹q©�©F¶e¶?©FÈZÇA·+Ãh¬7©;¯ØÊ!»kÇWTÃ�Äpº�Â�©ZÃ�·+¹q©F¯4¬®©FÄ�«V¬7½�»R©;¯I¯
·+¶�ÜÇn¯Aº�·+¯7ÜÇnk·FÃq^Ã�ÇkÂ�©�Ä�©VÃ!·+¹p© µ�ÆH©�ÈF«VÃ�½�R¯MÈF«Z¬7½pÇW©Z¬?¹q¯4¨'$w°9Ð!µÜR´
«VÃ!½p¨'$w°9Ð!µ äM´�TÃ�©FÖ+Ê�«ZÇWR·+ÃP°]±]´7µ�«VÃ!½h·+¿=ÇW«;kÃ

°aß!´

-HÃ!½=©Z¬ ÇRÂ!R¯ ½�©F¶ekÃ�TÇWR·+Ã
µ Ó#¨'�Mã^°eÚ��1Ú�Ó�Î��|Þaïw´ /
Ó�¨'�Iã °?Ú��1Ú�Ó#Î)�mÞG$\´®µ~¯ITÃ�È;©YÚ��1Ú�Ó�Î��|ÞG$ ¹qkÃ!k¹qRê;©F¯ìÇRÂ!©
½+T¯?ÇR«]Ã�ÈZ©}¿�©]ÇnÆ4©Z©]Ã�ÇkÂ�©H¬e©V»T«]ÇRT¼+©+ÞWÆH·�¬eÇRÂ�«VÃ!½pÇW«;Ð=©;¯]ÞWkÃ=º�Ê�ÇeÞ9¶W¬7·+¹
Ä+©]Ã�©Z¯}Í�Ó�Â�T¯A¹�©Z«xÃ�¯AÇTÂ�«]Ç�È]¬e·+¯7¯7·+¼+©x¬ÏR¯H»R©;¯I¯H»nRÐ=©;»RÁpÇW·h½�R¯7¬?Ê�º=Ç
«�Ê�¯M©F¶WÊ�»�¯MÈVÂ!©V¹q«�Ê=Ã!½=©Z¬bÚ��1Ú�Ó�Î��|ÞG$HÍ

To verify the effect these disruptions might have on operation. This means that evolution will depend heavily
solutions found by evolutionary computation, I performed on operations other than crossover in order to introduce
the optimization of topologies for the natural language new phenome characteristics into the population. In the
problem outlined previously under the three genome absence of any such other operation, crossover wil l
coding schemes discussed above. In order to better continue to exploit  good solutions, but will perform little
measure the effect of crossover, computations were exploration. This can be seen in figure 2 by the fact that
performed with no mutation, and populations of 21 SYSTEM-C reaches the vicinity of the final average
elements. 

¾1©ZÇWÆH·�¬®Ð�¶?kÇnÃ�©;¯I¯v¼�«F»kÊ!©F¯vÆH©Z¬7©�ÈF·+¹�º=Ê�ÇW©;½Ì¿�Á
value fairly quickly, but then seems to fail to findÇW«;Ð=kÃ!ÄiÇnÂ�©v¯7Ê=¹ ·=¶h¯MÖ+Ê�«Z¬7©v©V¬e¬7·+¬7¯D¶e·�¬�«;»R»�·�Ê�ÇRº�Ê=Ç�Ã!·=½�©F¯
anything significantly better. The need for evolutionaryÇRÂ�¬7·+Ê�Ä+Â!·�Ê�ÇýÇRÂ!© º�¬7©;¯I©ZÃ=ÇW«ZÇWR·+Ã�·�¶Ì«�»R«VÃ!Ä+Ê�«;Ä=©�·=¶�é�±]²
exploration in a system like SYSTEM-C can be provided¯M©VÃ�ÇW©VÃ!ÈF©;¯VÍ#Ó#¬®«FkÃ!kÃ!ÄáR¯�º�©Z¬7¶?·+¬?¹q©;½á·+Ãáß!à
H�·�¶HÇRÂ!R¯�¯M«V¹q©
by operations such as mutation. To corroborate this, the»R«ZÃ�Ä+Ê�«;Ä=©�Í

 In order to verify consistent performance, all
evolved networks were validated by performing 144
bootstrap validation runs per network (Weiss, Kulikowski
1991). Evolutionary runs were repeated 48 times, and the
graphs presented here, although taken from particular
runs, are typical of results throughout all runs.

Figure 2 shows the results through 40 generations for the
three methods. Coding schemes SYSTEM-B and
SYSTEM-C prove to be much better than SYSTEM-A.
Since all systems were seeded with the same random
number generator, this is probably caused by a high
disruption index for SYSTEM-A, which does not allow
the evolutionary algorithm to build upon good building
blocks present in the original population. Both SYSTEM-
B and SYSTEM-C reach comparable average fitness
values after 40 generations, but SYSTEM-C reaches that
value in little over 50% the number of generations
required by SYSTEM-B. This is caused by an even lower
TDI for SYSTEM-C, which allows the evolutionary
computation to make the best use of building blocks
present in the original population. 

Figure 2 can also be used as an example of what the
TDI computation reveals about the relationship between
crossover and mutation for different coding schemes. The
computation carried out for SYSTEM-C has a lower
chance of building block disruption by the crossover

experiments described above were repeated using a
mutation rate of 1%. Results for those runs are presented
in figure 3. 



���+�s���
	3I&4KJ!&�(y"���L���,��� ç's�
,
�
�!$��!���)9=&�,
�b0
�#�+�����
	?M����7#�
,!�
%��Y�
":9�$���'
'��s�
,�,
�=(��N9
' A B��!$&#'
"�$
%.��&=9��=9�"��!$Y,��=9������3O:Ew0

As can be seen above, SYSTEM-C still reaches better
values for average fitness faster than SYSTEM-B, but
now has enough mutation to allow it to explore options
not present in the original population, and improve on
previous results towards the end of the genetic run.
Notice also that the plateau experienced around
generations 5-10 when running without mutation is now
avoided.

4.2 Case study #2: A Robot Navigation System
To further analyze the effect of schema disruptions on the
performance of evolutionary design of NN, I have
developed a NN evolution system where the number of
genes participating in the definition of a single connection
can be configured to a number between 1 and 1000.
Details of the task being solved can be found in (Davila,

ÈF·+Ã�Ã�©;ÈVÇWR·+Ã�Í
The existence of input connection C is

2000). Briefly, 
«�¬®·�¿!·�Çå©V¸!R¯ØÇa¯_kÃ!¯MR½=©q«pÈZÊ=¿!RÈpÆH·+¬7»n½hÆHkÇRÂ

½+^¹p©ZÃ�¯MR·+Ã�¯q±]à
ñ
±]à�ñs±]à�Í
æ�¯MkÃ!Ä=»R©�ÈZÊ=¿!©�«Vº�º�©;«V¬7¯H«ZÇyÇnÂ�©�ÇW·+º
»T©V¼+©Z»�·+¶#ÇTÂ�©_Æw·F¬e»R½h©F«;ÈVÂ�¯M©FÈF·+Ã!½�Í�ÎÏ«FÈZÂ�·=¶AÇRÂ!©F¯M©�¿�·+¸�©;¯4Â�«;¯
«H¬?«]Ã�½+·F¹�¶W»T·+«xÇn^Ã�Äzº�·+^Ã+Ç�Æw·F¬WÇkÂq¼+«Z»ÜÊ�©H¿�©VÇaÆH©F©VÃ�àh«ZÃ�½m±_æ1»R»
È]Ê+¿�©Z¯�¶W«Z»T»�·FÃ�©1¼+©x¬WÇnkÈZ«Z»�Ê+Ã�^Ç�º�©]¬Ï¯7©ZÈF·+Ã�½
Í
Ó#Â!©�¬7·+¿�·+ÇÏ»R·=È;«VÇW©;½
«VÇqÇRÂ!©v¿!·+ÇRÇW·+¹�·=¶�ÇRÂ!©�ÈVÊ�¿�©�È;«VÃì¹q·=¼�©�kÃi«VÃ!Áì·�¶�¶e·�Ê�¬
½�k¬7©;ÈVÇWR·+Ã!¯h°9»n©F¶9Ç9µå¬7nÄ�Â�Çeµ�¶e·�¬®ÆH«V¬®½�µ\·�¬�¿!«FÈ;Ð=ÆH«Z¬7½�¯I´�«D¯ITÃ�Ä�»R©
¯?Çn©xºq©Z«ZÈ]Âh¯M©FÈF·+Ã!½�Í Ò Â�©Z¬7©�ÇRÂ!©z¬®·�¿!·+Çy¹q·�¼=©;¯HR¯H½=©ZÇW©V¬e¹qkÃ�©;½¿!Ád«q¯IkÃ!Ä�»R©p·+Ê=Çnº=Ê�Ç\·�¶4«�¾H¾�È;·�Ã�ÇR¬®·=»R»nkÃ�Ä�kÇ7Í�Ó�Â�©�½�R¯ØÇa«VÃ!ÈF©
¿!©VÇWÆH©;©VÃ�ÇRÂ!©ý¬®·�¿!·�Çd«VÃ!½�«ZÃ�ÁËÈVÊ�¿�©ì«VÇPÄ+¬7·+Ê�Ã�½Ë»R©F¼�©F»�R¯
ÈZ·F¹�º=Ê�ÇW©F½!µ�«VÃ!½pÇRÂ!©�ÆH·�¬eÇRÂ�·=¶AÇRÂ!©�ÈVÊ�¿�©�R¯H½�R¼�R½�©F½p¿!Áh¯I«;R½
½+T¯?ÇR«]Ã�ÈZ©;µsÈ]¬e©Z«]ÇR^Ã�Ä�«ÌÈZ»k·+¯7©]Ã�©Z¯7¯A¹�©Z«Z¯?Ê+¬7©hÍ Û ·�¬w©F«;ÈVÂ�¯M©FÈ;·�Ã!½ÇRÂ!©p¯Ik¹�Ê!»R«VÇaR·�Ãd¬eÊ=Ã!¯Cµ�ÇRÂ�n¯_ÈF»R·�¯I©ZÃ�©;¯I¯}¹q©;«F¯7Ê=¬®©�n¯_«F½�½=©;½�ÇW·
ÇTÂ�©}¬e·F¿�·FÇ�¯\¶W^ÇkÃ�©Z¯7¯]Í�Ó�Â�k¯\º=¬®·=È;©F¯M¯HkÇW©Z¬7«VÇa©F¯H¶?·+¬wÝ=à�àh¯M©FÈF·+Ã!½=¯ZÍ
Ó�Â�©q¶?kÇRÃ!©F¯M¯1·=¶w«z¾H¾ËR¯HÝ�à=àp¹qkÃ�Ê�¯4ÇnÂ�©�¯MÈF·+¬7©�«VÇRÇa«FkÃ!©F½p¿!Á
ÇTÂ�©}¬e·F¿�·FÇÏkÇAÈ;·�Ã�ÇR¬®·=»R¯

. A screen capture of the running
process is shown in figure 4. Brighter falling cubes
have a higher worth value.

æ�ª4æ�ÈZ·FÃ+Çk¬e·+»T¯\Æ�Â�TÈxÂ�¯M©VÇÏ·�¶�¯M©VÃ!¯M·�¬wkÃ�º=Ê�ÇW¯HR¯4¬®©FÈ;©FR¼�©F½p¿!Á
ÇTÂ�©}¾w¾�Í��RÃ�ÇTÂ�©1¯7Ü¹�º�»T©Z¯?Ç�ÈF«;¯I© µ�«zº!·�¯IkÇaR¼=©�¼�«F»kÊ!©�·�ÃhÇnÂ�©�Ã�ÇRÂ
Ä+©]Ã�©}¹z©V«]Ã�¯AÇTÂ�©}Ã+ÇTÂqÜÃ+º+Ê+Ç�¯I©ZÃ�¯M·�¬wR¯HÈ;·�Ã�Ã!©FÈVÇa©F½pÇW·pÇRÂ!©�¾H¾�Í
Ó�Â�©1ÈV·FÃ+Ã�©ZÈ]Çnk·FÃqÆ4©ZTÄFÂ+Ç�¿�©]ÇnÆ4©Z©]Ã�ÇTÂ�T¯�^Ã+º�Ê=ÇÏ«VÃ!½pÇRÂ!©zÂ!R½�½=©ZÃ
»R«;Á=©Z¬H«V¬®©p½�©VÇW©Z¬?¹qkÃ!©F½h¿�Á�Ä�©VÃ!©F¯1°]±]à�à=àP�P°aÃsÞ]±]´Iñ�QR��±]´AÇW·
°Z±Và�à=à���Ã�ñSQT�Ì±]´7µ�Æ4Â!©V¬7©UQuR¯�ÇRÂ!©dÃ=Ê�¹�¿�©Z¬�·�¶�Â!R½�½=©ZÃ
Ã!·=½�©F¯hÇa·�¿!©~Ê�¯M©F½
Í�Ó�Â!R¯�¼�«F»kÊ!©|¶e·�¬FQ�R¯h½=©ZÇW©V¬e¹qkÃ�©;½�¿!Á
ÈF«;»RÈVÊ!»R«ZÇWkÃ!ÄdÇRÂ!©q¹q«V¸!k¹�Ê=¹u«V¹q·+Ê=Ã�Ç�·=¶�Â�R½�½�©VÃPÃ!·�½=©;¯1ÇRÂ!«VÇ
ÈF«ZÃ�¿!©�Ê�¯M©F½ Æ4Â�n»R©�Ã!·�Çi©ZÃ�½�kÃ!Ä�ÆHkÇRÂ ¹q·�¬®©�ÇRÂ!«VÇi«
º+¬e©Z½+©xÇn©]¬W¹�ÜÃ�©Z½�Ã+Ê+¹�¿�©]¬Ï·+¶#Çn·�Ça«F»�ÈF·+Ã=Ã!©FÈZÇWR·+Ã�¯ZÍ
Ó#Â!R¯4¹q©VÇnÂ�·�½
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determined by looking at P participants, where P is
chosen before the evolutionary run begins. The sum of
the alleles in genes {C%SIZE, (C+I)%SIZE,
(C+2I)%SIZE, ...(C+PI)%SIZE} is computed, where
SIZE is the number of possible input connections and I
is equal to SIZE divided by P. This produces a number
between 0 and P. Dividing this number by P we obtain a
number between 0 and 1. This number is then multiplied
by 2 , producing a number between 0 and 2 ,. TheP        P

existence of connection C is determined by looking at the
Bt bit of the binary representation of this last number,h 

where B = C/I.
Given this coding scheme, the higher the number of

participants, the higher the chances that evolution will be
disrupted by crossover destruction of schemata. Typical
average fitness values for two different runs are presented
in figure 5. 
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Of particular interest is the fact that, although both runs For example, coding scheme SYSTEM-A has a higher
fall into plateaus, the ones for the runs with 25 TDI value that the other two systems presented here,
participants are fewer and smaller. This is caused by a
higher TDI value introducing more genetic diversity to
the population. This can be further understood when
evolving topologies with 25 participants under smaller
mutation rates. Results of such a run are shown in figure
6. Notice that the average fitness after 50 generations,
under lower mutation rates, is very close to that for only
1 participant and a higher mutation rate. 

5 On the issue of Topology definition
Methods
The methodology presented here is obviously based on a
system's ability to define particular connections between
2 nodes. This should not be understood to mean that the
individual connection level is the preferred representation
scheme for all genome coding systems. For example, the
TDI of a system that maps each gene to a definition of a
particular connections of a network is TDI(.) = 0, but a
genome for the language processing problem presented in
this paper would need to have more than 17000 positions.
The low TDI value obtained would be offset by the size
of the problem space, and the impossibility of searching
through any significant part of it. In addition, if a NN
designer has determined that the best way to approach a
problem is to have a system that stores internal states,
then using a layered network is required, and a coding
scheme that works at that level might be preferred. Even
in those cases, where the coding does not work with
individual connections, analyzing the scheme results
useful. When crossover disrupts the connection(s)
between two different layers, the magnitude of the change
this causes increases with the number of connections
between the layers involved. 

In addition, there are cases where a researcher might
choose to use a coding scheme with higher TDI values.

even if we where to take DC(k,x) to return the same
value ∀ k,x. At the same time, SYSTEM-A is the only
coding scheme of the three that directly codes for the
number for hidden layers to be used. If this is a desired
property for a coding scheme, then a system with a
higher TDI value might be called for. In general, a NN
designer might choose to use a system with a high TDI
value because of other foreseen advantages. TDI values
give a good indication, though, of how likely it is for
building blocks to be disrupted, so that an educated
choice can be made.

Z�[1¥\¡]¥\¢�üU\�ü
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One of the most important aspects of the formulation
presented here is that of the function DC(k,x). For
genome coding schemes that would be close to identical
otherwise (such as SYSTEM-A and SYSTEM-B), DC(.)
can produce dramatic differences, as seen in figure 1. A
complete mathematical description of this function, which
is particular for each coding scheme, would allow to
make better predictions regarding the feasibility of
different coding schemes, and provide guidance regarding
the balance between crossover and mutation.

In addition, extended empirical verification of the
model will allow to better understand the effect of using
different operations during evolution for different
representational models. For example, SYSTEM-C might
benefit from even higher mutation values than used here,
and this property should be related to actual values for
TDI. This, combined with a better understanding of
function DC(.), will  allow for better comparisons between
TDI values and disruptions observed in empirical tests.

^ �h£� \¦�õ?¥wþF§?£� 
This paper has presented a new way of evaluating coding
schemes for genetic algorithms used to optimize neural
network topologies. The methodology is based on the
likelihood that crossover operations can effectively
construct on useful building blocks present in initial
populations. By doing so it estimates how easy it is for
an evolutionary model to find good solutions to the
problem at hand, while at the same time providing
information regarding how to best balance exploration
with exploitation in a genetic system. This methodology
results useful in designing a system that can effectively
perform hard natural language processing tasks, and can
in theory be extended to any GA/NN system.
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