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Darwin ' s  theo ry  o f  evo lut io n  f i r st l y  g ives  a  co nvi nc i ng  explanat i on  o f  the  
o r i g i n  o f  cr e at ur es ,  and s ho ws  t he  f antast i c  po we r  o f  nat ur e  s e l ec t i o n.  
Ins pi re d  by  the  the or y,  Evolut i o nar y  Algo r i thms (EAs )  ar e  de ve lo pe d by 
c o mpute r  s c i e nt i st s ,  whi c h  ar e  k inds  o f  me t a - he ur is t i c  o pt i mizat i o n 
a lgo r i thms fo r  s o lv ing  the  pr o ble m wi th ver y  l ar ge  se ar c h s pac e  by  impr o ving 
t he  c andi date  s o l ut io ns  i te r at i ve l y.  The  e ss e nt i a l  advantage s  o f  EAs  are  to  
s o lve  the  par t i c ular  pr o ble m wi th  le ss  pr i or  kno wle dge  and human  
inter ve nt io n .  Star t ing  f ro m the  1950s ,  a  l o t  o f  EAs  ar e  de ve lope d,  s uc h  as  
Evo lut io n  St rate gi es  (ES) ,  Ge ne t ic  Algor i thm (GA) ,  Ge ne t ic  Pr ogramming 
( GP)  and Evo l ut io n  Pr o gr amming ( EP) .  The y  have  be e n s ucc es s fu l l y  appl i e d 
t o  many f i e lds  s uc h  as  e nginee r i ng ,  b i o l o gy,  eco no mic s ,  mar ket ing ,  r o bo t i cs ,  
phys i c s ,  c he mis tr y,  e duc at i o n  and s o  o n .   
 
Af t er  inves t i gat ing  the  be ne f i ts  and s ho rt co ming o f  GA and GP,  Ge ne t i c  
Ne t wo r k Pr o gr ammi ng ( GNP)  was  pr o po se d  ar o und 2000.  The  d i r ec te d  gr aph 
s tr uc t ur e  o f  GNP e xt e nds  t he  c hr omos ome  r e pr es e nt at io n  o f  s t r i ngs  i n  G A 
and t r e es  i n  GP,  whic h  make s  i t  have  h igh  e xpr e ss io n  abi l i t y  wi t h  re le vant  
s mal l  s i ze  o f  indiv idual s ,  and co nse que nt ly  GNP has  the  bet te r  pe r fo r mance  
than o the r  evo lut i onary a lgor i thms .  No wadays ,  GNP i s  not  onl y us ed  t o  s o l ve  
be nc hmar k pro ble ms  but  a ls o  appl i e d  to  many re al  wor ld  appl i c at i o ns  s uc h  as  
e le vato r  s uper vi sor y  co nt ro l  s ys te ms,  s t oc k  mar ke t  pr e dic t io n ,  dat a  mining  
and t r af f ic  pre di ct io n .   
 
S inc e  GNP was  pro pos e d ,  many me t ho ds  have  be e n de vel o pe d t o  i mpr o ve  t he  
pe r fo rmanc e  o f  GNP s uc h as  co mbi ni n g  GNP wi t h  r e i nfo rc e me nt  l e ar ning ,  
int roduc ing  symbio t ic  l ear ning  in  GNP,  upgr ading  the  st ructure  o f  GNP by 
de f i n ing  mac ro  no de  and r ule  ac c umul at io n .  Al t ho ugh t hes e  me t ho ds  have  
be e n pro ve d  t o  i mpro ve  t he  pe r f or manc e  o f  GNP by  c o mbi ng s o me  o t her  
mac hi ne  l e ar ning  met ho ds ,  so me use f u l  pr ior  kno wle dge  o f  b io l o gy :  
inc re as ing  l e ngth  o f  ge ne ,  e vo lut io n  by  ge ne  dupl ic at io n  and 
ge no type -phe no type  mapping ,  ar e  not  we l l  co ns ide re d .   
 
The r ef ore ,  t he  o b j ec t i ve  o f  my r es e arc h  is  to  i mpro ve  t he  pe r for mance  
inc luding  the  expr es s i on  and gene ral i zat io n  abi l i t y  o f  GNP by  apply ing  the  
abo ve  theo r i es  and upgr ading  the  st ruc ture  o f  GNP And,  in  th i s  r esear ch ,  two 
k ind o f  met ho ds  and t he ir  e xte ns io ns  have  bee n pro pos e d  t o  ac hie ve  t h is  
o b j ec t i ve .   
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Chapte r  1  f i rs t l y  g ives  the  bac k gr o und abo ut  the  h i st or y  o f  Evo lut io nar y 
Algo r i t hms  and s o me  re l ate d  b io lo gy  t he or ie s ,  t he n de scr i bes  the  c o nc e pt  o f  
Ge ne t i c  Net wor k Pro gr amming,  f inal l y  pr o po se s  t he  o b je ct i ve  o f  my r es e ar c h .   
 
Chapt e r  2 pro po ses  a ne w t ype  o f  GNP - -  Var i able  S i ze  Ge ne t ic  Net wor k 
Pr ogramming (GNPvs ) ,  whic h  inspi red  by  the  i nc reas ing  l ength  o f  ge ne  in  
spec i es .  In  thi s  method,  the  s i ze  o f  the  indiv idual s  in GNPvs  c ould  be  
c hange d by  e vo lut io n  by  a  ne w c ros so ve r  de vel o pe d to  re place  the  uni f or m 
c ro ss o ve r  i n  GNP.  The  ne w c ros s o ver  make s  so me  no des  to  mo ve  fr om o ne  
par e nt  GNP to  ano t he r  pare nt  GNP fo l l o wi ng b ino mial  pro babi l i t y  
d i s tr ibut io n .  In  the  s imulat io ns  o f  the  t i le wo r ld ,  the  e f fe ct i ve nes s  o f  the  
pr o pos e d  met ho d is  ve r i f ie d  by  c o mpari ng  wi t h  GNP.  Thro ugh e xami ni ng  
d i f f ere nt  c ros so ver  rate ,  ini t ia l  s i ze  and rat i o  o f  judgme nt  no de s  and 
pr o ces s ing  no des  o f  GNP and GNPvs ,  i t  i s  co nf i r me d that  the  pro po se d 
me t ho d c an o bt ai n  t he  o pt imal  s i ze  and o pt imal  r at io  o f  j udgment  no des  and 
pr ocess ing no des  o f  indiv idual s ,  whi c h resul ts  i n  impr ovi ng the  e f fec t i veness  
o f  GNP.   
 
Chapte r  3  de ve lo p  a  k ind o f  r e plac e me nt  me c hani sm by  l e ar ning  the  c o nc e pt  
o f  bui ld b l oc k  hypo thes is  and e vo lut i o n  by  ge ne  dupl ic at io n ,  in  or der  t o  
i mpr o ve  t he  ge ner al i zat io n  abi l i t y  o f  GNPvs ,  The  e xte ns io n  metho d o f  G NPvs 
i s  name d GNPvs wi th  Re plac e me nt  (GNPvs -R) ,  in  whic h the  s et s  o f  
f re que nt l y  use d  no de s  ar e  e xtr ac te d  f ro m e l i te  i ndiv idual s  and t he se  b lo c ks  
ar e  us e d to  re place  the  no n- fr eque nt ly  use d  no des  o f  indiv idual s .  With  the  
he lp  o f  th i s  me chani sm,  the  whole  s t r ucture  o f  the  i ndiv idual  wi l l  be  evo lve d 
and the  mos t  valuable  in fo rmat io n  fr om e l i te  indiv idual s  wi l l  be  co nt r ibuted 
t o  a l l  indiv idual s  to  the  po pulat i on .  In  o rde r  to  te st  the  ge neral i zat i on 
abi l i t y  o f  t he  pr o po se d  me t ho d,  t he  r ando ml y  ge ne r ate d  t i le wor l d  i s  us e d  i n 
the  s imulat ions ,  i .e . ,  the  l ocat io n  o f  obstac le ,  t i l es  and ho le s  i s  r andomly 
c reated  when i t  i s  in i t i a l i zed .  Af t er  s imulat ing  the  propos ed  me thod on  2 
t ra in ing  wo rlds  and 8  t e s t ing  wo r l ds ,  i t  i s  fo und that  the  proposed  me thod 
inc rease s  the  ge neral i zat io n  abi l i t y  o f  GNPvs .   
 
Chapter  4 t r i es  to  mo di f y the  st r ucture  o f  GNP by  us i ng  the  ge no type  
phe no t ype  mapping  me c hani s m t o  co pe  wit h  aut o mati c  pro gr am ge ne r at i o n 
task .  The  propos ed  method is  cal l ed  GNP -APGm,  in  whic h  the  indiv idual  i s  a  
s o lut ion  ge ne rato r  with  outs ide  me mo ry.  The  mapping  me chani sm al lo ws the  
pr o pos e d  me t ho d to  cr e at e  pr ogr ams  by  t he  c o mmunic at io n  be t we e n GNP  
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s tr uc t ur e  and o ut s i de  memor y.  Mo reo ve r,  t he  pro pos e d me t ho d de ve lo ps  t wo 
f unc t io ns  " I F"  and " SUB2"  to  c re at e  t wo  bas ic  s tatem e nts  i n  a  pr o gr am,  i .e . ,  
c o ndi t i o nal  s t ate me nts  and se que nt i a l  s t ate me nts .  Thro ugh t he  t r ans it io n  o f  
no de s  and t he  mapping  pr o ce ss ,  i t  doe s  cr e ate  no t  o nl y  s i mple  s t ate me nt s ,  
but  a l s o  so me  c ompl e x  pro gr ams  to  de al  wi t h  t he  pr o ble m.  The  pr o pos e d 
me tho d has  advantage s  o f  us ing  gr aph s tr uc tur es  ful l y,  kee ping  the  d ivers i ty 
o f  the  ge no type  and us ing  the  bui ld ing  b l oc ks  and s ubro ut ine s ,  whic h  is  
be ne f i t te d  to  f i nd  bet te r  so l ut io ns .  I n  t he  s imul at io ns ,  t he  per fo r mance  o f  
GNP-APGm i s  f i rs t l y  e valuate d by  c o mpar ing  wi th  GNP us ing a  numbe r  o f  
smal l  t i l ewo rlds ,  then the  parame ters  o f  GNP - APGm,  i .e . ,  the  number  o f  
t r ans it io ns ,  t he  maximum l e ngt h  o f  pro gr am and t he  numbe r  o f  t he  
s ubpr o gr ams,  are  d i sc us se d .  I t  i s  co nf ir me d f ro m t he  s imul at io n r es ul ts  t hat  
t he  pr o po se d  met ho d i s  mo re  robus t  t han GNP,  s i nce  i t  c an  gene r ate  be tt er  
s o lut ions  than GNP.  
 
Chapt e r  5  i nt ro duc es  t he  t hre e  s te ps  pro bl e m so l v i ng  me tho do lo gy  i n 
GNP-APGm,  i .e . ,  de co mpose  a  co mple x  pro ble m into  s o me  s imple r  pr o ble ms ,  
t he n f i nds  so l ut i o n to  co pe  wit h  e ac h  s ubpr o ble m,  f i nal l y see ks  a  way to  
as s embl e  t he se  so l ut i o ns  o f  the  s ubpr o ble ms  i nt o  o ne  so l ut i o n  fo r  t he  
o r i g i nal  pro bl e m.  The  pro pos ed  me t ho d is  name d Subr o ut ine  embe dde d 
GNP-APGm (GNPs r -APGm) ,  in  whi c h  p lur al  GNP st r uc tures  are  d iv ide d  into  
two par t s ,  i . e . ,  main  par t  fo r  ge ner at ing  main  func t i o n and s ubr o ut ine  part  
f or  cr e at ing  s ubr o ut i nes .  S ince  t he  pr o gr am i s  de co mpose d  i nt o  a  mai n 
f unc t io n  and s ubr o ut i ne s ,  e ac h  par t  o f  t he  pro gr am c an de al  wit h o ne  s pe c i f i c  
s ubpr o blem,  whi c h make s  the  pr o pose d  me tho d  f ind  a  be t ter  so lut io n more  
e f fec t i ve l y  and e f f i c ie nt l y.  Mo reo ve r,  t he  s i ze  o f  t he  pro gr am i s  de c re ase d  by  
r e usi ng  t he  s ubr o ut ines  o bt ai ned  by  t he  pr o pos e d  me t ho d.  The  pe r fo rmanc e  
o f  GNPsr -APGm is  f i r st l y  evaluated  on  Ar t i f i c i a l  Ant  probl em to  a f f i rm 
whe t her  t he  pro pos e d  met ho d c an ge ner ate  use f ul  s ubr o ut ines .  The n,  t he  
pr o pos e d  is  te st e d  o n  t he  t i le wor l d  to  ve r i f y  t he  i mpro ve me nt  co mpar e d wit h  
GNP-APGm.  I t  i s  co nf ir me d fr om the  s imulat ion  r esul ts  that  the  pr oposed 
me t ho d c an ge ne r at e  h i er at ica l  pr o gr ams  e f f i c ie nt l y  and i mpr o ve  t he  
pe r fo rmanc e  o f  GNP - APGm.  
 
Chapt e r  6  makes  c o nc l us io ns  o f  t h i s  t hes is  by  s ummari z i ng  t he  c o ntr i but io ns  
o f  th i s  re se arch .  


