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aprrceh usr fixod l.nglh
chroDosome that eDcodes *hich
piodDciion rulcs are to bo applied. Bul
thh appDaoh suilex too nur6* of
dnw beks. In panlcul{ 6 dE
nurber of poductions gro$, .he
ch ce of dy pinioular pDductior
being chosn br a gene reduces [6]

Ir tnis p!Fr, we describe a
differenr techniquc Ihd uses BNF
(Bsc*us Naur Fom) dctinniuDs and
evolves rhe chrcnosones usins some
conslEint. The dcvelop.d system catr
be used to produce prcgEn in atry
langua&. In dditid the dclslopcd
apprcach adopls Ihe idea ol
dhriftrion bsiwcn the genoqpe and
rhe phenotyp. OrcsBm sen.Ekd)

This apEoach is based d rhe $me
principle ol (GADS) te.htriqle [5].ad slving ihe pmblems thar
sujl.ri'3 frcm il. So our main
contibur ion is whai we cdll GAPBN F
(oerclio Also.nh'n lor developilg
Pros6m $ina Backus Naur Fom)

2.84!!!-Nc!L{eLqU2r

Bekus Naur Fom (sNF) k r
noblion for expre$ion the glmfur
of a ldEua8e in the forh of
pDduotion rulcs. BNF ganmms
cdnsist olteminah, qtuch are irems
that can appear in rhE hneuagc, i e., +,

. eic, anrl .on terminal rhich can
bc oxpanded inb on or norc
&minal and nonreminals. A
gr@a! ca! be repie*nted by ilre
tuplc {N, T, P, S} shereN h ihc $r
dr .onremi@ls, T lhe sl ol
teminah, P a Er of prcducrion rules
thd nap the .lenenb ol N to T and S

is a start slmbol vhich is a member ol
N .For ex@ple, belou G a po$ible
BNF fo. a simpl. .xpE$ion ,wh.r :

unBB*k!s\u rqn(c,rBNr)

And P ca be repftsenled 6:

<sxp>::= <sxp><p><sxP> (l)
l<pre_op> (<xp>) (?)

t<vm> (3)
<op>::= + o)'c)

/ (l)
' (4)

<pr. oP:=Sin 0)cos c)<var>:::x (l)

]!4!!DE e!9S!4E
GAPBNF, a ae.ools'phenolTe
Soneric .l8ori1hm! h o ne* tchnique
lor the credridn of.onpurcr progEm

GAPBNF gonotype i! a lkt of
inregen rEpE$nting produotio!
number ollhe synlax larguage useJ io
eenelqre conPUEr pioSram. TlEse
numbots !E uscd to geneBte Lhc

Asexplalied ob.ve, GAPBNF isa
se'eric alao hm (Like GAs and 6P).
as n us.s population of individmk,
selecr then aMrding ro fih.s, and
htrodrce g.nelic op@loB! so Lhar

GAPBNI .D be inplemcnled 6i!g
the tadiiional Scneric algorillm
prinoiplesaDd ii is developed in order
io lmp.ove rftdirioral nethod.

Th. imDortul differnces
be.leen GAs, CP and GAPBNF
r.side in rle mrue ol rhe individuals

r cAs iidividMh rrc ionlind
stin8s ol lixed lengh

2 GP individuak .re rotrlinea.
e itles ol differenr sizes and

encodcd as linsr stings ol
voiable len8th (rhe gootypa of
chrcmoso'n., which are
aneN ds exp.6sed 6 nonlinear



E4. & rsbdbB,, voi 21, N! n 2005

mlities ol differrr si-s aM
shdp.s (*pE$io, rEc)

GAPBNF is r iggrqarion of
dilfePnr prcposals for auiomstic
progEB geneslion which are,

I The n6t proposal b{ine lhc
charge in lhe rsprcserrarjcn oa
lhe seioq pe (chroi.osomc).

2 rhe lenglh of ch.onosoDe! rilL

3.The srorcg. sprc. is Ed ced.
4. E!.luatnta pegrams wiig aiy

In rhe following subs.clioi, th. mo$
inpdant @nponents us.d wirh
GAPBNI will be desdibed.

ts rhk nerhod, the g.reElion ofgene
ir the goroq?e sihply depe.ds on
ro0e consrsinb.llsl,32, !l ....aL
is rh. g.norype, ln. $teqion of a
gse 31, lo! .xrftple, is nor dore
Brdomly This Ecne is gcnefted
ba*i on th. ca*s of ihe previous
gere oi al io this case, Thcrelort, lor
doinE tiis operarion some !oNra;'r
is med lhicn is rcpresenred by the
E*riring rules oI rhe CIC (Conrexr

In CAPBNI, the scrcrype consisl3
ofa linq i eaer sring dt ldidble
lenglh ofgeres .ln rJris meihod, n will
be sh6M $at despne dis qpe ol
coNminrs. oAPBNF gE^oryPe ce'
reduce rhe srohge space, so li ihn
ca$ rhere is no loss in tu ge.erared
genes,od rhc loss! *ill b. ai* rhe
pogmm builds (phqDg!e). i.e., dr

3 2 The Ontoeonic Mrpdng dnd
Genehting drc Pneroqp€

Us]ig 0,.k NelF.fr (cfBNl)

The chrono$m.s (sonoilpe) will be
passes i.io s $,itablc ger.raror aller
$en S.iemrion. This genemor
otriput the prc8Bm whi.[ repr.sqDis
ihe phenorypc 'lh. marping poes
lroh the go,oqpe b phenotypc is
cdledlhc onloleolc mappirg.

The onrdgeric mapping k
rcpreseitcd in rhis hothod as an
agsftcarior ol3 'litrcrcnt numb.r ol
n'l.s ih{ helps ro generate tho
piogr,o (phonot$o), .hese tules
ftpresenr rhe productlon ru1.s oflhe
synrL lrgBge. therefore rhe
priroiples ol lho BNF definirion are
us.rl ro genehte rhe a$ociared

1ho inDlene dion ol the
onbscric tupping is done by w.iting
lhe sy.hx of the ph.notyp. Ianguase
rs o set of prcducliors ot ihe fom
lhs: ths, \vheft lhs h drc non
temiind slmbol of the lsiguaCe and
rlE n r coic.tedario. olrrc or more
symbok (emindre or oon i.minalof

(r ox!) :- (r oxp) + (.- exp)

(rcxp) - (r ex!)
Theu-of symh.l is to indi.ate an

alternativc irihe rhs, n isr shonh.id
for $veral prcduclilis Bhich have

ln GAIBNF tlt prcducliols &re
numbercd frcm 0 io n dd sch
pmduction may have sev.ral
.oncahiaiion srtuboh on rLe righr
hrnd side. thereaoE ii fik .ise th.
nuhbs of emh ooe ol lh.
corcalerarion sln$ol is appBnded
ynh $e numbe. of llE prcdudlon,
lor .iamplc if rhe aollosing
prcduction hE a numbc, l. rlrenl

Gexp):=Gsxp)+Gexd J

(|)



This pmduction his No of thc
posibil ities on iight had s ide, so the
prcbabilil} of the eene nrrat con be
shosed base'l on rh; producriu nay

Even rell-lomcd progftm in s
lldgmse has a derivarion a..oilin8 10

tfie sy ox ol rhat language A
deriv.tion is ! seq&tue ol
produotions which vher lpplied ii
t!6; tmsfom rt. laigu.gcs sbrt
symbol inlo 

'hu 
prccram [6].

ThB my Oognm ca be
repEscrkn b) a derivalion, .nd .ny
deiivrtion can be iepi.scnred 6y rhe
sBquence of inkeer {hiclr
coftspods to lhe praducrion in ns
de.ivation [6]. so.ny prcsm can be
Epftsened as a soqu.ncc of integer
number in rh. mnse [0.n] atrd a.h
rdge ean be rwr6enred as sn inteEer
nmb& lne Bnee [0,p], wh.re p
rprescnls lhe nuEbe! of
conoaleoation ernbol on rhe ehl
hand sidE of ealh produdion and i
&presenls i!. numb.r of prDductions.
Ihe evolurioEy desiln oi GAPBNT
s,$em k repEse.hd ii figure ( I ).

The ph.notypa may be gerenred .r
stings or absrBot synlax rrees [6] In
our wo* wc use r sti.g which k
oidsred as ! poslfix crpre$ion
(Dostfix .rderins occu6 rvhen lhe
opsdor tollows its operands). For
cxanDle. the lolloring po$fix
expr.$ion I&l tra*]z+tqn h
equivahtrt 10 lhe iollowins
caresioir I (8\)'(y+4.

O.c advd.iage of usnrg pontix
*pre$io! G tlEr, ildneevrluo&slh.
postfix exprc$ion fom lefr to right,
wc eill alwtrys hNe daluarc/ rhe
opdands lo eaclr operate befor ir h
nccc$ary lo pr@c$ tlre operator.
Aho in postfix exprersion m
p0enlh.es m neded in posrfix

ln order io evaruare iho goEdrcd
lh.no.ypc rhat ha! beei rePlemcd
as a posifix expre$ion! we u$ naok-
b$ed ihpl.ncnhtion which is an
easy wy to evaluste the p.stlix
exprc$ion. Srack-based inplenenra_
tlons in gen.lal do ioi requito po$lix
exDft$io. to repBsenl a syrtactically
cofled pme tec. Thk h a porenli.l
.dv ta$ ofthe s&ck-6aed appEoch
siie ihc olho intopreG* {hich re
.onsidered rcquiE rhe syolal lo be

At rhe beginling oldE proces of
corv.dlng thc eenotyTe Io phenot?e,
6 initi.l value is needed,Ine initill
lalue of lhe genogle is usually rhe
sun symbol of lne Isnguagi slmbol.
lr morc gencml tems, rhe inirial
valuc toay be ey patially geleralod
posran such as <*xp> which is
pres.nred r dE produ.lion .ris in

{,fl!sl!!!!!!l-D$iss
this :ectio. describer m expeli,nolt
lo lcst die GAPBNF lechniqtre by
sohins ! synbolic rcgre$ion

Sribolic regEssion is the pDc.$ ol
discovoing borh the tuncriondl fdm
of a luget lunction aid dl ol ns
nsesary coeffici ts. or rt leai .n
appoximaion to thk .symbolic
r%re$ion is a disri,ct fom, sinse in
orher foms ol regE$ion such rs
Dolynohial Esresion, sr &e meftly
lryin8 Io find the coefficienr of a
DoLynonial of a pre specified order
In rhi case, the sysiem will be
pDvlded Nirh a scr of inpur and
ourpur priE r.d it mu* detemine the
tuncrion lhot maps one to onorhs.

Thar h, se are given d $np1e of
dak in the lorn ol20 pats (X,Y,),



\rhere xj ka htue ofihe indspenden.
Lsiahle ii Ihr nk^al [ ,+r] r,tt yL
is rh. ,socEred \etuc of ihe
d.pe.d.nt vaiable. The 20 vltues otX serc chosn
inre(al I l! +l]. For exmple, rhese
)0 pan. rx,),r miJhr in. udc p1ir5
suh,s (.040.-0:,31i!0:5
+0.3320) and {+0.50.10.914) 

-rhes;

20 pans (xiY,) arc fie fiioes cases(fih$i .Aes src rrncaLl) otrr a
5mill finG rmpl. ol enr re Jo,nnn
spi.e $hich is usuath ve^ trle .r
hfin isr rh $'rtb.;sd; *;.k
dre t'iiicsofan! indrvrdusl.Ihe md
s @ find a funriioi !n smhortr r;fr
tut n cbse or pstecr lo fit lne ?O
pai6 of num.ricd datu poinrs. The
$luion b rhu prcbr.n s ro fiid a
tund'on o symbotn forn. rlj
lirnctio. is viewe'l a! a smrch for
mrhmaric,l e\pF$ otr in d sp:re ot

4-l Th. Phsmr,Il. rriruree

As de.tiored .ortier, ro coNefr the
genotype to phenoryDe tft orloleiic
napping js needed
The slnEr rule (BN[) thal ]:as treen
used foi iih pbbleh h presefted in

ln lhe besnrninA, rve ideniiti rule
number (lo) rs !t( irnDr s;i ns
s)mbol"hkrr sLllhe uqd ro sen*d;
the phsotypc. Ai* thd re $c fie
inplemcnrarion of rhe shck-bard in
od$ 10 obrain !\e objecdvc vat0e or
ihis g.notype (chromosome) rd anlr
lhar di*arding rh. Ae.er cd

To compl.le rhe BNF dennirion
lcr a Pasc.l, we ncad ro inctde rhc
follouing !ule for :ymbotic ftgression

<Ilea,lep:: p'osr.h $,mbolicr

We us.d iilhi:c.sca limnednte,
rhis is b&aus. uic naton of (hs
probLh, atrd thc sys&ir can 6ily
geneLale piogmn ir sny fo.nr drar is
dorob,chmB,s rhe above,ute.

t-l Eralusiioi autrcliotr

Aner fie OIPBNF begiN ro conven
c&h genoqp. to phcnoilpej rhe
filn.$ valG is com red. This value
is u$d to co nol dre lppticarion of
lhe oper.rlons .hat modii? L\e
poluhtion lle lihe$ funcrion that
h^ beoo used i'r nris paper is

,I 
,

'rY)= : lr. .. ...(t,

Fit(x ) - 1 t t + tl x).. .,..,... (2)

whcrt Nc n rhe nlrber of fil'E$
cascs, sr is lhe rdutued valoe by an
i"dnidudlpmsram ror fiinesj trd c
i\ rhe.ur*r ra rlorfihe$.dej

ro \e ed Llre bet
ohrxmoso$c. it rhc setccted
cl,,o'nosom. h ousidered rhe 6ii$i
prqai then not mhn$.c psrorh
rhe sene'i! o0.raro6 on rt,e
popu,ation senoq?e, Thoss opeE
rions ars iepear.d until nE requi'ed

+l The IDirial Populxridn

Each chr.ftdsorrc in rhe populario.
havc a eariable len8th, and tn ihe
g.n.rarsd pm.css, erch geno in rh.
r$oci!!.d chrcmosome is based on
sornc connrai$s wlich ar illurared
b), usirg rhe rervriling iules of Ine
CFo (conre{ lrec glimnar. h btrild
thc smnri| rhich drows rhc



consEinl we need ro o$ien each
prcdu.lion ale tr!frber *irh a
specified syn,bolas ldllows (b6c'l oi
rh€ Faduotion defiied ii 6ble (1));

l0 + ,,ll _r ,,20 J c,
2t:D,30+E,it+F.

rhus the CFG used i. rhis prchlen ir

4.5 ErFrimentd Cooditior

Table (?) prcaenb the inloriErior
Den.d to solve the problem using
CAPBNF. Table (3) sholr rhe
.xp.rine.bl corsLnl6 altd valiabt.

The bood recomhinario! op.miioi
h6 beci used ir rhh wo.k. This
ftdhod wa d.vised by Tackeu I3l.
Tekeft dftempled lo nodel lle
obsc*ed facr rlBt osiy .ninal
spociB produo. f toore ofsprin8
lhd @ expected 10 live. Ahhoud
there aE Daly dilleEnr meohaiisrns.
ihe *c.$ oflprinB die. ftis G I hard
b[ efieclive w.y to culrout lhe rcrlt
ol bad cros$vor Tackcn creared a
"b6od each limc the rrc$ovo wa!
podomcd. O.e oflE key pdamet s
oi his system *ds a psaneler crlled
bood siz. NB. risure (3) sho*s $e
cftation ond evaludlion of brood
sh.rc NB< [8] The ptubabiliry ol
rh. cossv.r aid ouraiio! is 1.0 and

Mularion dpeBtor involves b,
s.l*rn8 a se!. mndomly fmm a
conoqPe! genehting .rclhq g.ne
rudohly and ftplaci.g the sclccled

ushg B{rusxaur rrom (caPBNr)

SiNe GP 
^ 

a prob.bi hdc also Ltrin,
no! all flns e succe$tu] ir ylsldlig
a ellrion id th. problem by
gcneEtior i When apadi.trlarrui of
6l,n nor suc.esful sner runringrhe
Pre speclfied maximum ntrdb€r oa
gentrarionr, G, rhe.e is no My io find
out $lfiher or m1 tho nh would evd
[e s!cc.$ful. Th6, ihere is !o
knowablo valuo lbr the number of
genenrionsrharwill yiel,l a soluriotr.
we can compurc ihe pbb.bility of
su.ce$ thar lhe plnicular run wirh .
population of rize M yields lne

FiEurc (4) pEsefts lhe
performmceou es oi CAIBN! .The
cune n based on 100 nrd.perdent
runs. n n ctrre shows rhe probabiliry
olsucse$ ofsolving rhe poblem by

Experineft 1r GAPBNF dhcovers
irc rcrget lunctioq BheE 1]l. len8h
ornre indlvidtr.l (rhe sen.qpe) is a
shoner lergth 6APBNF, in one run
rl,e itulividud or brsd expre$ion h
louid at geneniiotr 3 qiih ihe lenElh
equal to 26 and conrains mutrd Il
sydbols, The SenoqipE of that

1033 10301120 1033 1l 20 1120
r03010 3r l120l1r0l0 3ir 1r 20

rlr co esponding phe.otype h
presenien E lollows (posfix



Aner conveding rhe po$fix
e4e$ion iD ro infix oder, $e
corEspondiw pioSrrm Eeneraicd is:

F{(xl\Fx)r((r7,r}.(r*r)

ErFerihenl 2: In aiortier ru. se
tbund tb. besi individsal ar gdemrion
i0. {E g.noiype md r
c.ftespondingphenolype isrresenred

l030ll t0 33 1120 t0 30 il20l0
331120103011201033 tt 20 1l
201120

We iayc describe.t cApBNF
recLnique that *n map an itrieger
trmber senorype do Dhemtvm
(qhich E s hirh k,e prosr;r
Because our mappiry kchniqoc
employs i BNF definnion rhe slsrrm
is ladsuas. independcnt ani can
geneEte conplcx functio.s usins my
lmAurae lhd is wnted io sertra he

In additid., dis tochnique ljas 0raay
features n\at disringuish fion orhe(:

l.Vdiobl. lcryrh srins m!} be
used 10 r.pl€ffir each .hrcnuoi1e
2.ln rlE GAPBNI, rhe wadcd
genes aft leduc.d ehich leads io
reducing the ioBge space
3. Postfix expf$ion is u*d ro
rpresnt the phsotlp. ro rhe
a$ociae gsdqp€. sd *sk.based
inplemmbrior n $ed ro genene
rhe phenoope; thh !,pe or
implencnration reduces rho ritoe
!ecded to oblain objecrye vatre

rituBi46NerF0nloAPBNO

Also th. CAPBNF r..hniquc gives
Sood and (Msr solrrioo aftcr a snMtl
nun'6sr oa generati..s, and rll ihc
.rcoutrrcr..d probknN itr G DS
rechniquc lnvr beetr $l\€J
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ushced6NrurFoB, (c P3NF)

s->Asl
s1>s3l trs2 lFs2lcs2 r{2i),
s2->AS2 i BS2
s3->c D

Ik!tu (2) The CIG ol$o g€trorypN

E$,ut. fftness-sele.i t[€

Eigure rr, Broo,r 
'eomhinaron
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oo



Find a luDction olone independenl laliable and one
dcpcnd.ntvariable, in symbolic fom, thal tts a given
sample ol20(X,,Y,) dal! poinls, uhec lhe tdlgcl
firnction h rhe auaft ic Dolynonria(x4+xr+x']-J).
xrrhe rdcperdenr \siable)

The sm, raken ov* dr 20 ihess cees, oflhe absolute
vaiE of di ference berween val ue o I de depe.dc nt
vaiable produed by the S-expE$ion and thc targer
lalue Yi ofrhe deDendent v{iable.
EqurLro d. to{ lrnes fo'11 sp.oblem.

The adiused innc* k I 0/ll 0+mw iiiness)

The given smpl€ of20 d!1! poins (X,YJ {'hqe lhe Xl
com.s lron the inleNaL[- 1, rl l.
M (! orulai on si2e)=5 00, G (sseration) =5 I

ljsiqBelExdrr! (cAPtsNrr)

Ialie (2) Tal,le lor the sinpl. symbolic resression ?roblm

T,ble(3)Erperiment.l(ondankin.lv.riible\

'lhe.$ularidn is li*ed d 500 indn,iduk
Wnen m nrdilidnal h.s fitnes valle equd to L00,

Phenotypes de generared as ASTS which ca.

Ttree indilidual lensths tue .om.ded
T.umament rele.ti.n k used.
Rn.d rc.o.rhi nati. n crossover h used.

Trvo inidal valucs lor eeneo'ing 
'he 

!b.no1!!e are

500

AST

0.3s
t.0
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Iigtrre (il) PerIorm,n.. cuNe for {E Syhboti.
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