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Abslrict
Robor,'as be..me su.h. ptr'orjtreni root ihrt it h* imrcrsnEh l.krtr s hoE
int$un' 'ot i, m-) h.riFn, 
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T0 iNBll8,re lhi! gMt i! pr.n0s.d , rimutriion r) rd. rhtu streo u*s,
.imul.rcd.trviron6enrnirh \imut,r.d mbor. B.clurenuke! trr tes Lim! !o
.uh .rpcnmonb in sinuhied *orld thro in .[e nat wortd, i much g16&r
ntrober oad€sign p0sjbiliri6 caD be te*d. Aho sinubred eNtmnm€nthar
Imved very usetul io lst deslgn op.ions.,nd rhe rcsu!. ot situur.lioN ruined
out to be robusr cnough lo be c,rrid over to lh. Ert wo.td thout Dajor

reyvords: Rob.tic!,.la$ifiersy$em, m! ine tcahtnp
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lus ay

i.I nlrod u.lio b€havio I o f thc Dbot and based o! tho
Cedetic aleorilhhs rft 3daplive olcrallp.fomrrceofrhecandiddes,
search technlqu6 l1,at cm leah hieh .achcould be a$igne'lafilmsv.lue.
perfomaNe kiowledge shcrures. CcEtio opraros ould then be
The genclic algorithmJ sthgth come applied 10 impove tie perlormancc of
from tlt ihplicirl, parallel search of the popnlation of rhe 6.h!vioE, one
ihe $luri speelhd ir perfodu via oycie of e$ing all rhe comperins
a populatiu ol condidale soLurions behsvior i! dcfired ds a gennrion,
and thG popula{ion G matripuraied i, aid is iepeared (ntitr sood behavioG
the simrlalion The ..Midde is e\.lved. The good hehavior is Lhen
solutiors rprcscDr every posible applGd b rhe real sdld Also
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becauE of lE natuE of g.n*ic
aleorirhm. the initirl lno*knge does

the @bor are used ro perlom
incr6ir&ly diffcuh rdks .ompkx
and unrtu.turcil enviDnmenls, it
becomes moto ol a challenEe to
rclilbLy pro8r., theirbehayio. Thert
ar rotry sourecs of vari.lion for I
lobor contol ptugEn ro conlend
wirh. 60r[ i the envimnmo ,n,] in
th. p.ifomance chaEcler$ics ot rhe
robol h.rdwarc and sm$d. B.uuss
rhe$ are oner ioo pDorly unde6l@,1
or loo complci b be adequaely
m aged *ith static b.havion Mnd-
coded by a plogianfter, robotic
sYslcms $ne iines have undesimble
limitiiions ir $on robu$nc$.
cfficien.y. or cmpeeD.e. Macfiirc
leming lechriques ollo an anmctivc
aid iimovarivs wiy to overcome these
limitaiions, h p.inciple, fiehine
letrn irg @chn iqler c allowatubot
io succe$fully sdapt iE bchavior in
Espons lo chaBint cncum$ances
$ilhout rhe ide enrioi ola hufran

Cl6sili.r syiems are r eenerrl.
purpose induct e m.chine letrning
slslenD, which u& Senetic dlgoiL!'n
as ihe lEiminA me.haDisms.
ln ltis pa!.r sg use senetic
algorirhms with reinroremeDt
l.aning through the use of a claslii.i
s,!lem. Thh tedning hehanbm
ensore fleribilii, and addphrio lo an
unknol! envircmsnr dorins .

2. Reirfor.enebt L.artring
Rcinforctucnt ledaing is a sFonym
of l*mirg by intrdction. During
leming the adaprive syiem ties
ene actions (i e.i output vdueo on
ib envimrment. rheD ii k iei' orccd
by rsivi',8 a s@lar elaluation (the
rcward) ol ns actions. The reintor

lerrnirg algorithns
$l@tivel! dai. rhe ourputs rhar
m nniz. the Eoeived ewar! over

RL 6ks are g.neBlly tlated in
disrete rime $ps Ar each rime sr.p -
! the leaming slstem rcceives sone
rcpresenlalion of $i .nvironfrenls
stde s, irhkese adion a,and dne
$ep latr it receives a scal.r rewird '

Thc No bsslc con&pa behind
rcinforceDe.i ledning ft ,ral dd

nl can be delined as lne prcblen
faced by an agsr !h!r le!fts by l.ia!
and .rcr ho ro .d in a 3 en
eNhorment, receiring as Lrre o.ly
3our.e of leming infomarion .
soalar feedb&k kiown as

One ke) ledure of RI is a tade{fa
b.tseen *ploitation ond explomtioi.
To accunulale a lot of E ad. the
le@ing syslem musl prtfer the h€sr
expe.ienced dctiotu, ho*ever, n hos
to rry (lo expnience) ne* eiions in
order r. discover bener acrion
selections ro. the tutue [1,5]

3, t.lringCL$ll5er Sysicn ILCS)
A crssificr synen (cs) is a mdchin.
Ieaming sysrem that leams
synbctially simple suiis nles,
qlled cla$lfiers, 6 intodued by
Holland and ReitmtrD (1973)[6].
'nrese olssilieK guid. the system!
peraomadce in an arbitrry
cnlironmcnr. A clasifis syslem
deriEs it llme fmm ib ,bility rd
Isam ro clBsify m.sas6 ftom lhe
envjonmenl inlo geneBl sds ed is

sinilar ro a contol srsGn in mdy
rcspeca. As a coMol sys& uss
ledbock ro "corol" or "adapl" ib
oltput for e .nvilonmo,i, a .lssilier
sy$on uses f*dback ro "teeh' or



'adrpf irs classilrs lor d envi@n-

A C! is ! kind of pdallcl pmduction
iule systen in which kirds of ledin€
akes phce. Firsq EinforcenE t
leminC Scodd. erolurionary

A cl5$ifier sr{cm ha! thr.s mrjor

l. Rulc and nre$aec sysEm

2. Apponionmeni of oredii sri.h,
lBmker Brisade Alsoinhm BBI
l. Cla:ifier dis.ovcry m.chanhns
(primarilylhe geietic'l8orithm).

3.1 R . rrd M.srye Sy$t.n
Eech clasilier .o.sish of a n,lc .r

!trhced.nt tlrei thc speciticil) k
equdl ro 1lE airecedenfs sti.g lenlth
Thr (Enslh ponion ofrhe dssiffer
gives s measule ol dr rtrlds past
perfomance in the envionmot in
qhich it is lcMirlg. ftat k, the
hiSher a c16:ine',s strenerh tlE befler
ir lus perfbm.d and 

'e 
Doi.likely nqill icruillr be yd when rhe

coidirion mrtches an eDvircnmmtal
rDsea. .nd (. repodo.c hei Ihc

Tie me$qes, g.norarcd frcm rh€
envnon'nenl (or froni the @tion of
olh.r classinon). math the conditid
p8n olrh. cla$ifis rulc. Therclbe
u action tu a type of me$ase, sirh
lne consquenca of an etion beins
lhe n'.diii.atiotr ol the envionnent
(or rhe mempted mdrchina with
dother o16sifieis in eso ola$iner

Thc mesages lrom the e.vimnnenr,
,hich march the inrecedenr of the
cl6sifie6. are liltere'l .n'i oonvefted
vii inpur se6o* The sens.a (crlled
derecros ia clasifier sysbn
pdhnce) disfinnioalely plect.enaii
aspecs dl the enviE merr io sense
md $en raNlate rhe i',pul 10 a bimry
fom whjch can b. proce*cd by tho

Thc ..lions olrhe cla$ilicB frodii
rhe envimnme,r via thc effecroE (or
outpul inrcdae). The efiecio$
irandde rhe biDdy aclion inro a lom
*iich G appropri.r. !o hodil, the
envionnenr aitnin D e.veloPe of
r rloMbl. modifr.alions [4].

co!$ituens .ft wolds lom !r
rom'r'ahnab.l (0,r,#). It has one or
morc rords or condirions as rlE
ant cede , s aolion $ilonent as tho
cotrscquenl, and ar arsciah,l
snenerh. The 

'ule 
p.nion has thc

condirioi2>&...&<condirion N>

<coadnid.> is enooded 6 . finirs"
len3lh srins lrom th. alFhater

<!otion> is e.cddedas a finne"LenFlr
sting llom rhe alFh,6et {0,r1
The 'fl symhol act ,s d wild card or
'dont ce ! in ihe cordnion, mdohin!
ddE ! 0 or l. This sllovs fo nore
gcrcdl tulds. The nore 'dotrl .de
symbok tho nor gencal lhe tule
The freasure used ro queniit h
ealledr speoifr city. The specifi city of a
cla$ifier is lhe nomber of non #
q4nbols in rhe anrecene ll a
clg$ifier.a &ede conlir.rslrI
chmcte^ rlEi tie specinciry k ueb,
il ihcr .r. tr. *

3,2,Apporllonmert oI Credn

'ne apponiormcni of crcdil
sy$efr deaG sith the uodincarions in
sftngrh .l clAsifie$ as lh. clAsifier
rysm lemsiBoo*ci!r al. 1939)16l
Sten8di frodificariod oeu^i. ihrcc



E!3 & rehDoroB, vd.n No.6 ,l)oJ

. Roirforcanenr& punilhment,

As ihe cla$iii$ system receives
nE$aAes t m rhe envimnnenr, all
rhe cl*ine( Nhich !,arch onc (or

'nore) 
of lh. nesases cdfrpdej by

sulmiting d bid, in xi auction ro
dehin€ a vi.torions clasifi* fidt
$ill alfet ihe enrnonment rhc
ricrorious cla$ilids dodinclaotr
vill be be&licial ar dekinEnrrl lo ihe
environment. With this leedback rh.
apportiorm.nt .f crcdit syslem
appropriar.ly tr$! rei oG6en1 ond
punishment ro imre6e or ,lcnease
lhe sneryfi ollhe vi.rorious ch$i6er
that qused rh. 6odifica1iotrs. Firolly.
tlbtion k levied otr eaclr cl.$ifid
Per ilemlion atrd on each clssifier
$.t subnns s bid duinA an aucrion

t6l

3,2,l.Auctiotr: Bnuing md

An ouction is pcdomed moig all the
cla$inec. *hich hsv. s rnr-edmr
tha. mclches ar lea$ one of rhe
.nviions.nr.l me$ages. The
cla*ificE sy$emb derecioa ieceive
inp ilm the enrircnme.t ond
Gsehble lhe inp( nib envnonme.tal
nc$aCes. Each clasifier oiempts ro
nakh eech envi'ln6eilal ne*aEe,
reith each cla*ifrer that mrches

With the malchih8 clAsifier Dool
deteminod. rhe audi.! ..mmei.es
Esch cla$ifi.r p.nicipating io the
audion submirs a bd, the bid n d
fuclion of rlE cls$ifie/s srcngh
aid spesiffcfty only rhe hid of
victo.ious clasifier i! peid, $ only
the lictorious clBsifio has its
nrensrh deoEas.d by lhe ahount ol
iis winninE bid. 'Ine bid olcldsiner is

B =Cus, .. (l)

Cba : Classifier bid coefrcient:
posilive consbt l.s thd Dnioi ihai
acr s ove€ll ris* ,actor
influelcing shar popodion of a
cl.sifiers sftngh will be bid and
po$ ibly lo( on a sin gle step. (IJsually

S: Stengh aid I s cla$ifi.r indcx.
Competing cla$iner in abovc
cqualion is not Ned directl, to
detemine {E alolion winnei .a 

'lom

Therclor. lhe ef@dve bid, EB, h
calculated as the sum of the
de&ministlc bid, Bi, 3d a noke
lem, N(o!J 6 shoM in equotion

t2).
EB - B +N(o"d) .,,(1,1
Wher : drd : NoGe Gm coefficient:
positive consli$ le$ thin uiry. The
,oise N is o tun.t,on ollh. sp@ifi.d
biddin8 nohe sbn&rd deviarion aM.

A rBir* h noc.$fuy lo delemine
vhethei rhe envnonDei&] modiry
carion w6 h.treficirl or 

'lctimctrtal.Sone machiDe kmin8 syisms
rcquire a lutor iBincr, which knows
ihe 6rer or besl lnswer, erabling
rhe syste0s acllal rcsp.Ne 6 bc
comFred rirh rhe coftcr rcspone.
Fotuidtelf, a cio$ifier sFten
Equires only thc nore flexible

ReiMorccNnt lBrning requnes o.l,
posnive or negative feedbacl Lom the
ftinlorcsmcnt rdins as a cdnesquen-

When lhe vicrorious chsifier creares
a beNncill eft{t b th. eNinnse ,
fie raiier sods Dositive loedback
c sin8 an incEase in ihe vicrorious
cla*in.& sEe.gth. conveEly. a
d.tiDenld cfrect leids lo
punhheedr. Since rlE vicbrious



cla$ifie/s snentrh decrses *hei ii
*ins the auctiotr aid pays ib bid,
punishm.nr o.cuis inplicitlt anyjmo
a rcfl.rd is mr prcvid.d.ln addirion,
a. adjunc! srrcisrh redudio. oay
occu Il rhe r.i.er h.s rho abilily ro
rank enviEDmonkl .ffeds. rhei th.
Ewa.ds and p nish'nen$ c.n be

The slErgrh s(i - r)da.lssifi.rl

s,(i+ r)+st) B(i)+&(t)-rt)
,,,4)

s,O su.trsrh or cta$iner r at

&(r) Remrd rrch thc enrnoiment

B O Clasifiels bid during ireral on i

Agaii, cla$ifin I .nlt makcs a bid
payeenr il victorious i rhe auclion
ind efaeels rhe envnon.reni Th.
resard iacror, Ri(t), is otrly noFzso
if thc clssifier won rh. auciior on lhe
pEvious itrution, nre rostud (or
punishmenu io! thc acrioD ai ireBtion
t will lor be applied $dl ircr.rioi I +
L Norc that &(i) is les than ztu for
putrishme , a d areare. ihoi zo lor

Trx.rion occuE to prevem $e
cla$iii.r populalion lrcm hei.g
clu&rcd *irn onifi .idly hiCh nEigrh
clssifirsoalitrle or oounliry 16l
Thcie @ nYo qpes of iaxes:

'Ite lifo rar. Tdlife, is a fixed mrc rsx
appllcd ro every da$ifier on every
ikrarioD Thc pupose is to r.d0.e rhe
nEngrh oa cla$iliss ih.r racly or
ncver e malohed ard rh*cfor.
Prcvido Iinb or ro lliliry. Noi-
pbducinE cra$ino/s iren!1hs 0e

slowly decEased naking thcm
candidrles for rplrcemeft *her ihe
cldsifier discovery mechdishs
(primrr:ly the gemti. aleonthm)

The bid lax, 'raxbid. is a fixed nle tax
rhar is applied to each cla$itier tha!
bids dDrir8 an iteratioi. Onc cason
ior a bid tlx is io perolize overly
gen.Gl cl&$ifieN. i.... classifi.6 ihat
bid on every step b[ pdBps seldom
NiD bc.ru* they havc a low
specincity which l.adr lo los I'ids
an'l $ . lo{ ch4ce of*innin8 the
aucrion to posl effedor ne$ages
(Riolo'1933). [6]

33. Th. Rd! Dtcorery Sysien

Ihe bNkei brieade provides a cleai
prc.cdurc lor evaluaring oles a.d

.l&narivos Yo! v. nillnu*devisea
rv.y or inje.1i.s ne$ po$ibb bcttor
rtes inlo lh. synem. This is pEcisel!
wheE lne GA neps e 6ed. Using
lhe simple s.neric algo thm aew
rulcs dre creared uyng (reproducrio ,
c@$over and mutation). I t es. ru1es
are lhcn placd in dE popul4ion add
pr@ersd L,y lh. .uclioi, pi)ment,
iod rcinforednenr neclftrism to
properly evoluare their slc in rho

Alic. rpplyire ihe CA, only som. ol
lhe rules.ft re!l&ed. The mw rules
will be tesed by !fi. combined i.rio,
of rhe pcrfornmse and cEdir
apD.tioneeni algoilhms. a€aus.
tedllg a rule rcqdres lmy rihe
s&rs, Cas are applied wnh e m$h
lower frequeocy than rhe pdlomd€
atrd ,pponionmenr of oredji

A comple& cl6sifieN syne'n needs
soie nem of gelcraling nc* 0les
for use i,, lhc pcrloeane md
lcmnin8 s]*srs Genetic algorirhms



(OA) Bhiiques ha!. be.n used a
lhe nain source oflule disovtry in

ln this prcposed sy$eo a disrihded
cla$irier syslein (DCs) Ns lro-
level hiearchical rrchnodurc. Thh
Dcs comish ol lhr* clEsifier
s]$ems: so cldsifier syslems (Ics-
I & LCS-2) in $e hign Gvel, each of
&em leams rhc basic behavior
(Lcs'l) leams robot to ralkonc $c,
ioNdd lhe liShl when ii does Dot hear
rhe sonnd of emergenc, bur (LCS-2)
leams robot ro *all lvc sleps to\erd
lhe lGht ehen it hea6 the sound of
oer8ency . aid rhe drtd.l6siier
sysm (I-CS-C) b in tne low l*el,
*hich lcams ro sritch berween thc

RMICS is jmplcme cd as a set ol
thEe cla$ind sys.ns orEaniz.d i',
Nolevel hirorchical archileciure:
two ola$iffer synens (Lcs-l &
LCS-2) leam the b6ic behavjors,
*hil. one (LCS C) leans ro srn.h
bcNM rhe No 6isic L*havios. The
shcbre is slm*n in li8ur€(2).

4,2. R.pft krlrtloD of RMLGS
4.2.1. Repnsenbtion ol Lcgc

. ENtuDh tal h.soSe
The lenAdr of mes$ges rhich LCS-C
receive fioh Ihe enviroim.nt is
elwsys t-bils as show! in Fisure (3).

The &tions leogib of LcSc h

0 ll LCS-C sends messse to LCSJ .

I llLCS.C s.nds re$ase ro LCS 2.

lD rlis paper generic algoiilhns aro
used lo lcam .onplex behivio6 lor
robor silg dhrribured leamiry
clBsiller systcnr as a mntol lysen.
1-o inlesigrte (his s.al Re propos:d a
simuletion syslcm c.llcd Robor
Moving Lighrcoal Sysr.m
(RMLGS). ln this syieto rhs
sinulation enrr.noeir is ! rao
dimemioial eivituimeDr where there
rerc $ree objects rhar it could
pcrceive. The objccb ar. as followsl
1 A moving lighr soure. (hich
nows mndonny !.wed rhs goal tuld
the initid posnioi of rhe lighl is

r A @bo! which ctsses a moling
liBlt ro carch ir before ir rcichc rhe

There d. four probabilitics for inirhl
positions of a o6oi. The! are as

- Only onc robor always has fixed

Ooly on. mbot alwlys has r.ndon

' Thr* robos hrvc fired iiitial
positiotr aid om of tnem beF$es
a.tive I .o*ol dePending on rhe
disterces belreetr a moriq li8hl an'l

. 'Ihrce robob fidve rsdon initi,l
posilion md one of rhem becones
aciive by c.nrol depe.dins oi rho
disrmces besen. movi',B Li8hr md

. Tne goal, alNays has a fixed

t Emsgency, cr only be heard
Nhen rhe dislr'.. brteren .
moving liShr an'l the gool
bccom.s lcs dmn or equ.lto
ihe knosn fireddisrance.

4r.2. R.pEs.nardon of LCS-I &
rrs-2

Thc lenedr ol mesages which LCs-l
or LCS-2 h recEived fron LCS-C is
alwlvs a-bit! as shoM iii fi,Irc (a).



The leDeth .l acdoi which t-CS-] or
LCS-2 k send b lhe sivnormenl is
atways 4-b[s as $oM in Fisurc (5).

S. Tbc perlormcncc mersure of

In RMIGS ihe follo*ing equation is

...(4)

as perfomance m.asure. lhar is.
p.rfomrnce is m.asured as dr ratio
of consl hove ro iolat moves
p.rfomed lrom lhc beginning oa tne
sihulation. The norion ol 'oftct"
rcsponse is implicit in th.
r€inrorc.mht posrun (RP): a
rcsponse G corEct if snd orly if ir
*cei!.s 3 positive reinlorcement,
Th.refore, *e.atl lhe lbok detincd
ratio ,rc "cumulative perlomtuce
m.aure indlc.d by dE Rt,
RM|GS tr*s lou qpcs of

l. A light ii mndo'n posi.ioi,
ond one rchol i! Iii.n posirio'.
2- A liAh! in random posilioi,
ud one roboi in la.dom position.
3. Randon posiliorj an,l threc
robols in fixed Posirlon.
4- Xin,lom posirion, d rhree
@bots in tundom position

Wirh s.n lrpc ofrhe environm.or in
RMLCS, lhe perLrnon.c of LCS-I is
.ahtrlrred lrd.pcndently ol LCS-2
md E pefonnu.e of Ls-z is
c.lrulared indepEndenr! of LCS-I,
irc perfommce ol cNh LCS I and
rcS-2 is 100% Ihar means lhc wlrle
sysrcn perlomaDce wiil bE 100%.

+: A movinE lis,,l mores io yirds rhe

.r Th! mbor froves ooe rrep Iowards
a moing lighl by using LCS t

^: 
The robor Dores oie dep io\ydds

! movin! lisht by usin8 lCS,2

t LeamitrB to pertorm a

conDlex behrlior becones
simple. Coinplcr behavlo. h
ponioned irno simplc behavioE.
. Disribnrcd cl$sifie! syslem
gives thc abilir, 1o build a.y
sysem with conplex behsior,
r lting clasiner .yned for
each sinple behavlor will Educe
L\c .omplexity ol buildi.g the
sYstem and i6 learning.
. Using hrolevol hiere.hical
archirerure DDtcs the rcbot lem
lhe bsh.vios at much les me

. U5inE ditrerenr inilid na6
lo lhe objects in simulation
eNircm.n! makcs lhd s)$!m

. BuildinC a tenpoEry nemory
for rc.eiving mor. thm ore
eNimnm.ntal me$a8e a.d ihei
autondically exsutine nDn one
mesage tu cach crclc hak s the

r -lhe capahilily of rcbor b
serse in all directioDs make! $e
syslem nore effrcienq dnd

. Usi.8 cla$ifier sbre wnh
eariahle sia of populaltotr! nukes
rhe systcr nrre fl.ribl. to
d.stoy or add new rles fion and
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