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Àbstract

1. Introduction

Ishibuchi md his colleâguqs havc described ÿarious
fuzzy classiflers for crisp nùmerical tsaining dâtâ for
pâtlem clâssificâtioo problems; 6ee for exaEple [1.2.31.
Srhen tbe problem excceds more rhÀn r hardful of

nuEber of rejects withoul ârtificislly iDflâriDg the
confdenc€ levels of boundrry data.

sevcn of thcse cÂn be found itr [4], pp. 194-222i tst fol
PRO is unpublished. For eÂch of these nematode
populations and each âttribùre, the meân and the range
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cmpâre ùsing crisp and firzzy dâtÂ for tsaining.

2. Backgrounrl

normalized and unifomly partiiioned to creare K
Eemb€rship functions represenritrg a fuzzy grid for the
domain. Using K = t. ... .6 givcs Â lotal of2t grid
funclions as seên in Fig. li let G denoùe this collection.
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RuleRj: If xpl is Ajr and . aûd xpnis Ajn

then clâssify xp as Class Cj wirl CF=CFJ

where Aj i € G, Cj is the consequent ctass, and CFj is lhe
grade of certainry.

Inltial RuIe Gen€ration. Wi[h lsrge n, even n = 8, ir is
imprÀctiel to generâte all possible rutes. Therefore, some
smÀll subset must be selecten, iypicnlly 100 or fewer [3].

PROCEDURE IRG:

StÊp l- Specify Npop, the rulebas€ size

Step 2. Creâre rhe anrecedenrs for nrle Ri.
j =1, ... , Npop. by rândomly seterring Aji s fiom G.

SlÊp 3. Complete ùe generârion of each;b Rj,
j=1, -, Npop, using koc. RG (presented nexa.) t

Rule Generation. A fuzzy rüle Rj wirh ânreredenb Aji
can be geoe.âled by the next metliod rhar compures rh;
clnseque ,Cj, ofthe rule and itl cenainty fâctor, CFj.

PROCEDURE RG:

SGp l. Calcullte for eich clâss Cl-i. i = l, 2

ft = E Ui(xD)
xp E cLi "

wh€te the compatibility gade is

uj(xp) = Fj(xpl)l ... +jn(xptr).

Step 2.. The mÂx (Pl, Ê2) determiDes the clâss Cj of
rulê Rj aclordi4 to the largest P if üe Êi'§ are uneq-ual,
otherwise thê cl0ss is und.lemined.

Step 3. ü a clrss is determircd in Stêp 2, rhen set

cr; =lÊt - g2lllÊt + p2l. +

Fnzcy Reasortry. This de,scrib€s how the class of s
its clâss is unknown, or
by assuming its class is

of frrzzy if-then rules-

PROCEDI'RE FR:

Stêp 1. For atr xp, calculare for each i = 1,2
(Ii = nqx ( Uj(xplcFj I Cj = Cl.i and Rj Ê S I
stêp 2. op = trral lol, 02 ) determines of class of xD ro
t'e Cl-i if cp = o1 and o.1 +02. Olherwise, the clajs is
trot det€rdioed. t

In t3l, where generic methods are used, a confidence
level is nor compured âs it is in [1,2] or in [6] where ir is
used âs a reject option. The next heùod computes
confidence levels after Steps I & 2 in Proc. FR.

PROCEDIJRE FRC:

Steps I & 2 as in Proc. FR

Step 3- If a class is determin€d in Srep 2, compute the
confideûce lev€l op= d? - min{Crl,û2). I

L€ârniry Àlgorithm. For the currenr populstion of rules,
learning cân be done by rewa.ding rules when they
conectly identify s pattern and punishing then when theÿ
don't-

PROCEDURE LA:

For a cunent population of rules S repe3t Nleâm times:

Forp=lùom

Step l. Take xp in T" and derermine tIrc rul€ Rj in S
that yields the vâlue for sp in Proc. FR (or Proc. FRC).

Step 2. If xp is corre.tly idenrifid, increÀs€ CFj
cFj := CFj + Ir (l - CFj),

otherwise de.reâs. rt
CFj := CFJ ' rl2 CFj,

wherc I I and 12 âre positive-valùed leâming m!e,s. d

the nert generation
n S using generic
For c{ch rüle Rj in

fltoess(R, = *1q6p.lCrê;) - *Nm,.Xrr"rfnp,

where NCP(R, is the numbel of poi s correcily
classified by Rj, NPM(R|) the number inconectty
clâssifi€d, and WNCI, ând wNÀ[, are posirive weighrs. I_et
fihessmin(S) be the smallest fihess value for all rrles.

PROCEDT'RE GC:

Step l. Compute the firness of eâcb rùle in S.

Step 2. C-ompute selection probabiliries for cêch rule Rj

,- ,., _ fi§,S"(Rji:_SE*"!0ù§)
' "'J'- : {filness(Ro - fiÙlessoir(S))

where the sum is over all rules in S.

Slep 3. Selecr S.Prep rules, collected itr pairs.
according !o üe probabilities P(Rj), wherÊ prcp is r-be
proportioo of nrlês to be replaced. 

_
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Slep 4. Replace the S. P.eD rules with ùe towesl
fihess vâtues by tfie pairs fôm Step 3 ttrat âre ftrsr
modified by crossover and mutaüon. In crcssover,
antecedents of the rules in eich pair are swâpped using a
uniform probability. In mutation, âccording to a
mu(ation Éte, antecedents are randomly replâced by
gnd functions randomly selecied from c. The
consequent class Cj and the cenainty faclor CFj of the
replacement rules are compured as in Proc. RG. +

Genetic Trâining. The methods presented âbove are used
to conslrucl the main training medrcd of [31, which is:

PROCEDIJRE Gen-r:

Step I. Proc. RG 'lnitiâlize the rulebase S"
Step 2. Proc. LA "Perfoim leaning"
Stcp3. Proc. FR on all pattems in TP to oblain

Tot = nl]mb€r correcdy clÀssified.
Sùep 4. Proc. GC "Modify S for next Beneration"
Step 5. Until Ngetr genemrions are done, go to Step 2.
Step 6. OuQu! S with highest Tot. +

Instead of usiDg Pmc. Gen-l to compâre with our
mcthods. we will use a slight modification. We wish not
ollly ùo mÀximize the total conectly ide ifi€d bur also the
total confidence lèvel. The confidence levels.op convey
for eâch pattem' the degree to which the system can
confirm a classilication. They cÂn âlso be used for
lejecting pattems with low confidence values [6].
CoNequeùdy, wereplâce Tot in koc. Gen-l by

Totc =Tot+ tqp'
'p

Ik sp= op if xp is conectly identifiei, ard sp = - op
if it is not. We could compuæ To6 by omiuin! rarhÉ
lhan subtractingcôtrfldence levels of iocorrectly idcntified
Pattems. OuI test resutts would not be significandy
differenL

PROCEDITRE Gen-2:

In Proc. Gen-l ùse Proc. FRC instead of Proc. FR in
Step 3. Usê Totc in plÀce of Tot. I

3. Main Methods

In ùis section we proflose modificâtions ro rhe methods
in Secüon 2, This will be bas€d on ùe 3-s,ay ordering
method in t51. We propose two essential châng€s to Proc.
Cen-2: first, Proc. IRG is modified to prcduce an initial
set of rules up to half of which are geüerâted using 3-way
orderiog, wiù the remainder randomly generatedi s€cond,
thc compÂtibility grade Uj(xp) used in Proc- Rc ând Pmc.
FRC is modified.

To use 3-way ordering, rhe attributes must be ordercd
ând grouped thrce at a time. except for possibly the last
group or iwo, which occurs when n is not â multiple of 3.

Varioui heunstrcs can te employed for rhis, but rhe bâsic
idea is to find the "besf three attributes using the trâining
set TP, ther the next best group of thr€€ .nd so on. For
exâmple. for the nematode data the bêst group of three
attributos is: (PRO, STY, QUE); the next besr group is
(LON, DvU, PHAS); the lart group is (TAN, OES). In
our exâmple, three rulebases RBl, RB2, and RB3 âre then
constructed usiog just the attributes in e?ch group. Using
only lhe grid for K = 6. eâch nrlebase cân contÀio a! mos(
63 = 216 rules, so all rules can be generated. Rules wiûr
ÿery low CFs cân be deleted. With this in mind we
present oul modifications to Proc. cen-2. The firsr
method will ùse 3-wÂy ordering to generale the initial S.

PROCEDURE IRc-3-way:

Step 1. Determine a descending order for lhe anributes
groryed thrE€ at a time âs i! [5] and form ôoresponding
rulebase,s RBl, ..., RBr ùsing thc largesr grid size K = 6.

Stcp 2. For eâch rulebasc RBi compute the toral
confidence levels Cf; = 1* over TP ândp'
set wi = Cfi /_E Cfj.

J
(Note that only ûe attribures in th€ group aæ used to
compute lhe compâtibiliry grade ùsed for op.)

Step 3. Test the taining paserns TP by computing for
eâcb xp its confidence opi for eâch rülêbâse RBi. Slore
ihe rule Rpi from RBi lhar producês opi. Compurc üe
wei8ht€d confidence wcp = : spi wi for xp.

I
Step 4. For each xp, form a rule Rp consisting of the
âni€cedents of the Rpi 's obtaincd in SrÊp 3. Rank üe Rp
based on lhe value oï wcp in Stcp 3.

Srcp 5. Take r-be mitr ( ITP l. Npopf2 I besi rutes
(ranled iD Slep 4) to producr up to half of thê rules for
rhe inirial S. I TP I is rhe size of TP. Thç remaining
nrles ùc obtaiDed with ântccedenb selecr€d mndomly.
as in Proc. IRG, to completc S.

StêI 6. Complete lhc generation of êach rule Rj, j =t,
..., Npop. using Proc. Rc-3-way (prese Êdnert.) t

PROCEDURE RG-3-way:

The same âs Proc. RG except for thê comparibitity glude
Uj(xp) we use

uj(x, = wl. Hl(xpl) pj2(xpr' pj3(xp3)

+ w2' pja(xpa). pj«xp5} pjdxp6)
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P:r: *, ,* rhe weishrs compured in Srep 2 of proc.
u(u r-wây. we assume lhâl rhe auribules have been
ordered and grouped. t
PROCEDURE FRC-3,wÂy:

The steps are ùe same âs proc. FRC excepr for usiDe
the compaübitiry srade Uj(xp) trom proc. Rè_3.wây. +-

_-YJ^1*i:1"9 our main iraininsmelhod. Ercepl nerarion and thè
computaüon ofth proc. Cen_2 and

,*OCrr* *n-r-*ur, .

l"P l rutebas€ s"
§rep 2.
Step 3. Tp ùo

9tEpI. Proc. GC "Modify S for next sercration,
step 5. UntilNgen generations are doie. go to Sæp 2.
Step 6. Outputs with highesrTotc +

4. Some yeriatiol|s

. In thissêction we offer some varifltions on tbe merhods
oescnD€d ln seations 2 ând 3.

modifies the
to reduce the
e number of

PROCEDURE Gen-h/n:

U"e.(UjGd)U1 *h"." n is ûe number of arriburqs,
I < h <n. iost€ad ofUj(xp) in proc. CÊn-2. t

ap_proximâtety hâtf of.the generarions 
. 
were compuled.

use or rute r€ducrion is indicared by l0OJ50 in ùe Àdts.

5. Results
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the merhod itrto finltiry the sÀme locâl maximum. We do
not believc this occùflrd in our rests âs seen in the rânge
of ihe nuEber rejectÊd; see Column 5. A.lso, rhe random

can bê leveled at the cen-3/8 method as wel. However,
we obsefled in many rùns, rhâr points thât âre difficult to

same very low
-3l8. excluding
ecB. Note thÀr

evetr Gen-2 prodùced a rùn with no reje.ts, so that lhe low
compatibility grades caused by a large number of fâctors
does rct preclude tsaining without reje.ls.

The imPIovement of Gen-3-way over Gen-3/8 gives
some indicatiotr of bow much this is due to the initiâl
generatioD of tbe rules in GÊn-3-wÀy. The improvement
of Gen-3/8 over G€tr-2 gives ân indicÀtion of how much a
change h the-compâtibility gade fomula contsibute,s.

Ir is not cleai thât using ârzzy dâta for training in the
genetic meibods is an improvemenr over using crisp alâra.
With the no!-gerctio 3-way method itr [5], rhe rulebases

Finally, we note lhat the extsâ time needed to initializc S
in Ge!-3-way over CiÊn-2 is insignific-aîl coEpared to lhe
cost of producitrB 100 gercrations iû eâcb rutr. An
improvenent ii time, approximâtcly â rO% reduction, was
obs€rved itr reducing iftreDentally the number of rules to
50 as described in Section 4- Somewhar unexpectedly,
this ld to evenùetter results as seen in the lâst row ôf

Table I, which ûay hÀve been due to the rândomness of
the rule initiâlizâtions.

As in [3], the paiameûers used in rhese lests are:

Npop = I00, rulebase size

Prep = 0.20, rule replacement rate

îr = 0.00r, n2= 0.1 , leâming rates)

Nbam = 20, number of leâming iterâtionÿgeneration

rejection level: 0.t murarion prcbabiliry: Ol
wNC? =l wNMp = 5,rulefitness weighrs

Ngen = 100, number of rulebase generÀtionÿrun
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Table '1. Resulls lor 20 runs pea procêdure.
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PR,OCEDT'RE!

Gen-2

GÊn-2

Gen-3/8

Cetr-3/8

GÊn-3/8

Data t}?e

Crisp

FIJzzy

Crisp

Füzzy

Crisp

Crisp

F tzzy

Crisp

AYerage
Totc

47.3 (O24)l

48.0 (0_2O

s4.9 (O.Mt

52.6 (0.38)

53.6 (0.41)

55.8 (0.47)

54.3 (0.43)

55.4 (0.46)

Averâge
# rejêckd

2.90

6.10

1.35 (s3%)*

3.ss (a )

2.so (r4 )

t.os (u%,
l;15 (71%)

0.8o (n%)

RÂnge
# rejectd

0-1
2-to

0-3
2-1
l-6

0-3
1-3
o-2

No rejects
# of times

I
0

I
0

0

4

0

6

Average
consistcncy

- 0.388

o.379

o.2&
0.315

o.296

0.218

0.215

0.218

rool5o

Gên-3-way

Gen-3-.À,ây

Gen.3-wây rmJ50

+ lercc age reduction m ÂEraEé # Ej.crsd for ûus mèthod over ceE-2 fù the same rype of dalâ_


