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摘要：基于M0dIll丑r网络重新解释了广为使用的模蝴 轴簪∞模型．随后，基于EM算法，提出了该模型的新算 

法I~'I-SFM，证明了该算法的线性收敛法，分析了它的收敛速度 
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1 bl1 0ducd0n 

Fuzzy Suge~ modelis awell-known 0IIe。andit can 

express a highly nO玎|inear矗mcd0naI~elalloa using a 

删 m1mb口 of lhzzy mles． B∞aIlse ∞nvem 

m甜Hnadcalmodelsmayfailto西ve satisfactory resIl】ts 

in des~bing lhe b日|a 叫 of many ce~plex n0l】】i嘣 r 

s妇瑚 ， 山e pc此 印 0ns of lhzzy Suge~  

model aIewide．Many sl】神 I印plic provedtb 

vi vpoim． 

nof．J．B~ekly[ pI删  su蛐 0modelis a u_ 

niversal ap 0】由I蝴叫 ．hl pIacdoe，there exists a diffi- 

culty inbt~kling s I am。d旧．The param岫 estlmadon 

oftb modd is a complex mI|l p{m加噼ter。1 l岫 

problem．For ample，consider am。d旧∞nsi ng ofL 

mh 喇Ib r input varlables．Tll口e m L’(r+1)pa- 

raI搬耙Is tO be cs痂n曲耐．Alll10ugh s0me c)【is ng tech- 

niques s I鼬 the recu嘶veleast sq[1】a met}叫 andth0 

smd-u~ie 吐即t∞鲫出 alg【 mm 啪 be used to im- 

plement吐le p；mIⅡ 髓 鹤血枷 0II，these cb 】嚣 

to be c。皿pIm OnaⅡy ce~plex and 妇 -c0璐ImIing 

wb衄 印 tothe d，Ian at ha由 ． 

删 ． ．L．wⅡIg and R．Im  [ ’ 】p卫 啦ed 

a l】 m劬0d in which脚 alg~dlm is印plied to 

SI modd．H v ，lhey did not出 w 咀蚶 

and how the presented alg【 lhm啪 吐lec嘴 址ly c帆- 

Vq雷e· 

hl 0fder to m曰 0I【leⅡlis difficulty， pI踟 l a 

Dove]~0mech．1~wstly．we explainlhzzy S 脚m r啦，dd 

as a sp0c谢 moclIllar玳 k．Aoc洮  r，we a挪 

l】 脚 al 【jnm to 印ecialm。dIl1ar ne眦 ．We 

will give in|p叽 眦 linear con~'gence rer~llts for n 

脚  gori血lIto Suge~ m0de1． 

* 衄d血 i啪 ：曩_删  蹦 妯 R州 s咖  № 岫 sc 衄d血 d (69刚 ) 

d出 ：撇 一∞ 一蕊 ； d血 ：2001—01—10． 
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ThenK ul盯 net,work[ J is a c0nnccd0nist砌 i圮cnⅡc 

thatlearnsto partitiotl a globaltaskinto sevea'al simpler 

sllbt~ and alloeatl~ distinct networks to k m each 

sllb~ ．The modular network 0】 sc l advantages 

dvH a sid le rleullll r．etwolkin reims oflearning speed． 

孽m既a 髓d0n capabilities，l~ ．．sentation capabilities and 

their ability to sa~fy eoaltraints 删 by hardware 

limitations． 

Infills paper， will p0_mt outthat modular network 

has m inheretlt similar relation with fuzzy Sugeno 

model，thatis，Sugenomodel c∞ be viewed as a spe— 

eialmodularnetwork．Inthis D mn盯．we can rc—explain 

fuzzy Sugeno II by using lllodlllal"netowlk．Based 

011 this I~ 011， we present a n E／d algorithm ． 

which is used to optimize the parameters of fuzzy 

Sll~ O mode1．Further ltleoretical amtysis shows this 

n algorithm canlinearly converge．Thisimport．mltIe_ 

suitwillmaketheI E／d ,agoiithm bece~e apractical 

协0】．,allichis usedto build Sugenomode1 

2 Re-explml~tion of f唧 Sutgeno model 

based on modular network 

The Sugenomodel consists ofthefonowingfuzzyIF- 

THEN nlks： 

Rt： IF 1isA1f and ⋯ andj isAja， 

THEN " = 60f+ 6l l+⋯ + ， 

wb町e (f=0，1，⋯，p)舡e~．．al-valued 响皿咖 s， 

js吐Ielocal∞伽 of吐Iemodel duetoroleR 柚d Z： 

1，2，⋯ ， ． 

We sIl训 noteIhm 吐Ie most Tm 咖 t cIlm  sdc 

of吐Ie ab ve mle is that曲 oollsequent of eada role is 

scdbed by a linear 翳 0n mode1． 

Thetotal 0Il ofSugenomodelis a 印 value，de· 

firledbyⅡle average： 

f 

y=∑  ̂f／∑ ， (1) 
J 1 J 1 

wb钉e 

ht= 1),uA ( 2)⋯ ( )， 

( )：exp(一( 一脚 ) ／(2 ))， 

l=(mlj， 2l，⋯， ) ， 

= ( lf， 2f，⋯， ) ． 

ng．1 showsⅡ b船|c oonIlgIⅡa妇 of amo(hll盯net— 

wofk．A “岫duLa ne 0出 often consisb of s 删 ex． 

州  ．‘ 

Fig 1 Basic configuration ofamodular network 

sI p0se each e删 network ofm0d11|盯 珊 ，0出 r 

res咄 a∞ Iusi0n part off_山 role of Sl model， 

i．e．．for ZtIl expert ne“m  

= hot+blot+⋯+6P ， 

it can beillu~-atedby№ ．2． 

Fig．2 Fuzzy sugeno model 

For such cxpert nt栩畦【k，we associate 吐 

model衄 Ielatesinput v~tor ∈ to outputy∈ 斑． 

We de啪忙 曲曲棚 m0dels硒 fl0l s： 

P( J ，bj)， 

bf= (b0l，bIl，⋯， )T．As Dr．如rd姐 d a1 

pO OIIt，each oftheseprobability dt殂sid曙 can begen- 

erally medto be10I培 to吐Ie~ lialfamilyofdial- 

sides．In rigsp叩er，we~estrict咖 t~a．．alysistoG邮ssi瓤 

modelfor simplicity． 

For GaIlssi觚 P(y J ， )， is simplyⅡ Ine柚． 

W e aIso ass0c e a c0w 觚∞ with tIl cxpert础t— 

W k，yie ng ：埘10 lIgl~babilistiemodelfor ex． 

pc f． 

P(y J ， ， )=(2 )一 唧 {一(y一 (2 )}． 

(1 ) 

For吐le dng network of吐Ie modl】lar netw~'k，in 

t锄 s off~mnla(1)，We define 

( ，mf， )： !L ： 

∑～ 
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[血唧{一( 一咖)2／(2 })}] 

∑[Ⅱ唧{一( 一mⅡ)2／(z~1)1] 
』=I |=1 

wl1豇e 2= 1，2，’一， ． 

一 

Note：Ⅱ1is definition that∑gt：1． 
f=1 

We ，0se that training data is generated acco 

to山efollowingprobabilitymode1．We assume nlatfora 

g【m  ，alabel is selectedwithprobabilityP(2 I ) 

=gt( ，mf， )．Tb吡s．the probability of曲serv一 

'mg y n is咖 by她 伽  ing{-m 血 眦  

~asity 

P(Y I )= 
￡ 

∑P(2 I )P(y I ，b￡，毋)= 
l=】 

∑ ( ，一蕾f’ 1)P(y I ， ， )． (2) 

A曲iniIIg set =t( ‘”，y‘ )， =1，2，⋯，Ⅳ}is 

assumedto be generat~ as allindepend~t setbased∞ 

abovemixturedensity． ．the胁 1舯 ty of 

nle缸 鲥 ，for a spcc set of．mpIIt w咖  

t {‘ J ll is give~by廿le如n0啦 lil吲iho(d time一 

6∞ ： 

L=P({y( } 1 I(t ( J 1)= 

∑P(ty{‘ }I{ ( })= (3) 
}=I 

Ⅱ∑舒( ‘“， 嘶， )P(y‘‘ I ‘”． ， )． 
‘=I ：1 

(4) 

We design世le lemming algorithm as山e加哪6埘mm 

h虹蝴删 estimator．In 0dH w0fds， treat learning 

as山e 咄 忙m of丘 ngp~ameters ，mf， to 一 

ze L，0r，mO 00nv 咖 lly，to m跗血 ze廿le log 

坷吲jb00d = in L． 

= In L = 

￡ 

∑In∑毋( ‘”，竹， )P(y‘‘ I ‘”， ，母)． 

Given廿le pml~bifity m0deI ia formt~ (3)，山e cx_ 

c嘲 value of山e outputis鲫 asfollows： 
￡ 

y：∑[y I ]：∑毋( ，mf， ) ． (5) 
‘；I 

We曲伽 n0te血at f0n1mh(4)isjust the涨 as 

妇lm (1)．1tIis 蛐  缸 su窘m mod- 

elisa scecial caseofm0出narnetw妇 ．Ind血盯w ， 

we re-e~ lain nlef_皿珂 Suge~ model，based 0nmoch】一 

l孤 ne 0 ． 

We loIlld also note：Tk  s口删 m0‘ 璀 

berefor Sl|g啪 m Iis 把 differe~ 丘0m 吐 

mO由narn眈w km0del given byDr．M ．J．Jordan and 

Dr．Ll [5]_By c(Ⅺ Ⅱ twoIn0dds， will 

findthatP(y I ， )hereis a special casc ofP(yI 

，
0)_5_， where g ( ，ml， ) is a non-lme~r 

ex妇lsi0Ⅱof岛( ，0o)[引in which 5j( ，廿o)is a rmear 

nmc ． 

3 Algorithm 日  S嗣虹 for心血 iⅡg f崛  

S~geno model 

B鼬ed 0n山em0出nar netw k in 山e above锑c ， 

血is s。 onwill an E alB0 for above 

special modu】盯 ne呐Dfl(，i．e．，fhz珂 s【l蓼∞ m0dd． 

Wefirstinm：~ ce nle basjcidea ofEM alg0 l嗌 ． 

EM algc is a gem既alIDe吐l0dtoi 【 唧 卜 

切d0n ofm跗抽mm lil∞mlood幅石m嬲 gi啪 jn。口咖 

data．It咀ig 丘咖 st cs，but als0 6nds sIl∞ sfm 

印pl ∞5inmmy妇 fields such asmixture density 

血  0n，si ocessing，lll~Ullll k．The咖  

data IIas appIjca妇ls：1)The 

oft 唧 】e spaces Y and X 洲 by山e ob_ 

served data y and nle complete data ，le w峥； 

2)The∞ rrIaⅡymppj y( )fbf spaceXto 

space Y．3tie complete data c锄 not be b毹 d di- 

删 y，but 0nly曲∞ 山e~：ompl~le data y．1hellse 

of EM alg~ m can lead to a significant rt 0n in 

computational comp dty for es血nadng血e param呻目篙 

of山emode1． 

Each i 0n of me EM al80IitlⅡrI is o0f '0s酣 of 

t帅 s ：∞ expectation( )step and a m i啦缸I 

(．!If)曲ep—k办∞吐le n础 of山e algorithm． 

E step：Compute nlea叩训 value of nle complete 

datalog Ia。d ，give~廿leobserveddata y and廿le 

~rrentm0dd托 髑洲 by山e p暑噼皿咖 v咖 0‘ ’： 

0(0，日 )= 

E[ (y 1 0)]=E[In(y 1 0)]= 
r 

E[In(1P(r，y I )dy )]， (6) 

wherey劬 嘲lIe朔1乜 器sing or hiddenwaa'iable~，0 is 

吐le value of吐le pa厢m咖盯w，c∞ ati衄a p． 

lis蚰叩yieI凼a出嗡II-ini 缸1嘶0n Q． 
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M step：Maximizethe de咖I】jni cflnl~on Q 血 
respectto 0tofindthe n wparameter cstinmtcs日( )： 

日 ”=arg 脚Q[日，日 P ]． (7) 

fuzzy Sugeno IIl0de1，i．e．，恤  almodular 

，wc cI d1e岫 datato be a sctofindi- 

咖  1doTn vada‰ y ={ “，，=1，⋯，K，f= 

1，⋯，N}with 

f1，ifY( J is gcncrat~i from the J血 

= { model by formula(1，)_ 
tO

． 0【I掰wise 

￡ 

and ∑ )：I，for each#． 
，=1 

W c a&mmethm the dism'b~ on ofthe complete datais 

givc~as 

P(y，y 『日)= 
Ⅳ K 

ⅡⅡ[gj(x ”，叶， (y ”， ， ]，(I ． 

Itis easytom -~fyttmtthis dis bIld0Il s砒is丘鼯 formula 

(6)．T／ms，in offornmla(6)， 

Q(O i萨)=g Ein e(y，y i 0)】= 

{̂ (t)in[gz(x ”，tilt， )P(y I (”， ， )]= 

Ⅳ 

∑∑ ’(t)l】1 gj( (”，m ， )+ 
l=i I=1 

(”
， ， )+⋯ + 

(“
，b ， )， 

(8) 

{̂ (f)=p(f I y c1))= 

[gl( ‘”，肼{‘ ， ； )P(y I (”，6{ )， {‘ )] 
￡ ’ 

∑[ggx ”，m F{‘ )P(y I (1)I6 {‘ )] 
= I 

(9) 
t翻[c P(f i ‘”，y ‘ )deao~ 恤 0b曲mIy that the 

p出 { (“， ( j coInes丘∞ Ⅱlc lib~bability ． 

№Ic：̂{ (f)>0 my血∞． 
wi山fun~on Q，wc now M 唧 of尉 al80- 

filhm．hlte∞∞offomm~ (8)anti(1 )，we have 

aQ／am~= 
Ⅳ 

∑  ̂(f)[ 勘( ‘“，砷， ) 椭]／勘( (”，啦， )： 
r；1 

Ⅳ 

∑ ；̂ ’(t)[1一勘( (”，珥j， )][( 《”一珥j)／ ]， 
l=1 

(10) 

aQ／a~~：∑ {̂‘ (t)[1一 ( ( ，肼l， )][( ”一 
I=1 

m1) (z(”一m1)／( 1) ]， (11) 

Similarly，we also have 

Ⅳ 

~Q／Ob ∑ ；̂ (t)(y— 1)t )， (12) 
r=1 

㈨ =(』， 1，⋯， )． 

aQ／aa~= 
Ⅳ 

∑ {̂‘ (f)[(y一 ) (2 西)一 (2 )]．(13) 
l=I 

Let~Q／Ob =0，wlll~~bl=6{‘ ”，i_c． 

∑ {̂‘ (t)(y—y ) ，“)=o， 
t=1 

i．e． 

N Ⅳ 

∑ ；̂ (t) ( )：∑ {̂‘ (f) ( ( ) (“． 
t=1 t=1 

Thos，we obtainthe ulId for 

6；‘ ’)=∑ ；̂‘ (t) (t ／∑ ’(t)(一ft’) 《”． 
1=1 t=i 

(14) 

LetaQ／aat=0，wbere = {ḧ ， Jch 

”
： ∑ ；̂ (f)(y一 ) ／∑ ；̂ ’(t)． 

1=l I；1 

(15) 

LetaQ／am o，where m J，| ”，wc have 

∑h (1)[1一自( (“，m ， )h‘t) 
m；“o= ——————————————一 ． 

∑ ；̂‘ (f)[1一gl( (”，m ， )] 
{=1 

(16) 

Fromformula(11)，wc know，aQ／a >o，them- 

fore，wc∞血not use吐1e 脚etIl0d get j̈ ．̈ 

Hmvev豇，aQ／a~t>0 showsthat ism伽。咖icaⅡ1r 

ircreas~ ．I-imz~．Ⅱlefe rmlst~0dst s0m positive defaae 
matlix U(” suchthat 

I王 )= {‘)+U( (aQ／ad )． (17) 
In r,met~ ．U( )is defined by uscr

． Generally speak- 

ing，it usually乜L虹s a valuewhich approximates0． 

In summaly， the parame~ ul algoritlan EIM- 

SFId(EIM a~godtbm for Sugcno fuzzy mode1)fla"the 

modelfonnuh(2)，i．e．，Sugmo fuzzymodel，is giv- 

ell asfollows： 

Algorithm EM-SFM  

1)E step：Compu~thê{‘ (t)byforrrnlla(9)． 

∑ 

∑ 

y 

(  (  P P 
h h 

)  )  

(  (  

r 

^  ^  ∑ ∑ 
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2)M唧 ：Ccmp~ hi )by向=lmda(14)；c锄一 

{k~l by向=lmda(15)；compute m by for- 

mola(16)；ecmtmZFl“ ’byformula(17)． 

4 Theoretical linearly convergence proof 

In this section， will show that卧  

SFM ~gonann c∞ convergeli】1e Iy．Inthemeantime， 

we will investigate the eonve~gmce rate of this a1 一 

rithm．We呻 with a c0m 誉n∞ theorem which∞一 

tabilshcs a relationship betwe~~ EM-SFM ~gonthm and 

gradient ascent． 

Theorem 1 For~gonthm EM-SFM，the following 

盘∞Ⅲ las hold： 

6 ”一6 = ( ’(a ／a )，where bI=6{”， 

{ +”一 j )=5{ (a ／a )，where = {‘肿， 

m{ ”一m{ )= )(al,／amf)，where mI=J，lj”， 

j ̈ 一 j )： ( (a ／a f)，where = j埘)， 
where (̈

，
5(̈

， 

¨
， 
( >0

， i．e．1)o~ivedcfmitc 

matrix． 

Proof We know， 

Z = lnL = 

Ⅳ 

∑In∑gi(x‘“，唧， )P(y(‘ l (“， ， )， 
i 』=i 

therefore，we have 

al,／aml： 

Ⅳ 

∑{[P(y(‘’l (”，bt, )]／ 
l=l 

∑gj(x‘”，唧， )P(y‘‘ l ‘“， ， )]x 
J。I 

(a毋( lIj，mf，~i)lamf)I= 

Ⅳ 

∑ Î̂)(t)Eagl(x<“，till,~i)lam1]／ 
E=i 

gl(x∽，mf， )= 

aQlam~． 

sin~ar]y，wc also have 

al,labz=aQ／ab~， 

al。，a8I=aQ，a8I。 

al,／aa~=aQ，a I_ 

In teams offorraula(14)。wc have 

6I )= 
Ⅳ 

∑ (‘) (‘ ／∑ (‘)(一(一 ( )： 
E=1 l=1 

Ⅳ 

+∑ (‘) (“一∑ ’(I)( (t’)T (一’6{ )： 

)+[∑ ’(I) (一’／∑ (I)(，(‘’)T一(“一 l／ 
t=1 l=I 

∑ ĵ (I)( (‘ ) 一( )= 
I=i 

Ⅳ 

6j )+[∑ Î̂ (I)(y一( 《 ) Î 《 ]／ 
I=i 

Ⅳ 

∑ {̂ (I)(一( ) 巾)． 
1：1 

In ofSugcnomodel，wc kllow 

yj )=( (‘’) 6 

Thus．廿lc aboveformula bcc0嘣  

ĵ (I)(y—yj ’) (‘ ]／ 

∑ {̂ (I)(一(一’) (“． 

In oml'ns ofRmmula(12)，wc Ru'the~y have 

6I +1}= 

Ⅳ 

6j )+(aQ／abf)／∑ {̂ (I)(一(‘’) ‘)= 
I=1 

6{ )+( ／a61)／∑ {̂ (I)( (‘’) (”， 

bf=6{“． 
Con'cspondingtothe翻啦 ofthis廿 0眦 ．werake 

( ，=1／∑ {̂ ’(‘)( (‘’) 巾)， 

丑ecausê { (I)>0，wemust have ( >0． 

Similady，we have 

．+1) ： 

Ⅳ 

∑ {̂ ’(I)(y一 ) ／∑ {̂ ’(‘)： 
E=1 E=1 

Ⅳ 

{ )+∑ {̂ (I)( 一 ) ／∑ ĵ (I)一 j”： 
ll1 l=i 

{ )+[∑ {̂ ’(‘)(y一 ) 一 
E#1 

Ⅳ 

∑ {̂ ’(I) Î)1／∑ {̂ ’(I)： 

Ⅳ 

j +【∑ (‘){(y— ) ／(2 ’)一 
I=l 

1／(2~t ’)I]2 ／∑ ĵ (I)= 
l=l 

{ )+{2 ／∑ 

{ )+{2 Î { ’／∑ 

ĵ (I)laQla~= 

{̂ ’(I)}a ／a ， 

∑ 

[  

+ 

I  

6  

： 
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=  I“． 

s(‘)={2 ‘’／∑ ’( ) 
‘=1 

S(I)> 0
． 

W alsolmvc 

mtk+1)= 

∑ (￡)[1一gI(x(”，ml，叮1)Ix㈨／ 
I=】 

∑ {̂‘’( )[1一勘( (“，ml，tn)]= 
‘=1 

mI‘)+∑  ̂(I)[1一 ( ㈨，ml，try)Ix ’／ 
f=1 

∑ (t)E1一gl( ㈨，ml， )]一肼I = 
‘=1 

mt )+1 ／：S (t)E1一 
l=】 

勘( “，mf， )]}aQlamf= 

m +{ j／∑ {̂‘ (I)[1一 
l=1 

gf( ”，ml， )]}alc／amt， 

where,m = m ． 

Lct 

)：~rT~n／ ∑ ’( )[1一gl( ㈨，ml, )]． 
￡；1 

In ofthedefinition ofgf( f”，ml， )，wc know 

戤( ‘“，mf， )<1，therefore， ‘’>0． 

For the case of o-1．this dleoI锄 obviously holds． 

m completesthe proof of仕dstheorem． 

rI1】。m  1 is very a~ ant，and it implies the fop 

l0wjng rhcol~fl 2． 

Theorem 2 For Sug口∞ fuzzymodel and algorithm 

FM，the search di删 jon of吐Iis姆  has a 

positive projectic~0nthe gra~ t ascent＆ rch~iirec[aoll 

Ofl = lnL． 

tb。口 ∞ shows EM-SEVl algorithm caⅡ be 

viewed as am0di丘ed~ ieat ascental~ thmformaxi- 

m~zing．1 = In ￡．1t algo~thm search in all uphill 

dir~ oll，so if the learning raIe is叩 0p血把，the 

r,cairh pl'oO~$win convexge to a local maximu~ 0f a 

saddle poim ofL丑L． 

Now．weinvestiga~ the conve~gcmceproblem ofB 

algorithm ． 

Theorem 3 Supposethetraining setis generatedby 

Sugeno fuzzy model shown in this p叩目，and thenlJln- 

bor N ofd即 in thetraining setis锄伍d印 l ． 

As鼬Ⅱnc 

A=( ， ，m,T，sT) ， 

B：dlag(R ̈ ，S ̈ ， ¨， ‘‘’)， 

H(A)=a l (A)／OAOA ． 

A ∞ that∞ a咖 don~inDA， 

1)H m曲ixH(A)is ncga dc血 ； 

2)A is alocalmax of (A)andA ∈D̂ ． 

Then， 

1。Le~ng⋯M m(M >m >0)be theminhm  

andmaximum eigenvalm,'s ofthe negative defmim matrix 

(B ) H(A)B ， have 

(A )一l (A )≤一[1 (A )一l (A。)]， (18) 

f1 B一 (A( 一A f1≤I r l [2(10(A )一 ( ))／玎l ， 

(19) 

whc r；1一(1一M／'2)m2／M <1． 

2。For anyimfial pointAo∈ DA， llmA㈨ = A 

whenM < 2． 

Proof According to Sugcno fuzzy model- c∞ 

ea,~ly蛐 that H(A)exists．and remains continous． 

W c now ~pa,d the likelihood in a Taylor 

~'pansion． 

i (A)一k(A‘)= 

(A —A )(alj3A)Î；̂ + 

(A—A ) H(A + (A—A ))(A—A ))／'2 

wi血 0 < < 1．B use 

3lc／OA Î ：̂ 。= 0． 

W e fu_qh~'ly have 

(A)一l (A )= 

(A—A ) H(A‘+ (A—A ))(A—A )／2． 

(20) 

FTomTheo~m 1．wc know恤 Bispo~ vedefinite． 

B即ause H(A)is negative dt：丘Di ．Tffls impr~s tIIat 

B ／2 exists and(B ／2) H(A)B ／2is I屺 l defini~0n 

巩 ．Byu the eigh quofie~tt，for any wc have 

一 肘_ll ll ≤lI (B ／2) H(A)B’，2球≤一 ll矗ll ． 

(21) 

Substitutingformula(21)intoformnla(20)，m have 

{ (A)一k(A )= 

(A—A ) (B一 ／2) (B ／2) H(A + 

(A—A ))B B一 (A—A )／'2， (22) 
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(A)一z (A )≥一M ll( I1／2)(A—A )ll ／2． 

(23) 

Moreover，we havc 

— m  ll(B )(A—A )ll ≥ 

I(A—A ) [a z ／aA一3l~／aA Î：̂-]I≥ 

ll B a z ／OA ll(B )(A—A )l1． 

Thus， 

( ／2)(A—A )ll≤ ll B ／2a z ／aA ll／m． 

Together withfomm]a(23)，we also have 

一  BLaOl
,／3A ll≤2m [ (A)一z (A )]／M． 

(24) 

Onthe other hand，we have 

to(A)一l (A(‘ )= 

(A—A(‘ )(aljOA)Î：̂t+ 

(A—A(‘】) 日(A(I + (A—A“】))(A—A(̈)／2， 

with0≤ < 1．Interms ofTheorem 1，for algorithm 

EM-SFM ．wc havc 

A“ ”一A㈣ =B(Ol ／aA)Î：̂ -． 

In terms ofthe above twofc~mnlas．'we canderive 

z (Afk+l )一 (A(‘ )= 

ll B z ／aA ll j：̂-+ 

( az ／aA Î ̂ t) x(B ) H(A{‘’+ 

(A —A( )) ( ／2OIj3A Î：̂t)／'2≥ 

(1一M／2) B a z ／aA ll ：̂-． (25) 

Q姗 ning如 (Z5)8vd(24)， e 

(A( 】)一Io(A~】)≥ 

一 (一1一M／2)2m [ (A(”一z (A )]／M≥ 

一 {(1一M／2)2m ／M} (A0)一z (A )]． 

(26) 

Let，=一(1一M／2)2m2／M．Thus，the abov~formula 

becomeformula(18)by mumplying both sidesby一1． 

Furthennoxe，itis easy幻 verifythai0 < I r I< 1when 

M < 2． 

Intemls offormula(20)and(21)， 

to(A(‘ )一fc(A )≤一m ( 一 )(Af”一A )ll 2／2， 

furthefly，byformula(26)，wehave 
— m ll(B—v2)(A(”一A。)ll 2， ~／[to(ao)一 (A )]， 
i．e． 

1 B—ta(A(”一A )ll≤I，I‘ [2( (A )一to(a0))／~]w． 

In addition，becauseBis positive degm~ ． h∞ M < 

2 and一1< r< 1，wchaw limA(~)：A 
． This d o． 

m is completely proved． 

Thisthe0怫m is very 咖 t，and 曲 幅 也砒 I - 

Iill1m EM-t~'M for 】g∞ fhzzy model can~ vorge 

linearly锄dthmthe coav~~ lxe rate出 埘 s∞ the dif- 

f~mcebdwe自nM andm．The嗣naII盯 the曲懒 ∞oe． 

the faster the convergence．11leI曲 ， 害a 岫 日 

SFM is awell-defl~xl onefor ac血a1叩p】ic觚 of 

Suge~ofI】zzymocle1． 

Example 1 We u∞ 缸  Suge~o model with B 

SFM幻id 匆thefollowing nc咀1 sys啪 ： 

+1)= 

∞6valion fI】II出0n u(I)：sin ． 

Wedividenlc缸 subsets ofu(1)，r(t)，y(1—1) 

intv{NS，ZO，PB}，whcfe NS，ZO，PB replesnn N暗  

live Small，Zero， vc Big，respecavely．Gams~  

m印由 fll 曲ns a used，as shownin(1)．W讪 

EM-SFM ． 130 iterations the nle∞ variance of all 

samplesis0．000279． ．3 showsthe cI ofthe∞- 

ttud system and 血c fuzzy syst~ at diff~ t initial 

states，n~ tively． 

5 

3 

1 

— 3 
0 2O 4O 6O 80 I哪 

眺t印s 

The hollow dots— the actual system 

Initial state values arc 一1 1 5，r(0产O 8 

The solid dots— the fuzzy system 

Initial state values are 一1 1 5，知 0 
Fig．3 CBI'VCSofactual system andthefuzzysystem 

5 Conclusion 

Sug~~ofuzzymodelhasbeen d∞ ngIy pc and 

is 州d0扣used andmcessfully．Inthis paper，wc 

have∞曲 幻 the theory of。0删)inilIg蹦 algo- 

rkhm，modular network and Suge~ f lzzy mode1．W e 

have prcs~ted the I cffec6ve EM-SFM alg~ thm of 

thismodel and the proofofthelinear convergence 

ofthis aIg。 ． 

．．． 

．

．

．

．．． 一 

．

．

．一．．．

．．_． ～ 

r．．．．一．．．
．

一

． 一 
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