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tO ntlmetical麟蛐 I腊 al1．~aowdI砒the坤Wt~ miquc has Je_蝴f0la珊 leammg op 唧 直啦liz耐 舶pa 嘶髂 ．With 
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基于模糊推理系统的非线性组合建模与预测方法研究 
董景荣 

(重庆师范学院数学与计算机科学系·重庆．4(]0047；重庆太学工商首理学院-重庆，40oo44) 

摘要：基于模糊推理系统在紧支集中能够逼近任意非线性连续函数的特性，提出了一种基于"rakagi-~agmo模 

糊规则基的非线性组合建模与预测新方法．以克服线性组合预测方法在解决非平衡时间序列组合建模问置所遇到 

的困难和存在的不足，并给出了相应的基于学习自动机层次结构的优化算法确定模糊系统的参数和模糊子集的划 

分，理论分析和大量的经耩预测宴悄表明：该方挂具有很强的学习与泛化能力，在处理诸如经耩时间序列这种具有 
一 定程度不确定性的非线性系统组合建模与预测方法有根好的应用． 

关量词：非线性组合预测；模糊推理系统；学习自动机层次结构 

1 IntroduclJon 

One of廿lemostimporterflln~ons ofmanageme~ at 

alllevels in∞ organizatioa~is planning．andforecasting 

plays a crucial mle inthe planning process．Forecasting 

call asist a m∞a肛 or planner to identi org~tizadon 

n【a啷 tointlu~ce n fuUne in a way that will fulfil 

gaDi： ’s business objectives．．I1m吐Ⅱe，Accurate 

fozecasts a∞essential fbr risk II~UClJoII and flarat~ 

hlsj| objectives．Combiningforecastsis all acce 。d 

nxl删 ofim~ ving forecasts． 

Since J．N．Bate andC．W ．J．c,m ger origir~lypro· 

p0sedtheidea andmethodofcombiningindividualfore． 

* ∞妇 im }删 删 byNmiemlScia~ FoLmda~．(797701(15) 

R薛畸嘲 由惦：l9忡 一l'一∞ ；R舯t的 dlb：砌 一12—13． 

casts in a singk overall asse r瑚 t in 1969⋯ ，nmch 

wogl~ss has beenmadeinthefield offle~ecast combina- 

tioa~[2 
． Accordingto differertt ways of c0 咖 in— 

dividualfolecasts．the existing c,~abintng for~ ts cm 

be ckIssifiedintwo types，namely linear c(nnbin— 

iⅡg forecasts andnonline~lr combiningfozecasts．A 

gIan∞ at the c∞口bi疵llg literature． h。 日， slagge~  

lhatit~muld havefoeased almost~．clusively 011linear 

ca衄b 。吡offom-．astswithlinear comUm ts Or u田 e 

strieted．withtittle attention paidto how combining c舡l 

be undertakeninthe eonlext ofn0nⅡnear combin~oll of 

forecas~g variable．o岍ngto nonlinear 丑ceiT／~ - 
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ing~nongthe data orindividualforecasts，theselinear 

combinationfb碍c；咖 mefllods suffersfrom severalde— 

ficiencies andlimitalJOllS，whichmakethem severelyin— 

adequate fbf strategic org'~ zation planning[ 
． It is 

ltlerefore desirable to develop aⅡ combination fore- 

castingmethodtlaat caII overcomethese deficiencies and 

limitations． 

Recently， there have been some a晒 I1pts to solve 

these proU~ s bythe applicationofnotllJn~ combining 

forecasts．Ifthe acmal values of∞me fl珈∞asd1 prob- 

lenain a pexiod arc (‘=1，2，⋯， )alldthere arem 

ldⅡl of feasible individual f~recasting mettlods ar~nld 

it．w}l0se fb casdng values a ^( =1，2，⋯，n； = 

1，2，⋯，m)，respectively，then lloiil[1ll~；rx~bination 

forecastingmodel cRn bea【pr by a gellc枷 IIc - 

e fic tion asfollows： 

= g[ l，f,2，⋯， ]， (1) 

wb廿egis a no inearfIlIlcdon alld with hig}I盯 ac㈣ - 

cy ∞ m0fe excellent d缸mance血an these individual 

forecasts 蚴 凼 g to s0rne measlⅡe． U~ ramately， 

din衄r cx~ iningf re ham ’tbeen usedwidely as 

effectivetoolsin variousl~ctical at~ eadom，because 

itis difficultfor usto esmblish effee~ g n0nIiⅫ fLlIIc- 

doIlg． 

InIe。emly years，the offhzzyinfere~e sy Ⅲls 

as universal appI 由na10rs has drawn significant attention 

and pI has been made．References【8，9 J have 

pmved mat fhzzy iff-erelice sys奴 ns ba8ed 0Ⅱ ~ then 

nlles aIetmivetsal agproximators of nonlinearmaf ng． 

Reference[10]alsopI matTakagi-Suge~ fhzzyin一 

rence sys咖 s caII unifbmdy ag~ ate maY multi- 

v撕 a幢 c0 衄0Ils mc吐0ll m'bi~ ily well and they aI℃ 

mit~le for the m0【蚍 of complex Ilcn1inear sys· 
terns⋯ ]

． So，the ob~cfive of吐Iis pap is to u辩 the 

fhzzyinfere~e system 删 ofTakagi·Suge~ mle 

Ntsewith o0ns切m aI坤m，a param曲血。d乎lIl!；si缸 na~tll- 

ber~Np fIlIlcdon，alld simple肌 Il mca 肌  咀ator as 

ap 功【iI陇岫幅 of nlmIiIle缸 mappingto simulate nc - 

ear combin fIlII g of individual fbr钱as讧． 

In也is pap盯，A n Ilcdine噩 。0mbi曲[1g Ieca I喀 

m酬 based on jnfeI髓ce 积 n ．培 pI筋 ． 

Fh b朗卫m ．a ltie~ cal slnx电lIe of leami~ automa- 

诅 is us。dto棚tomatⅫ  idemifyfile parameter ofthe 

fhzzy m0del alld p dons of fhzzy sl】bsets．Thee~ical 

衄蛐 粕d Ieca 崦 examples all matthe 

由 isfeasible and effective- 

2 nIzzy~-fferenee system 

Tile fIlzzy ilI蛔  system is a IxIl~hlr缸明 出 

based 0n the o。m印b of fhzzy set theory，fhzzy IF- 

Ⅲ瑾N nncs and Iea 衄 ．With础 斌 tofIlzzy 

control alldm0(I她 叩p】 c撕l叩，the目咖 fhzzyin- 

fere~e systems c∞ be classified in twoⅡlajor tyP ， 

hap ly MaIⅨ嘶 fhzzy infere~e sys衄ns and Takagi- 

Suge~ fhzzy h-ffere~e systems．Takagi-Suge~ mle* 

dif衙  Ml脚 l卸imlesinmattheir“outputs”a砖 not 

defined by mef曲口ship fIlIlc on but by n0Ⅱ-fIlzzy ma_ 

lyd fimcti~as(岫  ，constant or affine fl衄c- 

tigris)．1l血fe船 shouldpcm~itto。【 ss complicat- 

edh ge 血 缸I蝴l删 咖 琳 of n】l_鹧 ．F I瑚 - 

raatlcs pc曲t ofview，Takagi-Sugenofh mlcs ba∞ is 

just fimctions mapping their input to 0Il I】t．BDr Takagi- 

Suge~ fhzzy nlI ba∞ used∞ models，afhzzy system 

can always be e*tablisl~ which is capable of appIDxi— 

matingmaY o口min andmmHIIear p壬ly出al system at- 

bitarily wel1． 

Inthis pap目，theTakagi-Suge~ mletype with c0II— 

sllult~ltlxlt a employed for the【nodcling of n-iⅡpllt 

mad sin e．oIIlpIlt c~nNnationforecasting system．Each 

mleR caII bewrittea asfollows： 

Rf：IF Xl Air，⋯ isA ， 

Ⅱ N Yis = ( 1．托，⋯ )，i=1，⋯， ． 

(2) 

whereR is alabel ofthe i-th mle， =( 1，⋯， ) 

isthein!~t vector，A0-aIethemeI bc咖 fimcti~ for 

jthi叩llt of ith nile，ythe output variable， the real 

value ofoutputforithnile。nthetotalⅢm b日 ofmle*． 

andm thetotalⅡumber ofinput variables． 

Tile type of A in the ccdcnt part in Eq．(2)is 

param曲倒 替uss m曲曲eI ip fIl 咖 e】 as 

fbIll s! 

A ( )= 【_(1 ) 】 (3) 
。nd in Eq．(3)a【ethe ctmter p0int and妇 删 l 

of the meI bc 如n【 。n， 州 y． 

Tile n七如ba墨hip value for ith nile， ，，is defined 

through simplemm6pl ∞ operations sucII 

雎( )=ⅡA (暂)． (4) 
』 1 

Tile output of the mle base c∞ be obtained 丘0m the 

∞栅 of酬 哼础 0d 
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Y：(∑u )／(∑ )． (5) 
it l ¨_1 

1be lea血lIg of the rule base is Ie删 from a科 of 

leamin~samples．Letus definethe quadratic eⅡm E： 

： 告∑(蚱一 ) ， (6) 
●jl 

w eD is total nmibef of m 面IIg data， is the 

0u calculatedfrom pnⅪ=dI] ofE ．(2)～(5)断 

ptb嗽Ijning data =( l，⋯，‰)p and disthe de— 

sirvd or refl臣 0u单tlt value． 

1be pml~se ofkIIIling is to minhni~ the qu,~lmdc 

cfIDrE．M 'm血 ofE is perfom~ by ng the 

， 
删 ”l pa mf她 ．'Ibisis a sI】pe州 s。dleaming 

scheT ，也耐 b∞，a M 蛐。bical structure of 1ea面 l1g 

to蝴 could be us
．

ed fbr山e simultm~eous ideadflca- 

Iion ofthese pam mt既s． 

3 L Irning algorithm 

3．1 hieaⅡhi阻l sl玎lc由聪  autoinl~l 

Tile羽T啪 姗 is。口蚰p0奇ed ofa pcdb旺m锄∞ "~d]Ua- 

Iion tmit and a b 缸 h al 玎lcnⅡe of s幻cha鲥 锄 一 

tc帕啪 w油 va~iabb sln 姐腑 ．Itmaybe caⅡ 倒 in a 

fi：edt~kl0叩 totheI蚯d0InⅨ ∞mnent． 

Atcamin~ T啪 姗 is a sexm#~1W。A，B。P，R， 

Gi．Ⅳ(t)isthe restxa~ ofthe ped醐嘣m∞荫 m 

syst~n．A：{nl，⋯，fitsl isthe科 ofinmmal states． 

B =1 61，⋯， } withN≤ 5isthe output orthe 8d 

ac~ons．P(})={Pl(f)，⋯， (f)l isthe stayp蚋虹 

ability distribution atit ∞ t．Risthele ng algo- 

rifluu(m．m丘mx帕珂 sdleme啊updatmg scitm~)th砒 

cb姐 theprobability vector触 np(f)top(t+1)．c 

is the m￡岍IIg ofthe setAonto the科 B(c：A÷ )． 

1bel】i嘶IIcKcal sy嗽皿 ofautm'natais戤d~ m,catkv— 

elstII址舡e。0Ⅱ驴0s。d of ngk amomaton丽lh a~mited 

Ⅱlf 目of actions(Ⅳ)(1 ． 

Tilefirstlevel comis~ of a Ⅱglc T啪 姗 m N 

inI~aml~ates，mc second o comisls ofN ngk舶卜 

t0Inata(ofNact'脚1s each)，舡 the kⅡllevelisfc~ned 

by( )删60m如 (F ．1)． 

Fig 1 Hierarchical slructur~ofl~rnmg automata 

Let us cc~sidexahiexarchical system of automatawith 

N bvels．山B vad砒i0ndomain oftIIe conU'ol v~'iabb is 

disc in i~ 'wds．The actions cho~u at the 

V撕∞s levels aIe denoted by( 1， ，⋯， ⋯ r)， 

and sothe comsrx,na~ng 啪 ata aIeA， ，AJ ，⋯一 
． ．( 一1)． 

Iftheaction selectedatitexationt bYthefirstlevelan- 

妇|】a妇l is勃 the an妇瑚啪 concemed is and the 

probability distribution will be adapted according to the 

fonowtng relations[1 
．  

IflEr(f)=0(reward)： 

= p

⋯

gt) ； 1圳[1 -1 
．  

“¨’ 

【p 1(̈  
⋯  

)一[7{Pj(f)1]_ ⋯ 

IflEr(t)：1(penalty)： 

JPj i(t +1)
tp 1 j． (8) l( +)：pml( )． 一 

withml≠jl(actions not selected at 1)． 

By~u／nplJon， {P(t)}is positivefor all P(f)(O 

<r／lp(t)l<1)．To cmry out the ad印嘶0nlllo2ha- 

nismfor the Nth level，let us introduce the fonow~ 

notations： 

hJ2⋯ is denoted by 

l 2⋯ rrdVis denoted byMN． 

theNthlevel-ifthe selected action戤timelis bm the 

m~omaton concernedis denoted byA 
．
1．The plu]3~ - 

it,／distrilm~onis adjusted bythefollowing algoritlan． 

ⅡlEr(f)=0(rewam)： 

fpm(t+1)=Pm(t)+脚 一llp(t)l[1一 (f)]， 

【Paw-1 (f+1)：P 一1刁li(f)[1一胁
一 1{p(f)l】． 

(9) 

If"(t)=1(pum~y)： 
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：)+ ㈤，Oo1 ， 【 一1 ( +)=p 一I ( )， 
wilh碱 壬 1N． 

Fcf all the o[hcf acllc~s 

P／~C(t+1)：删 (f)，for删 ≠IN，J 一l ． 

(11) 

A u{·J fl】Il( 0nis associated wilh∞ automato~in 
tbe hlea~rchy．Thefollowing algorithm【 ]which ensuIes 

￡-opf~dity is chose~to adapt the ；‘}fimctions at 

eyeD'l _d： 

_lⅣ{ }= 一1{ } (‘+1)． (12) 

In sl】rmnary，based on the probability disuibut~n，the 

first levd automaton 日皿d0n1ly selects an 8~tion I． 

This，in nlrrI，activat~ the automatonA atthe second 

l d．which chooses∞ ∞d0IIb its actionpmb- 

ability di出ib ∞ ．Consequently，the鼬】tom 幻IlAj is 

activated，ctc．The final action selected atthelast level 

m日岫 an actionthattom．pondsto avahc ofthetalc 

parameterwilhwhichlhemultilevel auloma~nis associ- 

atcd．Each parameter ofthe fuzzy infc~nce rules is as- 

s0cia脚 wilh such amultilevel auloma~n．At eachim-a- 

lion，and c~mpletc set of parame is genm zd and a 

new p口fc叮nallcei1"idex cri~ionE(‘)is calculated and 

usedto updaz the皿 b出i distribution of each level 

0f allmulfi!evd mIto虹曲 ．This procure ismpeat~l at 

eachiteration l the desired convergence is read】ed． 

The probability vectorP( )at each Icwl dci~ds only 

onthe。0∞。spc删jnglevel and onthe action sdectcd at 

lhe p~vious lew1． 

3．2 h I1．舶蟑n由吐蛐 aspects 

Letus asslⅡnelhateacll ofthe param咖 ofthefuzzy 

in Ice system variesin a ed蛐曲试ned dc删 Iin．This 

d伪nainis discrclizedinto ．A mmlb盯 of 既 cal 

strtlctlii~ of au幻nIa组 equal to the parameter nuⅡlb盯 

nccdto bc used for the idea~ificaIion task．Each set 0f 

ac 0Ds of e diffea'mtpyr~ ．idal stnx电Ⅱesof卸Ⅱ0ln血  

ismsoeiat~  n1 0∞ ofthe p司啪m sto bei~ -aiffed． 

The~ rfomm ce valuation unit contains the follow· 

ing rules： 

T

眦

HEN

“ 

0 e l 1 
， (

￡)= ， (f)= ， 

whereE(f)istheidentification criterion(6)and"( ) 

istheresponse ofthe pcld_删mancevaluation system． 

At eachitcr~ion f，a uniformly distrlbutcd rmulom r 

is genm zd，and ∞ action is mndcedy sdcctcd， 

based on the probability distribu6~m associated砌 I the 

selected mllonmminthe coneq,ond~ kvd．The index 

i is thelast value ofthe index．vedfying the fonow~ 

conslraint： 

∑ (f)≥r，f∈[0，1]． (14) 
，#1 

This pr0c。dl is peaIedt theN automata activated 

atthe differentN levels andforthe 9吐 ofdiffeamtbier- 

archical捌工IⅡ由lreofleaming automata associated 血 the 

different parameters of the fuzzy infeame syst~ ．The 

last actiom sele删 by differenthie~-dfical smama~ of 

theleⅢ凸iI ~ mata c0nesp0rIdtothe es血Ⅲ 0nofthe 

infeam~ system p~ meters． 

The costfunctionis calcul~xl h*d 吐“油lcedintll 

pe mI鲫∞ a1I|砒_啪 unit，which gcn~~ ∞ ou t 

"(f)．ccore~ to m】es(13)．The pm~ ility v咖  

Ⅲethen ．ccole~ tothis response，thislUCCe· 

dIⅡeismpeated eaclltime． 

Nonli~ c0mbi 0n forecasting pnnc~ based on 

fuzzyinference systvm is asfollows：letI／,sta1~ re ty 

observation dataofs0IIlef0recasdⅡg in a ScI~od(f=l， 

2，⋯，n)and states向[ecas石ng values produced by17t 

differentindividualf0∞casdIlgmodels aroundit(f=1， 

2，⋯，n； =1，2，⋯，m)，respe~vely．We诅bf= 

( 1，尼，⋯， )∈皿 and ∈皿 theinput vmables 

and the output vadable of the fuzzy infcnmce system， 

r pc ly，then rune the fuzzy in f∞ce syst~a to 

makefit~ng inecision of 娜 n h主ng 砌 ng to 

sc雌 I【 a{；I】Ie the lcss the bettor．Af时 tuning。we haw 

cons~ the nonlinear mapping m]alion of the data 

aboutindividual Ⅱeca啦 and∞ actual value and apply 

the system to combine these f-c~'ecasts ∞ information 

frc~nindividualforccardingmodel∞ diffc~snt scm“： in- 

to a singleforecast with high~ accmacy ∞ ~ llcnt 

pe~fonmncc． 

4 Evaluation offorecasting effects 

In onlcrto删 ua and compme ilol1]iliiN~combining 

forecastingmethodbasedfuzzy systvm，afeasible evah- 

ationindex sys~vm mustbc adop~d．Ac训 ．Ⅲgtothe。_ 

valuation conve~tions and pdnciple of fomcas6ng el- 

fccts．thefonow~ cvahationin and crlmria haw 

bccn~ ployedl∞∞： 
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· sm or 一一，ssE=砉1 c扎一 ， 恤一  ～ u⋯~Jl- I= ln onler 0 lJⅡls【r 【flC眦K 口】 V UI口Uuu1EiH 
where and rep~ ntⅡ real values andthefbfccast- 

ing values，respectively； 

2) 唧r，MAE={ 『 『； 
3)Mean square唧 r．MSE=1 yr．-E； 

4-)Mean absolut~pe煳 t err ， 

MAPE= 『( )／r 

5)Mean square口am t~lTor， 

MSPE ： 1 

b'ming forecasting based on fuzzy infelenee system 

(Na )and oompate NCI~S with other combination 

ways．several application examples aIe giveninthis s 一 

lion．n or~nal datainExamples l，2，mSlx~Wly， 

takeal妇 references[13～15]，as shownin Table 

1．The evaluations of fo~ stiag effects for Na 

describedinTabk 2in detail．For convincesina舶加ar- 

alive a~aysts．we also give allthe evaluations offore。 

casting effects about all Ⅱ 吐 s both individual 

combin gin Table 2． 

Table 1 The original dam offorecasting examples 

Indices off~ sting effee~ SSE MAE MSE MA甩  MSPE 

口 ：曲曲  唱 forecasting；WAN：weiglm~ mithmetic删 ∞ 曲 i曲1g fbn螂 ；w洲 ： i 哪 gc0Il 嘲  

∞ld如-啦 缸郴 ；NcFs：玎0Ⅱ 。od虹 l~med衄 如 j日】 御 ． 

The simulation evaluation results．re】afive to two e】【一 

ⅢI 1 ， show that “ml comb'ming forecasting 

method based onfuzzy system can getthe bestforecast— 

mg effects ofall themethods．m觚 Dg pIecisi0n．stabili— 

ty．smooO~ng and trend analysis to forecasting 缸曙et． 

Besides．0血日 big numb s of exarroles also show the 

similar re ．Therefore，the meOmd(NCFS)is al— 

ways Ie。口mm删 ed such that the best∞mbjniIlg fl呲 - 
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cas血喀 effectsc硼 be olxained． 

6 Conclusion 

The n lysis I ，删 in this paper has demonstrated 

that nonlinear combining foI~ sting method based 

∞ fuzzy infere~ e system fotrm a fraitful extemsiou to 

the 碰 ng methodology。and contributes r insights 

into praelieal ways to model problems involving large 

IKlm~ ofc~nplex and possiblyinterrelated allematives． 

In Otlil~words，the n~linear QOIIlbi~ forecasting 

method ineorpo,a~ fllzzy inference sy螗∞ p。ssesses 

ad。qJ|a曲 耻描血 capability。learning 0p豳  

andtmivea-salized capabilities．Fin'ther~mpilical studie,~ 

ofeombined~xleling and foi~easting of Don-stationary 

lime sea'ies in nolllilu~r syst~ with this method are 

d l0le u【出 way． 
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