
~f ~$Jf*ra,;fJ'J i3!ft*Z;t-ft 


tJs if.. j'f* * ~ tr..** 

t~ ~ 

~~~~*,*M~~.#t~~ARMA.~.~~.~t,.~A~ 

~-tJl.~~~t.J.!!Jl1 ~ .i..-l-~AICltBIC~ 0 li~.;ft*,tf..;ftiIH1. t ~1;~Jt. 

1~.;ft~~:4t~r~=k, ~:4t~r~=k~~Jt.;f:1t*§J.:4t~.~~.~, Jl.t"$ 

iiAtt:k.* ' ~1mJ.;fti!:f1.-t-~~.ft~t"R.-Ri(tJl;tJU~ 0 Pukkila et al.(l990)JlA 1H~ 

lJ±jf:btrI!i~i!;fl~ rt=k ~ ~f(,1&:f1.?Ji".f}tili -t••~* ( fJj 1C.~PKK*) , JlIJ;f: 

1;~Jt.1~.;fl~:4t ~ ril'=k {!1JtJ:.l!.~*\i'.l.j{--.t.ff~ 71J (innovation se­0 

ries ) ~ ~.)bj"i!:f1.~1flt~ , ,tf.-fiJI] t ' ~~1Ft:t~A.i-1.i;f:AiL 0 

*-.:t..i..-l-I§l ~,tf.~#t".t.ff~7IJ;f: ~ ~jJf1&:fHf ' PKK.;fl*~.;fl1iE. 

:JJ ; .3E* $ $t *-~ Til AICltBIC.;ft*,tf.~f ~.)bj"1&:f1. r -t••$t :~U\t.~t.. 0 

~.1~ :ARMAtl~ , AIC , BIC , --M.1t:4t/J'-t~* 0 

~ -:­1 • FJIJ p 

{£~fIij}'f9tl*tJT9=' , gHIm.f$j/J-'¥-:f:5J ( AutoRegressive- Moving- Average, ARMA ) 

m~llIf1X (order) ~ltt~-ll~1J~~'ffi"1t:;~HtPtE.+*m.~'±Jm, ~$:-=+~*tE.ltt"l1l 

517/FY.*~3&jJ~~jJOO~liJfJE 1t~...t ,~1r~~ljmBox & Jenkins(1976)JWtIHI1 ~ § t§0 

ilmlt (AutoCorrelation Function, MfjlJACF) 'lHIiU §t§fBJpj§1t (Partial Auto­

*11*»; -t.~ ~Jt.itNJt1t fiJi" a~:ft.t.t 
**11* »; -t.~~Jt.it*1t fiJi" AiJl -:I:­
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Correlation Function, MmPACF ) *fUlJiflJl~;gmm! , ~i!t~-frii~.Mzilf:\¥Hl£lJi~J¥jJJ~ 

;f§lUJzm~ , !i~W~J&-{t~£I!~f( (residual variance) A!ill\i¥Jmm!~!i~~l!tl 

~ 0 lli;ff**fUfflitA~tftfIH68rri¥J~?X~)£ ( sequential test) ~HlI±I : ;fI{PHt~)£ (like­

lihood ratio test) 'Wald~)£, btLagrange mu1tiplier~)£ 0 {E!~ , ~.@:1f7t:~1t[;5Jtt)£Z 

.~Jj(~~1I'tJ ' ITff;ff~II'tJi¥J~* , ~lfttt~±. (~de Gooijer et al., 1985) 0 Akai­

ke ( 1974) fUfflltlt;fl{b{liilt (log-likelihood function) , ~HlI±li!t~i¥J El~m,~.tfl 

flU (automatic information criterion) MmAIC 0 ITff~Schwarz ( 1978) fllfflJH\;; ( Baye­

sian ) ~-m-fIUfu , ~HlI±li!t~i¥JJH~m,~,~Jltl ' MmBlC 0 Hannan& Quinn ( 1979) 1&. 
BIC~Jltl.Mz~I±I-~fil mlt (penalty function) ,{tJt:~~i¥J3!J.3t*ntBICZ~fil jiJ§f( , W 

Il\ntAICZ~iil Pl§lt ' lftePAi!t~ i¥JHQ~JlU 0 QLt.~fj*JlU EBnt~{f{ACF~PACF~'~. 

§.,lli~~~?X~)£~••)£.~**,~lft~~~$.i¥J:1f7t:o 

~ffl$~~fj$.*~*~J&m~IJif,~••)£.~mm!z!i.~~,ffiEBntmM~. 

~m~i¥J!i.~?Xl1l1~.!i~m~)£i¥Jmm! ( ~Hurvich & Tsai , 1990) ,lil23~,.m-. 

m;ffPJt~m~ , t.t*€lJifltJJ 0 ~T:i!lf~lft~~., Pukkila et al ( 1990) ~ntm~m1fjJj;JlU 

( principle of parsimony) ,tll±l-flM.ITfflit~mltl~J&ARMAm~i¥J:1f7t: 0 r&ITff~@:If 

7t:~~nt-1i.i¥JfI11. : ep]!~J¥?U (innovation series) ~1ft~BT.~~ 0 .~J:lft@ 

.1111~:ff:(£ , t&*:)ct. § i¥J~~M:(£ARMA~m!~;ftr ' #]!~J¥?U~-~P.wrj§W 

shnaial 

ries ) 

IJif ( non -Gaussian process) ,PKK7t:i¥J~mt~JJ ; .Mz#1fzWfUfflAICWBIC*J{U*~~~ , 1 ) 

m!1Jif~~~o aTh 
*X~=$#1f~~PKK~~7t::(£~m~~rr,mm!~~,~lt~tftbtmm!~~~~. 

ZJ1Uj8~~ 0 :(£~~$Jlu.mJHt*4*t&IYlPKK~m7t: ' AICbtBlC~*Z~m~* , ~#f 

~tfiU~,~nt~llY$ 0 

2. AIC, BIC*,PKK~~l* 

*$±.:(£~x~AIC ' BICWpKK~m7t: , :(£2.2$rrJ'Gfr*BAICWBlC*JlU ; 2.3$J{U1r 

*BKoreisha & Pukkila ( 1990a ) mtll±lffl L2A~-m-~f(i¥J-flN:1t!ill\.1f:1f7t: 0 Pukkila & Kri­
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~JE ( Iike­

fitl25JmtJEZ 

;) 0 Akai-

I ~tfft,@,$ 

~ ( Baye­

n9)r&. 
~ PJ§lt dill 

CF&HIUl 

'J9fmtJE~ 

&:'~tff. 

:tItMlffiJlU 

mJm.@}j 

fifL.!It1N 

if6WT~~ 

*~JOCm 

~-=.tp.. 

~ , 5lfz.~ 

3fijJlU:ft 

& Kri­

~~i\'ljWTIliftll1ffJtl~mr!ztt~ 

shnaiah ( 1988) J9ffJiU±lfflIVJ~IjIf~~J¥.9tl (residual series) ~i!flts-=ftl:ll!!~E!9:JJrtJlU:tE2. 

4ftij9=t~H! ; ~{f:tE2.5fij9=':ftf.IBPKK~~rt 0 

2.1 'i~;iE. 

~lIr.9tlJt.3jl-tt ( stationary) lfilJ:J2! ( invertible ) Jjj\ft~mJllWiXlt ( p , q) Z I~H!m.ft 

jb3jl-:l'5J.~ , ~rtfinsARMA.~ , 5lfz.tfEltARMA ( p , q) ,Jt-119J~Jt~nr: 

- p - q
Zt= I: <I>iZt~i +at - I: OJ at-j (2.1.1)

i-I j~ 1 

p . - q . 

~(l - I: <I>$)Zt=(l- I: OJ B')at 
j= 1 j=l 

~<I>(B)Zt= 0(B)at 

Jt9='<I>i , i = 1 , ... , P , :t{ARMA~~ 9=' gH!!Uii~~E!9~lt ; 8j , j = 1 , ... , q:t{ARMA 

.~9='fti'J3jl-:l'5J~~E!9~lt; at' t=1 , .. , ,n:t{ARMA.~9='Z£jfJ¥.9tl (innovation se­

ries) , Jt.1f~r'I1:'Ui : E ( at) =0, Var ( at) =(12, Cov ( ai , aj) =0 i~j, rmBJ{U:t{{f:il! 

:lI~~ ( backshift operator) ,JtJE~~n1:l: BmZt = Zt~m 0 

3[~:tE~~~~9='J9fWCjlZMA ( 1) ,AR ( 1 ) ,MA ( 2) ,AR ( 2) ,ARMA ( 1 

, 1) ,ARMA ( 2 , 1 ) :WARMA ( 1 , 2 ) ~-tm~~Jt3jl-tt:Wr:tJ:J2!Jjj\ft~zJE~1*14 ' ~J! 

O'Donovan ( 1983) 0 

2.2 AIC & BIC:iI~~JtIJ 

~*=+~*, ~mtHf~E!9ARMA.~:i~HJt*J{U ' ~Q : AIC' BIC.&HQ~ , :l'5Jr:tJffl 

r.9tl EJ§ ltE!9 ~/Jvft*:t{1F : 

b(p,q) = nloga2 + (p +q)g(n), p = 0, 1 , ... ,p* 

q=O,l, ... ,q* (2.2.1) 
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Jt9='n : ;&J¥~ti.~fiE8fOO. 

(;2 : ;&WC~ARMA ( p , q ) ~E8;)£I!.lt#iwrfi 

p*,q* : ;&1'*~;fjt~Z:li:~m7X 
, I 
, I 

:tE~:m~~9=' , ~~E8m7X~~ , jlU;fjt~9='J!Jf*E8~lU1t~~ , 12Sl~.1tiwrJ!Jf51,gz~ 

£i:l!.~~/J' o:tE (2.2.1 ) ~9=' ' (p+q) g (n) A-jliUfEilt (penalty function) , 'I'm 

~9='J!Jf*~ltfOO.m1JUWf, (p+q) g (n) z{§:!J)\lli!zilm ; ;ffi&:E8 , nlog(;2 ~Ili!zil~ 0 

'i'g ( n) =2Wf' (2.2.1) ~RPAAIC*jlU ; 1Iff'i'g ( n) = lognWf' (2.2.1) ~RPABIC* 

jllj E6tnBIC~~-~'11: (~Hurvich & Tsai, 1989) ,$:*)(~*!JfflBIC-*jlU*~fJIf~~0 

J¥~ti~:aABT.~~ 0 

2.3 -~itii/J\.l¥1.n1i ( generalized Least Squares Method) 

E6tn{f-Jjf~ARMA;fjt~~Jjf.~Ar~ti~g ~i!Ml.;fjt~ ( infinite autoregressive mod 

el) ,-oc.AAR ( (0) : 

_ 00 _ 

z, = ~ 7tkZt-k + at (2.3.1) 
k-l 

( 2.3.2 ) 


*'1 
wrfid>i~ 

{gf§at~ 

~tnat: 

jlU ( 2.: 

f§lIt, fJGfr'Jjf~ARMA;fjt~mA-Jl[{p..{LmZi!Ml.~~ , iJ.A-RW1 ~ l!!ll.~~ (long­

autoregressive model) ,MiJ.LAR, Jtlfj~:t(llr : 
E 

_ L _ 

~:E ,
Zt = ~ 7tk Zt-k + at ( 2.3.3 ) 

k-l 
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~F~wr~IlI1~;tli1U~f!Z I:t~ 

m~- : iii ( 2.1.1 ) ;A;~ARMA~ru!_~ltLARtm (2.3.3) ;A; , >1ttf:l'-i~Jl{at}Z1i!i 

iff"ii{ at } 

m~= :~m~->1tq.fz{at}itA ( 2.1.1 ) ;A; , q.f-~!!!lBiJ~ru!:fmr : 

~z~ 

,'it~ 

~~o 

BIC"* 

~~~ 

- ~ p - q ~ 
Yt = Zt ­ at = I: <l>iZt-i - I: Ojat-j + ~ti-I j-I 

( 2.3.4 ) 

*,JJfI !t/J\.:if1rr! (Ordinary Lesat - Squares Method) RJ>1t tf:l ( 2.3.4 ) ;A; J:f<l>ilkBjZ1it 

tf"ii&ilk&j , .f&:(£~@~~1*f4r&ilk&J~fn§i-3&'jj: (~Hannan & Rissanen(1982» , 

ffi~atflltatz1i!im-ii , it{ ( 2.3.4) ;A;RJf:j~iI:!:E<I>JkBj~~~$ ( inefficient) 1i!im-ii 0 it{~at 

~~atj]OI.-1IM12SI#im-~ftrmijIJEgZll11HITflJlet' ZJ)\ElPat=at+et' itA (2.1.1) ;A; 

Jttl ( 2.3.4 ) ;A;RJ~~1mr : 

: mod 

- p - ~ q ~ 
Zt= I: <l>iZt-1 + (at + et) ­ I: OJ (at-i + et-j)i.1 j=1 
-~ p - q ~ q

~Zt- at = I: <l>iZt-l- I: 0iat-i + et­ I: Ojet-i
i-I i-I i=1 

(2.3.5) 

Jt9=t1 +max{p,q} ~t~ ( n- L) 0 ( 2.3.5);A;1lJ Jfl5!lUiJ~ru!~~:fmr : 

3.1 ) 
Yt=xd3+(t ( 2.3.6 ) 

:.2 ) 

- ~ qJt9='Yt=Zt-at' (t=et­ I:Ojet-i' Xt= 
i=1 

flT =(<l>., ... ,<l>P,OI, ... ,Oq) 

(­ - ~ ~)Zt-I,... ,Zt-p,-at-I, ... ,-at-q , 

Ing­

n Il!I!L 

( 2.3.6 ) ;A;1lJ1!-t/7fiJJflmll!l!~~:fmr : 

Y=Xfl+( ( 2.3.7 ) 

Jt9='yT= (Yr+t,.",Ym) ,X= (xI, ... ' X~)T, C= «(r+I' ... ' (m) , 

r=max{ p,q },m=.n-L 

riI~ ( 2.3.4) ;A;9='JW>1ttBzOjA:ff-3&'i1: , ~~llJll:lr.-1IM*:ff~ftrru:it (Z~J!ltm 

, :fm.lft-*{!IlJm-1J:tB~J!.mll!l!z#im-tlli 0 Jttlt.:i&!~:fmr : 

~ I ~-¥tLmll!l! , 0"2~~ftJlZJ!•• , rmv=X (XTX) -IXT, JtuJt~J!ltmll!l!z#i 
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( 2.3.8 ) 

( 2.3.9 ) 

1iI1fti:-l~$}m-. ' Iij"ftCholesky?tMj£IJj! ( decomposition theorm ) ~tl:I-L=:~9iI!~ Elt 

(upper triangular matrix) R (~Kennedy & Gentle, 1980) , {5I!~{}i:=RTR 0 Jifi 

J;A ( 2.3.9 ) ~1ij"t&liIr~m-. : 

( 2.3.10 ) 

jt~z= ( RTtl X , U= ( RTtly 0 

::{E1lW~-~ , 1t~Ifp~~j£ ( 2.3.3 ) ~~Lz:ui 0 Koreisha & Pukkila ( 1990b ) ~~ 

~~HI~IRJ~LUi : 0.5Jn ' In ' 1.5Jnlk2.0Jn ' ~Uit.fjtl:l : 1iiL~1ftJnW# , ~ltfiSm-:it 

~~$}~1:~pf.lk~plij"j~)Jl~~~* , Mc*)G~i*fflL=In 1iiLUi~j£z~ , WU~3itl:/j0 

§ 3!!1!.m~ ~~lt1tkZ fiSm-{Hnk' -~tlt1lt ffl.*fiSm- § 3!!1!.m~ ~~lt~1J7!:ffYuler-w­
alker~lt1i1m-7! , Burg~~7!lk:ii;j\f1J7! 0 jt~Burg~.7!tltYule- WalkerfiSm-7!Jifi~ 

1:ziIfO~ ( bias) Ij\ , J3.Burg~~7!:ff~i@ ( recursive) ~'I11t ' Mc~lt*~iIfOMBurg~)t: 

7! , f&lZ5I:it/j\f1J7!lij"im1:Jl.-~'l1z~lt1i1m-{H , Mc*xi*ffl:it/j\f1J7!*fiSm- ( 2.3.3 ) 

~ rft Z~lt1tk 0 

::(E1lW~=rft, IiI (2.3.9) ~~ (2.3.10) ~3ittl:lm~rft~ltfiSm-UiPGLS' lij"ft 

A ( 2.3.7) 3it~{}~~rPJ:I!:e ' ~ ( 2.3.8 ) ~{~iE)ffi:ff~:;J:t.~Alt9il!,*i: , .Jl}ftliI ( 2.3.9) ~ 
(~ 

~ ( 2.3.10) ~3ittl:lr-?X!lfft~~lt1i1m-UiPGLS' :R¥ll7filJifiM'ij£1&~{~lH4~l1: 0 Koreisha 

& Pukkila ( 1990a ) mtl:I : -~1t:it/j\f1J7!::{E3itM~~;fi rft ' ffft ( iteration ) ?Xlt:it~ 

~.~E?X,~n.~1&~~~3itoJ3.~fflm.~••~:.~~-?X!lfft~,~~.M. 

t&~~ltfiSm-Ui,Mc*x~ffft?Xltj£~-?Xo 
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( 2.3.8 ) 

: 2.3.9) 

='fIj~J. 

~TR 0 Nr 

2.3.10 ) 

b) ~~ 

t#im-!i: 

J1ffl3itili 

ler- W­

·f!Nrlf 

lfgiJi{~ 

2.3.3 ) 

, iiI ft 

L9) ~ 

Dreisha 

IUl$ 

t-OOM 

~~itfjwrffiffll1~~tlJltl~z.lt~ 

2.4 	~ lmlMMiX$Ir• .R1J (Autoregressive Order Dertermination Crite­

rion) 

Pukkila & Krishnaiah ( 1988 ) ~I±l § i!!ll.mrx$.J'L$llUm ~~UIDT~~J¥JU~~~ S-T 

.:i&fi 0 {t!!.lI'H'1J::nf!~Il~ : 

4-aAlfC~ (2.1.1 ) ~1tNr3it~z~~J¥JU fft~~a~i!1'~-S-T.:i&fi , ~1I~JU0 

11. ( null) WfJ"J'L ( alternative) fFilllt : 

{ Ho: !!t' is white noise process ( 2.4.1 ) 
HI: at is not white noise process 

~S-T~~fiZJ¥~.~~AR(O) ,H*-~fi~~S-T~.fi,MiiJm-ffl.m~ 

§ 3ml••W*:ilili , JYf~ ( 2.4.1 ) ~PJi&~~Il~ : 

Ho: ~t- AR ( 0 ) {	 ( 2.4.2 ) 
HI: at- AR ( k) k>O 

fl5J Jlt , L.J!J!~JE f",UlijfiiJmJimZfg.;~Itt f",' JI! ' fU}ij 1ffiiJ -.fI~ IlIf* llU *~Itt~~ IlIfrx ' 

~~.Zmrx*~O,Mm~&~.~~~J¥~~$S-T••fi,~Mg~&o 

~~,fl5J.~.§i!!ll••~~~.,~4-q=o,Wmc*MPJ~d~~: 

b(k) = nlogc,2 + klogn 	 ( 2.4.3 ) 

fUmYule- Walker$.~#iiltf! , PJm-~o-2~1l~ : 

A Ak 

a 2=c(O)(1- ~ <l>jrG) 	 (2.4.4) 
j~1 

Jt~<Dj ,j= 1 , ···klf,Yule- Walker#im-Jl , rG)=c(j) / c(O) , c(j)=-.L~j 
n '-I 

(at-a)(at+j-a\c(O)~{ a, }Z_*~.~ ,r(j)Jm.~{ at }~lilij W1Z_*ACFm 0 

~ ( 2.4.4 ) ~{-tA ( 2.4.3 ) ~ , ~j;!1~~1l~ : 

k A 

b(k)=nlog{ c(O)(1- .~<l>jr(j»} +klogn 	 ( 2.4.5 ) 
)=1 

j{1j ~~~'iltiB:If, 
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~~~.~~••m~.*~.m~o 
~#k=olfif , b ( k) =nlogc(O) , ~(2.4.6)~ItJ~~~Jlr : 

T(k*) =min {nlogc(O), i ~~~k* (nlog [ c(O)(l - JI <1>jrG) ] + klogn)} 

• k ~ 

=min {nlogc(O)'i ~~l~k* ([ nlogc(O) + nlog(1- j~l~jfG) ] + klogn)} 

( 2.4.7) 


~~.~-1m~~J!Hannan ( 1970) ,Chap. IV 0 

. ~nlog ( 1- <1>] ) Zjli{~7}WG (asymptotic distribution) J! - n<1>] z.i!i{!;.{?t~;f§ I'iiJ , Jl 

Ji~*lt~*lk{EHofl11i'D(r ' <1>jj~.;fI*;iI~jli ( approach in probability) r ( j) (J!Pukki­

la ( 1984) ,ii!£ ( 2.4.7) ~1tJ~Ja : 

- min {O k 2U) kl } (2.4.8)- i ~ k ~ k* , - nj~1 r + ogn 
Pu 

k • it7Jl!~~ 
~l:JJf3!ft , ~BIC ( k ) = -nLr2G)+klogn.llU~1!tff~tl {at}~:alit-BTtI;i/U~Z.~.

J=I ~PKK 
~Qr : tt~#k=llfif, trBIC (k) /j\~O, .llU~lC., .lltlfifff~tl{at}lit4~BTtljff[~; .&z., 

~.­
trBIC ( k ) > 0, .llU~k=k+ 1 , 1t~lnll:3!ft:tit1!tibft 0 mPukkila & Krishnaiah ( 1988) 

~.= 
I¥Jfo.;S5IUi'l)j~ ; Jik*= 1O~~*lt*~501fif , Ii'F5Jld~ ( significance level ) ~lit1itlt (const­

ant) ,ii!£*)(~k*{IlJ;Elitl0, ~tiFf.IBl~~J!il2.1 0 

[£: 
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~~il11iWf~1lIlF¥7Ui!m~z !t~ 

,) 

.Ii 

'1­

112.1 ~.~~" JIJ:m::a1\S Tfliln~zjjU~ II 

2.5 PKKJ~Uljt 

8) 

I!fl 

t-

Pukkila et al. ( 1990) ~~m~mff,tjW:j{U;jft/jal~JfJ~m:1f7t , ~1i~:Ii~l$l&m~~~ 

~B~.~*~.~~~*.fi,X.$.·~.~~l$~~*.~o~~~~M••~~ 

~PKKJ9f;jft/jZARMAm~~*~:1f7t 0 .tJt:1f7tIlJ?tA~7U.:::.tp-" : 

~..­ : EE:Ii/J\~m{XAR ( 0 ) IJ@:MtWC~-m~ 0 

~..= : 5fUm-~1t:li/l\1f:1f7t)j(t/jm~ 9=tz~f,{1irtft ' sIUi~tp-Bu~mlJlU7t; ( one ­ step 

-ahead forecast) )j(t/jRilJlUffi ' ~rm~~t/j~~ff7U 0 

~"~:.~EEtp-"=J9f)j(~z~~~~WAS~••fio*~,~W~;~~*~~~m 

~~m{X,~.~~,,-,.~~~ff~~~S~••W~•• o 

n:~tp-"~9=t,*~~~mff*~~.m~~m{X: 
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AR(O)--+ MA(l )--+AR(l)--+ MA(2)--+ AR(2)--+ ARMA(l, 1)--+ 

ARMA(1 ,2)--+ ARMA(2, 1) 

jt:~@tf:l!:tftiJ2.29=' 0 

~*~9='~~M~.~••~••*.~PKK••~~.m'~.PKK••~~~~ 

~5'tl7t)jIjBlHf£~WT ( Gaussian) liHffW ( Cauchy ) 7tWCliA ••~~AR ( 1 ) ,MA ( 2 ) 

~'&ARMA ( 1,1 ) 1lif~••fmjJtp I:t~, [PJ IlifmfIJmAIC'&BIC=.l$J{U.IOC.~~ I:t~ 

PKK ' AIC'&BIC~-=fl1J~~L:I!mfl7t!tFz••fmjJ ~:tft#~iT~5'tl7t)jljJJllq;t.tt0 

1ltU ( Lognormal) , :Jtg?:j ( Uniform) , ~'&:hn$ ( Gamma ) 7tWCliA ••~.MA(l),& 

AR(2)1lif~••••7t:ffr ' fflt~~7d.W*~![ ( 1992) 0 

*X9='••zJU4 , ~fIJmIMSL\STAT9='RNARM , RNCHY, RNLNL , RNUN , 

RNGAM;Ij@:a:iI:~ , FJf1fm-1J:~{j!m~1fim••9='JL'~IBM 3090.H~~f.lft 0 ~5'Ij{zt}IUIU 

1il{OOlt~IOOf\!!l ' Mzli1tllIOCIOOta, ~5'Ij{Zt}::lG#ztz1ilffi (2.1.2) :a:iI:~, mLEL.~9='FJf 

Mt)E~.fi!l6'i1f9Jf.3fit'fj:z{*{4 0 jt:9=' , ~jf~11j{at}7t)jljffiN (0,1 ) WCauchy (0,1 ) 

7t~iI:~o 

ffi~3.2.1~••PI~ : ~iT~5'Ij;1iF~~~WT~W , ~~~"jt::iJHjt~~jJ : {g~#.~9=' 

AR~MA~~.3ili~~Ilif,jt:••••~~~~o~~~PIm.~~MA~:a:(MA 

representation) m":!m-r , 4-.~3.2.1 ( a) 9='<DJ=O.3~'tWIDJif9iJ , jt:~PI*[PJ~~tt 0 

= O.3(O.3zt-2 + at- J) + at 

= O.09zt- 2 +at + O.3at-, ( 3.2.1 ) 

AF 

PI: 
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~~~WTIJif fII1 ff~tl ilH1t#;;Z lt~ 

112.2 PKKm~mU£1I 

fftLA:PJ~ , Zt-2JJiL{*lt~f..t:tm~/J\ , fPJ.PJffimID!r:p~tl~ , ?&~IIRMA ( 1 ) :AiUHl 

ru!E8 ~t$j@jJl76% , :N::~.PJft~E8~* 0 

ffi;~B.2.2E8~*PJ~ , 'I'£jfffjtlBOCfftilfw?tre~ , Jt~m~jJ~£jfffjtl:Aj@jWi?tre 

~~{t 1!-~.~~~U~Jl : • ( 01 ' O ) L-m:3iliJffiJli~ , ~W3&reil~'@ , Il;1ITff~1IR0 2 

AR ( 0) ~MA ( 1 ) :Aii~mID! , JtJffiIl;1PJffi ( 3.2.2) A:1~~ , W. ( 01 , O L{ji~ili~F2 ) 

PJ~Iii~~ , ~~.3&lJ?!llreil ( overfitting) , Il;1ITff~ltitAR ( 2 ) ~tf~AR ( 3 ) :Aii~ 

mID!, Jtl:~*PJ~ (3.2.3) A::bOI;A~IY3; 
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(a).(OI ' ( 2) = (0.3, - 0.4) 


Zt = at - 0.3at-l + 0.4at-2 


=>Zt=(1-0.3B+0.4W)at 


(a'=>(1- 0.3B + 0.4B2)-IZt = at 


=>(1 +0.3B-0.31W+0.213W+ ·,,)z.=at 


( 3.2.2 ) 

a::ll:A9=t~.~lJ!AR ( 0) ~MA ( 1) ~1f1iJ~~~iUUU~·m~ 0 

(b).(0J,02) = (1.8, - 0.9) 

Zt = at - 1.8at-1 + 0.9at-2 


- 2)
=>Zt = (1- 1.8B + 0.9B at 


=>(I-1.8B+0.9Wtl Zt=at 


=>(1 + 1.8B+2.34W+2.592W+ ''')Zt=at 


jllJjo( 3.2.3 ) 

EE .t.A1iJ~ : AR ( 2) lkAR ( 3 ) f5J1f1iJ~~JV(;J.t:ft~a;g)E:m~ 0 

EE~3.2.3~f.lfI:*~.~lJ! : 1!!fiiifU£*RFf~ti~1!fJ.tj\1:jWT:i@!~ , :jt~m~~jJf5Jffi1t~f! , ii 

~.~~m~9=tAR(2)~T~*.&o~~~m~~.~.Ff~W,ft~~.~~. 

ARMA(I,l) , ?&~W~.AR ( 2) tE.tYt~Jm ' ~:m~1JC.~JIIf{Ff£~:tmr :0 

AR(O)--. MA(I)--. AR(I)--. MA(2)--.ARMA(l, 1)--. AR(2)--. 

ARMA(I,2)--.ARMA(2,1) 

~~tJljj~~ , EE~3.2.4~#.iJ'i:*1iJ~:jt~:m~~jJ*J.t~~ 0 jJijEE~3.2.5£~ , 'llr{Zt}ZJijfm 

~J.tAR(2)1Iif ' tJljjj/]:m~WC.JIIf{Ff~~~":jt~m~* 0 

!iit?&Ja~1JC.m~~JIIf{FflI~~~~~:m~~jJ , {gIt~3.2.4~~*ft1rHilJ! : :tm*:m~9=t 

$lttil:rq:~I$I-011<1~1$1+011>1I¥Jf;M4 ' J:lU~*AR (0) ,MA ( 1 ) ~AR (1 ) J.t:ft~ 
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~~~WTmflllHf7tliBm~z lt~ 

.~HJ91t$!f¥:PTit:ll96% ' itlJ.~ZJ)\PTJIHl~I'8MA;ti~ (MA representation) lkAR;ti 

l:t ( AR representation) 7tJjfJ m~~O~ , ~.;ti3.2.3 ( a ) Ift$J = 0.8 ' 01= 0.51'8'11!~Af9/j , 

1t.PT*IrrJr!~mo 

(a).($J,OJ) = (0.8,0.5) 

Zt=0.8zt-I +at +0.5at-J 

.2.2 ) 	 =>(1 - 0.8B)zt = (1- 0.5B)at 

=>Zt = (1- 0.8Btl(l- 0.5B)at 

=>Zt = at + 0.3at -J + 0.24at-2 + 0.192a t -3 + ... ( 3.2.4 ) 

~ 	 =>(1-0.8B)(l-O.5BtJzt =at 

=>(1- 0.3B - 0.15W - 0.075B3 - ••• )Zt = at 

=>zt=at+0.3zt - 1 +O.l5zt-2 +0.075zt-3+ ... ( 3.2.5 ) 

rfI ( 3.2.4 ) A~ ( 3.2.5) A~ , ~*MA ( 1 ) ~AR ( 1 ) AiU~"m~I'8PT~ll1:ffJ# 

U) jf60 

3.3 AIC & BIC~1ttl EBjiUl~~~*Ji 

'll 
*iiHjffmta)3~rflAIClkBICt$J{u*~*m~~wr~1:I'8~* 0 A 7{t1k~PKKr!:lHm~ 

fC~ 
*1t~,~~~~~~m~~~I'8~~,~~~AR~~MA~~~A2ott~*mA.m~ 

rl'8~m~*7ttJT~n~ : 

(1) 	Zt=$IZt-l +at 

rfI;ti3.3.11'8~*~~ : #J!jfFf~OHIl~ilffi7tlfC, ~AIClkBIC*~lOCm~IIifJt~mfI~ rm 
jJ~/Fft , :it~f'JmAIc~mllif , ~1:~ltlfC~l'8lt$it:ll88 %~J:: ; ~rflBIC*~mlJ1i , 

~1:~lt~~I'8It.ZJ)\.~%~J::o#J!.Ff~I'8~*7tlfCA.~7tlfClIif,Jt~m~jJ~*
'1ft 

~wraJ! XAR~fi$:l'8f.1fSJj{fi~/J\~~~~0.311if ' ~~~*MA ( 1 ) AFf~O~~m~0 	 0 

.~ 

(2) 	Zt = at - Olat-l - 02at -2 
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E8~3.3.21¥Jf.lJ1f*~1r~~33rfjU$. : ~ , #1!.®Tn9tlHlitffDfW5tJC~ , liMAJifilttl A~ 0 

jftJn:l.!li~ , ~3J2-.;tid~l&MA(2)A:I:~m~ , ~P1iTfjj~1It~l&ARMA(l,2)!iltARMA(2,1)A ••~ 

:I:~m~o='#1!.®T~~Z5tJCA1It~5tJCliMAJi••gjftJn:I.!li~,~l&M~~A.. ~~~ 

m ~ I¥J t~ $~~ PI ~:li7 5 % 0 =: , #MAJi 1i.13:: jft~~ PI ~ ~~ ~ , JlU t.:J[ 1It~~ ~-tV 

MA(2) , AR(2) , ARMA(l,2)litARMA(2,1)A:I:.m~ 0 

E8~3.3.31¥Jl.$*PI~ : 1t1!~~jUHlitffDfW5tJC~ , 1It~l&AR(2)!iltARMA(2,1)A:4t. 1\I~.j 

m~ , Tfjj~l&ARMA(l,l)A:4t~m~Z?x.:l;~AO Tfjj#1!~~jUZ.$5tJCA~m*aG Jtifti0 

~ , ~l&ARMA(l,1)A:lt.m~Zt~$:zJ)\~~1!£ , IiVFtI:lAIC!iltBICY$JlUJttm1tm~I¥J~.fm sat 

jJtM~~ Box, I0 

2n 
Box, ( 

A\ 

AnE8~-=::ttpmMf.lJ1f*5ttJTPI~ , frJmAIC!iltBIC*~m~~~:irW!1tJC~~JC~~)EI¥J1f~ 
de Go 

~~E8PKK~m~ltli! -=::mJfr!9:t~AICZ~m~~jJ:I:~ , BIC?XZ , PKK~m~A. fo0 

~o.~=:m~mJf~~~~~m~I¥J.~,mpKK~m~~~~Z:lt~m~,~A~fm 1m 
Hanm 

~T1tJIl¥Jm~ , 1§.AIC!iltBICJlrj.1!1t;fIHiij~YKJI 0 

Hanm 
iE3.2jpW3.3jp9:t , ~1r~1!?~.~:m : PKK~m1!~E§1!.®T~j1JA~~j@jWT:irW!~Tfjj~.lJ! re 

m~~jJ , .Ilt-~'~JJ~AIClitBIC=Y$Jlrj~.1!~ffitl¥J 0 JtJt1t1!.®T~jUHlittE:m:W5tJCiJlf ' Hanm 
M, 

frjmAIc!iltBIC*~m~ , tttt~:01tJjI¥J~mf.lJ1f*tl:l:m 0 ~.IltZj~ , ~AIClitBIC*Jlrj* Hurvi 

Kl~m~,iEm~JC~I¥J:irW!~9:t1!?1It.~~~I.!li~~mm,li~~I¥J~~~3J2-APKK~.~ 
Bi 

l¥J+ffi,E8~~~MI¥J.I.!li*~,PKK~mr!.~~1t3J2-~*oTfjjE8mMf.lJ1f*~,m~~ 
Hurvi 

~1¥J),M~JIIfi:~~Ji:A : in 
HurviAR(O) ..... MA(l) ..... AR(l) ..... MA(2) ..... ARMA(l, I) ..... AR(2) ..... 

U 
ARMA( 1,2)..... ARMA(2, 1) Kenn­

.~PKKr!I¥J~m.jJ+A•• ,m~~.~Z••m~*A-.mZARMAm~, y, 

Korei 
Jlrj~A1JJ~&\3J{BH.llr$?XJC~~Jf~~~tI:l , 1§'fOC19!~n.llt , :zJ)\~~~~19!mAIC!iltBICY$JlUIlif 

E 
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~~~wr~IlI1!¥JlJ)ftmf!zt:t~ 

~. ~~o~.MM~~~-M~~m.,~~~A~-~MR~§.o.~Z*,~.PKK 

I)lt )I~t'!{lfj\'t1m6;ffIHJ~.~ARMA~~~iM~ , m~ , jmMMfJ~t'!ffE..~.m_*fPttlJiffUj 
i~ J¥Jtl~~, rPJi!:lJiffUjJ¥JIJ~~' ~~f.t8!ttlJiffUjJ¥JIJ~~I~.t&~~~.ARMA~~~)Il~J{U;ffr.t 

U& ~-t9'1*AMR 0 

• ~ )c * 
l~ 

HIe 

U~ 

f~ 

.iii 

ff~ 

~ 

* r! 
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~~jWjWTa;f/U1F¥7IJ~mf!z lt~ 

*3.2.1 .~.~.~/x.H:H!ic* - PKK ; •••m! - AR(I) 
!\. and (a) ARMA(p.q) (b) ARMA{p.q) 

19(1), (0,0) (0,1) (1,0) (0,2) (2,0) (1,1) (1,2) (2,1) O.W. (0,0) (0,1) (1,0) (0,2) (2,0) (1,1) (1,2) (2,1) O.W. 

OJ 19 76 5 0 0 0 0 0 0 o. I 4 92 3 I 0 0 0 0 0 


ions," -0.3 20 75 5 0 0 0 0 0 0 -0. I 8 83 2 I 0 0 0 0 I 


0.5 0 60 39 I 0 0 0 0 0 O. ) 0 83 16 0 0 0 0 0 I 


• , -0.5 0 65 35 0 0 0 0 0 0 ~, -0.) 0 83 10 I 0 0 0 0 I

~nkins 

0.7 0 6 93 I 0 0 0 0 0 O. 1 0 2 97 0 0 0 0 0 I 


-0.7 0 8 92 0 0 0 0 0 0 -0. 1 0 6 94 0 0 0 0 0 0 

mated 0.9 0 0 98 0 2 0 0 0 0 0.9I 0 I 98 0 0 0 0 0 I 


ons 	in -0.9 0 0 98 0 2 0 0 0 0 -0.9I 0 I 99 0 0 0 0 0 0 

a,-N(O,I) a,-Cauchy(O,I) 

~RMA 

*3.2.2 ~~.~.m!)X.7jDc* - PKK ; •••~ - MA(2) 
Order (a) 	 ARMA(p.q) (b) ARMA{p.q) 

ustics, 0,;0 ,M ~D (~~ M M (1,1) O~ M QWI 0,;0, (0,0) (0,1) (1,0) (0,2) (2,0) (1,1) (1,2) (2,1) O.W. 


0.3;0.4 ~ 21 I ft 3 0 0 0 o I 0.3;0.4I 12 II 0 71 4 0 I 0 I 


o I
-0.3;0.4 m ~ 0 % 3 0 I 0 -0.3;0. I 11 13 0 69 4 I 0 0 2 cs, 6, 
-0.3;-0.4 5 ~ ~ n 0 0 0 0 0 -0.3;-0. I 2 16 50 29 2 0 0 0 I 


0.3;-0.4 6 U ~ n 0 0 0 0 0 0.3;-0. I 3 19 53 22 2 0 0 0 I 


1.42;-0.73 0 0 0 M ~ 0 W 4 4 1.42;-0.73 I 0 0 78 5 4 5 3 4 


-1.42; -0.7 I 0 0 0 n w 0 U 2 4 -1.42;-0.73 I 0 0 78 6 3 4 2 6 


1.8;-0.9I 0 0 0 n ~ 0 9 4 ~ 1.8;-0.9 I 0 0 61 7 0 7 4 20 


-1.8 ;-0.'I 0 0 0 n 12 0 11 9 ~ -1.8;-0.9 I 0 0 67 2 0 6 I 23 


a,-N(O,I) 	 a, - Cauchy(O, I) 

*3.2.3 .~.~~Im!)XJj(~Dc*-PKK; •••m!-ARMA(l,l) 
(a) ARMA(p.q) 	 (b) ARMA{p.q) 

<11,;0 M ~D 0~ M M (1,1) O~ 9J) ~I <11,;0 , (0,0) (0,1) (1,0) (0,2) (2,0) (1,1) (1,2) (2,1) O.W. 

0.8;0.5 7 % n 12 2 0 0 0 0.8;0. ; 8 53 ~ 5 0 0 0 0 0U 
-0.8;0.5 0 0 9 I ~ 7 0 0 0 -0.8;0.5; 0 0 7 0 83 9 I 0 0 


-0.8;-0.5 9 ~ G 2 3 0 0 0 0 -0.8;- O. ; 6 42 48 2 I 0 0 .0 I 


0.8;-0.5 0 0 9 2 ~ 6 0 0 I 0.8;-0. ; 0 0 9 I 83 4 2 I 0 


0.8;0.7 n ~ 3 I 0 0 0 0 0 0.8;0. 1 82 14 3 I 0 0 0 0 0 


-0.8;0.7 0 0 0 0 ~ n 3 0 0 -0.8;0. 1 0 0 I 0 61 35 2 0 I 


-0.8;-0.7 n 21 5 2 0 0 0 0 0 -0.8;-0. 1 71 25 2 2 0 0 0 0 0 


0.8;-0.7 0 0 2 I n ~ 3 I I 0.8;-0. 1 0 0 0 2 4 0 0 

'-- ,---52 ~ '-- - '--- ­

a,-N(O,I) a, - Cauchy(O, I) 
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ARMA(p.q) 

I (0,0) (0,1) (1,0) (0,2) (1,1) (2,0) (1,2) (2,1) O.W. 

0.8;0.5 7 46 33 12 2 0 0 0 0 

-0.8;0.5 0 0 9 I 89 0 I 0 0 

-0.8;-0.5 9 44 42 2 3 0 0 0 0 

0.8;-0.5 0 0 9 2 87 I 0 0 I 

0.8;0.7 72 24 3 I 0 0 0 0 0 

- 0.8;0.7 0 0 0 0 96 I 3 0 0 

-0.8;-0.7 72 21 5 2 0 0 0 0 0 

0.7 0 0 2 I 89 3 3 I I 

ARMA(p.q) 

, (0,0) (0,1) (1,0) (0,2) (1,1) (2,0) (1,2) (2,1) O.W. 

0.3;0.4 I 4 14 54 16 11 0 0 0 

-0.3;0.4 0 4 18 48 12 16 2 0 0 

-0.3;-0.4 9 42 I 41 0 7 0 0 0 

0.3;-0.4 8 39 0 42 0 11 0 0 0 

1.42;-0.73 0 0 0 0 21 77 I I 0 

J-1.42;0.7 0 0 0 0 19 78 2 1 0 

1.8;-0.9 0 0 0 0 0 94 0 5 I 

-1.8;-0.9 0 0 0 0 0 94 2 4 0 

a,-N(O,l) 

li : ~3.2.1.f.~3.2.3 'f 1Ie.:i!tl~ :t..7I:AtJI!Jj,lf ~ : 

AR(O)-+ MA(l)-+AR(l)--+ MA(2)--+AR(2)--+ ARMA(l, 1) 

--+ARMA(l,2)--+ARMA(2,1) 

.m ~3.2.4.f.~3.2.5 'f 1Ie.:i!tl~:t..7I:AUJi,lf ~ : 
AR(O)-+ MA(l )--+AR(l)--+ MA(2)--+ARMA(1, 1 )--+AR(2) 

--+ARMA(1,2)-+ARMA(2,1) 
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~~ ifIi;Wf ffif 00 ff7U ill:fJH! Z It~ 

*3.3.1 :la~,.~~~;xlt#~c*-AlC & BlC; Jnr~~-AR(l) 
(a) ARMA(p.q) 	 (b) ARMA(p.q) 

Ill, (001 (0 I 10 021 (20 II 12 2I Ill, 00 01) _001 ~021 f20) (II) (12) Ul) 
OJ, 4 29 42 I II 4 7 I 2 OJ 0 0 6 0 91 0 I 2 

IS 2S 49 1 I 0 I 0 I I 52 0 46 0 0 0 
-0. I 2 29 45 5 9 8 2 0 -OJI I 0 8 0 89 0 I I 

17 28 50 0 4 I 0 0 I 0 52 0 46 0 I 0 
; 

0 II 78 6 I I 3 0 0 0 53 0 46 0 I 0 
-0.5 0 11 57 7 8 13 4 0 -0.5; 0 0 8 I 90 0 I 0 

0 13 80 2 2 3 0 0 0 I 53 0 46 0 0 0 

O. 5 	 0 to 56 15 6 9 4 0 O. 0 0 6 0 92 0 I I 

O. 7 0 0 67 5 6 10 II I 0.7I 0 0 5 0 94 0 0 I 
0 0 93 J 0 2 2 0 0 I 52 0 47 0 0 0 

-0. 7 0 0 70 4 9 9 7 I -0.7, 0 0 6 0 88 0 2 4 
0 0 94 3 I 2 0 0 0 I 54 I 44 0 0 0,0.9 	 0 0 72 0 8 8 II I 0.9, 0 0 6 0 91 0 I 2 
0 0 97 0 I I I 0 0 0 51 0 4S 0 0 I,-0.9 0 0 77 0 7 7 9 0 -0.9, 0 0 5 0 90 0 2 3 
~ 0 96 0 I 3 0 0 0 0 55 0 43 0 I I 

a,-N(O,I) a, - Cauchy(O, I) 

*3.3.2 .~.~~~I.X.#~l* - AlC & BIC ; li.~~-MA(2) 
(a) ARMA(p.q) 	 (b) ARMA(p.q) 

0,;0:, (Olll (0 II 10 02 20 II 12 21 0,;0 , 00 01 10 02 20 II 12 2I,0.3;0.4 0 I 0 67 2 3 20 7 0.1;0.4 0 I 0 0 17 0 19 ~ 


3 4 0 75 4 5 7 2 0 I 0 II ~ 0 7 a 

-0.3;0.4 0 0 0 59 3 3 22 13 -0.3;0.4, 0 0 I 3 ~ 0 13 ~ 


2 5 0 66 6 4 10 7 0 0 I 11 ~ 0 6 ~ 

-0.3;-0.4 0 I 5 70 7 8 7 2 -0.3;-0. I 0 0 I I ~ 0 ~ 


2 I IS 68 4 5 4 I 0 0 7 5 77 0 4 7 
" 
0.3;-0.4 0 I J 65 8 11 10 2 0.3;-0. I 0 0 I 2 M 0 15 21 

2 I 15 58 9 8 6 I 0 0 8 7 m 0 3 2 
1.42;-0.73 0 0 0 46 3 0 27 24 1.42; - 0.7 I 0 0 0 D 5 0 ~ ~ 

0 0 0 53 3 I 24 19 0 0 0 ~ 5 0 ~ n 
- 1.42; -0.73I 0 0 0 45 2 0 27 26 -1.42;-0.7 3 0 0 I ~ 6 0 ~ ~ 

0 0 0 51 2 0 25 22 0 0 I ~ 7 0 n 15,1.8;-0.9 0 0 I 30 31 0 17 21 1.8;-0.'9 0 0 I a 0 ~ 15 
0 0 I 31 31 0 17 20 0 0 I a 0 ~ IS 

-1.8 ;-0. I 0 0 I 28 34 0 20 17 -\.8;-0.9 0 0 I 46 0 ~ 7 
" " 

~ Lo I 30 35 I 0 18 16 0 0 I " 0 M 7 
a,-N(O,I) " "a, -Caucby(O,I) 

*3.3.3 .~~~~~;xtHr~c*-AlC & BlC; li.~~-ARMA(1,l) 
(a) ARMA(p.q) (b) ARMA(p.q) 

1Il,;O, 00 01 10 02 20 II 12 1Il,;O ,I (0,0) (0,1) (10 O,LJ (20 II 12 21-illL 
0.8;0.5 4 6 27 5 18 19 17 4 0.8;0. , 0 0 0 0 85 0 0 15 

8 8 4S 3 16 13 2 2 1 0 16 0 77 0 0 6 
-0.8;0.5 0 0 I 0 15 16 47 21 -0.8;0. , 0 0 0 0 21 0 4 75 
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