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1.1 sl 

il~89atfiJJffj1Jj:)-tJrAJ!:J:iliWJiU 1 ooo ~Jru89it~. ~at, PIT~hi:&.illt.~f::, 
~~&A-~~mm*~~~fiiJrzm~~•-re~~~~•~m&~x~~T*,a 
¥JJvtT JYri,~S"~atfaJJ¥jU. xt~1-atl'8Jffj1JttME19xW.~{t:ftp,fll~JIJ1~~%J89~~-~F'lt~ 
i.re•. x1~£ffi-(Xf11j;:r1sra1atft-®8911~-x~J§, fl}:i:1200 xtr.-:ti, ~~fiiJ8Jt:ff:trnrz 
iJlfi, rz iJlff M ~:tf ~ -t ;\. t-x, ttt 1.k:i:1J§", ±:ttl!n~ ~, l~lftf::JI # ffJt ~ ~ .t: JJJ 89 t&Jvt. El3 r 
1it ffl T ~ ~ riiJ rz iJlfi 89 tl•, ti~& ~J :&.illt.IB li~Wk, -ti{ tl:l 7Cttt ~J ~1}U JJ-* M. $~F.'.& 
.illt.~f=, hA.llii'Btl~TtiU,:u1~89!tlWXfl)l 

~ti"~A-t-F, tli P.~atfaJ s9JIW!J¥:te.llifHJL${4~1t~~89:i:1~i2~ T *wtt$J~ T 
- 1-atfEj]ffjU. x-tatfaJJ¥fU:i1rfixW.~, liJf~, ~ttt?:l-ft~mk89~•, fDU9!1Jt:~*895E 
~ ffJt~ at raJ J¥fU * trr. 

*~m- 1-lllfftfL$f489atfaJFf)tl, Wii219 {Xt, l E T}~ {Xt}. 

#.I 

Xt, X2, · · ·, Xn 

(1.1) 

(1.2) 

wt {xt, t = 1, 2, · · ·, n} ~mi~llifi:fJLffJIJE19 n 1-lf ff~~ffi, ffFPiffJtlit~PI n E19%Q,jf 
ffifffU , ~atmf*A (1.2) PIA (1.1) 8~-1-~J!Jl. 

:t£ s 'lt~f=~m~, xW.~ffiJ¥fU tttt1&~. tt~are~oo 1999- 2008 ~•iffi~~~ 
~-~89ffi~Aerli~at~Off~~T*,•~~T-1-ff~tt~1'J1089~00eiffi 
~~~tH£~AflatfaJff jU (1fJ.{y_: lf A): 

159.7, 220.6, 268.3, 320.5, 382.2, 447.3, 504.5, 546.1, 565.9, 607.7 



t.~1f1urfrEl·Ht:1iJF:n n{J El Er~ J%1J:lfi~ [lJfHJLO·J' ff { X,} (1<Jtl)iE' iTii~ 3k:f,m~ 1'- B fi,~;Jt 
~7t,j;Jr'f::EY'~%Y.~1HffJIJ {.r1} o<Jtt~t. B:J%Y.~Tu'iff§Llo<J·l"1:Jilttttt~llli[t}LA-J-ff {Xi} a'~'li 
mt. 

~M~~r¥1tm~#-~~M~%Y.~ft~lt~~~~~-.~~ff~~--~~ 
~~~.~~*~:n~~~~m~tt~ff*~.~~HA~~m~~~m~•w~~ 
*{!~~r1t¥i-Ji~. rnI1£Jdc, qmii, mJtp·~~q; Fl r.~f-l~1JiV!l:t ~-t1l1f6j 1¥!.r1<:rrni~·11a.t1:r: 
*ifJ·:n~m·m.,,1r,,fJ~11A111~~:t::tLt~iLla<Jt~tt. 

1t~*• <~~ -~m~w>e•-~~w~~~~M.&a~tt~••mft~ 
:t<~~FJl.~ "/ ... ~ffl, A~~. r =p-)('OL'' a<JFli~t.mw. <~~~~ . -n-~P-J~ ) 
.U!LlWi~l!l1!1111l+!ffi: '·~!JJ1-.~~:iJ11Jffi. =-,p~l,/(!i!!J%!:. ==.~~*.U!!J •. =-,y~;k.!i!IJ 
~ ...... 3cr:R~-fl, :R~--. fLt-= ~ - tJL." 

JH:1:JMt'&i~-*~iiJJJtJ%: "*~~Jc~~rr. ~fr~-)r, ftu*~ritr:1:fl., muw:~~* 
.$45(~: :!!D:W:~=f1](uz. W!Jit~~)(J..t4=; PI-~fi-_{p, ~D]fH1=f*1:fl.. ff!!Jit:¥~1J\$ 4~ 
~; :tzo*~r :kuz. mLlit{p1JJJ":t1¥. F.Jr~~xrifl.MJ*1f- -Jc4-4t. A~- JJ\$4~. +-= 
~--JctJLfrt." ~~ 2 500 ~~lfrJ. ft1¥1M.t<,!Y-~FM 3 ~-11\rdi~J, 121¥ti::t'-1'­

-Jc~Wja<Ji2~, ~-1-~~n{]Wi~ttMrsJff~'J,-}fJT. 
#~3£'11:i:n1J'f?t~nr!.Ji::A11T{Ei)..i,fl Fl?.~' i&~ fl r.~a<JM;@9 1~.fJna'~;kHt1J~ . . :H 

=f1&~ Fl rt:1:.m~. P ~A1f J%Y.~A·HuJJE(!J$-~. ~Jtt1~~Jii#n~ttntj·J¥5J--tJT~.fJnijwstEM 
rsJma<J Fl r.~t.m~- -*• ~ Mtt1*. f~·I* ~ a1~j[3!:1ff :tz:t1~, JJ}tfi~~f!Jr*t~a<J:&:~:ft1:it!:t1;-. 

tt~n&~*• ··:R~fi. A~ '1!. + -=~ - )(tJL" et ,=irtti~:m:u: ··xm. =+-m 
:t<. fv-J-wt*- ~mJil1J!M~ :11. .t<~~H1!ft/cff1¥*- _t;r .ct1\. --t, r;fir~=:-1-, .mLl.:&*fl! 
t!J, 3¥-~:lf!lm, **~z, 1rioozmm." ~3:ifrl¥J:f:.'[l~: ~n*+L&:¥ffi~tt~. fittffi 
.t<~~U~a'~lJH.&tt ~o~-JcJ..t1¥1lHft~fflE. ~ftR~8tlEY'~~ff, JJT~~~fr "f~" 
1!. i!&JH 1ilI ittEtf! ~ # L&11tj· ~ jWj rirHf.t 11r a<J 11r t~ JlVAJ~ ffi ~:itl:fifi# *, ~ f¥ff-1 ~ ~ 1¥~ ;¥1J 
M; {£ ~ 1t ®: aJlc At' :m-fitHi 1¥.J ,~ 1t :19:J'ikm % . l,'j ~IE*~ fit. li~ f,lfj§' tt o<J ~ 1r. ~ ~x.j;& 

~f11Yttt~~;f;!Ja<J~~. ~-1--oo*e<Jtrroozill. 
tEi~~Ml~ 2 ooo ~zFn. ©.:i-Hif{:1if~~a£fiJFJl©.:i->Hi't±tM~1tr:itat:&:Jm T~fl;,l 

t.mf=f:t. tt:!.m 19 tlt~* 20 t!HcJJJ~#t==tllmlUKJ:A<J1J\~2fZ-:l:6:J1ifFJ'f9!Jff)tJl.~~f~t.mw 
(~~.!Jl~ Al 1), -tmlll 1 1 folr~. 

!]\~ 1¥~ Fit ]Ht~ UJPJ j!J /]'1 ~ 1¥1 ffl' #t, + 45( at ,fft;t~'!]!'.§:. fit #H~~wciffii1~; MixiJ5c n;J-, 
1ft ~ _t ffic, 11r** m~wt ii iWi. ;(:£ At !'81 ff JLl ®l~ID.. ~ - 1" ~ F 1it1i ~ a<J ff ~Ll n 4 lJHlH~. ~ 
(Beveridge) 1],£1ftmffi~I'f91J, 't Ff! 1500 1869 ~a{J;J\~fft~f~JJ.X: (~ffl!Jl* Al 

2). 1971 ~ Granger f!l Hughes 5J',f)rit/¥9Ll, ~JmitJ¥91J~ - 1'- 131¥:ti:;{:jg{_Jf,!ijWJ. $ 
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~-Jr*~ itJJ ·=flvf 3{ 1g 1t .z,. m it Fit~~ j!;W a{] JaJWH!t zs1J. 19 tiHe 1=P J§ WJ, ffi l:KJ 

~1fiJ~rµ, .ill'.~:*:Jt** S. H. Schwabe ~MJL+4=:::f l'sJltfTB<Jx~~ , icJR, :.&:f.m7j(fSB 
ffl-=fEJ<JrnzsJJJJ..:ff 11,__,121¥i'J{JJaJWJ (~fflJR,~ A1 3), ~aoo 1- 3 FJrffi. ::t:l~Bffl-=fs<:J~ 
zsJJJaJAA~~.ill'.~F~JrrJWj*J3t~~1/f~:Ui, :l!5 I~ 7~00:*:Jt**, :*:I£EJ<J~:OO~ F. 

W. Herschel (:r''.J::kff. Ei1§11J?,~~' ~::k~Bffl-=f~yat, :f:i!?,:fJjt_.t(:r''.Jffi:l:i:11~~0,". ffrt;) 
trm~~MAtM•tt#~~ft,~.ill'.~F~~~::t:~fflT:Ui~El<J~~JaJM. 

AID~~*mff~~~EJ<Jfflffl~*ffin~.&&~*AA~~e*~•a•,m~ 
;fi] £:f.mff jlJ (~] ?Bl zsJJ, gJt 7 M ¥JJ I J, ~F:I: a{] JWJ WJ ¥If zsJJ ~1iE , F ~ W:JaJ AA ¥If zsJJ a{] E( 1~ LiR RSI 
lV-&W:~M•zsJJ~1fl-~~-~--~ffi$,~~~~~-~tt~~*~*ffin~EJ<J~ 
ili~~-~~~~~AITT*fi~ttMff*ffis{]ffl- ~-~MIIl~~~~~~~&~ili 
ff~lj 89.zslJ4f1iE. 
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!li~?vt ~ tw~ s<J~f ~tfi T&, A 1n 2z::E.mljl~ s<JWi J£ ti: at J¥ * ,trr 1r:'t&::k EJ{J fiU ~&tt 1=E 
:fri.1Qi!, ~~iL 1*~, Ao , 1t:,,3:j$~fH±4?f4$1Vf~~]~, !litJ11tiil:EJ{J2z:J'&im ?lf 4?.¥:E.m 
:±l ~ F 1lr 5i 89 !lit/ L'li, ~:ii :iixt Ff JU ffi 1j1 EJ{J %\1.~ fnWi J£,~,~ !±l !litJ L?:i£:l:2z:~?:!£it 8"J iJ[~, 
:tH'1HJH fffiYY11J tH 't 11J ~-* EJ"JjE~:im 1lr ~ ~F 1lr ~ x1! EJ<J. 

Jg7~~-~ffltt!liW¥~2z:~1tit~•~.M2ofil~2o~~Jf~, $*W~ 
ffl~:1:j~1t$ffi:1:j:5-}ffrBti'sJJ¥}u. ?vf~B9:m,t:,,M,~,~*.ffif:EJ[~~ftILl:5ttJrJ¥Juffii*JtE 
w~ffl:;1t*-*-1., i:alltJfXJ¥7 - nm:m~tt$t4 a1rBJJ¥JHtt1r. 

w.x~B1rBJJ¥}u:5ttJr:n1!WJ2z:F&JE~PTlWltB1r8JJ¥}u:5ttJr:1f1!:5tJg!W*-~· 

~~ (frequency domain) :5-},t[T:1f1!i:l1mcJg "~i~Jfffr" I/x "*5ttlr" (spectral anal­

ysis) -Jijt. 

~MWJ~~:5ttfr:1f1!~~ffffl- #X~~EJ{Jat~J¥~~PT~5tM~*~~~~ 
$WJ~M&~,mmam~:5ttrrM~$EJ{Jffigm~at~J¥~WJ•~.m*xfflmfflm 
Ot?:!£~, ffliEst, ~5tJ.mz:fl:l-*:i1Uli~-1'~~. 20 ittic 60 ~ft, Burg tE:5ttlrtit!~{!% 
Bt:mwii::kffiit1t-Lt:l:jii;, ~3:jit~BllT{{~itf}fi?Jr~~WJ:B-m•~~:fl:lt:Y!$~mt 
~~'~' ue:it?tfiittA- -i'ffi~~. mc1g:1:~1t*5ttlrM-~-

§~ffl:5tfi:1f1!~~~fflr~hifi, ffiAifi. ~3:j$, ~~$ •• #$:fl:I~ 
~f-4$~®!±§,t 1:~- #~F?lr~ fflWJW-fiiJ~tm:5ttJr:1f1!. fsJi!:i:a rit5ttlru~- j!N~ 
t~~£~, ?vf~Afft:im?lr~!!-~1IB£WJ~$¥iiili:tfi~JM%ue:ffl, ~Bt'ts9:5ttlr~*t11 
t~*3lMI~, ~~ritt1i1JJ.mWHf, m~it:B-lfrJr1!EJ{Jue:ffl!!-~1&*-EJ"Jfej~&·r.:t. 



Rt:liiJ (time domain) 5t.ffrnl*±~*M.Ff:91J flffi:*:F.8#1JlJIJKBti'BJJ=f:9IJF.f9£HH] 
w. fflxtr·it?t.ffrJJ?t, 't~~WitlHtlFrL~, ~fl=i!71H]1r£ , %.ffr~*£rfftlf.ff~1jt 
,g. B fiJ'tBr-¥£mfflr Fl f&f4~*1:!U~f4~1'l<J*-r--t®Y:h.i~:t Jvt:1-JBti'BJJ=f:9lj:Jt.ffrl'l<J±mt 
JJ?t. *45±~ml*1rtija,J-:liiJ%ffrJJ1*. 

Bt~%.ffrJJ?tf.f9~,~J!*$14B"~£H€:imit$~~-5EF.f9'tJ5Hi, :i!#'l:UH1fflt1Ett 
l'l<J~·§3tEtlJ£J¥)t*ff:91Jffiz.1sJ1ftE-5Ea<Jffl*-**-, fmli~#ffl*-*-*-~~~#tJHt 
~]W. ~1fJ:5t.ffrfl'Jm,gf)t~~ ~:i!;fr.li~]W, Jt-:J'!l@-tl:l~~EI<J~~flft;!*WiJi:i!#~]W, 
:itt fmf!J ffl ~ ,t :J'fJ-@-ffiffl*fm vJ11J Ff :91J :t:* EI'~ jE~. 

Bt~%.ffrJrl*Jl.~;i-§x,J" l!JJE l'l"J?t-tfr~fm, ifil itt!S:il{i~OT %.ffrzv~: 
ffi-zv: ~~x'1i'.~ffiFf:91J EJ{j~ff . 

ffi=zv:fflffll=f~l'l<J~fil~ff~~F.8ffl%Sffl. 
ffi-=-zv: @ tw Ff :91J F.f9 xm~~ • iffl Ji=::;j;J m F.f9 r=i 12. 
m rm ±v: ~JJitlffl, tt1-rJlffl . 
ffin.zv: f1JffltrJfi%B"~ffiffl*:tt~FfJ1J;J.tftl?.F.8t1titt1:~~fmvJ11JFf:91J~t-*s<J£~. 
Bt~:5tffr:1r?t~f'='.:£jllr! nJ ~1Jlrffi)]Jlj 1927 {J=:, ~00i1f;i,f~* G. U. Yule (1871 

1951) fM./:lj § @]lj3 (autoregressive, AR) flffl. 7G~ZE, ~00~~*, 72:>e~* G. T. 

Walker fi±tE)t.ffr!;p)Jtjc-E(,~]WBtftfflTlt~1JZ-:ltg (moving average. MA) ffiffl*1:l § 
@]lj3f$~1jl-:ltg (autoregressive moving average, ARMA) flffl (1931 1¥). ~®flffl~JE 
7Bti'BJJ=fJIJBt~:5t.ffrJrl*EI<J~fiili. 

1970 1¥, ~~titit~* G. E. P. Box lll~OOtJtit~* G. M. Jenkins l+Jc-@-/:lj)t& 
7 Time Series Analysis: Forecasting and Control --=t'J. tE-=t51f', Box ;fil Jenkins tE,tri, 
~fiJ)JiJfJll'l<J~filli_t, ¥..tltJtt!.l}fsi]JiTxt>JVf"ll Fl @Jlj3f$~1jl-:ltg (autoregressive integrated 

moving average, ARIMA) flffla<Ji,P~lj, 1tit, f&JJi&1:viiro1s<JJ]Ull!;fil1f1*. ~®9;0i,f!J_m 
tffyj,j;J~Jt!.BtlsJJ=fJIJ:Jt.ffrJrl*, ~Bt~:JttfrJrl*l'l<J:ft{,,pg~. :1-JTtc~ Box tn Jenkins 

xtBtl'BJJ¥JiJ£mkf.f9tf9*:v-.tf¥ik, J,mtEAfflt:!11/t}E ARIMA flfflf*:1-J Box-Jenkins flffl. 
Box-Jenkins tlffl~~}F_t.~3::~~fflT if!.J£:i:, !PJ1f&:%-@-B"~~fHJffl. ffiH;g A 1f1 

xt*~ffi-~BtfsJff Jlj l'l<J~A WT-%., £J:]!it~:!1l!-ffiffltEJJfHB*1:lmfflJ: f~~tJtEif $ ftrr~~·~. 
YrtV-M. 20 tJHc so 1¥1~1-:J*, tltit~*f6tf6t~IPJ$J£:li:%%, :n.Jr&:f:~-@-~~I::~·~:% 
-@-F.f9Bt~J=f~:5t.ffrJrl*F.f9~~.Jt--ffl7~-tt~:ittmk. 

tE:Jr-:Jf&:l;m-@-, ~OOtltit~*, itil~~~* Robert F. Engle tE 1982 1f-!£/:lj 
7 §@Jlj3~14:1F:Jr& (ARCH) flffl, ffllV-~Jl~00:im~JW~t$F.f9Jtfll'i=iJm.' :1-JTJt!:­
zvn{~ ARCH fl~F.f9f,J}R~14, Bollerslov tE 1985 1fmili 7 J 5/.. § @]lj3~14=ff1f& 
(GARCH) ffiffl. ffiH)§- Nelson ~ A.:sz.m:J\ 71'§'~J 51.. Fl @llj3~14:n:Jr& (EGARCH) 

~~, Jr&:'Jc~J 5/.. § @llj3~14:ffn& (IGARCH) ffiffl*1:J'ft<:itgffiJ 5/.. § @]lj3~14:Jr­
JJ& (GARCH-M) flffl~~~ffilJ~14£j;J~;f1JF.f9:ffn&ffiffl. ~®:ff;f&flffl~xt~!Jl!. 
89 ARIMA ffiffl1J.ttl-JB19i~ ft . 't1f1 t~1ttlt~JJ&1f'~ffiffl£ll1iiH±filttl mu 7 ~Mf$:f:~Jxl. 



~8".l~~MW,~~A~H-~~Xffi~ili~- *~~~-~tEttt~m$ffi-~ 
;g;f£8''.lm#J. Engle t11~!lt~llJ 20031f:il.DHJ\~m$~. 

tE$~itJ:}h,@-, Box ;;f°J:I .Jenkins tE Time Series Analysis: Forecasting and Control 

- .::p;r:p1iff5EM1Jl-ffi$~:itff}Ll8''.ll1fJ!, Box ;fn Tiao tE 1970 ~lrufi§-i;,jii;M#Fft/t~ii 
~~~i¥~*~-~®WF5E~~k~re~~m•#~a~WF5E~~~WF5E~m~m,g. 
tE-®, mi%Tx-rnlfWL$14*;t;rrl1n:mim~B''.lfflffl'. . 1987 ~, ~oomit~*, it•~m~* 
C. Granger :mt-11 T~~ (co-integration) flit , :itr- $-7:1$~ill:Bt!'§JJ¥}Ll ~ffif'tm. ~ 
71:J}~B".lffl~z.Fn, tE$~itBt i'sJJ¥}Ll~flMWlf! "~il:~112"-ffia".1" )G.f.l}~&:,m~14, 
WR¥*~ITT~¥#~ttffl-'@-1JZ-ffi.~-ffl~~m~&*~~:itrT$~:it~~J¥~* 
ffr:1I1!~J.~~, Granger ~!Lt£J Engle -~~1i T 20031¥*.DHF~m~~-

tE~l~~tt~-'@-, ~~pffiB".lfllliU~ lil7G~. Granger ;fl.J Andersen tE 19781¥mtH T 
X.>l~fH:lID!, Howell Tong T 19781f:fM:tHTfl~~§ [i]lj=j;j;J~, Priestley T 19801ftllHl\ 
T~~ifF-11-&tllli!, Hamilton r 1989 '.tp:J:ff:te T .Q,~f4x!f~~ffiru!, Lewis ;fil Stevens r 
19911¥-rMl±l T$5c~li\Z@llj3¥f-~1ri*, Carlin $f:A-=f 1992 1¥~.':H T~F~·ti~~~l'§J 
~tJ!B".IJfi*, Chen fil Tsay r 1993 1¥:J:Mlli T~F~ttinT1.m El @.Jlj3fflru!. ~F~·ti~- -t­
#1lt1lml~Wf~~r8J, tE~F~tJ:B".lffl~ttJJi!i, ~ !1&1tit, ~~~JJ£2~~:1fffit~~*il 
B".11itf5EI rF$¥JGJ~. 

1.4 R ti~ 

1.4.1 R e'Slffi,9' 

R ~ S i-rf8 8'-J- #~~- S i-rt~ ~ER AT&T J[!~;);;JJ£2~ ff~B<J- #ffl*:iiH-'r~ 
ffl1*~ , mit*~, f'Fl!JB{]fmftru!iii-~ . 19951¥JfefrfilT ::':~>l::':*$B{] Ross Ihaka .fll 
Robert Gentleman tE S fi§ 0".1£-u:l:kff ~T- 1-ffifr*m, El3 -=f~IW1izf4~*~J~~r¥B".I 
tt~·B;J:t~~ R, ffr~w:*m~14iB0lt~Jg "R" . 

RMff~WM-~ffi~ff-~#,ffi~~ffi~B".lftW~Afti~#~~-~~-ffl 
?ff:$:. §lru R i{i-g g{]tl-r?filff~EEI R ~1i:.,ff~;j\ffl (R Development Core Team) flt 
~ ' ~ 1L'a!IM3ltif.(~iffil£Jft* s"JW-91U, 5l.:%-rro~~1lil!J-J1t.faR j{ JH?Bll:%-. 

R ~ - -t-xli.AB".1112"-Ei*m· - -t-tiWGB''.1 R i!~ (Base R) J!W.R:tc~T 25 -t­
~m~, Mffl?m~•£*8".1~ffl~M~~m~W. ffl$~-~~~El3 - *~~ff§ 
(package) m1jt §fir R nJ~tlHlt 6 ooo $-i'-~ff§~ffl?ise:ffl. ffl?~~mt@§ B s"J 
m:~M~fj( 100 $1'- R ffi%ffi1iftlir~7GIP]s':JWJ¥§, ~tw.L@§ Bxt~-:gJFJ~B".lffir 
¥ . 

§lru, R i~%B¥£~*-=f-t-~ 1'lffl-=fBtfsJJ¥}Ll*fJr~JWff~. f/11VJJ!®Wff§, ft 
1f]fJ~~5G~ff}Ll~A' ~I!!, i,JUJJJ' ~ffi, Hrr»l~~ - *}Ll*~If'F. R i!~ ~wro~' 
~ l!J:g_,tJ~ss* , *~~*11~, ~ 3t!:fistl'§JJ¥}1J*tlr £JHrim~ s<rt ffl~14z- . 



~* CRAN (ComprchensiveRArchive Network) [l{j'g[ij] (http://cran.r-projcct.org), 

tltli § c ft!.Bi8il'.i''.lii~*~ (Windows. Linux TI_x~ Mac OS X). mf=f:~~a<J R Jt&;zfs:~~ 
rtt.r~ZJ§, .fl.HJ.lrJlt~~?& Rtt14=. ~~~:~v~. *jffiJ.:~1±rt:m R ·tR:Wlfilfj, ;<Slm R 
!!lfiF8!nTIV-urA R 1i~*~T. 

a iW~r 1JiHJt ~frr tl!:; ~~ ~J¥fil (i{JJJ :i:t JJW 1-A:Jit 1rm m: mr .i¥t s<J WI~. 
1. im.:i± ;r£ if-*t izt ~ r ~ ~ *-. 
rfili!v.r~n;fi'HJffJIJ5t,ffr~JY:fil tscrics :1J{y~, frtf,~J¥ltr~tJ;-l~. 
m-~: X>lm R ~fiF.ill:A R (3.10 Jt/j;,,js:) 1*-ff-*~' }~iliWffift_tjffi~~ "~ff 

'El" *ffl, -11},~ili "~~;@ff§" (W.1¥1 1 4). 

n H Jet~ ~ffl @O ftWJ 

'I ~[j]@ ~ ... 
1 ~RANUl(i: ... 

~i¢~ .. 

~~---
R ver3ion 3 .1. 2 ( !f!~fi .. , 
Copyright (C} 201J 
P1acform: x86 6'9~ }A~p.3<:~ID.. .. 

00 1- 4 ~~~~f1H¥§.~!pi 
\ 

1ca1 Con:puting 

ffi= ~: m**?Xr~Et'i~fttt~~- ~ff 100 ~-i'~fttt ~ ~±AP-Fr=r 4 -i': 
:1 t * 2 -i', 1-l-nl'..\ 1 -i', Ju n 1 -i', f!£ fll?f iiT iv. .t1H1i r1 C, W'.l [ijJ ~·iw t'.5c., ff~ m f=f:--i' F-1 c 
nr r:J ijj 1'iil o<Jmfti't,~~ 1g~ff fil R<Jr ~ f-fi . 

m-.ffi: mffr~~J¥'El.m~~-i'tlf2H,~zFn, 8turA~J¥'Elm~r~W®. * 
t@~ff'El~fi'.J<J'¥-l±J:t-i~. ~1T71s:7Xt.!:t~r~t~li<JWJ'f'61. tserics, .iaili "Ml~" E!nnJ. 

2. ~A.t~~r~~~ 
:a:ttJHJL~~~~r, 1i:tt:a:x•t0'®t14tu.A~~ tscries ~ff'EJ.B<Jm~: 

I> install.packages("tseries") 



Jt-ri !ill ::$:iML *tft~ EI i;fJ5fr. L1 l tJHJtrr!i .iz\;~W mi, ff ~~~-1' Fl 6 nJ ~J.-tJJl'i:iJ s{Jffl:1i}i1i 
f'FJ-1 Fl 6~ff§1¥Jr~1fl-f, JWnJ. 

@:JJ!UJ:.iJI:, J=llPnJ~r?J;~*~Mlfs<J R i!1f~ff§. ~ll~:H]:(XJaig] R i!l§, lfrlf 
r ~ s'~Wff §t!HftJ A pg fJ:ffr ffl, m~ ,z,. R i! l§#f ~Fi~ !Jl;*, Jt-r-11 ffl 11i~ pg 1¥ ~ v;~. ITTi '.% 
~3FJ:.ft1f1:im1/t _Rffllf~&s',:,JL-i' R ~JT;,eJ.)¥)tJ:iT~ffiHk:lfr?iJfJl(1"Jl'nJ»!. lfr~ R fff~,~~' 
'fl3:(XurA R i!%z.Fn, r~s<J R ~ff§~~illHi libniry ffri~:ittfiJJO~, ;tnJ~tE* 
(X R 1-rt~~fii:p*1tiJJJ:tt. 110~ tseries ~ff§l¥J1~4':11: 

I> library(tseries) 

.iE:A R i-rt%xtitli Cl, tr:~R'~ ">" Fomi:Yttr-tEIAJ1*', tM~tE~-1'1ir:i:PT~.$®A~ 
4-. -~ffi~$tuA%$, @J$Z.Fo, *tft}'[t1JfJl.frW:~t~4-, XiB~*i&~.$®tl:\, r­
fi~r¥fjf:/&tr:-@.1¥J ">", FnmiYttr-tEIAJ1*', m~nr~~A r-~t~~. 

R ft ilxtt~~:ittfiff ff. ff ff nJ J:.J *1tfi,Q:1£ 13:friJ l-tt!.:JJ, ~jt% "#" 3f Mi , ¥U1-=r *~ 
*· ~o*-~m~trfi*fil19:lf~*, R #f~ Fl z;tJ~fi, ~ "+" r1=:11mff\~, m~m~ 
.:r:;~Y.iff. Y.iff~%, lill$&nnI~fim~. 

ffbl ~03'~4' ~ 1i::f xt, rru £i * t1E Fi~iJUiiJ ti:\ 1t s<Jffl~, '1~ ~ tEffi4-!ftru% @J $ Fo, * tft~ 
1z:~1J~ff\1tffl~1iui, ~~ffl~ffi4-ffJt~*T, r-fi®Ff:if:I&tr:-@.s<J ">", m,,~nr~­
.$®A.~a{1m4-T. 

> sun(l,2,3) 

-i{H*: ii.Af"sun":i!-1'-~z!t 

#tf.l-Af.H* ~z!t,t 

#f.t-#!: {it iF 

> 

@~m~~ffl::fxt,rnI!i*t1c::f~m~t1:1~1¥Jffl~,~~r- fi~Mi~%•:1& 
"+", ~~~*tft1:&?tiE~1~,~A- 1'%~1¥JiE~1¥Jffi4'. ~O*tE "+" FoffitfiiA1:i 
tt%Jt-lill$, *tft~ EI i;fJ#fJW$?ts<Jt~4-~Jt-tE-®, ~:±1~*· rru!i r-fi~~t,~% 
11 ">", *tfETI:~1~~1fltfiiA~s<Jm4-. 

> sum(l ,2,3 

+) 

[1] 6 

> 

# #. ;f'<> ~ Jb9:. ;fsj" 1"1 tl ii J~ -t 
#~ri>~-t 
#~l:B #.t<>it*-



JJt~mntlHAfr:i!~ffi~, !J!UnJ~-!1i:ft!J~_tB'~ ESC =51Ja~m, il!tHJ!-&ffi~~-1 j! 
a,j""f-fi~Mi~% R~1t11 ">" . :J:itfntJtm ~rtu,AJl~riY~m~ Y. 

~--fi~~••$&ffi~,nr~m%%**~~~~m~,@*J§•nr~~~ 
~m~-rxtttAfi Y. 

> x=1; y=2; x+y 

[1] 3 

#;/e. 1 JJ;.1.Ji * x , ~ 2 M 11* y, -ilt-it Jt. x+y <r-J 1fi. 
#* tl:l it Ji'-~ ;'ft 

~D-~,&fi~-&m~, {SM:~*'m~-?X't:tttl.fi, nJ~ffl~-tfi5% "{ }" #Hlt!ll: 
~1¥~-r~~;tff-a:~*, *#t8°Jt~~1~,•m~mtzFn-1x·ttjgfi Y. 

> {x=1 

+ y=2 

+ x+y} 

[1] 3 

tl:1~$~{4 1:P, JJI1if:iffSJ&~~% "='· fF:'h~ffiZ4%, R i!giliiABJ~%~ffis{]~ 
r!. {S~tf R ift§J:f, fff-rfl(!;Jr!~ftJ:H,::WjJ[o]IJ{jfi'j~-l;} "<-" ~$i- "->" *lR~ffi. ffii 
~D ~fn ~~Ji.tt!Dr ~ffifij~: 

x=3 

y = 2x + 1 

z = y2 

I> x<-3 > 2<x+1->y 

> z<-y-2 

t£%Jvt1Jffi ==~~ffi ifVnJ J§, ~ff]~ ~J.IB R ?rt g Ji!-uff N~ fffnJ~~-~ .±l. J!~ R 
ffig~x~mtt~~~#B<J- ~~~z~.m$#Ett~~~*'~~s~)*fflB<J~ 
il*~t1:1~•m:a:. jgfi-~%fRtiJ¥zJ§, *m~~w~i=-m·$'Mi¥~~w~•- m~ R 

ffig*fflEl<J~if;J\rtutf:l~:W:,:it. R iFfg~~.::l=-'li\B9?ttfr~~-~i5-ff)di~B<Jx1~ 
Jfl, §r~x1~f¥-=f~{lj=J§fi, i:~~~igjtfx.f~©"t1~i±lleffix-t~M1~•, 1~'mr~iWJffl 
M~~:lll:fi~:tlt~inl. 

tt:tio~1f1:1£t:m:ii_t ffetl J:F x, Y, z B"~itffi~:W:, itmJ'R!J~fll~ t1::1 ~*:qor: 

> X 

[1] 3 

> y 

[1] 7 

> z 

[1] 49 



~ .®$J.:{4::f lR5t::k1J,'.h], tEilfu '.§f;f¥Jf M"¥-fitB0::k1J,~::f ~njuJ;f:£}¥: B'fi-JlJJIJ. SAS ~ 
f4wcJi~J!frp.flI!·l1:. f.§ R ifi-~:x-t::k1J,~~F1tt~~. JiJr!:JtE~ffl R ift§°B,j"~~F1tttttl 
-'¥-l±J: ~ ::k I J, ~ fltA $. fJJH . 

tEilfu•- ~~~~MW~,~-£~RUWilfufi~~~~~.m~~fflBA_t~~ 
tc ~ft Z9J :YcJi[\, @] ~Uffl-U,BiJttfrft ~. ff ~Jz:z.Fn, 1If.ise:m ~ .fim@l ilJ~~ s~ :NtFn ffitij fir 
tl*~ilfu-. 

~n :W:m ttiJ ~~1'f BH'fri}ii] m ZRU B ~~ frii Ft:J- ~ !!.X:~~~~, nr ~J f5eJ=fH1:luil_t 111~ 

1P1 _tit~ 1P1 T m.it!:fr ~~. 

&~1!€X{4fr[S~ R LJ*1:~s<J~-~%~P.KJfx:~it:r-t, R i~§°1ttffla~ili-f.ffflpl1fx:~ 
it:r-t~n* 1- 1 ff.l* 1- 2 Jifrl.K. 

* 1- 1 

jg~~ tin~ ;gn~ :ffnl& 

+ JJa > *=f 
- ~ >= *'f~'f 

* * F.m~'f - -

I ~ != ~~'f 
~ ¥~jg1f- !x ~F X 

< Jj\=f xJy X EX y 

< = ;J,=f~-'f x&y X t11 y 

* 1- 2 

i>Jsj~ tli'i:i£ i>Jsjfi t/n:izt 
abs(x) i£'! M ffi sum(x) *:'ff] 
sqrt(x) Sjl-jf ffi range(x) m~ 
sin(x) :iBt diff(x) £:$tjg~ 

cos(x) ~~t diff(x,n) n ?V&:71" 
tan(x) IEIJJ lag(x) ~;g;g~ 

log(x) Fl?&xtfi min(x) :ffl:;Jv{H. 

log( x. base= n) t:J n -:fa.; ffi; 3-}Uj fJl: max(x) M*ffi 
exp(x) mrx set.seed(n) ;n-:1:iv. n '7¥fx1¥.Ji!'Aifllfi~ J-

mean(x) :15Jffi: runif(n) f'°lt n 1- (0,1) lKfB]1¥J:15J6.17},/tii!lf:ifJLf{ 



~fx tNil& ~~ t/t'iJ& 
median(x) q:if:fLfx: rnorm(n) f=~ n 1'-fir-ltIE~fHffl!ifHJL~ 

var(x) 1fli pnorm(x) tt~:,t~lftIE~0-;;(JiB<J0-f{l,g 

sd(x) f,r-lft~ quorm(q) ~mIE~*~*~~~~q~*&ft 

quaotile(x,probs) *1ilfi 

1. fr~A 
ft1f1VJ~ 1- 3 rt1 s{J/ftffl1-119l l,!Jfi*uu)dl'1JJ:a'.:ijA R i,fi§°, f~jjJt- -1'atl'aJJ¥:Y-1J 

ttfflxt~. 

!& 1- 3 

f!-;J-Jil) 11tm BtlaJ 
2005 1f 1 J=J 101 2005 ~ 4 J=i 
2005 1f 2 jj 82 20051:f: 5 ff 
2005 ~ 3 }J 66 2005 ~ 6 Ji 

> price<-c(101,82,66,35,31, 7) 

> price<-ts(price, start=c(2005,1), frequency=12) 

> price 

Jan Feb Mar Apr May Jun 

2005 101 82 66 35 31 7 

irV~u iJt F!f] : 

ffr.m 
35 

31 

7 

~-'1:iJfi:i4-~iJtlJ-l3 c eF!/ft, ~Hr~ A El'1JJ:i:\)J4 6 -"i'Bt )¥/ftfflf& &Mffi~ T price 
:i!-"i'~iil, price V)(i:i]fig{JJJj:\fffiT~ 6 -1'/ftffl. 

ffi= 'r.iJifa-4-:£ffiJE price ~atl'aJFf3iU52ii!, mf_§_Ff3iU~1JJr&lfR~ price. start ~r_m 
1/:iJEJ¥3i1Js{J®~Fi*ABrj·1aJ , ;4s:{§tli:p:J'~JEff:YUhA 20051¥ 1 J=J JT~Fi*A- frequency ~J~t/:i 
JEff:YU&1FijAs{J/ft~tYI$, ;;fs:f§tlrrtl:iJEijAtYI$~&~ 12 -1', -ili.iJt:£~itl¥:Ytl19J=J 
JlJ&-@. ld..Ilt~ti, ~A*1¥~fii@, lIP frequency=2; *A=*~fiflis. E!P frcquency=4; 
ijA£-Wl~M, E!P frequency=52; ilA E ~t@. E!P frequency=365. 

~ =:'r.iJifa-4-~1t~Btl'8JFF1Ll price s{]'f,'i(Jl. :i!~4-truAZ.J§", tEX.fit..W-lfil~.ll.itl 
il.l:f.lliBtlEiJ1r3i1J price Fl'~1l-f*11L\~!-. Jt:r:pfif;[\iJU!1F1'5-}, 3'Llti[\i;~;£A {fr, xtmB9 6 -1' A J3t 
R<J Ff 3'Ll ffi~ ~ 11r~ ~:tt!t¥:£\1 tr\*. 
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2. §1J~A 

3lfb~!flWJ tv.~Ll~Aa{J1f:rt: i~A-~1JBt1'sJJ¥=~1Jftffi, t§Jcia-4-fflrtu tlJ ~=*3ZOr: 

> price<-scan() 

1: 101 

2: 82 

3: 66 

4: 35 

5 : 31 

6: 7 

7: 

Read 6 items 

> price<-ts(price, start=c(2005,1), frequency=12) 

> price 

Jan Feb Mar Apr May Jun 

2005 101 82 66 35 31 7 

ii1iJi.s?.F!JL 
ffi-'1=1Jtfp~~iftllffl scan Piift, L-J.~1J~Al¥J1f:rt:~ 6 -t-atJ¥=ft:lm!V-JLlEt'{1fA~A. 

:tza*~.:f I~m. 4it4iruA--t-ftffllill$-7X. 3ZO='=~MJ.t1iliftfflX14iffiu~flvJ1JO#i00i1i 
i¥11J:rt:~AJLlfttm, .mo1trt#imis&nnr. f!Jg--t-fttm~%. tE~ Rftffifilill$, AA"*91lit 
ffi:ct*i. 

~J¥:JLlftffiil:1i:kat, *#11LttrtuA~:1f*11,00i5a{J1Jr!t~~:i:1J1J!, fttf~§~,M.Jt 
1-iJ?.fttw x 1t1= 1rti~•:ct*. 

if R 4t, :li:ffi~a{Jftffl~·~1!Ht!Wi~B~X:2's:X1l (txt m:i:\:~1'f csv #l:i:\:) tt 
~- ~1t!?.1}fififtfflX14tt3ZO Excel ftffl ('~ xls E~~ xlsx E~), XML ftffl, SPSS 

fti@, SAS ftffi~. R -tl!~~T;fjA}a{Jfiff'El.9.tJJI!EiflB{Jf~:i:\:~•rnJ~. {El.Ji!, 7-js:tfy 
ffiffia{J~~,fffilR~ffi**~~~X*X#a{Jffffi1Jr!.~J.JR~L~~-Aa{Jft 
fflif~:(f:Btt~r.iJ tv.1i1Jff:t&~~nx;**~~l'.t9x:2fs:•:rt:, FJr Iv.*W T ~fififtffl~·jj 
1£:, ¥7-!s:LX1ili**:rt:1¥Jft~t~~~l)J)(:2js:m:rt:J.Jffi:~, ~~~tfW:t&~~J., R m1fftfflx 
14. ~f-F~:;f~JrF~;t-t-fttm~1~HJJfi~-e1, m~~~ic1~;titf4-m:i:\:. 

if R 4t, ~-~-t-~iit#Jnx;s{JftfflX14fefFJ.,ftfflm (date.frame), .P,Jrld,l~1m•:rt:1¥J 
$~i!:fttmx14~A R Fnmf*J.Jftfflmx1t1=. 

( 1§~ 1- 1 l 1884 19391f~H~~ ti:lff&~±1J,~5¥-~1iftc*JLl:(f:1ftE~Jii4ta{J 
f&1i1J E:/R/data/filel.csv, }J.l!~~ft:®X14iiA R Jt:(f:A~fflm X. ~Aiif4-*11~* 
~O°"f: 

> x<-read.table("E:/R/data/file1.csv", sep=",", header=T) 

> X 



year yield 

1 1884 15.2 

2 1885 16.9 

3 1886 15.3 

4 1887 14. 9 

5 1888 15.7 

6 1889 15 . 1 

7 1890 16.7 

8 1891 16.3 

9 1892 16 . 5 

10 1893 13 . 3 

11 1894 16.5 

12 1895 15.0 

13 1896 15.9 

14 1897 15 . 5 

15 1898 16.9 

16 1899 16 .4 

17 1900 14.9 

18 1901 14 . 5 

19 1902 16.6 

20 1903 15 . 1 

21 1904 14 .6 

22 1905 16.0 

23 1906 16 .8 

24 1907 16.8 

25 1908 15.5 

26 1909 17 . 3 

27 1910 15.5 

28 1911 15 . 5 

29 1912 14. 2 

30 1913 15.8 

31 1914 15 . 7 

32 1915 14 . 1 

33 1916 14. 8 

34 1917 14.4 

35 1918 15 . 6 

36 1919 13 . 9 

37 1920 14.7 

38 1921 14 . 3 

39 1922 14. 0 

40 1923 14 . 5 

41 1924 15 .4 

42 1925 15 . 3 
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43 1926 16.0 

44 1927 16.4 

45 1928 17.2 

46 1929 17.8 

47 1930 14.4 

48 1931 15.0 

49 1932 16.0 

50 1933 16.8 

51 1934 16.9 

52 1935 16.6 

53 1936 16.2 

54 1937 14.0 

55 1938 18.1 

56 1939 17 . 5 

i1Vi:ui3l~: 
sep ffiJEf#tJ*?t!Wif.f. :tlO=*=~ txt ~3:\, sep="\f'. epxf4~:.lfri!J*f.f1t!Wi. 5lO=*=~ 

csv ~3:t, sep=","' en~:ili.q-)tjWi. 
header 1'i5Effi-fi~~§~~:it~. header=TRUE (~ffi~jg "T") :;tv~~~iffc 

8":JX*Xf4ffi-fi§1't"~:!i~, :i!~.¥~1'~JEB"Jl}(iJdii. header=FALSE (~ffi~:1-J F) 

:;tvT\itx ftffi-fi ~§*~it~. 
W-Xftj:8":)p;q,t~ii year ;f1:J yield tE~tifir:p1I'.,?'t$~'1 year .fll yield. f~ia:ftffJ 

m11t~1J,~Fll:ffjtls"Jt-¥-·lw, :tlO=*=.R4utrA yield, ~~1itiJ;J=lifflM=*=- :i!~~'1t£ R r:p, 
~mm r:p 8":J~iiJ1tm "t1JJtsm $ ~iii;,, 8":JnJ:t ic~, 11iJ!~•~p;q1-~ii1¥.J1#1iEBt, 
~~*m x$ycar lil x$yield. 

> yield 

itl-~: tt~ftltj-~ 'yield, 

> x$yield 

[1] 15.2 16.9 15.3 14.9 15.7 15.1 16.7 16.3 16.5 13.3 16.5 15.0 15.9 15.5 

[15] 16 . 9 16.4 14.9 14 .5 16 . 6 15.1 14.6 16.0 16.8 16.8 15.5 17.3 15.5 15.5 

[29] 14.2 15.8 15.7 14.1 14.8 14.4 15.6 13.9 14.7 14.3 14.0 14.5 15.4 15.3 

[43] 16.0 16.4 17 . 2 17.8 14.4 15.0 16.0 16 .8 16.9 16.6 16.2 14.0 18.1 17.5 

:t£~~J¥~1tfir:p,ft1fJm~B"J~m•mJ¥~,m~~~*fil¥.Jmn~~1-m• 
ffiffjtls"J~1-P1§~~~. tt:tloM~~~ffjtl. ftfi1mVJ:ilU1ffilfil¥.JMffi-6rs4-~Jm~~ 
~~-



> y< -log(x$yield) 

> y 

[1] 2.721295 2.827314 2.727853 2 . 701361 2.753661 2 .714695 2.815409 2.791165 

[9] 2.803360 2.587764 2.803360 2 . 708050 2 .766319 2 .740840 2.827314 2 . 797281 

(17] 2.701361 2.674149 2.809403 2 . 714695 2 . 681022 2.772589 2.821379 2.821379 

(25] 2.740840 2 . 850707 2.740840 2 . 740840 2.653242 2.760010 2 . 753661 2.646175 

[33] 2.694627 2 . 667228 2.747271 2 . 631889 2.687847 2.660260 2 . 639057 2 . 674149 

[41] 2.734368 2 . 727853 2.772589 2.797281 2 . 844909 2.879198 2 . 667228 2.708050 

[49] 2 . 772589 2 . 821379 2.827314 2 . 809403 2 .785011 2.639057 2.895912 2.862201 

{9!Jfj subset PBlf i'iJ!JHiiiJ @:~fflX14 B"-:JT~- * JfJ~mf Et9itf~ ft1f1 8°Jt~~q.iJ1J­
,t-f-~ z, @:~fflY:11t9=1Et9~ii year ,til 19251f:ZITTfEt9~ffl:#ffElllJ~. 

> z < -subset (x, year> 1925, select=yield) 

> z 

yield 

43 16.0 

44 16 . 4 

45 17.2 

46 17 . 8 

47 14 . 4 

48 15 . 0 

49 16.0 

50 16 .8 

51 16 . 9 

52 16.6 

53 16.2 

54 14.0 

55 18.1 

56 17 . 5 

\ 

t£~~ ff~%~ 9=1 , ~•ff~~~- M~$Mmam, m~~ff~~~~~ffiff 
JO. fr R 9=1, ~ ~ffifflt-0=~ "NA" ~VR, ~,W,~ "not available", RnX7tYHi Et9~ffl. 

~ ~ffiB'-Jfffr~Btl'sJff}Ll%~fi{J:kxttiI, Rn~J:l~ -1'-~ ~ffifffr, R i:!1~~I, 
1Hlffift llil~ ~ ~ffiEt91¥tE, ;i{IJ.w:Et9%~ X7t:itl:fi. YrVJ~J¥JLl~ ~ ~ffiBt, ft1f1iii1-it 
~iii :ii ffi ffi Et9n7t :x-t ~ ~ ffi:ittfifflH ~. 

R m{;!t 7 ~F 1-it $ 'M Et9ffiffijJ7t, ~ [jiJ S"-:, jJ7t EB~ [jiJ Et9 ~ff §m{;!t. fr Bt fs] ff JO% 
trr 9=1, :& 'l JfJ Et9tm m 7t~ mr lfL fi{J ~ tl:ffi m 7t *1¥F~ffi m 7t, 't 1n trn,r ~ EB zoo ~ff 'EJ. 



> a<-c(l:7) 

> a[4] <-NA 

> a 

#~ 1"' 1 M:(1i.i<g- t. it a 

# ;t_ :x.._;f §"1] a 1f; mi ,t ,If §"1] {1i. ;9 M: ~ {1i. 

(1) 1 2 3 NA 5 6 7 

• ~ ttffiffi 
> yl <-na. approx ( a) 

> y1 

(1) 1 2 3 4 5 6 7 

• *¥~ffiffi 
> y2<- na. spline(a) 

> y2 

(1) 1 2 3 4 5 6 7 

\ 

Mat~ff~mfim~~~m~**~~,~•~m•re$*B•~m,m~~m 
m~~~-~~~~ff*.a•mTm$#~B*~~-•~iliff*.~ITT~~~m 
;;J=tc:J=r-#:tn!: -ftffl write.table mB*~ili~E. 

[ f§1J 1- 1 ~ ] M yield ff1umfix1tt~~, Jt)j.fj-xt.ff1Uf1l.W:ff1Uffi~tll, .ff 
A~fflX{lf: E:/R/data/yield.csv. 

> ln_yield<-log(x$yield) 

> x....new<-data. frame (x, ln._yield) 

> write. table (x....new, file="E: /R/data/yield. csv", sep="," ,row .names=F) 

i13-1iJ iJVYl 
ffi-1ufii-4t-~Mtt!W.mc:J=r~ff1U yield mfix1fljg~, !i!iffi~~ii ln_yield. 
ffi= 1ufii-4t-~#f.W:~t.@ff[~!fr~it ln_yield ~Jf:~- 1-!fr~tt!Wm x_new. 
ffi.=1iJfii-4t-~~~t.@.mx_new ~ csv mj.\'.;~t.fj , 1tAffiJEJm12. ;;J=tc:p, row.names=F 

~-JE~E~~~-~1Jj.\'.;1tM,&~fi~A~. 

1.5 Ja 11 

1. 1t.z.~Bt1'aJff1U? wit&.JL1-~~4'~~~ffiff1u. 
2. B;f~1J~~~-~Jik1t.z.? 
3. Bt~1J1!~~Mt!L~Jik~.f-f ~? 

4. ~m* 1 4'~ffJL1-~~@~ff1U, ~Ult R tt!W.m. 



• 

:t: ¥1J-1'-x!Mlf ffiff }U ZE, tt ;'c~ xt'E 89 3¥-~ti:~ ti!!: lliHJJl:tturfrfi~, J! ~ 1'-!11 
~s{Jfi~nff7UB'~fVB1:@. tiHJ&fi~A<J!e*nT~44ff7U:fr1J~[P]8<J~~- xt~FnJ~ 
~ 89 ff7Uftff]~~UH ~ FnJ (J<J 1Hfrn¥!. 

1¥-~·tt~~®atruJJ¥:1uJl.ff s<J-~l1t!dt~ff- ~Wi:i£¥¥i~:1K1'-~1iE, ftffJ&,@H! 
!:!JJ VJ r ~ it IJl.. 

e•mtt~~~~m~wftm?t~~n~m~~n••~•-m:i£- -t-am~ 
tis{Jmtt~fil. [P]~. -1--am~•~£~1~•tt~tt*~~~'Em~•~*;{Jj~ 
tt~x;I~~*~~Btk:~-

xtrati'sJJ¥:}u {Xt, t Er}. ~;W*~5l 'ts{Jffl$%;{Jj: 
ffltit.iEmB m, ffltit t1.t2.···,tm ET, !JW m t1Hif!mlPJ:i: (Xt1,Xt2,··· ,XtnJ' B'~ 

-~ffl$:fr;{Jji,21J F1 1 h,··· .lm (x1,X2, · · · ,xm), El3J!®tf~&!it:fr;ffj~!r£~JJ.x:s{J~{* 

{Ft 1 ,t2 ,--,t.,. (1'1,X2,··· ,xm),Vm E .iE~~,Vt1,t2,··· ,tm ET} 
\ 

g)tf$1)}¥:}1J {Xt} B~ll.$:fr,(JJ~. 
ffi.$ :fr ;ffjJi.tIHiJt ii!~ s{Jm it~fiE ttli iiIJl., ~ 11 f¥:}U a{] Jfrtf m tt·ttJ.V!JllHBJ: !~ 

nJ~J:i~b:H!Ji$5t;{Jjfft~l8*- fR_~ffl$5t;{fj~s{J1i~·tt*tJt~littE~;Wa<JJJIHB~5lJ:. 
tE~~mffl i:r, JHi¥1Jf¥:91J i'10lfJc'@-ffl¥5t;{Jj JL-¥~~AJijM<J, mi1l-~ffl$:fr;{fjiffi 1ir 
'<tv.&~~#~~s<J!tt~~-. ~®Jffi~ftftffJ:1&Y1ltiftffl•~ffl$:fr;{Jju1:frati'EiJJ¥:}u 
?ttJr. 



-~~m•.~~m~m~Bt~Ff~mtt~fil~1r~*M~*Ff~s<J~~ffi,~ 
~~~ffi.n&.§~n&~nffl~*e,Bm&•~Mfilm~fil-

~ ~~ ®~ff m it:!i;f ti~ -t{! ~ lilfitJ Lff JU ~ff!Hl<J m ittJ:JJli", {§_ El3 T-12 ff] ffi$ :@": 5U!R 
,lfil., & rit;Jf, rm .EL tttt fi~f~~liitJLJ¥=J1J s'-J ±~tlft ~t#fiE. rfi 12-l ~ ffTxtat rsJ ff J'J :it!:fij-} 

m·, I~«~im:ct5tffT~®*Jfilici:s<.imit~'l>'i, 1t!r:-HliifJLJ¥=J1JW'1·ttJJli". 
1. 15) 11i. \ 

:xtB11'sJFfJ1J {Xt, t ET} rfri~, 1f~B1tUs<JFfJ1Jffi X1 1i5*--i'-!1ftfJl~:it t~~B 
F-1 BB9ffi$5};:f!i, ;ftf5i2 X1 a<J)},$~~1'1 F1,(:t) . .R~r~L@~ftj: 

J~= xdFt(x) < oo 

Jl,Jt-JE1¥1±:;!t-t-1lte µt, f9!1~1illifJL1e fil Xi ,g,;J:!~~J'f(£1/t~ffi µt l~fJili1~!1fttJLrSlzs/J . ~ 
ff]. µ1 1'JFf}U {Xt} 1±: t B1t1Jct''1~ffi~1tt. 

µt = EXt = J~= xdF1 (x) 

~ t Jlt~M~s',JW,~Bt~IJB1, JJ,Jt1~iU- -t-~ffipj<jttJ¥JU {µt, t ET}. B&1!9cB<J* 
B;j"fB]Ff}U {Xt , t ET} 4i}B14i}t1JB<J1JZ-~;j(3f. 

2. -3i" ft 

~ J~O() x 2dFt(X) < 00 a,.t, nTl2-lJE5lRtfHJFf.9"Us''1JJ&~leJfJl2-ltlli~ff}1JffiFm~.n 

~ ffi 1~ f1ft fJl lBl zs/J B18''11JZ-~ YT! zYJ W!Jt. 
2 2 1·= 2 at = DXt = E(Xt - µt) = - = (x - µt) dF1(x) 

Im~, ~ t Jlt~M~s<JW,~B1tUB1, lltff11~:¥1J--t-1J&P¥1e1r}1J {a;, t ET}. 

3. gJ tlJ· -3i" ft i1.i 4&..:fP gJ ;,=gj :!k f; tt 
~~r~1r&~e~ffl**~s<JJE5l,:t±:Bt~J¥~5tfi~&mJE5l~~1J&pj<jft 

(autocovariance function) fil § ffl**!tt (autocorrelation coefficient) E!<Jffi~. 
x1rB1fsJ1r}U {Xt , t ET}, 1f!P{ t, s ET, JE5l ,(t , s) 1'JffJLl {Xt} s<J § !m-1J&pj<j 

~: 

1(t, s) = E[(Xt - µt)(Xs - µs)] 

JE5l p(t, s) 1'JB1fsJJ¥JU {X,} s<J F-1 -l-11**~, mie.1'J ACF. 

1 (l, s) 
p(t, s) = ..jDXi · DXs 

zM~•BffJJ;; §t}}1J&Pi<i~~ F-lffl**~, ~ l)q~Jm1lts<J!v}n&PEft%ilffl*¥ 
~JJtAs<J~~-t-~lm$#-~Z~s<Jffl~-~WJJt , rfri~~~&~~~§ffl*¥~JJt 
-~*lm-$#:t£~-t-~lmB1Mz~s<Jffl*WJJt,%a~m-~JJtM§B:i1~s<Jfi~ 
M fl BI.m:t±:s<J.OlnJ. 



fffi~~Jf.~~~#~~.•-~~~#~FMWN.*~Ffffi~~ff~~~ 
}jl-ffi At f§] ff JU. 

lfr1~F+ffi (strictly stationary). tJt£- ~~{4tt~.~r:~LlEr'f1JZ-ffitl:~x, BiA~P 
~~ff~~~~m*ttMm~~m•B1~~m•m1~~~~B1-~Jf.~~n•~7'1£ 
f ffi s<.J. irrf~fn ~ilt l~ifHJl~ffr~ (f)~it'/1:ffi~ ~ EE B-ffJ a'-.Jil*~ffl ~* 1fi~tk:~' lfr t;l 
Ff• Bt j'§J Jf,,71J a{]~ X ~1rf: 

7:E>l 2.1 iJi[ {Xt} ~ - otl'sJJf.3tU, Xtff:f:iE~1tt m , {1Jf5l ti, t2 , · · ·. tm ET, xtff 
:l::m~ r, ~ 

!Jltlf*Bt1'81Jf.Jtl {Xt} 7'JF3fffintf§JJf.JU. 
firiffi iJb:L iE ~ If% i:p ~ ~~! lliHVLff JU s<.Jil* ~* 1iJ ~ ~ ~ 1t l!I :$ s<.J, mi.§. FlP ~~ :ii mn 

fflffJUB~~~5t1!'i , it.#lW:flltf!~~?it~ff. JiJrt;lFfffiBtf§JffJUilli ?t .RJl~Jlllit:l: 
Sf.., i£3k If%~ ffl~f ~$Er'] ~~-flj: tt~~f't Er'] JI!: 3f ffi81 fs] ff JIJ. 

Jl!'.fffi (weak stationary) ~1t.fflJf.JUEr'-Jt¥1iEmtti!:*~xs<J- ;fil13fffi·l1:. B~7'1 
Jf.1ua<.1mit't1:1.at±~B3Bs<.Jf~Wi-~tk:~, JiJrt;l.R~-Otl:iiEJf.J'H~~fl'~ (= 1~n 3f!-ffi. :mtm 
f~:liEffJU s<.J ±~·11:fflili:{!;J_ffi~. 

7:E>l 2.2 ~ll* {Xt} tjlij)E~Or.=:1'~{4: 

(1) fflf5(. t E T,~ EX; < oo; 

(2) fflf5(. t E T, ~ EXt = µ., µ 7'J?it1tt; 
(3) fflf5(. t, s, k E T , _§_ k f- s - t ET,~ ,(t, s) = ,(k, k + s - t) , 

!Jltl~ {Xt} 7']1[fffiBtfsJJf.JU. 1[3jl-·tf1~7'J~~fffi~= Wi-3fLffi (second-order station­

ary). 

~~- Ffffitt:00:3f~,~~{4l.uzm. Ffffi~xtJf.ttlil*~*1fis<.J~:i-Jt t;l-Otl:i.iEf:fJU 
lfr~s<.imtt~filmffl~; WXfffiP~*ff~= Wi-fffi,xt~-~= Wi-~ffi~~ffOO 
~>R. lfrV_kiffi?it'lf()Gr, FfffiffJ1Jtf17AtE~+ffi*f4, W~fffiffJU~~~l~JtFfffi 
f&.il. 

111i!~~~!xts<1. ~~'If ()Gm~t¥fJ1J. 
tt~oHllf.AfnJ[g5t1fia{JF+•Jf.Jtlmt~£11!:3fffif:fJU, 12Sl}JB~1¥tE- , = Wi-ffi , lfr 

J:)xr!~.iEB= Wi-3fLffi . Fmili1,i# 1 p ~r¥rr= Wi-~~FfffiffJLJ~fj~-Otl:iiEB- ~ -tll. 



~ ~ 1fl-ffiff :9tl. 
~ 1Jl ~, - f~i't:;;f ti:\ F1fl-~, 1!1. ~ FF :91JBIVA~ 5tiE ~:fr:$ B..t, = ~Jr¥ ~JiJ VJ ti /1\ F 

f-~. 

~>l 2.3 B>JlaJJ¥:9tl {Xt} ffF:;l,;iE~Bt1'sJJ¥:91J, :tln*fl*iEm~ n, ff* t1, t2, · · ·, 

ln ET, .f§.xtma'-J1HIH-ttJIVl'.':G:iil: X1,X2, .. ·,Xn DIVA n MtiE~:fr;{µ, l&;J.lpj<jfl:;J,;: 

!ti,t2 ,. ..• tn (Xn) = (2rc)-1 /r n/-1 exp [ - ~(Xn - µ11 )' I'~ 1(X11 - JLn)] 

- \ 

:i:ti:f=t, Xn = (X1, X2, · · ·, Xn)': iin = (EX1, EX2, · · ·. EXn)'; I'n :;1,;-W}JJ~~-

,(t1, ti) -y(t1, t2) 

-y(t2, ti) ,(t2, t2) 

,(ti, tn) 

,(t2. in) 

MiE ~ lliJJll¥:9tl 13'-J * J.l PR flAJ ~~ti:\ , 't 13'-J n !iB·} ;f!J ~ rb ~ ffi IPJ ii~ l:J1' 11~~tk: 
)E. ~§Z, MriE~llintflff~ljffij"*· P~-:--~f1'~1fl-ffi, lJt~r+.t;f!J1fl-~7. EJrV)Jt11Jl­
;ffi iE ~ Ai l'eJ ff :9tl-5E~F1fl-ffi o,HsJ ff' :9U . ~·1' r ~ F iE ~ii~, v)t?i 1f :i! 1'"'11:J1fi 7 . 

{.E ;t ~mffl i:f=t , iiff Jlti: ~ 13'-J :I!~ 1fl-ffi llifi mi¥ :9tl , v; J§ !It!. i1J 1fl-ffi mf!YLJ¥ :9tl , :tin*~ 11a 
~JJ1Jtt~, ffla'-J~~~+~~mJ¥:9tl. :tin*f¥:91J~mJEJJZ-ffi~f4, fJtf*:;J,;~FJJL~J¥3'tl. 

EXt = µ, Vt E T 

_, ~ID~~~ffl~ffi*~~H~ffirW~~~~~~~~w~~~~ 
JC* 

,(t, s) = ,(k, k + s - t), Vt, s, k ET 

-t&ffl:i!-t-ttJ1fi, AT ~:m t1-WF1f~~~Eil = ttpJqfi ,(t, s) faHt:1'.7- !fHEi~ ,(s - t): 

,(s - tF=,(t, s), Vt, s ET 

E13 Jtt ~H tl:l ~ils k § t11' 11~ pJq f£ a<J ffl~. 

~>l 2.4 Xit-=fJJl-ffiB.ffB]J¥3'tl {Xt, t ET}, ffl[';(. t (t + k ET), 5E.>l ,(k) :;l,;BilsJFf 
:9U {Xt} 13'-J~ils k Fl tb-11~~li: 

,(k) =,(t,t+k) 



••••*~~~~tt~,ff~m~m•aamff~-~A~#ft~£: 
DXt = ,(t, t) = ,(0), Vt ET 

~M~k~~~£~ft~-~~~~filffl~fil~k~ffi*¥ft~M~: 
-y(t,t+k) -y(k) 

Pk= =-
JDXi · DXt+k -y(O) 

ff$)~iiE%1lffi*¥ft-~, giffi*¥ftJl~~or=-~·ttlffi:: 
(1) tJU[tt 

Po = 1 i1. IPkl ~ 1, Vk 

(2) xtf*·tt. 

Pk= P- k 

(3) ~~~~·tt. 
xtff~iE~ft m, ffi*li$ rm j;xtf*~F~~li$. 

Po P1 Pm- 1 

P1 Po Pm- 2 

Pm- 1 Pm- 2 Po 

ffi~ftl:~~£, Pk ~T Jl~ ..tl£~ ~·tt~;,~, ~!4-~ -~1f.5J1Ja{J'tt~: Millfflffl 
~~FPl- ·11. 

-~·-~~ff~-~Pl-~~7~~~ffl*~ft,~-~~ffl*~-*~Pl­
xtill- ~·-~~*~- ~fil~§W~-~~fflfil~~- ~-~~tt~~M~rn•• 
~*~~ffi**•~1f-~*·~-ffl~~7-~~-~-

~~*~*fi~~~j;•wmtt~~- ~*~,•••~mtt~~&*~~.• 
£lIJfflf-'t*f~L'~B!EmJ~.~,-f*1~,'&,. 

1tm~mit*fi:im#W~~:tmrftM~t1J (Ji!.~ 2 1). 

* 2- 1 

~ X1 ... X m 

* 1 :!"11 .. . Xm! 

2 :t· 12 ... Xm2 

n XJn ... Xmn. 



ttH1*ftf:lf!~Eit$1itiJl, lw.f',K~:5tf!ra<J!li:tJL~:!tbl~Y~1ff (m ~1]\~}f ), ffi4f}1-~ 
il~1is1:J*r-*ffL~J:~~~:!zf (n ~jc~:tff). 1!1:*J!li:tJE:lffl~Y. :5ttfre{J:i1W8)t~~faJ 
ip., Tmf-r-7!s:?G:ir~:*, :frffj-(:J'-]~*8lt~~nTtl. 

{E!.~B;flaJJ¥=~1j:frffj-s1-:,~t@~;f:1;J~'ta<J¥.f~tt M!li:tJlJ¥=~1j {-··,Xi , X2, · · ·, Xt, · · ·} 

ITTIR, EITff:i:Mttl t Ef-Jff~ljffi Xt t~~-1-~tJl~:i: , rm.l3.d3rB;fls.Jl'.t-J~AJ.m~'~, 
w:~ittE ff :1:-1-attu .R ~M1Hi !lfE- 8"1¥-r-:zts: ~•m. kSi rnilJt l'i3J J¥=~u :5t lfr H<J~tw~~ ~a 
~ (.!ll* 2 2). 

~ 2- 2 

Xt 

rnr~*ffiA*Y, ~-&~XM~•&ffiA, ~1it~~~t@~~~&~~~* 
fi:frtfr H<J. ffij J¥=~1J 112-8'~ ffi1it B'-.1 ~ tl:J PJ VJ~ tilfilfmtk:~ 1-foJ Im. 

tE•aJ¥=~~~.ff~~~ffl~r11ra•~•~**~-ar~~1-!li:m~~~~m 
J¥=:91J 

{µt , t ET} 

~~T - 1-1ttlttff~IJ 

{µ, t ET} 

m(:zfs:4ij-t-!li:trL~-1]'-J.l:5Jffi µt (t ET) Rfm1t<~rlff- H<J--t-¥-r-:zts:~•m Xt ~1tit 

µ = Xt 

:1:.mtErnr µt = µ(Vt E T), r~4.ij- 1'-f-f:zts:~•-m Xt (Vt E T) t~~b-:X:T1itf{~ffl µ 

a<J~:zts:~•ffl 

~ - i = l µ =x=--
n 

~t&:klfil~YT!li:tJl~ite{J1-~, Jt·~1JDT1#1t~~a<J*r-*$:it. YftlaJmJ?,, ~* 
jc ~1~ T A;f J¥=:5t tfr H<JxflU.t, jPJ st tl1tJfjWj TM~ ffi Pi<1 a H<J t!ittffl Jj[. 

jPJ•-~•••ff~= ~~•aa<Jtt~, nT~ffl~£r~~~•¥-r-:zts:tt•tl:la<Jfil 
:i& k §#Fn&P.ii~B<Jt!iitffi 

n - k 

I)xt - x)(xt+k - x) 

9(k) = t = l , VO< k < n 
n - k 

n 

I)xt -x)2 

9(0) = _t=_l -­
n - l 



~ 9(k) 
Pk= 9(0), 

n-k 

VO< k < n 

I:(xt - x)(xt+k - x) 

Pk ';::d _t=_l_n----- , VO < k < n 

I:(xt -x) 2 

t=l 

2.2.1 Bt~l!I 

~fflatff00,•~-~=~~®*~00,illi#S~*~Ht~,~~*~ff~*ffi­
atffOOm~fflM~ffi~~~~-at~ff~~- ®~**~Mfil.~~atff#fi~ffl­
t/7illi # ~~1M Bt ff 00. 

R M~F#{j!fft!-'=J~Et::ks<J~l!JJ)Jf'i~. llJffl R tttMBtffl!l.±~~i)WJ}fl plot Pi<i~. ~a 
*MHtffOOB'~,~~U~:i:\':, *f,fl!Afl~ ltffetl , tEOO i:f:t~1JDX:2fs:~¥9:~~~~>ft:, !JliJRmr~ 
~ffl!l~:;$:8<.J plot -$~J?)tnJ~~1Ml:I-J~~::kn~Btffl!I . 

~ 1884- 1890 ~~#r == .fJ:1~$ ± ~ 1R1J,~112"-~mt:it~ffljgffetl, tJG1nm ~m J..Jm 
~m~, 1iiU~ 7 ~8-<Jatffl!I (.!Ji!.00 2 1). 

> yield< -c(15.2, 16.9·, 15 . 3, 14 . 9, 15 . 7, 15 . 1, 16.7) 

> yield< -ts(yield, start=1884) 

> plot (yield) 

0 ,,.., 

1884 1886 1888 1890 
Time 



i!'i:iJiM.1!13 : 
(1) ffi-'1:iJ:JtkJ=fHr~AEt-J:n~~ 11'J:r:1tlffi!i!JitffiJftfoJ11 yield. 

(2) ~='1:iJ:Jtk:tjjJE yield jJE.jJ:r:j£jl:, x.W.~ffi~~FiEtl'biJ.1-J 18841¥, ~t@~$JJ1¥Jl'. 
~t@. 

(3) ffi =-1i]Jt!:~$1J yield Et-JatJ:r:00, ~ R i!§~"!A~~ttftrtl:l. 

~attJGfilMOO;Jf;~ tl:l ~J!i@i;J:j1is<11'ti:1-tEt-J~*,1 JJ Tm .IEffl? s~~*, R i! 1r 
•mT$aEt-JOO;Jf;8~-~00tJGfil~ffl#ffl~OO·~A~-~~-~-

,!; L,k; ~ .u... .J:. 4'1-1. ,.~,~.....-0 1f'AJ /j~ 

tE plot m~l:f, ~#f8~ type *~1ff!J,g~~t1-\~~- A~s~8~ffilii*~~o* 
2 3 ?.Jr~. 

* 2- 3 

#J:tt Jtt ffi tiWJ£ #J:ttltttfi ml£ 
typc="p" .~ typc="o" ~!¥:tl,~ 
type="l" ~ type="h" ~~~ 

typc="b" Ai!~ type="s" M-~~ 

kA 1884 18901¥~~ =:- ffl~~±:t!Jl.!K;J\~f:l:5Jaff=il:~ffljjf7tl , ~~ type )2]:J'.jn 

XiJ Et ff 00 Er-]~ Ulo]. 

• fflc~lll 
> plot (yield, type="p") #~*-:S(P!E 2- 2 f}f-iF 

0 
0 

-

-0 0 

0 '-0 -
·s;:, -

0 
-

0 
0 

0 0 V) -- 0 
I I I I I I I 

1884 1886 1888 1890 
Time 

Ill 2- 2 Ii,~ Ill 

• #.\~lll 
> plot(yield,type="o") #~*-:S(P!E 2- 3 f}f-iF 



1884 1886 1888 1890 
Time 

2 . .rf~U 
plot fflfii:J=i , ffl pch ~:J'.ffi-i.5!:JiW.~.raa<Jf.f-'%. pch -~ff 25 -i'~flffi, 'tfflx-t~ 

l¥J f.f-'% ~a 00 2 4 11fri1'. 

0 6 + X 0 v ~ * $ EB 

2 3 4 5 6 7 8 9 10 

z:z EE ~ ~ • • ... • • • 
II 12 13 14 15 16 17 18 19 20 

0 D 0 6 v 
21 22 23 24 25 

Ill 2- 4 pch ~~*ltffi~@~~fl:lff~ 

Id. 1884- 1890 1¥~:.m =:- :fi1~$ ±:it!! !K1J\3(}jL:f$J1Eff'=f!:fit@:1-Jf§tl, ~~ pch ~Jffi­
Mat Ff 00 a<J~ ajiij. 

> plot(yield,type="o", pch=17) #!t*-.-:!ti:,00 2- 5 P)f-F 

"O 0 
a3 \0 
·;;_ 

0 
V'I 

1884 1886 1888 1890 
Time 



· 26 · lt-tiEiJJ¥JtJ:S:Hfr - ¥T R 

3. :it~~~» 
plot Pl<i~J:P, ffl lty ~J]!i!i!:.11:~1¥:J~~- J!.-f*B<J~~ffi-'=3~~j;JE~~D* 2 4 JJr7I\. 

=& 2-4 

lty=l 

lty=2 

lty=3 

lty=4 

lty=5 

lty=6 

~~ 

Efil~ 

,~~ 

-~ + ~21"~~ 
K:!fil~ 

,r!R + K:J;M~ 

\ - . - . - . - . - . -· 

~:J. 1884- 1890 ~~f~~ffl~~±:t&IX1J\3lf:ltgliff=f!frffi~~J, ~~ lty ~J]!x,t 
at ff 00 1¥~ ~ ~®. 

> plot(yield,lty=2) ##i;lJt.-JtoOO 2- 6 }'}f,F 

~ 

I\ 

I' ' - ' ' 
I 

I ' I 

0 I ' I 

'O I ' I 

~ '° - I ' I 

- , \ 
, , ' I ....... , \ 

,, 
' - , 

' , I ' I 
I ' ' I , ' 

I ' I 

C! ' I ,, 
' , 

"' - ,, - I I l I I I I 

1884 1886 1888 1890 
Time 

Ill 2-6 m ~ it-t J¥ 111 

4. ~ al.] '.Jt£4-M:. 
plot pRj~i:p, ffl lwd ~J]!-j9:_1!:~a<J'.rill'.Jt. Jl.{~1¥~~~ffi-'=3~~)JE~~D* 2 5 Jifr7Y\. 

:&2- 5 

lwd= l 

lwd= k 

lwd= - k 

/llkiA.)Wr 
lllRiA.J/!:JJr ti~ k 1Pi 

~iA'.mJlEJ'g 1/k 1-ffi 

~j 1884 1890 ~~~~fllmt~±JtE.1Z1J\3l3!Z-:itf]mf=iU~diJJf7iJ, ~~ lwd ~J]i 

Mat ff~ i':i<J~~!nJ. 

I> plot(yield,lwd=2) ##i*--JtoOO 2- 7 P./f-F 



5. AYi ~Jj...~ 

0 
V) 

1884 1886 1888 1890 
Time 

plot ~~rp, ffl col ~~iil.~~Wi-@.. ~-%FnffifaJIV-:.iJ!J..1*a~Wi'@., f9tl:tm col="red''. 

tJfaJw_~~-1-J!l{it 'Wtl.tm col=2. ~ 2 6 ~tl:lT1lrffl~ll!l#Wi'@.a~xtm~:iis, im~~~ 
_t R m~-~riTVJtJHtt 657 ~PW!'@,. 

~2- 6 

col= l 

col=2 

col=3 

col=4 

6. ~hid:~ 

col="black" 

col=·'red" 

col= "green" 

col="blue" 

plot pjqfi9::i, Jf-1 main ~~~1Jati111fX-*, ffl sub ~r.w~1Jai~fi~X:21s:, J:1:1 xlab ~ 

r.w:t~JEtlfi~lMia<J~l*, m vlab ~rffi-ffi.5EW-*tj~~f*. 
~ 1884 1890 {f=:~t~== f11~$±!tl!.IB:1J\3l3JL:MJmt::i!:~1iJ;;f7tl~1Joti~, Jf:~~ 

*tiiw..~JJ "1!~11}", W.~IHi[t..~J;; "mt:it", -®~fll~~~5lttrn~. 

> plot(yield,main="1884 1890 Jf-*#t->:!-~~:'F,±,,tjR,J,;:k-t#J~/-i" , xlab="Jf-171"", 

ylab=" ~ /--i: 11
) #~;lfl,i,:,00 2 8 r)f rr-

0 
V) 

188-l- 1890-tf •R:fX ~- #!J~3J, J:11!!.[x:,J,;t f-.ls)if ft 1t 

1884 1885 1886 1887 1888 1889 1890 

"f fr} 

00 2- 8 ;j ;/JO :X: * a{] lt-r ff Ill 



7. .J~ ~ ~ if;f tib te. 00 

plot ~1~i:J:i , ffl xlim :i2PJH~JEtl*tis"J1111Jl , ffl ylim :i*JJ.ft~JE~*t~s"Jf1Hl~J. 
l2,/, 1884 1890 :q::~~==%1:i~~±JiP.l~jJ\&:f:i:5Jliftz:!t~~J;J,Wtl, ~1f]pJl2J,jj:i1~& 

ttl*t~s"Jmfll~ilvJB,r 1¥00~ ti:\ pg~. :f§:*iff~fD.@.ffi~*~Dr. 

• tlli~~H:l:lffl*til$[1E 
> plot(yield,xlim=c(1886,1890)) 

• tlli~~l:l:WA*tl!IBIE 
> plot(yield,ylim=c(15,16)) 

8. ~/Jp~,fl{l~ 

0 
•n 

1886 1887 1888 1889 1890 
Time 

1884 1886 1888 1890 
Time 

tE~OOav, JJJl2J,1fffl abline Pl§~J;JOO*mho~R~~- ~ R~~JJJl2,l,JilJl!~, i:11.JJJl2J,~ 
JJ<+~. ~JJJl2,l,£~ti@lY3~. 

l2,/, 1884- 1890 :'.tf~.f~ ==fa~~± Jt!! l2S>Ni:-3¥-:l:5Jlif tz:il~~ J;j{9lj, tEBt ff 00 ~ fillj_t 

~11D~R~~. ~tm~ltll~R~~fDJJ(-3¥-~mt~s"Jffl:*irf~;fill&ffi~*~Dr, ~:1JO@JY3~ 
.~~ s"Jirf~~1fJ¥FtE~ 4 if1t-m. 

• ~;/JU-~¥~ 

> plot (yield) 

> abline(v=1887, lty=2) 



• ~1Jo~~¥1i~fffl~ 
> plot (yield) 

0 
.,.; 

1884 1886 1888 1890 
Time 

> abline(v=c(1885,1889), lty=2) 

• ~11071<-¥~ 
> plot (yield) 

0 
V) 

1884 1886 1888 1890 

Time 

> abline(h=c(15.5,16 .5), lty=2) 

:'.:! 0 

11.) '° ·:;, 

0 
.,.; -

\ 1884 1886 1888 1890 
Time 

§ ~ll*00~- 1-3JZ-1ffi = tt~IMi~~~ 00. ~~IMi:&~M~BtWI~, W.~IMi:&~ § 

ffl**~- ~~~*~ FJ ffl*¥~a'~::k1J,. 
tE R iif§"cpft.ffl acf pjg~~*1JJ¥ftl §ffl*OO, W:ei9~891ID~~~~: 



acf (x, lag=) 

-x: t.iLt; 
-lag: .l!~M'-4'i , *'" JfJ i1 ;r;;#fi~~ ,t{r,J-it- ' -~ Wt,~;j:ft~H-91] *It. ro i;/J ~~ ;t.l!~M'-tt. 

kl. 1884-18901:f:~t~== .fil~~J:.it!?.IK1J\~-¥.!4J1ifFfil:!tiMJ11fftl. ~ltlJ¥9iJB9 fl -tB 
* 00, ffl~-®~*1l.lfil.~~ 51UirrF. 

> acf (yield) #~;lfl~IJJ 2 14 ,P,T,F 
I 

Series} ield 

0 . -
V'l 
0 -

I u. 
u 
< I I 

, 
V'l 
0 -

---~-------------I I I I I I I 

0 1 2 3 -l 5 6 

Lag 

Ill 2- 14 ~ffi:*:111 

i.>tfJJ'l: Kfltt::Jg § ffl~*~ 2 1M,1,?1£~1ft.zt. 

:X•t Ff ~IJ s<:J-¥ ffiti~ im#~~:nr!, -ftp ~tHiAt Jr f!H11 ( I .fEI * 1¥1,lfil.~ s<J ~ttE fij t.H 
J:1JltlrB'100~~:nr!; - #~-t1Jlff~~m-t-Hi:it!Jr@~~~a<JJrM:. 

OO~!Jl1rr!~-~tJ,lkfl=fij~' jgffi1¥ZB9f-ffi't1!IJJJ1J;IM:, 1:B9ltJc,1.1tJIJ1HJ1Jii!Ht 
*~-~~.i:R@~.Mkl.&M~fflmtt~•:nr!~kl.~&~~. BWA#ffl~-¥ffi 
·timit~•:n#d!.-ffi::@~~ (unit root test). EA r fl tru9:fliJHJ9mi~LH1:, 7's:itt~ .i:~ 
1HN-¥ffitts<:JOO~~:nt!-. ~fft:@~~~;(:Effi 6 ~itrffiifr-~R. 

:@.f-ffi~~ff~~ffl,:n~~#tts<:Jtt£.-¥ffif¥~~AtJrm~~B~ili~~ 
91J tm f~ ;(:E-1-# tt ffi ~ :iii flifHJl 7ft i9J, ffiT .El. tit i9J s<J 1~ ~ 1'I W 1¥J t.f .~. ~o * ff 91J s<J At ff l!l 
~~ili~ff~1'I~.lfil.s<:Jnfi#~~Mtt.m~B~#~~-¥ffiJr~ .• ffl~1-tt~.M 
=f~~$~~-¥ffif¥91J. Pikl.illi:i::H!t~-BB9Btl¥OO~;ttiJUi1J1tD!E. 

[ f§1J 2- 1] ~fttJ 1964 1999 ::¥i:f=lOOt{J;(f'.f'=:fiJ¥91JH,jf¥1¥] (!/&'~!A!,~ Al 4). 



> sha<-read. table ( "E: /R/data/file4. csv", sep="," ,header=!) 

> output<-ts (sha$output, start=1964) 

> plot(output) #~-*.-31ol!J 2- 15 .1'.l(;r, 

0 
0 
or, 

:5 & 0 
::, 0 
0 M 

0 
0 

1965 1975 1985 1995 
Time 

Btl¥=1!11!1 2- 15 ~~fi'Jt!#Hts1~L~,~F'ffl°El)HJH, i:p 00~1ff=:l:J¥=ftl1i~MEl'-J:li~~ 
'!;;1,, ?!r~'t- 5E~~-1jl-~}¥=;91J. 

[ 19,J 2- 2) ttti~ 1962 1f 1 )=J ~ 1975 1f 12 )=J 3¥-:1:sJtf~:WVt )=J f=:WJ:l:J¥=ftlBtJ¥= 
00 (!ttffiJl* Al- 5). 

> a < -read. table("E: /R/data/file5. csv", sep="," ,header=!) 

> milk<-ts(a$milk,start=c(1962,1),frequency=12) 

> plot (milk) . #~ -*.-Jto lfl 2- 16 .P./r 7F 

0 
0 

'° 
1962 1966 1970 1974 

Time 

At ff I!! I!! 2- 16 ~!Wr .t-lt!.~~3f .8Jtf~:to3tt: a{]J=J f=:!03:il: ~1f 1J JaJWl~JmttlJJ(',)J!ij El'-J 
JaJWH~, ~lltzJ·~, ~:;(;fgijJw.13{]~1f:li~~'!;;1,. M~itJ¥=ftlm-5E~~~J¥=ftl. 

[ i91J 2- 3) ~ffflj 1949- 1998 1f::lt:JiOptf1f:i&~E(.Y.iiiffftlB1J¥=1!1 (!ttffiJl* 
Al- 6). 

> b < -read. table ("E: /R/data/file6. csv", sep="," ,header=!) 

> temp< -ts (b$temp, start=1949) 

> plot(temp) #M"*--31olfl 2- 17 .1'./r7F 



0.. 00 
E f'"l 

II) 'D r M 

1950 1970 
Time 

1990 

BtJ¥0000 2- 11 Jfil.1F::lt]frtf~~e<J~~E(¥ffil:tlfit~OO~t1: 37°C fflm:l~ifHfL~;u, ~ 
1'ff!13lfil.fll~~M, ~*JJJ~~:1-J3fffiff1tl. 1-JTffi~®.vl, ft1fJ:ifm:~5¥JJffl §ffl;JcOO 
:itt- tl7 ~ ft/JiJUJ1J. 

:(£!§ ffii e<J1ii~ JI ft1fJ~iiE ~JPfLffiff 1Uilli ~· M mJ!Jjffl;Jctt ~·11:mtffl § ffi;Jc.¥tt 
*tl~~It~:llifi~MJ&Mtt k e{Jtt1Jo, 3fffiff1tle<J §ffl:k.¥tt Pk ~11H1cit!tl~IDJ~. & 
z, ~~3!Lffiff1tle<J § ffi;Jc.¥tt Pk ~~IDJ~e<JJ!fftilli11Ht~·it, J!gJt~ft11Tf1Jffl § ffi;Jc 
00 :itHr3f ffi ·!1:!1J ltJT e<J fif\ l'i. 

[ f§1J 2-1 ti l ~J 1964 1999 ~r:pOOf&~Fitff1U §ffl;Jc00. 

> acf (output, lag=25) #M" *-j(P II! 2- 18 r)f.r, 

0 

sot 
ci 
I 

Series output 

0 5 10 15 20 25 
Lag 

Ill 2- 18 tpl@~.P?=•J¥91J ~ffi;)'.:111 

kAOO 2- 18 r:p~1fJ:&lJ\1.ff1tl e<J § ffi:k.¥ttJi~¥U~ e{JJ!fftffl ~gJ'tf, :f£1JHf e<JM 
JlS BtM JI, § ffi;Jc.¥ tt- 1I:1-J iE, fm J§ X -1{ 1-J ff-t , :(£ § ffl ;Jc 00 -1:lfil.lF /fl f!l3 Jfil. l3<J =-iftxt 
~·11:, i!~JJ..;;f;f !'fii)ajfll~e<J~~3fffiff1tle<J-#~~e<J Ff ffl*OO~:rt. i!%1l~ff9UB1ff 
00 00 2- 15 Jfil.7F e{] Jfil.1§ e{] !)i i)aJ Ji~ ·11:~- ~ e{] . 

[ f§1J 2-2 ti l ~iff!J 1962 ~ 1 A¥ 1975 ~ 12 A 3f:l:!g~:!kt'Jtj::e<JYJ Ft'Jitff 
1U §ffi;Jc00. 



> acf(milk) #~*~Ill 2 19 fo)f;j'. 

Series milk 

00 
ci 

0.0 0.5 1.0 1.5 
Lag 

Ill 2- 19 lfl i1.Jtif :,dl]Vt-J:J r"fil.:1¥ 91J l~H~ * 00 

El ffl*OOOO 2- 19 _ilQ~ff7'J R *fl**!l&-KWH.t:=f~!flhe{J-u1. J!:l!Jlff ~l)WJ~~ 

ff7tl at:!14-~~til:, [P]Bt § ffi:k00~$:±l lY=J_ilQEJ9iE~vti9JiJMf, 5!:l!Aff J.lrJWBl:1-ti.![~ 
at~F f ffiff ftl at-~ ~t.1. Fl ffl :kl!! lw.~ :±HIE at J!p;q 1''11:.Ni:%11 i*l¥ 7tl at ff 00 00 2- 16 
_ilQ~ tH at1'r-KWBi~ Ml~ at J.lrJ AA ti:Nt:l!~I:: ~ 11i!J it-at. 

[ {§1J 2- 3 ~ (1)] ~1ff!J 1949 19981f~tJitm&1f-ii~~1ffi'i.J¥71J Fl ffl*OO· 

> acf(temp) #~*~Ill 2 20 fo)f ;j'. 

Series temp 
0 
_; -

-
'° 

:.,... ci -
u -
<C N --------------------· ci - I I I 

N I I I 
ci - . ~ - -- - - - - - - - - - - ---I I I I I 

() 5 10 15 
Lag 

Ill 2- 20 :1t*mtit~~ ~~~J¥91J tr.1 ~ ffl;1c111 

§ ffl*OO 00 2- 20 1~~i*ff7Ll at @I ffl**~-111~ tt~iJ\ Mi~t£1ff!JiE 2 fflB'-Jtj 
li~J[ll! ~ r:1-J, PJ VJi;A.j;;i*ff}IJ Fl Mi~~:tfS{E~!iffi~Jlil&:i9J, 5!:l!IOO:trL'l1~F~5iB'~f 
ffiBt1aJJ¥7Ll:ii~ Jl.ff B'-J § ffliOO~fiE. 

ftiU-1' AA1.~ffiff J1J z§, tts'c:l!11J tt'r1: B9 f ffi'l1. :iiu f ~:11~~, ff 7Ll"PT VJ :5t 
j;Jfffiff7Ll-ti:J~l::fffiff7'Jp;q::k~. 

x,t-=f~l::fffiff7Ll. EE=fB1'Aff = M-~fffiB'-J'l1Ni:, J9r~xt1:R9tftit:5t*Jr~:'m­
®JaJ1fr, :ii~~:iiuut:- ~e<J~~, ~~~&±lll!. ::ttJ~liftjJE~~i¥Jtr.litm~. 



!.ln*Ff j1J1fl-ffi, ·l1H£JIJtW ~$ T, ~ff]~ -~~~i~ JJ!I~ a<J1¥-ffif¥f1J~tl;ir!. {fl 

~, Jt~~f,fr~R'~1fl-ffirt:jJJf~ffi~~~tl. R~JJ~®ff3'JJffizrsJAA~ ~JB'~,t11rcx*, m 
~~-M~*~~-~-~-~~Ff~,~ffi~ftill~~~~~-JJJ~~-~~~~ 
f~,lff!,, ffl*ffii9l~Ff:9Jj**~~mk. 

!.ln*FF3'1Jffi~lltZIBJr:l~fffiiJffl~·!1, Jj~,¥)t~~lrW:Ff3'iJ~-1'-'l§t~tc'tlEt'~Ffj1J, 
u~EJ<Jfi1JM~*a<J~mki9:~tt~JJn[iiJ, ~flpFf3'JJf$JJtitxllifHJLFf:9JJ. JA~ir?ttrrs<JJfJ 
13irm ~, ~t Iii trLFf 1JJ ~ r:l ~ ff fiiJ ?t lfrffi-ffi a<J Ff :91J . 

~-

JJ T~~+ffiFf:91J~~ffi~~gl*~?tlfrr £, t~m~~xt1¥-ffirt:f1J1trfr~!ii+JL·t1*& 

)E>l 2.5 !.ln*Btl'sJFf:91J {Xt} r~t@.!.lnr·!1mt: 
(1) ff* t ET,~ EX1 = µ; 

(2) ff* t.s ET,~ 

( ) 
{ 

CJ2 , t = S 
1 t,s = 

0, t-:/- s 

l*Ff3'1J {Xt} JJ~4:15ifWlFf3'iJ, i:!Lf$1JFJPjfpi (white noise) ffjlJ, WicJJ Xt rv WN(µ , CJ2 ). 

ZJifr Wl*JJ Fl PJ¥tJ8° Ff3'1J , ~~ Jg J... fiUHJJ~£.IB a JtA;{j ~*1H~tt ~JHinJJ Fl nt 
?'f rt:11J-~~1¥-ffiFf:91J , rffi_§_~•m1t1A'~1¥-ffiFf:91J. 

[ 1§1J 2-4 ] !iitrlP::1: 1 ooo -t-HllJAfJFrftiE~%1tiA9 Ri!f P.Ff3'1J~~ffi, Jt~*1J 
HiFfl!J. 

R-~T$S~!iitrlB~1:ft.~atrt:ffiffl~.ftITTA#ffl~~P::1:-ft~JAK 
~Jt;ffi~!iitll?tt. K~Jt;ffi!iitfl~1:JJt~?tt~ rnorm. rnorm pJq?ttfl'~)fp-4'-~5:tjJ: 

rnorm(n=, mean=, sd=) 

A. tp: 

-n : l~}Jt.4t. 1-a; 
- mean: ~ 11., -5ikAi 11.JHJ-.jJ O; 

-sd: ,t;r;;fi.~ . !ik:.~11..'fkiJ-.jJ 1. 

ii.: (1) rnorm ~M:_-1!!,"[{,;jl!;jJ rnorm(n, ~11.. ,t;f;;'(i~). 

(2) -:!!"*-~ ft-1.. n 1-JlilM..tt;ft .iE it,'l};ft, {r,J &i_,tJt,M:,, "[v.J. ia1 l!i}] rnorm(n) . 

> white_noise<-rnorm(lOOO) 

> whi te....noise<-ts ( whi te....noise) 

> plot ( whi te....noise) #~ *--:!!o Ill 2 21 Ji/(;j. 



0 
.~ N 
0 
C 

~I o 

:C N 
~ 

0 200 400 600 800 

Time 

B Pjp§' ffj!Jm~1& mi~. {§. 'B:(:E!il1f1:it!:rrBtfsJJ¥11J5ttJrat lfr~B"Jfl::ffl!P~F#*· 
'B B"J ~ -t m~,tl:~1:EE mi a<J 5t Vrufi r.p ~~1it ffl ¥1J. 

EB -r El l~F° J¥11JA~~Ur'i':i:~: 

-y(k) = 0, Vk i= 0 

~ -0VWR"Jlo~J¥~1Js<J~:r.mz1mm~fffoJffl***, ~~ "¥9:;ffic'tl" B<JJ¥1o•~MH~ 
*11.ff~IJ. 

~mnmJ¥11J ~J.m z rsJ 'l9:;ff fffoJ *ll*, J¥: ~o f:E:it!:rr~:@:xJ¥ a<J run tJL • ~. - £!Jt-t 
llim•#£~:±1~~m•~B<JMfil.•~~~am•#m;ff~*fffnTfflm••~;ffffl 
1!L!lt ~ff])})t1i!Zit~ll:5ttfr. 

~a*l¥~1Jfflz rsJ £:00 :±ElytJip ~~ B<J ffl***: 

-y(k) i= 0, 3k i= 0 

•~~~J¥:~~~~runmJ¥:~.~J¥:~~~kMB<JJ¥:~ffiz~~:(:£- ~fi&B<Jffl~• 
I 

OlnJ:*:*, ~fipffl~·OlnJ:*:¥tffrr .r.f$~ffl:*:ft)~t ~ff15J'ffrs"J § a<Jff)t~~;fll1fi&r!fE 
~fiPffl:*:f~L@,JAx!,\J,~fflff~IJr.pm*ili*· - .E!.x!,\l,~ffiJ¥11J r.pJiU~a<Jffl*1*,@,~:@:-J& 
ill* T, :JJ~~,ur a<J~~J¥~1J•m~£~ :±1 ~~{]1J¥11J B'~·ti~. ?.Jr llH4:llim·t1~~,u 
Jmffl*f!,@Jt!&~~JE5ta<J- 1'-J"IJJJ1Jf;j?'fE. 

lfrM:n~~tt.•~mJ¥:~r.p•-t~•a<J:n~~ffl~.~ 
DXt = -y(O) = a 2 



~1l:~J¥:91J~mJE1J&:lf'l1:, glt$ttJ¥:9LlJt.1i JFJr&·l1:llit. 
tE at reJ J¥:9Ll * tfr r:r, 1J&:1f·l1:!i!:--t-~F #!ti: w l¥J ~& 1M ~ftt. 1zs1 :1g mffl 1Ii ~rar ~5E 

:fll!, J=J.1iJr&:tf'l1:1;JEfltv:Bt, ~ff]ffiji;J\=*~f!¥1J1¥J*~~~1titffi:;f Jiklf:lffiff!, ~ 
~1¥J. ~a*®5E~ Jfx:.1L, :fii1J\=*t!iitffitJt~~Jr&:fii1J\~'!1:::Jcfit!itt, t1ifrmffl 1¥Jffi 
JJt~s¥: iuq1t:k~ ijlnJ. 

~~~mt1:mfimfflm~at,~~~ffz- •~w~~m~mffl1¥Ja&Jik~mJE 
1J&1r·11:1;5E. ~a*~ m JE, }]~•™~ a&J¥:9Ll :ff~~ a aJF J¥:9Ll, en tPJ:frmffl r9:1i 
JE?t1Jt1&1iimJ¥:91Jr:r1¥Jffl*f1t~1, ~atm~mru1¥JffiJJt~ffiqtnMiE1¥J. tE~#:%~r, 
~filW#mW~ffi~~l¥J~#JFJr&•ru*~:fll!JF:1r&ffiA. 

~lllfft/l:!1:~~{12,$j;JEJOJ;@?3~~' ~~l'lffi*~~J¥:9Ll:Jik~j;J~lllffmJ¥:9Lll¥J-# 
1J~. ~ffJ~il!:tla*--i'-1¥:9Ll~~iiimJ¥:9Ll, t.l~~ t;1¥JJ¥:9LlffizreJmit:¥9:1iffMffl* 
**, &nmJE 

,(k) = 0, Vk f- 0 

~:lik-#:fll!it...t7t ~ t±l ll 1¥J:f11!1~tt'tl5G. ~ ~i...t, Ei3 rxW.~ffiJ¥:9Ll 1¥J1i ~&·11:, ~~~i;im 

ff~l¥J~*Elffl:*¥~~~~~j;J*· 
[ 'f§~ 2- 4 tl (1)] ~ittJf91J 2- 4 tirlIE~EllljF1ff:9tll¥Jt$*§ffl:*l!I. 

> acf(white_noise) ##i-*~11! 2- 22 r)fiF 

Series white_noise 

-

00 
0 -

µ.. -
u -.:I" 

< 0 -
-

0 ---------r-- - - - - - -
0 -- ---- --- .. L . __ J __ ~ - •. L ••. 

I I I I I I I 

0 5 10 15 20 25 30 
Lag 

Ill 2- 22 ~~~Ff ,iJ *f* l~H§ ~ Ill 

t$*Elffl:*l!IB~~-t-~!iimJ¥~¥9:1i- -t-~*Elffl:*¥~FM~r*.ffl~® 
§ ffl:*¥~1iffl~t~~F# !J\ ~tE*ffifflili:l:J- -t-~I.VJ\1¥J~IJJtliim~$J. ~JliitmM~fn 
J.i\I it~ .L!t~* El ffl:*¥ ~ 1¥J?t 1ff ·11:llit, »Ji it~Sl...t*#U l!fi ff :9tl l¥J ~iiiV1'11:llit. 

Barlett iil:~, :tlO*- -i'-Btl'EiJff:9Ll~~lllfftJL1¥J, qiilJ- ,txW,~WJ~j;J n 1¥JxW.~ff:9Ll 
{ Xt, t = 1, 2, · · ·, n}, t.l~~ W:ff:9Ll 1¥Jfili1s~F~ 1¥Jif$* § ffl:*¥~)j%.ili:f~,rn1VA:15Jffij;J*, 
1J&j;J ff:9LlxW.~M~fflJ~l¥JIE~?t1!i, &n 

Pk:, N ( 0, l) , Vk f- o 



;r.tr:p, n :19ff}U~~WJ~. 
;t&t@ Barlett 5E:fll! ~ff11:JJ!;(~~~~t1Ei:I JHl~~~ff}Ua<J~lllfHJLtt 

EB rff}UffizfaJ a<J~:1r-'li~~~x-ta<J, ffff ffi3ctl:~~r&a1~. Jifit;( @ii~f4ref65E:tm~: 
ffi®ii: .fil:iKJ~~;J,r~~r m Ma'~ff7Uffizl'aJffl§~!h3t. 
-*~fl?iii: .fil:JgWJ~1J,-=f~~r m Ma<Jff7UffizfaJ~ffi3c·t'£. 
W:@ii~14.ff.J~~i!~Mi:i£f!P:19: 

Ho : Pi = P2 = · · · = Pm = 0, Vm ~ 1 

H1: ~Y,.:(f{f;i;t,t- Pk:/= 0, Vm ~ 1,k ~ m 

l. Q #titl 
:197~~:t!-i'-~-@-®ii,Box .f1l Pierce fl~tl:l T Q tJEitil:: 

k = l 

:rt c:p , n 19 ff 7U WJ9!tl M ~; m :19ffi 5E.fil :ig Wl ~. 
;t&t@iEi5%{15~-t1f%{15Zi'aJa<J3c*, ~ff11&~£fl~tl:l Q m-ittt:ili:fi;.tB~§ EB 

ll:19 m s{J-t1f%{15: 
m 

Q = n L0c ~x2 (m) 
k= l 

.¥:i Q m-itit::kr xL0 (m) ?tfft,1~, ~w:mH:fia<J P ffi1J,-=f a a-t, JJ!UPJ~.'.At;( 1 - a a<J 
~f~fJJ<~teJ~ffifelii, ik:19W:ff}U:19~FSPlJaff7tl; ~JilU , ~~mtf;ii, i-A-Jli~ff71J:19 
~lllfitfLff}U. 

2. LB #t-iti: 
tE'.!k~jJ.ilZffic:pAffl~J!Al Q m+ri:tE::k~;z!s::l:,m-@- ( n1&::kfft!m-@-) ~~U1&M, {13 

tf/]\f$7-js::l:p;,@-~j(ffirefo. :1975$*~~- ~~- Box .fO Ljung JZ.tft~tl:l T LB(Ljung-Box) 
m11 11: ' 

m ( ~ 2 ) 
LB = n(n+2); n ~ k 

:tt'; c:p , n :19ff7tlx!\ljyJ1JWJ~; m -JlffiJE.fil;ig;WJ~. 
Box~ Ljung iJE~ LB mHiilP.l~:ili:fi;.tB~M § EB~:1-J m a<J-¥-1f%{15. 
~~J: LB m+Hiwt~ Box ;f1l Pierce a<] Q mititu<J11iiE, §rt;()dfP:Hffl:te1:1f1 

m;f$-JJ Q m-ittt, *~~icf'F Qs p m-;.1 ll (Box ~ Pierce u<J Q mi:1 11) f1l QLB mH 
ii (Box f1l Ljung a<] Q mttt), 1£~#~~:l:p;-@-lt:i!!!L* ffia<J Q mil llii#ffia<J~ LB 
~frHI. 



-jJ: 

Box.test(x, type=, lag=) 

A 'f: 
-x : :ll:.-:t ,t ; 
-type: ft.!Jft-tidti:'~~. 
(1) type=' 'Box-Pierce'', ~ttl:: EJ~pft.!Jft-{f.J Q #t.it-J:. ii<t.it.it-J:jlJ ;fdic..f,kjJ..~tl::~* · 

(2) type=' 'Ljung-Box'', ~tl:J EJ~pft.!Jft-{f.J LB tic.itf:. ,, 
-lag: J!..i!Hfr.ft. lag=n *--F~ tl:l if J6 n it1r{f.J E1 ~? ft~#c.it-J: . . t-4-ii<~.tffi: llt, .fhJ..~ 

tlJ if J6 1 it1r{f.J ft $-tic. it-I-ft* . 

[ f§rj 2-4 ~ (2)] it~>WLl 2- 4 9:1 E31ljJ-Eff}Ufil:ils 6 M, fil:ils 12 M~ QLB m 
-tt•s{]ffi, #iU!tfrit:ff}Us<J!l'ifHJl:t1 (a= o.os). 

> Box . test(white-11oise,lag=6) 

Box-Pierce test 

data: white__noise 

X-squared=5.0327, df=6, p-value=0.5396 

> Box.test(white_noise,lag=12) 

Box-Pierce test 

data: white__noise 

X-squared=9.811, df=12, p-value=0.6325 

R ~:ilfJ\~JIUotrili$x{4, Ffr~4ij:7jz-yajffl Box.test PRI~, Rrm~ili- 1-~~~*· J: 
lif1JTl~¥Ufil:ils 6 Wi'::fllfil:ils 12 W!-Wg1- LB ~tit•~~=*, ~1f1i%JfflTj;ij7jz Box.test 

PRI~. ~D*~~~~~$f~tlt1filmitttx14- ¥F, - IX1i¥U~1-alljJ-E~~~*, pJ~~~-

1-ffiff-®4-. !ifii.!f!.s{]ffiffel1~~ for PRI~, B~-®4-m~~Dr: 

for(x, in, n1:n2) state 

A.'f: 
-x: ,.f}ij 1;f-:Jt -I-,t . 
-nl: n2: ~ l:l:l ft!J,.f}ij 1;f-~{Ei_ 1K fal . 

- state : '.t ~,.f}ij 1;f-.:iJtAtft!J~4--. 

> for(i in 1:2) print(Box.test(white_noise ,lag=6*i)) 

Box-Pierce test 



data: white....noise 

X-squared=5.0327, df=6, p-value=0.5396 

Box-Pierce test 

data: white....noise 

X-squared=9.811, df=12, p-value=0.6325 

E'3r P U~:krJfV§tbJ(:ijl- a, ?,Jr~W:!¥1Ll:::Ffi~tl=i~tit!:~VL~Jffi®~. ~~z, 
ftfilPT~~~~F¥~~•~m~eromttm•PT•.~wPT~w~x1~1¥~~mtt* 
:ffr. 

~-~--~-~~.~~~«*~~R~-T~6M~~12Mfil~~Qmtt 
t~ 1B m1ttt»-Jt1u1t1:1J~~F¥1o~snAtfEF¥101Yt? ~1t~:::Fit!:fi~ms 999 mg~~ 
.'Yt? 

~~~ ~1jl-ffif¥1Llim # JJ..~j";ffW:Jffi:k'li, :tio•F¥JLlffiZIBJ1fiEB~l¥Jffi:k:k*, 
im#R1fiETfil~~M~~m~F¥~ffiZ~. ?,Jr~,~--1-••F¥~mMfil~~ff 
~ffiz~fi:::F1fiEB~~ffl***·ii#*Mfil~Z~-~:::F~ffiEB~~ffl*** 
T. 

~-~00,®~-1-1jZ-ffif¥~B~iliB~~-Mffl:ktt,~~~ff~--~:::F~ 
El~Fff~,ftfil•PT~x1!¥~ffiZ~1fiE~ffl*ttit!:fi*tfr.@~~~~S~fil~ 
~Me**,&wmn•mT~rr~~mMffl*tt· ~~••F¥~R~fil~~M~• 
*• Ef ffi:k*efi~i&~r~. 

[ i§1J 2- 3 ~ (2) l x.J" 1949- 19981fjt::5innif~4°.iffilf¥:9Llf$E1 ~F~- (a= 

0.05) . 

> for(i in 1:2) print(Box.test(temp,lag=6*i)) 

Box-Pierce test 

data: temp 

X-squared=5.0166, df=6, p-~alue=0.5417 

Box-Pierce test 

data: temp 

X-squared=5.8565, df=12, p-value=0.9231 

*1H1i!i~1-~~~-. :::FfiMl=ii!ff1Lltit!:~VL~Jffiff;'l~. ~WPT~~~jt]rfffA~4°. 
-~~~Rrtit!:~m•~-~~~ftrnm•••m~ffiAfflM**1fffi~••4".s. 
~~. x1itff:9Ll~*tlrill-~W:T. 



. 40 . R1feJl¥91J1HJr - ¥r R 

[ -f§1J 2-5 l xt 19so- 199s if:~tJ¥-rn~5@~JEWJ-Mlr'JiJr~ 1::tf91JJ¥9tla<J:siz.~,11 
~M1~ifJ1:liltl:fr~~ (~tJ!.!Jl* Al- 7). 

> c<-read. table("E: /R/data/file7. csv" ,sep="," ,header=T) 

> prop<-ts (c$prop, start=1950) 

> plot (prop) #~ *-.-:!to 00 2- 23 Ji.lr,'r-

> acf (prop) 

> for(i in 1:2) print(Box.test(prop,lag=6•i)) 

0. 

,,... 
00 

e "' 0. r-

1950 1970 

Time 

Series prop 
~ -
'° t.L. 0 

u 
N < 0 

N 
0 

I 

0 5 IO 
Lag 

Box-Pierce test 

data : prop 

X- squared=68.724, df=6, p- value=7.467e- 13 

Box-Pierce test 

data: prop 

X- squared=74.7398, df=12, p- value=4.115e- 11 

1990 

15 

(1) HtJ¥00llVi~~tJ¥-rn~5@~a<JJEWJfitflfMitt~Mlff¥lft(~tflia<J 80%tcti, ~ 

i;f.11::t~f~. 



(2) f-f* § ffl*=OOJlVR~ils 7 M-z.Fo , § ffl*=¥flUftA 2 ffi=tililHi1ml l;l l*J, 1i'ff 
_§_ El ffi *=* fl rfil ~ tt~ ~ :lfll~F 1ft t1c, .fil ils 8 M-zf§ El ffl*=* fl ~P tf ~ffifflurr&: Z9J. 
i!~-1'-~F1ir#!-ffi!~~JtJH§*=~f-F* El ffi*=OO. matJ¥=00#.lf-F* El ffi*=l!i~'~mt, PJ 
I;{ iA.}T~ff j tlJJl-ffi. 

(3) t4Jmmtt~~~*~~. tE*M-.fil:iKF LB ~~t!Ett:I:~ P ffiU~F1ir ,j, 
( < 0.05), JiJrl;l~fnPJ l;l l;lW::k~ret1lfft5E:ftJ?:rn~~ m~5EWrntra=JiJr~ tt{71JJ¥=~tl~ 
r~F B "*1i Ff~tl. 

~~~ffi~JJl-ffitt~~~*.~~-Ff~~&PJl;l~~JJl-ffi~, n'ff_§_MB•ffiffl 
tffll~ffl*=ftL!~t i!#JJl-ffi~F B "*pr Ffjtl~ § llli:&~~5:HJr~-# Ff1tl , ~ -:ti:~frJ 
:J~Ffi W~1l-mxti!#3V-ffi~F B "*1i Ff 11J ~~ffi.& JYlt!i!~1rr!. 

2.5 ~ D 

1. ~m¥ltl {1 , 2, 3, 4, 5, ... , 20}: 

(1) #tl0¥ltl~~Jjl-ffi. 
(2) itJr•J¥1tlB~f-F:zfs: E=i ffl*=¥fl Pk (k = 1, 2, · · ·, 6). 

(3) ~Jltf-F* El ffl*=OO , #fmffW:00%. 
2. 1975- 1980 t.¥~~~.%~~~~ilf.j(LIJ (Mauna Loa) ~J=j ff:t&~ CO2 flffl (-&1 

'DI: ppm) :tm~ 2- 7 JiJrffe (fifltm). 

~ 2- 7 

330.45 330.97 331.64 332.87 

331.90 330.05 328.58 328.31 

331.63 332.46 333.36 334.45 

333.05 330.87. 329.24 328.87 

332.81 333.23 334.55 335.82 

334.65 332.41 331.32 330.73 

334.66 335.07 336.33 337.39 

336.25 334.39 332.44 332.25 

335.89 336.44 337.63 338.54 

337.41 335.71 333.68 333.69 

337.81 338.16 339.88 340.57 

339.25 337.19 335.49 336.63 

(1) ~1M•J¥=l1JatJ¥=1!1, Jf:#tl0¥ltl£~3V-ffi. 
(2) ttJr.Ffltl~f-F* f:l ffl*=¥fl Pk (k = 1, 2, · · ·, 24). 

(3) ~tu•f-F7's: El ffl*=OO , Jf:Mfflt~%. 

333.61 333.55 

329.41 330.63 

334.82 334.32 

330.18 331.50 

336.44 335.99 

332.05 333.53 

337.65 337.57 

333.59 334.76 

339.06 338.95 

335.05 336.53 

341.19 340.87 

337.74 338.36 

3. 1945- 1950 t.¥~~J=j JJt~ffiitflffl (1'i{.i'r: mm) 3!1l~ 2- 8 JiJr~ (fiflffl). 



· 42 · !MfeJffJtl~ffi' - ~T R 

*= 2-8 

69.3 80.0 40.9 74.9 84.6 101.1 225.0 95.3 100.6 48.3 144.5 128.3 

38.4 52.3 68.6 37.1 148.6 218.7 131.6 112.8 81.8 31.0 47.5 70.1 

96.8 61.5 55.6 171.7 220.5 119.4 63.2 181.6 73.9 64.8 166.9 48.0 

137.7 80.5 105.2 89.9 174.8 124.0 86.4 136.9 31.5 35.3 112.3 143.0 

160.8 97.0 80.5 62.5 158.2 7.6 165.9 106.7 92.2 63.2 26.2 77.0 

52.3 105.4 144.3 49.5 116.1 54.1 148.6 159.3 85.3 67.3 112.8 59.4 

\ 

(1) it11>~J¥JUl¥J¥F7$:Elffi~.¥~ Pk (k = 1,2,···,24). 

(2) 11JltlrW:ffJUl¥Jf~·jj:. 
(3) 11Jltlri~J¥}1Jl¥J~ffilHJL'jj:. 
4. ~J¥}1JftJJrjJ 100, 1ru 12 -t-¥F:;$:E1ffi~.*~~ar: 

Pi = 0.02, P2 = 0.05, p3 = 0.10, p4 = -0.02, p5 = 0-.05, P6 = 0.01 

p7 = 0.12, Ps = -0.06, pg= 0.08, Pio= -0.05, Pn = 0.02, P12 = -0.05 

i~J¥JIJfi~~~:1-I~~t.J1.J¥JIJ (a=0.05)? 

5. *- 2- 9 ~;!1t0 P.] tE 2000 2003 ~AAfsJ'HJ:Ji 1¥Ji~ffll:~ffl. 

*= 2- 9 

f-j {# 2000 1f 20011f 

1 153 134 

2 187 175 

3 234 243 

4 212 227 

5 300 298 

6 221 256 

7 201 237 

8 175 165 

9 123 124 

10 104 106 

11 85 87 

12 78 74 

(1) ~ffitlW:ffJIJ B1 ff l!lliz¥F7$: El ~§~III. 
(2) 11JltfrW:J¥JHl'~f~·jj:. 
(3) 11J ltlrW:ffJIJ 1¥)~~,fJL•jj:. 

2002 1f 

145 

203 

189 

214 

295 

220 

231 

174 

119 

85 

67 

75 

2003 1f 

117 

178 

149 

178 

248 

202 

162 

135 

120 

96 

90 

63 

6. 1959 ~ 1 A~ 1913 ~ 9 A tEz:bam~ffi01mP'-14JJ: 28 *~1:.s-<Jrtt~~11~~a 
*- 2 10 ?,Jr~ (fr~ffl). 



*- 2- 10 

10 15 10 10 12 10 7 7 10 14 8 17 

14 18 3 9 11 10 6 12 14 10 25 29 

33 33 12 19 16 19 19 12 34 15 36 29 

26 21 17 19 13 20 24 12 6 14 6 12 

9 11 17 12 8 14 14 12 5 8 10 3 

16 8 8 7 12 6 10 8 10 5 

(1) 11J~J¥jtl {xt} Et93JZ-~'tt&~Mimtt. 
(2) :xtW:J¥jtl:it!:frEJ§~ili-: 

Yt = Xt - Xt-1 

Jt-#UJ$TJ¥~tl {Yt} Et93JZ-ffi'~&~M!VL'I~. 



• 

\ 

-,t-)¥:91Jr£:u~H1:f.i~iJUilJ:1'11JZ-ffi~~R°*Fiff9'J, 1J~JwtiJlllJlW:ff91J£--t-tiMI~ 
ffi~f~L~, e{]1JZ-ffiJ¥:91J. ::A:~it _t_, ftfrnm 1it £~1I.--t-~,11•m*fr-l ititJ¥:}IJ s<J tl:Ni, 
1: JJt~lfR itJ¥:}Ll i:r s<1 ~ HH1L!~t ARMA •~£ 1:1 rir ii 1it HJ a{] 1JZ-ffiJ¥:fH~it • m. 

3.1 J5ni~I~ 

~~~ff~*lfri:p~-®JJ~ttIA~1it~ffl,~ITTm~~ftfile{]fflm*~~ 
J¥::91J * lfr 1!;/Jo ffi'i rt , )J f!!, FJr ~ tE 1r-m A1* B'-Jffi ~tz rir 1c m1 if! 1rm ~ ®1it ru a<JJJ~·11 
IA. 

,t§JFe- W!B'J~-t-Fr::Y!Jffizfi;j]e<J~~~,n*:1'1 1 ~&*~•- ~2 vxt '1 Xt s<J 1 ~ 

&*: 
v'Tt = Xt - Xt-1 

xt 1 ~&*J§"Ff~Ll¥.i-ilH=r- ?X 1 ~&~•f*:1'1 2 ~fl-&*- ic v2xt '1 Xt a~ 2 

~&*: 

t&Jlt#Hl, x,j p - 1 ~&?tEff~IJN:ilH=r- rx 1 ~ &~-f*:1'1 p ~&?t. ic 
'\i''Pxt p} Xt a{) p ~if:*: 

fflJFe k M e{]w;J-t-Ff~'Jffiz1sJ B'-J~~~•f$:1'1 k ~&~•- ic v kXt '1 Xt a<J k 

ti;-&*: 



'iJ kXt = Xt - Xt-k 

m~•r~M~-~~~mtt,§~ff~ffi~~- ~m~•~. •ffl§~re~~ 
ff~Ui1H1~1Bti'BJfPJ:ii-*~T- ~Bt~1J. 1c B j]fil:l&.r, ~ 

Xt-1 = Bxt 

:"l: t -2 = B 2
Xt 

m~•r1'f~or·~mt= 
(1) B 0 = 1 

(2) ;;g: r j]ff- 11;·!/&, ~ B(c · x1) = c · B(xt) = c · Xt-l 

(3) x;j'ff~~~ff~tl {xt} lD fot}, ~ B(xt ± Yt) = Xt-1 ± Yt-1 

(4) B'"xt = Xt - n 
n I 

(5) (1- Br = 2)- lfC~B;, ::Jti:j=t C!, = .
1
( r~ ') ' 

i=O 1. n i . 

(1) p M"~?t 
p 

']Pxt = ( 1 - B)Pxt = I)- 1 )iC1xt-i 
i=O 

(2) k t/7~% 

~~ 3.1 ~:tiorJ~S:ts~:1:fWjJ/¥=~tl {zt. t = o. ± 1, ±2, · · ·} B%:~·~~%1:f~: 

z , + a1Zt - 1 + a2Zt- 2 + · · · + apzt- p = h(t) (3.1) 

S:ti:J=t, p ~ l;a1 ,a2 1 • • • ,ap j]~!/&; h(t) jJ t s{JB~~!/&. 
~JiUJtl!., ~ h(t) = o, !J!U~%1:fW 

Zt + a1Z1 - 1 + a2Zt- 2 + ... + apZt- p = 0 (3.2) 



1f?X~·li&?t1fWB{]>.f<.~f/itWJ'ta<J~1iE1fWjfjl!ffi:fu:-m. 1f?X~·tt&5t1JW (3.2) 

a<1~1TE1JW1l: 

(3.3) 

~£--t--n p ?X~'li1IW, 'tJ.itrit;;tf p -i'-~F~tl, ~~ p -i'-~F~~&1Jt.HIE1J~ 
B{]~film, 7G wHc ft 

~1iE*NB{]Jocffi7G[P] , 1f?X~·li&5tn~ (3.2) e{]•~~7G[P]a{J~i2s:rt. rffii?t'Frl& 
itit. 

(1) A1 , A2, .. · , Ap 1J p -i'-7GIP]a{]'.Jkfi. 
~a.t1f?X~·li&5t1JW (3.2) a{).11: 

:r\l=f, C1,C2,"· ,Cp j}ff~'.Jkf;{. 
(2) A1, A2, · · · , Ap i:f=i;;tfffl[P)'.Jk;tl.t 
7G:/m@;E A1 = A2 = .. · = Ad 7'J d -t-ffl[P]~m. TfIT Ad+i, Ad+2, .. · , Ap Ji!f.7Gffl[P] 

'.Jk-ti. ~B11f1X~·li&5t1J~ (3.2) a{jfm,1: 

:r\l=f, C1, C2," · , Cp 7'Jff~~f;{. 
(3) A1 , A2, .. · , Ap l=f~~;t,N. 
Eb-=f&5tn;f;ia{J*fi a1, a2, · · · , ap '11kfi., ?.fr~Jt~;t-N&,£::J:HJe:WJ.ru. 7G:!o'i@;E 

Zt = C1Ai + C2A~ + · · · + CpA~ 

= rt(c1eitw + c2e- itw) + C3A~ + ... + Cp A~ 

*~F1fvz~·li£5tn;f;i (3.1) A<1•ifli1t1~~ill:frw-i~~~- 1t1c>.1< 1J:11frx~·li& 
5t1JW (3.2) B{]JIM z:; ~Ja'*l±l1*~F1f?X~'li£5tn;f;i (3.1) J'.J{J-,t-~j~ zr 

§ri~~fm, Jli')t£1f~- -t-~~i~F1f7X~·li£?t1f~ (3.1) J&il.a{Jfil z?, ~fl 



rffi~F:tr7X~·l1:&5t1f~ (3.1) rt<Jillifu¥&P1.71f?X~·l1:&5t1f~ (3.2) B"Jlifi zf ~=IF:tr?X 
~·11:&%:n~ (3.1) B"J!M=M z~' Ztil, &P 

Zt = z~ + z;' 

~tt&5t:nft~M~ff~5tffi~~-¥~@ffl.#ffls"J~~ff~Mffl~¥®Mffl 
B"J~~JJ&~~~~ffl*~~-~~~1.J~tt&5t:nft,rffi~tt&5t1ffixt@B"J~fil * 8"J ·11: mtxt /IJ 1t1r• ffl s'~ SJZ-ffi ·11: ~:IF# 1D: ~ a{J ftff-5<. . 

3.2 ARMA l&IW99~~ 

ARMA Mffls"J~t*~ § @JU3~~SJZ-~Mffl, ~~ §wJffl:1ifffls"J1W.~SJl-ffiff}tls"JM 
M. 'tJCi:iJ~~JJ-1.J AR M?JQ, MA Mffl~ ARMA ffiffl =:.:*~. 

3.2.1 ARffi~ 

Xt = </>o + </>1Xt-l + ©zXt-2 + · · · + </JpXt-p + Et 

</>p I= 0 

E(c:1) = 0, Var(Et) =a:, E(EtEs) = 0, sf t 

E(x8 Et) = 0. Vs< t 

AR(p) ffilli!~ = ,t-~~ffilJ~{4: 
*-f4-: </>pf o. ~1-~&ffiiJ~f41¥iiETMffls"Jffl:~M-~1.7 p. 

(3.4) 

*-"ftf:=: E(c:t) = 0, Var('c:t) = a;, E(€t€s) = 0, s I= t. ~1-~&ffiiJ~{4~~__t~~>.K 
lllfffJL-=f:tJtJ¥Jtl {c:t} 1.J~~ffiEJOjJaJ¥}1J . 

*-"f4-.: E(xs€t) = 0, Vs < t. ~1-~&1fiU~{1tiJl~ ~WJ(t{J~:t}L ft/t~:i:t~(t{Jff3ilj {1[ 

7G*-
iffi~i~~tnllkiA.:it (3.4) B~~~iU*'-{4, 1E AR(p) ffifflmJic1.7: 

(3.5) 

~ <Po= D at, ~ @JU3ffi~ (3.4) :X.$1.J~,t,{t AR(p) ffiffl. =IF~'L'it AR(p) ff}tl 
f~nJi;Jiffii:ffjijs{J12~~1t1.J~,[.,{,t AR(p) ff3itl. 

4-



<Po 
µ = ' . Yt = Xt - µ 

1 - </>1 - •.. - <Pp 

!J!tl {yt} JI {xi} s9rp,C.,-ftJ¥9rJ. rfi,L'..,-ftjNfk;tµ:iiU.:.~JtR,~j::i:t,,L'..,-ftJ¥9rJ~-t1fftT - -t 
?t~i\'L~. ~**m1*ft$Jx;fJ¥9!JffiZl'eJB<J,fl=f**iUJtffffW~njnJ, §ri:J,~·Fni£?Hfr AR 

m ru1 a<Jffl*** at. :fflS rm 1t1-J Mt: a9 i:p ,L'..,1tm ~HHriHfr. 
5l:it!:.fil:i8~-=f. i:j:i,L'..,{t AR(p) m~Jli:if~Jf8H2JJ: 

cf>(B)xt = e:1 (3.6) 

Ai:p, cf>(B) = 1 - ¢1B - </J2B2 - · · · - </>pBP , **1'1 p Wi-P! frilV-=1*~~~:i:t. 

~w~- -tf8ff~~~~,m*m*~ffilli~M~~~~·-~· ARC~~ 

?tffll¥Jf~,ff9Ut'l<JW~~ID!Z- , 1B..Ji:~j::f1r~~J AR ,m;~~~fffis<J. 
R M1~T~~~Jf9Hf-lii"~~, &M1i*"1~~{1f1J~. :fJGff1ftffiWg~r:N11iU~t'l<JJfjrJm 

~-Jfr!. 
l. arima.sim ~4f.ti;i.~ 
arima.sim ~~~--t-ffbfs<JJ¥}Hf-l1t~~. 'tnJ~~ff,l~'JZ-.ffi AR )'f91j, MA I'f91J, 

fffi ARMA ffjljtJlffi 5 -~ftffiB<J ARJMA J'f9°1J. t:1¥:J-$-0-~A1'.7: 

arima.sim(n, list(ar=, ma=,order=),sd=) 

A 'f: 
-n: t.;(*-Jr-tHc/.t. 
- list: .:t~ :;tJ!.#,. {r(J ;tl ~*.ti. $.- tp : 
(1) {.;(*-.:f'-~ AR(p) ,tJ~, ~*tl: m @J~:1,f,.Jt . i!O]fl;f~,tt.;(*-<r!J AR ,ti~;;:l}~ff-~l~, .¥-. 

m.1?--t!Htt. 
(2) ti;(*- MA(q) ti~. ~*tl::t}#Jf-~ ,f,.k . 
( 3) ti;(*-f-;t~. ARMA (p , q) t>t ~ , f; ~ ~ at* tl: m @J ~:1 .~ -tbf1:1 :t} i;IJ f-151 ,f,. ft . itO *--t~ ,tJ.;( *­
{r(J ARMA ,tt ~ ;;:l} ~ff-~-tl ~ , K,. m.1?-t!Ht\-. 
(4) ti;t1;- ARIMA (p, d, q) fl~ ( §i; 5 -t 1r ~) , ~ T % -i-* :±! m @J ~:l -~ Jt;fi, :tJ i;IJ f-151 ,f,. .ti, 
j£f;~~J}t1 order ~Jpi, order=c(p, d, q), Jl:'t'. p ;;c9 m@J~:lilfrk; d ;;:l}l:£-ilfrk; q 

;;:l} :tJ #J f- 151 il1r k . 
-sd: t~,t}f-71]{r(JJ;f-;1!X:_, ~4,tf,4;.t~:;t, ,fm..fR:iJ-. sd=1. 

2. filter ~4{.Ji;i.~ 
filter ~~nJD.J.11:tiW~ AR ff91J(.Jcit~~'f-~,).t1l MA ff91J. filter ~~t'J{J-$~ 

.mA1'.7: 

filter(e, filter=, method= ,circular=) 

A 'f: 
-e: l~AJLi'.t i;IJ }t ?1] {r(J :ll:. it ..t . 
- filter: .:t~:;t,tl~#.Jt. Jl:tp: 



(1) AR(p) fi~;h filter=c(c/>1 ,c/>2,··· ,c/>v) ; 

(2) MA(q) tJ~;h filter=c(l,-B1 ,-B2,··· ,-Bq) , 

-method: tlf/;tAi;i.-@-{r(J}t_ AR t:it~ii.Jt. MA t:it~. 
(1) method="recursive" ;h AR fl~; 
(2) method="convolution" ;h MA il~ . 
-circular: ti;i.-@- MA tl~Bt-vJlllr-J--1'-:i!~. circular= T PJ'"v;.1,.iaft NA .ftt%tlH.!t. 

(1) Xt = O.BXt - l + Et (2) Xt = -1. lXt- l + Et 

(3) Xt = Xt-1 - 0.5Xt-2 + Et (4) ::r;t = Xt-1 + 0.5Xt-2 + ct 

t!l@-~ lm'i' ff Jlj Er-] ff JLl ffi ' JHi#ltl Bt ff [!I. 

> xl<-arima . sim(n=100, list (ar=O. 8)) 

> x3< -arima.sim(n=100,list(ar=c(1,-0.5))) 

> e < -rnorm(100) 

> x2< -filter(e ,filter=-1 . 1,method="recursive") 

> x4<-filter(e, filter=c(l, 0. 5) ,method="recursive") 

> ts. plot (xl) 

> ts. plot (x2) 

> ts. plot (x3) 

> ts . plot (x4) 

#M'*-~\'.1~ 3- 1 .P}f,F 

<""'I 
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Ill 3- 1 fl!l 1- AR ff 91J IJ;J' ff Ill 

40 60 
Time 

40 60 
Time 

80 100 

80 100 

tHM!!I 3- 1 PJ~J~JIJl#IJ~tll (1), (3) tl~1Jl~,(2) , (4) ffiru!~Ff~. !!l~Y!Jtl1 
- ;rpf.E!.m s<J 1~:xmt 1JJJ1J 1J#i:., ftfll ~W[;fr11 rt.:P.fti irj 1JL ffi ,~ t1J JJ'l:1Irt: ~fiE ~#IJ JJ!J :fn 1JL ~~ 
#IJJJLl. 



1. # -iiEfi-f'J ~1] 

ff-i:p,C,,{t AR(p) fflffi! <P(B)xt = Et ~JJJ!VJ]t~i,-,t-~F1ft.X~·li~?t1f~: 

Xt - <p1Xt-l - <p2Xt-2 - · · · - <ppXt-p = Et (3.7) 

Xt = x~ + x1 

Alfl, x~ Jg:!fzx~-11~5t1f~ q>(B)Xt = 0 B<Jiffiff!¥; x1111f~ (3.7) B<J-1-*¥= •. 
(1) >Jt:1f1X~'li~Jt1f~ q>(B)xt = 0 B<J-1-:iiff 1:~. ®~ A1, A2, · · · , Ap ~~~ 

fil1f~B<J p 1-tlfil*i. i,y:tf1-t~~tli, ~:fro@i:9:5! p 1-~ftE*i]{l(ffijzOr: 
>-1 = >.2 = · · · = Ad Jg d 1-ffl~~ffl. 
>.d+1, Ad+2, · · · , Ap- 2m Jg p - d - 2m 1-1i.~ffl~B<J~if!!. 
Ajl = rjeiw]' Aj2 = rje-iw] (j = 1, . . . , m) Jg m x,jj:HJ[~*i. 
1J~~1fZX~·li~?t1J~ <P(B)xt = 0 B<Jjffifll¥J;J: · 

d p-2m m 
x~ = L Cjtj-1 Ai + L CjAj + L r.i (c1jeitw1 + C2je- itwj) 

j=l j=d+l j=l 

Alfl, C1,··· ,Cp-2m,C1j,C2j (j = l,·· · ,m) i,ff~~~-
(2) >Jt~F1f~~fi~?t1f~ q,(B)xt = Et 1¥.J-1-~ff x1. §Jt, llfD..,(i,iE~ AR(p) 

fflffi!B<J § @V3*~$J'..mA1IW <P(u) = o a':Jif!!~1f?X~·li~?t1JW <P(B)xt = o a~~ 
fil if!! a~ fiiJ ~. 

i.iEl:IJ'J: ti[ >.1, >.2, · · · , Ap J;J:lftX~'li~Jtjf~ <P(B)xt = 0 1¥J p 1-~u1ffl, ff~ 
Ai (i E (1, 2, ... ,p)) 1tA~fil1JW, ~ 

Af - </>1Af-l - ¢2>.f-2 - · · · - <pp = 0 

1 re Ui = Ai 1-tA AR(p) fflffi!i¥J § @JJ3*~$t.mA, ~ 

1 1 
<P ( Ui) = 1 - ¢1 Ai - · · · - </>p Af 

1 [ p p - 1 l = XI! \ - </>1 Ai - ... - </>p = o 
i 

iiE$. 
*i!J!J!1-·11Jm, q,(B) llf !V.12Sir~_mt 

p 

q,(B) = II (1 - >.iB) 
i = l 

i= l 

A!fl, ki (i = 1,2, ... ,p) 111it~. 



Xt =Xi+ X~1 

d . p-2m m . . P ki 
= "C t.1 l )/ + " C )/ + "rt(c ·ctlW; + C ·C-,tw,) +" E L., 1 1 L., 1 1 L., J lJ 21 L., l _ A . B t 

j=l J=d+l j=l t=l 
1 

~11qiji=p,i:.,1t AR(p) mlli!.lJZ-;ffi., UfJ~>Jtxt1f~~~ C1,". , C]J-2m, C1j, C2j(j = 1, 2, ... ' 

m),~ 

fun x, = 0 
t-

5:.\: (3.8) JjJt~a<Jft:~~14~ 

IAil < 1, i = 1, 2, · · · , p - 2m 

lriJ < l,i= 1,2, .... m 

(3.8) 

(3.9) 

5:.\: (3.9) ~~i_tfilift~~* AR(p) fflffl!1¥.J p 1-~v1*$tE.!f'.uLIMI pg. ?,Jr!V, AR(p) ffi~3jl­
ffia"JJ'E~*'-1f:H!:1:s<J P 1-~fil-*$tEti11fl.lMI pg. 

ftHm~t1 * :f-ri El @I Y3 * ~ $:c.m :i:t s'.Jm)Jx; fflJ ~ 8"J 'limt, AR fflffl! .lJZ-ffi 8"J ~1fi-1,rn,1 *'" 
f4~W< AR ffitt!ll¥.J F-1 @IY3*~$:C.Dl:r-\';s<J*, ~fl <P(u) = o 8"1*, t~tEJ¥!-1.fl.!Ml5i~. 

2. -t~-.t~.j'.1Jjj1J 

xJr--t- AR(p) ffl~ITITtL ~o*N~.lJZ-ffiitis<J~->R, ~~i_tmwc:t:~~x-t~~roJ 
ii: (¢1,¢2,··· ,¢p)' 79:~ff:fpJ~~1lt 1:1fJriJVJ~:i@p !'.l~f£~!'13]Et'~1f:I:-,¢,\, f.§.:H!:~O* 
:/JoJ:.T3Jl-~·!i~ift!L ~~foJit (¢1.¢2,··· ,¢p)' wtRfJ~~ p !'.i~f£21'sJB"J-1'-r~, ~ 
q;*HtEm trtf'£!'fl-w !Ml pg s<J * fl~if 

{ ¢1, ¢2, · · · , ¢p I # 1iE#t ~.:tf lfd.1ft 00 fJ} 

f$:1g AR(p) ffiill!B"J3jl-ffi.@_£, 
x,J--yfij; WJ- AR ffiffl!ffl.ljl-ffi~ B'J1J~!IJ :JJ!Jffiffl! B"J.lf ffi'li:im 1t£Jgffi ~. 
(1) AR(l) ffiffl!Et'~3Jl-ffi~. 
AR(1) rturJ:,g; Xt = 1>1xt-1 + Et, JtttftEJJ~:,g; A - 1>1 = o, tHiF.*:,g; >- = ¢1. m 

t2i AR ffiID!3fl-ffis'.]JE~~{4, ~~t(EUJ AR(l) fJffi!5JZ-ffis'.]JE~~{4~ 

1¢11 < 1 (3.10) 

f9TD.J., AR(1) ~ll!ls'.J+~~wc:H!: {<t>il - 1 < ¢1 < 1}. 

(2) AR(2) ;j;jffl!s<J5JZ-ffit.t 
AR(2) ffiffl!:1'1: Xt = </>1Xt l + ¢2Xt-2 + Et, Jt~fiEJJ~:1'1: >.2 - ¢1>. - ¢2 = 0, ~ 

~tE*:1'1: A1 = ¢i + J;~ + 4
</>2 , A2 = ¢ 1 - j;~ + 4¢ 2 . *ffl AR ffiffl!3jl-ffia"JJE~~f4, 

AR(2) ffiID!3Jl-~,a<JJE~~f4~ 1>-11 < 1 .ll IA2I < 1. 

*ffi-5c=f!;zJJWl'l'~'li19t~ll AR(2) ffiffl!~J+ffi*'-f4, ~ 

(3.11) 



i:iJ ~j ~ ti\ : 

1) 1¢21 = l>.1>.21 < 1 

2) ¢2 + ¢1 = ->.1>.2 + >.1 + >.2 = 1 - (1 - >.1)(1 - >.2) < 1 

3) ¢2 - ¢1 = ->.1>.2 - >.1 - >.2 = 1 - (1 + >.i)(l + >.2) < 1 

:i!~ 1-~&*1J~{4~'*:lf AR(2) ~~Et'ff-ffij!jJ:~-1--.jij*[~~' ~Ill!! 3- 2 0r~. 

{¢1, ¢211¢21 < 1, .Il ¢2 ± ¢1 < 1} 

-
- \ 

<P2 0 

-1 
I I I I 

-2 -] 2 

[ f§1J 3- 1 ~] :5HJtJJ=IH~fiE*!tHJtJ7*-;fiPfffiJ~tlU§5tJ7*;ti00:JJ 3.1 i:p lm1- AR~ 

ID! Et'~ 3¥-~ ti:: 
(1) Xt = 0.8Xt- l + Et (2) Xt = - 1.lxt 1 + Et 

(3) Xt = Xt - 1 - 0.5Xt- 2 + Et (4) Xt = Xt-1 + 0.5Xt - 2 + Et 

Jt:i:p { ct} ±1Jjg BIHf.-tiJ'1tIE~:5t;$1¥J Fl njr5 (jq,,J. 
~it~ll* 3 1 ?Jr~. 

*- 3- 1 

~~ ~nE-mr-,rn1J }jl-:ffi~jlHJIJ ~it 
(1) >.1 = 0.8 ¢1 = 0.8 }jl-~ 

(2) >.2 = - 1.1 ¢1 = - 1.1 .:11=3JZ-ffi 

(3) >. _ l+i>. _ l-i 
l - -2-, 2 - -2- 1¢21 = 0.5, ¢2 + ¢1 = 0.5, ¢2 - ¢1 = -1.5 }jl-ffi 

(4) >. _ l+v'3 >. _ l -v'3 
1 - 2 ) 2 - 2 1¢21 = 0.5, ¢2 + ¢ 1 = 1.5, ¢2 - ¢1 = - 0.5 .:11=1¥-~ 

l. !s}{A 

ffil:tm AR(p) ~~ (3.5) mtJE T 1¥"-ffi·tt~{4. :rr~~~:illllRWJ~, ~~ 



(3.12) 

ifl.H(Pfffi)¥:9tl:1$Jffi.1-J~fxtB·t'£lffi:, ~Ext = µ (Vt ET), .§.~7'1 {Et} .1'JFJUj?5)¥:91J , ~ 
EEt = 0, f.}r IJ.:rt; (3.12) ~1fl-r 

( 1 - ¢1 - ... - <Pp)µ = <Po 

=> µ = <Po 
1 - ¢1 - · · · - <Pp 

~§jlJl-J!!., x.frr:r,i:.,1-t AR(p) fj~, ~ Ext = 0. 

2. -jj" ,ft 

(1) Green P1<i~. ~q,f1J3¥-ffi AR(p) ,j:J~s<rn1t fflj~f/;tM Green ~1fil¥JW.!VJ. T 
jffi~/1\ Green ~l~tB~.Sl.. 

i&t >-1 , -X.2 , · · · , Av 7'13.f~, AR(p) ifJ~l'l"Jt~11H~, !J!IJ.3.fffi AR(p) m~nJ!,')15mt:tmT 
*:rt: 

Et 
Xt = q,(B) 

p ki 
= L Et 

i= I 1 - AiB 
p 00 

= LLki(AiB)1Ei 
i = I j = O 
00 p 

=LL ki>.f Et - j 

j=O i=l 
00 

~ LGj€ t - j 

j = O 

p 

;r.tr:p , Go = l , Gj = Lk;-X.{ (j = 1, 2, · · · ). 
i = l 

(3.13) 

;i::t (3.13) **.1-1 AR ffi~B'~f~:ifilJ~:rt;, -*~ G_1 (j = 0, 1, 2, · · ·) **.1-1 Green el§~. 

lz;IJ;; >-1,>-2,··· , -X.p tfStE.!t!-{1Ilfil!i*J , ,rfrl,'J Green pj<j~Ji\Zit:~:m~T~, .§. Hm IGjl = o. 
J -+00 

~:i:if~~-*~i't. PTIJ.Iiffl~ Green ~fxtB:ifil:ft0:r.t. 
00 

i2 c(B) = Lcjs1 , JJ11Jr:r,i:.,1-t AR(v) ;tt~ (3.13) PT~fftJic.7'1= 
j=O 

Xt = G(B)Et 

re:r.t (3.14) ,f~A AR(p) m~ <P(B):rt = € 1, q'flj 

<P (B)G(B)Et = Et 

Jfl3f _1:_j\ ' q, 

(3.14) 



j 

Gj - L ¢~Gj-k = 0, j = 1, 2, · · · 
k=l 

{

Go = 1 

GJ = t¢~GJ-k, j = 1,2,· ·· 
k=l 

¢~ = { <Pk, k ~ p 
0, k > p 

00 

Var(xt) = L G7Var(ct) 
j=O 

00 

Var(xt) = L GJ<7; 
j=O 

00 

(3.15) 

(3.16) 

~1g Gj ¥:mtfr~, Flrk-l LG; < oo, :i!iJMJ.l2!Z-ffiffJU {xt} ti&fi W-, ~T1ft~ 
j = O 

[ 1§1J 3- 2] >}(}jl-ffi AR(l) m~B<J:1J~. 
:J'E}jl-ffi AR(l) m~~1t1'J1{:ii%:r.t: 

(1 - </J1B)xt = €t 

Green eE'i~1'J: 

GJ = ¢{, j = 0, 1, · · · 

00 00 2 

Var(xt) = L G7Var(ct) = L </J~·i <7; = 
1 
: E:¢2 

j = O j = O 1 

3. tfr~ ft~~ 

t£}jL-ffifl~ Xt = (p1Xt- l + </J2Xt- 2 + · · · + (ppXt - p + €t ~%WgJlllAJ* Xt - k(\:/k ~ 1), 

~>}(Wr~, ~i 



&fJ 

'Yk = ¢11k-1 + ¢2'Yk-2 + · · · + ¢v'Yk-p 

r 19tl 3- 3 l >Jt112-ffi ARC1) tJ~s~ § ttJ>n&:Ll1fil:. 
fffi AR(l) tJ~B"J § tfJ>n&:iiJfil:~ti0~JJ: 

'Yk = ¢nk-l 

=c/Jho 

2 
,i..k (J"e V 

'Yk = 'f'l l _ c/Jf , k ~ 1 

[ 'f§tl 3- 4] >-Kfffi AR(2) ffi~B"J §tfJ>n&:~fil:. 
fffi AR(2) ffiru/s{J~tft0~JJ: 

1k = c/Jnk-1 + ¢21k-2, Vk ~ 1 

¢no 
,i = l - ¢2 

5f iJ ffl Green Bisi fil: Pf llJJf:E~ tl:l AR( 2) ffi ~ 8"J JJ &=JJ : 
1- ¢2 ,o = . (}"2 

(1 + ¢2)(1 - ¢1 c ¢2)(1 + ¢1 - ¢2) e 

EFrk.l112-ffi AR(2) tlruIB"J @I ttJ>n&:Pl<ifil:B"J~tt0~~or: 
1- ¢2 ,o = (}"2 

(1 + ¢2)(1 - ¢1 - <1>2)(1 + ¢1 - ¢2) e 
¢no 

/1 = 1 - <P2 

'Yk = ¢1 'Yk-l + ¢2'Yk- 2, k ~ 2 

4. m ;tm*- i.ft 

(3.17) 

c1) 112-ffi AR tl~ §~{'**rii:~m0~. rur Pk= ,k, a §ttJ>n&:ill§fil:e<J~m0 ,o 
~ (3.17) ~%~:it1Flu~J:Jn&~1fil: ,o, iJUl¥1J § ;+tI:k¥fil:e<J~tt0~: 



1
1, 

</>1 
Pk= 1 - </>2' 

<P1Pk- 1 + <P2Pk-2 

k = O 

k=l 

(3.18) 

(2) El ffl*¥.Ef<.l'l~mi. 3jl-ffi AR(p) ffiID!g{j Fl :f§**•lfP>91'-~~a<J'limi: -~ 
tfil~t'!: =Jik¥.:t~•••· 5!~1'-·limtWnJ VJJ,A 13 ffl**•a<JimfHfHM. 

mm:rt (3.1s) , ~~~:tJ AR(p) ffi~g{J El ffl**•Et<J~:its:rt~~JFJ:~--t- p &i-Jt 
?X&:5:rJJW. t.l~~;tl#J§ff~ k &l"g{] Flf§*-*•~1:iifm::J;;: 

(3.19) 
i=l 

:rti:r, IAil < 1 (i = 1, 2, · · ·,p) ::J;;it&5tJJ~B<J4'#filti; C1,C2 . · · ·,Cp ::J;;ff~'lt • . :!lit'= 
B~ff~ p 1'- § ffl**.s<Jffig/t"iff IV.fefti~ C1, C2, · · ·, Cp s<Jio¥, '~~ C1, C2, · · · , Cp ~i~~ 
.>J...~ ./'J ~ . 

iffi:i:tJ!-t-:iiffiO~:rt, ?ff£tfHI:: Pk ~M~lf~Pfl!Rffi, ~~iE k *r~-t-11r•zJ§t,1t 
Ui~r~, 5!1'-·limtff°i~tfil~·li. 

"i:iJ!V.li:X!Ut!!Mff AR(p) ffi;~§ffi:k.*·tfil~g{JJJ¥-lzsl . xtr- 1'-31Z-ffi AR(p) ffi;ru!: 

1Ii.~t:Et<nl:its:rt~1K Xt .R3t~WmfHJL~& €t t1li&:ili p Wjg<JJ=¥:9Llffi Xt-1, . . ·,Xt-p 

1¥.J~ofril, 1EL~El3r Xt - 1 s<JffiJZ.t&'1iir Xt- 1- p , EFTIV.~~iJ: Xt- ] - p x,J Xt m~~o[n] , t& 
tl.t~m, Xt zfisg<J4Ji:- -t-J=¥:9Llffi Xt- 1, .. . , Xt-k, .. . m~xt Xt ~~~ofril. El @V=1tJID!g{j 
5!#~·1i1*FJ1tE § ffl**•_t_;wc~ El ffl*.¥.g{J=Kl!ffitt 

~Mlli~Bt!'B]t'.l<Jf{t~, Pk ~illn!ii., 129::J;; IA,I < 1 (i = 1, 2, .. ·,p), Efrl;J k - 00 
p 

Bt, Af-+ 0 (i = 1, 2, · · ·, p) , ~lfffiJ~~ Pk = L CiAf ---+ 0, ffiJHJ!#~U[nj~[V.ffi. Ak g{j 
i= l 

J!~F-Jffl**•iv.mn••g<Jttmt;wc~{£•2•~mE1ffl*oo~~31Z-aJ=¥~a-t 
EfriJtg{] "mMffi*'li". 1:HffiJ=¥:9tla<J- 1'-!t~~fiE. 5!,,M1HiE~IY'JM-112-ffiJ=¥:9tlrrff§, 
im 1lr .R ~ :iliAA g<J ff :9Ll ffixt:l:J\!81 ffi g{J~ U[iij t~~ ~ 1&, lsJ 1%~~ g<J :ii "*ffiM:0081 ffil¥J ~ U[iij 

~/]\. 

[ 191J 3- s l ~~:tlorim-t--112-a AR tJID!a<J Fl*El*lfil-
(1) Xt = 0.8Xt- l + € t (2) Xt = - 0 .8Xt- l + €t 

(3) Xt = Xt- 1 - Q.5Xt- 2 + Et (4) X t = -Xt - 1 - 0.5Xt-2 + £ 1 



1~JE {ct} 7'Jt~lli£~El~J¥(~3"ff~IJ, 1!lft-~1Z9,t ARtJID!, ;j;§3c'ffJf~5filfF;zjs:§ffl3c 
oo~or. 

> x1<-arima.sim(n=1000,list(ar=0.8)) 

> x2<-arima.sim(n=1000,list(ar=-0.8)) 

> x3<-arima.sim(n=1000,list(ar=c(1,-0.5))) 

> x4<-arima.sim(n=1000,list(ar=c(-1,-0.5))) 

> acf(xl) 

> acf (x2) 

> acf (x3) 

> acf (x4) 

#~;lft:!1000 3- 3 )')(;F 

Series x I 

00 

ci 

[.I., [.J., 

u "1' u 
<( ci <( 

0 --
ci 

0 5 10 15 20 25 30 

Lag 

Series x3 
~ -
'-D 
ci 

[.J., [.J., 

u u 
<( N <( 

ci 

N --------
ci 
I 

0 5 10 15 20 25 30 

Lag 

~ -
V ) 

ci 

0 
ci 

...., 
ci 
I 

0 5 

0 

•n 
ci 

0 
ci 

...., 
ci 
I 

0 5 

III 3-3 AR ~~:W*~:ffi~III 

Series x2 

10 15 20 25 30 

Lag 

Series x4 

10 15 20 25 30 

Lag 

MOO 3- 3 r:p;gfU, :i!IZ9t1JZ-~ AR flID!, ::fit'tffJ~ AR(l) ffiID!~~ AR(2) fl 
lli! , ::fit'tffJMJ~1iEt!.H!~*~~!H~, ~iE*~~in*, 'tfns<J § ffl**~1~£:l:J\1tll 
11!I~t!:ff.!£ t~~~~iU~ ffi~ili s<Jt!:Iw:. 

@~r~fil*~::f~, 'tfn~§ffl**~a~~~~&::f- fF.~~§ffl**~ 
~~:fnffi~ltiiftJi&~¥U~ (~OffiID! (1)) ; ~~~£:f~iE:fnffl!'aJ:tm~~ (~o;tJID! (2)); ~ 
tr@§ @JY3*~~£ :l:J\1tll~fblrWJWW:i:s<J#d~~~, &PJ!.tf "1JJ~M" ~1iE (~offiID 
(3)), j!@~~1JZ,;ffi;tl!JQ § ;j;§**~11t _m~~ftE. 

s. 1'i m ;tm * irdt 
(1) fi § tEJ**~~YE5c xtr- -tf-;ffi AR(p) mru1, >Jttlll4irf§" k t=l t§**~ Pk 

at, ~ fl;j(J:q~iUstJt::f;li1: Xt 2=1 Xt- k zraJlti~~ffl***· ~Jg Xt ~at~~~¥1Jr:pfaJ 



k - 11-llifHJL~:f! Xt-1, Xt-2, · · ·, Xt-k+l a'~~n(ri], im:l.! k- 11"-~tJL~ii!Xt~;fil Xt-k Jl. 
~ffi3c3c*, Efrl2-( F-lffi3c*~ Pk JE~~i_t~~T ft{t!?.5£:itXJ Xt EJ x ,_k D'fff:13cfJu(ri]. 
1'J7fi~iti~i001JJ:t Xt-k x,t xt B"J~u(ri], i3 1:itti\'iu E!tLl3c*~i'J<Jfl~. 

~><. 3.3 M-=f-1JZ-ffiFf9°U {xt} , §r-J.;$Fo k i\'1u f!tEl3c*tt, 8lt:::~J!r{Et~5E~IHJ k-1 
1-~m1tt Xt-1,X1-2, .. ·. Xt-k+1 e9~f4r, B,X*it, ::a:,,Jl~T~ruJ k-11-111Hm1tii 
Xt-1,Xt-2· .. ·,Xt-k+l 89-=fttz.Fo, Xt-k M Xt ;f-flx~n(ri]s9J.tffl:. J:1Ut~fg-1§1al~M~: 

E[(xt - Ext)(Xt-k - E:tt- k)] 
Px, ,Xt-klXt-1,·· ,Xt-k·H = E[( E- , )2] 

Xt-k - Xt-k I 

(3.20) 

~\~,Ext= E[xtlXt-1,·· · ,Xt-k+1],Ext-k = E[xt-klXt-1,··· ,Xt-k+il- :l.!8Jt~$Fo k 

ffi El ffi-**fx: B"J 5E5l.. 
~)ffiEiffi-**~B"Jttff.ffiEiffi-**~B"15E51..~@a~~~•ffl-**~B"15E51.. 

~l=#tEifi;.t. :i!JEl tt~ffJPI 12,(JA~tl:@V=ll'l<J~JJtqt~Jffi El ffl-**~l'J<J~-1¥!:fli 51... 
@)E {xt} 1'1~1L't-t-1Jl~Ff9U, J=fH:J:~l'J<J k Wlf=fJUffi :rt_:_1, Xt - 2, .. ·, Xt - k x,t Xt fl= 

k ~§@V=lffk@·, Rll 

Xt = <Pk1Xt-l + <Pk2Xt-2 + · · · + <PkkXt-k + Et 

A:~, E(t:t) = 0, E(t:tXs) = 0 (Vs< t). XiJ Xt-1, Xt-2, · · ·. Xt-k+I J&~{lf:, i2 

Ext= E[xtlXt-1, · · ·, Xt-k+1L Ext-k = E[x1-klx1-1, · · ·, Xt-k+il 

Ext= <PklXt-1 + <Pk2Xt-2 + · · · + <Pk(k-1)Xt-k+l + <PkkE(xt-k) 

+E(t:tlXt-l, ... 'Xt-k+ I) 

B~ E(t:t) = 0, E(ctXs) = 0 (Vs < t). f,frl)) 

E(t:t!Xt-1, · · ·, Xt-k+i) = E(c1.) = 0 

~ (3.22) ~1fr-=f 

Ji!IJ 

- .- - 2 E[(xt - Ext)(Xt-k - Ext-k)] = <PkkE[(.Et- k - EXt - k) ] 

f&1g E(ctXs) = 0 (Vs< t), §rl2,( 

E[t:t(Xt-k - EXt-k)] = 0 

+E[t:t(Xt-k - EXt-k)] 

~ (3.24) ~1fr-=f 

E[(xt - Ext)(Xt-k - Ext-k)] = ¢kkE[(Xt-k - E:i:t- k)2] 

(3.21) 

(3.22) 

(3.23) 

(3.24) 



E[(xt - Ext)(:ct - k - Ext-k)] <Pkk = ~ (3.2G) 
E[(Xt- k - EXt-k)2] 

::r.t (3.25) ~%;f=i:i11~J~*iE}J-~T.x.t': (3.20) Yr~5la<J$J§ k 1Niu El ffl**~­
i!iJMJ3$ffi k i\m § ffl**~~l>i.r.~Jt~T k M- 1~ @IYJt1Ui~~ k 1-@IY=I*~ <Pkk 

(11.Jffi. ftHfiBt 1-tiJlfi: ~JhtW-WO Fl *~I* *fil (1~ ffi. 
il:A (3.21) ~%W;J:iil['PJ*[;) ,Tt I, :JF:5J<Wl~. ~, 

Pt= <Pk1Pt- 1 + ¢k2P1 - 2 + · · · + ¢kkPt- k, Vl ~ 1 

P1 = ¢k1Po + ¢k2P1 + · · · + <l>kkPk- 1 

P2 = ¢k1 P1 + c/Jk2Po + · · · + dJkkPk- 2 

Pk = ¢k1Pk- 1 + ¢k2Pk- 2 + · · · + cf>k~·Po 

(3.26) 

W:JfWfflf*1J Yule-Walker jf,W. imuNHtjfW~Jt nJ l~HiilJ~fil (¢kl, ¢k2, · · ·, ¢kk)' 

l't{Jffl{f, ~~!Pl!i'fl:ittff'i - 1-~fil(J{Jfff!f., &n:;lg$J§" k 1$i@Jffl3c*fl <Pkk a{]ffi. 
m ~lr!f-% .x.t~ffi :1-J: 

1 P1 Pk- l ¢kl P1 

Pl 1 Pk- 2 <Pk2 P2 
= (3.27) 

Pk- 1 Pk- 2 1 ¢kk Pk 

ftHJis~'~;jflHJl>JtfWf~J Cramer rt-JJ!IJ, ~ 
Dk 

¢kk = 75 (3.28) 

:r-tr:r 
1 P1 Pk- 1 1 Pl Pi 

D = 
P1 1 Pk- 2 

Dk = 
Pi 1 P2 

Pk- 1 Pk- 2 1 Pk- 1 Pk- 2 Pk 

D :;lg;r.t (3.27) i.p *~~ir!f-~Jfi'.9U:i-t, Dk ~.J=E D 'fl B'-J~ k 1-'.91J JPJ:l.:~~:r-t (3.27) ~ 

% ::(5 :iii a'-J Ei ffi **~JP] :l:J§ ,i:~ ~ El'-Jfi ~u :r-t. 
(3) 1Niu~ffl3c¥!tta<JfM~ft i:if[;JYE~: 3¥-~ AR(p) ffi!JUB<J-wd~ffl3c¥!ttM p 

tl5-~~'~. P,Jri,fq p tf;-~~£ffi. ¢kk = 0 (Vk > p) . ~i,i£a)3J.!- ,~~~i...t..R~fl~iiErt'3~ 
k > p at, Dk = 0 IWnJ. 

iiEllJ1: xtff- AR(p) mru 
Xt = <P1Xt - l + c/>2Xt-2 + · · · + (ppXt - p + € t, Vk > p 
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~:tmr Yule-Walker :1f~JrtS1.: 

1 P1 Pp- 1 </>1 P1 

P1 1 Pp- 2 ¢2 P2 
(3.29) 

Pk-1 Pk-2 Pk-p </>p Pk 

it. (i (i = 1, 2, .. . ,p) '1rt:. (3.29) :¥J&:~~i:p p 1'~tl fDJ:il:, 7J '1rt:. (3.29) i:J=t~%11:it11¥J 
@lffi**~fDl:11:, ep 

Pi- 1 

Pi-2 
(i = , i = 1, 2, · · · ,p; 7J = 

Pk-i 

P1 

P2 

Pk 

(3.30) 

123:;/g AR(p) .ffl]f1~&1/lvJ~{Lf:z.-~ <l>v # 0, !Jr~(i:i]:11: 7J -;:taJ~*iK~fPJ:11: (i (i = 
1, 2, - · · ,P) s"J~F~~JHii..13.ir. 

~k>pB-j 

1 P1 Pp- 1 P1 

P1 1 (Jp- 2 P2 
Dk = (3.31) 

Pk- 1 Pk- 2 Pk- p Pk 

Jfil.~ Dk s"]lfIT p -t~tlfDJ:11:iE}Jt,Jt~ (i (i = 1, 2, · · ·,p), rn1:li:.Fa- 1'~LlMil:iE:tlfmt~M 
A 7J . ~mrt:. (3.30), iJlllJltEfiJtlrt:. (3.31) i:J=t:li:Fo- 1'JtlfPJil:nJJ:JJfL~~~ p 1'Jtlfn1B: 
s"J~ttfflir*7K-~iJlsfi~rt:.s"Jtt~,A~~~~ttffi***s"Jfi~rt:.s"Jffi- ~'1*, 
en Dk = o. El3 Dk = o, ~1fl'fi:±l <!>kk = o. 

YE-$. 

El3 lltiiE IY=J T AR(p) {~Jt!H\fd § ;j;§ ** ~ s"J p ~~~tt ~ 'ttl:~ :ii [PJ fiJffif Ml § ;j;§ 

**~:t{[~tt~ AR(p) .ffi;ID!i,9'Jjlj B<JI~f&iJls. 
[ 1§1J 3- 5 ~ ] ~~fjtl 3- 5 i:J=t lm1'3Jl~ AR fflID!El"-J~ Fl ffi.'**~~~·11:. 

(1) Xt = 0.8Xt- l + ct 

(3) Xt = Xt- 1 - 0.5Xt- 2 + ct 

> pacf (x1) 

> pacf (x2) 

> pacf(x3) 

> pacf (x4) 

dt *--:!tr, 00 3-4 Ji.lj"-rr-

(2) Xt = - 0.8Xt- 1 + E t 

(4) Xt = - J; t - 1 - 0.5Xt- 2 + Et 



Series x I 
00 
0 

u.. 
u 
<( "1" 

«i 0 
-~ 
0... 

0 
0 

0 5 10 15 20 
Lag 

Series x3 

"T 
t.:... 0 u 
< 
d 0 .t 
ctJ 

0 
0... 

-.:t 
0 
I 

0 5 10 15 20 
Lag 

il 3- 4 

~3-2 

(1) xi = O.Bxi - 1 + ct 

(2) Xt = -0.8Xt- l + ct 

Series x2 

u.. N 
(.) 0 
< 
c:s .t 
"' '° 0... 

0 

25 30 0 5 10 15 20 25 
Lag 

Series >..4 

0 
0 

:.,_ 
u C-SI 

< 0 
<ll 

-~ 
0... 

'° 0 

25 30 0 5 10 15 20 25 
Lag 

AR ffi~~*{!ie ~ffl~il 

{ 

0.8, k = 1 
<Pkk = 

0, k;;:: 2 

{

-0.8, k = 1 
</>kk = 

0, k;;:: 2 

30 

30 
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r k=l 3' 
<Pkk = -0.5, k=2 

0, k ;;:: 3 

(3) Xt = Xt-1 - 0.5Xt - 2 + ct 

(4) Xt = -Xt-1 - 0.5Xt- 2 + E:t 
{ 2 

k = 1 - 3, 
<Pkk. = -0.5, k=2 

0, k;;:: 3 

~~~*a<Jamtt.~*•Flffl*¥•::f~~~~•Flffi**ft-~Fffla~. 
{!li'iJ l;,l ~ 1:±f~ 1- AR( 1) ffi ~ a<J ~*- § ffi *¥fl 1 M" @~::f 7'1:;:, 1 ~fl'ZFn if~Jlr{ttfa.7 
~; rmWJ-t- AR(2) ffl~a<J~*• Fl tl3**• 2 M-~11~::f ;Jg~, 2 ~fl'zFnt1H1r{~;1g~. ff 
*• fl;f§*~nTL!J][mJ:il!~i.iE AR :tl~- Flffi*¥fl~l~tt 

3.2.2 MA~~ 

'.iE~ 3.4 ~:tiar~:MJB9:tlID!~;}g q M-~i9J1IL:0J (moving average) :tl!l'l, mHc 
;lg MA(q): 

{ 

;: ; ~ + €t - (}1 € 1- 1 - (}2f: t - 2 - · · · - (}q f: t - q 

E(ct) = 0, Var(E:1) = u;, E(E:t€s) = 0, s-=/= t 

'f9!ffl MA(q) ffi~m:~t~£L@Wi1-~~ffvJ~{4:: 
~{4- : Bq -=I= o, ~1-~~ttl*'ft:*i.iET:tl~a{Jfi~M--7'1 q. 

(3.32) 

*'-{4= : E(ct) = o. Var(E:1) = u;. E(ctcs) = O (s -=I= t). ~1-*'14-Wi.iETmfWl-filtff 
~IJ {F.t} 7'J~:0JffiFJPJkr=J¥~U. 

Jffl.#~%1~/llk-v..:ct (3.32) B'~~~*tl*'-{4, retl~mHc7'1= 

(3.33) 

~ µ = o M, :tJ~ (3.32) ~7'Jr:p,L,{-t MA(q) :tJffl. x-t~Fr:p'L'i-t MA(q) ffiffl.R~ 
1j- -t-ffi1iit¥1{Jz.ft Yt = Xt - µ, )})tnJl;,l~1-t7'Jr:piC,,1-t MA(q) m~ . .J!#r:p,L,1-tili1J:::f 
~~~ff~ffiz~a<Jffi***•ffil;,l~Fn~*ffiMA.ffla<Jffl***~, ##ffi~;Jg 
M't a<J r:p, L ,,f-tffi~ :it!:fi * ffi. 

~ffl.filllsJl:r, r:p,c.,1-t MA(q) :tJfflJZ.nTL!Jffiic7'J: 

Xt = 8(B)€t 

:c\:r:p, 8(B) = 1 - B1B - B2B2 - · · · - BqB9 . ffF;Jg q M"fJ;$J3:jl-:0J¥~$Jffi-:c\:. 



1. 1~ ${)$] {fl. 

u'i q < oo fl,J", MA(q) ~lli~~7n-fijj.Jffi 

t¥~1JJtf!, ~0*1*&~Pli:p,t:..,{-t MA(q) ~ru!. wJJru!:l:5Jffi1-J~. 
2. *~~.£ 

Var(xt) =Var(µ+ t:1 - B1 t:1- 1 - B2t:t - 2 - · · · - Bqt:1 -q ) = (1 +Bf+···+ B;)u; 

"tk = E(XtXt- k) 

= E[(t:t - B1t:t- 1 - · · · - Bqt:t- q)(t:t- k - B1t:t- k- 1 - · · · - t9qt:t-k-q)] 

(1 +Bf+ .. ·+ /J~)a;, k = 0 

~ (-ok + ~ 0,0k+• ) a), 1,;; k,;; q 

o. k > q 

4. m ;tm* .%-it q M-~~ 

1, k=O 
<J k 

-Ok + L BiBk+i "tk 
Pk= - = 

'Yo t=l 
2 1::,; k::,; q 

1 + t9 + ... + 02 . l q 

0. k > q 

1
1, k = 0 

-Bi 
Pk = l + Bf , k = l 

0. k;;::: 2 

~IA(2) ,tj;ID!tl{J R ffl:1c*fx:1-J: 
1 

1. k = () 
- (Ji+ B1B2 

k = l 
1 + B2 + e2. 

Pk= 1e 2 - 2 
k = 2 

1 + Bf + er 
0. k ;;,:: 3 
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[ f§1J 3- 6] titfFfU MA t~~At.J,f$7fs: Fl t-§Jcf!I, ]I~~~ MA ffiffi! Fl ,fltk* 
fl~~a'9~tt 

(1) Xt = Et - 2Et-l (2) .:Ct = Et - 0.5Et-l 

4 16 
(3) Xt = Et - 5Et-l + 

25 
Et-2 

5 25 
(4) Xt = Et - -Et-1 + -

6
Et-2 

I 4 1 

> x1<-arima.sim(n=1000,list(ma=-2)) 

> x2<-arima.sim(n=1000,list(ma=-0.5)) 

> x3< -arima.sim(n=1000,list(ma=c(-4/5,16/25))) 

> x4<-arima.sim(n=1000,list(ma=c(-5/4,25/16))) 

> acf (x1) 

> acf (x2) 

> acf (x3) 

> acf (x4) 

#~Jll~OO 3- s rJr.f. 

Series x i 

00 00 
0 0 

tJ.. "T 
tJ.. 

..,. 
u 0 u 6 
-< -< 0 - - - - --- - - 0 

6 0 

-.ct -:t 
0 0 

0 5 10 15 20 25 30 
Lag 

Series :-..3 
~ ~ -

V) V) 

0 c; -

Series :-..2 

0 5 10 15 20 
Lag 

Series x4 

25 30 

tJ.. tJ.. J _______________________ u u 
0 -< 0 -< 0 0 ----------------· - - ---

V) V) 

0 c;-
I I 

I I I I I I I 

0 5 10 15 20 25 30 0 5 10 15 20 25 30 
Lag Lag 

Ill 3- 5 MA ffi~tr.J~*~ffi*fll 

:M~~f-f*~t!Ltl:a0JJo!tiJ, f-f* Fl ffiJclf!m'I~ ~?K ili MA(l) .ffljfl Fl ffiJc*fi- M" 
~~- :\t1A(2) ffi~ ~ ffi:k*fi= ~illt~a{JtHiF.. 



-fll?X:@.~fYU 3 6 9-' [[I 1- MA ,tJID! fr~ Fl ffl-* 00 (!Jl ill 3 · 5), nJ LV-~JJ,\!"tij 1-~ IP] s<J 
MA(l) ffiID!: 

(1) Xt = €t - 2ct- 1 

(2) Xt = ct - 0.5c1- 1 

Jl.~5c~ffi!P]l¥J~* Flt§-*~- W~~iiE'tff11¥JJJI!it Fl t§;;1c*itt-tl1t§~. 

{
-0.4, k = 1 

Pk= 
0, k ~ 2 

rnfJj ~,t MA(2) ffiID!: 
4 16 

(3) Xt = ct - 5ct-l + 
25

ct- 2 

5 25 
(4) Xt = ct - :tt- 1 + 16ct- 2 

ill Lr\ :IIB T lllJ ~ 1¥1 fir l5r., ~ IP] 13"~ ,tJ ffl !p :tJfJ,fi 7t ~ :tEI !llJ B<J Fl t§ ;;1c * itt: 

{

-0.640 12, k = 1 

Pk = 0.321 256, k = 2 

0, k ~ 3 

r:~~~:im~s<JW-~lJt~~ffltEffi 2 Ii'ti:pm¥1J8"~: -1- Fl .ffi;;1c*itt*&,nt-x-tEiI-1-
}jl-ffi B.J" i's] ff 9Ll tJ ffl!. 

~~ §1 ffl;;1c*ittxJlilZ-t3tM(l"~~Pl- t!:~AA~ff1 !V,Fna"JT fl=**.tff.~- 12Sl:1'1~m~ 
mm~*F1ffl;;1c*itt&~ili*~fffil~ff*~~•fflm*1¥~~~•,~•~ffl** 
itt~ffiffl!~~~~--xtEiI~;;1c*.~~~~ffl*ffiffl!~~mff~~~~~--MEiI 

**· 
jg T f*iiE- 1-AAJEl¥1 Fl fflx*~~~~Jj;xtlilZPi-~ MA ffiffl!, ~fl'J~JHtffiffl!it1Jn 

~}R:td'f:. ~1-~W:~flff*Jg MA ffiffl~nJ~tE (invertibility) ~{4. 
1. "[ ii <I-; .it x.. 
~~~iiE~~,t MA(l) nnt!A~L~m~~t~st, 'tfl'J(:J{J F1ffi;;1c*ittIE~ffl~: 

~~ l: Xt = ct - Bc1-1 ~~ 2: Xt = ct - ic1-1 

fE~~,t MA(l) ffiffl!~~JiJt"iXV1- Fl ffl;;1ctJID!%:ri'.;: 

~~' ~o• IBI <l, -~ 1 45C~, Tmffiffl! 2 ~45C~; ~o• IBI > l , JJ!Llffiffl! 2 45C~, Tm 
tlffl 1 ~ 45(~. ;ff-1- MA tlffl!ti~~*~~45(~~ AR mffl!m:r!'.:, J.1~-z. it MA ffiffl!f* 
jJnJ~mffl. - 1-~ffi:k*~~- xtlilZ- 1-i'lJ~MAffiffl. 

2. MA(q) ti~ <I-; <f i!•t1.*-'°14-
~?ftfr AR(p) ffiffl!~.ljLffi·r-!:~{lj:~{tl, MA(q) ffiffl!pJVJ~~:1';: 

Xt 

ct = 8(B) (3.34) 
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Aff1, B(B) = 1 - f}iB - · · · - OqBq ;l;Jfti;/Jf-.r5J-*fl~Jyb:t ffilJ'E A\,··· , ;q ~i~* 
fi~r.vb:.tsl.J q -t-tt !J!IJ e(B) nJ~:5-HrH.lt: 

q 

8(B) = IJ (1 - AkB) (3.35) 
k= l 

i'EA: (3.35) {tA:t: (3.34), ~~ 

Xt 

t: t = (1 - A1B) · · · (1 - AqB) (3.
35

) 
I 

:x:t (3.36) 45(~B<J1E~*{'t£ IA,I < 1, ~ffl'T- MA(q) ;t)HfH1<J*fl$:r.vi:r.\::l'.!<Jtl1'\'~{l: 

'f1.{JLl5ll5'~.1 ;j I> l. :i!-t-~ftpiJ1.f*JJ MA(q) -mlli!a<JnJ.i1!-tt~f4. 

~r.t. I'vIA(q) ffilli!o<JnJ.i1!~~-Ht AR(p) m~a<J:if-~fl1{~£'.ic~xtf/JHt''1. ?G~.9iv. 
iiE, MA(l) ~~nJ~a<:J~f4£: - 1 < B1 < 1: MA(2) f~~nJ:it!l¥J~{'f£: IB2I < 1, B. 
fh ± B1 < l. 

3. it. ill ft ((.J :i!-tfi /~ A. 
~ll*- 1'- MA(q) ffi~~JEPT:it!·~1~f4=. 't~JtriJ~'.!JJ£~1:t"Fw.Jffi~ffl'*A: 

{ 
8(B)£1 = Xt 

t:t = I(B)xt 

re:t: (b) {~.A:x:t (a), 1~ 

8(B)I(B)Xt = Xt 

~:ff IA:, 1i 

I - { Ok, k ~ q Bk -
o. k > q 

(a) 

(b) 

(3.37) 

[ i§1J 3- 6 ~ (1) ] Jy~f§tJ 3 6 i:p IZY-t- MA m~l'l<JnJ~'t':t, Jt-~ iliriJ~ MA ffi 
~l'l<:J~t#%A. 

(1) Xt = € t - 2£1- l (2) Xt = € t - 0.5£1- 1 
4 16 

(3) Xt = € t - 5£1 l + 
25

c t - 2 
5 25 

(4) Xt = € t - 4c 1- 1 + 
16

c t -2 

MA ,m~£~PJ~:im~ 3 3 Pfr~. 



*3- 3 

~~ 

(1) Xt = Et - Et-1 

(2) It = Et. - 0.5Et - l 

(3) 4 16 Xt = Et - 5c1 - L + 
25

Et - 2 

5 25 
(4) Xt = Et - 4Et - 1 + lG Et :l 

{
lo = 1 

IJ = 0.5.1, j ~ l 

'X) 

Cf= LQ.5JTt-.i 
:,= 0 

1k-{4: ~it 
1011 = 2 > 1 ,fnJJ1! 

lflil = 0.5 < 1 or~ 
16 I02I = - < 1 
25 

16 4 4 
fl f l't! fh + o, = -- + - = - < 1 

25 5 25 
16 4 3G (h - 01 = -- - - = - - < 1 
25 5 25 

25 
1021 = L6 > I :fnJ l't! 

~ill! (3): ;rt= C/ - ~ Cl 1 + ~~ Cl - 2, iflt~~PI<1~(.y'~:ifilHt0:rl'.;, Jt-iflHA1;~ttrntt#1f n'~ 

fh = -Br B'~·ttfflt ~JJI!ZFnittllli!l'l~~pj<j~j;J: 

k = 3n E.X: 3n + 1 (n = 0, 1, · · ·) 

k = 3n + 2 

00 ,'.X) 

- °"( 1)no·s3n. . + °"( l)no g3n + l . Ci - L - · .lt - 3n L - , Xt - 3n- l 

n = O n = O 

J(B):r1 = c1 

AR(p) ffi~f.i R ,f§*¥!tt p ~~~- §rt:) iif:i.2! MA(q) ffl?JM{i !=f ,f§*¥fx 00 ~~­

~nJl.1fii Fl ffl**~#!L~·tt. 
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-,t nT~ MA(q) ~~-JEMmI-1'-~'~J:l-:;(if;t§[P] R ffi:k¥fic.f11-WU A ffi:k*~s<l 
::f PIJ2 MA(q) ;ffl;~, ~1'-::fDJ:m! MA(q) ~lli!illfPlt-FJ!.~ffi Fl ffi:k¥fiM1J~tt 

[ f§tl 3 7] >Jt MA(l) ,m~,Wu (1 ffi:A:¥~B'~*~it. 
{BliSt MA(1) ffiID!B'~~i6:rt7'.7 Xt = C:t - 01£1 -1 - *~t@ffi Fl ffl*¥fla'-JJE5l., ft1f1~ 

iltfil 18 k llfi'ffi R tD** ~ </>u .HtJJ~ill 

P.i = <PklPj-1 + <Pk2PJ-2 -t · · · + ¢k(k 1)P.i- k+1 + <PHP.i-k, j = 1, 2, · · · , k 

R-91&.Fn--t ¥lt JJ!Uxt j = 1, 2, · · ·, k 1f<?'j(J.J<fmnf£, HJ 
-e1 

¢11 =pi= --2 
1 + e1 

. P2 - /Ji -pi 
(/)22 = l - pf 1 - pf 

1 PI Pl 

P1 1 P2 

P2 Pl P3 

1 P1 P2 

P1 1 P1 

P2 Pi 1 

-IP l 

1 P1 Pi 

P1 1 0 

0 P1 0 

l P1 0 

Pi 1 P1 

0 Pi 1 
3 ()3 P1 - 1 

= 1 - 2pf = 1 +et+ et+ e~ 
f&.lit~-tt, nJ 1~H~fU MA(l) tlru!{.:E:g k ~fl'i\Tu Fl ffl**~ <!>kk !¥Jimfm1'.1: 

- ek 
¢kk = 1 

) k ~ 1 
k 

I:e~J 
J=O 

MA(l) ~~ff~ k ~'Um R *1l**~ <l>kk a'-JilllfmJ~iti.!Lill.llAT MA(l) ffiffl!ffi § ffl 
**~-lt~. 

[ f§1J 3-6 ~ (2) ] ~1ffff ~rJ MA ffilli! B~ifH=i if!=i:k¥~00. ][AA',~-~ MA ffiffl! 
ffi ,~, ffi:k¥~1'1~*~'t'i. 

(1) :r1 = Et - 2Et- l 
4 16 

(3) .T/ = E t - 5Et - 1 + 
25 

Et-2 

fisilJE {Et} 7'JflF<ff..i£~E,Pjp'iJ¥~U. 

> pacf(xl) 

> pacf (x2) 

> pacf(x3) 

> pacf (x4) 

# t§ * ,to 00 3 6 Ji}f ,F 

(2) .r1 = Et - 0 .5Et - l 
5 25 

(4) Xt = Et - 4Et- l + lG Et -2 



Series, I ~eriec; ,2 

0 
ci t.:.. t.:.. 

u u -
< < ci 

N 
<ii 0 -~ -~ i:: 

o:j 

c... c... C'") 

""t ci 
ci 

0 5 10 15 20 25 JO 0 5 10 15 20 25 

Lag Lag 

Series :d Series ,4 
N 01 

ci ci 

t.:.. I.!.. u u 
<( C'I < ('l 

«i ci ca ci 
-~ -~ 

o:j 

c... c... 
\0 ~ 
ci 0 

0 5 IO 15 20 25 30 () 5 I 0 15 20 25 

Lag Lag 

ff] 3- 6 MA ffi~ a{]:+$* i¥u ~ ffl * ff] 

3.2.3 ARMA ~~ 

Xt = <Po + </J1 :r1 -1 -1- · • · + </Jp.t't - p + Et - 01£ 1- 1 - · · · - BqEt - q 

<Pp -f 0, Oq =/ 0 

E(Et) = 0, Var(c1) = a}, E(EtE.s) = 0, s -f t 

E(:t sE:1) = 0, Vs < t, 

30 

30 

(3.38) 

:5 <Po = 0, W:ffi~.f-3,)Jrp,C.,1-t AilMA(p, q) ,m~. ~~'~i,A~{t.J:, i:p,C.,{t ARMA(p, q) 

t!it~nJ VJ JM~ :1-J: 

Xt = <P1Xt - l + · · · + <PpX t -p + C/ - B1E t - l - · · · - BqEt - q 

~iA~{LI; !:j AR ffilli!' MA ffi~t1=1 In]. 

ril:iitM:ili;r--=r, AfilrA(p . q) ~~mne.'1: 
<P(B)x, = 8(B)c1 

(3.39) 



cf>(B) = l -¢1B- ... -c/>pBP, 7-) p ~fl°ri rn1u-,*~~Jvi:r.t 
8(B) = 1 - 01B - · · · - OqBq, 7'J q [lfflj';z;}J'fLH;J*~~J.W:r.\. 

~ q = 0 ntj·, ARMA(p.q) flID!mcill.1-t.JiJt r AR(p) flID!: 
3 p =O M, ARMA(p. q) tJUf!J?Jtill1-t.J.&T UA(q) f~lli!. 
Mt:), AR(p) tllli!.fO MA(q) mlli!~jlj_t)I ARMA(p, q) .mIDl'tJ~{§IJ, t:1fJ~~m~ 

7'J ARMA fl~- ITIT ARMA(p, q) fl~El<J~JOi-fl:~ili.iE!k AR(p) tllli!ffl MA(q) tJttilm 
it·li~ EY:JfJ"VUJl #. 

x,j-=f-1'- ARMA(p.q) tllli!, 4- Zt = 8(B)E1, @.rt {z1} ~-1'-:15Jii7'J::;:, 1f&.-:tl 
(1 + ey + · · · + e~)o-; B''.73¥-~J-}§Ll. TM: ARMA(p. q) tl~nT~~i!J(~7']"t(Or%:r.t: 

cf>(B)x, = zi 

~{t{ ""f AR(p) -tilli!3f~·t1R''.75Hfr. ~gt{t.-'rHH ARMA(p, q) ffiID!EY-Jf~~flt-!k: 
!f>(B) = O !'.J<J,ttU'~:(::EJ¥!-{1Z.~J~. {Q.,ij")t~i.5l, ARr-.IA(p.q) tJID!!'.J<JJJZ-~·11:3t~FflJlF!@JV3 
$% EYJ+ t~:11: rJr tk:JE. 

fPJJJJ!. nJ kMft~tH ARMA(p. q) -tiID!a<J nf ~-*{~:;fil MA(q) ~ID!B<JriT~~11t%~ffi 
[Pl: 3 8(B) = 0 B<J;j:&!~:(::E!)'l.{}'L@JJ~a,j, ARMA(p. q) f.iID!nJj{!. 

3 tP(B) = 0. 8(B) = 0 i'.J<Jt1H\'IS:(::EJ+!.{1Z.@l,'~fl,J-. ARMA(p,q) ,mID!~,7'Jf~nJ~ffi 
ill,~~- 1--~~B<J~ffl**a~- m~~•ID!. 

j = O 

5:t4t, { Go, G1. G2, · · ·} 7'J Green ~~-

:ii:i:if15:E*~Y!, ~~qijj;IJ ARMA(p, q) fj~J:Jrfrr GrC'cn ~~B<J~tit0~7'J: 

(3.40) 

I _ { </> J • 1 ~ j ~ p (JI _ { (h,, 1 ~ k ~ q 
q>j - . k -

0, j > p o. k > q 

jp):FJE, r:iJt: .. H#iU AR.MA(p.q) f~trUt''.7l2!~~:r.ti.J: 



00 

ct= e-1(B)<P(B)xt = L,lJJ:t-j 
J=O 

:rtr:p, {Ii , 12 , · · ·} J.J~p]g!J&. 
WM~~*B~~~ffl~~PAB~~m0~~: 

{

Io= 1 

h = t()jh-J -¢~,k ~ 1 
J=l 

:rtr:p, ()j ;f11 ¢~ l'r~~S(Fo]J_:_. 

l. 11),(i 

x•t=f--i'~~r:p,~,1.t-112-~nf ~8~ ARMA(p, q) ~ID! 

<Po Ext=----­
l - ¢1 - . .. - <P1, 

2. w #J-~ .£ i?&4t 

"!(k) = E(x1.1:t+k) 

= E [ (t.G;c,-;) (t,G;<r+•-J) l 
= E [t.a,;GJc,_,c,+,-J] 

00 

= a-; L, GiGi+k 
'i=O 

oc 

L,G~GJ+k 
p(k) = "((k) = _J=_O __ 

"f(O) L GJ 

j = O 

(3.41) 

*11 El ffl3c*!J&B"J~kS:i:t1R~~/IJ ~ ARMA(p. q) ~~89 ~ ffi.fa:*B~~~- J! 
~ ARMA (p. q) ffi ID! riJ ~ t# 1.t~ x~ [lf)'ft i;IJ 312"- J$J f:i ID1 I]~ ti: J.rlt ~ - ~ a{J. Fol J_fil, m tm 
ARMA(p, q) m~nr ~~~1.t~x~Wi- ~ @V3ffi!lt nr i:J#IJWT·ts~1*u ~ ffl*=*B*~~ 
~-

[ f§1J 3- 8] tVJ.-@- ARMA(l,1) ~~: Xt - 0.5Xt- l = c.1, - 0.8c1- 1, .:Jt-1[~!-!l!~-~ 
~f:iID1 ~ffl*=*!l&fil1Affi ~~{IJc*!J&a{J~~tl:. f'5[~ {ct} ~fi<"W-IE~ i=J UJ?'f):f71J. 



> x<-arima.sim(n=1000,list(ar=0.5,ma=-0.8)) 

> acf (x) 

> pacf (x) 

#~*-'*'100 3 7 JiJj-.f.' 

Serie:;" I 
0 

u.. 
u 
<I'. '° ti... 0 

u 
"" 't <I'. 

~ 
C:l 

Cl. 
0 

N 
0 

0 5 IO 15 20 25 30 

lag 

Serie, ,2 

V') 

0 
0 

or, 
0 
::::i 

,r, 
-
::::i 

0 5 IO 15 20 25 30 

Lag 

~,fr~-~ AR(p) m~, 1fA(rJ) f:~}!1..fil ARMA(p. q) ffilli! (l ,f[]J:*fi,fJJ-WU ~ ,fftk* 
fi(J{1·11mi. ~1nor~,~JtH:11~1.1r~1Jl! (~ 3 4). 

* 3- 4 

AR(p) 

MA(q) 

ARMA(p,q) 

3.3.1 mm~~ 

~ffi 
q llfr'-0£ Ji! 

~M 

p ilfl'ili.ll~ 
~£€ 
~~ 

fei ~n ~ 1-:XW.IHiff J!limi:1!¥ JLl ffli :9.HJirnJ ~ J1J JiJ;J l ·t.fil IF R u111 ff JLl , iWt nJ ~ t1J m 
ARMA ffilli!x•tW:ffJLlitiJ. :nrijHt<J~*a;-!Jl~n~ 3 JifriK. 

(1) ~R tl:JW::XW.~ffifffLl!¥Jtf}j';: rl .fF.J~*~ (ACF) ..filf¥*{.fu(Hl3:k*fi (PACF) ffJ 
ffi . 

(2) ffH@t-F* § tH**fx,til~ (l .ffi3c¥1<£1'.J{]'t'£.lm:, m~M"~ ~ Er-1 AR11A(p, q) ffl 
~mfimit. 

(3) ftif r-tlHt! 1-F~~~~l'.t-Jfil. 
(4) ftl'l~ffilliU1<J~ti·li. ~llJi!HI;Lifffi;lli!7Killi:i:1~~, @lilJ~·~ (2). :i:~m~ffl7J!.! 

m#. 
(5) ~lli!11t1-t. ~1.1:!l1tt1l&t-tllli!.iffi.tt~~. mrt@lilJ~-~ (2) , 1t?t~m~#1JJ11~, ~ 

Jt~t-m#ffilli!, M.Jifr~ :iffi.tt~~ n<JWitffilli! 9:1 ~~m:1Jtm~. 



(6) f1JJ:lHr.tii-•~, ffi~1Jf¥~1J~*l'fJJE~"­

Q~ w n ~~ Jf.71J 
l 

it Ji ACF. PACF 

ARMA~~ t.JUJIJ 

fifil~~~~-~-~~~*Affl**ft~-~ffl**ft89tt~~-~ii-89ffi 
ID!W.it~iHlJ¥=~lJ1¥J, ffiLV-ffi~ffJ.#(1~ffi- zt-~~ftH~~•ffiJ¥=~1Ju~~ffi.:-Rtl:.\W:J-'f~lJ 
89~*§.ffi**fx: {Pk,O < k < n} f[Jf¥o*WuRffl**ft {Jkk ,O < k < n} 1¥Jffi. ~* Fl ffl** nm LV-~tm i:1 r 0:t:>J<q~ 

n - k 

I)x, - x)(xt+k - x) 
Pk = _1=_1 _n. ___ _ VO< k < n 

I)x1 -x)2 

t = l 

~ jjk 
\fO < k < n <Pkk = --=-, 

D 
3:trp 

1 /Jl /Jk - 1 1 PI Pi 
~ Pi 1 Pk 2 

Ih = 
/JI 1 P2 

D = 
' 

- Pk-2 1 Pk- 1 /lk - 1 Pk 2 /Jk 

3.3.3 ~~i.R~U 



~~~~~AAMA-~ffi~~-®~~-~1'-J:i~~~kU~~-*ff*n~x* 
!/&filffil r1 *11**!ttl'l<J·~JW:1(iir A *D*M-!l&-;; .f11tti;JJ.IJL:M11~)itic 'if. r"lllt. m~-u=rn,J:ctw 
-t!MJJ, .:.kJ a ?J;!~ flfi' Ji~ -

AR.l\lIA ffi~~M'(t'~~~MU1iJ~O~ 3 5 E.Jr1ft. 

~ 3- 5 

Pk (pick f1..,Pt'lfE ~fr 
-ll!LP€ p M-~.1:€ AR(p)+!,t~~ 

q M'jl~ -tfu/-rl i\TA(q) f!;):~J 

~.I:€ -tfuh! AR~lA(p. q) ~1~ 

{!] ~ Z:E~ ~ q:i . ~ 1'-~ rlfl' W-Ji!IJ tE f.:kft J: Jl.1'f - ~ n<J 1-t;I x1t rb =f -t-F* i'.t9 Iii v WI:, tF* 
l'l<JtDJ:*!/&~~~.f1iliJ.!fHB1l&~r,<J:1c~·lf;£, ;tq&~lRSn<J¥F~ Fl*' 'J:*!/&wt1ffiu ,1 *fl* * fii:-O?r~ .¥ .:r:ru I H I Hi-11Lfr%. In] n;f. rl3 rf ;ffi At fB] Jr~U :im i~ .?f[SA1=f ~JU j ..ftl *'~' Iii~ jl;Jll 

~fr!!& k - oo. Pk .E.i ¢kk frl5~:1iifll~~~ffiffi'ifrfr-1J\iliV*'.i9J. J!fifif!tl~{lE~lltfiJ!l6{9!11!=;1, 
~, U, f'F* § ffl :k * !/&~ ffil rJ ffl :k * !/&;(£)!E US ::5 f Mi-zFn -~fll~ 1,J I J \ {J[ V*'. i;}J Aif, ft~ 'tff 
t£ r ib:~f~fflJc*tt~~. 1r~·m& r w:;fff$fflJ:*f{rr~J&~ f ~frzFnIE1· 1n,~¥1J 
~ffiffi'Jlrftjf[~~Z9J~? 

~~~J:~~~~~~m.mxw~J:*8*fiAN~~~~~-ffiff*nffl* 
*!/&.filffi! Fl ,ffl;>c*!/&El~ Jlr{~ 0-,{fnT ~ fAf il}J~£r~~B<J5Hfr A!n 1$ :1\ f.f-iiit J.fil(Jf.J11Jl*JT . 

.Jankins .f11 Watts =f 196 1:J::i.iEIIJ:l 

E(pk) = ( 1 - ~) Pk 

mJliJt~iJ?., w:f-F*ntE1**~~.~,f-*n,t13**~n<Jif~1,~Hm. :11 k JE-OJ$::knt ,ttH@--¥­
~JJY1J r1 ffi;>c*!/&.¥fft m~ii~. tf Pk - 0. 

tHI Bartktt 0:i:\':i r-m:-tF* l1..fRx*~B~1J:& 

Var(pk) ~ l t p~ =} (1 + 2 t j/~11), k > J 
1n=- 1 m = l 

~ff*~ii n 1t:0-::kBt, fF~ A -tUx*:f&ili{i;J.HIV).IE~*,{f5: 

Pk~N (o.i) 
Qucnouille i..iE~ I f-F~ffil ~ ffl**fxfilfnJf'Fili{~nliM.~ 1'-IE~5f ;fjj: 

~ . ( 1) </Jkk ""'N 0, ;_ 

;t!HJ;tiE ~0-111 of.J·~ 1W:, 11 

( 
2 ~ 2 ) Pr - y'ri ::;;; Pk :,;;; y'ri ~ 0.95 

( 
2 ~ 2 ) Pr - .,fa ::;;; ¢kk ::;;; .,fa ~ 0.95 



lfr IV. nJ IV. :fiiJffl 2 1tlti rt~ 1£Hm 4l1H!h i11 ~ . 
~*ff*~ffl-*¥~~fiFlffl-*¥ft~M~~d~OOH&M2ffl~m~~~,~ 

Fn JL-3f 95% A'~ Fl ;tn-*¥~tilW~tE 2 1i'Tfir1P-~i'!~ltHf;l VJ P-J, TITT!LFEI =IF~ 1HEJ3c-* ~~ 
V~jg1MirBUt'Js{Ji:j:;fi 11::1tr~tt. ~At, illi1tti~t.111.fEl.k*fnbiJ:§. ~~~fl"~~ d. 

~1:i:~~Mii:t 5% n"Jff*RifD3c¥~1iA 21;Hir1'1~~1rL!llz.5'~. ~~FR&.~~F:;:a'~ 
FI fflJc*~$:~:1,JI] {1i:tlffg]A<JM5fi l:t!t?x:~·tf~~-11::~f:ii~. J!D{. illi1ft~t.J § ffl** 
~~lit~. 

[ i§1J 3- 9 ] m~ir~a~,tl~Htl.ff rnso 2oos 1if:J~~lll~~.&;&t-JN.iit~~&!.f 
Jfr!~fil~~J'f:YIJ (~fflJ!l* Al 8). 

> a < -read . table("E : /R/data/file8. csv" ,sep="," ,header=T) 

> x< -ts (a$kilometer, start=1950) 

> plot(x) #~*-*'100 3 9 JiJ(ij';-

• sill~~~ 

0 ,,., 
0 

0 
If") 

1950 1970 1990 2010 
Time 

> for(i in 1: 2) print(Box.test(x,type="Ljung-Box",lag=6*i)) 

Box-Ljung test 

data: x 

X-squared=37.7538, df=6, p- vaJ.ue=1.255e- 06 

Box-Ljung test 

data: x 

X- squared=44.6196, df=12, p-value=1.197e- 05 

• ~ffitJ~ffl~IIJ;fll~ l~Hi:I~III 
> acf(x) #~*-.-itol!J 3- 10 Jil( ,r-

> pacf(x) #~;1Uol!} 3- 11 Ji}j" ,r-



Lt-
u 
<( 

t:.L. 
u 

~ -
V) 

0 

0 
0 

If") 

0 
I 

<( 0 

Series x 

0 5 10 15 
Lag 

Series x 

td O ___,_._..,-.--.,......_,.---.--,..........,__,....._..--.--'-I 

-~ 
Q.. ~ 

0 

5 10 15 
Lag 

at/¥0000 3 9 ~lR, ffjUY9:~~~~~3JZ-lMffiE. R~F-i~~Kt.lRJ¥}1Jffi~.tltzfiiJ 
m:~~.ffi9c9c¥, '1.:l~Eil!JkF-iffjU. 

00 3- 10 JJ}.lR, ~T~:i!s lrv3 ms1~ Eiifl33c¥~tE 21{rti~~f11~z;,~, :Jt1tl!.m~ 
at @I .ffi9c¥fitistE 2 ffftim~11111JP-Jreu0. mtm Fl ffl1e¥eatl!-t-%:.~nJi;,tj:1J~F¥ 
JUJlff~W1ffi9ctt, Jt!:-~.:liifl~Ffjflfl-~-

1I}Jt!:-iv~- § ffl;1c¥~:a-¥IJ$A<Ji1:W, pJi;,t;gJIJ~rYH&atiE~~~®L~, J! 
~~§.ffi1e¥fx~-~~~~- -t-~~atMW,W~- -t-~-ffi~ati:tfi,J!~Fl.ffi 
;1c¥fil-O!~atJt!.~~ftE, ~ffTnJ i;,t1Eti~~fi[l~~!ti1JnHi'1 "~~m~ff;1J(". 

MFa~--Fl.ffi9c¥e§.~$atM~-~T1rv2~-Fl.ffi*¥et1:2ffl~m 
~t11emz;,~, Jt1t!!~es1:1i1iuEI.ffi**fx~t1: 211Hlf\<ft~1i1~P-J, l!~- -t-i1iuFlffi** 
e 2 m~~at-.~~fiE, ~ffJaJi;,tfEj~Ji11~~~filJ~~11Mtj£1J "2 ~zFa~fiEiJ~JJ(, 
.:li!P.::1::::1 ,v -J t; i5 d" twc.~7J~'1-{.,HH I\\"\ • 

*19iJ4i, mtmEI.ffi*¥elf!!~. -WUE1;t§;1c¥e 2 ~ft~~tt ~1nnri;,tmtv~Jfl~m 
-frffi~jJ AR(2) ffi~-

[ f§tl 3- 10] ~~,fr~at ARMA ffi~t!l-@-~;H~f4~m~fM;!lt- )J071BM~- 57 

72at OVERSHORT ff~U (~ffiJA!,* Al 9). 



> overshort< -read . table("E:/R/data/file9 . csv", sep="," ,header=T) 

> overshort< -ts (overshort) 

> plot(overshort) 

t: 
0 
ll) 

0 
..r:::. 0 "' .... 
1) 

> 
0 

0 
0 -I 

0 IO 20 30 40 50 

rime 

Ill 3- 12 OVERSHORT )¥;91Jft-t/¥:III 

• ~Plpi~~ 

> for(i in 1 : 2) print(Box.test(overshort,type="Ljung-Box",lag=6•i)) 

Box-Ljung test 

data: overshort 

X-squared=20.2386, df=6, p-value=0 . 002511 

Box-Ljung test 

data: overshort 

X- squared=31 . 3659, df=12, p-value=0.001732 

• ~$1J ~ ffl~lll~14iu ~ ffl~lll 
> acf (overshort) 

> pacf (overshort) 

# tt ..llU111 00 3- 13 rJj"-ir­

#tt *--:l(lJ 00 3- 14 p}j--;f-

ovcrshort 

V) 

tJ.. c:i 
u 
<( 

0 
c:i 

ll) 

c:i 

0 5 10 
Lag 

15 

Ill 3- 13 OVERSHORT )¥;91J ~ffl~III 



Series overshort 

C"'I 

ci 

i:.c. 0 
~ 0 --+-r--m-,-,..---.-----'---'--r--r-r--'----'---r---'-----Y 

~ 
-~ 
0. ..,,. 

ci 
I 

5 10 1, 15 

Lag 

(JJ 3-14 OVERSHORT )¥91Jf.liij~ffi:*:!JI 

at ff I!!~-~ ff JIJ ¥9:~ ~'fil.~ Er'./~~ f-.ffi ~fjf. 
§ffl*OOJN.~r~T~Jls 1 Wi-a<J §if§**~K 21trtj1-ft§:/ri1J1z>'r, Jt1tt!.Wi-~~ § 

ffl-** ~f~iE 2 fif tj1ft~Hri Pm pg U€ zsJJ. t1Hf. Fl ifl3-**~ ~J!-1'-~ ,~ PJ k) #tl ®ritff 3iiJ A 
~mJ!l3ffl.*tE, :itr- ffef!fUi:ff3iiJ1JL~- ~at, nT!:Ji,A.1;-~ffJ°IJ §if§-**~ 1 f!fl-Jx~. 

1Rio Fl ffl**~Jfil.~ t1:1~~Jx~~·timt. ~~itff3iiJ F-1 ffl**~.f-n1Rio Fl ffl**~l¥J·ti 
mt, 1:rtp,{~fJ~JEf!fl-1g MA(l). 

[ f§1J 3- 11 ] :]21;:f'.¥~~ Er'./ ARMA :fl:ru!:tp,{~ 1880- 1985 ~~3::J<E(.~f-:l::gfJJ!J3ti;Jl: 
3£tii§: :fr ff 3'1J ( ~~E(. *f-:1::g ¥Ji!]Jt ?!x?:Jtffiff 3itl JJJ..* A 1 l O) . 

> b <-read . table ( "E: /R/data/file10 . csv", sep="," ,header=T) 

> diLx<-ts(diff(b$change_temp) ,start=1880) 

> plot(diLx) #~;fl~l!j 3- 15 fofrir-

• S~JE~~ 

N 
ci 

X ; 
'--1 
-0 N 

ci 
I 

-.:t: 
0 
I 

1880 1920 

Time 

1960 

> for(i in 1: 2) print(Box.test(diLx,type="Ljung-Box",lag=6•i)) 

Box-Ljung test 

data: diLx 



X-squared=17.4362, df=6, p-value=0.007807 

Box-Ljung test 

data: dif_x 

X-squared=26 . 2659, df=12, p-value=0 .009841 

• ~ltlJ l!H€1 * !PfiOftu ~ ffl * Ill 
> acf(dif_x) #~*11l'ffi 3 16 fo/j"-.F 

> pacf(diLx) #~*-:k1100 3 17 fo,r-.F 

0 

'D 
0 

L1... 
u 
<t: N 

0 

!"'I 
0 

I 

0 

N 
0 

L1... 
u 0 <t: 0 
«i 
-~ 
"' ~ 

N 
0 

I 

5 

Series dif_ x 

10 
Lag 

Series dif_x 

10 
Lag 

15 20 

15 20 

§ ill3c * fx:;fl:I tffi! Fl ffi3c* ft.itg ~~ t~ ~~~ ~·!'£,&):, FRI lit riJ ~) ~iA19!ffl ARMA(l, 

1) mil-itfFJU. 
1-1 T Jr-ii iM ~ l'Jg -t-A~~~ JE rm~~ s1~ ti ID! iJ1JJ1J ~ 1-ft :ri.ffl ~ roJ :1m, R ~ #t T 

auto.arima Pl<ifx:. *pjgfx:£-=ff~),1:fil:fiifJ\}E(y!lj § ~iJU.liJfflffi!~fx:, JHftt±:litJJID!~ 
~~1lii-riit ~~[=§ auto.arima ~,~, ~~5'crt! zoo ;fil forecast ;l:i}'f§, Jt-ffl library 

iJ~HJ:i!p;,;j,t-;W}'f§. auto.arima pj<j~(fJ-M"~:m:a::tmr: 

auto.arima(x, max.p=5, max.q=, ic=) 

;\ 1': 
-x : '.t~~ltft-{f.Jjf:91].£. 



-max. p: m ;tm* :fdtl!i ~ Ffr~. ~4tfi.trt ,t{r,J-it", .% Yc..fHJdti.;!J 5. 

-max. q: ;l}i;IJ-'l'- HJ.% .tt.Jli ~ Ffrlt, ~#fi:trt ,t {r-J-i-5, ,rd.ic.1.H}.. {ti.;!; 5. 

-ic: .trt,t1t.tit;J!Jil1J .ic ;;tf 11 aicc", "aic" :fi:, 11 bic 11 ~1'-:i!~ . .%t.ic. .!fki}.. AIC ;J!!il1J. 

1f a,j m~::f IPJ s<J f~ .@Ji 11tJJl1J ~ ~•m~ s<JifUJU M-~7G fnJ. 1f a,j * m~ IE s11m~ ~fl­
~~ ~-=f ~~ M-~. 

¥f-Wu 3- 9 It-Wu 3 11 ffl auto.arirna m~JEM°, nJk,{~J~i!==.1'-Wtl-=f*tlt:F.!$JJE 
M-~-~~filmM~ffl*OO~-~ffl~OOAEM°~~-- B. 
> library(zoo) 

> library(forecast) 

• f§1J 3- 9 ~ tft ~ ~ '.iE IJfl' 
> auto. arima(x) 

Series:x 

ARIMA(2, 0, 0) with non-zero mean 

Coefficients : 

ar1 ar2 intercept 

0.7185 

0.1083 

-0.5294 11.0226 

s.e. 0. 1067 3.0906 

sigma-2 estimated as 365.2: log likelihood=-258.23 

AIC=524.46 AICc=525.2 BIC=532.77 

• f§1J 3- 10 ~tfc~~'.iEIJfl' 
> auto . arima(overshort) 

Series: overshort 

ARIMA(0,0,1) with non-zero mean 

Coefficients: 

ma1 

s.e . 

-0.8477 

0.1206 

intercept 

-4.7945 

1.0252 

sigma-2 estimated as 2020: log likelihood=-298.42 

AIC=602.84 AICc=603.29 BIC=608.97 

• f§IJ 3- 11 ~~~~'.iEIJfl' 
> auto. arima(diLx) 

Series:diLx 

ARIMA(1,0,1) with non-zero mean 

Coefficients: 

ar1 

0 .3926 

ma1 

-0.8867 

intercept 

0.0053 



s.e. 0.1180 0.0604 0.0024 

sigma-2 estimated as 0.01541: log likelihood=69.66 

AIC=-131.32 AICc=-130.92 BIC=-120.71 

3.3.4 ~~fcStt 

~~~H!l&t-lUrJz.Fn, r-±P-wt~~5f,Jffiff9UB':1xit~ffiJ~JE1*ffi!XMa<J r=i1~, en1t 
·it~ru! 4t ~ 9;0~fiB<Jffi. 

xtr-1-~~qi,C.,1-t ARMA(p, q) ffilli!, ~ 
8q(B) 

Xt = µ ,Pp(B) €t 

5:trf=' €1 '""W N(O, a;) 

8q(B) = 1 - B1B - · · · - BqBq 

,Pp(B) = 1 - ¢1B - ... - ,PpBP 

1*ffiffi!~*~ p + q + 2 1-*~~fl: </>1, · · ·, </>p, B1, · · ·, Bq, µ. <1;. 
~fi JL ~ffjlJ~{i;L ii1tnf~ffiilH?iit1fr!, fflf-f*:8J{i[1r'iitl~1,1*:MJffiepnJ1iiUB 

R':J1r'iitffi: 
rt 

I:: xi 
~ - i=l µ =x=--

n 

Yt = Xt - x 

mt p+ q+ 21-f.¥-ft~~~d>:1-J p + q+ 11': ¢1, · · ·, ¢p, B1, · · ·, Bq , <1;. M:i! p+ q+ 1 

1'~9;l]~f£B':J1r'iif1ff!~ - .frfr: ~-fii1f, f&::k{bl?'&1r'iif~ft;J\= *1tit. 

-, ~fc5i.t 

~Jf.J P + q 1-f-f7't § ffl3c_¥\f{1tHJ~,{~q§ ffl3c.¥fi 

{ 

P1(¢1, · · · ,</>p,B1, · · · ,eq) = 'iii 

Pp+q(</>1 ,· .. ,~p,B1,·· · ,Bq) =Pp+q 

Mrrmilit¥J~~m ¢1, ... • Jr,,01, .. . Jq tJt~ <1>1 •. . ·,¢p,e1 ... . ,eq a<Jm1t-it. 
ffl}'f:9ij;W7js:1f~itittff~lj,~,~1f~ 

o=2 = _1=_1 __ _ 
X 



t£ ARMA(p,q) tJtID!lmJnjP}Elt>J<Jf~, mJJJHi¥Ll u; ~=p u; B<J~?J&j~~ 

2 1 + <t>I + · · · + <I>~ 2 
a = a 

e 1 + er + . • • + ei X 

~2 ~2 
~2 l + ¢1 + ... + <Pp ~2 
CTe = £12 -: ax 1 + e + ... + e2 

l q 

(3.42) 

[ f§1J 3- 12] >.K AR(2) ti~ xl = ¢1Xt-l + ¢2x't-2 + Et i=p*~ll~~ ¢1, ¢2 o<J~ 
1~-H-. 

JnlJ 

,fiHi Yule-Walker ;f~, ~ 

{ 
Pl = ¢1 + ¢2P1 

P2 = </>1P1 + ¢2 

[ f§1J 3- 131 JJ< MA(1) tJID! Xt = E, - e1 Et - 1 rr*9;U~~ e1 a"J~1~i-r. 
~ffi MA(l ) ti~ El ~1,~~~B<J·~J,W:, ~ 

{ ,o = (1 + Br)a; ,1 -lh => p - -
,1 = - e1<T; 1 

- ,o - 1+eI 

~re MA(l) ,tJHt!s'-JPJi2!·~~14 IB1I < 1, Pf1ifLl:t:9:il~~Et''1rlft-fff 

~ - 1 + J I - 4pf (:Ji = -----'---"'-
2p1 

[ f§1J 3- 14 ] J.R ARMA(l ,l) {lID! :cl = ¢1::cl-1 + Et - B1 El - l i=p*9;[1~~ ¢1, B1 

s<J~1~it. 
~ffi ARMA fJiJJl/ Green pj<1~D<Jiitft05:t;, nJL;JJifOYEW: ARMA(l ,l) fgJ;ID!s{J Green 

EJ<i~::;/;J: 

Go = 1 

Gk = (¢1 - f/1)¢1- 1, k = 1, 2, · · · 



9!1J 

(3.43) 

{Et.& .k {~ rt rtHJlff, iJ-. ;g~* * ii ~ it: ¥<o7fs: 111 .f~ ~ rf :&ck a<.i ,~J~. [:kl Jtt/K iil ~:J& 
n<.iWck{~rt11iit-JJ)t~1~1tH1;H:tP1<11& 01n~Jc1t*Otl'l<1!/&) ~11Jft::kl'l<.i~ttffi. 

L(iJ1 Jh, · · · , #k;J' l , J'2. · · · Jn) = max{p(.r1 ,.r2, · · · , :rn) Jh Jh. · · · , f::lk} (3.44) 

1st!JIH.&.k{l2-lr.~1,~H&,%i B 7--fte'!J.ti:.o<J)t;(fi P!<i~. mi ,(f n,J11:iJff:YtHHrri=1:i. ffflj,~, 1,11:(J<., 

5r;fJJ w·m ,!ik~tM,<.i. JJ1I r-tHrr 1mt1r illi 11t1Bli1Jr::?°UB~b\~ 5GiE~5t1ii. 

X = (X1.···,Xn) 



/3 = ( ¢1 • .. . • </>p • 01 , • . . • 0 q) I 

E n = E(x'x) = na; 

00 

I:c; LG1G1+n l 

i=O i=O 

n = 
00 00 

LGiGi+n l I:a: 
1= 0 =O 

x s{J{l}J.~pfq~:;h: 

L({3: x) = p(.r1, .1:2, · · · , .rn: (3) 

= (2:rc) - f 1Enl1 exp { - x' E/1:i} 

.. " I { x'n 1x} = (2rr)- 2(a:) - 21n1 - 2 exp ---
- 2o-; 

x,t~{rl.~ ri<,!J&Jg: 

1((3; x) = - ; ln(2n) - i ln(o"i) - t ln 1n1 - 2:2 [x' n - 1 x] 
E: 

~~ft~~~ft~~7K~8B~-~ft,ffl~~~1r@ffl 

{ 

8 - _ n S(i!J) 
Da/(/3; x) = - 2a~ + 2a: = O 

a_t(f!J x) = -~ a1n 1n 1 _~as(~) = 0 
8/3 ' 2 8/3 a; 28/3 

:rt~, s(i!J) = x1n - 1 x. 

(3.45) 

m!itr, >Rfffir1J11u11. (3.45) &pqQJ¥'J*~•aa<:i*&JefrJ.~1titffi. {s~, B3-=f s(i!J) 

*° lnlnl $~.J! i!J A<:J~:rt~~rtl¥J, lz;!Jltfl}J.f't:nWtEI. (3.45) ~~iJ:.~f!l p+q+l 1-.Mf 
~nwt~nx:a<:i. 5m11tmr~~iii:~1¥J~f~ff?t:t~~>}(H1;>K~•fta'~t1::k1l}J.fi.?ftiitffi. 

*jg11<:J~, n rrui 1·JF-tJLtt7tt tt~.tt~. ~i/f ~mH~fLJ:nJ tv.4flH1)15ttfr, {t"qJ>R 
ARMA fl~ (1<:J~::k{l}J.f'~1tiitffi1*;7'J- {lf1lH~£ '.%lma<J~>lff. 

f&:k{rl.?'&{rHI- fE71' J.w}l1T 4.ij;- ,t-XW.~ffiYrlHtt11<:J{~,~,, ~rffi'tl¥J1titffiJJtjiaj, lnJ 
a-txE~~ 11ii i- r,<:i- J&·ti: , ¥-mm:IE~tu:-n r.+Jdli ~ ~·11:~ iti: ~{Jt ~ s<:i ~ it·ti:mt, ~-f4,~F 
'ffi' tt ~ s<J •n 1 M 1-1r?t. 

tE ARivIA(p, q) ,f~~.1$.,#, ic. 

f!J = ( ¢1, . . .. </>p- 01 , . . . ' llq )' 

F,(i!J) = </>1Xt - 1 + ... + </>pXt- p - 01 € 1- 1 - ... - OqEt - q 



n 

- "' 2 Q(/3) = LJ £1 

t=I 
71 

= L (.Et - ¢1:C1-1 - · · · - <PrXt-p + B1£t-1 + · · · + BqEt-q)
2 

t=l 

~r!£1JZ-nfil~f1J:&,N1<JR~m~!/&u!u1n7'J ~ (1<J~,1\=*11i11-m. 
ai=fllifrtJH1ti9J £1 1,Et-2 .... ,,FnJ~im~, lfr~J, Q(ffi) *~~ ~ t~Rtt~tt ~~~ 

ttB'~~,1,=~1Htrtrffi:iffi 1tm~~m w1~1t1*.:.j( :11 . rti r.1E?tt1Jn=rr J¥:~1Jm~ffi8'-Jf~.~., 
lz;!Jlt:lfVJ\=*Ni H-s~tr'rJJt11H'fi. 

tI~JiiliJ u r:,,, Et# .m e<JJ&:?kftt-m:,1,=*1r1i1t1rM:. ~frJ~:i:i ~:,jii:%{1,?9J1J¥1Ja<JJ:¥~,J 
ffi~=f~. ~p 

Xt = 0, l ~ Q 

*•~~~~~~m~~~~~~~~~*~~: 

w(B) 
1 

Et= 8(B{' = Xt - L 1riJ't-i 
t=I 

n 

- "' 2 Q(/3) = LJ £1 

i=l 

71 [ t ]2 = L Xt - L 1riXt-i 

i=l i = l 

(3.46) 

iffi:i:i~1t1*, 15/!A: (3.46) ~f1Jfi:1J,ffil'l<J1titffi~P7'l~tt /3 a<J~14:lilfJ\=*11iit. 
R if.§~. ~f£1titlffi:i:iif/3ffl arima fl<i~ic.6~t, W:fl<ifif:J<JiP1t'.mA:7'J: 

arima(x, order=, include.mean=, method=) 

A 4': 
-x: ~:iit.4t-~13t!;ji;J.i'-{r-J}T•71J ,-g. 
-order: t~,t~3t!Jlfr.ft. order fC(p,d,q). 

< 1) p fJ m w !13 Jlfrlt.. 
(2) d /:J ft 73'-Jlfr4t, ,f.. "¥ ;f. i:;V lilft 73'- fu]_M, fi}f v:I. d=O. 

( 3) q ;17 ~} #J-t .l$J Jlfr 4't . 
-include .mean: ~-°1'~~-*~;t~. 
(1) include .mean=T, 1;-l-.ti;t~~ Jt~, i!-t.,'L%#i..f)(.-i)..i.ti'... 
(2) -iiu*-.;f.1; ~ti,;i.i--~ M:.~, '.t~~f }!1] t~ ,t include. mean =F. 

-method: t~,t*-4t1t"it~;:t-. 
(1) method="CSS-ML", .'?);:i)..b-~/l.~14-~ 1J,.:::..jftlj~:k.1iJ.i~1;!,ifi~%~;:!-. 

(2) method="ML", ~:k.{~r.-/;;1i!rit. 
(3) method="CSS", ~,ft-Jli_,J,.:::..*-1;!.if. 



[ f§1J 3-9 ~ (1) l fef[]Ji:: 1950 20081:f::f.i/JillRll~~.&;&,r-J19::ii~~&1f:g(r:1:~_m~ 

~ff:>1Llt!lfottj~(:1{j D 12. 

> a<-read. table (file=11 E: /R/data/file8 . csv 11
, sep= 11

, 
11 ,header=T) 

> x<-ts (a$kilometer, start=1950) 

> x.fit<-arima(x,order=c(2,0,0) ,method= 11 ML 11
) 

> x.fit 

Series: x 

ARIMA(2,0,0) with non-zero mean 

Coefficients: 

arl 

s.e. 

0.7185 

0.1083 

ar2 

-0.5294 

0.1067 

intercept 

11 .0223 

3.0906 

sigma-2 estimated as 365.2: log likelihood=-258.23 

AIC=524 .46 AICc=525.2 BIC=532.77 

~1"!ii$:ff1Ll t=I ffi:k~-tn~ II ;fR:k~, l~ff1~· t$:ff:91JJEM-1'J AR(2) ~~' ~J=!Hlt:k 
{i;,trt1,~i 1-reffJJE ittlID! o 12J-1: 

€ / 
:r1 - 11.022 3 = 

1 
_ O. 

718 
SB + 

0
_
529 4

B 2 , Var(c t) = 365.2 

11.X:$'f-~;11r ~jg: 

Xt = 8.938 3 + 0.718 51:1- 1 - 0.529 4Xt- 2 + C/, Var(c1) - 365.2 

[ f§1J 3- 10 ~ (1)] fefOk'*l'.lilll~:rtL~fM~- JJrl~htrtii~ 57 :*:s{J OVERSHORT 

ff:9Llfb(-frtl~s~ o 12. 

> overshort<-read. table( 11 E: /R/data/file9. csv 11
, sep=11

, 
11 ,header=T) 

> overshort< -ts (overshort) 

> overshort.fit<-arima(overshort,order=c(0,0,1)) 

> overshort . fit 

Series: overshort 

ARIMA(0,0,1) with non-zero mean 

Coefficients: 

ma1 

s.e . 

-0.8477 

0 . 1206 

intercept 

-4.7945 

1.0252 

sigma-2 estimated as 2020: log likelihood=-298.42 

AIC=602.84 A!Cc=603.29 BIC=608.97 

;(£19~ 3 10 9=1 , JJGff1tHb:ff':YLlA~.m1t~~JEM-7J MA(l) -mlli!, isl!J:f:Hk{4il!J\= * 
f1iit, ~~HffiJEittllli! t1 lt19: 



Xt = -4.794 5 + (1 - 0.847 7 B)€1, Var(c1) = 2 020 

[ i§1J 3- 11 ~ (1)] fif(j}E l 80 1985 1f~J;jc'-='(.~5JZ-.15Ji6tr.JJt~!{~li7tlT-71Jf~ 
ii-fflffi!a{J i::::i ~1. 
> b<-read. table("E: /R/data/file10. csv", sep="," ,header=T) 

> dif...x<-ts (diff (b$change_temp), start=1880) 

> dif...x. fit<-arima(diLx, order=c (1, 0, 1)) 

> diLx. fit 

Series:diLx 

ARIMA(1,0,1) with non-zero mean 

Coefficients: 

ar1 ma1 intercept 

0.3926 -0.8867 0.0053 

s.e. 0.1180 0.0604 0.0024 

sigma-2 estimated as 0.01541: log likelihood=69.66 

AIC=-131.32 AICc=-130.92 BIC=-120.71 

x1 = 0.005 3 + 0.392 6.z:1_ 1 + c:1 - 0. 8G 7c1- 1 • Var(c1) = 0.015 41 

fflffi!~R•tt~~~~~~~-ffl~~~tt. - ~ffiffl~~H~~~~~-~~ 
lfll. a<.J m ,~Ji~ 1E5t. - ~HA'~ m ii-~ ruEt~tfl~{f ~ I& xW.~ffiFf ~1J rr JL 1-§f ;(f A'~ f-f *,m 
:kffi,@,, ~ ~Z, 1~tr~;&J]n rj,~~P}iKit~flfriJ -tllkf1Lli!,, Uflfj&Jr~Ll Jjiz ~1'] r'1 U*f,f fr, 
~,J . J! ¥<: a1~ iu~~ #1,1'1 rca •~ ~ifl ~ . 

&z, ~ojJHi&ff.~1J 1'l IF n nip, Ff ~Ll, nr~8Jt~~3tlf fi&ff f1J i:J:i ~fj t¥1 ~ -tllfa:fff ,~, 
~11f ~I&, J!wti~nJH~1r~~~1iJ.t~~i, w 1i'1¥ir~ lzHt ltftht~m, ili~m'fr. 

ftfr iv.-tjffi!n<.J ,~.:it!:~~en 1'1Yi~ J'¥f1J u<1 R %@;+i ~!Ji. J)j(ff!xi!it.fil~~fli 1&f}JJ1JJJ: 

Ho : fl1 = P2 = · · · = Pm = 0. Vm ~ 1 

H1: ~Y'tfif.~i'" Pk # 0, Vm ~ 1. k ~ 111 

:f&~tftHiil:1'1 LB(Ljnng-Box) ~!Jf.i.tJtil--1-It: 

LB = n(11 + 2) I:, ( n ~ k) "' x2(111) . Vm > 0 
k =l 



~11~1Het~®: f~~. JlJtiJtaJHl~W:fftl ~ ff~ oo ~t§*f1t!~l. :J'f.littlID!7G .)'fil.~. ~n*:;f 
~~:tet~®: f~~, J¥JtiA1IttlitffiID!~'fil~~tx. 

[ -f§1J 3- 9 ~ (2) l ti~ 1950 200s ~~~rJmJm.&;&tt-N:~~Jij-iPPlfr:l:~fil~ 
~W:JtlttlittlID!B'~lrt.~'~ (a=0.05). 

> a<-read. table (file= 11 E: /R/data/file8. csv 11
, sep= 11

, 
11 ,header=T) 

> x<-ts (a$kilometer, start=1950) 

> x.fit<-arima(x,order=c(2,0,0) ,method=11ML") 

> for(i in 1: 2) print(Box.test(x.fit$residual,lag=6h)) 

#X'f ~\~;f §1] x. fi t$residual i!tfr E1 "=*jlq{t~ 

Box-Pierce test 

data:x.fit$residual 

X-squared=2.0949, df=6, p-value=0.9108 

Box-Pierce test 

data:x.fit$residual 

X-squared=2 .8341, df=12, p-value=0.9966 

EET~lm-M:iKr LB ~itiit~ P ffit~~~::kr 0.05, AJVJiA1;~1-ttlirfflID!~~ 
~J¥J1J ~ra11w{FaJ¥J1J , ent~mirtlID!l[~~~Jc. 

[ -f§1J 3- 10 ~ (2) ] :X;f OVERSHORT J=f~Ll EJ{J=n;J.-@-fflID!:it!:fi~~. 

> overshort<-read. table ( 11 E: /R/data/file9. csv", sep= 11
, 

11
, header=T) 

> overshort<-ts (overshort) 

> overshort.fit<-arima(overshort,order=c(0,0,1)) 

> for(i in 1: 2) print(Box.test(overshort.fit$residual,lag=6*i)) 

Box-Pierce test 

data:overshort.fit$residual 

X-squared=2.984, df=6, p-value=0.8108 

Box-Pierce test 

data:overshort.fit$residual 

X-squared=8 . 4545, df=12, p-value=0.7487 



[ -w~ 3-11 ~ c2) l xr 1880 1985 1:p~r-¥'=C.*SJZ-HJWdJt?5C~&&::5tff f1Jm-% 
ffitt!littfi~~-

> b<-read. table ("E: /R/data/filelO. csv", sep=", ",header=T) 

> diLx<-ts(diff(b$change_temp) ,start=1880) 

> dif..x. fi t<-arima(dif ..x, order=c (1, 0, 1) ,method="CSS") 

> for(i in 1: 2) print(Box.test(dif_x.fit$residual,lag=6•i)) 

Box-Pierce test 

data:dif..x.fit$residual 

X-squared=4.593, df=6, p-value=0.597 

Box-Pierce test 

data:dif..x.fit$residual 

X-squared=9.1007, df=12, p-value=0.6943 

~&~~tei*JrVf, ~&ff3'1Jr.iff'Jl.7'Jr'l~Jr.Ff3'1J, J!i.Jl.13.JH~-%ffitt!l ARMA(l , 1) ,'w. 
JJf~-~-

~fxB<J~.JJft!Jft~gjc~~~~t:i:- 1'-J!c~~fx~~~JJf:Jr-~. 5!-t-~~s'-J El B<JR: 
~m ~ :fii:ffitm. 

~o*~-1'-~~::f~JJf, en*~ lt~~f9rMm1¥.tJJ~-t- Fl ~:fix-t~~:l:1¥1JJPtuJ::faJ] ~, 
it EI ~•nr~»-.m-%:mffl! ~~1J~. :fii:~fflID!~EtJ- *71J~~ ®.~~r-~B<i Fl 1tt*J.K· 

t1t~1~~: 

Ho : (Ji = 0 - H 1 : (JJ =/- 0, Vl ::,;; j ~ m 

E(ffi) = E[(X'x)- 1X'y] = (X'x)- 1x 1x'ffi = 'ffi 
Var(ffi) = Var[(X'X) - 1X'y] = (X'X) - 1X'X(X'X)- 1a: 

= (X'X)- 1a ~ 

x1-=f~'t~H~-%ffiID!. 1c fj 7'1 'ffi o'-J:&1!\=~JH~it, ~ 

( 

au · · · 

{J = (X'X)- 1 = : · . . 

Uml 

tEiE~:5t:$1fi~r, ~ j -t-:t:t:0~~(1<JjVJ,=JIHtiitffi "iJJ R!lMiE~51"1fi: 

(3.47) 



~2 Q(f3) 
(J = -­

E n-m 

t1HJ1f IE~ 0-11Hit.Jtl:J:at, ~ 

Q(f) ,.._, \".2 (n. - rn) (3.48) 
(JE 

r:11j:t (3.47) .fn~ (3.48) liJJ;JJtJ:u11l-1J1Jr~g1?z;;lc~~~~lf'l1R<J t +t~tJdt±t 

l=../n - m f1.i "'t(n-rn) J ajjQ(P) 

~~f.@:~!Jf.-Hiits%~:x-tfitkr A 1L1f:f:*J n - m (1<J I 51",tfi(J<J 1 - a 5Hil.,i~, ep 

Iii ~ f1 -o(n - m) 

Y:x~wJi~t!diii!:B<J P 111VJ\ rant. Jfii~J,J:fl3li.9:. i.A.}Ji~·~,'w.Jr; ~JJ!Ll. i-kJr~~~ 
~a•.~~,~~~~~D···MM~~~~-~~ffl*Mffl,~Mm•~.AA~ 
9!ffit1(J{Jffi*tl~. 

R~mm••l¥J&•tt~•~*, - ••~•m•tt~&•~~~-~*m~~~ 
1i•flf.@:~tft:itt1¥J P fit 1#r~Flcil-•~fla{J t t1t:Hil:a<.iut&r1ti1·1:iJ: a<J Pm. 

+~~ t t1titil1¥JJ£5c •~1i1i1tffi.~~•~tff-,1t~flll::h ~•~(1{1 t m+rfJ: 
t = <Pi 

(J 

-1rni1m t 0-;;{f.; P ffii*1• pt a11nriH!t~t1t:H1tc1<.i Pm. rt i*1fii¥1fit~m~11: 

pt(t, df=, lower.tail=) 

i( 'f: 
- t: t ~.itit-f.-€f.J11i.. 
-df : gJ tEJ 11.. 
- lower . tail: .lifti ;tit ~{IV¥ €f.J :if fol . 

(1) lower.tail=T, it~ Pr(X ::,; :r). ~t-t}j..4tlf.::i-•t1.#i:.!!ft, ~*-4-4t1titin.;,IJ ~, it#:-
lower. tail=T. 

(2) lower. tail=F, it~ Pr(X > x). tj--t 4-4'tlf.::i-•t1.t,t-.!!ft, ~"*-4-4't1tit11i.;,IJ .iE, it#:-
lower.tail=F . 

[ f§rJ 3- 9 ~ (3)] ~~ 1950 200s ~l~fJi!IM~~R::&t-t-&~~~'BJ:1¥Rfr~£~ 
.}¥:JLlffi,@-f~ffl!· ~B'~lfil.-·!i (a= 0.05). 

> a < -read. table (file="E: /R/data/file8. csv", sep="," ,header=T) 

> x<-ts (a$kilometer, start=1950) 

> x. fit <-arima(x, order=c (2, 0, 0) ,method="ML" ) 

> x . fit 

Series :x 

ARIMA(2,0,0) with non-zero mean 

Coefficients: 



s.e . 

arl 

0.7185 

0 . 1083 

ar2 

-0.5294 

0 .1067 

intercept 

11.0223 

3.0906 

sigma-2 estimated as 365.2: log likelihood=-258.23 

AIC=524.46 AICc=525.2 BIC=532.77 

• arl ~IUit~tt~~ 
> tl< -0. 7185/0 . 1083 

> pt(t1,df=56,lower.tail=F) 

[1] 6. 94276e-09 

• ar2 ~lt.fm.~tt~~ 
> t2< -0.5294/0 . 1067 

> pt(t2,df=56,lower.tail=T) 

[1] 3 . 43633e-06 

• ~li1¥JJm.~tt~~ 
> tO=ll.0223/3.0906 

> pt(t0,df=56,lower.tail=F) 

[1] 0.0003748601 

3.3.6 m~11t1t 

~-~m~•mwMT~~,~~~-~1¥.J•m*•~,~•ffln•w~*m~ 
~jfffiJ¥71J!¥.J~i;/J, {l=lj!fip,(f~-ffl#~:liklli- (tt). 

[ f§1J a- 15 l ~atl'sJfsJIWi, ii~~~~?!Kf.t~&Etra<J 10 ~M~~JJis, t~~- at 
fBJJ¥7U (~Ilisfil~ Al- 11). lltMi~ff~U:itl:fit!l&l- (o = o.05). 

> x< -read . table(file="E:/R/data/file11. csv" ,sep="," ,header=T) 

> x< -ts(x) 

> plot(x) 
\ 

#~*-110!!1 3- 18 fo]f-F 



0 r--

X O 
V) 

0 10 20 

Time 

• ff~IJSIIIJ5~~ 
> for(i in 1: 2) print(Box.test(x,lag=6*i)) 

Box-Pierce test 

data:x 

X-squared=20.2091, df=6, p-value=0.002542 

Box-Pierce test 

data: x 

X- squared=21.6219, df=12, p-value=0.04198 

• ~ffi!J ~ ffi ~ Ill !ii~ l~Hlb't~ Ill 
> acf(x) #~*-"$ll!J 3- 19 P)f-F 

> pacf(x) #~*-:!tol!J 3- 20 P)f-.F 

00 

0 

µ.. tj-

u 0 
<1'. 

0 
0 

tj-

0 
I 

0 5 

X 

10 
Lag 

50 70 

15 



N 
0 -

Lt. -
u 0 
<( 0 

I 
-;;; -
-~ N 

0 -0... I -
"'T 
0 -

I 

I I I 

I 

5 

Series x 

I 

I 

10 

Lag 

I 

I 

15 

Ill 3- 20 -f.t~&~ff91J{fij ~ffl*lll 

• j~.g- MA(2} ffi~ 
> x . fitl<-arima(x,order=c(0,0,2)) 

> x.fitl 

Series: x 

ARIMA(0,0,2) with non-zero mean 

Coefficients: 

mal 

s.e . 

-0.3194 

0.1160 

ma2 

0.3019 

0.1233 

intercept 

51.1695 

1. 2516 

sigma-2 estimated as 114.4: log likelihood=-265 . 35 

AIC=538.71 AICc=539.32 BIC=547 . 7 

• MA(2) m~.lm~tt~~ 
> for(i in 1: 2) print(Box.test(x.fit1$residual,lag=6•i)) 

Box-Pierce test · 

data :x.fit1$residual 

X-squared=2.1105, df=6, p-value=0.9093 

Box-Pierce test 

data: x.fit1$residual 

X- squared=3.9217, df=12, p-value=0.9848 

• ~.g- AR(l} m~ 
> x. fit2<-arima(x, order=c (1, 0, 0)) 

> x.fit2 

Series: x 

ARIMA(l,0,0) with non- zero mean 



Coefficients: 

ar1 intercept 

-0.4191 51.2658 

s . e. 0 .1129 0.9137 

sigma-2 estimated as 116 . 6: log likelihood=-265.98 

AIC=537.96 AICc=538.32 BIC=544.7 

• AR(l) ffi~.!m.~tt~~ 
> for(i in 1: 2) print(Box.test(x.fit2$residual,lag=6*i)) 

Box-Pierce test 

data: x.fit2$residual 

X-squared=4 .1678, df=6, p-value=0.654 

Box-Pierce test 

data:x.fit2$residual 

X-squared=6 . 1411, df=12, p-value=0.9088 

IAJ-1'-fT:JLl r:iJ ~ #J :iifjj];j ,t-~f.I:@-ffiID!, Wi 1'-ffiffi! t~JrVJf ::ff t:t ill~~ ¥IJ~ it~ff W~-t­
ffiffi!ffl rt!Eitilltlr~? 

~7-tk::i!-t-!'i:iJ~, i31:itt AIC ~ SBC (BIC) 1~.l~Hft.!i1tl89ffl:~:ittfiffiffi!tJt{t. 

=, AIC >l!i!U 

AIC rft.!i1tl~ES 13=*t!Eit~* Akaike r 1973 1f}JlW189, 1;89~**~fi:;J\1~,@Jitft 
.!i1U (Akaike information criterion) . 

itll.!i1tl89ffi~,~J~t~- -t-ffl-€ttlID189tlt~r:iJ~M.WiJJffi1;;~~: - JJOO~**~~ 
'ffi'~~891ttffl*ffii!jP-{-@-~JjtB91!;,{f&f8!ttffi; J3-jfffi~ffiID!~*~~fx:89-t-fx:. 

im1it{!;,lf&E8fx:ffi.*, i~~ffi!J!H~-@-89t~•M-. ffiffi!~*~~!tt-t-!tt.$, ~~ 
ffiID!~'§.~89 § ~it-$, § ~ti-$, ffiffi!~{t~~~. ffi?i'lffl-@-89rftfii@JjtjI,/c~~~­
mmm-g.~Jjt~~~fl]J9r~~89, 1.E!~~fnx~fi~t,~tlg~ffl-€tfflJJt*ffi:i:ffima9tJt 
~, f5I ~:i!f'F~!JZ,~~it*~~fx:89-t-fx:•$•:!ff. 

*~~fx:~$,~~ffi?i'l~§~i!-$,*~89~~~$.W~~!tt-$,~~~ 
tt89.JJt&'t•*,Mtt89fflJJt&&'t•~-!9r~- 1'-M-89ffl-€tffi?i'l~~~ffl-€tfflJJt~* 
~ ~!tt 1'-!tt 89~-@-fi:tlt~fl. 

AI C tfHW J})t~ tE:i!#~ t!rF 11 tl:l 89, E ~ffl-@-ffl Jjt .fll ~!tt 1'-!tt 89:bDlJl PE1!tt: 

AIC= - 2ln(~~ ~t&_;k1~~ iii ~111)+2(~~ o/ ?K~~~,t~) 



ft AIC ~flit iJ:iii;J\ 1¥Jfflffl!~i}._jJ ~:!ilttJ[ID!. 
{£ ARMA(p, q) ffiffl!:f;m~, xtflfj;JJJBi§fl:.;/;J: 

- . [n 2 1 1 -J l(/3;x1 , .. , ,xn)=- 2 ln(ae)+ 2lnlill+
2
a;S(/3) 

1 1 - n I n 123:.;/;J 2 In Jill ;ff !JF., 
2
a; S(/3) - 2, Jifil,'),xffl1~?&~flEj - 2 ln(a;) nlt.iEtt. 

- 71 
l(/3;x1, ... ,xn) (X-2 ln(a;) 

i:J=t,C.'{t ARMA(p, q) ffiffl!i'.J{J*%J~flf-fljJ p + q + 1, ~l::i:J=t,C,,{,t ARMA(p, q) ;j-J 
ffl11¥1-*~~flf-fljJ p + q + 2. 

Jifi l,'J , i:J=t ,C, ,1,t ARMA (p, q) ffi ffl! EfJ AI C ffi fl jJ : 

AIC = n In(a;) + 2(p + q + 1) 

~l::i:J=t,C,,1,t ARMA(p, q) ffiffl!1¥J AIC ~fl:.;/;J: 

AIC = nln(a;) + 2(p + q + 2) 

, SBC (BIC) }lyrn 

AIC ll9!U:.;h~~!itJtffi~HJHtt7;ff~jl¥J~!ilU, {§.;rJ;m,ff~JEZ*- xtr-1-~~ 
ffi1¥JU im1f, ff 7U ~K, fflJ'd°FL~J91JJ!?tit ~11B'E:5t:!t!!,f!~;rJ; 4' 1¥,,ff J:IH~L~,, ~;Jf i-3?, 

~1fJ!l@-ffiffi:tt~~. W~w~§*$1-§~itl¥J~~fflffl!. tr AIC rftJlUi:J=tt~~iit~ 
f)lH~l¥Jfg,~,~~¥1Jif-'f7fs:~:l:1¥J~:k, 1:~r n ln(a;), {S~flf-fla<Jf~-fi] l~Ff*IJ;fflif-'f* 
~:l:?51:~*, 'ta<J~:m:tr~~~fl 2. INJltttif-'f*~:1:~rx~:kat. IE AIC rl9!U~ 
~a<Jffiffl!~i&itx:rA~ffiffl!, -twi-ttA~ffiffl!Jifi1il¥1-*%1~fl1-fl~$. 

:.;h7~:r~ AIC tft9!U~~JE, Akaike r 1976 1-ft!te 7 BIC li9!U. mi Schwartz tE 
1978 1:p;Jiif* Bayes ~itm1i tl:l 71A.!if-'f 1¥J*IJJJl]f{tJilU, ffFjJ SBC l#i9!U. SBC l#i9!U5E>l:.;/;J: 

SBC=-2ln(~~ ~ tl*-1~M iII ~1i)+ln(n) (~~ t:p ?KJti~~,t-~) 

SBC xt AIC 1¥Ja:it!:~~~*~~flf-fl1¥J~-riJ~'.m:EB~fl 2 ~nlt7if-'f*~:l:1¥J 
xtfliiEifl ln(n). ~it_t_B fil:IY3 ~BC riJJ!Ufeffl5i::1¥Jlililtffiffl!~A~&ifl1¥Jffl~1tiit. 

~JAiiU, i:p,C,,f,t ARMA(p, q) ffiffl!1¥J SBC pj§flJ.,: 

SBC = nln(a:) + In(n)(p + q + 1) 

~j::i:p,C,,f,t ARMA(p, q) ffiffl!a<J SBC ~fljJ: 

SBC = nln(a;) + In(n)(p + q + 2) 

tEJifi 7A W:i:it~Ji 1¥1 ffi ffl! i:J=t ft1f AI C ~ SBC iiEi fl it iJ :!ii 1J\ 1¥,ffi ffl! jJ ffl xt:!il fJtffl 
ill!. zJifi VJ ffF JJ ffl xt:iltJtffl ID! im~ ~~~M :!ii tJtffi ID!, ~ lz;l JJ ft ff1 ~'i:iJ Fi~ tU:itJifi ,ff ffl ID! 
1¥J AIC ;ff1 SBC iiEiflffi, flG1f1,~~:(£~nJn~~ffii1¥J1rf00_!E~~;ff~!l$1-ffiffl!1¥J AIC fl:I 



SBC elsi!ttffi, -Pfmjt~q:i AIC fl] SBC elsi!ttffiJtJU:muJ\s{Jtl~"l'-fJ,Uflf'l::1g:qi~g{Jm~ffi 
ID!, ~ mi:i!fMiiU s{Jft{1Ulru!gJt£--tfflxtftttffiru!. 

[ ,WrJ 3-15 ~] ffi AIC llJJ!U;fil SBC llJJ!Uiffljfjij 3- 15 !:f=lih9-tm~ffiru!s{Jffl 
xttt§J;. 

ti®~*:qo~ 3- 6 MiF. 

* 3- 6 

MA(2) 

AR(l) 

AIC 

538.71 

537.96 

SBC 

547.7 

544.7 

:qi;j\f~L'm,.ti®lfil.7'F5ci-£:£~ffi AIC rlJJ!U:if£~ffi SBC llJJ!IJ, AR(l) mID!:tr5~ 
{jt~ MA(2) ffiru!, M~*{ftll=f=l AR(l) flru!£fflxtft{jtffiru!. 

AI C ll!JliJ fl] SBC l-&!JliJ s{J ti! tr\ , PJ J;J ~~j %rf HtHJiH~ ffl =* III fni\'iu El :fllk 00 JE ID!' s{J 
-=Exl,1Wt, tr~~& s{J &i-!ttm fjfil pg w IlJJ~ffJ -~Htt§xtft1:Jt m ~mID!. 

iU BfiJ1gJl, fJG1nxtm~mJ¥~1H$Tit~I fl::, -e1M1JZ-ffit1J~1JJJ1L a~%tlJJJiJ, m 
ID!zjt, ~!tt1tit EtffiID!ti®. :i!®If'Fs{J:liJ~ § 8{]1it1it~£~liJffl:i!-t-m~mID!xt 
lfilitJLJ¥ ~Ll s{J **Zt~:ittfiffi imtl . 

Mi;tmtmtl, gjt£~liJfflJ¥~iJBmtmtliiJB{J~*ffixtJ¥jiJt£**~,tBt~tls{J~ffi:ittfi 
1tit. §fiJM1JZ-ffiJ¥jrJ:fii11tffis{Jtvttmtl:nrt:£~t:1:ft1J\:n~rvrnrn. ~lH1£mtvttmtlm1gm 
~ffiff jiJ s{J~·~ elsi!tt, ft1J\ 1J~£m1jUJiltl1J~JtiU:fii1J\. 

*ffl ARMA(p, q) flru!s{Jfffi'~flJPJ~tt, PT ~ffi1!Ji%:c\:flJ~~%~.\'A~i1rtNiu 
W:ffjlJ: 

00 

Xt = L Gi€t- i 

i = O 
00 

Ct = LljXt-j 
j = O 

:c\:!:f=l, {Gi} 1g Green elsi~ffi; {Ii} 1g~~el§!ttffi. 
jEj\ (3.50) 1-tA:c\: (3.49), ~ 

Xt = f Qi(f fjXt - i - j ) 
i = O j = O 

(3.49) 

(3.50) 



00 00 

=LL GJjXt - i - j 
i=O j=O 

00 

Xt = L CiXt- l - i 

i=O 

x-t1fi':-1'-5ld!~a-j-:~,J t + z (Vl ~ 1) rm~, w:M~Jl¥.Jff1Uffi Xt+t 1:l!"i:iJtU.~~nx.B 
(t{JJJj_5e.~t@ Xt.+l-1, · · ·,Xt+1,Xt,Xt-l, · · · 1¥.J~tE~~: 

00 

Xt+l = L CiXt+t-l - i 

i= O 

f.§.fiiJ'21~Jt:i:p 9.~-$0-.IE .se.f~)~, Xt, Xt - 1,. ' ' ~E.9;1]1¥.J, :i'.E~-$,t)Jj .se.f~L~, Xt+l-1, .. ·: 

Xt+l ~*9;1]1¥.). 
-1'-~~(t{J;OO~~' *~~'11:pjg~(t{JnJ]D'li, Bfr~l¥.J*~}n_!i:f~.!~l Xt.+l-1, · · ·, Xt+l 

t~PitU.fflB9;Jllli.!i:nL~, x1,Xt- 1, . .. i¥J~·l1:i?Ei~*~l±l*· iu. xt+2 j;Jfg!J, e~ 
00 00 

x1+2 = L C;xt+ 1- i = Coxt+1 + L C,+ 1Xt- i (3.51) 
i = O i = O 

Al=f, Xt+l ~*9;1lf~.\2,. 
00 

re Xt+i = I: cixt-i 1-tAA (3.51), 1f 
i = O 

00 00 

Xt+2 = Co L C,Xt - i + L Ci+1Xt- i 

i= O i=O 

EE!llt, Xt+ 2 ~~~~j;JB~JE.se.f~L~, Xt,Xt - 1, · · · 1¥J~·l1:Pl§~. 
IA]:f:i, X>JT:;;f:*1f~ l B1~Ul¥.Jff1Llffi Xt+ l (Vl ~ 1), ~~t~PI!U.*~nx.B~B]~ft 

,~, Xt, Xt- 1, ... 1¥.)~·11:Pl<i~, ::Jt-fflit:~1/ftJiAfttit Xt+ l 99ffi: 
00 

Xt(l) = L DiXt- i (3.52) 
i = O 

.1~~. ruitli!tl~£~1J\ Hrtli!tlffi~i)t~~- ~lit, §fiJ~1itffll¥.1rui~tl f]{Ji!U~ruitli!tl:1f£~1J\ 
W-Ji!U , RP 



Varx,(l)[et(l)] = min{Var[et(l)]} 

~:1-1 Xt(z) :1-1 Xt, Xt-l, ... a,{J~·t1~~, FJr1lH~W-»1tlt11f*:1-I~·t1ffir~tl:n~JVN]{!Jltl. 
:1-J~-=f?}tfr, ~fflft:li%:i:t*Wi5£ff~Llffi, ;jifi ARMA(p, q) JJZ-~ffiffi!R~J't1fln%il~ 

·t1~~R"JnJ1JO't1, ~ft1'f 

00 00 /-1 00 

= L Gict+l-i - L WiEt-i = L GiEt+l-i + L(Gi+i - Wi)Et-i 
i=O i=O i=O i=O 

[

/ -1 oo l /- 1 

Var[et(Z)] = ~ G; + ~(G1+i - Wi) 2 a; ~ ~ G;a; 

lfil.M, ~fse~~ffiiU!tl:1f~:ititl:li1J\ &,~1'f 

Wi = G1+i, i = 0, 1, 2, · · · 

00 

Xt(l) = L G1+i€t-i, \:/l ~ 1 
i=O 

/-1 

et(l) = L Gict+l-i 
i=O 

El3 -=f {ct} 1'J a ii.t P'i ff ~1J , fofi VJ 

E[et(l)] = O 
l -l 

Var[et(Z)] = LGfa;, \:/l ~ 1 
i=O 

Xt+l = (ct+/+ G1ct+1- 1 + · · · + G1- 1ct+1) + (Gtct + G1+1ct- 1 + · · ·) 
= et(l) + xt(l) 



EBA (3.52) 
00 

Xt(l) = L DiXt-i 
i=O 

~ntE Xt, Xt-1, ... E/ma{]~{4=r, xt(l) JJ?t~, ~ 

E(xt(l)lxt, Xt-1, ... ) = Xt (l), Var(xt(l)lxt, Xt-1, ... ) = 0 

E(xt+ilXt, Xt-1, · · ·) = E[et(l)lxt, Xt-1, · · ·] + E[xt(l)lxt, Xt-1, · · ·] = Xt(l) 

Var(xt+dxt,Xt-1, · · ·) = Var[et(l)lxt,Xt-1, · · ·] + Var[xt(l)lxt,Xt- 1, · · ·] . 

= Var[et(l)] 

~-m~tEffli91tl:1J£:iVN~Ji!iff~.{:}¥!JEJ{]1tttffi Xt(l) :J!J'F~tlffi Xt+L 1± Xt, Xt - 1, · · · 

s ~ a{] ·iw (JG r ~, ¥JJ a{] ~111= x~liVJ\n £1t-ttffi, _g_ ffi i91tl 1I £R ~ ffi i91tl tv-K z ~ ~ . rm 
J§ffli91tl~Mt~ t JG~. {.§.ffii91tldv-K l ~*· Mi91tlffia{]1f£m~jc, !zslrm1-JT 1¥iiEffii91tla{] 
ffi N, atraJ J'¥JrJ ~fflli 'It RJ!i ~fiYx9iILIWrwi91tl. 

tEiE~fBlJEr, ~ 

xt+tlXt, Xt-1, · · · ,...,, N(xt(l), Var[et(Z)]) 

Af:P, Xt+tlxt, Xt- 1, · · · EJ{]J!'.:1§7}(3¥-1'; 1- a Ef{]J!'.:{§!Rfa]JJ: 

(xt(Z) ± z1-, . (1 +GI+ ... + GL1)4 · <Te:) 

tE AR(p) J'F~tl:1$.,~: 

Xt(l) = E(xt+tlx~,Xt- I, · · ·) 

= E(¢1Xt+1- 1 + · · · + (ppXt+t - p + ee+tlxt, Xt- 1, · · ·) 

= </>1xt(l - 1) + · · · + (/Jpxt(l - p) 

-.. ( ) _ { xt(k), k ~ 1 Xt k -
Xt+k, k ~ ,0 

Bi iY!tl 1I & 1-J: 

Var[et(l)] = (1 + G? + · · · + GL1 )<T'; 

[ f§rJ 3- 16] B~~MfmA ffl~Wflli{i;.tB!lM- AR(2) m~ (lfJ.{17.: 7.fJG/&A ): 

Xt = 10 + 0.6Xt- 1 + 0.3Xt- 2 + € t, € t ,...,, N(O, 36) 

~1t~-*1tw:MrmAtl!4tHrm0-~1J1-J:101 nJG, 96 n5t, 91.2 nJG. mr~5Ew:Mirifffi 
= *N&faJ t~f!FWia{] 95% Ef{]Ifllf!Kl'aJ. 

( 1) ffi iY!tl ffi Ef{]tf-jf. 
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4 J.J: X3(l) = 10 + 0.6x3 + 0.3x2 = 97.12 

5 J.J: x3(2) = 10 + 0.6x3(l) + 0.3x3 = 97.432 

6 J.J: x3(3) = 10 + o.6x3(2) + o.3x3(1) = 97.595 2 

(2) ffiW!tl1J&R.¢Jit•. 
ttJt;, ;f:&t@ Green PEi~a<JiaHi~~, it-~i 

Go= 1 

G1 = ¢1Go = 0.6 

G2 = ¢1G1 + (/J2Go = 0.36 + 0.3 = 0.66 

!JW Var[e3(l)] = G5a; = 36 

Var[e3(2)] = (G~ --t- Gr)a; = 48.96 

Var(e3(3)] = (G~ +Cf+ G~)a; = 64.641 6 

(3) l ~MW!tlijijft~B'~ 95% li':1~1Kl'BJ1J: 

(x3 (l) - l.96JVar[e3 (l)], x3(l) + l.96JVar[eJ(l)]) 

tt-•~*~ll~ 3- 7 Ji.frl.K. 

~ 3- 7 

4 J=l 

5 J=l 

6 J=l 

(85.36,108.88) 

(83.72,111.15) 

(81.84,113.35) 

rfvt-i}alffi forecast ~ff§}§-, ~fiTPT t;( i}ajffi forecast PFf~5c~ffiWI1JI ff:. forecast 

ea~a<J'ffii~~~1':I: 

forecast(object, h=, level=) 

A. 'f: 
- object: ;Jli.l~1t.t.:i:..14-..t. 
- h: ffiiJ11lJ!Jllt. 
- level: J'. 1t I&. iaJ {1-J I 1t#-+. ~#,t;t~ ,t{I-J~, ~ #c.~ ro #J~ ::I:: .i.1t#-+~'-»1J.;!J so,. ~ 
95% {r-J ~~ 1L 1t I&. fa] . 

[ f§1J 3- 9 ~ (4)] *-lm 1950- 2oos 1Fa<Jx!t~ffiff~'J ffiimtl 2009- 20131:j=:~OO 

ru~Jm &;&ttNJi~Jm4ij:1f:~±t ~~fi. 

> a<-read. table (file="E: /R/data/file8. csv", sep="," ,header=T) 

> x<-ts (a$kilometer, start=1950) 

> x. fi t<-arima(x, order=c(2, 0 ,0)) 

> x. fore<-forecast (x. fit ,h=5) 

> x.fore 



Point Forecast Lo 80 Hi 80 Lo 95 

2009 9.465515 -15.02434 33.95537 -27.98848 

2010 6.215194 -23.94089 36.37128 -39.90456 

2011 8 .392736 -21.76507 38 . 55054 -37.72964 

2012 11 . 678108 -19.95476 43.31098 -36.70019 

2013 12.885903 -19.44653 45.21833 -36 . 56228 

• ~~~i,A.:±lffijj!IJ!ll 
> plot (x . fore) #it*-. :{in 00 3- 21 Ji}(;F 

0 
If') 

0 

0 
If') 
I 

Forecasts from ARIMA(2.0.0) with non-zero mean 

-
1950 1960 1970 1980 1990 2000 2010 

Hi 95 

46.91951 

52.33495 

54.51512 

60.05640 

62.33409 

fll 3- 21 ft~lilBffihl:&tt~imtU&4ft$ffi±IJ!f¥!ttJ¥91JffiJijfll 

> L1 < -x .fore$fitted-1.96•sqrt(x . fit$sigma2) 

> U1<-x .fore$fitted+1.96•sqrt(x.fit$sigma2) 

> L2<-ts(x .fore$lower[,2],start=2009) 

> U2< -ts(x.fore$upper[,2] ,start=2009) 

> c1 < -min(x,L1,L2) 

> c2<-max(x,L2,U2) 

> plot(x,type="p",pch=8,xlim=c(1950,2013),ylim=c(c1,c2)) 

> lines(x.fore$fitted,col=2,lwd=2) 

> lines(x.fore$mean,col=2,lwd=2) 

> lines(L1,col=4,lty=2) 

> lines(U1,col=4,lty=2) 

> lines(L1,col=4,lty=2) 

> lines(L2,col=4,lty=2) 

> lines(U2,col=4,lty=2) 

#it*- :{in 00 3- 22 JiJ(ir-

\ 



0 * 0 - t: 
0 
Vl 

X 
0 

.....,,.. 

0 
Vl 

I. 

0 + 0 -
\ 

1950 1960 1970 1980 1990 2000 2010 

Time 

{E Xt, Xt-1, ... B~El9~#r:;:)( Xt+l 891tiitffi, ~~1ftr{E c t , ct-1, ... B~El9~ftf:r 
* Xt+l EJ9'ftitffi, ffiJ**8'fitlEJ91~JftJJL!Jtigj ct+1,ct+2, · · · £7fpJx!lf.1YJtlEJ9, ~-=ffooiYJtl~~­
}Yri;J; 

~ffi~tltp-*;J\-=f~-=f MA fflID!El9!lfl"~ (l ~ q) at, Xt+l pJi;J?fM1']: 

Xt+t = µ + E:t+l - 01 ct+t- 1 - · · · - Oqct+l-q 

= (c:t+l - 01ct+t-1 - · · · - 01-1ct+1 ) + (µ - Otct - · · · - Oqc t+l- q) 

= et(l) + it(l) 

§rooiY!IJiP-**r MA mru1a~!lfl"~ (z > q) at, Xt+l Pii;J?tfm1'1: 

Xt+l = µ + C: t+l - 01ct+1- 1 - · · · - Oqct+l- q 

= (ct+l - B1c:t+1- 1 - · · · - Oqc t+t- q) + µ 

= et(l) + i t(l) 

l=!P MA(q) ff~Ll l iv89ffii9!1Jffi1,J: 

~ (Z) - { µ - 'toic:t+t- i, t ~ q 
Xt - i=l 

µ, l > q 

:i!~~ MA(q) ff:>'UJll!~...tQfroffiiYltl q iP"ZP-189ff~LljE~, Miu q tvffiiY!tlffitg~-=fff 
~Ll:15Jffi. :i!~EEI MA(q) ff~Ll §ffi3c q tp-~Jt!B9ttJJ}R:~B9. 

MA(q) ff~Uffi1Y!tl:n~1-J: 



Var[et(l)] = { (1 + 8! + ... + 8~-1~0";, l ~ q 
(1 + 81 + .. . + 8 q )(T €' l > q 

[ f§tl 3-17] B9al~:tm!R4ij:1:p';it{iA Cl ~it:ili{l?HlilA MA(3) ffiffl! (~{j!: 7f A): 

Xt = 100 + C:t - 0.8et-1 + 0.6et-2 - 0.2et-3, a; = 25 

~3- 8 

~{,} tfttt-Afl 
2002 104 

2003 108 

2004 105 

ffiiDltl** 5 1¥~.l:t!!IR 1it11A 01¥-J 95% :'i:{tlRfaJ. 
(1) lllHf!LtJt~J'.ff!a{Jit;Jf: 

Ct-2 = X2002 - X2001 (1) = 104 - 110 = -6 

Ct-1 = X2003 - X2002(l) = 108 - 100 = 8 

et= X2004 - x20oa(l) = 105 - 109 = -4 

Xt(l) = 100 - 0.8et + 0.6et- l - 0.2et-2 = 109.2 

Xt(2) = 100 + 0.6et - 0.2et-1 = 96 

xt (3) = 100 - 0.2et = 100.8 

xt(4) = 100 

xt(5) = 100 

(3) ffiiY!tl:n~i¥-Jtt;Jf: · 

Var[et(l)] = a; = 25 

Var[et(2)] = (1 + 8na; = 41 

Var[et(3)] = (1 + 8? + 8~)a; = 50 

Var[et(4)] = (1 + B? +\e~ + fJ5)a; = 51 

Var[et(5)] = (1 + B? + fJ~ + 85)0"; = 51 

(4) 95% :'i:mIKrsJ~Ji-t1f: 

(xt(l)- l.96JVar[et(l)l,xt(l) + l.96)Var[et(l)]) 

110 

100 

109 

~~tt1f** 51:p~:itf!IR1it1iAC1 95% 1¥-J:'i:{tlRl'EiJ~ll* 3- 9 JYrlR. 



* 3-9 

2005 

2006 

2007 

2008 

2009 

~' ARMA(p,q) §;91J~~ 

t£ ARMA(p, q) m~tm~: 

95% ttf~!KfB] 
(99,119) 

(83,109) 

(87,115) 

(86,114) 

(86,114) 

Xt(l) = E(¢1Xt+!-l + · · · + (ppXt+l-p + Et+l - B1Et+1-,--1 

- · · · - OqEt+L- q!Xt, Xt- 1, .. . ) 

= { </>1Xt(l - 1) + ... + </>pXt(l - p) - t, BiEt+l-i, 

¢1xt(l - 1) + · · · + </>pxt(l - p), 

:i:\'tl Xt(k) = { x't(k), k ~ 1 
Xt+k, k::;; 0 

ffi~'ln£19: 

Var[et(l)J = (G5 + G? + · · · + GL1)o-; 

[ f§1J 3- 18] B%1 ARMA(l,1) ffi~Jg: 

Xt = 0.8Xt- l + Et - 0.6Et- 1, a; = 0.002 5 

l ::;; q 

l > q 

_§_ X100 = 0.3, E:100 = 0.01, ffi~tl** 3 MJ'f~Uffia9 95% 119Ji1t!K l'sJ . 
(1) tV1~tlffia9ttJr 

X10o(l) = 0.8x100 - 0.6E100 = 0.234 

x100(2) = 0.8£100(1) = 0.187 2 

£100(3) = 0.8£100(2) = 0.149 76 

(2) ffi~tln£119ttJJ> 
tl1G, ff!!@ Green Pl§f.{119:iilt-0:i:t, i.tJUJ 

Go = 1 

G1 = </>1Go - fh = 0.2 

G2 = </>1G1 = 0.16 

JilU Var[e1oo(l)] = G5a; = 0.002 5 

Var[e100(2)] = (G5 + GDa; = 0.002 6 

Var[e100(3)] = (G5 + G? + G~)a; = 0.002 664 



(3) 95% ImlR!'s]e<Ji.t.: 

(x1oo(l) - l.96JVar[e10o(l)], x1oo(l) + l.96JVar[e1oo(l)]) 

it~~*~o* 3-10 ?Jr~. 

~ 3- 10 

101 

102 

103 

3.5 Ja D 

(0.136,0.332) 

(0.087,0.287) 

(0.049,0.251) 

1. B~ AR(l) ffiID!1-J: Xt = 0.7Xt-l + Et, Et rv w N(O, 1). * E(xt), Var(xt) , P2 fil 
¢22. 

2. B~~ AR(2) ffi?Jl.11-J: Xt = ¢1Xt-1 + ¢2Xt-2 + Et,Et "'WN(O,o}), .fl Pl = 
0.5, P2 = 0.3, >.K ¢1, ¢2 e<Jffi. 

3. B~~ AR(2) ffiID!1-J: (1 - 0.5B)(l - 0.3B)xt = Et,Et "'WN(O, 1), >.K E(.1:t), 

Var(xt), Pk, <Pkk, Jt9=3 k = 1, 2, 3. 

4. B~ AR(2) ff7U1-J Xt = Xt-l +cxt-2 +Et, Jt9=3 {ct} 1-Ji=iPIFff7U. ~}E c e<J 
J&ffiffi:00, J:J{¥i,.iE {xt} :1-iSfffi}=fjLJ, Jt-~tf:l-JtJ=fjLJ Pk B"~*~A-

5. i,iEf!l:lxtff~?it~ c, ~Or5E5le<J AR(3) J=fjU-5E~~FfffiJ=f}U: 

Xt = Xt- 1 + CXt- 2 - CXt-3 + Et, Et "" W N(O, a;) 

6. x.fr AR(l) tl?Jl.1:·xt = <P1Xt-l +Et,Et rv WN(O,a;), 11JWf~Orfir'1f~~iE~: 
(1) 'Yo = (1 + ¢I)a;; 

(2) E[(xt - µ)(Xt - 1 - µ)] = - ¢1; 

(3) Xr(l) = <PiXr; 

(4) er(l) = Er+t + <PIEr+t- 1 + ¢fcr+1- 2 + · · · + ¢r1cr; 
\. a2 

(5) lim Var[xr+t - xr(l)] = ,i,;. 
1-.00 lf'l 

7. B~~9=3ii:.,1.t MA(l) ffiID! l ~fl' EJ;fl=J**~ Pl = 0.4, >.KitfflID!e<J*~:r.t. 
8. ~JE1Jt~ C e<Jffi, ~{¥i,.iE~Or*~_rt1'] MA(2) fl?].!: 

Xt = 10 + 0.5Xt-1 + Et - 0.8Et-2 + Cct-3 

9. B~ MA(2) ffiID!1-J: Xt = Et - 0.7Et- 1+0.4Et- 2,Et"' WN(O,a;). >.K E(xt), Var(xt), 

Jk Pk(k ~ 1). 

10. i.iEf!l:l: 
(1) x.fff~?it~ C, ~Or5E5ls{J:;Jc~[ifr MA ff}U- 5E~~Ffffiff7U: 
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Xt =Ct+ C(ct-1 + Ct-2 + · · ·), ct rv W N(O, a-;) 

Yt = Xt - Xt-1 

11. ~~rJUffi~l¥J3Jlffitt.!=fi:iT~tt, Jti:p {ct} jjR"*J.al¥JU: 
(1) Xt. = 0.5Xt-l + l.2Xt- 2 + €t (2) Xt = l.lXt- 1 - 0.3Xt- 2 + €t 

(3) Xt = ct - 0.9£1-1 + 0.3£1-2 (4) Xt =ct+ 1.3£1-1 - 0.4ct-2 

(5) Xt = 0.7Xt-l + €t - 0.6ct-l (6) Xt = - 0.8Xt- 11+ 0.5Xt- 2 + Cf - l.lct-1 

12. B~ ARMA(l,l) ffi~jj: Xt = 0.6X1-1 + £1 - 0.3ct-1, 1i#J~W:ffi~l¥J Green ffi 
fl, Bf!W:ffi~pJ!;(~-fft~~jj5i:~ MA M"ffi~%A:. 

13. ~ ARMA(2,2) ffi~jj: P(B)x1 = 3+8(B)ct >Jt E(xt). Jti:p, ct,..., WN(O,u;). 

P(B) = (1 - 0.5B)2. 

14. iIE~ ARMA(l,l) ff~IJ Xt = 0.5Xt- l +ct -0.25ct 1, "E:t rv WN(O,a;) 1¥JFl.:ffi:* 
*fljg: 

k=O 

{ 

1, 

Pk = 0.27, k = 1 

0.5Pk- 1, k ~ 2 

1s. xtr3JlffiatfsJffJU, t;(r~.rt:,~@-Jiu.ilt.:st? 
(1) u; = E(c?); 

(2) Cov(yt, Yt+k) = Cov(yt, Yt-k); 

(3) Pk= P-k; 

( 4) fit ( k + 1) = fi1+ 1 ( k). 

16. Mr AR(1) m~: Xt - µ = <1>1(x1-1 - µ) + ct, mm t 1-ffi!i:~~ffifi 
t\s: ... , 10.1, 9.6, B>ittl:l -;;, = 10, ¢1 = o.3, a;= 9, >l< x1+3 Fr'~ 95% l¥Jltffl!KfsJ. 

17. ~~mu~ 631:f'.i:pqijif'.~~:&tfim (if!{il:: mm) :tio~ 3- 11 f,}f~ (frfim). 

~ 3- 11 

126.4 82.4 78.1 51.1 90.9 76.2 104.5 

110.5 25 69.3 53.5 39.8 63.6 46.7 

79.6 83.6 80.7 60.3 79 74.4 49.6 

71.8 49.1 103.9 51.6 82.4 83.6 77.8 

89.6 85.5 58 120.7 110.5 65.4 39.9 

88.7 71.4 83 55.9 89.9 84.8 105.2 

124.7 114.5 115.6 102.4 101.4 89.8 71.5 

98.3 55.5 66.1 78.4 120.5 97 110 

( 1) 1tl ~W:J¥:Ju l¥J 3Jl ffi tt Si tiE l;Jfifll'~. 
(2) :tl05'i!:ff~tl3Jlffi_§AFEl"*J.a, ~~~~ffi~f~~W:J¥:Jul¥J~~­
(3) *1Jfflffi~ffi~. :m?Yi~w:~m** s 1:f:t¥J~~•-

87.4 

72.9 

54.7 

79.3 

40.1 

113.7 

70.9 
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1 s. ;lttJlf?. IR :it~ 7 4 1¥ l¥J *i-4m F It ( 1fl. {fl.: -f- int!) :tio * 3 12 Yrffi (fi~~). 

~ 3- 12 

0.97 0.45 1.61 1.26 1.37 1.43 1.32 1.23 0.84 0.89 1.18 

1.33 1.21 0.98 0.91 0.61 1.23 0.97 1.10 0.74 0.80 0.81 

0.80 0.60 0.59 0.63 0.87 0.36 0.81 0.91 0.77 0.96 0.93 

0.95 0.65 0.98 0.70 0.86 1.32 0.88 0.68 0.78 1.25 0.79 

1.19 0.69 0.92 0.86 0.86 0.85 0.90 0.54 0.32 1.40 1.14 

0.69 0.91 0.68 0.57 0.94 0.35 0.39 0.45 0.99 0.84 0.62 

0.85 0.73 0.66 0.76 0.63 0.32 0.17 0.46 

(1) 1U~'*ff 1tl 1Y9.1JZ-ffi·l1:~flHllififfLtt 
(2) :iitff~~ffl~tPJ.il-itff'.9ti t¥J~~. 
(3) f rJJ=lH~-@-ffl~, I:mi.Uit!-t!!IR~* 5 'r:J::t¥J*i-4mF:I:. 
19. J:m:;tf 201 1'-:it~1¥J~r:r2*, ~o* 3- 13 Jififfi (fi~~). 

~ 3- 13 

81.9 89.4 79.0 81.4 84.8 85.9 88.0 80.3 82.6 

83.5 80.2 85.2 87.2 83.5 84.3 82.9 84.7 82.9 

81.5 83.4 87.7 81.8 79.6 85.8 77.9 89.7 85.4 

86.3 80.7 83.8 90.5 84.5 82.4 86.7 83.0 81.8 

89.3 79.3 82.7 88.0 79.6 87.8 83.6 79.5 83.3 

88.4 86.6 84.6 79.7 86.0 84.2 83.0 84.8 83.6 

81.8 85.9 88.2 83.5 87.2 83.7 87.3 83.0 90.5 

80.7 83.1 86.5 90.0 77.5 84.7 84.6 87.2 80.5 

86.1 82.6 85.4 84.7 82.8 81.9 83.6 86.8 84.0 

84.2 82.8 83.0 82.0 84.7 84.4 88.9 82.4 83.0 

85.0 82.2 81.6 86.2 85.4 82.1 81.4 85.0 85.8 

84.2 83.5 86.5 85.0 80.4 85.7 86.7 86.7 82.3 

86.4 82.5 82.0 79.5 86.7 80.5 91.7 81.6 83.9 

85.6 84.8 78.4 
1 

89.9 85.0 86.2 83.0 85.4 84.4 

84.5 86.2 85.6 83.2 85.7 83.5 80.1 82.2 88.6 

82.0 85.0 85.2 85.3 84.3 82.3 89.7 84.8 83.1 

80.6 87.4 86.8 83.5 86.2 84.l 82.3 84.8 86.6 

83.5 78.1 88.8 81.9 83.3 80.0 87.2 83.3 86.6 

79.5 84.1 82.2 90.8 86.5 79.7 81.0 87.2 81.6 

84.4 84.4 82.2 88.9 80.9 85.1 87.1 84.0 76.5 

82.7 85.1 83.3 90.4 81.0 80.3 79.8 89.0 83.7 

80.9 87.3 81.1 85.6 86.6 80.0 86.6 83.3 83.1 

82.3 86.7 80.2 
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(1) #U~f¥:91J~3JZ-ffitt~~l!ifftJl:11:. 
(2) llrt*=f¥:9UfffiJ3A~antF1, ~~~~ffi~HW.ir~ff:9U~~mk. 
( 3) ;fl J J:IHW. -@-ffi ID! , ffi j!illJ W:FF :91ff -at~1J 95 % l't~ It ft IR raJ . 
20. 1911 ~ 9 J3 1993 ~ 6 yj ~::kftJSJY.*J1'1itf1A a ~i9J (.£JifSI.: 'f-A) '11rc5?Jo * 3- 14 Ffr~ (fi~W). 

* 3- 14 

63.2 67.9 55.8 49.5 50.2 55.4 

49.9 45.3 48.1 61.7' 55.2 53.1 

49.5 59.9 30.6 30.4 33.8 42.1 

35.8 28.4 32.9 44.l 45.5 36.6 

39.5 49.8 48.8 29.0 37.3 34.2 

47.6 37.3 39.2 47.6 43.9 49.0 

51.2 60.8 67.0 48.9 65.4 65.4 

67.6 62.5 55.l 49.6 57.3 47.3 

45.5 44.5 48.0 47.9 49.l 48.8 

59.4 51.6 51.4 60.9 60.9 56.8 

58.6 62.1 64.0 60.3 64.6 71.0 

79.4 59.9 83.4 75.4 80.2 55.9 

58.5 65.2 69.5 59.1 21.5 62.5 

170.0 -47.4 62.2 60.0 33.1 35.3 

43.4 42.7 58.4 34.4 

(1) #IJ~J¥:9Us{Jf~'li~~l!intJLtt 
(2) ~~~~ffi~HV,{irW:F¥:9UB<J~mk. 
(3) ~tiJW:FF9U~J1.ir &*=* 5 ~ffiij!~f¥:9U~. 
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mroo 1r ~ TM+ ffiat raJ J¥JIJ tr'~* .f:Jrnr!. ~~ix., rr § r.:&w i:p ~~*:im* I¥ JIJ tf5\ 
~ F 312-ffi a<J, 12S1 rm M~ F 1JZ-ffiJ¥ JIJ E1<J * t1r 1! ff , 5f!llt ~ , A 1nt1J~ E1<J * tfrnr! ml!~. 

X'J~FfffiM~J¥~Ei<J?ttfrn~riT~?t~-~tt~J¥?ttfr~-mMJ¥?ttfr~:k~, 
*:f:::t~1rm- @,m, ms<1iffl~ttstT¥?tt1rn~. 

4.1.1 Wold 7.t~~li 

1938 ~ ' H. Wold :t£ftp,a{J lw-f: it)( .. A Study in the Analysis of Stationary Time 

Series" i:ptlf:1±\ T~i; s<J Wol<l ?tffJl5;EJJJ!. 
Wold 7tffi¥~Im MrfffnJ- 1'-~~fffi:tt~ {x i} , Btf5nT~?t-1i~1'-~ffl.:k 

El<J1JZ-ffiJ¥JtlZt~, ;ltr:j:t - 1'-~Tij~·tiEl<J, J3- 1'-~l~ifHJL·tiEl<J, ~:WJ·i21t 

• 00 

~q:t. {Vi} ~-~·tiJ¥JIJ.; {(t} 7'Jl~JJLJ¥~1J. .ft (t = L <{ljEt - r Bff11ffi~ffltj.@~lff ~ 

f4: 
00 

(1) 'Po = 1, I: cpJ < oo 
j =O 

(2) {Et}""' W N(O, a;) 

(3) Cov(llt ,Es) = E(Vt · £ 8 ) , Vt =f s 

5K£, 1ifti~·tiJ¥jrJ~l%:~LJ¥~1Je"Jffi~~nr~Jl.: 

j=O 

MffiliJ¥jlJ {Yi} ® 1§", 4- Yt *r q MzmrEl<JtfjiJffi {Yt - q, Yt - q - 1 , ... } ft~·ti@l 

Yt = ao + a1Yt- q + a2Yt- q- 1 + ··· + Vt 

:rtq:i, {vt} ~@llj3~~ /¥~1J ; Var(vt) = rg. 

lil~, r; ~ Var(yt) , __ §Jif!fr q 13'-J:lt:kfm:it:k, i:!1ffJt~ ii r; ~~F~s<J~ WJ¥jlJ , B 
s<J * I J \ nT ~ ffiril In !ii: f~L~J{.j :OOBt ma'~ r.ili i.91~ ffi It . r; ~ I J \ iJV~ r.ili iY!H~ ~ lf!Jif@; r; ~*' 



i~ 1~JH:mt»11H~~&. 
:tlll* lim T; = 0, i~fl]ff'.91JB<J,~Jl€,~HIB!Ra<JflWtl: (~f*Tdti'.iEtE), Di~flt@ll[l)J 

q-+oo 

11!:!ff-Jt!!ffl1Yl~~~H~, i!Btf$ {yt} ~~'.iE'~ff'.91J. 
:till* lim T; = Var(yt) , i~l!l3J¥9ljflifi{fB.jfs](i{J~Jl€flifiVl'~11!5.1ii, Di5t:f1L\1!,X·Ff~B.j 

q~oo 

ffia<J1ttt~$ri3t~ffl~~5&*1il&, i!Atf* {y1} ~flifIVLJ¥91J. 
1n}. ft, tt XiJ Z ~U ~ ff1 xf 3¥-ffiff 91j .i1rfi ARMA (p, q) fl ffi! ft{il-FJ.j1i JU El'~ ;j:J;.{ il-t.lffi! 

G(B) 
Xt = µ + qi(B) Et 

Jti:p, {µt = µ , t ET} Rn1J~JE·~3¥-ffiff}IJ; { !~!? €t, t ET} Rn1JllJMfL3¥-ffiff'.91J. 1frj 

x1 ARMA(p, q) m~at5Hfr~~_t::t~~MlllfHfL3¥-ffiff~lJJiHra<J5Hfr. 

4.1.2 Cramer 11~:iEW 

Wold ?tffilf'.iE£1!~~1~B.jfaJff'.91J:7t;t/rJJI!ii(J{J~;l. ~~ Wold ~tf:li!-1'~'.iEJ:i 
,R~1JT 5t;tfr3¥-ffi)¥:91Ja<JMJJ.ilt, ff! Cramer Bf 1961 ~i,if1JAi!~?tfm,'['J!~¥friJ!)Jffl 
r~l::3¥-ffiff'.91J. 

Cramer 7.)-M~!I 1f{iiJ--i'Btl'uJJ¥=Jlj {xt} :fflHiJ!)J:7tfm1'J!Wiff55ts'~~JJU, Jti:p 
-$5t~ E'3 $JffJJ.ttk:JE a<J iifflJE ,~~~-nx *, 33-fff55t~3¥-a a<J~f!9ffi. iM&J.ilt *, en 

d 

Xt = µt + Et = ···2:JJ1 ti + 1/!(B)at 
j=O 

J.ti:p, d < oo; /31, · · ·, (3d 1J1ftfl*fl; {a.t} 1J- -i'~f!9ffi:FJl~pf ff'.91J; B 1Jfil:i/sfl:-=f. 
lzsl~ 

d 

E(xt) = E(µt) = I: (31ti 
j =O 

en B!ffi:ff 7tl { t. /J;t;} &~ T { x,} ';\': lllJ (l<Jlif!;i!: tt~"'"1. mi { e,; e, - ii' ( B)a,} & ~ T 

{ xt} 5l:¥U a<J l~JJL• n(iiJ. 

Cramer ?tfm JEJ:ii~ 1!13 ff fnJ- -1' ff '.91J a<J 7lt ~iJ%'1ri'iJ l~HJ,il.1J ~ Bi 5l: JIJ T Tef@JE '~-n(iiJ ;ff( 

mmtt•~a<J~ffl.3¥-ffiff~~*i!IW~ooa<J•~ft~ffiJEa<J,1frl~l::3¥-aff~~~a<J 
mJ:i-~f~~5l:~a<Ji!IW~ffi~8~~~~-~ffi~~-JEa<J. 



tE § 11-tW.r:r, EEfifUE·l1~-~3&a<J~l::}JZ-ffijj1tf M71'1±l~l::1it~Ma<J~.mw,11, t:t~a~ 
M~ a<J ~J}~~ ~ lfil 5E s<.J ~1-t~ W'J, 5!# ~.mW·l11~L~lim 1it tt$x ~~ i.uoc, ifrf EE 11f[tJL ~ 
• ~3& s<.11Jti9JJJlU~I:: #xi kHJfJ5E , ?t ffr. if:&tl5!#·11Jfff, ftm a<J Bt fi':?t ;fff JrY!Ji 1ftt1H~?t 
;fJr a<J11t~1i{tEfifa 5E ·11f~L'~, s<.J !£WU:, tHJ\!xtl1f[tJL 1J§L@, s<.J !£I&, ~ ff 7tl ffi $tit! 1~5E1'1: 

Ar:1=1, {c:t} ~~~ffiEIIIJJEfi':Jtl. J!#?tfrrJrY!JJ9tf*~~5E·t1?t;ffrJrY!. 
lll'i ffl s<.J~5E·l1?t;fff Jr1!~~5E·l1 ~ • 5-}ff.JrY!. w.Jr~ ~1: r-lf M A{1xm•~ ~­

A 11J~JJ\!~ff::f IA] a<Jfi':7tl1Jti9Jt-HiE ::P~JJ !JJtJ, 1.§.~fi':7tl 1¥'1-*#~1-tt~PJ k,(Y3~$;1m:k 
~~-a<J~,@-~Ur:i]: 

(1) -lfM~~ (trend). it~-a<)~or:i]~~3&fi':7tl£JJ\!l±l 13Jl:ii.a<J-f.tMM!~ (:ii~, :ii 
~~)-

(2) t1Jf-1Jti9J (circle). w.~-~~3&fi':ltl£JJl!/l\,b}dij;¥U~-1i-EE~~1ij;a<J&xt1Jf 
1)tief.J. 

(3) *-=p·t1~it (season). it~-~~3&fi':7tl£:fJ\!l±l ;¥J:t*-=p~f-tffl:¥cs<.Jffi5ES9~ 
W'J¥Jti9]. 

(4) 11f[tf17ltZ9J (immediate). 1~7 -f.tMM!~, {tff~Z9Jli1*-=p·t1~itz;,r, fi':ltliE 
~~f!J~#;ltfit!,~-a<J~-@-~or:i:J, ifrfj!®~o(rij~3&fi':7tl£JJl!l±l- 5Ea<Jllitf171tZ9J. 

tEit!:fr~ifl5E'l1a-f fi':?t;ffrBt, ft1f11~5Effltl~~¥UJ! Im#~- r:1=1 a<JH~W?ta<J• 
ortJ, £JJ\!l±l~[A]a<J7lti9J41iffil. tE~9rr:1=1, 1it1~5EJ!lm~•~•.:t~~WJ#ffl1i f'FffltlA: 
:JJaY!*lfil! t11*1t:m ID!. 

(1) :JJnY!tlfil!: 

\ 

Durbin tE 1975 ~iE:1tm:i:i:1JOY!~*Y!s"Jil%-@-;fl?JM, {f!~-JYxs<.JmittfX14=r:1=1 QI£ 
fft:1JDr*flfil!til*Y!ffl?JMa<J5t;flr~ff, ¥1%-@-;fl!JMa<J?t;flr~ffJ=J.tm § ~-

~ifl5E ·11 ~ • ~Jr~:(£1gxmt2tHJ!~ r:r~ r¥1 a<JJ.ili:ffl, 1EI. ft1fJJA:k:1:a<J15!!ffl t2~ 
r:r~~JJ\!T-®~B--~~~xm•~w=i~~~•tt,e~fflJr-~•;¥1:t~~~•s<.1~ 
PfnH&xlF~?tfHf. =~~®f2tifJJl!~:ii.71'1±lx~ B ~ - 1'-WM~a<J~ort]~-. {S ~ 

tEftm~•?tMffl?JM r:r, 'B!DtSt~~~A3iJfJt. tt:tmiiffJtJN:Mx~ fi':ltl, nx;xfi, :HA 
fil,~Afil~M~~~x~Ba<J-~ , IA]-QJN:M•~-~-~Ea<J7lti9Jffl&PJn~ 
B~a<J::f[A].SmfflWffl&~~~B~~~~Ba<J•~.fat~~*a<JfflW41iffilffl~ 
q&:k. 



• 

· 112 · !MfEil.1¥91J:SHfi - ¥,:. R • 

ili:1¥*, tt M:i! ~ 1'-l'i:iJ ~, A 111 x,.t fJJfJ ~tt [;1q ~ ?tffllfll W {$ T i&Jtt, :tm* x!R..11,.tM ~ 
~JEu$-K, A11l~qjpf (circle) f§•W(:;J;:JT;x:~ B (day) f§., ffi~t9ll!lf§~~~:;/9: )Yi! 

~ (T)' *Tl (S) 'xkJ.J B (D) *°lllHffL~~ (I). ffil~:i!ll!l-t-f§•a<Jtll!if'F.fflffl;~m:;l!~ 
#: :bottffi~til*~•~-

(1) :bDt!ffi~: 

(2) *~,ffl;W: 
• 

Xt = T, . St . Dt . It 

Im* iii. a<J~~ u[iij~~3&:J¥9rJ_¥:OOtl l ~fs11~1-t'trr l,l. iTrift1ll:ittfi1iiflJE'i1:Et 1¥'.fr 
:tJTa<J § a<J~q,~.iJ2-VJr~#: 

-£~~~~~•a<J•~.~~m~ili~--t-~JEttf§•(KWlm§•~~*~ 
~~ill) xtJ¥1rJs<J•u(iiJ. 

=~m~ili~#fJJfJJEtt~••~z~~~~f'Fffl*~~H~filmJ¥~~~*• 

~ .l!tE;f l'8J ff~IJJ!.~~~'iif Hi=a<J~~, ~B1ft1f1?tffia<J § a<Jff)t~~ttiUJ¥JrJ i:p 09:i! 
#~~' #*IJ.ffl:i!#~§x;f J¥~1J**8<J £mtf'F:±J ,g-Jja<Jffii9]tl. 

~~m*~•~reat~f'F:.1g~~•,fflm~J¥~x!R.•mf'F:;J;:Jf§~•.m~J¥~ffl 
~Etl'sJ5!:1tl¥JIIDV38~a<J1J1!. *LH@J¥9rJFfr*lmt!-\a<J~·l1:~~Htl1:~fiE, ti:i,g-:1J1!X 
-ar ~A~?t J;J~·11:m,g-*° ftt1 ~ m,g-. 

~-*~~~.¥mili~tt~fiE,m~ftfil-ar~m~tt•~*W*,•w-ar~A~ 
EJjJ: 

{ 

Xt = a + bt + It 

E(It) = 0, Var(It) = u 2 

~i:p, {It} .:/;J!llHtJLr&'.i9J; Tt = a+ bt M~¥~~l!ifftJL~i9Ja<J~nfiiJZJ§-W:1¥JrJa<JKWl~~. 
R i!~i:p15J!.ffl 1m ~~ffl,g-~·11:~~- 1m pjq~a<J-$4-~~.:/;J: 

lm(Y- a+X1+X2+· · · +Xn, data=) 



-Y: ~.B..'Jtit. 
-a: {~ it.Jt. ~ 1;-:l-'f ~ ~ . 
<1) a=1, tltM~~lc*'t4t-S.OO:, :i!.k~:i1'.i9:.lt . 

(2) a=O, ;tf-M~'.t-:l-'if~~. 
-Xl, · · ·, Xn: gJ .'Jt-it. 
-data : ~ .t.l .f!L£ . 1111 :lll m .'lt i:" ;fl'~ B .'lt it~ Jt.~ .:fr- ff:t A .'lt -i" rm Jt. * Iii] .ft ,(f. f- t. -t-4t. .t.l :fl! 'f , 
Ji11J %-:l-{ij' it.~-il:fl!.£ . 

[ '{§lj 4- 1 ] ~*~JS!Y.jlj({Jff 1981- 1990 ti:F-'HJ*N~m~xw~il! (if!{}l: sn~ 
.JG) ~0;& 4- 1 Efr~. 

~4- 1 

8 444 9 215 8 879 8 990 8 115 9 457 8 590 9 294 8 997 9 574 

9 051 9 724 9 120 10 143 9 746 10 074 9 578 10 817 10 116 10 779 

9 901 11 266 10 686 10 961 10 121 11 333 W 677 11 325 10 698 11 624 

11 052 11 393 10 609 12 077 11 376 11 777 11 225 12 231 11 884 12 109 

~ff~~ff~B~~ff~~B•~•ttm~~-- ~A~~~mttttmm 

{ 

X t =a + bt + ft , t = 1, 2, · · · , 40 

E(It) = 0, Var(It) = a 2 

1~it~ff ~tl ~ J;_ffk. 

• itA~~ 
> x< -c(8444,9215,8879,8990,8115,9457,8590,9294 , 8997,9574,9051,9724,9120, 

+ 10143,9746,10074,9578,10817,10116,10779,9901,11266,10686,10961,10121, 

+ 11333,10677,11325,10698,11624,11052,11393,10609,12077,11376,11777, 

+ 11225,12231,11884,12109) 

• ~i§ft-tfa] 8~· 
> t < -c (1: 40) 

• t~~@~m~ 
> x . fit < -lm(x,-..,t) 

• =i!f ff W ~ffif .~ 
> summary(x.fit) 

Call : 

lm(formula=x,-..,t) 

Residuals: 

Min 1Q Median 3Q Max 

-830.73 -324.15 57.66 334.57 806 . 62 

Coefficients: 

Estimate Std . Error t value Pr(> It!) 



(Intercept) 8498.688 137.917 61.62 <2e-16 *** 
t 89. 123 5. 862 15. 20 <2e-16 *** 

Signif. codes: 0 '***' 0. 001 '••' 0. 01 '*' 0. 05 ' . ' 0. 1 ' ' 1 

Residual standard error: 428 on 38 degrees of freedom 

Multiple R-squared: 0.8588, Adjusted R-squared: 0.8551 

F-statistic: 231.1 on 1 and 38 DF, p-value: < 2.2e-16 

• ~ium.g-~*!11 
> x<-ts(x) 

> plot(x) 

> abline (lm(xrvt), col=2) 

# ~ ;lfl j(t1 l!l 4- 1 Hr 7F 

0 
0 
0 
N 

0 
:>< g 

0 

0 g -.-~~~~~~-r 
00 

O 10 20 30 40 

Time 

Xt = 8 498.688 + 89.123t +Et, Et "' N (0, 4282
) 

:tln*-lf AA~~Hi J:J{1 ili ~~~tl:tlW:, 11~ ~ flG ffJnJ ~ ffl Ettl ~-~!Hlctfk&rB. 
~Ettl~•~mfi#n1ttt~.m~~~£:~ff•~~tt•ffl~~ff•~~tt• 

ID!, m~tifk1J\=*tt*fi#n1ttt; ~t1:~r1~~~,QX~,11•ID! a9, ff,}tffl~1-t7!mfi# 
n1ttt. 

1/f ffl ti"~ Ettl~tlru! :f11x;t m ~ •n1ttt1Jr! :t!i:J* 4 2 '9Tm. 

* 4--2 

~~ '3£¥fc ~~#ii-l-1fM: 

=rx~: Tt = a+bt+ct2 4-- t2 = t 2
, rn:(~ffl!~~J'J: T1 = 

a+ bt + ct2 
~tti?iJJ,= *r!-

x.f rn:(ffiffl!>Jtx.J-~, -11}4-- r: = m ~tt:m:11,= *tt:.:.t ili 
ffif{ffl!: Tt = abt In Tt, a' = In a, b' = In b, ~ffi a', b', .fl}{M(~~: a = e

01
, 

ffl!~~J']: r: = a' + b' t b = eb' 



ffiID! ~~ ~Jttfiiitt:nt! 
fiiE-lli~~: Ti= a+ bet :;f ffMHl!nx~tt~ID! ~1t~ 
Gompcrtz ID!: Ti= ea+bct :;,;; ,ro~ Ne nx~ ·11: ~ID! ~1tt! 

Logistic 1M: Ti = ~ 
a+ C 

:;f tJMHk~~ttffiID! ~1tt! 

R itf1HtM~l=:~tl:~~a<Jm-&tm)t1-J~~: -~pJl))~~*=fBtf§J t a<]$I_vlj.\'.;, 

J!Btfilf'&PT~ffl 1m ffi!ttm-&t. ~-~x?'!im:i1~~a<J~~~~~·li@JY3C~ . .Rflli:iffi 
:i:1:~j=:~·li@J U3ifJ¥tk:, J!Btm:~i}5)ffl nls pJg!tt. 

nls PFi!tta<J~~#tj.\'.;:!zll~: 

nls (Y rv f (X1,. . . , Xn ) , data=, start=) 

;.\ 'f: 
-Y: of.Jjjt.'A:_i:°. 

-Xl, ... , Xn: In 'A:.i't . 
-f: .;jJ:.~·t±~--
~~a: a••~ - ~* ro ~i't~of.JA'A:.i't~~B~-A'A:.i't~~4~~~~---'f . ~ 
1!; ~.t~ Jt.tt.••~. 
-start: ~* 1!;~:f1] )f) .i!_,t\:)i-it jf.."*-~#, of i,:J.JW; ;t_i!_,f(.;j,JJ-¥.;,00.. 

[ 'Wtl 4- 2] xtft~ 1949- 2008 ~1tREFilff9tl:i1J:fi[lb~m,g. (!tt~.!Ji!.~ Al 

12). 

BtffOOB~~ff~~B-~[lb~~*~•,ftrn~~~m=~fflffiffl 

> a<-read. table ("E: /R/data/file12. csv", sep=", ",header=!) 

> x<-ts(a$output,start=1949) 

• lm i?llilirW.~ 
> t1<-c(1 :60) 

> t2< -t1-2 

> x.fit1<-lm(xrvt1+t2) 

> summary(x.fit1) 

Call: 

lm(form.ula=x "' t1+t2) 

Residuals: 

Min 1Q Median 3Q Max 

-532.12 -164.92 24.68 105.51 716.37 



• 

Coefficients: 

Estimate Std. Error t value Pr(> itl) 

(Intercept) 319.0255 105.3371 3.029 0.00369 ** 
tl -57.7690 7.9679 -7.250 1.22e-09 *** 
t2 2.3551 0.1266 18.601 < 2e-16 *** 

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 ' ' 0.1 ' ' 1 
• 

Residual standard error: 263 on 57 degrees of freedoJ 

Multiple R-squared: 0.9755, Adjusted R-squared: 0.9746 

F-statistic: 1133 on 2 and 57 DF, p-value: < 2.2e-16 

• nls i?Ei~m~ 
> x. fi t2<-nls (x,-,.,a+b•t1+c•t1 -2, start=list (a=l, b=l, c=l)) 

> summary(x .fit2) • 

Formula: x ,.,., a + b * tl + c * tl -2 

Parameters: 

Estimate Std. Error t value Pr(> ltl) 

a 319.0255 

b -57.7690 

C 2.3551 

105.3371 3.029 0.00369 ** 
7.9679 -7.250 1.22e-09 *** 
0.1266 18.601 < 2e-16 *** 

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0 .05'' 0.1' '1 

Residual standard error: 263 on 57 degrees of freedom 

Number of iterations to convergence: 1 

Achieved convergence tolerance: 3.059e-08 

:flH@!ftu tlj ttJ.'lfi'iJ ~ :9a1 Ji, :i!M 1-PR! ~1f ¥1J a':J 1rJ.irtt~ ~ ~- J~t 1949- 2008 1f ~ 
001-tH~ f=it ff 3'tl a':J 1rJ. ir ffi ID! 1-1: 

X t = 319.025 5 - 57. 769t + 2.355 lt2 + € t , Ct rv N(O , 2632) 

~00-®~ liHti*~Or: 

> y < -predict(x.fit2) #k. nls i!Eiift~lJ1J{f.;ti;;..,g-.,(JiJlii\11i.i% y 

> y< -ts (y, start=1949) 

> plot(x, type="p") 

> lines(y,col=2,lwd=2) 

#~Jfl~OO 4- 2 rJr.r-
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• 

~m~~*B~~*fiwmoo~#m~-~1f~-~~~m•~~*,~~mm 
~ffL.i;/JMffjUB'~-P~, ~ffjU:ifl-nt1-t, MmL'w.~/-1:\~1-tB~~m~. ~Jl.~i}aj"'µ~frs, it 
• fCj {I a{J¥.Hil:' jr.zjj\z.J:f:Ffttiil:~ ~ ' A l=I itlf Ji ~m ~®!~. *1Hi Ji.Jr ffl El'-) 3fl-mtt* a{J ;;f 

fii1 , 3fl-m~ x i:iJ VJ A f** 7'l ft i;/J ~ .l!iJ ~ ln-m • 3fl-nt 7! . 

• i;IJ3fl-:ltgr! El'-)~ 2js: ,~J~t ~.xt r--t-M rsJ }'f }U { X t}' ftffl nJ V) ®~ tE--t- tt~m 
El'-J~~~!Wim,ff~El'-J•m~~~-~~.~m~~El'-J~~~~~~~m•i;!Jm~~­
*NW:i! ~ f!N~, ftf fJnf VJ ffl- ~at l'sJ 1sJ IWi l*l El'-J3fl-:1!9 ffi 1t 7'l r - AA~ fti t-ffi. 

n M•i;IJ~:l:!g~-~iffla-<13fl-aJ¥=3iU"f:m191~1frt, Xt = !(Xt + Xt-l + ... + X1 - n+1). 
n 

@~i!Fn- MEl'-JxW.~ffi7'J Xt, ~~1,.~ffl n M•z;fJ-:ifl-.l!gjJ~, rnJlllil:ITT19!~ l Wt ~W]~fm 

t9JiJ ffi7'1 : 

~ (•) 'It+ Xt - 1 + · · · + :z:1- n + l 
Xt 1 = -------

n 
Xt (2) = Xt( l) + Xt + · · · '+ Xt-n+2 

n 

Xt( l) = Xt(l - 1) + · · · + Xt( l) + Xt + · · · + Xt - n+l 

n 

-i;/J~:1tg~M-MffiJ¥~~-~~--~ffl*·~-~-~~:1tg~Mft,-ft~ 
M~or -.-t-1Jmtha~~m: 

• 
(1) $#~:&:~~xWJWHi. ~a-${4~:&:~Jl.~- ~~WJMtl:, - fsi~WJM-KJt 

-ft1gl$z;fJ3fl-:l:!ga"Jl'EiJIWi-LtJl. tt~D'IVfJi&A ~-:ifl-:l:!g~rJ&~it~~. g)t[iizit~ 12 WH$z;fJ3fl­
:Jtg' ii:ctJWJ AA 3fl-rfNl;\j ~ * "'µ~Jjiz El'-J. Pjo]. 



(2) x,J-~~3¥-ffl·~s''.l~>K -/N:l$z9ff-~s<1M••~, 1~~a!J~~3¥-ffl, *:E.mtll(l{J 
-j~JtJj~~ wt•tljUffi-. 

(3) M~~&~ili:WJ~1-t~~~J.ts<J~:>K ffll$$33¥-~1ff!1ifUiUJ14s''11t~~~ 
~A~-~(l{J$Fntt .• ~3f-~(l{JAA•M$,$~ttM~;-~3¥-~(l{JAA•MY,ffiffl 
s<J ~~III xtili AA ~1-t a'1 & J.ill8JtM~~. 

~-@-ttt =-1fiifis'1~m, :t10~!!1~i!J-lfWUfl~, 8Jtf.ilZ~~M-~~(l{)-z;/J3f-~, ~o 
~~, WtJJ 1ea:J¥~u a<JmW:J~~, 8t@it1~ti0:t11•~:.1> A"J.$33¥-~. 

[ f§tl 4- 3] ~ - W.~ffiff~tl {xt.} ftFn 4 Ml'l~~~ffi XT- 3, Xr- 2, Xr-1, xr -Jl: 

5, 5.4, 5.8, 6.2 

(1) {1:!ffl 4 W:lf$$J3¥-~~f.m19rn xr(2). 

(2) ft 2 Wffm19!1Jffi xr(2) 9::1 Xr ITTfiifis{J*•~T~Y? 
'1.71 ( ) ~ ( ) 1 ( ) 5 + 5.4 + 5.8 + 6.2 
lll'f-: 1 xr 1 = 4 xr + sr-1 + Xr- 2 + J·r - 3 = . 

4 
= 5.6 

- ( ) 1 (~ ( ) ) 5.6 + 6.2 + 5.8 + 5.4 
xr 2 = 4 XT l + Xr + XT- 1 + XT- 2 = 4 = 5.75 

(2) ~-Jg 

Xr(2) = i(xr(l) + XT + XT- 1 + XT- 2) 

= i [}(xr + XT- 1 + XT- 2 + XT- 3) + xr + XT- l + XT-2] 
5 1 

= 16 (xr + XT- 1 + Xr- 2) + 16 XT- 3 

ffi~i1!ffl 4 WJ;f$~3f-~7!, ft 2 AAf.miPl~ffi xr(2) i:t:i xr fiJmia<1*•~-=r 
1
5
6

. 

R i{f ~ 9::1, TTR fl£}¥§ 9::1 (I{) SMA ~ '.tt~~ l'l ftfij !)il$ $J1JZ-~ ~ ~ffi -@-(I{) Pi§ •. 

fty;¥Jffl SMA ~ittzfiJ, m:~9cr~ TTR WJ=t=iQ.jf:ffl library ~-1JO~. SMA Pi§~(l{J 
1fri-1r-~A-Jl: 

SMA(x, n=) 

A. 'P: 
-x: 1;~~r,,1 ~:f}i;IJf-HJ<I-J}f 71] ~. 

-n: #-i;IJ f-HJ .JIJJ4i. 

[ f9tl 4- 4 l xt 1949 199s ;¥::l~JRm~1f-.ftil~/ =crll!ff~U (fxtmJR,ffl* Al- 6) :ill: 
fi 5 W!;f$~3f-~fllft. 

> library(TTR) 

> a<-read. table("E: /R/data/file6 . csv", "," ,header=T) 

> x<-ts(a$temp,start=1949) 

> x.ma<- SMA(x,n=5) 

> plot(x, type="o") 

> lines(x.ma,col=2,lwd=2) 

#~*-.!t,,l!J 4-3 .P}f,F 



1950 1970 
Time 

1990 

f$ $15JZ-~jt; ~ ~_tiJt~ffl- -i'ffi 1t1· B'~:hn t:£ 5JZ-~~ 1t JJ ;it-WI ~it ~1titffi. k..l n 

.Mft$:J5JZ-~1'.Jf§tl, x, = .!.(Xt + Xt - I + · · · + Xt- n+1). ffl~rffl.ili n WJ~:/Jntx5JZ-:1$J~1t 
n 

:;f;JjiJ§-WU~~B91?Ji.tffi, 't1f1BM:£:i:$1&:;f;J .!, ~~_tmi.t~@5ExitatrEiJ~:®ili, 
n 

:i! n WHl<J~~ffi Tt, Xt-1, .. ·, Xt,-n+l :X;f:il:J§"- W!ri<J•njoJ$~- ~a{J. 1.Ei.t£~~;r-1£m9=1 , 
ftm~~~M*$B~m•#w~. - -~~.iliAA~~*M~~~-~~*®, :®WI 
~~*:xt~~~-nioJ~;J,®. J-JT£~.l:!!!&1!9c:i!~·n~J1tffl, ft1fJ#f;;ij-matrEiJl'EiJl%:xt 
*#~-~-~,~Mtt:i:~Bt~~IWi~**~~ffiB••·:i!•~mB5JZ-ffl~~£ 
7-fs:,~,~- ~~m*"'i5 (JWJWI) ~~e<JttnioJ. 'lit ffla<J:l1H-=r~~m1ra<JmB5JZ-nt0:r-t;ff~or 
W;jf!F. 

l. fal .!f-~~ 4t --t ~ 

Xt = axt + a(l - a)Xt- 1 + a(l - a)2:rt- 2 + · · · 

A9=1, a '15JZ-ffl*B, 'Bm/~ 0 <a< 1. 

~j; 

Xt-1 = axt-1 + a(l - ~)Xt- 2 + a(l - a)2Xt- 3 + · · · 

Xt = axt + (1 - a)x1- 1 

10.i ~ffi B 5JZ-nt mi llai--'tfiffl JE xo M Miffi B<J l'oJ fl2. ft 1f1~ i,q: ~ nr! nT VJ Tiffi 5E xo B'-J M 
Miffi, jiffi..!¥J.B'-J:1rrt:~m}E Xo = X1. 

5JZ-ffl*~ a a<Jffiri(fiJf~A.!nffl.ffl~~~tlJ . - Jl&Mr~1-t~Hla<JJ¥~Ll, i·J&tt1J, 
B'-J a ffi; :tll&, .xtr~1-t:ifld!B<JFf3'"1J, 'litl&tt*B'-J a ffi. ~~*8J:J 0: s<Jffikr o.os ,..., 0.3 

ZIB], f~~~* t~$.l(Jff. 



• 

• 

• m~1JZ-m-ct1~-~-m-m s"J1JZ-~J¥jLl rmt9ltln1i:. 1Bl5E~§-M a0xW.~ffi/'J Xt, 1:1~,z,. 
ftffl m~ 1JZ-ffi'1i:, fPJ tu r:m t9ltl 1 AA B'-J ffl r~~ ffi/'J: 

x't(l) = Xt = ax1 + (1 - a)xt-1 = axi + o:(1 - a)x1- 1 + o:(1 - o:)2xt-2 + · · · 

,bUllHt_t ~ff1JJJ ~ iIE~ftffl1~~1JZ-ffl1i:1:vit91tlff~ t M a{Jffl1~1Jffi%'~/'J'ffl'~. 
iIE~: B93l x't(l) = Xt = O:Xt + (1 - a)Xt- 1, !i!IJ 

x,.(2) = ax't(l) + (1 - a)xt = axt + (1 - a)xt = Xt 

x't(l) = axt(l - 1) + (1 - a)xi(l - 1) = xi, 

Jifi~itmm~+mflM R1t 1 m=r:mt9ltl. 
2. Holt i»it-,-~.t~li-f-;f 

\ 

l ~ 3 

Holt rJ;g~~:J'~~f-ffi';iQfflrM*~~-11:~~s"JffjLl:it!:fi·f~~. Es"J~:zls:}[!M'!~1!3L 
)EffjU~ -1'-U~!Bt ufil5EE1{)~-11:~~ - 4if WJ:tf~Jii~ r ~Ji~ r' :JJ~,z,_ffi t AA 13'-Jftitffi 
wtmw:~rffi t - 1 Ma0xW.~ffi1Jn_t4ifMufil5Es"J~~5!:i9Jffi, ~n 

Xt = Xt - 1 + r 

{§.~EEJ -yllif[tfLIZ9~ 13'-J~UJP], 4ifM f!{JJi~:~xJi~ffi~~dlHE/'J r , 't~ll.lf[Bti'eJ5!:{t_t 
rtBti9J, EIT~~~ff}IJ~~ffi_t~- 1'-ll.lf[tfLff37Ll {rt} , 129mi 

Xt = Xt- 1 + rt- 1 

Xt = O:Xt + (1 - a)xi 
_ , O<a < l 

=> Xt =a.xi+ (1 - a)(Xt- 1 + Tt- 1) 
(4.1) 

129/'J~~ff}IJ {rt} fil~- 1'-ll.lf[.fJLffJLl, /'JT19'.!1~~!rJLl {xt} £1JZ-ffl, ~1f1x;f {rt} 

-t11:ittfr- ?JZ f~~ kHJI!: 

rt = f}(xt - Xt- 1) + (1 - f})rt- 1, 0 < f} < 1 (4.2) 

tert: (4.2) 1-tA:r-t (4.1) , J¥Jt~~q~¥]J t~t8tJ'tffi's{]1~~!rJU {xt}. ~ffjt~ H~lt WJ~~ 
m~ 1JZ-ffi'1i: 8{] tzg ~,1~, t!, E s{]f-ffl -0:r-t /'J: 

{ 
Xt = ax~ + ~ - a)(xt- 1 + rt- 1) 

Tt = f}(Xt - Xt-1) + (1 - f})rt-1 

rt;q=i , a ,f} jJrJ;g,t-1JZ-ffl*tt, -ti1.f*1JZ-ffi'~ ~ , E1f1mI)E O < a,f} < 1. 1JZ-ffl*~EJ{J~~ffi 
!i!1JfllmJJf!.mtt1JZ-ma<1~~ffi!i!1J- ~. 

~mJ~ffiftfffi'-ff,~ill-t11W~-5EW~ffi~~-.~~~~-5EWJ1'-1r~B{] 
W~fiffi: 

(1) f-ffi'ffJIJ~:rn~fiffi Xo, :iiifijiMt''1n1l:~1~)E Xo = X1, 

(2) ~~JrJLls"JW~ffi ro. fll.5E xo - ff, ~if~n1*.5EE, ~m'Jlf!.B~n¥!~: 
ff~:t~Ji:- 1'-IR18J-Klt n, J=l=J~~!Rl'EiJs"Jf-±1J~~fF/'J~~W~~ffi: 



Xn+l - X1 
ro = --­

n 

®JE:!iiJ§"- W=JB<Jft~ffiJ;J xr, }.1~1,.~ffl Holt pij~~fei~1!7-ntn~, fPJlVJ l AAEl<J 
Ni ?9!tl ffi:;f;J: 

xr(l) = xr + l · rr 

3. Holt-Winters -=-~M..t~M.-tit 
~i9:~:it!:fim~3¥-ntll'>JFf91J:;l;J {xt}· {xt} J¥=f1Jret1f~fittl~X1f~?ff1J. ::Fjujic at 

1'J*J¥11Ja<J1Jc.lf-$?t, bt j]it1¥~1Ja<.1~m®1t, s, 1'Jw:J¥~1Ja<1?ffins1-=r c&i9:--t-?ff 
1JJaJWHfJl:;l;J 1r), i!1-?ffll~-=f PTIVJ.lfl~&~a'>J~f*·l1H£UfzYJ. lzl1'1'3 1A T?ff"'p~-=f, 
J!fr!V. Winters 1960 ~{£ Holt W;j~~1~~3¥-fflfl<J}Hi1JU::.f~~ T Holt-Winters --~ttfei 
~1flfflffi~. 

~O**llfll~m~:/JD~ffi~, Ji!lj Holt-Winters =::~ttmtt1flnt~~i¥Jf~~~Or: 

at= a(xt - St- r.) + (1 - a)(at - 1 + b1 - 1) 

bt = /3(at - at-r.) + (1- /3)b1-1 

St = 'Y(Xt - at) + (1 - ,)st- 1r 

~ll**llffl~m~*t!ffl~, Ji!IJ Holt-Winters ~~~:mtt3JZ-ffl~~ 1¥Jf~~:t{Or: 

at= a(xc/sc- 1r) + (1- a)(ac- 1 + b1 - 1) 

bt = /3(ac - a1-1r) + (1 - /3)bc-1 

St = ,(xtf at)+ (1 - ,)st- r. 

iE R ilf~t=p, HoltWinters 1!8~nJIV.~~__tj£=.#3f-ffl~mm.g-. HoltWinters PR 
• 

HoltWinters(x, alpha=, beta=, gamma=, seasonal=) 

A'f: 
-x: ~ilt4r.t~k--t~{l(J;ftt),t. 
-alpha : MA=JLit.i/J~~(l(JU. 

- beta : ~*~~(l(J~k. 
-gamma: -$;$"~~{1(J4t-4t. 
i!.-=- -t-.tUtJl~:f;--~:J/1;., ~ ;t ~.t.;tf;--{l(J .t~tt.--t ~ ti ?J!.! ~ ?l!!: 
(1) :!i alpha ~.t~;t, beta=F ., gamma=F l1t, -*-.'FJ.;tf;--i,.1 if-.t~k--t~.fi~. 
(2) :!i alpha ;fr, beta ~.t~;t. gamma=F l1t, -*-.'F.t~f;-- Holt ~4t-k.t~k--t~tl?l!!. 
(3) ~ -=-1'-~~~.t~ .?t.!Jt , -*-.'F.t~f;-- Holt - Winters .=.U.t~kf~.fl?l!!. 
-seasonal: ~ l!..t.%~ -$°i1 .x...%~~*11t, .t~;t-$;$" .kj;l!*{l(J :¥-. ~. 
(1) seasonal="additive" -*-.'F;/Jo){;;-* -f-, i!.,l.*-#t.tliA:it~ . 

(2) seasonal="multiplicative" -*-.'F3ftj;;;-* f. 

[ f§1J 4- 5] x;f 1964- 19991Pi:p00~1Pt=ilJ¥:§1J (ttills~* Al- 4} .i1Hi Holt 

pij~ttmtt1flm, :ff:f:mr»itl** 101Pa<1i:poo~t=jt. 



> a < -read. table("E: /R/data/file4. csv" ,sep="," ,header=T) 

> x < -ts (a$output, start=1964) 

• i1tfi- Holt pij~tt.If.lfi' 
> x . fit < -HoltWinters(x,gamma=F) 

> x.fit 

Holt-Winters exponential smoothing with trend and without seasonal component . 

Call : 

HoltWinters(x = x, gamma= F) 

Smoothing parameters: 

alpha: 0.855644 

beta: 0 . 158537 

gamma : FALSE 

Coefficients : 

[' 1] 

a 565.55301 

b 12.29066 

• ~ffiJJ Holt pij~ttt~tt.If.;fi'fi;,tg-~~111 
> plot(x.fit) 

I lolt-Winters filtering 

"O 8 
~ I/") 

~ 
Q) 0 
t 0 
0 M 
Vl 

..c 
0 

• ffii9!tl.1¥~tl#~ffilJffii9!tl~~III 

0 
0 

1965 1975 1985 
Time 

> x . fore < -forecast(x.fi t,h=10) 

> x . fore 

Point Forecast Lo 80 Hi 80 Lo 95 

2000 577.8437 545.8643 609 . 8230 528 . 9355 

2001 590.1343 545.1051 635 . 1636 521. 2681 

2002 602.4250 544.7497 660 . 1003 514 . 2182 

2003 614.7157 544.3115 685 . 1198 507 .0417 

1995 

Hi 95 

626 .7519 

659.0006 

690 . 6318 

722.3896 



2004 627.0063 543.6025 710.4101 499.4512 754.5614 

2005 639 . 2970 542.5375 736.0565 491.3161 787.2779 

2006 651. 5876 541.0751 762.1002 482.5733 820.6020 

2007 663.8783 539.1960 788.5606 473.1931 854.5635 

2008 676.1690 536.8922 815.4458 463.1635 889.1744 

2009 688.4596 534.1622 842.7570 452.4821 924.4371 

> plot (x. fore) #~*~l!l 4- 5 }'/j',r; 

0 
0 

'° 
0 
0 
N 

Forecasts from I loltWinters 

1970 1980 1990 2000 2010 

lll 4- 5 q:i~~Jr"AJ¥91J Holt iW~~j~~-¥;ftJ¥91JffiilJ!IJlll 

[ i§1J 4- 6] Xit 1962 1f 1 J=J 1975 ~ 12 R .3f±tg4ij:*:!OJ4 J=l F:!0Jit1f:91J (~t@ 

.!Ji!Jf1* Al 5) ill:fi Holt-Winters --::.~~ffifl.3fffi' , 1H:viJ~7K*W-11f.3f:MJ4ij:*:!OJ4EJ{J 
J=l J.t F :!OJif!. 

> b<-read. table("E: /R/data/file5. csv", sep="," ,header=T) 

> x<-ts(b$milk,start=c(1962,1),frequency=12) 

• i11:fi Holt-winters =-~~ffi~lj<'.;ft 

> x.fit< -HoltWinters(x) 

> x.fit 

Holt- Winters exponential smoothing with trend and additive seasonal component . 

Call: 

HoltWinters(x = x) 

Smoothing parameters: 

alpha: 0.68933 

beta : 0 

gamma: 0.8362592 

Coefficients: 

[.1] 

a 885.775547 

b 1. 278118 

s1 -16.743296 
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s2 -59.730034 

s3 47.492731 

s4 56.203890 

s5 115.537545 

s6 84.554817 

s7 39.580306 

s8 -4.702033 

s9 -54.554684 

s10 -51.582594 \ 

s11 -85.953466 

s12 -42.907363 

• ~lttJ Holt-Winters =~ftffiftlf.ifHtl:8"~~:IJJ 
> plot(x.fit) #~*-:-!1111!3 4- 6 f)f~ 

Holt-Winters filtering 

1964 1968 
Time 

1972 1976 

iJlf!fj: Xi4irFnff1tl1-J~~ffi:JT-3'tl, $Fnff.~1J::J.1 Holt M~fl.J}r~~fflff~tl. 
• ffi w!U ff 91J # tt ffiU ffi i9!1J ~~Ill 
> x . fore < -forecast(x.fit,h=24) 

> plot (x. fore) 

0 
0 
0 

0 
0 
00 

0 
0 
\0 

Forecasts from I loltWinters 

1965 1970 1975 

Ill 4- 7 ffi!f.J:IJJt.r"ffiA.1¥,1J Holt-Winters =~liffili1¥-ffl.1¥91Jffijj!UIIJ 



tE s 1t ~ m If! , ft f 1TaJ ~ .!A!. i1J it~~ *=115&~ a<J Bt rsJ Jr '.9tl. tt ~o im * a<J ~ i1ii , 4:ij;,t­
J=J 89mi~~~~, ~F-l?t~,~~*JJl~*tlkA~, ~~, 'tff1t~~~JJl1tf.UJHw.B':J*11~ 
ieflt.W.~. 

ftffJ~PT ~re "*11'' r ;1_.1-t, JL:i:~~ili ~~B':1JWJ»H1~1-t89$14, mf*t:JJ..~ 
"*=11" tjjj)z. lmtE "$11" ~j~lJt2~~JWJW-j~Jj)zs<J1-t~ Lff.l. rm "*" i:!1~JJ1T JWJAAP-J 
4ij:-WHl<J1t~ ifIJ . 

[ f§1J 4- 7] DJ:ltJitrn 1995- 2000 if::)=J 1jl-:15J~illaJT'.9tl.7'Jf9tl (~!@JR,~ Al- 13), 

1rm *11tfjj)z5-},lfr 89~*J~'!-~ fil/JA*~dt$~. 
ff :%~1ff!J~ff'.9lj89B,ffflII, ~000 4-8 JiJr~. 

tern.~-------------~ 
30 

20 

10 

0 

- 10 ............. ~~~~~~~~~~~~~--,--,.., 

JAN95 JAN96 JAN97 JAN98 JAN99 JANOO JANOI 

time 

5m u: at ff ~ , ~ 111 L5t Jm:I t * rn 199 s 2000 1:f::4:ij; J=J a<J ljZ-:l5J ~ m~ ~ * 11 a<J ~ iefJ ~ 
~F1tt.w.~~J~1-t. ~m't89rBU91 *~~¥ow-11-12s1 ~89~n1PJ = -1-:i:*115i~; - 1-:i:~m 
vtzefJ. 

fl?iUm 19:~ *=iJ" ~~ 89 ~ njtij. \:I tJ?:rn ~J ~ 1ffiijj\z ~~~tE~1-:15J ffi fflili: ~m~ iefJ, * 
w~~89~t1:~ffl~&~t1:~~qffia<Jffl~J=Jfil~m1ilifflMB<Jtt~ . .7'J~fffl~e• 
1t 89 *11 ff-f ,@,, ft f fltiJ :ii ili *111~ e er'~ fl!!t~. JiJr i11 * 111~~, JJJt:i:ffl ml iji ljZ-:l:1J~H-a<J 
JWJAA P-J ~atM*11tt~n1PJ a<Jfflx·J-~. 

DJ*=f9tJ~J~iWtH~.7'Jf91J, ~ffJTffi~>JHJjiij;,t-)=J 89*11:J'~~ S1, S2, · · ·, S12, ;}]~-i_ffi 
i if:: ffi J 1-A a<J 1jZ-:i5J ~ mi nr ~ ~~ 7'J = 

xi3 = x·Sj + Iij , j = 1,2, ··· , 12 

5:\lf!, x J:l~ J=J ,~,1jl-:15J~&; Sj J:Jffi j 1-J=J El<J*111~e; Iij 7'1ffi i ~ffi j 1-J=J ~&a<J 
~mvtiefl. 
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*1iffiBA'~it•?t:1,J ~~-. 
ffl-~=tt•~M~trM•~B,~~KM~*~~M~•~*¥-~~ff~~B 

!m~t~:1,J rn WJ:1,)-~WJ, ~~ n -1'-WJWJ. JJ!IJ 
n 

LXik 
i=l Xk=--

n 

n m 

LLXik 
x = i=l k=l 

nm 

k = 1, 2, · · · , ni 

ffi~lf;: fflB,.tWl•:15JB~VJ,~3¥-:15JBtJt"i:iJ~f~¥Utrn~·Jtfj(.J~*iHl5!/& Sk(k = 1, 2. · · ·. 

m), RP 
Xk 

Sk=-=-, k=l.2,···.m 
X 

~•£*~m•~~~~~-*~m•&~T~*N~a•~mz~~-#~~ 
~~o{J**· ~ll:W:~-t-Ltffi::kr 1, }{Jti5?JJJ3~:$:Nl¥.Jffi:1r.'1it~~T J~, 'fl~ffi: :tmJ!:i!-t­
Lt ffi1Jv=f 1, JWti.5?. ~ it* NB~ ffi 11tm-11£.:::P ,t{),. :l:5J ffi; ftO*ff ~IJ B'f* i1mB 1'mili:M ~T 1, 

tl~Ji9ti.5?.aJJ~ff9tlN~~ filts{J*=il5&m. 
rffiiftfll*Af*it•:zt.:~tll¥.l*~m•. it•~*:tlo* 4 3 ffr~. 

*4- 3 

X 'fl-H11 Uifil (°C) fl ~1
- HJ "rn1r~ 

199/5 1996 1997 19!)8 1999 2000 X; S'; 

I 0.7 · 2.2 :3.8 3.!) 1.6 (i. J :tlO 0.238 

2 2.1 -0.11 1.3 2.tl 2.2 I . f) I .02 0.078 

3 7.7 6.2 8.7 7.G J.8 .I 7.18 0 . .551 

4 14.7 14.3 14.G 15.0 1.1.,1 11.6 H .58 1.1 H) 

5 19.8 21.6 20.0 l!l.9 HJ./) 20..1 20.20 l.,550 

6 2-1.3 2.5.4 24.6 2;3. fi 25. 1 26.7 25.00 l.919 

7 25.9 25.5 28.2 26.5 28.1 29.6 27.:30 2.095 

8 25.4 23.9 26.6 25.] 25.G 25.7 2!'i.:38 J .9J8 

9 19.0 20.7 I .6 22.2 20.9 21.8 20 . .')3 1.576 

lO l -l.5 12.8 14.0 11.8 1;3.0 12.6 1:3.62 1.045 

11 7.7 J.2 5.4 l.O 5.9 3.0 5.03 0.386 

12 OA 0.9 1.5 0.1 -0.6 0.6 0.35 - 0.027 

,t/,'fJ:\J x = I3.03 

ffl*llffiB~1!¥JJill!I (Ji!,l!J 4 9), nJ~tWWJftff19!1'r~lt!!.*¥!JJ=J J.l~iEM~Wtl¥.J 
~ a(iiJ. 

:zt.:f9iJr:r, 1 J=J 1¥.l*=~ffiB:f&::k, iJ?,q]3 1 J=l £:ft*iii:Ji~s{JJ=J f5J' ; 1 J=J a~*~t~B:i\il!J\ 
i.5?.'!l=l 1 J=J £:1t*!i~l¥.IJ=J 111; Ntt-lili:r~•:l:5J~Wr1¥.1£ 10 J=J, :l!-t-J=J atljl-:l-1J~ma£ 



2 3 4 5 6 7 8 9 JO 11 12 
rnonlh 

13.62°c, ;f-r1ip1f.r!g'=(.?Jl!S"~§::rr-Rlf 4.5%. 

rna•~~*~m~,~mm~m~~~~"*"'p"~~~-#~~~*~- ~~ 
3 fa.113"~*-=p:J-t!Sc~ o.551, Tm 6 fa.I l'fJ=*111~~~ 1.919, ~iJV3Jl 6 fa.I l'fJ1f:lfg'=(.twi- f~~ 3 

fa.I I'.!{] 3.481~, ff5l:tzrH!F.Jif. 3 fa.I :ltJitrfrl'.!{]1f:l:5J'=(.?Jl!~ 1°c, lll~-z.-tlHi*TI5&!.&:ft1fllf;j!rn 
Ni19!1Jt£*'=(.~~7F~1:.*1¥1~~1'.!{]fiJ-!lf"f, :ltJ?-m 6 A 1'.1{]1f:l:5JE(.lffilmW:1:E 21°c tr_-,;,. 

4.5 ~8~ffi 

tL.t uff ~11 It!. ft ff J %§JU fl'-til T .1~H4: l'!<.J ~ti.,Hfr1Jtt fil1't~ I'!~ *TI~j(J.&: 5-Hfr1Jtt. 
1:E~- 11m~~fl'-ffl&~~fig~~~Rlf*115&J.&:1'.1{]~~*~1'.1{]5t~1J~. 

~ ~;jJ~fimHt ~~ t11 *115&!.&: IA] Bi itl:fi?t 11T, rf %&,®f T Im 't ff] ZJEiJ l'fJ;ffi:!i ft ffl 
**· {§.~, Jffi1ltftff]Jf7F~ilt'tff]i]J~~~f-F~#ftfflmi~~*,,0~1-t.l'.I{], ~at ,Rfj~ 

ttHiff,11J l'.l{]~U.W., ~ff- ~~~fl~BIHtiit4l-~~zJEiJ~ffl:!i ftffl:k¥. 1lt ffl~~~ 
~: 

(4.3) 

Xt = Tt · S1 · 11 (4.4) 

j\i:p , Tt ft*ffJLl~-!~J!Jj~fivt~; St 1t*ff,1Lls"J*Ti'~ (ffl!M·~) ~{t; I t f-t*l!in.fJL 
vt~. 

1:Ei!fDJE'~~uftJ{LHi~B1, J21;:J'l-@-~~:fii8JE'~IHt!:im1lt~~i¥0~~1lt7F~~?t.ffrI:wW!IJ 
~j[*· 

R ift~ 't1:i1Hi"i!fDJE'~~~*im~i:J<i~~ decompose, W:PB~~-;fp-~:mJ.\'.:~Or: 



· 12s · a.ffaJ.1¥~J:SHJr - ~T R 

decompose(x, type=) 

s\ 9": 
-x: }f-71]~. 

-type : .t~,t}t;1J11;:.t-;t*~if.)UfUi·;tl~. 

(1) ;IJP;:.!-;ti~, type="additive", i!..,l ~ ~A..!tiAi.t.i.. 

(2) jft;:.!-;tl~, type="multiplicative". 

[ 1§1J 4- 8] xt 1993- 2000 ~rj, !Jsl-t±~iR ~rfii'.~~ ,t!,Wlf=¥~U (fi~~* Al 14) 

:ittfi iiftl JE '~ [251 ~ 5-}fm. 

> c<-read.table("E:/R/data/file14.csv" ,sep=", ",header=T) 

> x<-ts(c$sales,start=c(1993,1),frequency=12) 

> plot (x) #rk ,lfl-*1, 00 4 10 fo}j->F 

0 
0 
0 
M 

;,: 0 
0 
0 
N 

0 
0 
0 

1994 1996 1998 2000 

Time 

> x.fit<-decompose(x,type="mult") 

• ~:fi~,H~tt. #~:ttJ~iH~ttfll 
> X. fit$figure 

[1] 1.0439030 0.9939439 0.9592626 0.9397644 0.9438897 0.9588798 0.9286603 

[8] 0.9260807 0.9814290 1.0074970 1.0472403 1.2694493 

> plot(x.fit$figure,type="o") #rk;lfl-*'100 4 11 fo)f.r-

LJ ... 
::, 
1)1) 

t.:; 
~ 
t:: 
). 

Vl 
~ -

0 

-
,,... 
°' 0 

2 4 6 8 10 12 

Index 



·••~•mftffi,#~~~•mftoo 
> x. fit$trend 

Jan Feb Mar Apr May Jun Jul Aug 

1993 NA NA NA NA NA NA 1028.696 1048.900 

1994 1153.913 1179.492 1208.621 1240.533 1275.733 1316.087 1354.700 1385.483 

1995 1537.554 1567 . 687 1597.308 1627.879 1659.350 1694.296 1726.138 1756.412 

1996 1890.954 1913.637 1938.921 1966.329 1994.879 2028.796 2063.733 2092.137 

1997 2190.733 2207.475 2221. 812 2236.637 2251.825 2260.071 2272.325 2287.071 

1998 2350.200 2366.608 2383.846 2400.158 2416.213 2434.837 2449.933 2464.292 

1999 2513.642 2521.579 2532.308 2547.687 2561. 737 2578 . 554 2594.675 2610.475 

2000 2707.971 2726.379 2746.162 2768.446 2793.929 2818.963 NA NA 

2001 NA 

Sep Oct Nov Dec 

1993 1069.542 1088.471 1108.496 1130.450 

1994 1414.425 1445.429 1476.679 1507 . 108 

1995 1787.517 1813.887 1839.679 1866.312 

1996 2116.017 2137 . 537 2156.521 2173 . 546 

1997 2297 . 142 2309.683 2322.567 2335.829 

1998 2479.100 2488 . 579 2497.033 2505.433 

1999 2630 . 912 2649 . 208 2669 . 550 2689.933 

2000 NA NA NA NA 

2001 

> plot(x.fit$trend) #~Jflj(POO 4- 12 foJriF 

-
"O 
C: 0 V 
.b g -
(A 

~ 
N 

X -

0 
g -

I I I I -
1994 1996 1998 2000 

Time 

> x.fit$random 

Jan Feb Mar Apr May Jun Jul 

1993 NA NA NA NA NA NA 1.0088882 

1994 0 . 9897286 0.9917699 1.0069996 1 . 0039379 1.0079296 1.0151591 0.9947887 

1995 0.9982198 0.9571982 1.0006930 1.0123394 1.0122310 1.0092784 1. 0128538 

1996 0.9671360 1.0048115 1 . 0000891 1 .0037414 1. 0081543 1.0106040 0.9854906 

1997 1 .0006939 1.0088390 0. 9998115 0 .9993280 0 . 9918727 0.9988758 0.9963425 

1998 1.0391783 0.9804972 0.9969239 0.9987216 0.9932308 0.9962666 1.0048103 



1999 1.0145206 1.0128044 0.9892766 0.9843682 0.9776685 0.9823163 0.9878519 

2000 0.9815488 1.0351058 0.9972322 0.9885893 0.9999390 0.9785257 NA 

2001 NA 

Aug Sep 

1993 0.9880930 0.9748693 

1994 1.0022841 1.0057935 

1995 1.0064677 1.0009573 

1996 0 . 9891157 1.0032647 

1997 0.9935731 0.9933992 

1998 1. 0142266 1.0041262 

1999 0.9972656 1.0086157 

2000 NA NA 

2001 

> plot(x.fit$random) 

E 
0 
'O 

~ ... 
'!! 
t:: 
X 

Oct Nov Dec 

0.9584809 0.9492950 0.9863775 

0.9916461 1.0047607 1.0099323 

0.9948091 1.0044711 1.0085729 

0.9975563 1. 0140385 1.0323984 

1.0090249 1.0092977 0.9718346 

1.0114724 1.0142280 0.9845558 

1 .0280362 0.9949349 0.9973544 

NA NA NA 

0 
~ 

'° °' ci 

1994 1996 1998 2000 
Time 

ftfil~$00W~~ffl7~•*Mffiffi&- ~-~~-~B~-~-M~A~~~ 
fflj~X;f ~-t-~ •uH-rf5ttA~~:~t~~!ll ~ffl, Pf k,(1Hlil R ~f~f~U~HlJJJtB~#I ~u~~ 
~~ l±l , ffl*frr~:!l~rf: 

> x.fit 

$x 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct 

1993 977.5 892.5 942.3 941.3 962.2 1005.7 963.8 959.8 1023 . 3 1051 . 1 

1994 1192. 2 1162. 7 1167 .5 1170.4 1213.7 1281.1 1251.5 1286.0 1396.2 1444.1 

1995 1602.2 1491.5 1533 . 3 1548.7 1585 .4 1639 .7 1623.6 1637.1 1756 .0 1818 . 0 

1996 1909 . 1 1911.2 1860.1 1854.8 1898.3 1966.0 1888.7 1916.4 2083.5 2148.3 

1997 2288 . 5 2213.5 2130.9 2100.5 2108.2 2164.7 2102 . 5 2104.4 2239 .6 2348.0 

1998 2549 .5 2306.4 2279.7 2252 .7 2265.2 2326.0 2286.1 2314.6 2443.1 2536.0 

1999 2662.1 2538 . 4 2403.1 2356 . 8 2364 . 0 2428.8 2380.3 2410.9 2604.3 2743.9 

2000 2774 . 7 2805.0 2627.0 2572 . 0 2637 .0 2645.0 2597.0 2636.0 2854.0 3029.0 

2001 NA 

Nov Dec 

1993 1102.0 1415.5 



1994 1553.8 1932.2 

1995 1935.2 2389.5 

1996 2290 . 1 2848.6 

1997 2454.9 2881. 7 

1998 2652.2 3131.4 

1999 2781.5 3405.7 

2000 3108.0 3680.0 

2001 

$seasonal 

Jan Feb Mar Apr May Jun Jul 

1993 1.0439030 0.9939439 0 . 9592626 0.9397644 0.9438897 0.9588798 0.9286603 

1994 1.0439030 0.9939439 0.9592626 0.9397644 0 . 9438897 0.9588798 0.9286603 

1995 1.0439030 0 .9939439 0 . 9592626 0.9397644 0.9438897 0.9588798 0.9286603 

1996 1.0439030 0.9939439 0.9592626 0.9397644 0.9438897 0.9588798 0.9286603 

1997 1.0439030 0.9939439 0 . 9592626 0 . 9397644 0.9438897 0.9588798 0.9286603 

1998 1.0439030 0 .9939439 0 . 9592626 0 . 9397644 0 . 9438897 0.9588798 0.9286603 

1999 1. 0439030 0.9939439 0.9592626 0 . 9397644 0.9438897 0.9588798 0.9286603 

2000 1. 0439030 0 . 9939439 0.9592626 0.9397644 0.9438897 0.9588798 0.9286603 

2001 1. 0439030 

Aug Sep Oct Nov Dec 

1993 0.9260807 0.9814290 1.0074970 1.0472403 1.2694493 

1994 0.9260807 0 .9814290 1 . 0074970 1.0472403 1.2694493 

1996 0.9260807 0 .9814290 1.0074970 1.0472403 1.2694493 

1996 0.9260807 0.9814290 1 . 0074970 1.0472403 1.2694493 

1997 0.9260807 0.9814290 1 . 0074970 1 . 0472403 1.2694493 

1998 0.9260807 0.9814290 1.0074970 1.0472403 1.2694493 

1999 0.9260807 0.9814290 1 . 0074970 1.0472403 1.2694493 

2000 0 .9260807 0 . 9814290 1 . 0074970 1 . 0472403 1.2694493 

2001 

$trend 

Jan Feb ~ar Apr May Jun Jul Aug 

1993 NA NA NA NA NA NA 1028.696 1048.900 

1994 1153 . 913 1179 .492 1208.621 1240 . 533 1275 .733 1316 . 087 1354.700 1385.483 

1995 1537 . 554 1567.687 1597 .308 1627 . 879 1659 . 350 1694 . 296 1726 . 138 1756 . 412 

1996 1890 . 954 1913.637 1938.921 1966 . 329 1994.879 2028 .796 2063 .733 2092.137 

1997 2190 . 733 2207 .475 2221.812 2236.637 2251 . 825 2260 .071 2272 .325 2287.071 

1998 2350.200 2366.608 2383 .846 2400 . 158 2416 . 213 2434.837 2449 .933 2464.292 

1999 2513 . 642 2521.579 2532.308 2547.687 2561.737 2578 . 554 2594.675 2610.475 

2000 2707.971 2726 . 379 2746.162 2768.446 2793.929 2818 . 963 NA N~ 
2001 NA 

Sep Oct Nov Dec 



1993 1069.542 1088.471 1108.496 1130.450 

1994 1414.425 1445.429 1476.679 1507.108 

1995 1787.517 1813.887 1839.679 1866.312 

1996 2116.017 2137.537 2156.521 2173.546 

1997 2297 . 142 2309.683 2322.567 2335.829 

1998 2479.100 2488.579 2497.033 2505.433 

1999 2630.912 2649.208 2669.550 2689.933 

2000 NA NA NA NA 

2001 \ 

$random 

Jan Feb Mar Apr May Jun Jul 

1993 NA NA NA NA NA NA 1.0088882 

1994 0.9897286 0.9917699 1.0069996 1.0039379 1.0079496 1. 0151591 0.9947887 

1995 0.9982198 0.9571982 1.0006930 1.0123394 1. 0122310 1.0092784 1 . 0128538 

1996 0.9671360 1.0048115 1.0000891 1.0037414 1. 0081543 1.0106040 0.9854906 

1997 1.0006939 1.0088390 o. 9998115 0.9993280 0.9918727 0.9988758 0.9963425 

1998 1.0391783 0.9804972 0.9969239 0.9987216 0.9932308 0.9962666 1.0048103 

1999 1.0145206 1.0128044 0.9892766 0.9843682 0.9776685 0.9823163 0.9878519 

2000 0.9815488 1.0351058 0.9972322 0.9885893 0.9999390 0.9785257 NA 

2001 NA 

Aug Sep Oct Nov Dec 

1993 0.9880930 0.9748693 0.9584809 0.9492950 0.9863775 

1994 1.0022841 1.0057935 0.9916461 1.0047607 1.0099323 

1995 1.0064677 1.0009573 0.9948091 1.0044711 1.0085729 

1996 0. 9891157 1.0032647 0.9975563 1.0140385 1.0323984 

1997 0.9935731 0.9933992 1 . 0090249 1.0092977 0.9718346 

1998 1.0142266 1 . 0041262 1.0114724 1.0142280 0.9845558 

1999 0.9972656 1. 0086157 1.0280362 0.9949349 0.9973544 

2000 NA NA NA NA NA 

2001 

$figure 

[1] 1 . 0439030 0.9939439 0.9592626 0.939764 4 0 .9438897 0.9588798 0.9286603 

[8] 0. 9260807 0.9814290 1.0074970 1.0472403 1 .2694493 

$type 

[1] "multiplicative" 

attr(, "class") 

[1] "decomposed.ts" 

> plot(x .fit) #~*-jlrJl!J 4- 14 fo)j";j'; 



Decomposition of multiplicative time series 
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4.6 Ja a 

1. ~rn 4 wnti9J1V-:1'5Jf'FJ:m~, 3-JttE 2 witm~'Jffi XT(2) ':f=l XT- 3 .!:j XT- 1 ifrifilfs'-J* 
~JtJJIJ~T~~-

2. ftJ:l=H~~1V-fflr!1~¥1J Xt - 1 = 5, i\+1 = 5.26, B%1Ff:9Ll~~ffi Xt = 5.25, X t+i = 

5.5. >R:m~1V-ffl*~ a. 

3. ~ - 20 WIB'-JW.~ffiFf;91J {x t} )'): 

10 11 12 10 11 14 12 13 11 15 12 14 13 12 14 12 10 10 11 13 



(1) -&!ffl s WJ~Z9Jf:l:{g1!rw1mJJ x22. 
(2) 1s!!J=§rli~fffi1!P.fU'E x22, ;lti:pfffl¥~:1g a= 0.4. 

(3) 11?xi.i a Jg 5 WH$i9Jf:MJ1!rw?mJJ X22 i:p X20 tiI1¥J¥~, b Jg{£ X22 s<Jfffi.*~ 

Jg a= 0.4 1¥Jt/j~fffl}!J'.Wj9)Jji:p X20 FJUEI"~.*~, * b - a. 

4. :E.)Ri~ffflJ {xi_= t,t = 1,2,·· ·}, 15QJ=l:Jfffi¥~:1g a 1¥Jt/j~fffi1*1i~W:fffU. 

f~JE xo = 0, >J< lim Xt. 
t-+oo t 

5. ftOO 1949 2008 ~~*AD ,tr!,~ (Jt!.w.: Ji A) fffLl:tW* 4- 4 M~ (fi~t@). 

:& 4-4 \ 

54 167 55 196 56 300 57 482 58 796 60 266 61 465 62 828 

64 653 65 994 67 207 66 207 65 859 67 295 69 172 70 199 

72 538 74 542 76 368 78 534 80 671 82 992 85 229 87 177 

89 211 90 859 92 420 93 717 94 974 96 259 97 542 98 705 

100 072 101 654 103 008 104 357 105 851 107 507 109 300 111 026 

112 704 114 333 115 823 117 171 118 517 119 850 121 121 122 389 

123 626 124 761 125 786 126 743 127 627 128 453 129 227 129 988 

130 756 131 448 132 129 132 802 

m~~~tlH~H~~W:J:fJUEl<J*WH:~~\ JHt- 5 :MrwJJJ. 

6. jt~ ]Cfi'I 1948 1979 ~~~;&FRn*JJtt&.A~t@~U* 4- 5 ?fr~ (fi~t@). 

:& 4-5 

601 604 620 626 641 642 645 655 682 678 692 707 

736 753 763 775 775 783 794 813 823 826 829 831 

830 838 854 872 882 903 919 937 927 962 975 995 

1 001 1 013 1 021 1 028 1 027 l 048 1 070 1 095 1 113 1143 1 154 1 173 

1 178 1 183 1 205 1 208 1 209 1 223 1 238 1 245 1 258 1 278 1 294 1 314 

1 323 1 336 1 355 1 377 1 416 1 430 1 455 1 480 1 514 l 545 1 589 1 634 

1 669 l 715 l 760 1 812 1 809 1 828 1 871 1 892 1 946 1 983 2 013 2 045 

2 048 2 097 2 140 2 171 2 208 2 272 2 311 2 349 2 362 2 442 2 479 2 528 

2 571 2 634 2 684 2 790 2 890 2 964 3 085 3 15!) :i 237 3 358 3 489 3 588 

3 624 3 719 3 821 3 934 4 028 4 129 4 205 4 34!) 4 463 4 598 4 725 4 827 

4 939 5 067 5 231 5 408 5 492 5 653 5 828 5 965 

m~~~mIDm~w:PffiJ*Wut~~. 

7. ~J:t!?.~ 1962- 19701=p JZ-:MJ4ij*:WJ4"-s<JA JJU'z::fjf!!ttt@ (Jt!.1iI. : ~) ~u* 4- 6 fafi 
~ (fi~t@). 



~ 4~ ~~ -¥~1¥ 91J ag• ~tt:SHJr · 135 · 

* 4-6 

589 561 640 656 727 697 640 599 568 577 553 582 

600 566 653 673 742 716 660 617 583 587 565 598 

628 618 688 705 770 736 678 639 604 611 594 634 

658 622 709 722 782 756 702 653 615 621 602 635 

677 635 736 755 811 798 735 697 661 667 645 688 

713 667 762 784 837 817 767 722 681 687 660 698 

717 696 775 796 858 26 7 3 710 701 706 677 711 

734 690 785 805 871 845 801 764 725 723 690 734 

750 707 807 824 886 859 819 783 740 747 711 751 

(1) ~ifi!JW:Ff:Ytl B·tJ¥00, 11~As~W:Ff3ttl B~t.J.~. 
(2) 1f J=H ~~5tfff.1rt!:r~1tW:ff:YIJ ir-J~!I, JtJmi9!fF- ~ ttJ:-t!!IR:W14 B"~R J.tf=trj 

:i:. 
8. ;?\tMrn 1980 ip 1 n~ 19951::p 8 YJ~flm'f~ffi~ii (.!tl{fz: ~) ~o* 4 7 ?Jr 

~ (Hfltm). 

* 4- 7 

76 378 71 947 33 873 96 428 105 084 95 741 110 647 100 331 94 133 103 055 

90 595 101 457 76 889 81 291 91 643 96 228 102 736 100 264 103 49] 97 027 

95 240 91 680 101 259 109 564 76 892 85 773 95 210 93 771 98 202 97 906 

100 306 94 089 102 680 77 919 93 561 117 062 81 225 88 357 106 175 91 922 

104 114 109 959 97 880 105 386 96 479 97 580 109 490 110 191 90 974 98 981 

107 188 94 177 115 097 113 696 114 532 120 llO 93 607 110 925 103 312 120 184 

103 069 103 351 111 331 106 161 111 590 99 447 101 987 85 333 86 970 100 561 

89 543 89 265 82 719 79 49 74 846 73 19 77 029 78 446 86 978 75 78 

69 571 75 722 64 182 77 357 63 292 59 380 78 332 72 381 55 971 69 750 

85 472 70 133 79 125 85 805 81 778 86 852 69 069 79 556 88 174 66 698 

72 258 73 445 76 131 86 082 75 443 73 969 78 139 78 646 66 269 73 776 

80 034 70 694 81 823 75 640 75 540 82 229 75 345 77 034 78 589 79 7G9 

75 982 78 074 77 588 84 100 97 966 89 051 93 503 84 747 74 531 91900 

81 635 89 797 81 022 78\265 77 271 85 043 95 418 79 568 103 283 95 770 

91 297 101 244 114 525 101 139 93 866 95 171 100 183 103 926 102 643 J08 387 

97 077 90 901 90 336 88 732 83 759 99 267 73 292 78 943 94 399 92 937 

90 130 91 055 106 062 103 560 104 075 101 783 93 791 102 313 82 413 83 534 

109 01 l 96 499 102 430 103 002 91 815 99 067 llO 067 101 599 97 646 104 930 

88 905 89 936 106 723 84 307 114 896 106 749 87 892 100 506 

:ill;ff:m ~fmID1m1tw:ff:91J a~~~- Jt-rm~~ 199s 1¥ 9 JJ ~ 1997 ip 9 fl w::1r&rn±m 
m~flid:. 



• 

~ 4 ~1r~T~~1jl-~J¥JUa<1uftlj£·11~•*MnY!. ~;M11Y7*~7fiIJJJH1Effi!'Ji, ~t'f: 
ffi{f, £rMff~tt,i~, tE~~~M=ffJ]!.!=JN!Jtl1JJ~;;fif 1¥.Za<JJ.ili:ffl. 

{g~ 11H tr 1Yf Jtn7* a<J 7* A fn 1iJf Jt 1,W il!Jt a<J t6 '.9!, A {f] 'jj:_ Jm liftJ iE '11 ~. 0-M jj7!ff tf-­
tE-® l'nJ B, .:E~;;fif: 

(1) fiffliE·11~•*mnY!,R11J~•~~i~JJa<JfiffliE·l11~-~- , x1Mw1:111it~Jl~F11t 
(2) f!ffliE·li~ •0-mn7!:teYr7fiI Ff:91J a<J~f-ttisVJt!jJ 1ZY ~1•a<J~,@-~ur:iJ, iP~~ 

~7t;:-~~-.;;fif~a<Jjj7!~~~*~-~~-~a<Jt'f:ffl~*· 
~®~•~••iEtt~•0-mn7*~~ft*••~•m*~~a<J7fiI~ffiA,~• 

tl~Hf.L,@-ffi lltim ~~ $fJH~. lliffLAt J¥5ttfrn7! s'-J 'jj:_~}J)t~jj 7 ~~~-JE'li ~. 0-M 
n7*s'-J~JE, jJAffJm~1!1Ja+M, !l!1JaffiuftJa<Jatr¥:5ttfrI1!-. 

*~~•mFf~~~,~~~*m•iEtt~J¥5tfih7*~~11Hm~J¥0-fin~, 
5tfia<Jffi-~-~~~M7fiI~~~m••Ff~~YrM~a<J-iEttfflA. 

liftliE''1{~.@,B{Jm•nr!~l=?t$, mi001rtBs'-Jt~~*Tftl,j~, m,@--1:E:WU!~t/it~, ~ 
i9J}jl-:lfg, :rl,j~}jl-ffl~~~nrttrs~uftJjE·lif~.~••nrt, {E~'t1fJxtuffJJE'i1f~,@,a<Jtlf: 
.,~~$ft5t. 

Box :fl:I Jenkins tE Time Series Analysis: Forecasting and Control--=f:5~tlJJLl~iifnl 

&5tnr!a<J15'!ffl, {1!?,1f1~ffl*i!a<1$19iJ5tfiliE~&5tnr!~-#~~~rn1'! 7fiI~~a<J® 
JE'liffl,@,•*n1*. mi Cramer 7tffftiEf:iJilLltE:El!Hi?;J:{¥i,iE7~~~~a<J&%- iEPJ~ 
ft%m!IR liftJJE·111~.~-. 

mtm Cramer :5tffftiEJJR, n&1f'i1~!=1jl-~Ff:9LlfinT~%ffft:;J.J~Or%:rt: 
d 

Xt = I: /3j · tJ + tfr(B)at 
J=O 



~~Ff7tla<J d !lfi-&?twtffl~rlt~~-a<J d llfi->1<~, ~?&, tE Cramer 5t-M~Jcl 
a<J-f¥iiE""f, d ~&?t8")tnTIV.~ {xt} i:pfj~a<Ji!]fi~'!t:tfff,\!lft?t~Jfl. 

d 

tJd "2:JJ1 ti = C, C JtT ;t - ~ ~ 
j=O 

"vXt = Xt - Xt-1 

Xt = Xt - 1 + "vXt 

~~'*# 1 !lfi-&5t~Jll:t_twt~- 1-~ @lljJ;tt~ 1:~f-1:Jfil;g-Ma<JJJJ~~tt& {x1 - d 

fl=Jg § ~iiB~Mff~MFf7tlta {:rt} B~3£~J!I*&, &%Ff~tl {Vxt} JJtiia<J~ {:r, }l llfr 
E'l @lljJi:tWi:pt:1:B"JmfitJl~&a<J*1J\. 

ll,BHf~-1- d !lfi-&7t, *1" 
d 

"vdXt = (1 - B)dXt = I:(-1)ic~x1.-i 
t=O 

i=l 

~ :f: IJ;f(# &?tili~ a<J ~ Jll:t ~ul!ffl f:I @I ljJ E'-Jjf j.\::1£lfl 1iJti )E tH~ ,~,. 
R i1t~i:p, diff pjqf,(fij'J))5cjj_x,~~&%ili •. cliff Risi~El<J"ftp4-~:a'.;~nr: 

diff( x, lag= , differences=) 

A 'f': 
-x : :A: -:i ;t . 
- lag: .& 7/"in ffe *. -1' 4at:t:t~ it., i M ... fbA. lag=1. 

-differences: ft 7/";k..ti_. -;r-4+"~.t~ it., ,r,. #t.fbA. differences=1 

:t&:rm diff ~~a<J~~)E)( , ~n*&*1fn4-~nlG diff(x, d, k), :f:,1~-~.itt:fr k ~ d $-
;&,t. '/it ffl B<J&~-ffl*'ffll4-,1;}: 

1 !lfr:&?t: diff(x); 

2 llfr~?t: diff(x, 1, 2); 

k !lfi-&%: diff(x, 1, k) ; 

d tv:&'?t: diff(x, d, 1), !!-X1'tffil~::f.J diff(x, d) ; 

- ~:&%.Efff.:ittfr d tv:&0-: diff(diff(x) ,d). 



[ 1§1J 5-1] tt-W~ 2- 1 ~%tJri:f:1, 1~1f15i0:i1! 1964- 1999 !¥i:f:100~!¥f=ftff~Uii: 
1m--i'ilifbl~·~B"~Jit~~~- :EJ\1xtitff~U:ittfi 1 M-~%~-, ~~&%~-MitFf~U 
~tl:~~f~L~, B"Jtl!& ft ffl. 

> a <-read. table ("E: /R/data/file4. csv","," ,header=T) 

> x<-ts (a$output, start=1964) 

> X. dif <-diff (x) 

> plot(x.dif) 

"-< 
~ x 

0 
'tj-

0 
N 

0 

0 
N 
I 

1965 1975 1985 1995 
Time 

Btfflllr!lltrt·tlt~~~' 1 ®f&~-B~~F1Jf JtX::~1J.ti!!.kAJJ.:ff~Ui:f:itl!&tl:\ T~tl:~~' 
~% Fo ff~U£:EJ\1tl:l~F1lf-lf ~~lllf[tJL~z;JJ. 

ffi91J!i~Htl~~?t.J,, iimf!f~ (2 ~~ 3 ~) ~:frJiitqfli.l.~ffiU±lHtl~~?t.J,e'SJ 
~ora.i 

[ 1§1J 5- 2] *iit~!& 1950- 1999 !¥:ltJ?:rl:f ~ffl$Wi1J.fl~ftff~U (~ILW.* 
Al- 15) S"Juf@JEtH~L~,-

> b < -read. table ("E : /R/data/file15. csv",", ",header=T) 

> x < -ts (b$vehicle, start=1950) 

> plot(x) #~Jll~oOO 5- 2 .PJr"-F 

0 
0 
0 

0 
0 
V1 

0 

1950 1970 
Time 

1990 



•lM-~1 #M~-~g~~N~OO 
> x.dif<-diff(x) 

> plot(x.dif) #itJfl--Jri,00 5 3 P}f-F 

0 
('I 

'- 0 
00 

-0 x 
0 
"<t 

0 

1950 

•2M-~,#M~-~g~~N~OO 
> x.dif2<-diff(x,1,2) 

> plot(x.dif2) #itJft--Jri,00 5 4 Ji}f-F 

0 

1970 1990 
Time 

~ ~~~~~~~---.-
1 

1960 1980 
Time 

2000 

M~ffmms- 2~arnm~•~••~~ff~••~•:ii*~Kmm~-~~ 
ff:Y!J:ittfi 1 lffi'~%Jf: 

"vXt = X1 - Xt- l 

1 ISfl'~:frff:YlJBtffOO~ff\, 1 jffi'~:fr~W.Tffiff:9!J~a'~$:fr-l~Jt1~m~, {EKMmJh1' 
{~,~JJ!~7GJE:fr, 1 lffi'~:frFo.1¥1lJ ~mmBKM:ii~~~Jh", T~X'J 1 !ffi'&:frFoff:YlJ 
-Nf$- ~:frilijf: 

2 Wi"&:5tFoffi9lJ {"v2xt} a<J~ffOO (.!Ji!.00 5- 4) ~ff\, 2 !ffi'&:frlt~JE:frit!!.tJf~T 
ffiffi9JJ~mB~KMmJh1', ,fj!~~&:frJ§"ffi9lJ7G-N£Jm~JE·l~U~Jh1'. 

~-trmB ~JE~M ~ ff~lJ:it!:fizt-K1.J ~MKJi'~&~Jl:. jj ?itPJ ~~:!Ef:ttl!~JU( 
WJM{~,~,. 



[ 1§1J 5-3 l ;¥Uffi&?tiliJH!l':Ioc 2001 ~ 1 J=J ~ 2014 ~ 11 J=J lfl OOJ=J JJt tl:l r:::i Wftf: 
jU i:p 1¥J~iflJ:E'li1t,~, (~tts!JU&: Al 16). 

> c<-read. table ( "E: /R/data/file16. csv",", ",header=T) 

> x<-ts(c$export,start=c(2001,1),frequency=12) 

> plot (x) #~ *-j!TJ III 5 5 Ji)j-,r-

00 
0 
+ 
<U 

V) 

r-
0 

t 
0 
V) 

2002 2004 2006 2008 2010 2012 2014 

Time 

•1~&*,#~~•*m~~N~OO 
> X . dif <-diff (x) 

> plot (x . dif) 

2002 2004 2006 2008 20 IO 2012 2014 
Time 

.1~&*~12~&*,#~~•*mH~OO 
> x .difL12< -diff(diff(x), 12) 

> plot(x.difL12) #~*--:kol!I 5- 7 Ji)j-,r-
r-
~ ~~~~~~~~~~~~~~~ 

<U 
'st 

0 
0 

t 
0 

r-
0 

t 
'st 
I 

2002 2004 2006 2008 2010 2012 2014 

Time 



~J¥:OOB~~J¥:~A~-~~tt~~B<J*M~•ffl-~~AA*&jJ-~B<Jffi~ 
a<:J?lt:W~i9J- ?,Jr!;,lx;f 1*J¥91J;'c~ 1 l!iJ&?t, m•~ttii:tt~•: 

"y X1 = X1. - Xt 1 

00 s 6 lil~, 1 !ffi'&%Fa~·l1:~~1ffJ~j1UJ]{'{, 1 lffi'£?t-FaJ¥:9LlA~•~B'~*11 
~i9Jfill!:lif1Lr&:i9J. M 1 lffi'£?t-FaJ¥:jf~:itrfi 12 ~a<J~AA£?t-, tn:]{'{*117lti9J1!.!~t 

~ 5- 7 }~~, ~AA&?t-r.iJt:J~l-:'iit1Ef-:f.:t!!tn:]{'{~WHff.!~,- ~!l:t £~-B~tt~J'E 
?t-~tn:]{'{TW-J¥:~~--~*11~~~*AA~-~~~-~ttffiA. 

:fJIB~J:, )E~$~lXB9£Jtg.nJ !;,lJ'EJt-~mJfilW-J¥=f1J ~ B<J~l-:f.liftl~·l1:1*,@,. {S 

~~ri~B<J~, £~-s"Jlffi'?ttJf:~~~$~:{Ef-. lzsljJ£Jt-g•~-#M{ff,@,B<Jtn:]{'{, 
:tmI:i:i~, -Bj?X&?tt!S~~m,@,B<J:J'ln~, Nrt:J;(£~~5F~ffl~£~-B<Jfm-~~~~, ~ 
il~t11JJn:i1&£?t- (fflJf*ii£?t-) B<Jfl]~. 

[ f§lj 5- 4] ®.~~·11:~l-:f.ff91J {xt} %:tm 

Xt = f'3o + f31t + at 

it~, E(at) = 0, Var(at) = o-2, Cov(at, at_i) = 0, Vt~ 1. 

xtj" Xt -ft 1 lffi'~Jt: 

'1Xt = Xt - Xt- 1 

= /3o + /31l + at - [/3o + fh(t - 1) + at- 1] 

= f31 + at - at-1 

~~£?t-Fal¥=9Ll {Vxt} 1-Jf.}¥=91J. ~i3l,11A l !ffi'&~-~~~tn:]{'{T {xt} ~ 

A<J~l-:f•riffl~'liffi,~,-
.x-t 1 ~fi'£%Fn/:f91J "vxt -W-11=-~&?t: 

"\12Xt = "vXt - "vXt- l 
I 

= !31 + at - a.t- 1 ...:. [fJ1 + at-1 - at-2] 

= at - 2at- 1 + at- 2 

lil?~ 2 lffi'£Jt-Fa)¥:~lj {V2xt} i:11~f-/:fl1J, 'ti:11#J.1*J:FllJ~B<J~l-:f·~-tn:]{'{ 
JE?t-T. 

~~ 't 1fJ B'-J:tf £ )J:fWr.: 

Var(Vxt) = Var(at - at- 1) = 2o-2 

Var(V2xt) = Var(at - 2at -1 + at-2) = 60-2 



~~T,2~£*•Rrrl£*.rl£*~~k~~::*Jrl$~~1¥.1£*~-~~ffiA 
1¥.15fa;~~ rm~i1~ T 1tit1¥.Jffl JJt . 

5.2 ARIMA -~ 

£*~-Jl~~El:kB<JWfJ5E·~fR,\~Ht~~~)J . if$~~+8f¥}1J£*J§"~liL~ LH+a 
J:¥~1¥.Jttm,~~~m•~~~~••J:¥~:;fg£*~•~~-xt£*~•r¥~m~~m 
ARIMA ffiID!it.tfitf.J.~. 

{ 

<P(B)Vdxt = 8(B)ct 

E(ct) = 0, Var(ct) = a;, E(ctcs) = 0, s =/- t 

E(xsct) = 0, Vs < t 

(5.1) 

:r-\:;~, Vd = (1-B)d; <P(B) = 1- ¢ 1B- · · · - ¢pBP, ::f91jl-8r.JJ:i.2! ARMA(p, q) ffiID!1¥.J Fl 
@lV3-*~z1PJn:rt; 8(B) = 1- ()iB - · · · - OqBq , 19112'-~(i:iJ~ ARMA(p,q) ffiID11¥.JftzYJ 
+m-*~$rJnrt. 

>Rf11 El @lY3~zYJV~ffiID1~~~*1¥.1Eint~~::19 d ~fl'£5tJ§"f¥}Ur.lJ~~~::19: 

i=O 

rt~ , c~ = i!(dd~ i) !, en£5tJ§"J:f}U~rJffiJ:f}Ul¥.l*-=ff¥}U{ilHt<:J:ba:tJUll , imxt'tX r.lJ 

~m~ EI @lVattzYJ+~ (ARMA) tlID!, E1T~•-t11>Rfll EI @JVattzYJ+~mru. 
:rt (5.1) r.lJ~JMic.7'1: 

d _ 8(B) 
V Xt - <P(B) €t (5.2) 

rt~, {ct} :;fg~~ffiElllltEJ:f}U. 
EEl:i:\ (5.2) $~~1±\, ARIMA ffiID!1¥.J~m8JG~£~-~ ARMA ;j-JID!1¥.Jfil~. :i! 

- *.-*tt5ol!:k. :i!iJlgij1ffilI~~••F¥}U:tlll*~~~Williu~~~~a<J£5t~ml£5tJ§"+ 
a, z/t'PJ~xt£5tJ§"J:f}Uurfi ARMA ffiID!tf.J.~ T. im ARMA ffiID11¥.15tf!r1Jr!~~~fjjt 
~, :i!ti:'*~xt£5tV8J:¥}U1¥.15tf!rm~-~~~'M·fm!)l, ~~~r.lJ~l¥.l-

~JJ1J ±!J! 
~ d = O St, ARIMA(p, d, q) :fJID!~~kJ?jt~ ARMA(p, q) ffiID!. 
~ p = 0 St, ARIMA(O,d,q) ffiID!r.lJ~fmic.::19 IMA(d,q) ffi;ID!. 
~ q = 0 Bt, ARIMA(p, d, 0) ffiID!r.lJ ~ fmic.19 ARI(p, d) ffiID!. 
~ d = l ,p = q = 0 S,f, ARIMA(0,1,0) ffiID!::19: 



{ 

Xt = Xt-1 + €t 

E(€t) = 0, Var(€1) = c,;. E(€t€s) = 0, s =f- t 

E(Xs€t) = 0, Vs< t 

(5.3) 

~ffl:ffiXf/F'1!~ifHJL~JE (random walk) ffl:ID!, :~UWrJUiffi!. 
am~>E-~Hl<Jf=~:;f;f-1-:;f;f~a<J:Jll!~!{. Bl& 'F-=f 1905 1f 7 )=J B3 Karl Pearson 

tE { § ~ > ~~__tf1='1-1-fnJJiHJH±l: f!N:tm7ff -t-M&M1i~F1·F:m:, 3'c~~~nlol~, 
:tB11!?.:li{f:EJiE~ff~~. -IBtatl'i:iJz.J§"fl}~~11!?., f:Ef ~~Jt!r1J:t.1Gf!J11!?.a<Jffl1:¥il::k~? 

~t!t¥1Htl?.3'c~i.~~1rlol~, E~~1tl?.ffi t tt·l'f.J11Llt:!1f:l~dmffi t - 1 tva~&1tN11n-
1-~~•m~&•. mn$fflffi*m~a•at~~t-M&~na<Jm1t. ~'1-1-am 
~>Effl:ID!. 

19051:p 8 )=J. Lord Rayleigh M Karl Pearson 1'!~~1'-foJ~f'l::f8 Tffilt::§:. 111?.~H\~1-
MrJ.~WtfL~a<JRe~:1-J r ""'r + or B'-Jffl~'1: 

2 2 2 -e- r /nl ror 
nl2 

J3.~ n 1ltf(Bt, W:frr>l.~W:!tri,~a<JJEeirnrU-\~~ffiiE~it-~. ~-1*ff, ff~:tm:;f;f A~~ 
~-~*Mr>l. i'.J<.Jirs , llttff~~1JJJtri,~~ili:~ftl?., it:J1f!..~~:;lfJ!'FrX~*&lta<Jx1i11iitffi. 

f1='1-1-~ffi'.i.!f!.Ei<J ARIMA mru, 1%:.f/Lrh1JEfl~ B mrr-rzmffl=fitil:~r!i=$®!~. 
~m~~m~••~~~NmffiMa<JJE~~~ram9>Efflffi,amfh1j£fflru/&~~ 
tjrffj:mJllHt (efficient market theory) ~~,i:,,. 

5.2.2 ARIMA .mfflJ.B'SJttlfij 

@~O {xt} RftM. ARI1'.JA(p. d, q) ffl:ffi: 

r])(B)"vdXt = 8(B)€t 

~i:p Vd = (1 - B)d 

r])(B) = 1 - ¢1B - · · · - </)pBP 

8(B) = 1 - (JiB - · · · - BqBq 
\ 

i.e. <p(B) = <I>(B)"vd, cp(B) fF'115l § @]~3¥fx:~:ryf::r.t @.?t ARlMA ffiffi~.3JZ-~·ti% 
~B3 <p(B) = o B~;tfU~·timttk:5E. 

129'1 {xt}d Mi'~%J5.3Jl-ffi, R~.M ARMA(p, q) ffi~, E/rl;J~:Wfi&t 
p 

<I>(B) = IJ(l - )..iB) , i>,.il < l;i = 1,2, · · · ,P 
i = l 

(5.4) 



· 144 · fftfei]}'f 91J,tffi" - ¥-=f R 

:tt~ p 1-1& ;
1

, ... , ;p iEltiw~~~, d 1-ffliE!'!iw'2llJ:.. 

§ @]J/3*~~Jffi~l'l9ffl~njgt#~Iffla<JfftJ!/rl, FJr~J. ARlMA(p, d, q) m~~,(f p + d 

1-t#filffl, :lt~ p 1-fElti{~~r*J, d 1-iEtii{il~J:.. 
lzsljg,(f d1'-~fi:Effl{E1p.{i'z~J:.rm~Ftiiw'2llr*J, F}rl:)~ di Oat, ARIMA(p,d.q) ffi 

~:;ff~. 
[ i§tl 5- 5 ] tfJ.-@-llJfWLrhfjEff jtl: Xt = Xt- 1 +Et, Et ,..., NI D(O, 100) . 

> x<-arima.sim(n=1000,list(order=c(0,1,0)),sd=10) 

> plot(x) #~Jft~l!l 5- 8 Ji)j"-T-

0 
0 
V) 

0 
0 
N 

0 

0 200 400 600 800 1000 

Time 

xt-r ARIMA(p, d, q) ffi~, ~ d i o M, :;f{J.:l:±Jffi~F1f'i1:, ff31tl:n~i:11~F1ftt. !V­
:filfijifta<Jffifi*1LrhtJEffi~ ARIMA(0,1,0) jgfjtJ: 

Xt = Xt - 1 + Et 

= Xt - 2 + Et + Et-I 

= XQ +Et+ Et- 1 + · · · + E1 

mu Var(xt) = Var(xo + Et + Et-1 + · · · + t:1) = tu; 
:i!~-1-A~·ls] t a<J~ti~~. llifI~atl'sJ~fPJX~, ff31tl {xt} a<J1f~ii1~1PJ5c~. 
11:11 wi-~5tzFn 

Var(v7xt) = a; 



5.2.3 ARIMA ~flMit~ 

~#WA~Affiffl~~-~~~~.~~~ffiAillMAffifflm~-ff~~-£ 
-{4 tt~ffitiis<J$'tf. BilHJi:tmT~f'Fti;fj (JR.I!! 5- 9). 

;,lc:iili:il 

m,.g- ARMA ~~ 

ttttH1Jir~f~J!iDfi, xt-1-J{.~ff 1umm. 
[ 1§1J 5-6] xt 1952- 19881f'.q:iOO'..&~~~IER.i&.Affi~JffU (~ffl_fil~ Al- 17) 

~fl. 

> d<-read. table ("E: /R/data/filel 7. csv",", ",header=T) 

> x<-ts(d$index,start=1952) 

> plot(x) #~;lJUtol!J 5- 10 f)f,r;-

0 
V) 
N 

0 
0 

X 
N 

0 
V) 

0 
0 

1955 1965 1975 
Time 

1985 

Ill 5- 10 1952- 1988 lpf:lOO~.!ll!~l{.f.OO~l&Affittlt-tJ¥lll 

.1m~*·*~~~*fi1¥ft~J¥00 
> X. dif< -diff (x) 

> plot(x.dif) #~*--:!to!!] 5- 11 r)f.f;' 
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0 
M 

0 
N 

0 
N 
I 

1955 1965 1975 1985 

> acf(x.dif) 

> pacf (x. dif) 

# ~ ;JJUt,, III s 12 Ji)j" .r­
#~jfU1t100 s - 13 JiJf.r-

~ 

'° ci 
CJ.. u 

N <( 
ci 

N 
0 
I 

0 

Time 

Series x.dif 

5 10 15 
Lag 

!fl s - 12 'POO~.ill(~~f-00~®:)..ffift 1 J!fl"1Htgff9°1J ~ffl*lfl 

CJ.. 
U N 
<( 0 

'° -~ 
Cl. N 

ci 
I 

• ~ft ARIMA{0,1,1) -~ 

Series x.dif 

2 4 6 8 10 12 14 
Lag 

> x . fit < -arima(x, order=c (0, 1, 1)) 



> x.fit 

Call: 

arima(x = x, order= c(O, 1, 1)) 

Coefficients: 

ma1 

0.7355 

s.e. 0.1545 

sigma-2 estimated as 61.95: log likelihood=-125.74, aic=255.49 

• ~~SIii~~~ 
> for(i in 1:2) print(Box.test(x.fit$residual,lag=6*i)) 

Box-Pierce test 

data: x.fit$residual 

X-squared=3.3169, df=6, p-value=0.7681 

Box-Pierce test 

data: x.fit$residual 

X-squared=6.0284, df=12, p-value=0.9146 

B·Jffl!ll!I 5- 10 1i.71'ff1U-ff~t!:MIY;, §r0l~~ 1 Wi-£:5t. 1 Wi-£:5tJ§"ff1UBtff 
I!! I!! 5 11 lii71' ff 1u tE .J:!g -m mill: tt $Jc~ 5E :t& vt zro. 1-M' m £ * Fn ff 1,J Fl ffl * I!! I!! 5 12 

:ilr- t/7~·~:5t Fa ff1U a<J_3JZ-ffi•ti. 00 5 12 ~71' tf:\ ~ T ~:ils 1 Wi-a<J Fl ffiJc~it~?l~F 
~ , Jt1mWi-!tta<J §ffiJcW!-!tt:l!g:rr: 2 ffitjrft~l111Ezi*J , ~71'tf:111u1s<1ffimffl*·11:, EJT0l 
m0l~~1Wi-~:5tFnff~312"-•-~~~•FlffiJcOO~•§ffiJcOOa<J•tt,m0l~~FI 
ffiJc~!tt 1 Wi"~~' . Fl f§Jc~fi=K!i:~, EJTJ)J.xif)]J{ffJHCl~ ARJMA(0,1,l)ffiru, f~iLl 
s<1 m~mru 1.1: 

Xt = Xt- l + ct + 0. 735, 5c t - 1 , c t "' N (0, 61.95) 

rx~ffJu r=1"*1Ll~Hliiif!J'.I ~m~~~mz.:st. ~iiq]:] ARJMA(o,1,1) mrux1w:rrj,J 

}Cl,@-~ :9J. 

5. 2 .4 ARIMA ~~j~U.00~ 

:(E:Ji;j\:l!g1f~~ffi~1J)]J{JJlrr, ARIMA mru:fn ARMA -t#Et!a<Jffi~~1f~~F1itt§{i;,l. 
ARlMA(p, d, q) ffi~B':J- f~lt~71'nrt~: 

<P(B)(l - Blxt = 8(B)ct 



Xt =ct+ 1liict-1 + IJi2ct-2 + · · · 

= tJi(B)ct 

.:r-t9::i, tJi1, tJi2, ... Eflffim~1rr~.:r-triffl5E: 

cJ>(B)(l - B)d tJi(B) = 8(B) 

:tmJHE cJ>*(B) i21'1, Sf.. Flffl;EPFifi, ~ 
- - \ 

cJ>*(B) = cJ>(B)(l - B)c1 = 1- ¢1B - ¢2B2 - · · · 

$g~iiE tJi1 , tJi2 , · · · EflffiriWJE~a~Jitli~.:i:-t: 

tJi1 = ¢1 - (Ji 
- -

tJi2 = ¢1 tJi1 + ¢2 - (h 

- -
l]ij = ¢1 tJiJ - l + ... + <Pv+d l]iJ -p-d - ej 

.:r-ti:p, tJij = . ;Oj = 0 (J > q). { 
0, j < 0 . 

1, J = 0 

]j~~' Xt+l Ef11{_~ti[1'J: 

00 

E[xt+l - Xt(l)]2 = (1 + tJi; + · · · + tJi?- 1 )o-'; + I) IJi1+j - tJi;)2a; 
j=O 

Xt+t = (ct+t + IJi1ct+t- 1 + · · · + tJi1-1ct+1) + ( IJi1ct + IJi1+1 ct-1 + · · ·) 
= et(l) + xt(l) 

t wn:m tYJ~ it~ Efln ~1'1: 

(5.5) 



Var[et(l)] = (l + !Zif+···+ !liz2_1)a-; 

( f§1J 5- 7] B~ ARIMA(L 1, 1) ffi~Jg (1 - 0.8B)(l - B)xt = (1 -0.6B)ct, _EL 

X1.-1 = 4.5, x, = 5.3, ct = 0.8, a-; = 1. )-ft: Xt+3 89 95% 89:!tf~IRlaJ. 
Ji:lf ffiffi~, ~1fl"%Jt11: 

(1 - 1.8B + 0.8B2)x1 = (1 - 0.6B)c:t 

Xt = l.8Xt- l - 0.8Xt -2 + C:t - 0.6ct- l 

Xt(l) = l.8x, - 0.8Xt- 1 - 0.6ct = 5.46 

xt(2) = 1.8xt(1) - o.Bxt = 5.59 

it(3) = l.8xt(2) - 0.8:i:t(l) = 5.69 

3 M ffi?Y!Hit~ o<J1J&19: 

Var[e(3)] = (1 + !Zif+ !lii)a; 

J 5/.. § ,ff:!.* i>i<1 itt ::1-J: 

,:P* ( B) = 4>( B) (1 - B)d 

= (1 - 0.8B)(l - B) 

= 1 - 1.8B + 0.8B2 

ll!IJ ¢1 = 1.8, ¢2 = - o.8, tH@i2it-fE0j.\ (5.5) J:iJ liMt¥1J 

{ 
!Ji1 = 1.8 - 0.6 = 1.2 

!Ji2 = 1.8 !li1 - 0.8 = 1.36 

Var[e(3)] = (1 + _!Zif + .:P?)a; = 4.289 6 

x 1+a t'J<J 95% l¥JJinf[RfBJ1g (xt(3) - l.96JVar(e(3)) , xc(3) + l.96JVar(e(3)) , en (1.63, 

9.75) . 

[ f§1J 5-6 ~ (1) l xt 1952- 1988 ~i:p~i<ill'.~~~fR;l&AffilttJ¥=9Llft1JM 10 

~ 89 Ni ?9!~ . 

> library (zoo) 

> library(forecast) 

> d<-read. table("E: /R/data/filel 7. csv", 11
, 

11 ,header=T) 

> x<-ts (d$index, start=1952) 

> x. fit < -arima(x, order=c (0, 1, 1)) 

> x.fore< -forecast(x.fit,h=10) 

> x.fore 

Point Forecast Lo 80 Hi 80 Lo 95 Hi 95 

1989 283 . 0082 272.9213 293.0950 267.5816 298.4347 



1990 283.0082 262.8045 303.2118 252.1094 313.9070 

1991 283.0082 256.2756 309.7407 242 .1243 323.8921 

1992 283.0082 251.0540 314.9624 234.1384 331. 8779 

1993 283.0082 246.5731 319.4432 227 .2856 338.7308 

1994 283.0082 242.5860 323.4304 221.1878 344 . 8286 

1995 283.0082 238.9582 327.0581 215.6396 350.3767 

1996 283.0082 235.6073 330.4090 210.5149 355.5015 

1997 283.0082 232.4782 333.5382 205.7292 360.2871 

1998 283.0082 229.5318 336 . 4845 201 .2231 1364.7932 

> plot (x. fore) #~*--:kof!l 5 14 fo.Jj" .r-
Forecasts from ARIMA(O, I, I) 
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005- 14 ~oo~~~~oo~~A•~~~ffi~oo 

ARIMA(p, d, q) .ffi~~ffi d llfi'~?J"E § ffi:*:ql~llfl'~.1-J p, ~ig]JJZ-~:ql~llfl'~.1-J 
q B'-Jtl~, :im1rt~'E!:~ p + q ~~!11.ll.a'!I~~*~: ¢1, · · ·, </>p, 01 , · · ·, Oq. 

:tio='=i.tffiID!~~$5t§t§**~ </>j(1 ~ j < p) ~tm?t~igj.lfl-nt*~ ek(1 ~ k < q) 

.1-J5f-, ~p)JJ( ARIMA(p, d, q) .ffi~ ~~$5t*~~,~ T, ~~,z. W:ffi~f*.1-Jif!rt*~fl~. 
:tio='=R~§t§:*$5t~~'~*~, t.l~.z.W:if!rt*~*l~nJ~WHc.1-J: 

ARIMA((p1, · · ·,Pm), d, q) 

:i:.\~, Pl,·· ·,Pm .1-J~F~§ffi:**~B'-Jllfl'~. 
~o*R~~igj.lfl-nt$5t~~'~*~, t.1~.z. W:if!rt*~ffiill1-aJ ~ M ic.1-J: 

ARIMA(p, d, ( q1, · · ·, qn)) 

~~,qi,· · ·, qn .1-J~F~~i933V-itt*~El'-11lfl'~. 
~o* g=i t§*#J~igj.lfl-ntffl55tm~~~, -ar ~ Wic.1-J: 

ARIMA((P1, ···,Pm), d, (qi , ···, Qn)) 

tE~~i3*ft~, if!rt*~ffi~Bt~mJ:ll 
R i!§"ffl arima i?i§~i'!l-@- ARIMA if!rt*~ffiID! . arima iiJsi~Mif!rt*~ffi~B'-Jtf.1.15" 

iftf4-~or: 



arima(x, order=, include.mean=, method=, transform.pars=, fixed=) 

A'f: 
-x: ~.iltfr;UB'.!t~'*'{r(JJtfrJ,t. 
-order: t~;t,#t~itfl-lt. order =c(p,d,q), p :h g)@J~3itfl-4t_, d :)]~71"-f1t"ft, q :h:.f}#J-t 

15) M-tt.. 
-include.mean: include.mean =T, '.W;~;f~'*''flt~; include .mean =F, ~'.W;~;f~~'flt 

~-
-method : ;f~;t*-4t1ht~~. 
-transform. pars: .t~ ;t*-tt1t-it Jl ?i- d7 .% #f. m #J '.it'..A. 
(1) transform.pars=T: j#f.fJ;:i.A..~.i.Jl.¥,.~itAJl.i,%- order i!~~.i.{r(J:fi~F!r4t gJ i;J '.it'..A*­
lt-f!it. 
(2) transform . pars=F: '.W;~;f~~.ifif. *4t:t:lt~, ~ ~E. it ,f #f.:t!{.-t%-:tl~ {i(J :l.~M-tt gJ i;J '.!t'..Afik 
;tr +tte(J1!it, ~ 1f1 '.t ~.iltfr A.:h f--ffi. 
-fixed: ~ifif. ~tt_{l~;f~ ;ti!if. *4t{J<J-fj_.f.. 

[ i§1J 5- 8] 5{ij 1917 1975 t.f~OO 23 ~jay:4:ij)J }./:l:.1f$J¥}tl~ffi (fx:ffl!Ji!.~ 
Al 18). 

> e<-read. table("E: /R/data/file18. csv", sep="," ,header=T) 

> x<-ts (e$fertili ty, start=1917) 

> plot (x) #~ *-."Jltl 00 5 15 Pf -F 

0 
X ~ 

0 ,,., 

1920 

•lM~*,#M~~*g~~M~OO 
> x .dif<-diff(x) 

> plot(x.dif) 

1940 1960 

fime 



. 152 . lt-tfeJ.1¥Jtl1HJr -- lt-=f R 

0 
"<I" 

0 
'- N 
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Timi! 

-~~~~~.1¥~~ffi~OO~~~ffi~OO 
> acf(x.dif) #M*-.-Jtol!I 5- 17 fo/i";;'-

> pacf(x.dif) #M*-.-Jtol!I 5 18 fo/i";f-

Series x.dif 

'° 
LI.. 

0 
u 
<t'. N 

0 

N 
0 
I 

0 5 IO 15 
Lag 

IJl 5- 17 ~~ 23 ~j:331:ff}Jj" )..~ff* 1 IJft~,t.1§}¥9tl ~ffl~!Jl 

N 
0 

LI.. u 
<t'. 

0 

"' 0 -~ 
~ 

N 
0 
I 

• tt,l.g.iim~ttffi~ ARlMA((l,4),1,0) 

5 

Series x.dif 

10 

Lag 

15 

> x.fit <-arima(x,order=c(4,1,0),transform.pars=F,fixed=c(NA,O,O,NA)) 

> x .fit 

Series : x 

ARIMA(4,1,0) 



Coefficients: 

arl ar2 ar3 ar4 

0.2583 

s.e. 0.1159 

0 

0 

0 0.3408 

0 0.1225 

sigma-2 estimated as 118.2: log likelihood=-221 

AIC=448.01 AICc=448.45 BIC=454.19 

• ~~Ji:91JslljJt~~ 
> for(i in 1:2) print(Box.test(x.fit$residual,lag=6*i)) 

Box-Pierce test 

data: x.fit$residual 

X-squared=4.0909, df=6, p-value=0.6644 

Box-Pierce test 

data: x.fit$residual 

X-squared=5.3742, df=12, p-value=0.9443 

• 'ftt 5 M Hi jy!IJ , tt ~ ft~ Hi jy!IJ [I:] 

> x. fore < -forecast (x. fit ,h=5) 

> x.fore 

Point Forecast Lo 80 

1976 109.18385 95.25187 

1977 103.43765 81.04480 

1978 100.93090 71.90947 

1979 98 . 64765 64.12267 

1980 94.88318 53.11326 

Hi 80 

123.1158 

125.8305 

129.9523 

133.1726 

136.6531 

> plot (x . fore) #~;lfl'j(\700 5- 19 .P}f ,F 

Lo 95 Hi 95 

87.87673 130.4910 

69.19075 137.6846 

56.54645 145.3154 

45.84624 151.4491 

31.00160 158.7648 

Forecasts from ARIMA(4, 1,0) 

0 
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ir) 

1920 1940 1960 1980 



~~~AA~fiE. Fl ffl*OO 00 s- 11 s flfl-z.Foti5tE 2 ·flHjeff.!H111Jlz.i*J, ?M.lE~JtrJ Fl ffi 
*~·Ii. §r ~ PJ ~ iAj;j 1 1~,H~:51' 1§ J¥=3t1J 112"-~. § ffi *00 til-WU § if§* 00 :tf~£JJl1. tlJ ~~ !¥J 
~tiE, nf~f~iitt~.g-$1'-ffl~. tE.lltttHJ-WU §if§**~ 1 flfl-;fn 4 flf!-1'fil.~~I::~, 4 flf!-Fo~ 
~. airma fEi~ffi}E: 

(1) order=c(4,l ,0): ~~ 1 l~t~:51')§- AR(4) -~­

(2) transform.pars=F: :J-t}E*~~:it:HT .A.j;J-fffi. 
(3) fixed=c(NA,0,0,NA) ~i!t:ff AR $:$t!ZY1'-~~,R;f-f 1,4 ~1'-~~~F~, 2,3 ~ 

1'-~~t~}Etti~T~-
' :i! -=: 1'-J2'flffi-~.g-tt~~nL@,~~~ ARJMA((l ,4),1 , 0) if!iE¥~ffi~. ~)§-x;j"ffi~ 

ffl.g-~**fi~~~~~- B~~~~~-B~.~-*~ffi~B~~~- ~ffl~ffl 
-@-ffl~ul:fi s WffNJtl , :#-~$Jffi19!tll!I. 

ARJMA ffi~1.1J ~xt ~*11~:tJH (i<JJ¥=:9U~ffl. tHJ/M~"'i1~ ttJfil.B'~xit£::ffilJ.t, Pf 
~ :$tj;Jffi !li*11ffl~;¥o*fR*11•~. 

Xt = s, + Tt + It 

:i!M, ~~~mlf~,@,1¥J~)t{.fflS~l::1ir~£. lffi 1irffi !liB<JJaJW=J~tt~:5t&PPJ~J¥=3'U i:j:i 
~*"'i1f1Litt*1E:5t, ffi!li~11£flfl-~?t&PPT~Ml~{J§L!~H:i*1E?t, tt*1c*"'i1nf,@,;fn 
M!~{t,@,Z.Foi¥J~~ff3'Umt~-1'-1!2"-8J¥3'U, AJ~ffl ARMA ffi~tf,l-@-. 

Yr~ffi!li*~•~~~~mt~lffiMMI~~?t.*~~?t~J¥=~ff~j;j1!2"-8J¥~, 
fl}x1Jt:itHrffl-@-. 'f:: ~J•~~~:im 11t.tmr: 

:ftJ:j=i 

d 8(B) 
'v D 'v Xt = P(B) € t 

(1) D 1'1JalW3~it, d 7'.7tt*MI~m,~,Yrffl~~?tflf!-~. 
(2) {t:t} 1'1B~~ff:9U, .§. E(t:t) = 0, Var(t:t) = a-;. 
(3) 8(B) = 1 - (JiB - · · · - BqBq, 7'J q flfl-.ftq.i1jl-:l:5J*~$]Jt:f-t. 
(4) P(B) = 1 - ¢1B- ... - </)pBP, 1'1 p flfi-Fl illlV3*~$:JJt:ft. 
R i~§°ffl arima ~~J:j=il¥J seasonal m:1Jtffl.g-*11ffi~, ffi*iti~.!lllr: 

arima(x, order=, include.mean=, method=, transform.pars=, fixed=, seasonal=) 

-x: ~iltA-r.tt~tliJ.~~,411].t . 

-order: t~ .,t.,tl ~ Jl1r4i . 
-include . mean: t~ .,t.,l ~ ~ ~;fi:;.~'f -ti~ . 



-method: .}~;t .. f-4'Hiiit;,t)-k. 

-transform.pars: .tiitit.~t"~A.;;lJ-ff~U1tit. 
-fixed: tj°ifjf, .. ¥-. 4t:tl~.t~ ;tiflu *" ~{r-J iiJL. 
-seasonal: .t~ ;t.t ;ti,1-l~ ff.; Ffr.tt.Ei .t ri ffil .)!JJ. ii~~ lr-J{fl'-{--~;.\;;l;: 

seasonal=list(order=c(P,D,Q), period =n) 

(1) ~$!-.+J~: P=O, Q=O; 

(2) 3Jt$!-..tJ~: P,Q ~~k*-· 

> f < -read. table ( "E: /R/data/filel9. csv", sep="," ,header=T) 

> x< -ts(f$unemployment_rate,start=c(l962,1),frequency=4) 

> plot(x) #~Jf!.::!tPOO 5 20 fo)f.r-

:::: 
00 

'° X 

'T 

N 

0 

1965 

.1~4~~*·*~~~*s~~~~oo 
> x.dif<-diff(diff(x) ,4) 

> plot(x . dif) #~*--:!ioOO 5 21 fo)f.r-

0 -
'-
"O 

~ ;., 
0 

0 

-

1965 

• ~*s~91HHEl*OO~ifiu~ffl*lE 
> acf(x.dif) #M*-1tPOO 5 22 fo)f.r-

> pacf(x.ctif) #M*--:!ioOO s 23 r)f.r-

1975 
Time 

1975 
Time 

1985 

1985 



· 156 · IM'feJ.J¥9'HHJr - ~-=f R 
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< N 
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Series x.<lif 

2 3 I -l 
Lag 

Series x.dif 

W.., N u ci -- - -- ---
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"' ~ -+--~~~~~~~~~~~..-.....--1 
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0.. N 
ci 
I 

2 3 5 
Lag 

Ill 5- 23 ffi00I1'*lft~.!lk$ I llfl" 4 ti;~,tJ§J¥9'J~el:ffl*III 

• Wl-g-;/Ja$*,tffiffi1 ARIMA((I,4), (1,4), 0) 

> x.fit<-arima(x,order=c(4,1,0),seasonal=list(order=c(0,1,0),period=4), 

transform.par=F,fixed=c(NA,0,0,NA)) 

> x.fit 

Series: x 

ARIMA(4,1,0)(0,1,0)[4] 

Coefficients : 

arl ar2 ar3 ar4 

0.4449 

s.e. 0.0807 

0 

0 

0 - 0.2720 

0 0.0804 

sigma-2 estimated as 0.09266: log likelihood=-26.7 

AIC=59.39 AICc=59.61 BIC=67.63 

• ~~J¥9'J s~~~~ 
> for(i in 1:2) print(Box.test(x.fit$residual,lag=6*i)) 

Box-Pierce test 



data: x.fit$residual 

X-squared=2.1452, df=6, p-value=0.9059 

Box-Pierce test 

data: x.fit$residual 

X-squared=l0.546, df=12, p-value=0.5682 

• ~ 3 ~WH~i9!1J, *~*1Jffii9!1JIE 
> x. fore<-forecast (x. fit ,h=12) 

> x. fore 

Point Forecast Lo 80 Hi 80 Lo 95 Hi 95 

1992 Ql 6.615077 6.224975 7.005178 6.0184679 7 .211686 

1992 Q2 5.856360 5.170875 6.541845 4.8080015 6.904719 

1992 Q3 5.965918 5.027511 6.904325 4.5307483 7.401088 

1992 Q4 5.844074 4.687986 7.000161 4.0759905 7.612157 

1993 Q1 6.146436 4.634425 7.658448 3.8340140 8.458859 

1993 Q2 5.326343 3.479538 7 .173148 2.5018984 8.150787 

1993 Q3 5.433197 3.294966 7.571428 2.1630545 8.703339 

1993 Q4 5.343294 2.949603 7.736985 1.6824590 9.004128 

1994 Q1 5.690528 2.925569 8.455487 1.4618876 9.919168 

1994 Q2 4.907094 1.762628 8.051559 0.0980490 9.716138 

1994 Q3 5.030993 1. 528164 8.533821 -0.3261208 10.388106 

1994 Q4 4.939984 1.103738 8.776231 -0.9270484 10.807017 

> plot (x . fore) # iit ;lfUtv IIJ 5 24 Ji,r-;F 

Forecasts from ARIMA(4. l.0)(0.1.0)l4J 
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!'I 

0 

1965 1975 1985 1995 

atrr:oo~ s- 201m:~ffiOOT.A*-JJt~it~ff91JJi~~~f11FnJm . .i1Hi 1 ~ti&1}m 
J:&Mi11.H1:L~,, :itl:fi 4 zv&5-Hlr&WJWHtL~,, 1 llfi' 4 z.v&:5tf§ff9LlBtffl!I (hll!l 5 21) 
ff~&*Fnff~~-- ~-&*Fnff~Flffl*l!l(~l!J5- 22)~~Flffl*OO(~l!l 
5 23) aM~HiF., Fl ffl**frt~~- Tm~ Fl ffl**~ 1 [lfi', 4 ~JrR*~F~, 4 llfi'zFn1li.~~­
r1r~Jtr--@-&?ttil Fl ffl*1~,Q,, :j=fA-@-;fJntt:~l.ru! ARI~IA((l 4), (1, 4), 0). 



arima ~!1&1¥1-®~m-1:iJi:p, sensonal=list(order= c(0,1,0), period=4) ~t~5E:it!:fif%'J 
Wl:19 4 a<J 1 7.X&:51', i:t~JJt~.iltfi-?X 4 tp·&:51'. order=c(4,l,O) , m5ET 1 ~&5:Hfl 
AR(4) -~- transform.pars= F , fixed= c(NA,0.0,NA) , t~JETmif AR(l ,4) if/iL*!/&ffiW!. 

~=ium tl~Uf-l if $tw 1±l ~ *, =r.!G 1n 1i¥1J s'-}tJ;J. if m ID! :19 : 

(1 - B)(l - B 4 )xt = ~ 
2 2

B4 c, , ct,..., N(0, 0.092 66) 
1 - 0.444 9 + o. 7 

ft&ff~~~~-~B~~-~ffii;~*~*. ~ff~ffl*ffi~-~~51', A~ 
l'J ffl ~-ID! :it!: fi 3 1:j::WH:!li iY!L JHij IIJ NHV1tl I!! . 

~s 9i:p1¥Jff~~- ~&*~*11~mx*~~M~~~m1¥Jm•ff~. ~~ 
m•~~:19~~ff~*~~@.m~~m~~m~~~~~~ffl~£5tH, ~~m• 
1¥JAWMA·W!~mmif~ff~~~-­

@~:19#fil1¥Jffl&~,ff~1¥J*~~@,*M~*-~~am~~~~w~~~ 
1¥Jx::!i~u(oJ**· ffi-4il¥J AruMA tJW!Jt~JE.vJ.m:~Jti:pl¥Jffl***· ~atJi#~~ 
*ffl~fHJl*11•W!. 

[ 1§1J 5-10 l mif 1948 1gs11f~OO::tcli (20 ~ IV-J:.) A JJt~~$ff~LJ (~ffl 

£* Al- 20). 

> g<-read. table ("E: /R/data/file20. csv", sep=", ",header=T) 

> x < -ts(g$unemployment_rate,start=c(1948,1),frequency=12) 

> plot (x) #~ *-::!to IE 5- 25 fo,r-iF 

0 
0 
V) 

N 

X 0 
0 
V) 

0 
0 
V) 

1950 1960 
Time 

• i1: 1 IIft 12 tp'~7.)-. ~~$1J~7,)-Jg}¥91Jft-t}¥[1j 

> x.dif< -diff(diff(x) ,12) 

> plot(x.dif) #~;lfU1111I! 5- 26 fo}f-iF 
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-~~~#fi~~~ffl*OO~~~ffl*OO 
> acf (x. dif) #~*-Jin I!! 5 27 fo}f 7F 
> pacf(x.dif) #~*--:!1111!! 5 28 P}f-F 

V) 

ci 

Series x.dif 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

Lag 

005- 27 aoo*tt~-~~--~~~~~ffi~OO 

u.. 0 

u ci 
<( 

o:l N 
"€ ci 
o:l I 

0.. 

-.:I" 
ci 
I 

0.0 0.5 

• !~~ ARIMA(l, (1, 12), l)ffi~ 

Series x.dif 

1.0 1.5 2.0 2.5 3.0 

Lag 

> x.fit<-arima(x,order=c(l,1,1),seasonal=list(order=c(0,1,0),period=l2)) 

> for(i in 1:2) print(Box.test(x.fit$residual,lag=6*i)) 



Box-Pierce test 

data: x.fit$residual 

X-squared=11.2036, df=6, p-value=0.08228 

Box-Pierce test 

data: x.fit$residual 

X-squared=105. 7755, df=12, p-value < 2. 2e-16 \ 

O.jJ}~~ 5 25 .lnt~ff1U~~,Ei~il!,ff fltJ-WJtt-fiE. 1 ~fl' 12 it":&5tz.Forr,§1J:§!£1Jl. 
tM1JZ-~t.H1I (Jill!l s 26). &?trnrt:91Js<jr-1-tox1¥1 (UJ..1¥15 21) filfN/u~fflx1¥1 (J);!.1¥1 
5 28) :#~!m.~HH.fil~mH1:. lfrklliS'c*iit1!:i.1fhor!*Ti~~ ARIMA(l. (1, 12),1) ffi 
ID!. tl& Jf JU a<J R 1i,e:tLJ;it~;rz r,v.7.K, ~.:lti: J:t:JU ~ I: R ni p:r, it~ :1JY. m,g-~*:;f JJU~. l!i$l rJR 

1Jo1!*1I*lHt!Jt·;f~~m~~1'"J¥=J1J. l!£ht, mi~~ii*fH*11t~Jr~. 
~HJHJ ID! i'.!<J f~ m:@:Jlf! ~or: 
llijJ¥J1JJl~?iff:WHll;.EttrJt. im1ifnH:.l~mf~~fi' A~vIA(p. q) ffiID!fMJlt. 
~J¥=~Af-f~ff~$-~~ttEll*~~~~ffi~tt~-*"fiffi~ttmkl~fflklm 

WJtl7~Y'l~f1a<J ARMA(P, Q) fittHRJ&. 
Ffl r~eJtJHF1;.E·~.fl1*"'-p"tfEllzi'CIJ Af-f:~HJtx*. JfrJ:J-l'!:1.-frffl;~~myg ARMA(p, q) 

til ARMA(P,Q) (1<j~HR ~1fBtrffli(J<j d ~fl'~~&:r}:.FU D M't;J)ii]J:t)J 8 ~ti;-~o"J*-+P:& 
~3i-. xtffi~W.~ffi/=fJLlttl1tR<J~IHRtl~:tc~(l~~f~:ULI F: 

d D - e(B)Bs(B) 
V V 8 .r1 - <P(B)<Ps(B) Et 

~ti:p e(B) = l - 81B - ... - eqBq 

<P(B) = 1 - </J1B - ... - </;pBP 
S QS 8s(B) = 1 - f)iB - · · · - 8qB 

( ) S PS <Ps B = 1 - ¢1B - · · · - ¢>rB 

W:*fJHi~fiHC.:1-J ARIMA(p. d, q) x (P. D. Q)s . 

@ilHYIJ 5 10 e<JijHt!5E!ifi'!ifi'fi, Ff.9c~L~ 1 lifi' 12 dt~?tz.Fn. ff.}U 12 llfl'~.:.l~i'J'~ 
g:i ;l{J;1c¥~f111mu n tE1**~1·I'~tt-tiE, ~:.lrefflJE~:rrWJ+1:1Jcffi~. ~ t1:1xr¥1 (.!JJ..~ s 21) ;f11 

{Nm El ,j:§~~ (.!Jt!JII 5- 28) ,'ir,_7.K 12 ~fi'l;J,pgs~ r-H0Jt¥~.:¥n1'\iu Fl tB**~:l:5J~~~' Jifi 
kl*lit~Jf.J ARMA(l,l) ffi!J!!mllX.J~j}frj-J¥=fU (~J filWJ i=I fil.:X::{~,\1. 

fIP~-m *11 11 ffi *t#fit ~M J;·iU!:ils 12 liJr , 24 lifi'tf iv. JWj JVH~J.t :;jg~ fJL A'~ Pl ffl 
**~f!lfN/u El ffl*¥~1'.!<J!f'¥fiE. ~ ffl*OO (00 5 27) ~7.Kfili!s 12 ~fl' Fl ffi~*fllfil.l= 
~F~- {§.~Mils 24 !ifi'r!tfn;.E*~fi}A 2 ffffff-liF.&irill!. TmfNmFlffl;.E~ (ru 5 28) ~7.K 
JJE 58 12 ~fl' lM~ 58 24 ~fl' a~ ffi R ffl x * f& ti~ !i:Vi, 1~ ~. lfr J:J riJ IV. iA :1-J ?f-fi r1 ffl ~ 4'¥fil ~ 
f'.-1,l:Rx*flllfol§, fNiu l'Hn**~fl[~. :i~S;fi;J 12 !J;·Jsrfa]WHI~ ARMA(O, l)i2 ~~tli!Jlt 
~5}Fn Ff}lj (t9*i1 § lEl*f~,ff! .. 

t¥-1tFltruffl'.t<J&5t{~.\~t l.~{ll!Hr,{,g-(!<J~!HQffi~Jg ARl!vIA(l, L 1) x (0. 1, l )i2. 



1 - (JiB ( i2) 
'v'v 12X1 = ,1. B 1 - B12B f: t 

1- 'l'l 

• ti;J.,e- ARIMA(l,1,l)x ARIMA(0,1,1)12 ffi~ 
> x.fit<-arima(x,order=c(1,1,1),seasonal=list(order=c(0,1,1),period=12)) 

> x.fit 

Series: x 

ARIMA(i,1,1)(0,1,1)[12] 

Coefficients: 

ar1 mal smal 

-0.7290 0.6059 -0.7918 

s.e. 0.1497 0.1728 0.0337 

sigmaA2 estimated as 7444: log likelihood=-2327.14 

AIC=4662.28 A!Cc=4662.38 BIC=4678.2 

• ~~ ff 9°11 a lljJt~tt 
> for(i in 1:2) print(Box.test(x .fit$ residual,lag=6* i)) 

Box-Pierce test 

data: x.fit$ residual 

X-squared=4.5564, df=6, p-value=0.6018 

Box-Pierce test 

data: x.fit$ residual 

X-squared=9. 6288, df=12, p.-value=O. 6485 

,ttHJ.H!lf.*utr ,1:H ~:W:, ill ff J o<.J1i;{€}-ffiID!:.*I: 

'v'v12x = 1 + 0.605 9B (1 - 0.791 8B12), 
t 1 + 0.729B ~ t, 

r!~J¥: ~tl n "* F1 ~~~~. w:tr.l if tUs!llm. :j= JrZiL. 

c t"' N(O , 7 444) 

AIUMA ffiID!tt<J~ili~A.ff1M~Ff~ff~tlB<JtW.ifm~::k:;k·~- El 19701¥ Box t1l 

.Jenkins ~ ili:i! 1'-ffi~ !V.*, 1: E.t?:1*:1'J:i:~$.1t<JB.f laJJ¥:9tlffiif fJID! . 
f§.fll1tm8'91iJB~tl:~~%ffJ!fnr! tt~, ARIMA ffiID!filM;;f;f- ®fl}c~. 1:1tffl~% 

~r!•••~tt*A, ~%~7*8'9ft~~M-~tt*AE1'9m•~~~%, 11}c~~ffl* 
x.J--mID!:itl:fi1IxW.fWHf. §r!V. ~ff.~tlM1~1lr ~~~J1iJB~tt~~~~*lJ~MBt, Aff1~ 



ff~~~tt~•*•n~x-t~#~~tt~m~•~,mx~1J~x1~~*A~~m~ 
~~~~~ffl . 

1JTMtk:~-t-l'o.J~. Afflf1J~ Tn~ Fl lfilV I (auto-regressive) ffi~ . 

.:4 er ,1#-, ~ El . 
'lJf5.Al:.. i::t.·1 n ,~, · \ 

(5.G) 

J:ti:r , Tt 1;~~~~mmft: s, 1J*- 'r'j~mW-fr. 
~~~~~*•1r~~•JEtt~1~•~m~~•1E*, ~w~~m- w~•e 

~ff J lj { ct} EJ'~ ~ ,f§3c'i1:. 
~o*-l=~HJiM*JN.lR~&ffJtls{J A :fl'l3c'li~ @.~, i>ln)HifHJE·lilfilV:lttID! (5 .6) x-ffR 

,~,l¥Jtlt~ HJtJE%. Pf k,( W ll:5tlfr. 
~o*~~AA~Ji:VR~&ffJtlB~ El tl3:k't':E®.~, iJtlJJ:11efflJE·li@JV.:1ttID! (5.6) MfR,~, 

s~•*~1E5t, l!atnJk,(.:t;~xt~&:rf.J1H!1Fr Fl fi:ilLJJ~~t itl:- tvmif'l.ffl*fR,~,: 

Et = qJ1E t - I + · · · + </Jp E: t.-p + a,. 

Xt = T1 + S1 + C/ 

Et = </>1E t - I + · · · + </JpE. t - p + at 

E(at) = 0 , Var(at) = a 2 , Cov(a1 , a1_;) = 0, Vi ~ 1 

f.F1J (n~) Fl fiilV=Hl~ (auto-regressive model). 

~~i:r, x,Htdl;~mw~m1t1t m ~or1mf'l11r J:t 
(1) El 1t:11t1JatrsJ t e~;m;PR~. 

Tc = /:Jo + /31 · t + · · · + f3k · tk + C:t 

Ti = f3o + /31 · Xt - 1 + · · · + /Jk · Xt - k + ct 

ffi = #nJ:t;f11~5tjJ5:t ~ J]U~:tEI [µJ . 

M*-11~m~.J:1lfi-m~~#'filffl~nJ:t: 
(1) rfiJE*-i'im~. 

St = s; 

5:ti:J=i , s; ~~-t-C~o<J*-p:J'~~­
(2) ~-1'L*-i'i El lfilV=lffi~. 

St = a:o + 0:1 · Xt - m + · · · + 0:/ · X t - lm 



1fbi'.iE~JEWJM1J m . 

[ f§1J 5- 6 ~ (2) l 1fffl~& Fl@V3ffi~5Hfr 1952 1988~1f100;&).lt~~i00~ 

i&Am~ffJU. 
III 5 10 ~~W:ff9Uff ~~a<J~·!i:ii±fH~:!h\ 1El~fl*°i1~fJ.iiI, F,!rt;,{~.L!Ut:fl.~o 

r~f'4Ja<J~~ R @U3~J~: 

{ 

Xi = T, + Et , f = 1, 2, 3, · .. 

E t = <P1£ 1- l + · · · + <PpEt - p + Ut 

E (at) = 0, Var(at) = CT
2

, Cov(ar . Ut - i) = 0. rh ~ 1 

M Tt 5tJJIJ~mf~:i:lf~Or~-'tflifl5Et-l:A:1!~t!,t~: 
(1) ~iitj;S,J-18] t 1¥.J~i*!~. 

Tt = /Jo + /31 · t , t = 1, 2, 3, · · · 

(2) ~:hij; 1 llfl'fil:ilsff~ljfil :rt 1-

Tt = f3o + f11 . TI I 

> d< -read. table (t1E: /R/data/file17. csv", ti, ti ,header=T) 

> x< -ts(d$index,start=1952) 

> t < -c(1 :37) 

> x . fit1< -lm(x"'t) 

> summary(x.fit1) 

Call: 

lm(formula=x "' t) 

Residuals: 

Min 1Q Median 3Q Max 

-28 .71 -20.48 -10.81 26.42 46.17 

Coefficients : 

Estimate Std. Error t value Pr(> JtJ) 

(Intercept) 66.1491 

t 4.5158 

A.1191 8 . 147 1.35e-o9 *** 
0.3726 12.121 4.40e-14 *** 

Signif. codes: 0 '***' 0. 001 '**' 0. 01 '*' O. 05 ' . ' O. 1 ' ' 1 

Residual standard error: 24 . 2 on 35 degrees of freedom 

Multiple R- squared: 0.8076, Adjusted R- squared : 0.8021 

F-statistic: 146.9 on 1 and 35 DF, p-value: 4.404e-14 

• m-e-*rll;i8.~:iia<.i ~ @!.i:Ht~ 
> xlag<-x [2: 37] 



> x2<-x [1: 36] 

> x.fit2<-lm(x2 "' xlag) 

> summary(x.fit2) 

Call: 

1m (formula=x2 "' xlag) 

Residuals: 

Min 1Q Median 3Q Max 

-15.764 -5.066 -0.703 5.539 20.424 

Coefficients: 

Estimate Std. Error t value Pr(> JtJ) 

(Intercept) 7.39226 4.00444 1.846 0.0736. 

\ 

xlag 0.91932 0. 02464 37. 309 < 2e-16 *** 

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05' ' 0.1' ' 1 

Residual standard error : 7.936 on 34 degrees of freedom 

Multiple R-squared: 0.9762, Adjusted R-squared: 0 .9755 

F-statistic: 1392 on 1 and 34 DF, p-value: < 2 . 2e-16 

• jijj 1-~ !1J-J~ .g.m~'Ut-H~ .g.~ "= Ill 
> fit1 <-ts(x.fit1$fitted . value,start=1952) 

> fit2< -ts(x.fit2$fitted.value,start=1952) 

> plot(x,type="p" ,pch=8) 

> lines(fit1,col=2) 

> lines(fit2,col=4) 

#~*--:!IPl!l 5-29 fi)f ;f--
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iJ~.flJJ: ~i:r, £.g.1-Jrr.~1JxW.~m. 1r~1-1.:X:retrnJ t l'!~~flm-&HtHt!l#iil-ffi. rlb ~'1.:X:r 
~Jls~:ID:a<J ~ Im~31Cl15'ffi;~#iit-ffi.. 



(1) Xt, = 66,149 1 + 4,515 81 + Et, Et"' N(O , 24.22) 

(2) Xt = 7.392 3 + Q.919 3:z·t- 1 + C/, Ct rv N(O. 7.9362) 

~~tt•mm~~z.§,~xt*•m~m~~**fi~~­
~a•~&Ff91Hv1~111~1iit1Ls<J'~±:J1li, n11 

E(E1Et- j) = 0, Vj ~ 1 

J¥JtiJUJJiritA~tl:ffi~=m~~~~F'ffl·M, B~n~~Jt1E5H!:®.Ff9LlJ:f 1¥.Jffi:kfiL~,, 7G~~¥f.xt 
1!~J1~1J.iztfi =~ f1L@J1Vl( *;ffrAA*-

&z., ft1H!;!JJ~Ff§1J iw.lT\" W .riFi!f a~§ :fEl:ktt ~11 

E(£ 1Et - J) # 0, :3j ~ l 

-~~-~ttffi~ffl~ffl7G•M•,Ff~~~ffl**Am~ffl~1E*•*,~*xt~ 
~Ff~1J¥f.?_x-ttJ:g., t'I:•1ti:r~1f~ffl*f~,~,, ~t'I:if6ffiN1m~s9MJJt 

=, Durbin-Watson~~ 

Durbin-Watson f&~ (~~' DW ~OOz) ~El:! J. Durbin~ G. S. Watson T 1950 {J=: 

{f~f!{~jc[illlj3,m~s<J~~Mn1:'tiM±!i:W ~--1-R :f§:k~OOltftil J!, ~f11:J:e1:f'W~:i1 
*illfiEJ,fl'B] J'f Jtl flt~ ~ ;f§ :k'i1~00z. 

""fffij~fi~ 1 ~ § ,f£i:k'i1~!1FZJJffftl~~fi DW ~!JFZt.i<J~J]!. 
~fl?.t"~: ~~Ff7Ll7G1¥tE 1 ~ Fl f§:k'i1, ~11 

Ho : E(ctEt- 1) = 0 ~ Ho : p = 0 

Hi : E(ctEt- 1) # 0 ~ H1 : p # 0 

¥;) ~ DW ~ OOztfci.ti!: 
n 

I)c:1 - Ct- 1)
2 

DW = _t=_2 ---
n 

I>; 
t = l 

(t,e; + t, ef-i) -2 t,e, e,_1 
n 

I: c:z 
/,=l 



· 166 · IM"faJffJIHHfi - ¥TR 

n n n 

~c2 ~ ~c2 ~ ~ c2 L c.t ~ L c;.t- 1 ~ L "t 
t=2 t=2 t=l 

n 

DW =2 

L E:t . 1:1.-1 

1 --t=_2 __ 
n 

n 

L Cf,. Cf,- I 

t=2 
p= n 

~2 
L 1:1 
t=l 

E!P DW ~ 2(1 - p) 

L et 
t =l 

f29jg - 1 ~ p ~ 1, EfrV,,{ 0 ~ DW ~ 4. 

\ 

~ 0 < p ~ 1 at, )=f3'iJJEffl;,1c, _§_ p --t 1 at, DW --t O; p --t O at, DW --t 2. tiHi~ 
-t-tt~, PJ°V,,lu.fflJE1J;.!;i1'-illiiWffi dL,du(O ~ dL,du ~ 2), ~ DW < dL at, ff1rJ1fil.~IEffl 
;>c, ~ DW > du at, FffiJJfil.~~ifB.x. ~ dL ~ DW ~ du M, mffi:tmfcffdlls~X'l!f~ 
:±l~JE#rJWT, rm~£$B''1f~L~,Jtf~. 

~ -1 < p ~ 0 at, }=f)'rjjf:i_;t§;>c, _§_ p --t -1 11-J, DW --t 4; p --t O Rt, DW --t 2. [Ji] 

JJfriJV,,lu.fflJEWIT-t-rlffiWffi dL,d'u(2 ~ dL,d'u ~ 4), ~ nw > d'u at, f¥f1JJID.~fhffl;,1c, ~ 
nw < dL at, ffJrJ~~~,t§*. ~ dL ~ nw ~ d'u n.J, mWtJ11~f1J@:if:x'l!f~tl\il5E 
iu~rr, 1lrr~~$B''11~,~,JtM=. 

mm p B<Jxtf*tt, ~ 

{ 
2 - du = d:L - 2 => { d~ = 4 - du 
2 - dL = du - 2 du = 4 - dL 

~J:.Efr~, ~if1PJ"V,,l1i¥U~OT;t§;,1c·!i#IJ®TOO~, ~000 5- 30 Err~. 

;j;f] ffl 
.iE * ~ Jc ftt 
ffi tt ffi ·11 ffl 

* 1~ * t# *-
~ ~ 

0 dl dv 2 4-dr 4-di 4 

IJ.l 5- 30 

Xt = 66.149 1 + 4.515 St+ E:t, t = 1, 2, 3, · · · 



~~ff 3'tl a<] El f§:*tE. 
f'F DW ;t&~.:t.iW, ~~5triUiff§ lmtcst, :tf ffl library fl§~iffilfflit:~ff§. 5flj 

FfJW:~ff§J:P~r'~ dwtest Pl<JtfaJ~:ittfr~~ § ffi:*;t&~. 

> library(lmtest) 

> dwtest(x.fitl) 

Durbin-Watson test 

data: x.fitl 

DW=0.1378, p-value < 2.2e-16 

alternative hypothesis: true autocorrelation is greater than 0 

DW ;t&~~*lfil.~, DW ~it:l:a<Ji{!Jv=f 2, _§_ P ffitJVJ\ ~iJt.q)'j~~ffjlJi@iJ_liE 
if§:*. 19 T JE:5Hi*if§:*{~L\~t :ft1n~~x;j·~~ffjtl-f-1}7X:ittfr{~L~U!t~. 

, Durbin h ~~ 

{1Hl¥:l::l:a<J~, DW tfcit:fi)JJ{:;its:Jf!JtFf@Ilj3ffl;ID!Jx~ ~ ffi:*'c'ia9~~' 1:~>lt ~ 
1£:1: "~!h}'[". Nerlove ti! Wallis 1966 !if::t~ 1:±1, tE ~ @]lj3:J:m~, ~p ~ @Ilj3 lz;Jr§~:@;:ils 
lz;J1£:Ji (it:i:~rif~f*.:t.11P-1~1£:I:) M, ti 

Xt = fJo + (Ji · Xt - 1 + · · · + fJk · Xt - k + ct 

J~~ffjtl {ct} a9 DW ~it±El:J&- -ttiiffiimitii, ~ p ~r~s;j·, DW =I- 2. tE~ 
t*th~r~ffl DW ~it:i:W~f=~~~ff3'1JiE ~ffi:*'c'i:;flfil.~a<J~#U. 

£r~,t)JJ{lz;J, tE ARJMA ffi:ID!:l:m~, ~1nt~J&{tf-f:J Q tftit:l:;ft:l LB tfcit:I:~~ 
fx&ff3'1J Ft~~ t§:*U. 

19T:R:ml DW ~~~~tffii't':E, Durbin 1:E 1970 !if::til:±1 T DW ~itil:a<JT#f-t-{tiE 
~ii il: Durbin t ;tll Durbin h tftit:i:, ~W-f-1'-tfcitil:*fJ.!i~1ft. Durbin h tftil 1119: 

n 
D1i = DW 2 1 - TUT {3 

Al=f, n 19:XW.~ffi:Jr3'tl*-OC; a~ 1J:fil:ilslz;J1£:1::¥~a<J!VJ,=~!Htiita<:Jn&. 
:iffi.ux•.t DW tfctr:i:a<Jft.IE, Durbin t ;fil Durbin h tfctr:i:ti~j±-ili.tii@iT~~a<];ff 

J;t, {~~ DW ~~tfcitltmt19MJE~~:l::%~1ftffla<:J §t§*~~tfcit-JI. 
[ f§IJ 5- 6 ~ ( 4) ] ~~ffi= ,t~Ji::·c':l:~~HJID! 

Xt = 7.392 3 + 0.919 3Xt- l + ct, t = 1, 2, 3, · · · 

> dwtest(x.fit2,order.by =xlag) 

Durbin-Watson test 



data: x.fit2 

DW=l.8153, p-value = 0.2295 

alternative hypothesis: true autocorrelation is greater than 0 

x1~=~m~•m~~,~~§~-~~~~~~xA~Flffl**¥.M~~• 
f5e:ffl Durbin h ~~- Durbin h ~~wt~tEiffilffl dwtest pjqf{Bt~1Ja~:rm order.by, ffi:iE 
filils~~il. lfs:f§tl Durbin h ~~ta*,JQ.ffi. D&J'f?!J:;f;{j::{E~~ffl*· ftff1:;f~~x1 
m= ~~~m~•ml'l9~&urfifl}?km~. 

~~£ § ffl*~~.@.~D£J¥=~rJ~J3t Fl ,t~*aJ, :r~1nw~x1~&:J'¥~rJuHr= (Xm 
*,ill-~a•d£1¥=~~--~ffl**A.ffi*D&nffi~-ffl~~-~~~~~ 
~ ARIMA •m~tl;.;fil~~- ~-

[ f§1J s-6 (~ s) 1 x-tffi-~fiffl}E·11:m*•!]lo~Jx&ff:YrJ:ri;,{*FJ,t1t~tj!]l. 

••~n~~~~~ffl*OO~~~ffl*OO 
> acf (x. fi t1$residual) #~*-,in l!l 5- 31 JiJ(ir, 

> pacf(x.fit1$residual) #~*-,iol!J 5- 32 .P)f.'F 

Series x. fill $residual 
0 

'° 0 
'1.. 
u 
<l'. ('I 

0 

('I 

0 

0 5 10 15 

Lag 

Series x. fit I $residual 

'° u.. 0 
u 
<l'. 
-;;; N 

-~ 0 

c.. 
('I 

0 
I 

2 4 6 8 10 12 14 

Lag 



• m.g- AR(2) m~ 
> r.fit<-arima(x.fit1$residual,order=c(2,0,0),include.mean=F) 

> r .fit 

Series: x.fit1$residual 

ARIMA(2,0,0) with zero mean 

Coefficients: 

arl ar2 

1.4995 -0.6028 

s.e. 0.1274 0.1356 

sigma-2 estimated as 50.6: log likelihood=-126.59 

AIC=259.17 AICc=259.9 BIC=264.01 

• ~~~ffl~~~W-.1.!m.~tt~~ 
> for(i in 1:2) print(Box.test(r.fit$residual,lag=6*i)) 

Box-Pierce test 

data: r.fit$residual 

X-squared=3.0703, df=6, p-value=0.8 

Box-Pierce test 

data: r.fit$residual 

X-squared=l0.2665, df=12, p-value=0 . 5926 

ftHJi!Hl~H¥ftla9 pf ffl.;1cOO (..IJi!.00 5- 31) :¥U-Wu pf ffl*OO (..IJi!.00 5- 32) ¥::Jma{]·tifin, 
AT k.tJ;IJ~~~J¥JIJ § ffl_;1c*fxff[~, -Wu pf ffl**fx 2 Wi-~~, FJr ~xt~~J¥Jtl1fAi. 
AR(2) m~. mi.~*~: 

Et = - 1.499 5Et- l + 0.602 8Et- 2 + e t, et,...., N(O. 50.6) 

ffi?JIL~ ~·ti~ ~H~W:ffii.ffi ~H~ JiJ:.'iL. 
~i.mTims9:5tffr, M 195~- 19981f:t:plliJ;&~'..%~jmJ~i&Am~J¥ftl , ~1iJAJ"I:J,ft 

m fto r~~ F-1 lliI v=1f!kID1:itH=r m it: 

{ 

Xt = (36.149 1 + 4.515 8t + Et 

Et = - 1.499 5Et- l + 0.602 8 Et - 2 + e t, e,,....., N(O. 50.6) 

~ffiID151!~r1nmM~JJ¥-J¥11Ja<Ji!ti;tiiJi~Jf= i:pmJ;&~~~oo~i&AmWx:tffl~- 1-
*MR''.l~·ti:l!!:t~~~, ~±4J&WJ:t~tt 4.515 8; !P]at, 't:if~i!Jwf$rSJHtJLl2Sl~B''.lfJufiiJ, ~ 
~ lllfHn vt i;t, 1¥ JIJ fl~ mW1 i=i f§*·ti. 



1982 if:: Engle tl:7tlfr~§J:ii:11f'Wfilt$.ff~IJBt, ~f_m~#l!-8':J ARIMA ffiffl!~#~xr! * q~ lft!!~ B':J:tU%~~*. :;lg ft ,z_ ~:i! ¥P ~? ~uxt~&:ff~Ll B':JfHllHitf ~, fili4tl.mfoJ~ :±Ft£ 
~&:ff~Ll~fif :R'-n&t:Lt. 

ff]f.l ARIMA flID!fU%~Ffffiff~Llat, xt~~ff~ljfif-1-lt~1fl~ ~&ff 
~Ll {ct} :;fg~:ltgfflauJ~ff3'1J. ~%Z, ~&ff~Ll~rl/$.L@jnT .-_1-1BiJE~f1t. 

l. +i5J{n. 

E(ct) = 0 

2. ~&!~JL 

Cov(ct, ct-i) = 0, Yi ~ 1 

Var(ct) = a; 
:tzD*n~1f·l1:1!!iJE~Jft.ll., fW l>ifft!L~&.ff3'Ll a':Jjj~~~~1it!f&, B ~l>ifflf B•HsJ B':J 

~1-tW~it, PJVJlVR:;/gatlsJB"J~1-eEi~: 

Var(ct) = h(t) 

:i!#'lf &~ft!FJJ&. 
tE~&ff3'Ll B':1:i! ~.1-1r1}E r:p, ~:ltgffl ®JE:fi,@~~J_m, .R~xt.rr3'LluHrr:p,t,f-t~ 

:fll!ff;lt -ar ~~:fl]. JiJr ~ :i! 1-1r1JEilli 1ltx®r ~ ~. 
t4: l>iff t!L ffiRJE-1L~:~ ff] 1t ,~~~ 139 xt~. JZD *:i! 1-1r1JE ~ m JE., gitiJt)J.f:I ~& .ff 3'Ll 

r:p~•••mm•!IRB':l§ffl**A.:;fgTfif~~~:i!1-@JE~#~~Jft.ll.,mtt$* 
:MJ~Tiq:$mJf.l-=f~!A'l:l:m%8':J §ffi*~~mi, I, ttJZDIWffifrffls':J Q mitii, LB m 
itii, DW mttil:~ . 

.Rfifffi.=1-@JE - n£1fl1:1elJE, 1'£lltZIW~fnt5tfif :ittfi1ffuJ~~- ;(£~~,~ 

~B':Jffl&Tglt~~~~ff~- JE-JE.:i!1-~#.@~~~,:i!1-~JE~##~~~­
J?. B':1 . .t?Ht* n~ B':1+¥1'£~ ~ 3&~~ B':ln&:111oi:izm fi£ft , tit rm ~~lfil.~,11:~~ ,§~ 112 
~tM!~, j!{tq~~~B':J~~,11:~~~~~Jl, !i~~3&fflID!B':JfU%ffiJJ[~~U[nJ. :;fgT 

••mID!m%B':1MN,R~xt~£.rr~mfin£1ftt~~,#xt*n&ff~:ittfi~A 
,tf[r. 



~~=Hl&ffjU {c:t} n&1f'i1B1. 'BillW:tE-1'-JtlJ'i!.E.i:i:!gffis{JRE~JL~.fE!~El<J~IBJ!lii 
tJL~$J, ~*1ffilJ~~ (fillll 5 33), ~Ji!IJiJtJrVi~H\::R'JI&R'-J·lil.vJ:T (fillfl 5 34 ¥00 
5 36). 
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• • • • • • 

1 · 

~--------· l 

• 

Var(c:t) = E(c:z) 

JiJi~~&ffjU~~JI&:ff'li, £~~~~ c:; s'-J•!il.vJ:. ~fflPT~11WJ~&f1f00 -
c:t 3c-r t 5£1-ts<J= ~l*tJFOO, M~&J¥7Us{J-Jr&1f'li:it!:fi1IW.~lt/r. 

til~&OOEl<J:#IJlt/r@:Ji!IJ-t-F, {l!Hi1f£ 1f'l1W-i~. ~ 

J!:f:l!;fc;g c:1 mit:(£~1'-'tf~ffi (1; ~jJjJ.ifHfL~$J , 'B~mHP<Ji~{f{il}f!J:L'm.El<J~#}, ~ 
Ji!lj}f)t£ :J;W.1±1:ffJJ&'li. 



[ 1911 5-111 iu~~~~oo 19531:p 4 JJ .¥ 1gn 1f 1 A mMl'.EIW~a{JJJ Jtt&~ 
$!¥~Ul¥.J:n~*'li (~ffii.!lU& Al- 21). 

> h<-read. table("E: /R/data/file21. csv", sep="," ,header=T) 

> x<-ts (h$yield_rate, start=c (1963 ,4) ,frequency=12) 

> plot(x) #r.t;Jlt-Jtnl!J 5- 37 P{r-.F 
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• 11= 1 llft~~' JH!:fitJ~~J§';.t~ff91la.ffflll 
> x.dif<-diff(x) 

> plot(x.dif) #r.t;Jlt-Jtnl!J 5- 38 ffr-F 
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> plot(x.dir2) 

0 
0 
+ 
0 

0 

M 
0 

!l) 

0 
0 

t 
0 

1964 1966 1968 1970 

Time 

1964 1966 1968 1970 

Time 



BiJt-~ (~1¥1 5 37) lw.ffiff91j,~-~~Ff~. l 11fi&0'1nJf-Jtl (!Ji!,l!I 5 - 38) !w..7Ftl:l 
±'iJffi:1jl-~{S1f&:~~(J<Jfi:J.ffi:. ill- ffexW.~ 1 ~fl-&7}1n~&f-1fl!] (.!Jlifil 5- 39) 1 nJ~j 
~-~~~~B~~~~~JJ~~tt~. 

~JX&ffJIJ -fFJJ&Bt. l~{f ]'~~ XiJ-rt:.ilrfi:itr-Af;(:t~~JW.. ~~}~J~~f};g"t'f: 
(1) 11?i:t!OB~ff fr&:~!/&f!.f~J~~ -ilHrJJ :&Jf·~J:7:G::~. 
(2) fl?i~0~~:1'F1f&:!'i<1!/&r'l~~f*J~:i{. ftl,fr~f'f::1'F1f&:ffi~. 

:i:t If!. h(·) Jlk~1'-B ~ PRitt. 
:rr ~ fitt :l:,m-@-r, J~ffl (1{1 ~JrlL'!.'-1?45-~ * iJt ~ tlt-1'~~ l'i<1 tt g ( ·), ~l~ ~ ~~ J§ a<J 

7:G::i!: g(xt) mfJEn:&if·H:: 

Var[g(x1 )] = a2 

g(xt) ~ g(µ,) + (:r, - 11i)g'(µ,) 

:i:tlfl, g'(-) J'1 g( ·) r'l<J 1 ~Ji-~!/&. 9!U g(~·,) a<Jn&: 

Var[g(xt)] ~ Var[g(J.Lt) + (xt - /.Lt)g'(ILt)] 

= [g'(µ 1)] 2 · Var(.rt) 

= [g' (J.Lt) ]2 h(µt) 

@.?t, ~ff1i Var(g(:r, )] ~-=f1itfl, $#1*pfi!/&a<JJ;r-pj<1!/& g'(-) &,~-'=_j /hT) Jl.,(.:f1fflpj<1!/& 
*.¥.: 

g'(µt) = ~ 

~~~lfl-~~~-~~ff~$~~1:l:l:1'F1f&:1¥JttJ.ffi:.W~~11tJ¥~1¥J~~&:-'=.i 
JtJJ< 1!Z-zJBJM;!ttt'f iE tt*.¥. , ~PJ¥J,J o<J?lc f-ffkat. J¥~u 1¥Jr1tzt1Jmoo11\. F¥~u t¥JJJ< f-~ 
At, J¥JUa<J~i;fJir£~::k. 5<,t-=f~f!P:ff1f~l¥J·~J.ffi:. ~?mlf!. a<Jff!lJEJ'J: 



h(µt) = 11,f 

~{tqt W-J¥fU ~:i:i~ ~~1*Fon&Jf'l11, JJ)t&,®J mf JE. 

'( ) 1 1 
g µt = h(µt) = µt 

~1fl" tl ~ tll 

g(µt) = ln(µt) 

~-~-~~~~&~#.~K~~#JI&J¥~~~~~1*m~~~~~~n& 
jf•jii. 

[ f91J 5- 11 ti] x•HtOO 19631f 4 J=J .¥. 1911 ~ 7 J=J 9ilU!ij00$~89J=J J.t1J~J~$ 
ffjU,ftfflJr&:1f·l1:~~Jri!:izHr?tfJT. 

-~~ftR.,#M~~ftR•~~fflll 
> lnx<-log(x) 

> plot(lnx) #!i"-*-.!!ol!J 5-40 P)f-F 
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• 11= 1 !Jfl"~,t, #Mffitl~,t~ff91J~fflll 
> dif .lnx<-diff(lnx) 

> plot(dif . lnx) #~-*-.!!ol!J 5- 41 P)f-F 
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. ~~~~~~~ 
> for(i in 1:2) print(Box.test(dif.lnx,lag=6*i)) 



Box-Pierce test 

data: dif.lnx 

X-squared=3.4118, df=6, p-value=0.7557 

Box-Pierce test 

data: dif.lnx 

X-squared=9.8323, df=12, p-value=0.6307 

«MW~#fi~,ftITT~ ~ mMOO~#~~•rr~~-~tt~rr~fflz~A~­
JE~iEffi*·li, ffR5E'tfllzfiiJ~1fiEtt1c* , M~ff~tl.itHrMft~~. 

MftJ¥~tlB1J¥OO (.Vt!.~ 5 40) mL73~'t1¥-t#T/J¥-ff~tls{J~1t~~. x-tftJ¥9tl 1 ~& 
?tlBB·!ffl!l (JJll!l 5 41) lfil.~~{~ff~tl-~~112-~. f=ti~~~~M~i~~~ff9tl°aJtm 
1'JRPJ]a"Ff3'tl. :l!iJtl!/1, jffi,ti)f~j'f·li~~' m-g-5&*7Gffi. ~fflaJ~1iilJ~J¥9tlA'1~ 
itffi~j;: 

V ln(xt) = Et 

.:rt 9::l , { € t} 19'4!-:!!'gffi R lljJti' 1¥ ~IJ . 

1I~1ftt1l:~1'Jff 1I~ffjtl ~frHifMfA-@-m{~T - #1Lt(lf a9Mtk:1Ji*, fEJ :l!#1Jr! 
R~fflrW?tff1J~•~rr~.~1g~~m1J~1ftt~•~~•~~mff1J~~tt~ 
%.:rt, rffi:l!7G~M§f1fEf<JJ¥:§1J~nJ~f$¥lJB'~. ~~~, ~111Rflli.ftH1Ml~001Ul~1!2-1J 
l!l~&~ili*~~~. ~ffl- ~#ffl~~ft%.:r.t~t~ff1J~ ~ft. ~*fi~MB1~J¥ 
9tl%f!rB1. Fflr~•J¥3itla<Jtirtl=.&~JJ(fZlaJ:iffi#A1f¥#iEffl3c3c*, ~Jttff1J& 
piqft¥£#~ffRJE19: 

:l!~3&xtfl~~~~•AtfsJf¥3'tl%ffr~~~~U!:J. 
ill*Hs{J~Hfil~:l!#@JE*~- ~T, ~ft~ffi:iffi#R~fflr1J~-:l!'gffls{J~ 

~fffi~~B9$?tl¥3'tl. ff1J~ B'~t-HiE1f1i$, ~1111f~fi~ifil:iix•tft~~~~ff a<Jff1J 
ft1¥Ju~•1g1J~1f·liJ¥91J. *"'n 1rm- frfl~~~~r.tr·@1~;fll~M®r~1_,_rz*m ~* 
1I~~Jll!1Ir!: ~{Ltff1I~ ~~. 



5.6.1 ARCH m~ 

1..f *xJ\iJZ: m~J!b.lxfn~ M~f.JiJ.l!i,t ~ '1ttnT l)J~ :iJJJ=l-11 ~1rr tttiE l'l<.J B,tri=u J¥:37u: 't ff 1 ,(E rn 
~1ifHJE ·ti~~~~~~~~ u(JiJ zFn, :YX~ff 37,J i'!<J ?Bl 4Jrt.E ;;:-g-iVitRt fii M:~ffi 13'~. fn~ tE~ 
®1J,J-fii¥lt~M=~tliu:fc :(:E~®ntfilr.Bli;fJ}t~t\iu;J\, ¥:JJ.li /1\ ~,W(:~f)jiz (volatility cluster). 

[ f§1J 5- 12] ~-~ 1926 1991 {p;j:j1ft~~ 500 JB1:~1ft{rr)JU.f:llfJ Jj'.~~:tt;tJ~§IJ 

(ft!1~L!ll* Al ~ 22) o<.J~U'f:~{Eil:t-HiE. 

> k < -read. table C "E: /R/data/file22. csv", sep=", ",header=T) 

> x < -ts(k$returns,start=c(1926,1),frequency=12) 

> plot(x) #ft*-.-JiuOO 5 42 foJr-F 
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~~l~ff3'LlAtJ¥:'*1 (9llll 5 42). 11tJ¥:OOlrP.~~trf§Llri-M ,'w.~13'~~~1fl.~t~HiE. ff 
9Ll FID~tE~uUf1:ili¥Bti;fJ, ::kifl)j}a,t JtfJZ&:i;IJHilIIIT 0.1"'0.1 zri=u. f.E!.~tf-®t#~ntfil, 
tt:tm 19301fifu"Fo, 19401f1mFn , 19751:pifu"J§l,'J,& 19901fllliFn, J¥:37Lla'~t&:~1&::k. :l! 
»-Jt~iHlr5<:{Eil:tt1iE. 



lltffJ:ifil 1ft ffl1I&*WiJ£ff :9tl r-i<Jvt igj, $1Uf=F~iliizwt•'*• 1£~1'-ff :?tlXW.~m, ff :?tl fl<J 
JJ&£7!s:~1r'lifl<J, mrr¥-¥Jt:~xJtJL¥JtatmJJ&!iJ1fil.~JFrWrmJJ& (Ji!.IIl5 43). 

~#ff~~igj~fil~M-~$.~ •• ~~•**·~-filfflm~~~-Bt~ff~ffi 
,~ e<J?vt~.A.ff1. ** T1~::kEI'~ ~m. 1l!!.1fJxt~@1k:ita<Jffii!J!~fJ~:/J ~atM 1¥1~[P]rrn~ffl~ 
::kl¥J&:ff'-. 

)tJ=t~xtr:&!Ft-f~~rnT*, ftMfJJf~:k,e,, :83: F~5l~ .tE§r~Bt ¥Jtl¥J~ii-lUJ\1, 
Q:k,G,t£ftMl1M:~frf Frt~~¥Jtn-Ji'8J , :83:F~~-~~~~::kl¥JvJligj. £rfff1J~W1f 
&tftl:A<J:5tffrjJY!xr!~JE{tl!.ff]s{jt(;j~, ~Bt~~'5IA1d4=Jf1J&~ru!. 

ARCH fl~fl<J~.f$~ r=l lillV=J~{'l=JfjJ&ffi~ (autoregressive conditional het­

croskedastic), ~Btfmf*)'};R{Lj:*jJ&~~. 't~ Euglc T 1982 1f:tE:5tffr~OO:im~ 
8Jjlt$ff:>7tlBttM:-8 s<J~&JJlJJ 11 @lVatl~. 

itffi~ s{JftlmJ]HJR~aT: {r:i[i,j: ,{f[Jj ~ft!@B ~ El'~'lf (JG T' :W:~ffi' tiH~ffL~&ff~tl 
J:3_.~ :ff-JJ&'~ 

tEIE~:5t;ffffl<J1~JEr, ~ 

ci/vh,,'"" N(O, 1) 

:ff-JJ&~filrft&+ jJEJ'~~m 

E(cn = hi 

~J~]Ji&Sf-jJ}ff1JEJ'~ ~ fEl:k*)/& p,., = Co~c;(, :~)k), nJLV.~~*JJ&~1~!¥J El fEl:k 
ar € i 

·~. 
~~A<J~*xj~-'f ~arr»;ifiF: 
(1) e1 -tEI**~tij)'}~, ~n 

Pk = 0, k = 1, 2, · · · 

~iJt~*:tf& i?Ei~~tiH~VLe<J .,. JJtAt, D5 ~~fflM***:tf& s<J11iit-,~ f'FJfltl5r9:~. 
~#'If CJGi&xi:5tffr, ~4-i;t~ ~~f s<J:tf ¥! Fi~$1U&¥1J ;it i:p fl<J * 1J&fiL\1t 

(2) 1¥1£¥-t-@lffl**~~)'}~, &n 

Pk=/ 0, k ~ 1 

~•'*•tE~&3JlJJff~i:t=i•••¥#ffl*ffiA,mLV-~ttftlmm~s<J•ID!•*~@ 
tBxftL@,, klJ1Hifff1J:ff'-JJ&vii9Jt1:1iE. ARCH fl?J!lff)t~£T~~d:Jbii-ftlms<Jffl~. 

Ji~· 
q 

ht = E(c;) = w + I: A.7 cL1 
j = l 



· 178 · 1!'1fB]/¥91HHJr - ~TR 

~m~m~~A~HffifflB9B~~~m~@~~~~-•~£~~ff~~-~ 
ut!ffl*11L~- JJrs-z.~;@tB~1--tlffl1f 1t--zJtl? 1>filZ.frJ~M!'t<J ARIMA ffiffl, ~£ § 

@V3fjffl , ~ j£ ti: 1251 • )tffijf~fflz. i'ffJ 1f 1+ -z. * *? 
lWfm~ua<J ARIMA mm,~£ R @V3ffiffl, fifUE't':E~~?tfmtiffl*ti:B~]!,~t~ 

~ff11Js~JJ(3Jl-, !JtWJiiM~~-fflm#J¥=1tls~+:l:5J7.k3V-Jf·l'.Yit~t:~~1:.lHt~~1t. 
tl~:QO, tE19iJ 5 6 ~fitfllxt 1952 1988 ~9 1~;&~;;:;~QsJl:~)&.AJ~~ff9tlJtJt ~i 

~J B9t!lfrtJffl 7-J: 

xl = :r1.- 1 +El+ 0.735 5E1 - 1, Var(c:l) = 61.95 

fLUt:l!-t-ffiffl , ~fn-R~~iliM-*-1¥13'-Jili!tw.•ffi Xt-1 f-n.u-*- ~s<J1tii-HM£ Cl-1, 

wcfi~1tiit~~l'r''.13¥-.MJ7.k3JZ- xi . 
:l!1-ff~ftfll*~~fflD£~@~•m~~•JEtt~•*••mm~ffi~.~fll 

ffl~~•~•m~~~~*~R~~- ~,@~~fll~i¥Jr~ttm~ffl~~,a~xt 
*i¥t1J7j( SJZ-s{J-J{J.fr. 

JJ(f ,R~- 1'-.~1tiit, Jcr!~tl-\1tiiffl)Jr, ~r~W1ttff17ff~1tiittl:IJtli1tflifHJ. z. 
lW">J< Jt1~ IR raJ M, $ffiiJE~£ff :YtljJ£ *'~. :)!~11*;/ir' Xii?;u "* B<JA~l.&:~:/rlff ££.tm 
W, {£{9ij 5- 6 ~-1X£ffJ'tl1¥JjJ£ Var(c:1 ) = 61.95. 

~#~j£rr~:n£~*•~m~~--~~®JE~ff~a£A1f•m~~.~• 
~•u-*B9D£¥.&:~ffl&~~-~M~~r*~*-1¥1MM.~-z.ft£~A~:n£W 
?tiJttt Var(Et) *· :l!M, t1rnrtn£1f·~f'l{J'ffi;lJE1r~itB9 95% B91i{~!X:IBJ, ~l'r''.IA~ftm 
7.kf-~1ir 95%. :l!;nMtli:6tA ** 7~~1Sf1ti¥J1i'.o'fJ><l~. 

ffil ARCH ffiffliJt~~,MJ~- 1-mm. ,flJffllli~IB,~,, ~ii1J~{4:n£1~JJ, 
q 

Var(c:tlEt- l• Et-2,···) =E(c:zic:t- 1,E1- 2-···) =w+ LAJEZ-1 
j=l 

ARCH tJ~a<J~mt~~DJ~l&:Z911§,§,~1'.19k14, jf:;*=J=l:J~# ~ @JV3~:it*ttl@1t&: 
~139:3£1-t. x.fr- 1-Ml'aJff1LlTffi§°, 1.E~~l'r''.IM~Ll1Q.~l'r''.IJJJ~1t,~,~~. 12Slim:t13mIB99k 
{4:n~m~ fsiJ. ,tlj ffl ARCH mru, Pf VJ ~lj 1!!!1 tl:l Iliff A1 j's] :3£ 1-t im :3£1.t (JI'.) *'{4:1r£, t: ttX 
id4:1r£J!~B·J:ttl!.&1!9c T FfJLl &PMi.8lzifJB<J%:1rE, :l!JiiJcfi!: ARCH ,m~(J{J~ffl. ~f1liruffif 
11'-ms<J ARIMA •~, ~£ Fl @V3ffiffl, 1i.fojE·11~•*~fflffl~r};j~1-~mi¥1mm. t: 
:kB:13'-J~ff9tl~i&:;iJ·~W.*. 

•~-1-m•mi¥~m,*•~5tfim~*a:*3V-~¥.&:;1Jr];j1J@.~mw1t~~ 
~-~J¥~~*•ffl*fflg,~m*~a~ff~~•~~¥.&:~ffl*mA.~:J!r];j:1J@ 
1'191i,~J*~~7:t ~ tt~Jt•~~rifo o{J5ttrr~~-

~~J-~m ARCH flfflt&i*:ff:1f&9-1!i~i¥Jffi:.k{~,§,B9%m~t~1'.7: 



Xt = f(t,Xt-1,Xt-2• · · ·) +t:t 
Et = ,./h;el 

q 

ht = w + L AjEL J 

j=l 

~ ' ARCH ~Mi! 

~m1t ARCH .!J!l, 1t$t~~ul:fi ARCH~~. ARCH ~~~-.fil14#9*a<J*n 
~~~.'E~&~*ff~A~*1r~tt,WH~*~.filt*1r~tt~rn¥.filt§ffl*** 
~~~.~~Flffl***~~m~~ff~~§oo~•m~fiffl1t.#ffia<J~~A~H 
~~rJtitnr!-~ Portmanteau Q ;.ti!~,fil LM ~~. 

l. Portmanteau Q #tllt 
1983 1f Mcleod .fil Li ~tH T Portmanteau Q !Jtitnr!-, J:ll=f~~~~f-nff~U 

B9 Flffi*'li, ~iE'E£ ARCH ~~t/OtnY!Z.-. 
*~~nr!A<J~~.~:W-~: 1,zo:W:~~ff~Un~~Fft, HA~~M~~m, ~~,i.~~f­

nff~ljjj11f ~ Flffl*·li. Yri:Jn~iF:lf~~~~~1t11~~112'-nff~uA<J § ffl*tt:+& 
~. 

~:~£~~~~~-~ ~=~~~~~~~~1 
f---+ 

(~ £1t•t±) (~ £~Hf) 

Ho : P1 = P2 = · · · = /Jq = 0 t-t H 1 : P1 , P2, · · ·, Pq :f ~ 7:1 * 
Portmanteau Q ~~!Jt Hii~~i__t_Jji,jt~ {cl} A<J LB !Jti,tit 

q 2 

Q(q) = n(n + 2) L ,,/~ i 
i=l 

n n 

L (c:; - &2)(t:Li - &2) Lt:; 
Pi = 

t = i+l 
n 

L(t:; - &2)2 
t= l 

}jj(ffili5llft31.n-t, Portmanteau Q !Jti!-itui{!/)_ij~§ rnJ.lJJ q - 1 A<] x2 :Jt;fJJ 

Q(q):.. x2 (q - 1) 

~ Q(q) ~~tfE+tiiB9 P ffi1J, T-,~~·liJ.Kf- a at, 1eJ!W-{Bl~, iJ..1-JW:ff~Un~~F:Jf 
HJJ.-11 Fl fflY:**· 



2. ;t.i~ tJJ El *--f .#t .%-

1982 '.'if Engle 1ii±\ T-;f,11.Ji~R"J ARCH t&~Jfr!: .J:.flm~JJ B *-rt&~ (Lagrange 

multiplier test), mH27'J LM t&~. 
nZ::f~~A 13 *--r-~W:Et'~t~~}!IJ!;f!: J!O*~£FfJ1J:n£~Fif, £1.J!.~~M~:1':m, n~~ 

~j£:ijl-:1fFfftl:irn1itJ!.~ Fl~ll3c'i1:. JJr)~~1i])J,/tn]"l)J~l;t~ffl Fl @llj3tl~ (ARCH(q) ffi 
ID!) tfHt~£f:1f PfJU 

q 

CZ = w + L AJEZ-J + e1 

.i=l 

fJ!jf£1fttt&~-nT[;Jff~7'1~-t-JfW~~H*~:s'L~~~. 

(5.7) 

~o*:nW~-*~:tL (~j,'ff.tE--t-~~ >.J 1F~), JJl)-~r!;fc~~£Jf-JffFf1JJl-~ 
§ ffi3c'i1:, 1JJ' [;Jfflit@lj3:1f~~!& Fl t§3cff{,\~t 

&z, jio*:nw;r,F1~~fiQ.*JJ.x::tL (>-j = o;j = 1.2, .. ·,q), tJt~'*~f.x£f:nFfJ'J:iF 
ff.tEB*~§ffl3ctt,:iFnffiffi:n£1ftt~~-Ml)J~~Ma*~t&~~~~-~~ 
£5¥:nFf}tl r::z Fl @lj3JfW1¥Jfi[*'i1:~~-

ru:t!~JJ 13 *--r~~is~fl?xi9:~f47-l: 

~:~£~~~~~~~ - ~:~£~~~~A~~~#tt 

M~£fnffJtl~~ q ~ Fl @lj3:1f~ (5.7), fr9i&~ftJ:~ffr7'1: 

Ho : >-1 = >. 2 = · · · = Aq = 0 <-t H 1 : >-1 • >. 2 , · · ·, >.q ;f ± .1i7 °* 
T 

i2,ffi,~£Jf1fto1; SST = L r::z, Fl RJJ!t1J T - q - 1. @]lj=Jf·nfil1; SSR = 

T 

SST-SSE, '~ EE0C7'J q. Jtr:p, SSE 7']@]lj3nl~!i.x£5fjffn, SSE = L e;, § EEJ.t 

7'J T - 2q - 1. JnU LM ~~mit::i:7'J: 
LM(q) = (SST - SSE)/q 

SSE/(T - 2q - 1) 

Jffi{l?xi:9:~:s'Lat, LM(q) mit:!iili:fl;JJ~b\§ Ei=IJ.tjJ q - 1 (J,<J x2 %11-Y 

LM(q) ""x2 (q - 1) 

t.= q+ l 

~ LM ( q) ~~mtr:li l¥J P {il!J\f Jffi.*'11:71< f a Bt, fe~~Jffi fr;li:9:, iA:1-Ji&J¥ftljf £~F 
tr, Jf: £L1JJ'l)Jffl q ~ Fl @lj3tll!t'ttfHt~£JfjfJ¥ftlr:ra"J Flt§***· 

tE R itfifr:r, fqXm~M 13 *T~~ZIW, f.,W:$t~~ FinTS ~ff§, :tf:Jfj library pJq 

~i~JfJW:§. :(:E~-f-§£~- -t- ArchTest pjq~~flft LM ~W:. 1frf Portmanteau Q ~ 

~~~•J!x-t~£Jf:nFf~*fi~~mtt~~- ffi[;Jx-t~£Ff~*fifjf~•zm, 
.R~i~ffl Box.test pjq~.)?jtpJl))%nx; Portmanteau Q tFi~FZ. 

:mif ARCH ffi~pJ!)Ji~Jfj tseries §r:pl¥] garch ~I~. garch ~1~1¥Jfir~~:r\7'J: 

garch (x, order=) 



-x: }t91J.,t. 
-order: ;/~J.f;--tl~ ltfl--41 . 

(1) ;/i;J.f;-- ARCH(q) *l~7J order=c(O,q). 

(2) ~J.% GARCH(p,q) ti~ 7.1 order=c(p,q). 

[ 'f§1J 5- 12 ~ l xt 1926 1991 ~;tjrfrr"*~ soo JN:~fftffitmtsU=J J.Jti&~~Ff~Ll 
illfi ARCH ti~. Jt-:n;{-fritff:9Ll8<:/i&'.i9J~fif. 

• LM~~ 

> for(i in 1:5) print(ArchTest(x,lag=i)) 

ARCH LM-test; Null hypothesis: no ARCH effects 

data: x 

Chi-squared=55.5215, df=l, p-value=9 . 248e-14 

ARCH LM-test; Null hypothesis: no ARCH effects 

data: x 

Chi- squared=68.292, df=2, p-value=1.443e- 15 

ARCH LM-test; Null hypothesis: no ARCH effects 

data : x 

Chi- squared=87 . 1291, df=3, p-value < 2.2e-16 

ARCH LM-test; Null hypothesis: no ARCH effects 

data: x 

Chi-squared=87.2819, df=4, p-value < 2 .2e-16 

ARCH LM-test; Null hypothesis: no ARCH effects 

data: x 

Chi-squared=87.4919, df=5, p-value < 2.2e- 16 

• Portmanteau Q ~~ 

> for(i in 1:5) print(Box .test(x- 2,lag=i)) 

Box-Pierce test 



data: x·2 

X-squared=55.5445, df=l, p-value=9.137e-14 

Box-Pierce test 

data: x·2 

X-squared=85.0896, df=2, p-value < 2.2e-16 

Box-Pierce test 

data: x·2 

X-squared=126.0621, df=3, p-value < 2 . 2e-16 

Box-Pierce test 

data: x·2 

X-squared=138 . 7394, df=4, p-value < 2.2e-16 

Box-Pierce test 

data: x·2 

X-squared=141 . 8952, df=5, p-value < 2.2e-16 

• m~ ARCH(3) ffi~ 
> x .fit < -garch(x,order=c(0,3)) 

> summary(x.fit) 

Call: 

garch(x=x, order=c(O, 3)) 

Model: 

GARCH(0,3) 

Residuals: 

Min 1Q Median 3Q Max 

- 6.2420 - 0 . 3985 0 . 1671 0 . 7501 4 .4193 

Coefficient(s): 

Estimate Std. Error t value Pr(> I ti) 

aO 1.437e-03 6.903e- 05 20.809 < 2e- 16 *** 



al 7.954e-02 2.821e-02 

a2 2.231e-01 2.587e-02 

a3 2.732e-01 4.384e-02 

2 . 820 0.0048 •• 

8. 624 < 2e-16 *** 

6.232 4.61e-10 ••• 

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 ' ' 0.1 ' ' 1 

Diagnostic Tests: 

Jarque Bera Test 

data: Residuals 

X-squared=585.2712, df=2, p-value < 2.2e-16 

Box-Ljung test 

data: Squared.Residuals 

X-squared=O, df=l, p-value=0.9976 

• ~ffitJ•-f4:~:n9ffi~ffifta9 95% Imr&feJ 
> x.pred<-predict(x.fit) 

> plot <x. pred) #tt *-"*° III 5-44 rt.'F 
tr) 

N 
V) 0 d) 
·;: 
d) tr) 

r:/l 0 

N 0 
V) 
d) 

·;: tr) 

d) N 
r:/l 0 

x.pred 

1930 1950 
Time 

·•i*~:n•wer&~~:n•*ttxer&~lt~~~ 
> plot(x) 

> lines(x.pred[,1], col=2) 

> lines (x. pred [, 2] , col=2) 1 

> abline(h=1.96•sd(x),col=4,lty=2) 

> abline( h=-1.96•sd(x),col=4,lty=2) 

#tt *-"*° III 5-45 ,t .'F 

1970 1990 



'SI" 
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N 
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<"'! 
0 
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1970 1990 
\ 

~M: ~~~-~M~~ffiffl~6~N~~·~-ffl~~.~~~fid~~-M~~*ttm 
iiJEf{J 95% !tf~flRl'aJ, ~~YBU9J'.%t~:;J;;t&.J:m ARCH(3) f~JfHt;.l#El9 95% 1:t'~-'ii1Jefl5<JnJ. 

LM f&~;fil Q ~~t~B~W:ffJU~35JJ~=IF1f, £1~~¥JJffJUA~ lID_:i= § ifltk 
**, rlJ !VJfl ARCH tJUt!mi&~~¥JJffJU i=pij1ill§13{j;j;g3c{¥f,!l. iT!J LM ti~f~I Q {& 
~t~B~ 1 1))1'~ 5 ~fl' ARCH tlID!:i!Blfil.ltnx:3L., :i!i;'l,OJl~£fJJffJUA~-L~JJ:)j;t§;1c, 
ARC~(q) tlID!EJ91)}1'~ q #JS: l:t~::k . .:zjs:fy!J~iJt}r)ib:i ARCH(5) ,tn ARCH(4), :i!p;,;j,t 
ffiID!El9~~{&~~*:i!Blfil.~~~~::f B:i=, 11~ ARCH(3) ffiID!, t'.&~~*lfil.~ffiffllfil. 
lt, ~tt:i!Blfil.:i=. ElrVJ:ftFo1~!LlEJ{]mirtlID!~ ARCH(3) ;tj~: 

E(c; Jct- 1, ct-2, · · ·) = 0.001 437 + 0.079 54cL1 + 0.223 lct-2 + 0.273 2cL3 

00 5- 44 ~tl:l 7 ~{4JFJJ£tj~:tr)ii-EJ9 95% .'i:1¥TlRl'sJEl91~~, ~miLl®:fffLlE19flt 
qJ~fil,B~~#JfJJ£fflID!~~~mir7®:ff~El9-ff~~fltqJ~fil. ~5- ~B 
~~14JFJJ£tl~mirEl9.'i:1¥TrRrsJ ttx~1tf:JJ£IW~-1JZ-fi~~1:1113<:J 95% El9.'i:1trRrBJ 
!!:bor{fir ®:ff?Ll a9Jt~fltiifJ·t¥f lJL. :i!iJtfY3 ~14HJJ£tlID!x1· ff?LlYBt$.J B'~fm~~~~S: !t:bn 
lif/ffl. 

5.6.2 GARCH ~~ 

- , GARCH ffi~e'SJ~.>l 

ARCH tiID!El9~1.9J:~~J=fHl£f-JJffJU13<J q M'l$W11f:i!81r)ir~M*JJ£PKl~ffi. 
~~-$.Jf:i!BffifflA~@Jffl;1c*ttqllJl'8Mtt, Elr~A~Htiffl~~~Q~ffl~* 
JJ£PKittm:WJ ET ffl;1c:i:i~. 

~~tE~Hi=p,~@~£ff~El9*JJ£~tt~A~*M@Jffl*tt~, :i!~~*~ 
ffl ARCH flffl :j:r) ir H JJ£ i:J<i tt, ll%·S: F ~ 1~ ~ !¥~-$J 1JZ-:i!B M-tt, j~:JJo ~tt 1ti-r 139 xiJt 
#-iii~~nrtJ ARcH t~ffll3<Jmii-~N. 

::h71fiE:i!-t'l'6J@, Bollerslov fr 19851¥:fJ\U I\ 7 / 51.. § @IY3~{4HJJ£ (general­

ized autoregressive conditional heteroskedasliC' ) J,,:~Jt/t 'f::EJ{j~#iJ~O~: 



Xt = f(l,.Xt - 1,J't-2, ···)+ct 

E:t = vht('t 
p q 

ht= w ..j... L l]iht-i + I:>.,;c:LJ 
1.=l J=l 

:i.ti:r, f(i,Xt -1,J:t-2, .. ·) 'Jg {xt} 13".H~JE'lifff,\~)_:j:J;,lftffiffl; e/.!.} N(O.cr2
). ;i!/j'-fj?J!lfij 

~c'J;; GARCH(p, q). 
GA~H•?Jll~~~-MUA~Hffiffl~£~~,*~~~T»n£~~~P~ 

~ ffi:kttrfilf~)J)Z~; 'Sllf !V.lf~f±t!?.mf.-tt11L=E:Mi.c'tl'lil'.i<J*JJ&~~- ~r& ARCH tl 
.@~ GAR CH ffiffl(.J'~-,t-~19"tl, ARCH(q) tllli!~ll5J(t.ff)t~ p = O Fl~ GARCH(p. q) ffi 
~. 

AR-GARCH .fiffl! 

:X;f}¥~1J {c:,} :J:J;,lii° GARCH f~ffl;:f:f-/j'-£.7js:~>:i~: {c:1} 1g~~ffi, MrnlfftJL, »1f~ 
rr:~u. f.J[]~·@)lj=Ji*"1~ J(t,x, - 1,Xt- 2,···) ::ftmJE:5H~.f&JA!J¥9'ur-ri¥1tllkfg°)~!,, {c:,} nTtJ~ 
Jllf A f§*'li, Tm::f~~4JifHJLn~. i!ll·J-~~:$'c:xt {c:t} :tf-lii' Ii l!:!1~3~ID!, -11}~~ ~ @Jg.3 
~~ff~IJ { vt} Er'~n~if·li, ~D:W: { u1} -!Jr.n&, x;f'S:tf.{% GARCH ,f:Jffl. J!~.f:~@a<J~ 
~~1'] AR(m)-GARCH(p, q) firu! 

Xt = f(t, :c1.- 1,Xt- 2, ···)+ ct 
Tit 

C/ = L f3kC/ - k + 'V/ 

k=l 

'Vt= ./hte, 
p q 

ht =w+ L1J;ht- i + L>.J'uL,; 
i= l J=l 

j:.\'.;9:1, J(t, Xt- 1, Xt-2, .. ·) -Jg {J',} B<.JfifflJE'li11L\~Hf-lii'tlID!: Ct i;!_:,d N(O. l). 

[ f§1J 5- 13] 5HJT:tf-l-fr 1979 1.-i:: 12 f-J 31 s ~ 1991 1f 12 f-J 31 s 5'Hnx1~7G 
l'l~ El Jt~.$J¥f1J (~tff!Hl~ Al - 23). 

> w<-read. table("E: /R/data/file23. csv" ,sep="," ,header=T) 
·, 

> x<-ts(w$exchange_rates,start=c(1979,12,31),frequency=365) 

> plot(x) # ~*--:!(11l!J 5 46 ft}j"ir-



> plot (diff (x)) 

> acf (diff (x)) 

> pacf (diff (x)) 

1980 1984 

# M- ;1ft .. :h, ru 5-4 7 ,Jj- .r­
# M-*--:!iP ru 5- 48 }'Jj".r, 

#M"*--:!(Pi!] 5- 49 }'Jj".r, 

Time 

1988 

> for( i in 1:2) print(Box.test(diff(x),lag=6*i)) 

Box-Pierce test 

data: diff (x) 

X-squared=12.9168, df=6, p-value=0 .04438 

Box-Pierce test 

data: diff (x) 

X-squared=29.7118, df=12, p- value=0.003085 

0 ....-. 0 >< 0 iE' 
~ 

0 

0 
I 

1980 1984 1988 
Time 

1992 

1992 
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fl! 5- 48 ~~rp~~:rr;a9B$?Jl$ 1 ~~7tEff9IJ~ffl~lJl 
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0.00 0.02 0.04 (J.06 0.08 0.10 

Lag 

• 71<:iF-ffl~i~.~tlVN, jl;L~ ARIMA(0,1,1) ~~ 

> x.fit<-arima(x,order=c(0, 1, 1)) 

> x.fit 

Call: 

arima(x=x, order=c(O, 1; 1)) 

Coefficients: 

mal 

0.0357 

s.e. 0.0143 

sigma~2 estimated as 0 . 0002007: log likelihood=l3545.61, aic=-27087.22 

• 9'i~~IIIJl:f~~ 
> for( i in 1:6) print(Box.test(x.fit$residual,type="Ljung-Box",lag=i)) 

Box-Ljung test 

data: x.fit$residual 

X-squared=Se-04, df=l, p- value=0.9815 



Box-Ljung test 

data: x.fit$residual 

X-squared=0.551, df=2, p-value=0.7592 

Box-Ljung test 

data: x.fit$residual 

X-squared=2 . 6528, df=3, p-value=0.4483 

Box-Ljung test 

data: x.fit$residual 

X-squared=3 . 3062, df=4, p-value=0 . 5079 

Box-Ljung test 

data: x . fit$residual 

X-squared=6.8276, df=5, p-value=0.2338 

Box-Ljung test 

data: x . fit$residual 

X-squared=6.8306, df=6, p-value=0 . 3368 

• 7.l<J¥.ffij!j!IJ, #~lttlffijlj!U Ill 
> x. fore < -forecast (x. fit ,h=365) 

> plot(x.fore) #~*-:kol!J 5- 50 foJr-F 

Forecasts from ARIMA(0.1.1) 
~ _,....-----------~ 
M 

II') 

N 

II') 

1980 1984 1988 1992 

005- 50 ~ffi~~~~B~--~~ffi-00 



• ~f.4~:n!H~~ (Portmanteau Q ~~) 

> for( i in 1:6) print(Box.test(x .fit$residua1-2,type="Ljung-Box",lag=i)) 

Box-Ljung test 

data: x . fit$residua1-2 

X-squared=82.8033, df=1, p-value < 2.2e-16 

Box-Ljung test 

data: x.fit$residua1-2 

X-squared=237.9039, df=2, p-value < 2.2e-16 

Box-Ljung test 

data: x.fit$residua1-2 

X- squared=343.3273, df=3, p- value < 2 . 2e- 16 

Box-Ljung test 

data: x.fit$residua1- 2 

X-squared=490.8356, df=4, p-value < 2 . 2e-16 

Box- Ljung test 

data: x . fit$residua1- 2 

X-squared=602.099, df=5, p-value < 2 . 2e-16 

Box-Ljung test 

data: x . fit$residua1 - 2 

X- squared=841.9569, df=6, p- value < 2 .2e- 16 

• m~ GARCH(l,1) m~ 
> r .fit<-garch(x .fit$resi dual,order=c(1, 1)) 

> summary(r.f i t) 

Call: 



· 190 · a.tfeJ.1¥91HHJr - ~-=f R 

garch(x=x.fit$residual, order=c(l,1)) 

Model : 

GARCH(l, 1) 

Residuals: 

Min 1Q Median 3Q Max 

-4.83074 -0.58407 0.02616 0.58758 4 . 54060 

Coefficient(s): 

Estimate Std. Error t value Pr(> I t i) 

aO 2.133e-06 3 . 014e-07 7.077 1.48e-12 *** 
al 7.623e-02 5.456e-03 13.972 < 2e- 16 *** 
bl 9 . 144e-01 6 . 015e-03 152 . 009 < 2e-16 *** 

Signif . codes: 0 '***' 0.001 '**' 0.01 '*' 0.05' 1 0.1' '1 

Diagnostic Tests: 

Jarque Bera Test 

data : Residuals 

X-squared=319.2325, df=2, p-value < 2 . 2e-16 

Box-Ljung test 

data: Squared . Residuals 

X- squared=0.2802, df=1, p-value=0.5966 

• ~ lttl i&: 141.~-m IR feJ 
> r. pred< -predict (r . fit) 

> plot (r . pred) #~ *--:!to I!] 5 51 Ji/j' if. 
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ff:YIJBt,¥00 (.fill!! 5 46)~ ~}¥:VU~Ff~, ~ gJL'w..B<J~ ~!f;r{iE. ~ :5tFnJ¥:VUBtJ¥ 
00 (.fil l!! 5- 47) qQ_~~'!J.,tj~ ~. {E~~[Y3 5IQ. a<J~Ulf~i @. §rV,J,:5t;ffrW:Ff9f ffli~ ltiJBt~ 



:&R1Jc-¥tB:k{t,@,.fflt&:i;/Jffi:k{t.\l. 
7Jc-¥{t,ia<Jt&:&R~~~&?tFnl¥~tla<J Fl ffi:*00 (filOO 5- 48) ;f1J1Rfu Fl ffl*1¥1 (fil~ 

5 49), mit ARIMA(0,1,1) fl~, -ttmil-tJill!a<J~&FJPJp:if.&®.,~ff\itml'J!lfil?ihl:tr. 
l1Jfflw:t1i~mill!, fEAJk,l.r.vUJi!~J¥}tl**e'-J*-¥ (JJlOO s 5o). 

7Jti;IJ{t,@,a<.J~.l&1-t%~~~ AR111A(O.l,l) ~~~:rx1f1F-1JJ¥J1Ja{J*1f&fr-fiE. 
Portmanteau Q -f~J~ !fil.ff\ ~£ ff }lj ~ ~1J &~r-:ff. .§. Jl.;fj-~m ffi *'11:. F.)r t:J f~m 
GARCH(l,l) ffi?i'l, JHtH!ttffi~B9tU~#f*~~~HBl~~ 9,5% JimlXIEiJ~ (.!JlOO 5 

51). 

~'Ft Jj( f-fl~ -til tf/l ~~ill!, :f_lt {jl qt} Jij n'-J ~ J!ifj'f,{ 'fr ffl}J~ 7g: 

{ 

'vx, = £t + 0.035 7€1-1 + Vt.· Vt rv N(O. 0.000 2) 

Vt = '1f,:;_ et 

ht = 0.914 4ht-l + 0.076 23u?-1 

G ARCH ffi ~ ~ tt\ 7 MfBl i:)1'11::iltfr ti'n Ji ~jf #;;, 7'.7*:&I: 09 ~ iMff }IJ 1£f~ 7 ;fj~j a<] 

*fi1i~.E~~~7'.7~&#m.&~~a<J#1J£~~ffl*ffiill!.@*Aa<J~ffl~­
;/kll.J1, E-tE.f?tE-@~.@. 

-~t:xt~~n<.Jtf.J};R~r-1rr r:m. :5t~1lf:n&&,~~r-ffJ. a<.J~>l<, ~ii T ~~~r-ffJ. (fJ 
~,J};R~{l 

w > 0, 77, ~ 0, AJ ~ O 

~Bt~ id41f&&,~vPJLffi(J<.J~,1t ~;.R~'.J&;fj W-
P q 

I: 1/i-+- I:).) < 1 
i= l .i= l 

~~~tl.J:*~{4=:(£-~WJiJ.:Jl!1fi!J7 GARCH ffilli1A'-J~J:l:lt1H1l 
=~~MIEmm~~&~~M~~- ~~~~-~ffi~ffl-ffi~&-~*tt~~ 

7'JIE, i~nJt~~m1.tffl19rnffi:*. Mr:&~:#rn11ftJc~YrnH11fflWJi&it ~a*mr;11Jm7'JffJ., 
i~0)1:F{;kti[r~1:liHmrn~vJ\ Mr~~:ifffriR!iYc~tl'i.fJM7 ifilrJ;iWJ '5"191. kA ARCH(l) m?i'l7'J 
,1, c:~ = ¢£L1, ~Pxit €t- l ~IE~ffJ., EMr-WJB'9•utnJ*~m~ ¢. J!~'*;gxit 
~-M~~-~~fil~~~~-~-~N•A~r-AA~-~~-~~~~-~~~, *• El'ft ~~2~1iUJ, ~• A tE ITif xt41°lfil .fil~ tM nt o"J &m~ R::x-tf* e'-J . 1 e JJ,M1"l~ a,J-, w 
# &m lt*3c'l:t; 111 r:ru ,§-t.M a-.t, :iin 1;r &m tt~tt.t. .tJ 1~~ff wL~. i]{J ~x-.t.ft·l1:, ;fj at ~,i ulnj 

r:vrnrn a9 ~ ~. 
7'.77!1i:&lr GARCH m~o"J~J:tH11FID, !M~ GARCH :ffi~B'9W.itffl~, ~it?¥:*». 

:f[P)a'~~~Lt\~, ,j:~Jri: 7 ~1- GARCH fl~a<Jffi'.::Etlill!. 



- , ffi~ GARCH ti~ (EGARCH) 

Xt = f(t, l "t-1, Xt-2, · · ·) + t t 

p q 

lu(ht) = w + L 'It ln(h1 -i) + L Ajg(ct) 
i=l j=l 

g(ct) = Oe, +;[l<'tl - E letl] 

Alf', f(t ,Xt- 1,X1 -2 · · ·) 7'J {xt} Bf.Jfifff~'ri{ffJH!l*~~; Ct i;i:,<l N(O,a 2
). 

ln(h1) £~1tJ::1J~a,<rx·H&, 'tnJ ~:J.JlEE~ , tl!. nJ VJ;~~?tt. -=f:fikf§ i1iF~Jt:i:t w + 
p q 

L7Jdn(ht-i) + L>.jg(et) 'f'B9~~::fWff!HEfiiJ 11:ff..tflsrlJE. r.iJVl, EGARCH fl~B~ffi 
i = l j = l 

- 1"-c!J/:.itt~nJlt'l TM GARCH {l1t!o~~:J&~f::~f~.*. 
EGARCH f.~Ji~B9~= 1"-i&.ltr£5 I AhllfJl tftzs}JpJ<1~ g( et), illi:u*¥=9lR91*°1fi,ttJ*:, fJ~ 

MiE, ff..t .jjc~:itf:fi~f::Mf*~J.fil. 

g(ct) = Oe, + -y[le,1 - E letl] 
= { (0 +1)et --yElei l, Ct> 0 

(0 - 'Y)et - -yE Jet l, Ct < 0 

Jti:p , E[g(et)] = 0: e, '"'"'N(O. 1): EJed = ,/2/rr. 

=, ~JC~ GARCH ffl~ (IGARCH) 

w 
Var(c:t) = -~----

1 - (try; + t, A;) 
12slrm GARCH ;ff,Ut\!~ ~~ !f.~}Ra<J § l'f<J£1¥i.iE C/ IY~Ji:Afd4n~~ JR, GARCH m~ 
~~ ~ 3:Jt~'.1JZ-ffi. 

:tnH!HE:i! 1"-i"J.*~14c&~ A: 

~~~ IGARCH fl.ID!. x1 IGARCH .mffl!i1ff~, 6t l'f<Jx~14n&5GW, ?,Jr0l'f:[t(J5c~ 
ftJ::n&x~~-

rcARcH -mlli!~fTJrt!i'i~J!.~ !¥1-{il:tH#fiE (~fJLtbJ;t:) a<J~14#n~. JAJJJHt~ 
JJO!E~. IGARCH :fW,~nJfj~£El3~~~1it~D~7.K3¥-~~'Jl~B9. 

~~ IGARCH(l,l) m~a<J~{4:ffn&ffi~l]{i[ 



al(l) =w+o} 

o}(2) = w + o}(l) = 2w + af 

, ~~ffi GARCH ~~ (GARCH-M) 

~~-ffl~.Jxl~~~m~~**~~~WF~~~·~~~~~flffl~~-

~~~~~~~~=x~~~~+~~~~ 

:i:t~, xJxLl~411:~~*-&s<JR-t1BJ1111t. £~W;;tt M$JA1~~m1J,~* (~~a~w~, ~ffi 
ffi~IA~-fi~-)~nm~411:~.m•411:~£ffffl~~~AAJxl~*F~~Jxl~­
F WxJiiZ£. JxLµ~1lHft ~illi Wi 411:~ 09 AA:fdl. Jxl~~?iiH1t=I'~ 19: ** 1251 ffe:J11.JA~i rm ~~i B'~ ffff[ 
~H~M. Jxlrs&M&Jc, Jxl~Yfil-fft~~-

Englc, Lilien, Robins (1987) ~~Jxl~i?iiHft,~,:i'JF,I A ARCH tJ~, .ftJlfJ¥Jtl ~~fH 
**in-r~l':i<JYJx~J·!i, cb .utt1He GARCH-M f~ffi! . 

GA~~M-~~~~m~£~~~ffi~&tt~~Z~A~¥#ffl***·~~ 
nJ l~HE.~14=-tff-rtr:£fF ~ l~ft/Jn @lj311sFf ~;tl, ffiJ.liMt,5 ,t~~ar = 

5.7 

:J:1 = f(t ,Xt-1,Xt - 2, · · ·) +oy"Fi"; +ct 
Et = ../hie, 

p q 

h1 = W + L ry,ht - i + L AjELj 
i= l j=l 

3a a 
1. ¥IN:~ :ii~:-&-f Jc B<J 411:.i!-fft ~a* s 1 (rj·~~) §fir-. 

* 5- 1 
\ 

304 303 307 299 296 293 301 293 301 295 284 

282 278 281 278 277 279 278 270 268 272 273 

271 277 278 279 283 284 282 283 279 280 280 

270 275 273 273 272 275 273 273 272 273 272 

273 277 274 274 272 280 282 292 295 295 294 

290 293 288 289 291 293 293 290 288 287 289 

282 286 286 287 284 283 286 282 287 286 287 

288 289 

286 286 287 284 

279 279 280 275 

279 278 283 278 

273 271 272 271 

290 291 288 288 

292 288 288 285 

292 292 294 291 



~ff~~•~m-@-~rr~~~&,nfflttT-*~~affi. 
2. 1~~ 1949 2008 if::-1fjif::fgkJm'.W~:li (.fµ.{~: TJITT!!) ~lm~a* 5 2 f1Tffi. m~*f 

m~s'M~~m-@-w:Ffju, :Jt-J:w1.00,1 2009 2013 ~.r~oolgk~~.@iii:. 

~ 5-2 

~{Jt 1¥k~:!,t~:m: ~fJ} i!k~ 1}r ili fil: ~{yt f'kr#t 1,1~ -Q 

1949 5 589 1969 53 J20 1989 15] 489 

1950 9 983 1970 68 132 1990 150 681 

1951 11 083 1971 76 471 \ 1991 152 893 

1952 t:3 217 1972 80 873 1992 157 627 

1953 1G 131 1973 83 lll 1993 162 7!H 

1954 19 288 1974 78 772 1994 163 216 

1955 19 376 1975 88 955 1995 165 982 

1956 24 605 1976 84 066 . 1996 171 024 

1957 27 421 1977 95 309 1997 172 149 

1958 38 109 1978 110 119 1998 164 309 

1959 54 410 1979 111 893 1999 167 554 

1960 67 219 1980 111 279 2000 178 581 

19Gl 44 988 1981 107 673 2001 193 189 

1962 35 261 1982 l 13 495 2002 204 956 

1963 36 418 1983 118 7~4 2003 224 248 

1964 41 786 1984 12,1 074 2004 219 017 

1965 49 100 1985 130 709 2005 269 296 

1966 54 951 1986 135 635 2006 288 224 

1967 43 089 1987 140 653 2007 314 237 

1968 42 095 1988 141 948 2008 330 354 

3. ±m~~00~32~~ff!tf?m-i-t-. rn13 rn18 {f~~J=JJJVJ~Jc~t:~11:tm~ 5 3 

Pfr~. ilJ2!;:rfm ~~~ffi-@-W:JrjLJB9~~-

~ 5- 3 

a,trf.iJ fft:Afl n,t1aJ ~rA~ A,tfEij ~t:A~ 
1973 1¥ 1 J=J 9 007 1973 1¥ 10 fj 9 938 1914 ~ 1 n 10 120 

1973 ~ 2 J=J 8 106 1973 1¥ 1) fl 9 161 1974 ~ 8 fl 9 823 

1973 ~ 3 J:l 8 928 1973 ~ 12 fl 8 927 1971 ~ 9 fl 8 743 

1973 1¥ 4 J=J 9 137 1974 ~ l fl 7 750 1974 ~ 10 Ji 9 129 

1973 ~ 5 J:l 10 017 1974 ~ 2 fl 6 981 1974 ~ 11 H 8 710 

1973 if. 6 fl 10 826 rn14 ~ 3 n 8 038 1974 ~ 12 Jj 8 680 

1973 1f 7 J=J 11:317 1974 if: 4 )j 8122 1975 ~ 1 JI 8 1G2 

1973 1f 8 fl lO 744 1974 ~ 5 )J 8 714 1975 if: 2 .J-1 7 306 

1973 ~ 9 fl 9 713 1974 if: 6 fl 9 512 1975 ~ 3 J1 8 124 



n,HRJ ~i:A~ AtfnJ ~LA~ 
Hl75 :'if 4 fl 7 870 1976 &¥ 7 fl 10 078 

1975 :'if 5 fl 9 387 1976 :'if 8 fj 9 179 

1975 1f 6 fl 9 556 1976 ~ 9 fl 8 037 

1975 ~ 7 fl 10 093 1976 1j:'. 10 fl 8 488 

1975 1f 8 JJ 9 620 J 976 &¥ 11 J=1 7 874 

1975 &¥ 9 JJ 8 285 1976 if- 12 JJ 8 647 

1975 {j:- 10 fl 8 433 1977 1'j:'. 1 J'l 7 792 

1975 {j:'. 11 fl 8 160 lD77 1:fc 2 fl 6 957 

1975 ff 12 fl 8 034 1977 1f 3 fl 7 726 

1976 ~ 1 JJ 7 717 1977 1¥ 4 fl 8 106 

1976 1f 2 JJ 7 461 1977 &¥ 5 Ji 8 890 

1976 1j:- 3 J=1 7 776 1977 {¥ 6 Jj 9 299 

1976 {fc 4 JJ 7 925 1977 &¥ 7 JJ ]0 625 

1976 1f 5 fj 8 634 1977 1f 8 fl 9 302 

1976 1t: 6 JJ 8 945 1977 1¥ 9 J] 8 314 

4. 11so- 18491+3w#ll-Ai=i tl:\~~fttm:tio* 5 4 FJriR. 
(1) if~~ut ~ tm~lli!~f,l #1~Jr.91J e~ :&Jf€. 

a.trEiJ 
1977 &¥ 10 fl 
1977 ~ 11 fl 

1977 ~ 12 fl 
1978 &¥ 1 JJ 
1978 &¥ 2 JJ 
1978 &¥ 3 fl 

1978 ~ 4 fl 
1978 &¥ 5 fJ 

1978 ~ 6 .F.I 

1978 1f 7 Ji 
1978 &¥ 8 fl 

1978 &¥ 9 fl 
1978 &¥ 10 PJ 
L978 1f 11 fl 
1978 &¥ 12 fl 

(2) ~~ff9ue~*1J~·11. ~0='=1'¥1:E*JJ~, mm-@-~1tt:*1J~. 

=&5- 4 

if-(,r tl:\~~ (%r) {ff,r :±: 'ct.'t~ ( %,, ) ~f,t tl:EJ::.41 (%a) ~f.f} 

1750 9 1766 1782 4 1798 

1751 12 1767 9 1783 1 1799 

1752 8 1768 5 1784 1 1800 

1753 12 1769 5 1785 2 1801 

1754 10 1770 6 1786 6 1802 

1755 10 1771 4 1787 7 1803 

1756 8 1772 - 9 1788 7 1804 

1757 2 1773 ' 27 1789 2 1805 

1758 0 1774 12 1790 1 1806 

1759 7 1775 10 1791 7 1807 

1760 10 1776 10 1792 12 1808 

1761 9 1777 8 1793 10 1809 

1762 4 1778 8 1794 10 1810 

1763 I 1779 9 1795 4 18ll 

1764 7 1780 14 1796 9 1812 

1765 5 1781 7 1797 10 1813 

~1:Att 
8 850 

8 265 

8 796 

7 836 

6 892 

7 791 

8 129 

9 115 

9 ·134 

10 484 

9 827 

9 llO 

9 070 

8 633 

9 240 

l±l~'f{ (%0) 

9 

5 

4 

3 

7 

7 

6 

8 

3 

4 

5 

- 14 

1 

6 

3 

2 



1:J::N r':l\~I, (%a) 1:J::{yt tl:JIE'f (%a) 1:J::fyt ti\ 11:A~ (%a) ~{5t tll 1:. <t~ ( %0) 

1814 6 1823 16 1832 7 1841 11 

1815 1 1824 14 1833 12 1842 11 

1816 13 1825 16 1834 8 1843 9 

1817 10 1826 12 1835 14 1844 12 

1818 10 1827 8 1836 11 1845 13 

1819 6 1828 7 1837 5 1846 8 
I 

1820 9 1829 6 1838 5 1847 6 

1821 10 1830 9 1839 5 1848 10 

1822 13 1831 4 1840 LO 1849 13 

5. 1867 19381:J::*!Jil (~f~=:-1,z.~JFt) r1tt$t'd1HD-& 5 5 (fr~!@) Jifr~. 

* 5- 5 

2 203 2 360 2 254 2 165 2 024 2 078 2 214 2 292 2 207 2 119 2 119 2 137 

2 132 1 955 1 785 1 747 1 818 1 909 1 958 l 892 1 919 1 853 1 868 1 991 

2111 2119 1991 1859 1856 1924 1892 1916 1968 1928 1898 1850 

1 841 1 824 1 823 1 843 1 880 1 968 2 029 l 996 1 933 1 805 1 713 l 726 

l 752 1 795 1 717 1 648 1 512 1 338 1 383 1 344 1 384 1 484 1 597 1 686 

1 707 l 640 1 611 1 632 l 775 1 850 1 809 1 653 I 648 1 665 l 627 J 791 

(1) fifuJEW:ff~IJ 8'-Jf-~·~. 
(2) ~~~~~ID!, ;j:!J-frW:ff~tlA11~ll€. 
(3) f!Jf§f!Jifflru!ffii.00~ 1939 1945 1:J::~~!lr1$B''1~-li:. 

6. 1969 ~ 1 Jl ~ 1994 ~ 9 J=J rJt;lc5flJ~fiif*iLHT (Reserve Bank of Australia) 2 

'¥WJ~11riiE~J=J JJtllJ-$~~~0* 5 6 (fr~~) Jifr~. 

* 5- 6 

4.99 

5.68 

6.44 

5.58 

4.67 

8.07 

11.00 

8.54 

8.47 

9.90 

8.83 

9.00 

5.00 

5.65 

6.45 

5.18 

4.69 

8.07 

11.00 

8.54 

8.48 

9.88 

8.82 

9.61 

5.03 

5.80 

6.48 

5.18 

4.68 

8.10 

9.48 

8.50 

8.48 

9.86 

8.83 

9.70 

5.03 

6.50 

6.40 

5.17 

4.62 

8.05 

9.18 

8.44 

8.54 

9.86 

8.83 

9.94 

5.25 5.26 5.30 

6.45 6.48 6.45 

6.35 6.40 6.30 

5.15 5.21 5.23 

4.63 4.90 5.44 

8.06 8.07 8.06 

8.62 8.3 8.47 

8.49 8.40 8.46 

8.56 8.39 8.89 

9.74 9.42 9.27 

8.79 8.79 8.69 

9.94 9.94 9.95 

5.45 5.49 

6.35 6.40 

6.32 6.35 

5.05 4.65 

5.56 6.04 

8.11 8.60 

8.44 8.44 

8.50 8.50 

9.91 9.89 

9.26 8.99 

8.66 8.67 

9.94 9.96 

5.52 

6.43 

6.13 

4.65 

6.06 

10.80 

8.46 

8.47 

9.91 

8.83 

8.72 

9.97 

5.70 

6.43 

5.70 

4.60 

6.06 

11.00 

8.49 

8.47 

9.91 

8.83 

8.77 

10.83 



10.75 11.20 11.40 11.54 11.50 11.34 11.50 11.50 11.58 12.42 12.85 

13.10 13.12 13.10 13.15 13.10 13.20 14.20 14.75 14.60 14.60 14.45 

14.50 14.80 15.85 16.20 16.50 16.40 16.40 16.35 16.10 13.70 13.50 

14.00 12.30 12.00 14.35 14.60 12.50 12.75 13.70 13.45 13.55 12.60 

12.00 11.00 11.60 12.05 12.35 12.70 12.45 12.55 12.20 12.10 11.15 

11.85 12.10 12.50 12.90 12.50 13.20 13.65 13.65 13.50 13.45 13.35 

14.45 14.30 15.05 15.55 15.65 14.65 14.15 13.30 12.65 12.70 12.80 

14.50 15.10 15.15 14.30 14.25 14.05 14.70 15.05 14.05 13.80 13.25 

13.00 12.85 12.60 11.80 13.00 12.35 11.45 11.35 11.55 10.85 10.90 

12.30 11.70 12.05 12.30 12.90 13.05 13.30 13.85 14.65 15.05 15.15 

14.85 15.70 15.40 15.10 14.80 15.80 15.80 15.00 14.40 13.80 14.30 

14.15 14.45 14.10 14.05 13.75 13.30 13.00 12.55 12.25 11.85 11.50 

11.10 11.15 10.70 10.25 10.55 10.25 10.30 9.60 8.40 8.20 7.25 

8.35 8.25 8.30 7.40 7.15 6.35 5.65 7.40 7.20 7.05 7.10 

6.85 6.50 6.25 5.95 5.65 5.85 5.45 5.30 5.20 5.55 5.15 

5.40 5.35 5.10 5.80 6.35 6.50 6.95 8.05 7.85 7.75 8.60 

(1) ~-~1*1¥:YUt'.J~1rtB'f·rt. 
(2) :i2iJfiffi~t'.J'-JffiLl;Hf-{1r~J¥~Ut'.J~~JI. 



• 

~~~•~fthlfrffl~•£-ft~~J¥~~*ffi~~-~~k.m$J¥~~~~ 
~--~~~~~J¥~~~~-~~~45tfim~ffl-~iliJ¥~~,ffi-~~~~A 
a<J~JJffJn[il], ~ll~l~=~~-l!L~AM~t'i1~. gtt~Mi¥1J!!ffif.ifTil'l<.Jr~Jfi'":ITTJ1J. ~wctlv.&$7G 
R•Ji'B]J¥1Ll0-ffi. 

x,J$icBti'8JJ¥1Ll i¥J5-HJr;m-&1tJfJf ~fi T. 1970 ~. Box 5¥11 Jenkins 1:E Time. Series 

Analysis: Forecasting and Control-4S~g}t*ffli1¥J·9(ft4.a'~ttftrA:i!-*fF1'14iruA~t!:, 
1iff·~ CO2 (J<J. ttl t&JJt, 111 llt~a;J !'BJ ff :9U s<.J ,t,ffr~ffi-fl!~ dJ-jcfij H! flj T $ft~ :!;mi;. 

~£Mtt*k*.~at~~-AJ¥~~~~J¥~m£fas<J.B~~lilIJ¥~~­
AJ¥:?U:i:5J1!2"-aa{:f~>R~~~1itari1J ~' ~F ilHIHvJ T f¥7Gllt!'HJJ¥1Ll5tffia<.J~ffl ;fll~Jl€. 
1[Jrj 1987 ~ Engle ;fil Granger mll:l Ttn-• (cointegration) (J{Jffl~. 

~tn-•~~T,#~~*~~J¥~~-AJ¥~~~f-,R~*~ills<J@aB~ 
J¥:91Jfffi. B~J¥1Uf~t~afiiJ1ilIJ¥:91J.!:ijaAJ¥:>1U:l:1Jfffi?et~~~$T. :l!1'-'*t~B<J• 
/JJ t& ::klfu:fJEitt T $ icM IBJ J¥:91J 0-ffi IY1 tt.m., ~ ~ ~i k£ :ft-$ :;,-c@I Y3 0-f!r ffl at IEJ ff 9U 0-
fi~f~~*:(:E- ~. ~~~-· T ffi- ~ffiN. 

**¥I·frffl $ icEit rsJ J¥91J ~m B<J JJr.Jl!Vfnjj"rt. 

1970 ~, Box ;fJl Jenkins *ffl1W·A~iti¥J ARIMA ~ID!, 1g}jl-ffi$icJ¥3'Ll:mtJ. 
w:mru1~~~-fJ~l~: f13ti9:a(iiJ1ilIJ¥:9°u {yt} ;filrt,jAff:9°'1 (~P § ~itJ¥3i"Ll) {x1t}­

{x2t} , · · ·, {xkt} .MJ+ffi, ~9c-MJ:mn(iiJlilIJ¥JUfilaAJ¥JLll'l<J@V3ffilli!: 
k 

"8i(B) 1 
Yt = µ+ D P·(B)B'Xit+ct 

i=l t 

:t\~, Pi(B) Jgffi i 1'-aA1tiis<J fl @V3¥~~J:vf:tt; ei(B) Jgffi i 1'-rwA~il~~~ 
1!2"-:l:1J ¥ ~.f¥JJI ~; zi 19ffi i t-rw A ~ii 1'1<.J fil:ils ~fl-it {ct} 19 @ V3 ~~ J¥ :9°Ll. 

lts)Jg {yt} ;fJl {x1t} , {X2t}, · · ·, {xkt} :l:1]3jlffi, 1jl-ffiJ¥~1J(~J;i·~rlii;filr&:!P¥-~8{], 
Jifi VJ~&ff 91J {Ct} 1g}jl-ffiff:9°U: 



_ ( ~ 8i(B) l, ) 
Et - Yt - µ + ~ ~i(B) B Xit 

{tffl ARMA ~ru!~~M':!&~x&:ff5'1J {ct} i:pa<rffi*f~.@,. ~~1ii1Ja<J~ru:1-J: 

Yt = µ + ~ ~.(B) B ' :i;it + Et (6.1) l 
~ 8i(B) 1 

8(B) 
Et= ~(B) at 

mru (6.1) f*:1-J~~@]lj=J:ffl;ru , mnc:1-J ARJMAX. Alfl. ~(B) 1-1~&:ff~Ll Fl @H=l 
*~~JJI:rt; G(B) :1-J:Yx&:J¥:~rjftz;IJ.3f~*~~JJ!:i:\:; at jg~~ffi:Ff0f0°ff5'Ll. 

[ i§rj 6- 1] tE5'cf&'=(.:Jpi:p, tfnuAa<J~5'c?~'=(., ~:±\8{]~ CO2, CO2 (y~~tl\~}Jt 

~Jcf&'=(.a<J~ AJ£~1f*- JJi!iE~~ 9=1,t:,,f-tFna<J5'cf'&l2(~Alt~1-J*uuAFf5''], ~.lL CO2 

a<J ~ tl:l s ?1't't<J.f :ffl;ru (~!QLYt!3~ A 1 24). 

> a<-read. table ("E: /R/data/file24. csv", sep=", ",header=T) 

> y<-ts(a$output) 

> plot(y) #i't*-J(VOO 6 1 fftif-

0 50 I 00 200 300 

Time 

-~~~lli.1¥~~ffl~lll~~~ffl~III 
> acf(y) #i't*-111100 6- 2 Ji)f;'f-

> pacf (y) #i't *-J(V 00 6 3 Ji}j-;'f-

Series y 

00 

0 

0 5 10 15 20 
Lag 

111 6- 2 ~H±l.1¥91111affl~III 



Series y 
~ -~~~~~~~~~~ 

u... tr) 

U o -
~ 0 . f-1 - - -
-~ O -- - -- ______ L __ --------- ---

0.. .,., 
0 -

I 

I I I I 

5 10 15 20 \ 

• X1~1:liff91Jt!;J:g-ffi~ AR(4) 

> y .fit < -arima(y,order=c(4,0,0)) 

> y .fit 

Series: y 

ARIMA(4,0,0) with non-zero mean 

Coefficients : 

Lag 

ar1 ar2 ar3 ar4 intercept 

2.0976 -1.3243 -0.0071 0.2124 

s.e. 0.0565 0.1344 0.1345 0.0566 

53.6880 

0.8679 

sigma-2 estimated as 0 . 1105: log likelihood=-97.28 

AIC=206.56 AICc=206.85 BIC=228.71 

• 1-l~ ~ 111,t~~ 
> for(i in 1:2) print(Box.test(y.fit$residual,lag=6*i)) 

Box-Pierce test 

data: y.fit$residual 

X- squared=8.3004, df=6, p- value=0.2169 

Box-Pierce test 

data: y.fit$residual 

X-squared=12.8111, df=12, p-value=0.3829 

:tuH1i~ ~ m~ Afiq,,J fll~ tl:l J¥:}tl z.rsJ E1"1ffi:k'li, ~ 't 111 fl:: 11 iW 1'-lrn.ll. E!"1-5Gat rsJ 
J¥:}tluHr:5tVr, tJ~-zJtutl:lJ¥:91Jtftz;uf~ (..'llOO 6- 1) , @lffl:k*~~~ (..'llOO 6- 2), fAio 

§ffl:k*~ 4 Ml'~~ (Jlt!,00 6- 3) , §r~JJ~'fr AR(4) ffi;~, fJ~Cl~~:tJ: 

. at 
Yt = 

53
·
688 + 1 - 2.097 6B + 1.324 3B2 + 0.007 1B3 - 0.212 4B4 



:t\'.;r:j,, a1 "'N(0,0.110 5), mll\Jff1J.fJUt!l¥'.1 AIC=206.56, BIC=228.71. 

~~~•A*~~m•~milico2~~1Jtz~~~m_ta<J~*-**·~•A* 
~~)£ 3¥1'1=: :,gm A ~ii~ .riill m HJ ff :90 a<Jffl ~If'. :ifil:i::HJ}ifl=i:X: 1¥1. ~~ lfil V=i-tl ~ a<Jrt. 
f~. ;Jti:pRJ& k lm-n&iii<i~~Sl:1-1: 

Nus k lm-t§J:*fl:::/-J: 
C _ Cov(yt, :i·1 - k) 

Pk - JVar(yt)Va.r(..r:1-k) 

R ~ft~lf'imlffl ccf iii<i~nJU1HJ;j~·ftltll:J1',fJ:1.*1¥J. 

> x<-ts(a$input) 

> ccf (y, x) #t.LJ.-:f~1100 6 4 Jifr-F 

tJ.. "'T 
U o 
< 

00 
0 

20 IO O IO 20 

Lag 

00 6- 4 ~l±l/¥91J~~1'/¥JIJl'f.JtM!::l:.*:III 

ccf pjq~rp x J::t:J1J;f-fl y ff}Lll'l{J1J'L~nTL~U.lft~$"{:rl , 1?}Fffl-*1¥1~~7G~. ccf(x,y) ;tR 
~ :i: tty fr!rFnl'.rf~~, ccf(y,x) JnLl:~~ y tt :r $Fn1¥1·~~- ~ 6 4 .1'&1.KmtHJ::t:jLl (y 

ffJLl) tt*1ruAJ¥~Ll (x ffJIJ) $Fn 5 :Wltcti. 
~~~tf!J:oo (~l!l 6 4) nr~:.l~ili. 411trAJ::t:91J.t11m1:~J::t:11Jz1sJ$!-~~~1tr*-Mi¥1 

lv};l-§;X:;X:*. ~o*~~j[_!firu HJ 11q,1J;X:-=f~Art-:~Ll 1¥J~tt lfilY3iHfrm~ 

~ ~iia<J-t-~ k ~1tt:k, inf_§_ ft - 1, Xt - 2, ... . Xt-k 5H~Hil:41ruAJ::t:}LlNils:;;flr5Jllfl~B<Jfil 
:ilsJ::t:JLl, B'ffJ~.tltZlsJJl~~JJtffl3c·~t. J!~~~fl1t-J.t~~JHi:*fl''.lfoJ~. J!atxtm 
AJ::t:~1J:WJH ARMA tj~t~t~ ( t!I.t$:1~~~Pi<i~rt.~), n:r kl:ii~_toiiw-i-t-roJ~te~. 

5f1Jfi3 Rift~ TSA 'EQ/f'(J/,J arimax P1<1f[nJVJt!;l.if ARIMAX {l~, fvrl:)tE~J:flitPFi 
flZlW , ~,'cT~ TSA -§. Jtffl library ~ttiffiJffl TSA § . a.rimax pjqfll¥J11p4'~:t\'.;:::/-J: 

arimax(y, order=, xreg=, xtransf=, transfer=) 

A. 'f: 
- y: -!k:iii:.Hil~~~;...g-.{r-Jff71J ,t. 

-order: .:f~~ y Jf7r]Ji:J...g-.1i~IIJi'-ft. order =c(p,d,q), p ;I;; gJ@1~311Jj'-.tt_; d ;I;; lf.7}11Jj'-.tt_ ; q 

;I;; ;f} #] f-HJ IIJi'-.tt . 



-xreg: .tl:r-A!t:i~ C~'.t~tUt::fJ~.tt:ttt). 
-xtransf: .tl:r-A'.lt.:i~ C'.t~t;t..$HJ~k'.lt.ti). 
-transfer: ;}lfi ;t.#::f} ~M_{r!J;j':l~ Ffr-M. . 

(1) ®i9:tftuA~il:jg1jl1hi:, _13_;r-$Jl1$!fH$i*1~~~, f!P1£.li:-~Urtj§"f~B"'1 ARI-

MAX f:l~: 

{ 

Yt = f3o + f31Xt + ct 
ct= 1 + ()iB + ... + BqBq at 

1 - </>1B - · · · - </>pBP 

-®~~UT: 

I> y .fit <-arimax(y, order=c(p,O,q) , xreg=x) 

(2) 1Ri9:tftuA~:l=jg$~il (~:!w{[~fi9:1JrJ;J~:lr), _13_11~~Yffi~1$~t$PEi~~~, flP 
1~i:-1Wr~~s{] ARIMAX f:lID!: 

{ 

Yt = f3o + f31xll + f32X2t + Ct 

ct = 1 + B1B + · · · + BqBq at 
1 - ¢1B - ... - </>pBP 

~at, m:~#1-$1-§ ~• xi , x2 , ... , xk tll.i:-jg--t-~m:ronlA, -®4-~or: 

> y.fit< -arimax(y, order=c(p,O,q) , xreg=data.frame(xl, x2)) 

> y.fit < -arimax(y, order=c(p,O,q) , xtransf=x,transfer=list(c(m,n))) 

(4) 1~i&tftu.A~il:jg$?:Jtil (;r-:toJ,(Ni9:jgr);j~fi), _§_JtJJIJ1¥ff~1$ ARMA(ml , nl) 

#I ARMA(m2, n2) ~t$J?Ei~?:it~, flP1£.li:-:tmr~f~s{] ARIMAX m~: 

{ 

f3 
1 + >.1B + ... + An1Bn1 1 + >.1B + ... + An2Bn2 

Yt = o -t X 1t + X2t + c t 
1 - ({)1B - · · · - <{)m1Bml 1 - <p1B - · · · - <{)m2Bm2 

ct = 1 + B1B + · · · + BqBq at 
1 - </>1B - ... - </>pBP 

$4-~Ur: 

> y.fit<-arimax(y, order=c(p,O,q) , xtransf=data.frame(x1,x2), 

transfer=list(c(m1,n1),c(m2,n2))) 

(5) ~i&tftuA?:itilflJt~~1W~f$~~EEi~?:it~B~ , JZ.~~~ftt~tt~~?:lt~, &Pm 
i:-~Ur~~s{] ARIMAX m~: 



> y.fit<-arimax(y, order=c(p,O,q) , xreg=x1,xtransf=x2,transfer=list(c(m,n))) 

:tjs:ftli:fi, ff~i.§t:x;f~.Aff91Hj(J:fJ AR(2.1) B<J!f#.ftPI§~~tt.J, ~~fffS,t{:&f'/.U! AR.(4) 

ffi!il!, _ITT1Jffl3c-ifu~ tfltfiu :J•,tt~~Or: 

> library(TSA) 

> y.fit2<-arimax(y,order=c(4,0,0),xtransf=x,transfer=list(c(2,1))) 

> y.fit2 

Series: y 

ARIMA(4,0,0) with non-zero mean 

Coefficients: 

arl ar2 ar3 ar4 intercept 

1.6469 -0.8310 -0.0639 0 . 2095 53.5836 

s.e. 0.0585 0.1119 0.1129 0.0595 0.4031 

Tl-MA1 

-0.5943 

s.e. 0.0677 

sigma-2 estimated as 0.07143: log likelihood=-31.25 

AIC=80.49 AICc=81.26 BIC=117.4 

Tl-ARl T1-AR2 

1.5509 -0.6667 

0.0275 0.0266 

,ttH1.t*~~d-itt~1tnT9:il, 1IHtu.AJ1~JJR'1 ARIMAx mlli!:tfJ.-fttmr: 

{ 

. 0.312 2 - 0.594 3B 
Yt = 53·583 6 + 1 - 1.550 9B + 0.666 7 B2 X t + Ct 

C/ = 1 - 1.646 9B + 0.831B2 ~ 0.063 9B3 - 0.209 5B4 Ot 

~trp, a1. "' N(0, 0.07143). 

Tl-MAO 

0.3122 

0.0621 

W:tftu tl:\ff:91J(:t<J AR.IMAX ff~ AIC=80.49. BIC= ll 7.4. _{IQ_f'/.t ARIMAX m?JHt::f 
~ c[;4lftr.A}¥:~IJ B''1Il!~i AR( 4) ffl;~ ffl:f,U~$. 

6.2 £!fi[g]U3 

~ UlnJJ.ill fF~IJ {y,,} ftlttu.AJ¥:~Jj {:r11}, {x2t}. · · ·, {xkt} ~fSf~OiJ. nJt:J,M;~ -IWtftu.A3t 
.fil@lij31'!<J ARIMAX :m~~IH~,g-u(njf.ilZJ} 9Jj9<J3tf-t. 

k 8i (B) 1 8 (8) 
Yt = µ +; if>i (B) B 'X,1 + <J>(B) a, 



~aJPJlffitt~{tt:::fmL@, llt{f])jijt::frJ~j;J1Ht!!~~ ARIMAX ffi~ , 1251:1'.7:l!Ht~~f=~m 
{~ @l Y=l 1¥1 l'nJ@. 

'JJ T lE1iiflJ.lfft¥mf~@l V3 !¥1~5l , ilt{Jl~ .&JimY4i1¥J- 7G~tizt!J~ @lY=lffi~: 

(6.2) 

Ho : f31 = 0 - H1 : f31 /= 0 

@~~mff~{~}~9Aff~{~}ffl~~.ll., ~~~~mff~~-Aff~Z~N~ 
,l\i~l¥J~tl:*13:k:k.¥, :fll!ii:k, f.&~tit~mit~s¥: f31 = o 1¥Jmtff3lN. 

~a;!;J;!:f.&~~:WdirM-~J.lit~;l;J;!:fflli , 3i:~ f31 fQ.~~~~1¥1~ff{l~hi, fl~i,,ffiit~1iti\ 
alnJmff1Ll~9Aff1LlZIEiJA~ fQ.~~·tiffl:ktl:1¥Jffl~~siB, }eJ~:iDiifll¥Jmtff3lN!t-~s¥: 
- -t-:zls:::fmit1*:.ll.1¥J@y=1ffi~ (6.2) , J!tJt~BT~-~ffl~ (}eJiffl~)-

El3r~*l¥1~mtt, m•ffl~~~-~#tE, ~m~mB~tt*f a ~~mm• 
ffl~ 1¥1 ffl.$: 

Pr(H1 !Ho) = a 

li#*ffl t tftiiiiitH'r~~B~·tif.&~: 

t = f31 
a /3 

~ aln]mff1Llla9Aff1Llti5fffiat, ·itJfdt:1:n1tb>-- § El3JJt:1'.7~*~:i:i¥J t 5t1ff . ~ 
!ti ~ tc,;2(n) Rt, nJ~¥fffi•ffl~.bt~1¥Jffl$llfiff!:tm~iMtE~~-ti7Jcf a ~i*J, en 

Pr{ltl ~ tc,;2(n)I 3¥-~-ff ?1J } ~ a 

~ u!nJmfffu~•Aff1Ll::ffffist, ~mt~JW-1¥1~*~~, f.&~tft:H:i: t = f3i ¥f::f 
a /3 

fl}mi~ t 5t1'!J, J!Ht t t1frlil~:zls:5t1iii¥Jjntilliilldcr t ?t1ff!¥1:1f& , ~a;l;J;!:-OJ~*ffl t * 1ii 1¥1 ilffi w-m.ur frti ~ , te ~~mt@~ 1¥1 ffl$ffiit ~ xx:1:ttno, en 
Pr{ltl ~ fc,; 2(n)I ~f3¥- ~,ff :f1J } ;:: a 

J!¥f~3&~ff1x~~iMte•ffl~, ~~#~~~s¥:@lY3ffi~~~flx:.ll.1¥Jffl~~ii:, J!~ 
:im~t$:1'Jm®@Y3 (~11.l@lY=I ). 

1974 :1¥, Granger~ Newbold :itr:ff T~~-ljl-ffiffJU11.J@lY3B<J~mt~H!lla!:~. itffi1W­
ia.t~l¥1~it}~J~~ %JiU1W-,@-w-i1'-~mrh11EffJLl: 

(l)Yt = Yt- 1 + Wt 

(2)Xt = Xt- 1 + 'Ut 

j:\t:p , Wt i;Sd N(O , a~) ,vt i;Sd N(O ,a~), .§. Cov(wt ,Vs) = 0, Yt , s E T. 

~~ {yt} :kT {xt} l¥J@lV3ffi~: Yt = f3o +f31Xt +t:t , !t-:itl:1-'r~ ~B~ 'l'if.&~. EE 
r {yt} ~ {xt} ~ Wil1'-~!il.ll.1¥~~tJLrh11Effi~, 12Slllt:fll!i.Bkt:ff1mit&~{f fiirffi:k'l:i , fln 



•m~-J.ill~B-~~~=Ol'.J<J@~-~--ffi~-B~ffi~ffi@~~--~~* 
rteJiffi$ ex, &Pi,\1Jfh@lV3B.dJ.il. 

::kiillint!L:t~'*e<J~;!;f!B~, 4iI: 100 ~@JY3:f'!li=tl=f, 1jl-:l:'.g~ 75 ?j(fe~ fli=O (1<.J~JE, 
teJtffi$~:it 75%. J!iJM~~~F3fl-ffiB'ftm~, ~~'ffi.-·t1:~•~~ffiAffl~a<Jffi$z~ 
::kr ex, f19@JY3B.JVG"il. 

~!:l:.fh@JY3a<JW-lzsl~~~F3fl-ffi~'*' ~~B<J t ~•mitiJ::;f:ji}H!UA t :,t;(B". ~ff 
*?§'.it n = 100 1¥1'11il5L~, :it!:fi::kiia'~IIJn.f)lJ~~' 1if!J f:J1 1¥1 t ,t;}:•m+tfll'.J<Jf-f*:5t;(B" 
t(fi1) (!};!,00 6- 5). lAOOl=f"i'iJk,{~¥JJ, !31 1¥Jf-f2's::5t113 t(fi1) ~$ijE, 1J~::k, tt t :5t113~ 
Riu1!l-1lt~. t :5t113JYf:rifflJEl'.J<JB•·t1:1./(1jl-1J 5% B':JX>lttlfe~fg:h.i.£ict'f (Lo.9s, Uo.9s), d=lr /31 
l'.J<JfF2's::5t;(B":rf::;fijll..lA t :5t113, 1m~n!l1A~~Aia1JZ-1¥J t(fi1) :5t113. ~ t(fi1) :5t113:tmf.- Ji rt 
~ (Lo.9s, Uo.9s) JE(J<Jffi$~~::kr 5% (£00 6 5 ~lf$:$t). 

0.4 

0.3 f (100) 

0.2 

0.1 

-15 -10 -5 0 5 LO 15 20 

EE r ~ @@] Y3 fu] ~ 1¥1 fl:(£, :fl:iil:1-ri;IJ ~ @l Y=lffiffl tJ;l ~at, !.16,@!)'6~ •-i'r /¥}Ll 1¥11!l­
~ ·11: . P. ~~~ff }Ll :ffl51jl-ffiB,t, ;1-"i'iJ k,{ ::knllltl1 ~ffl ARIMAX ffi ffl 11;,l ~ ¥ 5L/¥ 3'Ll ZJsJ 
1'.J<J~~@JY33c]t 1 

~fiJffi~11lB~1r~i1/¥}Ll1!l-ffi·l1:1¥J~~-1fr!, EEr00~•*~1LU!B<J3::AAJ.f!. 
~, 1J7$AAJ.®!];!., .A.ffJ3f:11MiJf~~#ff3'Ll1!l-ffi·l1:l'.J<Jmit~•1fi*, :Jtl=j=IJ.illffl:/ija<J~ 

•-&*~•-
6.3.1 DF ~~ 

-, DF m-ttm 



,I.. + i~dN(O 2) .'T.f = 'f'lXt-1 Et. Et , aE 

>. -<1>1 = 0 

tHiF.:fiJ;J: 

~ tlff :ti {£-If!. {il !Ml pg at: 

1¢1 I < 1 

itffJU1fffi. 
~~fil*tE~{il:[M]_t~i(!{il[M]7!-Bt: 

l</>11 ~ 1 

W:ffJU~Ff ~,. 

(6.3) 

\ 

EJr i;,t nT V.,Uffi :ctt& :®~ fl!: -tit~ tE !fl. {il !Ml i*J :if :E! :(£ !fl. {J'L !Ml ..t (7r) , *~~~ff :YU 8~.lf ffi 
·Ii. J!~~~:IJtffFJ;Jiµ{J'L:tit&:®. 

Eb r:E.m~~ 15 ~~:*$~ffJUtl5fik~F312"-~J¥:91J. fafi i;,tl)i{.llt&~:®a<:J !Wi@i.i~J;J: 

Ho: ff y~ Xt ~~-'f~, ¢?Ho: l</>il ~ 1 

ffi Jjiz B''.l~ff® i1t~J;J: 

Hi: .Ff y~ Xt -'fi, ¢} H1: l</>1[ < 1 

tft :®m it& J;J: 

t(</>1) = ¢1-=- ¢1 
S(</>1) 

~ </>1 = O Bt, t(</>1) a<:Jt1iHLb:t1JJ7'1fiF7liE~,t;(i3: 

t(</> ) = ¢;_ g N(O 1) 1 
S(</>1) ' 

~ l</>1[ < 1 Bt, t(</>1) B1'.IWT:ili?t-1JJJ;J;j;jtf.JE~,t:rfj: 

t(¢1) = ¢;(;p
1
~

1 ~ N(O, 1) 

(6.4) 

{13~ l</>1 I= 1 B.f, t(</>1) f'l<JWT:ilr,t;tff~~N7'1iE~,t:rfj. Dickey .fi1 Tuller 5<•tW:f&:® 
mitta<:Jf-F2's:?t-1JJuffi71ilfJi. 7'1TIR?t-rftma<:J t ?t-1JJt&~m+Hit ic 



W:~i-tiiH*1.7 DF(Dickey-Fullcr) ~~~ii lll, 'ta'~f1U&,t;fjj:1g: 

J~W(r)dW(r) 

J:[W(r)] 2dr 

51'.;rp, W(r) 11 El El3J.t1.7 r s<J~,fHpg:ct:@ (Weiner process). t!~:uW~:trnrtl:mi: 
(1) W(l) rv N(O, 1) 

(2) aW(r) rv N(O, a2r) 

(3) [W(r)] 2 /r,..., x2 (1) 

~m•ms<J~-~~T~~~tttis<J&~,t;fjj1J~~~m,t;fjj,~~~*;fjjs<Jm 
~~~?it;i-fi{tl, {§_~ffi~~-wu~. 

DF ~$.1Jil!uI~~, ~@.~·~Jj(1JZ-J&:1g a at, ·ic. T 0 1J DF ~~s<J a ,t-{v.}~, 9llj 

~ r::;; Tc, at, =te~W-ff3lii:, iA1JPfJ1J Xt 1rt.~1JZ-.ffi; 
~ T > To at,~~@:~~, 1:A1JffJtl Xt ~~1jL-~. 

1979 1:J::, Dickey .fll Fuller f!J!ffl~~-tr~•mn#dtJJ:1±\ T DF ~itits<Js %fir 
lt Jg DF ~~BmT fi:Jgs<Jtt;;f(xftlm, ft DF ~~nx;1.Iii',l/t fflt¥~1!ifftm~~-

Xt - Xt- 1 = (</J1 - l)Xt - l + lot 

P = 1¢11 - 1 

51'.: (G.5) ~fftr 

I 

Ho : p = 0 - H1 : p < O 

fflms{J DF ~~~ittl:1.7: 
p 

T = S(p) 

51'.;rp , S(p) 1J$fj: p a'~f-t7's:til1£&. 

(6.5) 



ff 1U~:k~mtk7-'M1t T, 1291-J~F1il8 a<Jt~ Jil1&~~, ~ IAJ~tq a<J~F1ilffiff JU~ff a<J% 
lfr:1ft'!fil~ IAJ . ill11lttE~PJl.8% Jil-.:k~ffl. 

ffi-~: xB•:im El @JY=l:i:i~. 

Xt = Xt - 1 + €t 

:i~J1p~fflB<Jff:9UfF:1-J~*••J]n(i<J£%1!l8 (difference stationary) ffJIJ, ffiHt.1-J 
DSff~-~*••~a<J£%1jl8ff~~-~~ff]~~a<JBm•~•ffl .• ff~~ffl 
~F+8, :1f£~Fif, f.§. 1 llfl-£%1jlffi. =!llfntEf§tl 5.5 i:pi:tiiii*f¥JUa<JM:tiE, 00 5 8 tbl 
it T*r¥JUB1r¥~. 

ffi=~: •••rJJi El @JY=l.ct~. 

Xt = <Po + :rt-I + Et 

~~~ffla<Jr¥~•:1-1•••~a<J~?t+ar¥~-•~**~m~•~~~-~~ 
Ml~ 1U~z#J·l1:~1$r±1f/5il'!<J~F+8f¥JU. 

Xo = 0 

x1 = <Po + xo + £1 = ¢0 + £1 

X2 = <l>o + X1 + E2 = 2</>o + €1 + €2 

Xt = <Po + Xt-1 + Et = t</Jo + £1 + £2 +···+Et 

"vxt =<Po+ Et 

&M*BB~a<J~%1jlffiff~.SB~~~~~r¥~a<J~ttM!§a<Jfi*.~~­
s•rffi-a<J~%1jl.ffif¥JU~~iSltq~~·l1:@JY=lmffl xt = ¢at !H:lfxffjUi:pa<Jffl**¥, ~ 
:1-J~~f¥jU~:1f~~Fifa<J~F+8f¥jU: 

[ f§tl 6- 2] t~-ft </>o = 0.1 ~%+8ffjU Xt = </>o + Xt - 1 + Et,Et i~d N(O, 1), ~ 
~~f¥jU~%Fn~~f¥JU~il!H:!fx~·l1:~§.§~~a<Jtl1i9Jtt . 

. m~m~3~~•~•~~~.#~~"~oo~~ttru~•~oo 
> e<-rnorm(lOOO) 

> x<-filter(O. l+e ,filter=l ,method="recursive") 

> plot(x) 

> t < -c(l: 1000) 

> abline(lm(xevt) ,col=2) 

> lm(xevt) 

#t§ * to IJl 6- 6 Ji)j" ;f--
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~00: AA~~ffl~~---~~*~-~~-;~~~~tt~-ffi~ffi. 
••*ffi-~Httffi~§B•~~lt• 
> r1<-diff(x) 

> x.fit<-lm(x"'t) 

> r2<-ts (x. fit$residual) 

> c1<-min(r1,r2) 

> c2<-max (r1, r2) 

> plot(r1,ylim=c(c1,c2)) 

> lines (r2, col=2) 

#~*--iiol!l 6- 7 fo}j";r; 

}tl. 
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0 200 400 600 800 

Time 

006- 7~~x.J-~*BB~l¥J~*f-8ff~,~~~ff00H~~ff~A~B-1¥J 
~,11~~, 11:1 ~m~*~•:mll:t~~f~,@,~ ttm~-rim-&rm~:mJtl~·li~~ 1!fflWfl. 

m=~: *~~@il=I:ct;fi. 

Xt = c/Jo + f)t + ct 

J!#~~i¥Jff1Ll$1'J~~f-8 (trend stationary) ff7Ll, f8iic'.1'; TS Ff1Ll. 
x.j-~~f-8ff7Llil:tff~:iffi:l:tr~~~'lfiJl~ Xt = ¢0 + j}t :mJl:tff7Ll ~ 1¥Jffl***' 

?);;:EJM~~ff7Llf-8: 

ct = Xt - (¢0 + '/Jt) 



X;J Ml~ 'f-~ffttl*ffl&:?t1f1*mJ&ffl.3cf~,~,, nJ ~',l~J.ffi~Jh~'f-~, 1.§.±~ JJD T §]& 

J¥:91Ju~1f.£: 

V .r, = /3 + c1 - E1-1 

[ i§rj 6- 3] tf,l,fr ¢0 = 0, /3 = 0.1 El"1~i~-¥~J-t-:9rJ X t = c/>o+f3t+E,, Ct i:}_:_<l N(O , 100), 

~-~ff~&::fr~H~ff~~--~tt~~~D~ff~~~~tt . 

• jll).-g,~~3¥-~Jj;91J, #~tJlftfj;ll] 
> t<-c(1: 1000) 

> e <-rnorm(1000, 0, 10) 

> x <-0 .1*t+e 

> x<-ts(x) 

> plot(x) 

> plot (diff (x)) 

0 
0 

0 
X '-D 

0 
N 

0 
C't 

0 200 400 600 800 I 000 

Time 

> abline(h=c(1.9B*sd(diff(x)),-1.9B*sd(diff(x))),col=2) 
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II] 6- 9 ~:5t,f§9i~J¥J1Jat.1¥11l 

i)?.aJJ : ~ i:ti ~ ~3JLfitt-:faJ lffe:rx~ff t1J a9 95% ztm ix: 11'il . 

-~~~tt~~1sB~.1¥~~•~moo 
> x.fit<-lm(xrvt) 

> r <-ts(x.fit$residual) 

> plot(r) 

> abline(h=c (1.98•sd(r), - 1.9B*sd(r)),col=2) 



0 200 400 600 800 I 000 

Time 

~.r~. xt"F~~:iflffiJT~U. ~~~*~•fl1~~m%mti~1ilt~~Jr:9Ll:iflffi, 1E!Ji:~ 
~mit a<J~~i&:ig] lrI. ~£~, 1rJ.itffi Ji£~. 

DF t& ~ 7G ,CZ Pf t:) tu rrr ff }Ll Ji:?-?:ifl ffi, ~ nT l~Ht M~ F:ifl ffi A"~ J! --::.# :ff{JjJJL flttj, itt­
$ !IJ 1$r~F f ffi ff 9Ll ¥1J~Ji:J! ~~nJU'1tJ r:j:i a'-.Jl9J~-#. ttxt7G!ffla<J~*, nr ~m~~fAJ a<J 
ff9U5tfJT:1rr!. 

:(f R ift1fr:j:i, fUnitRoots ~J¥iQ.r:j:i(J<J ac!ITest PR!f(i'iJ~~1if!tf!tl!.ittfiJ¥l.1iz;f:&~~­
:(£1f.Fl:JW:~I~ZiM, mr;'crjj; fUnitRoots TI, Jt-ffl library PR!~im]ffl. adITest PR!~a<Jirr 
~f~:it:Y-J: 

adfTest(x, lags=, type=) 

A'f: 
-x : :ii .fr if-,(j:..ff.l#t lift {t-J }t ?'].%, . 

-lags: J!..i.&Ffrfi. 
(1) lags=1, 1HJ.il.i.., ~Bt.ilHt DF #tl!ft. 
(2) lags=, n>1, ~atilt.fr ADF #tllft. 

-type: #tl!ft4t~. 
(1) type=' 'nc'', :h:.'t4i:l$Jin., :h:.~14'-4t~. 
(2) type=" c", ~'tk.:l$Jin., :h:.~14'-4t~. 
(3) type="ct", ~·)tk.:l$Jin., .x...~~M'-4t~. 

[ 19,J 6-4] x,j 1978 2~021:p 1-pOO;-&ft@~~}}! .. AJ1J~~i&AM~/¥9U {lnxt} ~ 

~r!m~.x/Hxif~ff~Jj {ln yt} :itHr DF t&~ (fx:tK!ll* Al 25). 

> b < -read. table( "E: /R/data/file25. csv", sep="," ,header=T) 

> x< -ts (b$lnx, start=1978) 

> y< -ts (b$lny, start=1978) 

> c1 < -min(x,y) 

> c2< -max(x,y) 

> plot(x,ylim=c(c1,c2)) 



· 212 · a.tfeJJ¥9'1HHJr - ~T R 

> lines(y,lty=2,col=2) 

#i'tJft.~ I!) 6-11 rJ(iF 

, , 

1980 

91J. 
-~A~~aA~~J¥~mftDFM~ 
> library(fBasics) 

> library(fUnitRoots) 

> adfTest (x, lag=1, type="nc" 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 1 

STATISTIC: 

Dickey-Fuller : 1.0859 

P VALUE: 

0.9202 

> adfTest(x,lag=1,type="c" 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 1 

STATISTIC : 

Dickey-Fuller: -1.1606 

P VALUE: 

0 . 6201 

> adfTest(x,lag=1, type="ct" 

I 

1990 

Time 

' / 

2000 



Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 1 

STATISTIC: 

Dickey-Fuller: -3 . 1381 

P VALUE: 

0.1388 

• ~)d1J1:f.s5'1f¥Jt~:tfj~~ff91JiiH'r DF ~~ 
> adfTest(y,lag=1,type="nc" 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 1 

STATISTIC : 

Dickey-Fuller: 1.0806 

P VALUE : 

0.9196 

> adfTest(y ,lag=1, type="c" 

Title: 

Augmented Dickey-Full~r Test 

Test Results: 

PARAMETER: 

Lag Order: 1 

STATISTIC : 

Dickey-Fuller: -1 . 4086 ' 

P VALUE: 

0 . 5324 

> adfTest(y,lag=1,type="ct" ) 

Ti tle: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER : 



Lag Order: 1 

STATISTIC: 

Dickey-Fuller: -3.3125 

P VALUE: 

0.08993 

:{£ ~lVi·tiJ.k 1JZ-!& o. os Bt, PT DJ i.A1J rr OO~tt@ ~ *J~J..:l:5JM1 t&A fi1J..:i:5Ji~ Ji' :1t HI 
5(,jJtPf}U:i:5J1J~~1JZ-8Pf}U, ~!:JFJtPfl!I (Jlll!I 6 11) 1i:xm@.lf-Hl*B'~·timt%1t-3&. 

6.3.2 ADF ~~ 

DF~@Rmffl-r1~A@1~:ctfi~1JZ-att~@,ill~~k~*$~M~J¥~m 
7G~~-1'ffilf!.~ AR(l) :i::Hi. }JT'i!J! DF ~~B~mffl-r AR(p) :ctfiB91JZ-8·ti.f.&~, 
A1fJMJtit!:frT-JE~ftIE, ~.ft:¥1J±~J DF f,JZ~ (augmented Dickey-Fuller), ffiHc.1J 
ADF .f.&@. 

:xt11- AR(p) :ctfi 

/ Ai / < 1, i = 1, 2, · · ·, p 

.ITTUPf}1J { xt} 1JZ-~. 
~o*~- 1'1ll-1izf&1¥t£, 7GWJi9: 

(6.6) 

- 1 A= l 
).P - c/>1 ).,.P - · • · - q>p = Q ===? 1 - c/>1 - · · · - q>p = Q =} c/>1 + c/>2 + · · · + q>p = 1 

~rrff, :xt-r AR(p) :ctfifJt1fJriT~imJ:i~@Fl @1Y3*~Ztil~i1'f~T- 1 *~~itPf}IJl'fJ 
fffi·ti. 

jJ{f-y~@, fJt1fJ:xt:i:t (6.6) illfi~11r~1*: 

Xt - Xt- 1 = c/>1Xt- l + · · · + q>pXt - p - Xt - l + C:t 

= (c/>2 + · · · + c/>p)Xt- 1 + c/>1Xt- l - Xt - 1 - (c/>2 + · '· + c/>p)Xt- 1 

+c/>2Xt- 2 + (cp3 + · · · + c/>p)Xt,-2 - (cp3 + · · · + c/>p)Xt-2 

+q>3Xt-3 + (cp4 + · · · + c/>µ)Xt-3 + · · · - </JpXt-p+l + </JpXt-p + C:t 



Vx1 = (¢1 +···+<Pp - l)Xt- 1 - (¢2 + · · · + <Pp)Vxt-1 - · · · - <Pp Vxt - p+l + ct 

P = <P 1 + ¢2 + · · · + <Pp - 1 

J3j = -¢j+l - <PJ+2 - ... - <Pp,j = 1. 2 ... ·.p - 1 

:fi ff }lj { xt} 3fl~, Jnlj 

¢1 + <P2 + · · · + <Pp < 1 

~11rr P < o. 
:;frff:9Ll {.ct} -l~f-~. 911J~:t't¥tE-1-1JiuL~, ;fJ" 

¢1 + <h + ... + (pp = 1 

~1fl-r P = o. mu AR(p) :ct~~1.flm~~W~fl?rli&t~14nJt:Jliffl~1'1= 

Ho: p = O(ftfU{x,}~Ff~-) - H1: p < O(ff 1Hxt}f~,) 

t1;.J~ ADF .f&~~-t rfl: 
p 

T = S(p) 

~9='- S(p) 1-J~~ p O<Jf-f*tff-,i&. 

(6.7) 

lffi.ct~t.J:-t#rni*. nTkH~iu T i1~ittR<111(b:W-fiP~- M.~ oF ~~~ ADF ~ 
~{£ Fl tEJ::)cM'l/&:1-J l Bts~- 1-t.ff§tl. J5.frt:J~fF7-J ADF {&~ . 

.ff] DF ~~- f-1':.. ADF ~~i:!LnT!V-fflr~oT=:#~~A<J.$wl&~~­
ffi-:¥41~~: X1lffi:l!gffi:, x~~s<J p ~fl' A !o1V3u~. 

Xt = µ + ¢1:r1 - l + · · · + <PpXt- p + c1 

:-Ct = µ + f)t + <P1Xt- l + · · · + <PpXt - p + ct 

[ f§~ 6- 4 ~ (1) l xt 1978 20021¥9='~~ttr.s~*JM..A.:l!g~®:Axtf£&f}J§ 
ff}lj {V 1n xt} 1111:.fftr~1i~Hix11/&& 5tFnFf}1J {V lnyt} itHi ADF ~~-



• 1Htm1l 
> dx<-diff (x) 

> dy<-diff (y) 

• .A.~l&A~~~~J§,¥91J ADF ~~ 
> for(i in 1:3) print(adfTest(d.x,lag=i,type="nc")) 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 1 

STATISTIC: 

Dickey-Fuller: -1.3701 

P VALUE: 

0.173 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order : 2 

STATISTIC: 

Dickey-Fuller: -1.3569 

P VALUE: 

0.1772 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 3 

STATISTIC: 

Dickey-Fuller: -1.3367 

P VALUE : 

0 . 1836 

> for(i in 1:3) print(adfTest(d.x,lag=i,type="c")) 

Title : 

Augmented Dickey- Fuller Test 



Test Results : 

PARAMETER: 

Lag Order : 1 

STATISTIC: 

Dickey-Fuller: -2.2267 

P VALUE: 

0 . 2428 

Title : 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 2 

STATISTIC : 

Dickey-Fuller : -3 .0963 

P VALUE: 

0.0427 

Title: 

Augmented Dickey-Fuller Test 

Test Results : 

PARAMETER: 

Lag Order: 3 

STATISTIC: 

Dickey-Fuller : -1.8967 

P VALUE : 

0 .3596 

•A~~lli~~£*~~~ADF •• 
> for(i in 1:3) print(adfTest(dy,lag=i,type="nc")) 

Title : 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER : 

Lag Order : 1 

STATISTIC : 

Dickey- Fuller : - 1 .7967 

P VALUE: 

0 .0719 



Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 2 

STATISTIC: 

Dickey-Fuller : -1.3048 

P VALUE : 

0.1937 

Title: 

Augmented Dickey-Fuller Test 

Test Results : 

PARAMETER: 

Lag Order: 3 

STATISTIC: 

Dickey-Fuller: -1.0581 

P VALUE : 

0 . 272 

> for(i in 1:3) print(adfTest(dy,lag=i,type="c")) 

Title : 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER : 

Lag Order : 1 

STATISTIC: 

Dickey-Fuller : -3 . 3473 

P VALUE : 

0.02438 

Title : 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order : 2 

STATISTIC: 

Di ckey- Fuller : - 2 .809 

P VALUE : 



0.0758 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order : 3 

STATISTIC: 

Dickey-Fuller : -1 .7169 

P VALUE: 

0.4232 

~~~*~~, . .AJ$Jt&Ax1fl~:'.St ff 3i0~1'f 1itfl~ffis<J1¥-ffiff3i0, it1¥-ffiff j0 2 

~ El ffi3c (ADF ~~ P ffi =0.042 7) . A~~tlixtfl~ 5tff3i0-tl1~1'f1itfl~ffit'.l<J1jl-ffi 
ff'.90, ~fffiff3i1J 1 Wi' Fl ffl3c (ADF ~~ P ffi = 0.024 38). 

6.4 ~1) §I 

t£1Jif3'Lffl~~a<J.tt~ i:r , :tio*~~~*l[~1'e~!ffi ffsiii , ~n i5tf!l3ff3i1J { Xt} Jw.i=+ 
~' ;;Frft£..!¥'-f3'Lffl. ~Mf*ff3i0 {x t} J;J~Wi'lf'-~ (integration) ff'.90, Wi.c.J;J Xt "' I(O). 

@:tlriffi@ia::;f ~~fit !rVJHe~, i.~f!l3J¥=f1J { xt} J;J~~.1JZ-ffiJ¥=3iO , tftE.!f!.mffl. J!stPT 
~1~mMitJ¥=f1J:il1:fr~§ M'fla<J~ Jt, k,{r~~.!f!.mffl~~.1JZ-ffi. 

~ :tmffiffftl 1 M-~5t!i51!2"-ffi, i.~1!13ffiff3i0tft£- 1-J¥!.f3'Lffl, J!atf1J,ffiJ¥=~tlJ;J 1 ~fl' 
J¥1.mJ¥=ftl, rotc.J;J Xt "' 1(1). 

f~:tloffift:JO~~~~:il:!:fr d M-~%7t~~~~.1Jl-ffi, i~f!l3ffiff3itltft£ d 1'-J¥!.f3'L+R, 
J!a,ntffiffftlJ;J d m..!¥'-mJ¥=,;o , %Hc.J;J Xt,...., 1(d) . 

~m 00:it a<J ~ J¥!.1'-r;-;,;o a<J siz. ffi tt t: ~1'f :tirrf ffi: ~'t4:lffi:: 
(1) ;(:i Xt "' J(O) , x.J--y{f~~~~~tt a, b, 1'f 

a+ bxt "' I(O) 

(2) ;(:i x1 "' I(d) , :X.j-=fff~~~~~f,{ a, b, 1'f 

a + bx1 "' I (d) 



(3) 7fi Xt "'I(O), Yt "' I(O), xtrff~~F~~f{ a, b, ~ 

Zt = aXt + byt rv I(O) 

(4) * Xt rv I(d), Yt ""J(c), xtrifxlf-~F~~f{ a, b, ~ 

z, = aXt + byt rv I(k) 

~~- k ~ max(d. c). 

:(£mi,~'.±: m ~ :ft ff1 ~'&.mi,. ~~ff JU § ~ a{] 1t1tlii ~I&~ F 3jL ~' EJ{j' {§_f&J:t= 91J Ej IY: 
91J zJeJ tilJl.~~i=: #*iJJ A<J -If AA BJ~**. 

tt:tm, f§Ll 6-4 J9r?tf!rl¥J~tt*1*ABJtil!l&.Axtf£J¥9Ll {lnxt} ..filABJ1:.mmmJi: 
:±l xt~ff J1J { ln yt} , .!fl.~ 0-trr liVi~ :i! W}t-ff 9Ll tj):f& ~ I=: .ljZ-ffi s<J . f s I& ~:i! iW -t-ff ~IJ II* it 
M~m, :im:uW.~'Etf11¥JBtffl!I (Jill!! 6- 11), ~ffl!P'&.Jm't'fflz.l'i~Jl.~~i=:1t~5E(J~ 
~ttffl***·~i&.A~$st,1:.mmn~mm~$,'t'ffl~~~~~~~-•-:i!# 
ffiJE~~~**ilaffJ#~'t'fflz.~A~-#~:(£~+8~~,~-'EITT~~~~-ft 
£~:f&~+ffia{J, fEl:f&t!flltZiaJ!JJJl.~-!fM:1$J~**· 

1'JT~~:tt!?.~ii!ffJLlz.raJ:r&1!?A~-lfMBJ~**· Engle .fll Granger r 19871µ~ 

1':H T ~~ (cointegration) ~ffl:~. 
@JE fl 1t:fiffJlj1g {xi},···, {xk}, Ufri.lm~iiffJIJ1g {yt}, ftJ~@lVJffilli! 

k 

Yt = f3o + L /3iXit + €t 

i=l 

f!RJE@JV3~&ff9U {€t} +ffi, f*Pln.JmffJLl {yt} !:5 §~iitff9U {x1}, .. ·, {xk} zJsJJ(.,.,tI 
t}}~**· 

~~m~~~:±l~c=li=:#M~a<J~5l, a1nziwzJiJr0l-1t1'itt:*Rl:umx1c=11=:3Jl~FF 
9Llft.l~~J~@JY3ffi~, !&~1'Jffi,i:.,c=li=:.ljl-ffiffJLl~~F1:.~@@llj3a<Jl'oJR!. rm~f~@JVJ 
z.JiJrtV-~F'.:E, !&~19~~ff9Ll~+ffi. :tz1Hll~i=:3JLffiff1Llz.l'aJA~~m**· $'ti5lllJHl 
&ff91Jfffi, 7J~gJt~~F1:.~@@lV31'oJ;®1T. 

:i!i3l~~~twJ.A1til:1,IAninJmffJLl}tffi, ~-JE~J9r~a<Jff9Lltj).ljl-ffi, JH~r~'t' 
ff1~@]lj3,;j£ff}ljfffi. :i!-1'-~~1fftl~f41ID}t~tt Box ff! Jenkins ~>~J9r~ff91Ji~fffi 
~ ~&1M~f4 ~*1Iil$, :i!flk::klmt-fi~T iefJ~ @V3ffi~a<J~JfJWL IE. 

6.4.2 t9.JI!&~~ 

$7C~i=:.ljl-ffiff91JZl'eJi~1!?l!JtiefJ~@llj3fl~. *iJl:(£-=f'EfflZIB]:f&~A~~m* 
*· Yf 0l~xt$5G~i=:fffiff91Jd&,@!%:itl:fit}}~~~' ill~19 Engle-Granger tv:~. 
WJ°f* EG ~~-



J]: 

H 0 : % JG~PJZ- ~.ff 11J z. faJ-1'1-fiE th-~*-* 
Hi: % it ~f JJ1- ~.ff ru z. J'aJ 1-f iE tb-:11*-* 

rart:t}~**±~~:ct~•lillV3r.l~a<J1!2"-ffi't1Jiifl~s~, Wfk,{_t~fr1ii~f4~fftr: 

Ho: @J ~3~!:Jfru {ct} ~PJZ-~, 
H 1 : @J ij3 1l !: ff !U { C ,.} JJ1- i, 

EG ~~mf*JJ EG ~tp:~, 'ttti:m~~OT~1-zv~:ltrfi. 
*~-: ~1Ln(ii]EiJ:f¥9u~t1ruAf¥91JzJ§Ja<JlillV3ffi?J'l: 

:i:\'.:9, 1Jo, 1J1, .. · , fjk J&if!;J\= *1titffi. 
ffi-~= : X•JlillY3J.l&J'¥3Yu {ct} :itl:fi112"-ffiti~~-
~ITT±~*ffl ~~-~~a<J~~*~•lilla~&J'¥~8<J112"-ffitt, Wfk,{, ®ii~# 

~fft-=f 

Ho : Ct rv I(k) , k ~ 1- H1: Ct rv I(O) 

EG~~a<J~~~it-0A~DF~~~W-~~IT-0Affl~.fil.£~~~mm 
tfl.B%~*M.~'tff1B<JilffiJ\'-{j[~ff~~- EG ~~s<]ilffiJ\'-ffi~{5l~fJ'L§J_m, ~~J_m~~ 
~ff*, Tm£L~lillV3ffi?J'li=f~F31l-ffi~iia<J1-~ffl*· MacKinnon mf:ttT EG ~~f!{Jllffi 
Jf.ffi*, Jf~ EG ~~B<Jlh'ii~ffi*~ ADF ~~B<Jilffi~ffi*~ii-tE- ~ . ~~F112"-ffiff 
}1Ja<J1-~JJ 1 B;j (N = 1), x1'Eil~J¥)t.£ ADF ~~; ~~F31l-ffiJ¥JUB'~1-~*T~T 2 u,t 
(N ~ 2), x1Eila<JJ¥}t.£ EG ~~-

[ -f§1J 6-4 ~ (2)] M 1978- 2002 ~i=piE*ttr.s~*lKA:l:5J~i&Ax.f~J¥~u 
I 

{ln x1} .:fil~rnr~Jl5[H:LM~ff~U {lnyt} :ltrfi EG ~~-

• m-ii7: t~m@J!T:!ffim! 
> y . fit < -lm(yrvx) 

> summary(y . fit) 

Call: 

lm(formula = y rv x) 



Residuals: 

Min 1Q Median 3Q Max 

-0.083331 -0 . 043257 -0.003606 0.044968 0 . 083295 

Coefficients: 

Estimate Std. Error t value Pr(> ltl) 

(Intercept) 0.07361 

X 0.95729 

0.07337 

0 . 01110 

1.003 0.326 

86.254 < 2e-16 *** 

Signif . codes: 0 '***' 0 . 001 '**' 0.01 '*' 0.05 C ) 0.1 C > 1 

Residual standard error: 0.05095 on 23 degrees of freedom 

Multiple R-squared: 0.9969, Adjusted R-squared: 0.9968 

F-statistic: 7440 on 1 and 23 DF, p-value: < 2 . 2e-16 

• ~=W-: 1.l~ff°Jil-'-f1i:ffl~~ 
> r < -ts Cy. f i t$res idual) 

> for(i in 1:3) print(adfTest(r,lag=i,type="nc")) 

Title: 

Augmented Dickey-Fuller Test 

Test Results: 

PARAMETER: 

Lag Order: 1 

STATISTIC: 

Dickey-Fuller: -1.8644 

P VALUE: 

0.06224 

Title: 

Augmented Dickey-Fuller Test 

Test Results : 

PARAMETER: 

Lag Order : 2 

STATISTIC: 

Dickey-Fuller: - 1 . 9873 

P VALUE : 

0 . 04699 

Title: 

Augmented Dickey-Fuller Test 



Test Results: 

PARAMETER: 

Lag Order: 3 

STATISTIC: 

Dickey-Fuller: -1.581 

P VALUE: 

0.106 

~tl:l~*lffi.5f-, 1~ui~~;&ttm~~~A:1:1Ji&Axt~ff:9tltn~mm'Dlx:H:1:x1~ff 
:9tlm~~F11Lffiff:9tl, 1fl.t:ffJzrsJJ!.~t!1}~** (@Y=1~~ff;9tl~rx1it~:1:1Jffi 2 ~ ~ 

*11*11Lffiff:9tl, ADF ~~ P ,m =0.046 99). lilri&Afnxtl:lzrsJJll.~-t!1}~**, Yr12J. 
PJ l2J. m.ll ~rrf@ Y=1m~ m~t: 1n zrsJ s{J * M:l:1J~ **: 

ln Yt = 0.073 61 + 0.957291n Xt 

~&{~.IEffi~ (error correction model) fijf* ECM tl~, :&iWlil Hendry :fil Ander­

son r 19771f:i/!tl:l, t:1lt1ltf'F1J-t!J}~*l~s{J:r~1Effi~tl:l~. li!-t!1}~ffi~J.liiff:9tlZl'sJ 
Ef{J t~J!fl :1:1]~ **, im ECM *l~!J!Umff ff :9tl Er19ifl]J°J ~ $1 **. 

~~1~.IEffi~ Ef{J~~}J¥-:@~Or: 
1Ni.5l~FfffiPfnJlitrff:9tl {yt} --'==i~FfffirtuAff:91J {xt} Zl'sJJll.~-Jj}~**, ~p 

Yt = f3xt + Et (6.8) 

Et = Yt - f3xt ,.,,. I (0) 

tE:c\'.; (6.8) ~%pij:it1fPJB"iJ~"ft Yt- 1, !J!tj~ 

Yt - Yt- 1 = f3xt - Yt - l + Et (6.9) 

)!%- Yt- 1 = f3Xt-l + Et - 1 1-tA:ct (6.9) ~~ti:itl, 1i 
' 

Yt - Yt- 1 = f3xt - f3xt - 1 - Et - 1 + Et (6.10) 

{INJE (3 s"J:ft;J\= *1titffi1J P, !J!U E t - 1 = Yt - 1 - Pxt- l 1-t*s{)~__t-Ma"J~~' tfJiU 
fcf'F ECMt- 1, !J!IJ:c\'.; (6.10) PJl2).~;@,Gx;~Or%:ct: 

'vyt = (3v'Xt - ECMt- l + Et 

~ i~ iJJ1 u[nj £iiiff :9tl EfJ ~ M~ $1 (v' yt) 3::~~ ¥U-=. :noo mAA ~$1 Ef)~ o[nj: 

(1) rtuAff:9tlEfJ~M~$J v'Xti 

(2) ..t- AAEfJilR& ECMt- 1; 

(3) ~AA~~f}L~$) Et, 

(6.11) 



jg T JEii!J:t!!fJJ!~~:i! ~::nuo~njtj B"J*1J\ jtjt~jg T r!J!~~_tWJ~£ ECMt-1 M ~WJ 
tJ,tz;b v'yt B"J~nit], nJIV.;MJ}t ECM tllli!. tllli!~tiJ~lff: 

v'yt = fJov'1:t + fJ1ECJ\Jt-1 +£1 

~~-~~1'1~£•tt*B,*~~£•tt~~~M-z;JJB"J•tt~~-*-~£•tt 
ffi?J'lB9ttt~J]UJE (~ (6.11)), i:iit:Xliff!JE fJ1 < o, fIP~£1~ttfJL1!itl~- 1'-fit&~tJL#IfJ. 

IV. ,wtJ 6 - 4 Er-1 ill ffHsr ~ xt i~ £ f~ tt m ~ Er-1 fit & WHJL 1ff!J:i1Hr 1I W. fWHf-, ~ 

ECMt- 1 > O Bt, ~1ftr Yt-1 > '!Jxt-1, FIP_tN:J1{~Jt:±l ttftii.tJt:±l:*, :i!~f~L~, 
&ij!@B~, ~~f(fWJ3ttl:l~~ff;ffi &P v'y1 < o. ' 

&z, ECM1.-1 < 0, ~1ftr Yt-1 < '!Jxt-1, E!PJ.JtJ]Jt~Jttl:l tt11iitxtliiJ\ :i!~Pf~ 
}ff!,&ij!@J*, ~~fCFWJ>ttlrn~:~~:ba, &n Vyt > o. 

[ f§1J 6- 4 ~ (3) l M 191s- 2002 ~i:r~;&ttm~*!lA:f:5J~i&.AM~rr-~u 
{ln xt} til~mm-m>t:±lMM}U {ln yt} tiJ~ ECM ~ID!. 

> ECM<-y.fit$residual[l:24] 

> dify. fi t<-lm (diff(y) ""'O+diff (x) +ECM) 

> summary(dify.fit) 

Call: 

lm(formula=diff(y)"-'O+diff(x)+ECM) 

Residuals: 

Min lQ Median 3Q Max 

-0.049691 -0.025353 0.003606 0.024944 0.049214 

Coefficients: 

Estimate Std.Error t value Pr(> JtJ) 

diff(x) 0.95513 0.04472 21.36 3.37e-16*** 

ECM -0.17152 0.12796 -1.34 0.194 

Signif. codes: 0 '***' 0. 001 '**' O. 01 '*' O. 05 ' . ' O. 1 ' ' 1 

Residual standard error: 0.0301 on 22 degrees of freedom 

Multiple R-squared: 0.9551, Adjusted R-squared: 0.951 

F-statistic: 233.9 on 2 and 22 DF, p- value: 1.501e-15 

v'yt = 0.955 13v'x1 - 0.171 52ECMt-i 

JA@W3 *• a<J~)(ijffijc;J\ PI IV. ;g 11:l, i&.A a<J ~ M .z;Jj)(ij ~ mm ~5[ tl.1 ~ AAtElz;b a<J 

~n(ii]1~:*, &~1m 1 ~{i'ra<JM~i&A. ~~:ba o.955 13 .!f!.1ila<Jxt~~mrltm3ttl:l. l:.WJ 
~£ (ECM)xt~mr~mJt:±l ~WHEtz;JJB"Jifti]IOi~:;f::;I(, ~{iliJaJIHt,wtJjg 0.171 52, ml 
_§_*~ ,~19·'1:·l~J~M.~W:*~#:;f M.19~~~-



6.6 :sa D 

1. 1t1-{fDttHi~A9®:JJl!;;lik~-i.? -ftfflltifil*~~1Jf!'l:ffi~~f9tl 2- 1 ~ffftl 2- 5 

rp Ff:9U s<Jf ffi'l1:. Jt-~~~~*~ 00~~1Jft:1f :±I B"J~*urfi tt~iiff9i. 
2. ;!tltl!IK.i:1~ 38 ~~~Ff!:ff:91Hm* 6 1 !Yr~. 

* 6- 1 

24.5 33.7 27.9 27.5 21.7 31.9 36.8 29.9 

19.4 36.0 30.2 32.4 36.4 36.9 31.5 30.5 

36.9 26.8 30.5 33.3 29.7 35.0 29.9 35.2 

36.7 26.8 38.0 31.7 32.6 

:i! @{j:: W:.itt! 12(,ffl}j)L s{J ~ ffi ilff ~lj ~ll* 6- 2 Yf ~. 

* 6- 2 

9.6 12.9 9.9 8.7 6.8 12.5 13.0 10.1 

7.8 16.2 14.l 10.6 10.0 11.5 13.6 12.1 

11.0 6.9 9.5 16.5 9.3 9.4 8.7 9.5 

10.7 13.9 11.3 11.6 10.4 

(1) fffflltlfilfN~~, ,HJrJ~~i!w-i-t-JVit!B<J-f-~tt. 
( 2) .l2t-rl~ ~:1,HJHtil, ,HJIJ tf,1.-@-J! ~ -t-ff ~U Et9 ~~. 
( 3) fefUE i! w-i-t-ff 9U z faJ ;;lik ~ Jl.lf tr!}~** . 

30.2 

32.3 

38.3 

10.1 

12.0 

11.6 

32.0 34.0 

34.9 30.1 

35.2 35.5 

10.1 10.8 

9.3 7.7 

12.1 8.0 

(4) ~ll='=J!~-t-ff~UZfuJJl.lf tr11'~*¥, iJIH!:fL~ ~ s~f~t?iHtl-@-~~Fiiff~U 8"J 
21:rtk. 

3. tE- 5Ei&JJt H<Ji-!Hil lf1 (CC= 0.5), ~~l;t,lffi.!E, ( aramecium aurelia) ffl~fitil;t}ffi 

..11:t5i:1t~J~ (d.idin.ium nasutum) ZfaJB"Jigj~~it~f.t, .ffl3c~ffl~ll* 6- 3 Yr~. 

* 6- 3 

Ml'uJ 1N 1ffi rt #-f tffi1tt?f tt,jjB] ~1*1tt1'f 1ffi 1tt ;j!f At leJ tNtffitl"?r tffi1tt?r 
\ 

day ind/ml ind/ml day ind/ml ind/ml day ind/ml ind/ml 

0.00 15.65 5.76 4.00 56.70 18.77 8.00 65.59 26.00 

0.50 53.57 9.05 4.50 86.37 31.11 8.50 81.23 24.32 

1.00 73.34 17.26 5.00 121.00 58.31 9.00 143.90 21.00 

1.50 93.93 41.97 5.50 71.48 73.13 9.50 237.90 33.35 

2.00 115.40 55.97 6.00 55.78 63.21 10.00 276.60 64.67 

2.50 76.57 74.91 6.50 31.84 52.46 10.50 222.20 94.34 

3.00 32.83 62.52 7.00 26.87 40.07 11.00 137.20 103.40 

3.50 23.74 27.04 7.50 53.24 27.67 11.50 46.45 82.74 



· 22G · lftieJ1*9tJ~Hfi - ~T R 

fl,J-faJ ~tfttt# v¥-tt1'f MlaJ ~tittff tittff O·ti'aJ ~-w:tt~ ~tt;;!f 

day ind/ml ind/ml day ind/ml ind/ml day ind/ml ind/ml 

12.00 27.46 65.40 20.00 206.90 41.10 28.00 87.73 32.48 

12.50 41.46 51.35 20.50 309.90 52.62 28.50 136.40 24.21 

13.00 44.73 28.24 21.00 156.50 120.20 29.00 290.60 35.73 

13.50 88.42 23.27 21.50 63.30 112.80 29.50 345.80 55.50 

14..00 105.70 38.09 22.00 77.29 92.14 30.00 271.60 93.41 

14.50 155.20 14.97 22.50 45.11 65.72 30.50 156.10 117.30 

15.00 205.50 24.84 23.00 57.45 33.54 31.00 71.10 95.02 

15.50 312.70 49.56 23.50 69.80 21.14 31.50 43.86 85.92 

16.00 213.70 75.93 24.00 121.70 17.82 32.00 30.64 82.60 

16.50 163.40 104.00 24.50 185.20 26.04 32.50 35.56 66.08 

17.00 85.78 106.40 25.00 175.30 65.61 '33.00 52.03 63.58 

17.50 48.64 100.60 25.50 139.00 76.30 33.50 37.99 37.99 

18.00 44.49 84.08 26.00 77.11 96.07 34.00 62.71 25.60 

18.50 63.44 45.30 26.50 57.29 68.84 34.50 103.90 23.10 

19.00 71.66 35.37 27.00 54.79 54.79 35.00 187.20 37.09 

19.50 127.70 35.35 27.50 75.38 35.80 

(1) ~~~W;J#~~zfaJa<J~~*-*, ~~i'tffJZlaJH::BM#J-~*-*· 
(2) mrl~§a<JtJtID!:te{~~W;J~~~zraJa<J~~:Ir~**· Jf:ffiWJ~**-ffll~W;J 

# ~ 4M a<Jr:&JJt. 
4. ~00 1950- 2008 if::itrtl:\ D ,g,-Wifiii (it'-{1I: {ljc) ~O~ 6 4 Jifi~. 

~ 6-4 

~{,t t!:HJ ill: D ~{,t :±lD ill: D ~{,t ti.ID u:!: D 

1950 20.0 21.3 1963 50.0 35.7 1976 134.8 129.3 

1951 24.2 35.3 1964 55.4 42.1 1977 139.7 132.8 

1952 27.1 37.5 1965 63.1 55.3 1978 167.6 187.4 

1953 34.8 46.l 1966 66.0 61.1 1979 211.7 242.9 

1954 40.0 44.7 1967 58.8 53.4 1980 271.2 298.8 

1955 48.7 61.1 1968 57.6 50.9 1981 367.6 367.7 

1956 55.7 53.0 1969 59.8 47.2 1982 413.8 357.5 

1957 54.5 50.0 1970 56.8 56.1 1983 438.3 421.8 

1958 67.0 61.7 1971 68.5 52.4 1984 580.5 620.5 

1959 78.1 71.2 1972 82.9 64.0 1985 808.9 l 257.8 

1960 63.3 65.1 1973 116.9 103.6 1986 1 082.1 1 498.3 

1961 47.7 43.0 1974 139.4 152.8 1987 1 470.0 1 614.2 

1962 47.1 33.8 1975 143.0 147.4 1988 l 766.7 2 055.1 



{f:{5t Ill D urn {f:fil" ilir:::J :ill:D {f:{5t tl:ID 

1989 1 956.0 2 199.9 1996 12 576.4 11 557.4 2003 36 287.9 

1990 2 985.8 2 574.3 1997 15 160.7 11 806.5 2004 49 103.3 

1991 3 827.1 3 398.7 1998 15 223.6 11 626.1 2005 62 648.1 

1992 4 676.3 4 443.3 1999 16 159.8 13 736.5 2006 77 594.6 

1993 5 284.8 5 986.2 2000 20 634.4 18 638.8 2007 93 455.6 

1994 10 421.8 9 960.1 2001 22 024.4 20 159.2 2008 100 394.9 

1995 12 451.8 11 048.1 2002 26 947.9 24 430.3 

(1) 19!ffl~&:tlH@:~, j}§JIJ~~:itt r::J ,ffi_f!9f;¥11 /:I:\ r::J ,ffi,~ff}IJ S9f~tt. 
(2) j}~IJxt:itl: r::J ,tr/,~ff}IHil t1J i:::J ,tr),~ffjlj ti;J...g.ffl~. 
(3) ~~J!~'l'ff:YIJ~~~~~~**· 

illD 

34 195.6 

46 435.8 

54 273.7 

63 376.9 

73 284.6 

79 526.5 

(4) ~o*:i!~-tff}tl~1=1~~**, 1,UtJL.~~m~m..g.-tmzraJ~ffl***· 
(5) ~~~~~ffi~(.~~~1~iEffi!ill. 



~Al-1 

~fil ~fil ~{5t ~!it 1:J=:{5t ~fil 1ff5t f' _hl 

1884 15.2 1898 16.9 1912 14.2 1926 16 

1885 16.9 1899 16.4 1913 15.8 1927 16.4 

1886 15.3 1900 14.9 1914 15.7 1928 17.2 

1887 14.9 1901 14.5 1915 14.1 1929 17.8 

1888 15.7 1902 16.6 1916 14.8 1930 14.4 

1889 15.1 1903 15. l 1917 14.4 1931 15 

1890 16.7 1904 14.6 1918 15.G 1932 16 

1891 16.3 1905 16 1919 13.9 1933 16.8 

1892 16.5 1906 16.8 1920 14.7 1934 16.9 

1893 13.3 1907 16.8 1921 14.3 1935 16.6 

1894 16.5 1908 15.5 1922 14 1936 H.i.2 

1895 15 1909 17.3 1923 14.5 1937 14 

1896 15.9 1910 15.5 1924 15.4 1938 18.1 

1897 15.5 1911 15.5 1925 15.3 1939 17.5 

~f+*['ll: Time Series Data. Library (citing: Kendall & Ord (1990)) . 

~ Al-2 1500-1869 ~ Beveridge 1J,Jtfil~ffif&J:F9IJ (fifi:!1.f;) 

17 19 20 15 13 14 14 14 14 11 

16 19 23 18 17 20 20 18 14 16 

21 24 15 16 20 14 16 25.5 25.8 26 

29 20 18 16 22 22 16 19 17 17 

19 20 24 28 36 20 14 18 27 29 



i!f.t * · 229 · 

36 29 27 30 38 50 24 25 30 31 

37 41 36 ::l2 47 42 37 34 36 43 

55 64 79 59 47 48 49 45 53 55 

55 54 56 52 76 113 68 59 74 78 

69 78 73 88 98 109 106 87 77 77 

63 70 70 63 61 66 78 93 97 77 

83 81 82 78 75 80 87 n 65 74 

91 115 99 99 115 101 90 95 108 147 

112 108 99 96 102 105 114 103 98 103 

101 110 109 98 84 90 120 124 136 120 

135 100 70 60 72 70 71 94 95 110 

154 116 99 82 76 64 63 68 64 67 

71 72 89 114 102 85 88 97 94 88 

79 74 79 95 70 72 63 60 74 75 

91 126 161 109 108 110 130 166 143 103 

89 76 93 82 71 69 75 134 183 113 

108 121 139 109 90 88 88 93 106 89 

79 91 96 111 112 104 94 98 88 94 

81 77 84 92 96 102 95 98 125 162 

113 94 85 89 109 JlO 109 120 116 101 

113 109 105 94 102 141 135 118 115 111 

127 124 113 122 130 137 148 142 143 176 

184 164 146 147 124 119 135 125 116 132 

133 144 145 146 138 139 154 181 185 151 

139 157 155 191 248 185 168 176 243 289 

251 232 207 276 250 216 205 206 208 226 

302 261 207 209 280 381 266 197 177 170 

152 156 141 142 137 161 189 226 194 217 

199 151 144 138 145 156 184 216 204 186 

197 183 175 183 230 278 179 161 150 159 

180 223 294. :.300 297 232 179 180 215 258 

236 202 174 179 210 268 267 208 224 

1B'iJ!S!.*~: Time Series Data Library (citing: Newton (1988)) . 

~Al- 3 1770-1869 ~::kl!E~-=r~.rt~J/& 

1¥ ffi" ~ -=ff:{ 1¥{51 J\ll!,-j-~ 1¥{51 !X!.-=fi/& 1:µ{jt I!-=fl/& 
1820 16 1823 2 1826 36 1829 67 

1821 7 1824 8 1827 50 1830 71 

1822 4 1825 17 1828 62 1831 48 



1f:{~ ~r~ 1f:{~ ~r!/& '.tf{~ ~r~ '.tf{~ ~-=rtt 
1832 28 1842 24 1852 54 1862 59 

1833 8 1843 11 1853 39 1863 44 

1834 13 1844 15 1854 21 1864 47 

1835 57 1845 40 1855 7 1865 30 

1836 122 1846 62 1856 4 1866 16 

1837 138 1847 98 1857 
\ 

23 1867 7 

1838 103 1848 124 1858 55 1868 37 

1839 86 1849 96 1859 94 1869 74 

1840 63 1850 66 1860 96 

1841 37 1851 64 1861 77 

~f-J.-*m: G. E. P. Box, G. M. Jenkins, G. C. Reinscl, Time Series Analysis: Forecasting 

and Control (Third Edition). 

* Al- 4 

1f:{5t fd;r"'iil if::f~ fd;t=:ID: 
1964 97.0 1982 335.4 

1965 130.0 1983 327.0 

1966 156.5 1984 321.9 

1967 135.2 1985 353.5 

1968 137.7 1986 397.8 

1969 180.5 1987 436.8 

1970 205.2 1988 465.7 

1971 190.0 1989 476.7 

1972 188.6 1990 462.6 

1973 196.7 1991 460.8 

1974 180.3 1992 501.8 

1975 210.8 1993 501.5 

1976 196.0 L994 489.5 

1977 223.0 1995 542.3 

1978 238.2 1996 512.2 

1979 263.5 1997 559.8 

1980 292.6 1998 542.0 

1981 317.0 1999 567.0 



llt-t ~ · 231 · 

~Al- 5 1962 ~ 1 ~~ 1975 ~ 12 ~ljI.i'1:J4Jl~ffl!f.~Fffl•J¥:91J lf!lli.: ~ 

589 561 640 656 727 697 640 599 568 577 

553 582 600 566 653 673 742 716 660 617 

583 587 565 598 628 618 688 705 770 736 

678 639 604 611 594 634 658 622 709 722 

782 756 702 653 615 621 602 635 677 635 

736 755 811 798 735 697 661 667 645 688 

713 667 762 784 837 817 767 722 681 687 

660 698 717 696 775 796 858 826 783 740 

701 706 677 711 734 690 785 805 871 845 

801 764 725 723 690 734 750 707 807 824 

886 859 819 783 740 747 711 751 804 756 

860 878 942 913 869 834 790 800 763 800 

826 799 890 900 961 935 894 855 809 810 

766 805 821 773 883 898 957 924 881 837 

784 791 760 802 828 778 889 902 969 947 

908 867 815 812 773 813 834 782 892 903 

966 937 896 858 817 827 797 843 

WJ:;jSj.*11ill: Cryer (1986). 

~Al-6 1949-1998 ~:jl:Jjfrp4il~:fil~~i.ffi\J¥9ij If!.lli.: 1'11£/i' 

&¥11} tliMJr &¥f,t tliali' 
1949 38.8 1967 35.8 

1950 35.6 1968 40.1 

1951 38.3 1969 35.9 

1952 39.6 1970 35.3 

1953 37.0 1971 35.2 

1954 33.4 1972 39.5 

1955 39.6 1973 37.5 

1956 34.6 1974 35.8 

1957 36.2 1975 38.4 
I 

1958 37.6 1976 35.0 

1959 36.8 1977 34.1 

1960 38.1 1978 37.5 

1961 40.6 1979 35.9 

1962 37.1 1980 35.1 

1963 39.0 1981 38.1 

1964 37.5 1982 37.3 

1965 38.5 1983 37.2 

1966 37.5 1984 36.l 



~{,t ?Mt& ~fil ?KA!Ji 
1985 35.1 1992 37.5 

1986 38.5 1993 35.8 

1987 36.1 1994 37.2 

1988 38.1 1995 35.0 

1989 35.8 1996 36.0 

1990 37.5 1997 38.2 
I 

1991 35.7 1998 37.2 

*Al- 7 

~{,t ~AA~~ ~fJt );E Jtrjfijf 'j' 

1950 83.5 1975 83.8 

1951 63.1 1976 84.5 

1952 71.0 1977 84.8 

1953 76.3 1!)78 83.9 

1954 70.5 197!.l 83.9 

1955 80.5 1980 81.0 

1956 73.6 1981 82.2 

1957 75.2 1982 82.7 

1958 69.l 1983 82.3 

1959 71.4 19 4 80.9 

1960 73.6 1985 80.3 

1961 78.8 1986 81.3 

1962 84.4 1987 81.6 

1963 84.1 1988 83.4 

1964 83.3 1989 88.2 

1965 83.1 1990 89.6 

1966 81.6 1991 90.1 

1967 81.4 1992 88.2 

1968 84.0 1993 87.0 

1969 82.9 1994 87.0 

1970 83.5 1995 88.3 

1971 83.2 1996 87.8 

1972 82.2 1997 84.7 

1973 83.2 1998 80.2 

1974 83.5 



llt,f ~ · 233 · 

* Al-8 

~ff} *1r .I.ti !I lM ~{jt JmJ.t/lI~ ~{jt ~~!I~ 

1950 15.71 1970 26.39 1990 6.76 

1951 24.43 1971 31.09 1991 0.83 

1952 18.23 1972 19.78 1992 4.67 

1953 22.50 1973 2.56 1993 11.68 

1954 12.53 1974 12.95 1994 0.82 

1955 D.94 1D75 15.54 1995 8.54 

1956 7.19 1976 3.97 1996 24.51 

1957 41.13 1977 2.42 1997 28.91 

1958 79.03 1978 0.31 1998 44.94 

1959 119.32 1979 5.10 1999 11.16 

1960 12.10 1980 7.52 2000 11.08 

1961 89.71 1981 7.69 2001 15.75 

1962 52.26 1982 1.61 2002 0.31 

1963 20.01 1983 4.46 2003 20.99 

L964 19.92 1984 10.97 2004 6.50 

1965 42.81 1985 15.15 2005 10.45 

1966 18.78 1986 6.00 2006 - 3.51 

1967 0.75 1987 - 0.90 2007 23.42 

1968 1.08 1988 3.22 2008 17.99 

1969 5.09 1989 - 8.54 

tllfflHt, 2010, 1 -49 ~!:Ellll~rt1..~lUHli:, JO!Fn~qi. 

*Al- 9 ~:bul!llMjt~ 57 ~tt,J OVERSHORT 

78 58 53 - 63 13 - 6 16 14 

3 74 89 48 14 32 56 86 

66 50 26 59 47 83 2 - 1 

124 106 113 76 47 32 39 30 

6 73 18 2 24 23 38 91 

56 58 1 14 - 4 77 127 97 

10 28 17 23 - 2 48 131 65 

17 

~*'~*Wit: Brockwell and Davis. 

* Al- 10 1880-1985 ~ ~1*~*3¥ ±5Jjglft ~~ffiff 91J J¥! & : NHi;;JJr 
0.10 -0.37 0.43 0.47 - 0.72 -0.54 - 0.47 -0.54 0.39 -0.19 

0.40 - 0.44 - 0.44 0.49 0.38 - 0.41 -0.27 - 0.18 - 0.38 0.22 

0.03 - 0.09 -0.28 0.36 0.49 0.25 0.17 -0.45 0.32 0.33 

0.32 - 0.29 0.32 0.25 0.05 - 0.01 - 0.26 0.48 0.37 0.20 

0.15 0.08 0.14 - 0.13 - 0.12 - 0.10 0.13 -0.01 0.06 0.17 



-0.01 0.09 0.05 -0.16 0.05 -0.02 0.04 0.17 0.19 0.05 

0.15 0.13 0.09 0.04 0.11 - 0.03 0.03 0.15 0.04 -0.02 

- 0.13 0.02 0.07 0.20 --0.03 - 0.07 0.19 0.09 0.11 0.06 

0.01 0.08 0.02 0.02 0.27 -0.18 0.09 0.02 - 0.13 0.02 

0.03 - 0.12 --0.08 0.17 0.09 - 0.04 0.24 0.16 - 0.09 0.12 

0.27 0.42 0.02 0.30 0.09 0.05 

i>iiY=l: 112'-:l!iJtlffi.JtJ'J~.~-
~#*tJ!: James Hansen and Scrgej Lebedeff (1987). \ 

* Al- 11 ii~v.UJl 10 1--lt~&fiil~im 

47 64 23 71 38 64 55 41 59 48 71 35 57 40 

58 44 80 55 37 74 51 57 50 60 45 57 50 45 

25 59 50 71 56 74 50 58 45 54 36 54 48 55 

45 57 50 62 44 64 43 52 38 59 55 41 53 49 

34 35 54 45 68 38 50 60 39 59 40 57 54 23 

~#*tJ!: O'Donovan, Consec. Readings Batch Chemical Process, R. B. Miller et al. 

* Al-12 1949- 2008 $.!ltOO-ltDe!.1":RJ¥ 9°U ~ 'fil: )J Uil:\ 

~ff} 1t flEf":fi 1¥1% 1-tflEF:fil: ~1% 1-tMEF:fi!: 
1949 0.6 1969 174.9 1989 1 802.5 

1950 1.5 1970 243.5 1990 1 879.7 

1951 2.8 1971 299.4 1991 1 979.5 

1952 3.9 1972 370.1 1992 2 047.9 

1953 5 1973 459.2 1993 1 956.3 

1954 6.7 1974 422.2 1994 2 272.8 

1955 7.9 1975 524.7 1995 2 548.1 

1956 11.1 1976 524.4 1996 2 809 

1957 15.1 1977 723.8 1997 2 821 

1958 19.4 1978 869.3 1998 3 010 

1959 26.6 1979 1 065.4 1999 3 251 

1960 40.5 1980 1 232.1 2000 3 186 

1961 29.7 1981 1 239 2001 3 383 

1962 46.4 1982 1 278.l 2002 3 791 

1963 64.8 1983 1 378.9 2003 3 881.31 

1964 100.8 1984 1 460.2 2004 4 804.8 

1965 172.6 1985 1 322.2 2005 5 177.9 

1966 240.9 1986 1 395.7 2006 5 345.1 

1967 164.1 1987 1 672.2 2007 5 825 

1968 110.9 1988 1 740.2 2008 6 012.7 

~f-.J.*tW-: OO*mitmiF:fil~f'.?Jtf~~mitiiJ~:O'fri:rOO 60 ~mi-1-~#Y[~ ), 1- 37 ~F:fil.:E~ 

I~Ffilif"ir. 



IJM ~ · 235 · 

* Al-13 

~ 1995 1996 1997 1998 1999 2000 

1 - 0.7 2.2 3.8 3.9 - 1.6 - 6.4 

2 2.1 0.4 1.3 2.4 2.2 - 1.5 

3 7.7 6.2 8.7 7.6 4.8 8.1 

4 14.7 14.3 14.5 15.0 14.4 14.6 

5 19.8 21.6 20.0 19.9 19.5 20.4 

6 24.3 25.4 24.6 23.6 25.4 26.7 

7 25.9 25.5 28.2 26.5 28.1 29.6 

8 25.4 23.9 26.6 25.1 25.6 25.7 

9 19.0 20.7 18.6 22.2 20.9 21.8 

10 14.5 12.8 14.0 14.8 13.0 12.6 

11 7.7 4.2 5.4 4.0 5.9 3.0 

12 -0.4 0.9 - 1.5 0.1 - 0.6 -0.6 

* Al- 14 

JH,t 1993 1:j:: 19941:j:: 1995 1:j:: 1996 1:j:: 19971:j:: 19981:j:: 19991:j:: 20001:j:: 

1 YJ 977.5 1 192.2 1 602.2 1 909.1 2 288.5 2 549.5 2 662.1 2 774.7 

2 YJ 892.5 1 162.7 1 491.5 l 911.2 2 213.5 2 306.4 2 538.4 2 805.0 

3 J=j 942.3 1 167.5 1 533.3 1 860.1 2 130.9 2 279.7 2 403.1 2 627.0 

4 fl 941.3 1 170.4 1 ,548.7 l 854.8 2 100.5 2 252.7 2 356.8 2 572.0 

5 J=j 962.2 1 213.7. 1 585.4 1 898.3 2 108.2 2 265.2 2 364.0 2 637.0 

6 J=j 1 005.7 1 281. l 1 639.7 1 966.0 2 164.7 2 326.0 2 428.8 2 645.0 

7 J=j 963.8 1 251.5 1 623.6 1 888.7 2 102.5 2 286.1 2 380.3 2 597.0 

8 Yl 959.8 1 286.0 1 637.1 1 916.4 2 104.4 2 314.6 2 410.9 2 636.0 

9 J=j l 023.3 1 396.2 1 756.0 2 083.5 2 239.6 2 443.1 2 604.3 2 854.0 
I 

10 J-] l 051.1 1 444.l 1 818.0 2 148.3 2 348.0 2 536.0 2 743.9 3 029.0 

11 fl 1 102.0 1 553.8 l 935.2 2 290.l 2 454.9 2 652.2 2 781 .5 3 108.0 

12 J=j 1 415.5 1 932.2 2 389.5 2 848.6 2 881.7 3 131.4 3 405.7 3 680.0 



~ Al-15 

1f{)t $WHffl :ff ii1: ~{)! $i,ti 1/1Fff iii: 
1950 5.43 1975 91.71 

1951 6.19 1976 106.70 

1952 6.63 1977 119.93 

1953 7.18 1978 135.84 

1954 8.95 1979 155.49 

1955 10.14 1980 178.29 
I 

1956 11.74 1981 199.14 

1957 12.60 1982 215.75 

1958 17.26 1983 232.63 

1959 21.07 1984 260.41 

1960 22.38 1985 321.12 

1961 24.00 1986 361.95 

1962 24.80 1987 408.07 

1963 26.13 1988 464.38 

1964 27.61 1989 511.32 

1965 29.95 1990 551.36 

1966 33.92 1991 606.11 

1967 33.21 1992 691.74 

1968 34.80 1993 817.58 

1969 37.16 1994 941.95 

1970 42.41 1995 1 040.00 

1971 49.44 1996 1100.08 

1972 57.74 1997 1 219.09 

1973 67.27 1998 1 319.30 

1974 78.57 1999 1 452.94 

Wf;f.;l.*Wit: ::!t]niHfEH J.euif'.lt ~, ,1> « Jt;;:(li +1¥ ». 

~ Al- 16 2001 ~ 1 J:J~ 2014 ~ 11 J:Jq:iOOJ:JJllfiDt,l (fi~ifr) .!fJ.{iz.: -f-~5c 

21 986 149 16 926 471 19 198 624 23 139 003 22 792 181 20 813 507 

22 081 032 22 887 692 23 540 123 23 989 367 22 790 526 24 000 007 

24 502 579 21 703 291 19 137 164 23 817 766 26 723 688 24 644 182 

26 012 762 29 209 981 29 437 423 31 910 755 29 946 376 31 209 190 

31 889 489 29 775 788 24 455 585 32 091 277 35 617 074 33 842 228 

34 475 859 38 109 608 37 415 036 41 940 698 40 925 906 41 761 968 

48 061 529 35 712 196 34 157 738 45 847 915 47 124 115 44 867 889 

50 496 344 51 003 919 51 400 194 55 803 041 52 523 879 60 925 461 

63 784 483 50 755 189 44 273 164 60 869 119 62 151 250 58 426 919 

65 959 601 65 584 266 68 399 603 70 185 509 68 092 010 72 217 762 



l!f1 ~ · 237 · 

75 412 367 64 988 815 54 108 294 78 045 837 76 948 177 73 113 881 

81 311 219 80 337 153 90 766 001 91 629 488 88 127 371 95 854 497 

94 094 055 86 619 731 82 095 593 83 424 155 97 449 955 94 065 041 

103 268 286 107 744 104 111 354 781 112 373 049 107 723 989 117 620 807 

114 415 986 109 640 030 87 367 796 108 962 891 118 771 084 120 496 491 

121 179 554 136 675 046 134 872 675 136 432 088 128 327 028 114 987 285 

111 157 222 90 453 600 64 894 649 90 290 547 91 934 722 88 757 886 

95 411 208 105 420 2-10 103 707 009 115 937 994 llO 762 383 113 653 429 

130 723 881 109 475 299 94 522 714 112 111 793 119 920 666 131 760 663 

13 739 5578 145 519 322 139 302 230 144 985 285 135 978 419 153 325 762 

154 148 895 150 734 151 96 736 127 152 199 071 155 684 084 157 157 191 

161 980 774 175 128 036 173 315 697 169 673 012 157 490 772 174 464 123 

174 717 651 149 939 113 114 470 693 165 658 100 163 251 712 181 140 762 

180 204 470 176 940 032 177 973 297 186 349 509 175 571 102 179 380 767 

199 229 682 187 365 572 139 367 235 182 189 999 187 061 474 182 766 116 

174 315 796 185 991 317 190 608 317 185 643 576 185 405 576 202 204 803 

207 742 423 207 132 123 114 093 694 170 107 988 188 540 548 195 472 920 

186 788 537 212 891 063 208 465 863 213 687 462 206 866 715 

* Al- 17 1952- 1988 ~~00:&~~l!tiOO~i&)\ffiliFH'IJ 

( t:J. 1952 ~;&.'lJ,_!Ji! 1£l&AJMim1.1£~ 100) 

~{jt ;&.'lJ,_ ~ffi ;&_l]t 

1952 100.0 1971 142.0 

1953 101.6 1972 140.5 

1954 103.3 1973 153.1 

1955 111.5 1974 159.2 

1956 116.5 1975 162.3 

1957 120.1 1976 159.1 

1958 120.3 1977 155.1 

1959 100.6 1978 161.2 

1960 83.6 1979 171.5 

1961 84..7 1980 168.4 

1962 88.7 1981 180.4 

1963 98.9 1982 201.6 

1964 111.9 1983 218.7 

1965 122.9 1984 247.0 

1966 131.9 1985 253.7 

1967 134.2 1986 261.4 

1968 131.6 1987 273.2 

1969 132.2 1988 279.4 

1970 139.8 

~;jsl.*~= http://www.cs.fcw.eur.nl/few/people/franscs. 
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~ Al-18 

~fil &7fA~ff$ 1ff7t iii TJ A~ ff$. 

1917 183.l 1947 212.0 

1918 183.9 1948 200.4 

1919 163.1 1949 201.8 

1920 179.5 1950 200.7 

1921 181.4 1951 215.6 
·, 

1922 173.4 1952 222.5 

1923 167.6 1953 231.5 

1924 177.4 1954 237.9 

1925 171.7 1955 244.0 

1926 170.1 1956 259.4 

1927 163.7 1957 268.8 

1928 151.9 1958 264.3 

1929 145.4 1959 264.5 

1930 145.0 1960 268.l 

1931 138.9 1961 264.0 

1932 131.5 1962 252.8 

1933 125.7 1963 240.0 

1934 129.5 1964 229.1 

1935 129.6 1965 204.8 

1936 129.5 1966 193.3 

1937 132.2 1967 179.0 

1938 134.1 1968 178.1 

1939 132.1 1969 181.1 

1940 137.4 1970 165.6 

1941 148.1 1971 159.8 

1942 174.1 1972 136.1 

1943 174.7 1973 126.3 

1944 156.7 1974 123.3 

1945 143.3 1975 118.5 

1946 189.7 

~*4*~: Hipel and Mcleod (1994). 
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*- Al- 19 1962- 1991 ~ffi~I.A.*Jft~.'ll!$/¥91J (fi~~ (%)) 

1.1 0.5 0.4 0.7 LG 0.6 0.5 0.7 

1.3 0.6 0.5 0.7 1.2 0.5 0.4 0.6 

0.9 0.5 0.5 l.l 2.9 2.1 1.7 2.0 

2.7 1.3 0.9 1.0 1.6 0.6 0.5 0.7 

1.1 0.5 0.5 0.6 1.2 0.7 0.7 1.0 

1.5 1.0 0.9 1.1 1.5 1.0 1.0 1.6 

2.6 2.1 2.3 3.6 5.0 4.5 4.5 4.9 

5.7 4.3 4.0 4.4 5.2 4.3 4.2 4.5 

5.2 4.] 3.9 4.1 4.8 3.5 3.4 3.5 

4.2 3.4 3.6 4.3 5.5 4.8 5.4 6.5 

8.0 7.0 7.4 8.5 10.1 8.9 8.8 9.0 

10.0 8.7 8.8 8.9 10.4 8.9 8.9 9.0 

10.2 8.6 8.4 8.4 9.9 8.5 8.6 8.7 

9.8 8.6 8.4 8.2 8.8 7.6 7.5 7.6 

8.] 7.1 6.9 6.6 6.8 6.0 6.2 6.2 

~~*Wit: P.H. Franses, T·ime Series Models for Business and Economic Forecasting. Cam-

bridge University, 1998. 

*- Al- 20 1948-1981 ~~~31."tt (20 ~ tLt) }=J Ll~.'ll!$/¥9IJ 

446 650 592 561 491 592 604 635 580 510 

553 554 628 708 629 724 820 865 1 007 1 025 

955 889 965 878 1 103 1 092 978 823 827 928 

838 720 756 658 838 684 779 754 794 681 

658 644 622 588 720 670 746 616 646 678 

552 560 57~ 514 541 576 522 530 564 442 

520 484 538 454 404 424 432 458 556 506 

633 708 1 013 1 031 1 101 1 061 1 048 1 005 987 l 006 

1 075 854 1 008 777 982 894 795 799 781 776 

7Gl 839 842 811 843 753 848 756 848 828 

857 838 986 847 
'· 

801 739 865 767 941 846 

768 709 798 831 833 798 806 771 951 799 

1 156 l 332 1 276 1 373 l 325 1 326 1 314 1 343 1 225 1 133 

l 075 1 023 l 266 1 237 l 180 l 046 1 010 1 010 1 046 985 

971 1 037 1 026 947 1 097 1 018 l 054 978 955 1 067 

1 132 1 092 1 019 1 110 l 262 l 174 l 391 1 533 1 479 1 411 

1 370 1 486 1 451 1 309 1 316 1 319 1 233 1 113 1 363 1 245 

1 205 1 084 1 048 1 131 1 138 1 271 1 244 1 139 1 205 1 030 

1 300 1 319 1 198 1 147 1 140 1 216 1 200 1 271 1 254 1 203 

1 272 1 073 1 375 1 400 1 322 1 214 1 096 1 198 1 132 1 193 



1 163 1 120 1 164 966 l 154 l 306 l 123 I 033 940 1 151 

1 013 1105 1 011 963 1 040 838 1 012 963 888 840 

880 939 868 I 001 956 966 896 843 1 180 1103 

1 044 972 897 1103 1 056 1 055 1 287 1 231 l 076 929 

1105 l 127 988 903 845 1 020 994 l 036 1 050 977 

956 818 1 031 1 061 964 967 867 1 058 987 1 119 

1 202 1 097 994 840 1 086 1 238 1 264 1 171 1 206 1 303 

1 393 1 163 I 601 1 495 l 561 1104 1 705 l 739 1 667 l 599 

l 516 l 625 I 629 1 809 l 831 1 665 I 659 1 157 1 707 1 607 

1 616 l 522 I 585 1 657 1 717 l 789 1 814 l 698 1 481 l 330 

1 646 1 596 1 496 l 386 1 302 1 524 1 547 1 632 1 668 l 421 

l 475 J 396 l 706 l 715 1 586 I 477 l 500 1 648 1 745 l 856 

2 067 1 856 2 104 2 061 2 809 2 783 2 718 2 .642 2 628 2 714 

2 699 2 776 2 795 2 673 2 558 2 :394 2 784 2 751 2 521 2 372 

2 202 2 469 2 686 2 815 2 831 2 661 2 590 2 383 2 670 2 771 

2 628 2 381 2 224 2 556 2 512 2 690 2 726 2 493 2 544 2 232 

2 494 2 315 2 217 2 100 2 116 2 319 2 491 2 432 2 470 2 191 

2 241 2 117 2 370 2 392 2 255 2 077 2 047 2 255 2 233 2 539 

2 394 2 341 2 231 2 171 2 487 2 449 2 300 2 387 2 474 2 667 

2 791 2 904 2 737 2 849 2 723 2 613 2 950 2 825 2 717 2 593 

2 703 2 836 2 938 2 975 3 064 3 092 3 063 2 991 

~*4*1W-: Andrews & Herzberg (1985). 

~ Al-21 1963 ~ 4 ~~ 1911 ~ 1 J=Htoomwioo~~1¥-J~Lli&~*.1¥,tl 

0.002 38 0.002 38 0.002 36 0.002 5 0.002 54 0.002 6 0.002 85 0.002 81 

0.002 41 0.002 88 0.002 87 0.002 92 0.002 94 0.002 73 0.002 71 0.002 82 

0.002 67 0.002 73 0.002 93 0.002 85 0.002 96 0.002 81 0.003 26 0.003 21 

0.003 15 0.003 19 0.003 13 0.003 13 0.003 19 0.003 13 0.003 30 0.003 19 

0.003 15 0.003 55 0.003 70 0.003 71 0.003 64 0.003 81 0.003 72 0.003 68 

0.003 74 0.003 89 0.004 15 0.003 89 0.003 4:3 0.003 77 0.003 68 0.003 64 

0.003 38 0.002 83 0.002 71 0.003 00 0.003 09 0.003 17 0.003 43 0.003 47 

0.003 55 0.003 60 0.003 98 0.003 85 0.003 89 0.004 44 0.004 53 0.004 44 

0.004 32 0.004 06 0.004 32 0.004 61 0.003 98 0.005 00 0.004 87 0.004 70 

0.004 32 0.005 08 0.004 78 0.005 08 0.005 93 0.005 50 0.005 93 0.005 42 

0.005 40 0.005 40 0.006 31 0.005 34 0.005 46 0.005 42 0.005 46 0.004 95 

0.005 00 0.005 08 0.004 83 0.004 44 0.003 77 0.003 55 0.003 38 0.002 64 

0.002 83 0.003 05 0.003 38 0.004 06 

~f-l-*Y1.iit: Hipel and Mcleod (1994). 
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~ Al- 22 1926-1991 ~*1F$~~ 500 /l2~ffi'ffijJO*Jl.J=.1Jlt®'.M.$J¥91J (fifx*) 

0.022 5 - 0.044 -0.059 1 0.022 7 0.007 7 0.043 2 0.045 5 0.017 1 0.022 9 0.031 3 

0.022 3 0.016 G 0.020 8 0.047 7 0.006 5 0.017 2 0.052 2 0.009 4 0.065 0.044 5 

0.043 2 - 0.053 1 0.067 8 0.019 0.005 l - 0.017 6 0.108 3 0.032 4 0.012 7 0.040 5 

0.012 5 0.074 l 0.024 0.014 5 0.119 9 0.002 9 0.057 l - 0.005 8 0.002 3 0.016 1 

- 0.042 8 0.112 4 0.045 6 0.098 0.048 9 0.199 3 0.133 7 0.025 3 0.062 5 0.021 5 

0.079 9 - 0.009 5 -0.016 5 0.164 G 0.036 7 0.007 5 -0.130 1 0.088 8 -0.021 8 0.074 2 

0.048 9 0.114 4 0.069 2 - 0.095 9 0.137 2 0.139 -0.074 2 0.009 5 0.299 4 0.084 4 

0.097 8 0.145 3 0.028 3 0.050 7 0.118 2 0.202 5 0.233 3 0.008 9 0.377 0.375 4 

- 0.036 9 0.138 6 0.058 D 0.051 9 0.007 3 0.184 4 0.033 6 0.422 2 0.158 7 0.131 7 

- 0.088 0.114 6 -0.113 6 0.088 5 0.102 7 0.022 3 0.105 9 - 0.036 7 -0.000 D 0.027 

- 0.081 3 0.020 8 0.115 2 0.054 1 0.005 5 0.031 9 0.082 9 0.004 2 0.042 I 0.039 6 

-0.030 9 0.095 6 0.032 3 0.067 8 0.083 1 0.021 7 0.023 9 0.075 l 0.039 3 0.037 1 

0.065 5 0.016 8 0.025 4 0.077 1 0.045 8 0.030 6 0.068 1 0.008 8 0.001 3 0.075 

0.004 1 0.005 8 0.037 8 0.014 6 0.009 4 - 0.083 l - 0.010 3 - 0.052 9 0.102 6 0.055 4 

- 0.142 1 - 0.101 7 0.101 l 0.050 4 0.013 3 0.060 8 -0.250 4 0.141 2 0.044 3 0.247 

0.072 7 - 0.027 4 0.014 9 0.076 0.033 4 0.037 7 0.068 9 0.032 5 0.135 4 0.005 5 

0.062 3 -0.063 8 0.108 7 0.071 4 0.164 6 - 0.014 6 - 0.049 1 0.023 8 0.035 2 0.006 6 

0.009 9 - 0.004 9 0.239 5 0.076 6 0.031 1 0.026 2 0.009 5 0.039 4 0.042 4 -0.002 8 

- 0.048 2 0.014 9 0.004 0.065 3 0.004 3 0.053 5 0.054 8 0.008 7 0.009 7 0.068 6 

- 0.042 1 - 0.045 1 0.013 8 0.025 0.067 5 - 0.043 7 0.064 0.018 4 0.031 3 0.007 

0.026 7 0.064 4 0.013 8 0.051 7 0.071 6 0.050 6 0.052 7 0.000 9 0.044 9 0.019 8 

0.054 3 0.010 3 0.023 7 0.013 2 0.075 5 0.059 0.015 4 0.002 5 0.016 9 0.012 5 

0.040 4 0.051 0.020 8 0.008 7 0.003 1 0 0.003 9 0.035 l 0.014 3 0.061 6 

- 0.046 2 0.088 0.011 5 0.003 3 0.020 1 0.058 0.041 9 0.030 3 0.032 4 0.009 9 

0.069 7 0.069 5 0.046 3 0.037 6 0.022 4 - 0.039 1 0.025 5 0.072 9 0.101 5 0.008 

0.011 5 0.042 9 0.023. 5 0.014 7 0.016 9 0.038 9 - 0.008 9 0.052 6 0.036 2 0.027 9 

0.013 7 0.021 2 0.028 5 0.020 7 0.039 9 -0.047 0.077 l 0.026 5 0.078 2 0.003 

0.053 2 0.007 6 - 0.030 l 0.067 8 0.108 2 0.030 5 0.001 3 0.039 4 0.030 1 0.021 2 

0.037 3 0.002 l 0.062 1 0.012 0.023 7 0.029 5 0.001 2 0.043 6 0.017 3 O.Ql 

0.004 1 0.045 l 0.039 3 0.058 0.008 5 0.032 5 0.055 9 0.004 1 0.001 0.046 1 

0.06] 2 0.006 5 0.018 3 O.f48 l 0.040 6 - 0.026 0.068 7 0.039 3 0.000 9 0.013 8 

- 0.002 6 0.038 9 0.015 6 0.036 5 0.047 7 0.043 I 0.023 2 0.046 l 0.017 6 0.014 6 

0.019 6 0.000 8 0.046 5 0.035 5 0.007 2 0.018 2 0.023 6 0.026 5 0.003 2 0.016 3 

0.025 3 - 0.057 8 0.001 3 0.051 0.009 0.002 0.051 2 0.002 7 0.030 2 0.049 

0.032 9 0.000 7 0.057 2 - 0.034 0.083 1 - 0.019 5 0.080 8 0.050 8 0.018 l 0.003 5 

0.004 9 0.037 7 - 0.001 3 0.082 3 0.060 7 - 0.007 8 0.011 3 0.030 5 0.074 9 0.000 7 

-0.036 5 0.034 7 0.069 3 0.002 1 0.065 7 0.039 2 0.051 5 0.038 1 0.045 5 0.005 1 

-0.011 0.035 3 0.041 8 0.032 6 0.019 6 0.037 0.036 9 - 0.001 3 0.011 4 0.056 1 

- 0.061 9 0.032 L 0.016 l 0.041 5 0.042 8 - 0.020 6 0.030 9 D.031 8 0.015 0.026 1 

0.043 l O.Qll 9 0.048 4 0.025 4 0.022 4 0.052 0.003 8 0.000 2 0.000 5 0.038 8 



0.018 9 0.003 6 0.034 9 0.015 0.045 6 0.011 3 0.013 2 0.027 6 0.071 5 0.009 2 

0.013 9 0.017 5 0.026 9 0.019 5 0.024 8 0.026 1 0.060 4 0.002 4 0.040 3 0.046 3 

0.063 2 0.026 9 0.025 5 0.003 8 0.019 l 0.028 8 0.032 8 0.019 6 0.019 7 0.028 3 

0.039 3 0.003 2 - 0.037 9 0.016 3 0.005 9 0.062 0.086 0.081 8 0.063 6 0.015 3 

0.048 2 0.004 4 0.101 6 0.013 5 0.049 1 0.028 9 0.035 5 0.048 5 0.014 3 0.020 2 

0.003 5 0.048 7 - 0.Ql 1 0.032 2 0.010 5 0.024 4 0.026 9 0.009 9 0.015 2 0.006 l 

0.011 5 0.016 4 0.018 2 0.016 2 0.028 7 0.008 1 0.005 2 0.00:3 9 0.033 2 0.001 5 

0.014 5 0.034 2 0.007 7 0.048 6 0.013 4 0.022 5 0.0:~2 0.027 3 0.008 8 0.009 

0.004 9 0.017 9 0.021 8 0.020 5 0.054 1 0.016 1 0.013 5 0.077 8 0.007 0.047 5 

0.003 1 0.001 5 0.078 2 0.002 0.039 4 0.042 2 0.052 4 0.017 5 0.045 3 0.011 7 

0.032 8 0.029 1 0.001 1 0.026 3 0.043 8 0.031 2 0.009 1 0.081 9 0.011 2 0.009 1 

0.018 5 O.Oll 5 0.038 5 0.007 2 0.048 0.041 6 0.008 2 0.047 4 0.034 4 0.021 5 

- 0.002 2 0.055 6 - 0.060 2 0.040 1 0.025 0.044 2 0.035 3 0.018 7 0.076 5 0.052 7 

0.001 5 0.090 5 0.061 0.05 0.073 3 0.044 5 0.033 0.011 4 0.047 4 0.056 8 

0.040 5 0.009 1 0.036 8 0.036 3 0.041 6 0.000 7 0.041 3 0.036 1 0.007 0.041 8 

· 0.002 5 0.086 2 0.018 1 0.025 3 0.005 9 0.004 4 0.017 3 0.021 8 0.002 3 0.034 5 

0.004 9 0.009 3 0.045 6 0.011 8 0.017 1 0.037 5 0.001 4 0.040 8 0.018 9 0.006 6 

0.038 0.036 7 0.040 l 0.001 3 0.113 9 0.016 6 0.01 0.003 6 -0.023 3 -0.039 l 

0.033 6 0.014 7 - 0.077 8 0.090 3 0.119 3 0.163 0.053 2 0.020 2 0.122 8 0.059 9 

0.021 7 0.047 3 0.044 1 0.044 3 0.067 7 0.021 l 0.034 6 0.061 6 0.024 7 -0.011 5 

0.032 8 0.029 I 0.001 1 0.026 3 0.043 8 - 0.031 2 0.009 4 0.081 9 O.Qll 2 0.009 l 

0.118 3 0.011 4 0.030 7 0.011 0.014 4 0.040 9 0.008 1 0.005 1 0.022 6 0.022 2 

0.007 8 0.052 5 - 0.050 5 0.021 7 - 0.014 0.000 2 0.023 6 0.045 4 0.016 2 -0.021 

0.002 5 0.043 4 0.027 0.002 8 0.061 5 0.024 8 0.024 9 0.085 4 0.004 2 0.017 6 

0.053 9 0.025 9 0.007 3 0.091 6 0.016 6 0.014 9 0.039 7 -0.036 5 0.055 2 0.001 7 

0.026 3 0.038 7 0.008 7 0.053 1 0 0.068 6 0.042 6 0.0H.i 8 0.057 6 0.004 4 

0.101 8 0.041 l 0.046 6 0.027 0.065 0.005 8 0.025 2 0.016 0.102 4 0.033 9 

0.045 7 0.013 3 0.036 0.023 5 0.001 7 0.010 4 0.002 2 0.062 l 0.053 8 0.049 1 

0.036 6 0.030 1 0.017 5 0.060 5 - 0.010 2 0.04 0.039 2 0.020 3 0.023 0.116 

0.007 6 0.110 4 0.036 l 0.015 2 0.033 1 0.019 0.033 l 0.074 9 0.012 3 0.035 2 

0.033 0.0ll 3 0.010 2 0.015 2 O.Ql 7 4 0.008 8 0.009 2 0.038 9 0.013 5 0.005 5 

0.059 4 0.017 5 - 0.016 5 0.106 3 0.003 5 0.000 1 0.015 1 0.022 4 0.074 l 0.008 7 

0.002 9 0.004 6 0.054 1 0.012 1 0.004 8 0.012 0.034 7 0.042 5 0.065 1 0.045 1 

0.002 4 0.071 5 0.052 8 0.014 l 0.050 2 0.014 I 0.058 7 0.071 2 0.085 4 0.054 7 

0.021 5 0.028 3 0.131 8 0.036 9 0.026 4 0.011 5 0.006 0.047 9 0.048 2 0.035 

· 0.024 2 0.217 6 0.085 3 0.072 9 0.040 4 0.041 8 0.033 3 0.009 4 0.003 2 0.043 3 

0.005 4 0.038 6 0.039 7 0.026 0.018 9 0.014 7 0.071 1 0.028 9 0.020 8 0.050 1 

0.035 1 0.007 9 0.088 4 O.Q15 5 0.006 5 0.025 2 0.016 5 0.021 4 0.068 8 0.008 5 

0.024 3 0.026 9 0.092 0.008 9 0.005 2 0.094 3 0.051 2 0.006 7 0.059 9 0.024 8 

0.041 5 0.067 3 0.022 2 0.000 3 0.038 6 0.047 9 0.044 9 0.019 6 0.019 1 0.011 9 

~f-1-*imt: Time Series Data Library (citing: Pena, Tiao and Tsay (2001)). 
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~ Al-23 1979 ~ 12 Fl 31 El~ 1991 ~ 12 Fl 31 El9~ipj;f~j'c~ El ~~-*/¥91J (§1Jfi,W,) 

1.726 2.23 2.603 2.9 1.89 1.928 5 1.697 5 1.599 2 1.413 4 1.644 

l.713 5 2.231 5 2.584 2 2.882 1.894 2 1.89 1.713 1.605 1.385 5 1.648 3 

1.710 8 2.216 2.585 2.892 1.897 5 1.890 5 1.720 8 1.605 5 1.397 2 1.651 7 

1.712 6 2.213 8 2.588 8 2.906 5 1.892 5 1.884 1.739 7 1.583 1.385 5 1.674 8 

1.708 2.224 2.582 8 2.901 1.886 8 1.858 1.746 1.567 5 1.401 4 1.656 3 

1.712 9 2.218 2.61 2.847 5 1.876 1.880 5 1.739 1.58 1.416 5 1.673 1 

1.712 2 2.232 2.604 2 2.732 1.877 1.876 1.749 1.584 8 1.406 3 1.685 8 

l.716 8 2.226 5 2.617 5 2.716 1.844 5 1.882 1.753 1.582 1.407 3 1.686 9 

1.721 4 2.241 2.619 2.68 1.841 1.903 5 1.77 1.587 6 1.418 5 1.685 9 

1.719 l 2.249 2.620 5 2.661 5 1.827 7 1.907 1.770 5 1.583 5 1.405 7 1.688 5 

1.728 2.241 2.631 5 2.678 1.818 1.892 1.773 1.571 5 1.391 5 1.696 7 

1.721 5 2.254 2.654 5 2.679 1.816 5 1.902 1.792 1.58 1.384 1.686 3 

1.723 6 2.261 2.645 2 2.652 5 1.823 1.901 1.797 5 1.578 5 1.411 5 1.688 6 

1.723 5 2.283 2.658 5 2.649 1.825 5 1.906 1.789 5 1.583 5 1.378 5 1.673 

1.729 4 2.268 2.670 8 2.62 1.813 5 1.909 2 1.798 1.604 1.374 1.677 2 

l.733 8 2.277 5 2.679 5 2.634 5 1.81 l.895 8 l.814 2 1.608 5 1.384 1 1.687 3 

1.729 7 2.276 5 2.667 5 2.650 5 1.810 8 1.874 5 1.79 1.612 1.380 5 1.688 5 

1.731 8 2.292 2.658 2.647 1.813 1.869 1.797 7 1.614 5 1.376 1.687 2 

1.736 5 2.284 2.676 3 2.648 1.803 1.887 5 1.798 5 1.601 5 1.384 1.696 7 

1.738 8 2.272 5 2.677 5 2.656 5 L.793 5 1.865 8 1.784 5 1.617 5 1.409 5 1.713 4 

1.736 8 2.275 2.686 5 2.658 1.796 1.865 1 1.799 1.624 5 1.402 1. 712 8 

1.737 3 2.268 2.697 5 2.662 5 1.792 7 1.851 5 1.785 3 1.623 7 1.404 3 1.7172 

1.743 8 2.269 5 2.704 5 2.685 1.797 l.866 3 1.795 5 1.613 1.389 8 1.719 

1.744 2.271 5 2.701 2.648 5 1.806 5 1.897 1.813 8 1.627 1.391 3 1.703 1 

1.741 8 2.251 2.688 5 2.637 5 1.799 8 1.905 5 l.821 5 1.636 5 1.369 5 1.703 6 

1.742 5 2.238 2.702 5 2.638 1.817 5 1.890 5 l.835 1.629 1.365 1.702 

1.733 2.241 3 2.712 2.644 5 1.816 1.900 5 1.830 5 1.632 4 1.356 5 1.705 5 

1.738 5 2.261 5 2.712 2 2.638 1.816 1.891 7 1.826 5 1.613 1.381 1.696 2 

1.739 3 2.246 2.715 2 2.650 5 1.817 1.939 1.811 1.588 1.375 1.690 3 

1.739 2.261 3 2.699 2.653 5 1.806 1.939 1.817 5 1.592 1.374 5 1.673 1 

1.735 2.258 5 2.702 2.642 8 1.815 1.947 1.814 5 1.597 1.368 1.682 9 

1.736 l 2.284 2.711 5 2.622 l.820 3 1.941 5 1.834 1.600 5 1.377 5 1.689 

1.741 5 2.287 2.744 2.623 5 1.821 8 1.969 1.789 1.623 5 1.376 1.688 2 

1.748 -2.293 2.735 2.619 1.821 7 1.950 2 1.788 3 1.620 5 1.385 6 1.687 7 

1.748 2.306 2.735 5 2.602 1.821 1.952 1.799 5 1.624 5 1.39 1.692 1 

1.747 2.312 2.734 5 2.597 5 1.824 7 1.941 1.789 5 1.638 1.379 1.691 7 

1.759 2.297 5 2.752 2.613 8 1.84 1.956 5 1.771 1.634 1.374 2 1.675 3 

1.761 6 2.294 8 2.753 2.6 1.842 8 1.959 1.748 5 1.622 1.368 8 1.678 8 

1.763 5 2.308 ,5 2.771 2.628 1.846 8 1.954 1.759 1.626 2 1.372 1 1.667 8 
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1.758 2.297 2 2.766 5 2.623 5 1.842 5 1.959 l.756 8 1.637 2 1.363 5 1.671 

1.763 8 2.308 5 2.772 2.623 5 1.842 7 1.937 5 1.736 5 1.658 8 1.372 5 1.675 1 

1.777 2.338 2.776 7 2.614 5 1.835 5 1.946 2 1.755 8 1.656 5 1.391 5 1.669 3 

1.782 9 2.314 2.772 2.616 1.826 1.958 2 1.738 5 1.68 1.429 1.680 2 

1.790 7 2.322 5 2.767 5 2.623 5 1.822 5 1.978 1.753 1.689 5 1.446 5 1.708 6 

1.788 5 2.327 5 2.769 2.614 5 1.814 1.990 5 1.751 5 1.697 5 1.444 5 1.711 5 

1.795 2.316 5 2.768 5 2.598 7 1.821 1.975 1.746 .5 1.694 1.436 1.724 3 

1.796 2.35 2.759 2.612 5 1.811 3 1.985 2 1. 758 3 1.708 8 1.437 1.718 1 

1.809 5 2.352 5 2.755 8 2.594 1.801 1.980 5 1.735 1.703 5 1.457 1.723 8 

1.812 2.359 5 2.751 5 2.578 1.801 5 1.987 3 1.719 8 1.7 1.440 2 l.724 5 

1.807 6 2.341 5 2.728 5 2.566 3 1.777 7 1.988 2 l.712 5 1.693 1.440 3 1.733 9 

1.821 5 2.345 2.725 2.551 1.807 8 1.980 5 1.709 1.706 1.446 5 1.729 

1.833 2.357 7 2.760 5 2.543 1.813 3 1.969 1.723 5 1.701 8 1.438 5 1.724 5 

1.874 2.375 2.788 2.512 5 1.814 2 1.728 1.696 l.404 l.712 5 

1.877 2.366 7 2.798 2.521 7 1.787 1.952 5 1.724 8 1.7 1.379 3 1.703 2 

1.873 2.366 5 2.810 7 2.533 5 1.774 5 1.949 5 1.731 1.708 1.387 8 1. 714 7 

1.865 5 2.395 5 2.829 2.519 5 1.763 5 1.941 5 1.735 1.704 5 1.414 1.712 3 

1.878 2.399 2.814 2.518 5 1.753 l 1.944 1.733 2 1.721 5 1.417 6 1.716 5 

1.888 2.366 2.839 5 2.525 5 1.728 5 1.95 1.761 1.728 5 1.418 7 1.724 6 

1.897 4 2.364 5 2.839 5 2.535 1.728 3 l.906 1.816 5 1.72 1.405 1.728 9 

1.897 2.351 5 2.808 2.54 1.712 5 1.889 1.804 1.717 1.416 2 1.722 7 

1.919 5 2.373 2.798 2.543 1.715 1.882 5 1.753 1.724 3 1.405 1.733 

1.932 2.367 2.808 5 2.515 1.710 5 1.881 5 1.728 1.723 1.415 2 1.720 7 

1.951 5 2.369 7 2.803 2.522 1.669 J .872 5 1.752 5 1.705 8 1.403 5 1.727 

1.961 5 2.388 2.792 5 2.523 5 1.674 5 1.875 1.748 1.709 5 1.401 1.731 7 

1.954 5 2.387 5 2.820 5 2.511 5 1.661 5 1.886 5 1.749 2 1.697 5 1.406 1.722 5 

1.963 5 2.376 8 2.812 2.518 1.665 1.878 1.739 5 1.707 5 1.401 1.721 5 

1.97 2.371 9 2.826 2.517 1.698 5 1.886 1.747 2 1.719 1.412 5 1.707 9 

1.975 2.364 5 2.823 2.512 1.688 1.892 5 1.748 5 1.724 3 1.401 5 1.690 3 

1.941 2.343 5 2.811 2.505 1.703 5 1.896 5 1.740 2 1.726 5 1.404 3 1.703 8 

1.89 2.343 2.821 2.505 5 1.693 2 1.917 2 1.736 5 1.719 1.394 3 1.697 2 

1.877 2.367 5 2.811 7 2.505 1.687 5 1.907 8 1.74 1.736 1.391 5 1.700 1 

1.876 5 2.358 3 2.816 5 2.473 1.680 5 1.891 1.732 5 1.740 5 1.399 1 1.698 7 

1.871 5 2.371 2.792 2.465 1.682 1.866 1.694 5 1.716 1.387 8 1.692 9 

1.895 2.379 5 2.76 2.447 1.667 8 1.852 2 1.694 1.704 1.392 7 1.710 5 

1.86 2.373 5 2.735 5 2.438 1.687 1.854 1.697 2 1.710 5 1.383 5 1.696 1 

1.857 2.377 5 2.743 2.461 3 1.668 6 1.851 5 1.686 5 1.716 1.401 5 1.691 8 

1.854 2.373 2.765 5 2.448 1.654 5 1.854 3 1.684 5 l.697 5 1.384 1.694 3 

1.848 5 2.375 4 2.753 5 2.444 5 1.640 5 1.855 7 1.673 8 1.697 3 1.383 5 1.692 7 
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1.862 2.383 8 2.737 5 2.456 5 1.648 5 1.839 1.670 5 1.707 5 l.380 5 l .699 3 

1.823 2.391 2.741 5 2.448 1.653 5 1.840 9 1.682 1.718 1.380 3 1.693 9 

1.819 5 2.385 2.722 2.455 5 1.659 5 1.838 l.689 8 1.718 3 1.382 2 1.699 5 

1.813 2.386 5 2.667 2 2.462 5 1.669 1.83 1.687 5 l.711 1.392 7 1.709 

1.798 3 2.393 5 2.673 5 2.467 8 1.671 5 1.836 5 1.673 1.687 1.396 5 1.728 3 

l.796 5 2.396 2.683 3 2.462 5 1.668 8 1.841 3 1.678 1.696 5 L.403 7 1.728 4 

1.8 2.415 2.708 2.467 5 1.664 2 1.837 7 1.682 5 1.683 5 1.402 5 1.731 2 

1.802 2.408 2.662 5 2.464 5 1.636 5 1.847 5 1.683 8 1.686 3 1.392 1.73 

1.823 5 2.417 5 2.661 5 2.457 5 1.631 5 1.848 1.676 1.678 5 1.391 9 L.73 

1.796 2.402 8 2.625 2.448 5 1.631 1.851 8 1.662 5 1.689 5 1.394 8 1.708 6 

1 .793 2.398 2.636 2 2.454 5 l .630 5 1.844 8 1.665 7 1.682 5 1.387 6 1.72 

1.785 5 2.408 2 2.604 4 2.417 1.630 8 1.845 5 1.663 1.688 7 1.387 3 1.717 1 

1.793 3 2.413 8 2.598 3 2.399 2 1.622 5 1.848 5 1.666 2 1.668 7 1.379 8 l.724 8 

1.812 2.413 5 2.611 2.398 1.634 1.863 3 1.678 1.667 1.386 8 1.730 5 

1. 790 7 2.422 5 2.585 5 2.389 1.634 5 1.862 1.680 5 l .673 6 1.384 1.730 8 

1.794 2 2.422 5 2.579 5 2.379 l .628 5 1.848 5 1.696 1.678 1.394 5 1.734 

1.789 2 2.419 5 2.551 8 2.388 1.636 5 1.838 5 1.691 8 1.659 5 1.388 1.732 9 

1. 791 2.412 2.555 2.401 l.629 1.835 5 1.694 1.647 7 1.382 1.724 4 

1.793 8 2.419 2 2.587 5 2.414 5 1.596 5 1.842 3 1.692 5 1.622 1.379 8 1.729 8 

1.802 5 2.424 5 2.582 2.386 1.595 8 1.836 1.711 8 1.610 7 1.385 2 1.720 4 

l .803 1 2.422 2 2.603 2.391 5 1.594 1.820 5 1.702 4 1.62 1.381 6 1.726 4 

1.788 3 2.410 4 2.572 2.41 1.570 8 1.813 7 1.703 2 1.6 1.398 5 1.725 8 

1.789 5 2.398 8 2.565 5 2.385 5 1.584 5 1.805 3 1.689 1.597 7 1.39 1.727 2 

1.778 5 2.394 8 2.583 5 2.375 1.627 1.79 1.690 5 1.612 1.393 5 1.737 6 

1.762 4 2.396 2.627 5 2.367 8 1.649 2 1.788 1.694 7 1.607 1.406 3 1.743 8 

1.772 3 2.387 5 2.629 · 2.349 1 .639 1.783 1.704 1.593 5 1.409 8 1.742 1 

1.778 5 2.373 5 2.637 2.347 1.650 5 1.78 1.699 5 1.606 5 1.407 1.752 9 

1.778 5 2.368 5 2.647 2.344 1.637 1.782 3 1.701 1.610 7 1.422 1.749 8 

1.782 8 2.355 5 2.635 5 2.307 1.635 1.781 1.710 8 l.613 5 1.434 5 1.749 1 

1.775 3 2.339 2.628 5 2.307 5 1.633 3 1.777 1 .690 5 1.641 1.435 5 1.758 7 

1.773 8 2.331 2.599 5 2.3,09 1.637 1.766 1.672 1.628 5 1.474 1. 761 5 

1.774 8 2.338 5 2.588 5 2.282 5 1.679 5 1.772 7 1.668 1.644 5 1.475 1. 751 8 

1.771 6 2.345 3 2.591 5 2.245 1.675 8 1.772 2 l .661 5 1.648 5 1.478 2 1.770 4 

1.762 2 2.321 2.585 5 2.227 5 1.661 8 1.765 9 1.632 2 1.631 2 1.473 1.788 5 

1.761 8 2.309 5 2.594 2.222 1.664 1.734 1.643 1.617 3 1.471 7 1.802 9 

1.765 5 2.289 7 2.598 2.230 8 1.675 5 1.74 1.640 7 1.613 5 1.484 2 l.798 7 

1.763 3 2.286 2.622 5 2.220 5 1.677 5 1.737 1.631 1.634 1.481 5 1.792 2 

1.755 2.282 2.621 5 2.201 1.676 5 1.723 1.642 5 1.630 5 1.476 5 1.788 5 

1.767 7 2.283 2.631 2.267 1.671 2 1.726 1.636 5 1.624 5 1.479 1 1.795 



1.763 2.293 2.622 5 2.242 5 1.667 1.737 8 1.639 1 1.623 5 1.462 5 1.819 3 

1.763 6 2.306 5 2.630 5 2.238 1.678 5 1.740 8 1.630 8 1.623 1.471 5 l .824 1 

1.767 2.305 2.618 5 2.280 5 1.692 1.725 5 l.G38 1.623 1.475 8 1.829 8 

1.767 8 2.317 2.609 5 2.265 5 1.682 1.708 1.606 1.605 5 1.467 9 1.834 8 

1.767 3 2.318 5 2.618 2.284 1.688 1.699 5 l.G03 1.597 1.465 5 1.848 2 

1.77 2.316 5 2.625 5 2.295 5 1.690 3 1.69 1.602 5 1.603 5 1.463 3 1.832 1 

1.768 5 2.306 2.635 2.263 1.698 5 1.687 5 1.597 1.614 1.478 7 1.837 4 

1.764 5 2.300 5 2.642 2.25 1.695 1.689 5 1.586 1.614 9 1.476 2 1.837 9 

1.763 5 2.314 5 2.646 2.248 1.700 5 1.708 8 1.583 1.627 5 1.480 3 1.864 6 

1.764 1 2.329 2.66 2.261 5 1.690 5 l.720 8 1.580 2 1.638 3 1.471 8 1.864 5 

1.761 5 2.346 2.666 2.256 5 1.691 5 1.683 5 1.616 l.645 5 1.470 8 1.881 

1.758 5 2.347 5 2.662 2.242 1.713 5 1.680 5 1.627 1.664 1.493 1.878 6 

1.756 2.376 3 2.683 2.288 1.708 1 1.668 8 1.608 5 1.675 1.485 4 1.870 2 

1.738 9 2.369 2.680 5 2.339 1.706 3 1.682 l l .614 3 1.672 1.487 5 1.845 8 

1.739 7 2.363 2.697 2.33 1.710 5 1.68 1.615 3 1.684 1.486 1.856 8 

1.741 2.365 2.704 5 2.326 5 1.707 5 1.682 1.590 3 1.681 5 1.485 4 1.867 5 

1.737 7 2.382 2.721 5 2.335 1.695 5 1.679 5 1.572 5 1.685 5 1.467 2 1.835 

1.738 5 2.400 5 2.728 5 2.345 1.691 8 1.694 8 1.574 8 1.677 1 1.435 1.841 7 

1.743 7 2.414 5 2.726 5 2.343 1.695 3 1.690 5 1.578 1.694 1.411 1.823 7 

1.747 8 2.413 2.704 5 2.374 1.697 1.708 5 1.576 1.695 1.427 7 1.823 6 

1.743 7 2.394 5 2.723 5 2.393 1.687 5 1.704 5 1.580 9 1.693 5 1.437 8 1.842 3 

1.736 2.422 2.773 2.388 5 1.688 3 1.722 5 1.583 1.697 1.427 1 1.856 2 

1.747 2.419 5 2.781 5 2.396 5 1.685 5 1.696 8 1.578 8 1.692 1.421 9 1.842 6 

1.741 5 2.433 5 2.768 2.339 1.693 5 1.687 1.576 7 1.685 7 1.429 5 1.814 5 

1.738 5 2.445 5 2.778 5 2.342 5 1.696 6 1.687 5 1.573 5 1.695 1.429 1 1.820 5 

1. 739 7 2.460 5 2.773 5 2.328 1.689 5 1.693 3 1.558 7 1.692 1.441 1.797 1 

1.735 3 2.478 2.755 5 2.307 1.677 2 1.679 1.534 7 1.693 1.433 2 1.810 4 

1.738 6 2.454 2.743 2.313 1.669 1.681 5 1.514 8 1.690 5 1.427 1.797 5 

1.734 2.477 2.746 2.313 5 1.668 1.688 1.525 1.705 1.426 1.805 

1.758 7 2.473 5 2.76 2.249 5 1.665 2 1.681 5 1.510 7 1.706 1.418 8 1.833 

1.776 5 2.487 2.777 2.218 1.662 1.686 1.517 1.711 7 1.425 5 1.814 8 

1.780 5 2.493 3 2.755 5 2.218 1.663 5 1.669 7 1.519 8 1.716 1.421 8 1.818 

1.793 2 2.462 5 2.742 2.206 5 1.665 8 1.658 1.52 1.703 5 1.430 8 1.800 1 

1.785 2.459 5 2.758 5 2.202 5 1.671 5 1.655 1.528 3 1.700 5 1.420 6 1.808 4 

1.776 2 2.469 5 2.743 2.196 1.691 3 1.673 1.547 1.702 2 1.414 5 1.812 

1.768 7 2.477 2.728 2.201 1.696 5 1.675 1.518 8 1.711 6 1.422 1.797 8 

1.782 3 2.489 7 2.732 2.176 1.691 3 1.67 1.520 7 1.708 6 1.411 3 1.781 5 

1.783 2 2.511 2.736 2.164 5 1.693 7 1.677 1.515 2 1.717 5 1.398 8 1.771 5 

1.782 8 2.514 2.731 8 2.176 1.691 7 1.672 3 1.546 5 l.7175 1.385 5 1.760 4 
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1.780 2 2.493 5 2.684 5 2.165 1.679 5 1.680 8 1.583 1.722 1.386 9 1.768 

1.782 4 2.477 5 2.666 2.205 1.676 3 1.679 5 1.572 5 1.721 5 1.393 5 1.772 1 

1.786 2.497 2.686 2.215 1.660 6 1.675 1.591 1.706 5 1.402 7 l.778 

1.786 5 2.495 8 2.678 2.187 5 1.663 2 1.666 1.621 5 1.705 8 1.400 8 1.771 7 

1.798 2 2.492 5 2.695 2.207 8 1.663 7 1.670 3 1.618 1.705 5 1.404 1.795 5 

1.8 2.476 5 2.697 5 2.196 5 1.655 8 1.678 1.607 5 1.706 1.407 4 1.795 6 

1.796 9 2.474 2.714 5 2.18 1.656 1.691 5 1.584 3 1.698 1.415 1.775 9 

1.795 7 2.451 2.725 2.178 1.654 1.685 1.587 1.705 1.418 1.768 6 

1.807 2 2.430 5 2.715 5 2.174 1.669 5 1.696 5 1.595 5 1.714 2 1.415 1 1.761 9 

1.804 7 2.432 8 2.721 2.198 1.674 1.715 1.586 1.716 3 1.414 1.758 4 

1.802 2.396 2.741 2.184 5 1.68 1.72 1.616 5 1.708 5 1.417 6 1.767 l 

1.800 2 2.409 2.756 2.197 1.672 7 1.704 1.595 5 1.705 1.417 5 1.775 4 

1.787 3 2.427 5 2.758 5 2.211 1.686 5 1.701 1.590 3 1.713 6 1.412 1.772 1 

1.792 2.45 2.779 2.224 1.688 1.707 1.622 1.709 1.412 5 1.759 

1.778 2.46 2.783 2.241 1.693 5 1.702 1.607 5 1. 701 5 l.4 l8 6 1.762 9 

1.776 2.466 2.782 5 2.242 5 1.663 1.705 1.597 5 1.694 1.414 1.753 9 

1.776 9 2.434 2.803 5 2.279 1.661 1.711 1.592 5 1.697 5 1.402 5 l.753 3 

1.782 2.442 2.786 5 2.276 1.657 5 1.716 5 1.589 5 1.700 5 1.41 1.743 6 

1.777 2.486 2.796 5 2.274 1.663 1.713 3 1.577 1.701 1.402 1.753 4 

1.78 2.486 2.783 5 2.279 5 1.664 1.702 9 1.56 1.718 1.41 1.754 5 

1.778 7 2.496 5 2.781 5 2.305 5 1.664 2 1.695 1.571 5 1.735 1.409 8 1.749 5 

1.777 5 2.517 7 2.791 5 2.325 1.672 5 1.682 8 1.592 1.739 5 1.405 8 1.744 7 

1.78 2.516 2.820 5 2.324 5 1.677 5 1.696 5 1.606 1.742 1.418 3 1.773 4 

1.783 2.523 2.829 2 2.273 5 1.675 2 1.708 5 1.623 1.738 1.437 1.772 4 

1.784 2 2.518 2.838 5 2.279 1.675 1.705 1.628 5 1.741 1.431 5 1.789 2 

1.781 3 2.51 2.840 5 . 2.238 1.668 7 1.710 5 1.649 1.742 5 1.435 7 1.783 5 

1. 791 9 2.52 2.824 2.23 1.674 6 1.711 5 1.646 5 1.731 7 1.446 8 1.773 2 

1.794 2 2.507 2.841 2.236 l.678 6 1.711 6 1.647 1.734 3 1.444 1.774 1 

1.806 9 2.48 2.849 2.22 1.677 2 1.710 8 1.650 2 1.739 5 1.438 5 1.762 5 

1.811 5 2.486 2.832 2.213 5 1.679 9 1.698 3 1.649 1.735 1.437 1.729 1 

1.795 2.453 2.822 2.21, 1.679 2 1.688 3 1.640 5 1.750 8 1.444 9 1.736 6 

1.798 3 2.455 2.848 7 2.208 5 1.680 5 1.704 1.653 1.751 1.443 5 1.726 

1.802 2.418 2.863 2.201 1.682 1.701 1.644 1.746 5 1.446 5 1.722 

1.813 5 2.427 5 2.844 5 2.240 5 1.678 7 1.700 2 1.637 3 l.746 5 1.444 1.737 3 

1.812 7 2.438 5 2.859 5 2.240 5 1.677 5 1.699 5 1.641 1.736 8 1.448 8 l.723 7 

1.808 5 2.471 2.876 5 2.233 1.679 2 1.696 1.656 5 1.747 1.450 5 1.721 8 

1.812 l 2.507 2.868 2.246 l.683 2 1.692 7 1.672 3 1.750 5 1.440 7 1.72 

1.811 3 2.497 2.852 2.249 1.689 1.691 l.672 2 1.753 8 1.442 5 1.708 

1.799 2.491 2.846 5 2.222 1.704 3 1.675 3 1.67 1.746 8 1.431 1.712 



· 248 · a.tfaJffJIJ~ffi -- !Ff R 

1.804 8 2.473 5 2.885 5 2.216 1.705 4 1.673 1.664 5 1.745 3 1.438 5 1.723 6 

1.803 7 2.476 2.894 2.221 1.700 6 1.672 8 1.672 1.733 1.441 9 1.720 8 

1.805 2.473 5 2.906 3 2.204 1.703 4 1.677 5 1.664 8 1.739 9 1.439 9 l.732 

1.804 2 2.488 2.918 2.201 1.701 5 1.678 2 1.673 1.731 5 1.438 6 l.733 8 

1.817 4 2.481 2.897 5 2.176 1.702 5 1.672 5 1.666 7 1.733 5 1.433 5 1.725 2 

1.825 8 2.505 2.860 5 2.189 1.705 8 1.677 1.665 8 l.737 1.431 1.735 

1.828 2.518 5 2.885 5 2.173 5 1.707 9 1.689 1.652 5 1.751 5 1.442 1.733 8 

1.844 2.513 2.915 2.183 1.718 5 1.697 5 1.649 1.760 5 1.434 5 1.746 6 

1.865 2.514 5 2.905 5 2.181 1.729 1.694 5 1.67 1.762 7 l.435 4 1.737 

1.861 7 2.513 2.9 2.187 1.725 8 1.683 4 1.677 7 1.758 1.441 1.744 4 

1.863 7 2.501 2.897 5 2.175 1.724 8 1.682 5 1.669 5 l.754 1.454 2 1.760 5 

1.862 7 2.503 2.915 2 2.189 1.727 2 1.675 6 1.664 5 1.753 1 1.43 6 1.765 

1.866 8 2.504 5 2.888 2.180 5 1.717 1.679 1.651 1.743 1 1.439 6 1.777 

1.879 2.496 8 2.878 5 2.166 1.715 4 l.681 1.662 1.727 5 1.442 2 1.775 3 

1.893 5 2.509 2.857 2 2.15 1.718 5 1.682 6 1.644 5 1.724 2 1.441 1 1.770 1 

1.884 8 2.513 5 2.861 l 2.147 5 1.72 1.682 5 1.649 3 1.730 9 1.44 1.770 6 

1.898 2.540 5 2.87 2.131 1.719 5 1.672 l.646 5 1.718 5 1.440 5 1.782 4 

1.905 8 2.543 2.885 3 2.121 1.725 3 1.655 5 1.651 1.725 5 1.459 3 1.786 8 

1.916 2.527 8 2.88 2.137 5 1.747 5 1.658 4 1.645 5 1.729 2 1.466 1.791 6 

1.943 3 2.529 2.865 2.133 1.753 2 1.637 5 1.624 1.721 1.469 5 1.785 4 

1.945 8 2.525 5 2.874 2.138 1.754 1.636 5 1.621 5 1.709 1.481 5 l.770 2 

1.958 2.554 2.883 5 2.146 1.753 2 1.630 5 1.624 5 1.703 8 1.477 1.772 8 

1.901 5 2.552 2.879 5 2.114 1.760 3 1.644 5 1.626 1.712 1.481 5 1.772 2 

1.900 5 2.544 5 2.877 2.111 5 1.757 8 1.647 1 1.621 1.703 1.485 l.783 6 

1.893 2.522 5 2.886 5 2.114 1.778 5 1.643 1.637 5 1.707 5 1.487 5 1. 769 7 

1.905 2.527 2.889 5 2.093 5 1.786 1.647 5 1.655 2 1.718 1.490 9 l.775 3 

1.931 2.489 2.93 2.084 1.815 1.648 1.645 1 1.717 5 1.484 5 1.768 7 

1.919 2.510 5 2.954 2.084 1.818 5 1.663 7 1.661 8 1.716 5 1.489 1.780 2 

1.902 5 2.517 2 2.947 5 2.09 1.809 1.669 7 1.666 1.708 5 1.489 5 1.774 3 

1.914 8 2.517 2.987 2.085 1.829 5 1.672 5 1.669 1.687 5 1.493 1.773 2 

1.917 2.514 5 2.992 2.067 1.817 1.678 1.674 2 1.676 7 1.486 l.774 9 

1.917 3 2.516 3.008 2.07 1.820 3 1.682 5 1.67 1.690 9 1.466 3 1.787 5 

1.911 2.525 3 2.998 2.061 1.823 8 1.672 1 1.663 3 1.694 3 1.473 2 1.792 

1.921 3 2.529 5 3.04 2.078 3 1.821 8 1.682 1.662 1.688 5 1.478 9 1.799 1 

1.926 9 2.528 5 3.033 5 2.070 5 1.816 5 1.699 1.651 5 1.684 5 1.475 7 1.803 

1.940 5 2.554 5 3.073 2.062 5 1.838 1.693 5 1.651 1.690 8 1.479 1.822 3 

1.948 2.548 3.093 5 2.063 1.846 3 1.693 3 1.655 5 1.697 8 1.472 8 1.821 

1.939 5 2.543 3.096 2.071 1.837 7 1.691 5 1.657 4 1.687 2 1.477 9 1.823 5 

1.943 5 2.561 3.128 2.058 5 1.847 1.687 5 1.652 5 1.685 8 1.467 4 1.820 3 
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1.961 2.56 3.065 2.048 5 1.847 5 1.691 5 1.641 1.668 1.47 1.818 3 

1.963 2.552 5 3.027 2.042 5 1.876 5 1.696 8 1.643 5 1.667 1.46 1.817 7 

1.983 2.557 5 3.074 5 2.044 5 1.881 5 1.691 7 1.641 5 1.672 5 1.453 1.820 3 

2.007 5 2.576 3.042 2.042 5 1.864 3 1.692 5 1.632 1.675 1.453 9 1.822 6 

2.018 5 2.579 3.035 2.05 1.850 7 1.692 5 1.636 2 1.674 1.450 6 1.831 

2.007 2.596 3.072 2.045 5 1.838 1.695 1.647 1.668 1.445 1.831 

1.99 2.581 5 3.061 5 2.05 1.826 3 1.694 1.641 5 1.695 1.448 3 1.843 1 

2.018 5 2.576 8 3.042 2.035 5 1.845 2 1.677 3 1.622 2 1.697 5 1.451 1 1.827 5 

1.978 5 2.591 3.016 2.032 1.860 7 1.669 1.621 8 1.711 1.465 6 1.803 

1.993 2.586 5 3.027 5 2.026 5 1.849 1.678 5 1.612 6 1. 715 2 1.470 3 l.780 8 

1.973 5 2.571 8 3.05 2.029 8 1.865 1.680 5 1.615 1.718 5 1.478 5 1.794 4 

1.957 2.573 5 3.088 2.048 1.875 1.674 5 1.595 1.711 1.476 5 1.789 8 

1.952 5 2.568 5 3.078 2.072 1.876 7 1.678 1.590 5 1.711 5 1.475 2 1.807 

1.943 2.543 3.095 5 2.06 1.876 3 1.671 7 1.601 3 1.719 8 1.476 2 1.821 2 

1.942 5 2.545 5 3.119 2.063 8 1.875 5 1.663 6 1.614 5 1.711 5 1.479 3 1.831 5 

1.955 2.549 2 3.135 2.092 1.880 5 1.668 7 1.618 8 1.709 1.487 7 1.821 

l.952 2.527 3.14 2.061 1 .893 2 1.665 8 1.608 3 1.711 7 1.480 5 1.817 4 

1.973 5 2.506 5 3.121 2.051 5 1.902 2 1.657 5 1.633 8 1.719 1.477 9 l.801 

1.975 2.484 5 3.119 2.049 1.916 1.651 9 1.626 9 1.700 8 1.474 8 1.788 

1.939 2.465 3.072 2.028 5 1.916 1.649 3 1.606 5 1.695 1.474 2 1.803 8 

1.935 2.466 5 3.073 5 1.989 8 1.899 5 1.654 1.610 5 1.69 1.474 2 1.815 8 

1.947 5 2.448 3.040 5 1.992 1.880 5 1.648 8 1.607 1.693 5 1.476 5 1.811 5 

1.963 2 2.426 3.023 2 2.031 5 1.881 1.646 2 1.604 4 1.678 8 1.475 7 1.818 9 

1.978 5 2.428 5 3.011 2.051 5 1.871 5 1.651 1.6 1.678 5 1.473 3 1.809 

1.985 2 2.425 3.032 2.048 1.913 1.657 5 1.588 4 1.670 5 1.477 6 1.823 7 

2.000 5 2.433 5 3.072 · 2.046 1.898 1.643 1.589 8 1.667 1 1.476 5 1.826 6 

1.992 5 2.459 3.044 5 2.046 1.891 5 1.653 3 1.590 5 1.661 1.478 7 1.82 

2.000 5 2.452 5 3.030 5 2.025 5 1.919 7 1.646 1.593 7 1.647 3 1.476 6 1.823 7 

2.007 2.478 2.989 2.027 2 1.906 5 1.643 8 1.579 3 1.640 5 1.486 8 1.823 1 

2.009 2.439 2.948 2.021 5 1.891 5 1.644 1.577 1.659 1.476 1.791 7 

2 2.451 2.929 5 2.Q.06 5 1.863 5 1.641 5 1.571 1.666 6 1.476 6 1.800 4 

1.993 5 2.416 5 2.938 5 1.999 5 1.857 1.628 1.567 5 1.663 1.482 5 1.811 6 

2.024 5 2.420 5 2.94 1.990 5 1.868 7 1.618 5 1.577 5 1.654 1.481 4 1.811 6 

2.035 2.417 5 2.947 5 2.001 5 1.868 1.619 1.565 1.671 5 1.479 5 1.814 1 

2.051 8 2.407 2.943 1.997 1.878 7 1.622 8 1.571 1.671 5 1.480 7 1.812 7 

2.071 2.405 2.973 2.004 1.874 1.615 3 1.566 1.668 2 1.484 3 1.809 

2.085 2.395 5 2.961 5 1.987 l.859 2 1.609 2 1.565 2 1.67 1.477 2 1.815 1 

2.094 2.39 2.972 5 1.975 1.842 8 1.587 5 1.551 7 1.673 9 1.492 7 1.826 

2.132 2.381 5 2.994 5 1.974 1.843 7 1.592 5 1.542 2 1.665 5 1.500 7 1.835 7 



2.121 2.370 5 3.008 5 1.975 5 1.848 5 1.595 1.538 5 1.657 1.503 1.829 

2.135 2.373 3.018 5 1.975 1.849 1.592 5 1.517 1.654 8 1./504 1.831 5 

2.114 2.382 3.031 1.988 1.845 2 1.576 8 1.524 1.647 1.510 5 1.835 2 

2.146 2.378 3.062 1.988 5 1.850 3 1.580 7 1.517 5 1.645 5 1.510 9 1.827 4 

2.140 5 2.374 3.0/54 7 1.985 5 1.879 1.594 5 1.514 1.653 5 L.506 5 L.819 5 

2.138 2.365 5 3.071 5 1.995 1.875 7 1.592 2 1.517 1.645 1.507 7 1.821 3 

2.148 2.349 3.078 5 2.032 1.876 7 1.59 1.512 7 1.643 5 1.507 1.817 9 

2.149 5 2.349 5 3.11 2.047 5 1.868 8 1.577 l.49~ 8 1.644 1.515 8 1.828 7 

2.22 2.338 3 3.115 2.033 5 1.864 2 1.569 5 1.497 1.644 8 1.519 4 l.829 6 

2.196 2.331 5 3.059 5 2.029 5 l.874 7 l.563 1.517 5 1.644 5 1.521 9 l.833 4 

2.187 5 2.344 5 3.079 2.052 5 1.879 5 1.564 3 1.495 8 1.653 7 1.529 3 1.826 6 

2.132 2.360 5 3.062 2.061 1.875 5 1.550 8 1.478 5 1.668 4 1.528 5 1.827 6 

2.096 2.342 3.087 2.064 1.883 5 1.558 1.490 5 J..667 5 1.523 1.827 6 

2.112 2.355 3.093 2.058 1.879 3 1.555 3 1.477 5 1.666 5 1.530 2 1.822 3 

2.116 2.358 3 3.087 2.064 1.878 1.553 5 1.475 8 1.671 l .534 5 1.826 5 

2.107 2.393 3.086 5 2.061 5 1.882 5 1.548 3 1.459 5 1.675 1.529 8 1.846 6 

2.116 2.414 3.105 2.065 5 1.873 1.557 5 1.482 1.665 5 1.526 7 1.85 

2.131 2.422 5 3.091 2.046 1.861 1.551 5 1.489 2 1.647 1.526 7 1.854 2 

2.152 2.442 3.09 2.022 5 1.861 2 1.552 5 1.488 7 1.643 /5 1.521 7 1.851 7 

2.152 5 2.464 5 3.087 2.011 1.863 1.557 5 1.483 5 1.635 7 1.516 2 1.851 5 

2.138 2.421 5 3. 1 2.002 5 l.864 9 1.566 1.501 8 1.631 7 1.516 5 1.842 5 

2.138 5 2.426 3.129 5 2.013 5 1.861 8 1.576 1.483 1 1.611 5 1.527 5 1.840 8 

2.136 2.426 5 3.116 2.013 1.852 3 1.583 8 1.474 l.601 1.532 3 1.820 5 

2.108 5 2.432 3.124 2.008 3 1.836 1.563 5 1.483 7 1.593 1.535 1.820 2 

2.107 5 2.465 3.126 2.009 1.821 1.558 1.481 8 1.606 1.532 4 1.823 8 

2.116 2.464 3.152 2.0215 1.813 1.566 1.480 7 1.600 8 1.534 8 1.824 4 

2.113 2.494 5 3.144 2.019 5 1.810 5 1.582 1.477 8 1.586 5 1.5279 1.803 5 

2.109 5 2.466 3.155 1.993 5 1.804 4 1.591 9 1.475 3 1.578 1.534 3 1.798 5 

2.091 8 2.476 3.173 1.991 5 1.811 1.587 5 1.477 5 1.581 1.541 5 1.807 

2.088 2.450 5 3.162 5 1.973 1.802 5 1.574 8 1.482 1.583 7 1.539 5 1.808 8 

2.055 5 2.443 3.168 1.965 5 1.780 5 1.561 8 1.465 1.585 1.540 5 1.799 2 

2.05 2.431 3.177 5 1.972 7 1.788 5 1.558 1.467 7 1.592 5 1.544 1.788 7 

2.068 2.410 5 3.154 5 1.972 5 1.788 1.548 2 1.471 1.583 5 1.547 7 1.792 

2.087 3 2.406 3.163 1.992 5 1.774 5 1.569 1.464 8 1.569 2 1.544 5 1.801 

2.082 3 2.413 3.140 5 2.001 1.775 8 1.58 1.459 1.574 1.532 5 1.791 8 

2.08/5 5 2.41 3.155 2.01 1.777 5 1.577 8 1.467 7 1.566 1.526 5 1.787 5 

2.113 2.388 3.193 2.019 5 1.782 1.556 8 1.463 2 1.535 8 1.528 5 1.794 2 

2.125 2.397 3.185 5 2.012 1.786 1.564 1.458 3 1.521 5 1.532 7 1.794 8 

2.097 5 2.397 2 3.19 2.016 5 1.778 8 1.572 1.453 4 1.535 5 1.53 L 3 1.794 4 
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2.110 5 2.409 5 3.183 2.017 1.771 8 1.570 5 1.448 3 1.549 1.532 5 1.778 3 

2.097 5 2.418 3.183 5 2.018 1.794 2 1.566 5 1.437 5 1.556 5 1.534 4 1.780 2 

2.111 5 2.408 5 3.171 2.019 1.784 1.551 7 1.403 5 1.546 1.534 3 1.772 1 

2.127 2.414 5 3.182 2.016 3 1.789 5 1.555 1.399 5 1.565 8 1.536 9 1.765 6 

2.156 5 2.434 3.158 2.009 5 1.761 1.544 5 1.407 1.562 1.535 6 1.763 6 

2.119 2.442 5 3.166 2.006 5 1.757 5 1.534 1.411 3 1.575 2 1.533 2 1.770 7 

2.133 2.431 5 3.167 1.979 1.745 1.547 1.406 7 1.592 3 1.524 7 1.779 6 

2.144 2.425 3.176 5 1.966 1.745 5 1.526 1.401 8 1.590 7 1.516 8 1.774 5 

2.153 2.402 5 3.169 5 1.968 1.724 3 1.528 3 1.394 1.587 1.515 8 1.778 

2.172 2.388 5 3.163 1.963 1.730 7 1.532 1.390 7 1.575 5 1.521 3 1.781 7 

2.165 5 2.406 3.18 1.942 5 1.735 7 1.517 7 1.412 1.582 2 1.522 9 1.786 1 

2.179 2.406 5 3.214 1.946 5 1.727 5 1.523 1.404 5 1.587 5 1.531 9 1.787 1 

2.187 5 2.393 7 3.226 1.923 5 1.720 7 1.516 1.391 7 1.577 5 1.530 4 1.783 8 

2.19 2.399 3.223 1.918 1.717 1.510 5 1.411 5 1.579 3 1.529 9 1.770 4 

2.184 5 2.384 3.245 5 1.931 1. 715 5 1.510 8 1.411 1.581 1.527 7 1.759 

2.181 5 2.388 3.257 5 1.920 2 1.733 5 1.503 5 1.452 1.581 5 1.522 3 1.759 3 

2.163 2.381 3.275 5 1.928 1.727 3 1.517 1.486 2 1.580 3 1.521 1.768 4 

2.175 2.387 5 3.302 1.921 1.736 1.517 5 1.487 2 1.580 3 1.524 1.781 6 

2.177 5 2.396 3.29 1.918 5 1.732 5 1.508 1.518 1.582 1.525 5 1.781 7 

2.181 5 2.417 3.266 5 1.891 5 1.731 1.513 2 1.481 5 1.577 2 1.522 7 1.784 

2.186 5 2.418 3.315 1.876 1.724 1.516 5 1.502 1.577 5 1.532 1.779 4 

2.213 2.424 5 3.337 1.836 1.732 6 1.516 8 1.481 5 1.558 5 1.528 8 1.780 8 

2.210 5 2.421 8 3.358 2 1.842 1.76 1.518 8 1.490 5 1.551 1.524 5 1.772 5 

2.203 2.417 3.388 1.845 1.741 5 1.515 7 1.501 5 1.550 7 1.526 1.764 8 

2.244 6 2.434 3.452 5 1.838 5 1.733 5 1.508 1.485 5 1.555 7 1.521 1.774 5 

2.266 2.431 3.435. 1.847 5 1.742 5 1.502 3 1.485 5 1.547 1.521 5 1.779 9 

2.258 2.427 5 3.335 1.814 5 1.747 3 1.487 1.452 1.54 1.520 2 1.780 8 

2.274 5 2.431 3.344 1.826 1.737 7 1.487 1.425 5 1.530 5 1.489 5 1.796 7 

2.255 2.427 3.354 1.823 5 1.748 5 1.481 5 1.414 7 1.539 1 1.484 8 1.804 3 

2.284 2.418 5 3.375 5 1.805 5 1.766 1.488 2 1.426 1.546 2 1.485 5 1.805 1 

2.295 5 2.418 3.432 l.'(88 5 1.762 5 1.488 1.409 1.547 1.489 2 1.814 2 

2.296 2.412 5 3.385 1.787 1.776 5 1.48 1.405 1.567 1.483 5 1.797 8 

2.311 2.416 5 3.397 1.833 1.77 1.471 5 1.43 1.578 9 1.49 1.787 4 

2.309 2.427 3.415 1.807 1.774 1.477 5 1.442 5 1.577 5 1.49 1.792 7 

2.304 5 2.422 5 3.338 5 1.798 5 1.776 5 1.470 8 1.472 1.579 5 1.479 9 1.785 6 

2.309 2.424 7 3.346 1.814 1.777 8 1.474 9 1.486 8 1.574 2 1.483 3 1.794 4 

2.298 2.441 5 3.357 1.840 5 1.787 1.477 1.472 2 1.557 2 1.480 4 1.803 1 

2.323 2.442 5 3.385 5 1.856 1.788 5 1.481 7 1.463 1.544 1 1.479 2 1.801 4 

2.315 5 2.437 3.378 1.817 5 1.773 5 1.486 2 1.449 7 1.548 7 1.472 5 1.796 



2.333 9 2.459 3.341 1.798 1.764 l .492 1.477 3 1.558 4 l.473 5 1.812 7 

2.346 2.449 5 3.276 5 1.817 3 1.787 9 1.48 1.484 5 1.539 1.478 2 1.814 3 

2.324 5 2.461 2 3.258 1.825 1.795 1.484 5 1.52 1.540 5 1.483 2 1.803 3 

2.33 2.455 5 3.21 1.83 1.814 1.496 7 1.508 5 1.547 5 1.483 1.817 4 

2.335 2.447 2 3.227 5 1.814 5 1.828 8 1.5 1.510 5 1.539 5 l.485 2 1.822 9 

2.371 2.444 9 3.237 1.828 3 1.835 1.513 5 l.531 7 1.547 7 1.483 8 1.818 8 

2.360 5 2.450 7 3.209 1.835 1.828 7 1.503 1 1.539 1.534 5 1.478 5 1.811 6 

2.414 2.448 5 3.127 1.828 1.825 2 1.502 5 1.535 o 1.552 l 1.477 1.815 2 

2.411 2.464 3.130 5 1.830 5 1.834 1.489 7 1.539 5 1.555 1.476 3 1.818 

2.405 2.466 5 3.083 1.834 5 1.850 5 1.478 5 l.541 1.548 1 1.487 1.830 5 

2.403 2.461 5 3.118 5 1.829 5 1.871 1.473 1.543 1.547 3 1.485 6 1.818 9 

2.372 2.458 3.153 5 1.823 1.866 8 1.480 5 1.567 1.544 1 1.493 8 1.8 

2.404 5 2.447 3.122 1.827 5 1.843 8 1.478 2 1.563 1.555 8 1.487 1.802 3 

2.395 2.443 5 3.178 1.832 4 1.837 8 1.480 8 1.568 l.5'19 3 1.488 7 1.800 8 

2.346 2.441 5 3.175 1.834 1.842 5 1.485 1.578 1.549 5 1.483 2 1.790 4 

2.347 5 2.435 2 3.164 1.838 5 1.843 1.486 8 1.594 5 1.547 8 1.491 3 1.783 9 

2.348 7 2.443 5 3.141 1.832 1.844 5 1.484 1.588 9 1.550 8 1.484 8 1.779 7 

2.372 2 2.437 3.135 1.839 8 1.863 1.478 5 1.597 2 1.554 7 1.479 6 1.79 

2.377 5 2.440 5 3.073 5 1.854 5 1.859 1.502 5 1.588 1.550 8 1.479 1.788 3 

2.363 2.443 3.06 l .857 1.878 5 1.526 5 1.566 2 1.542 5 1.476 4 1.792 4 

2.355 5 2.462 3.027 1.871 1.864 1.545 5 1.592 5 1.544 5 1.481 5 1.778 7 

2.37 2.461 7 3.028 1.861 l.869 1.532 1.599 5 1.545 3 1.480 1 1.784 

2.392 5 2.464 5 3.037 1.853 1.879 5 1.53 1.596 8 1.548 1.484 4 1.773 3 

2.388 2.478 5 2.98 1.837 5 1.878 7 1.497 1.579 6 1.542 5 1.482 6 1.773 5 

2.393 2.477 5 2.979 1.839 1.867 8 1.497 1.593 3 1.540 5 1.484 7 1.776 3 

2.394 2.485 3.02 1.837 1 1.872 1.49 1.602 4 1.52 1.491 5 1.779 

2.413 2.494 3.08 1.834 1.859 6 1.492 7 1.602 1.500 5 1.494 3 1.784 4 

2.411 8 2.489 7 3.119 1.834 5 1.861 5 1.507 5 1.593 5 1.501 5 1.508 4 1.780 2 

2.415 5 2.494 7 3.15 1.820 7 1.87 l.533 3 1.598 5 1.502 8 1.509 1.772 4 

2.448 8 2.514 5 3.132 5 1.822 1.849 5 1.531 3 1.593 5 1.501 5 1.514 7 1.768 

2.443 8 2.524 5 3.11 1.826 5 1.844 1.514 1 1.582 1.498 8 1.512 3 1.779 8 

2.476 2.548 3.098 1.828 5 1.842 3 1.532 2 1.571 8 1.497 1.510 7 1.781 

2.465 5 2.540 5 3.149 1.823 5 1.837 1.533 1.582 1.492 1.515 5 1.781 2 

2.438 5 2.543 3.177 5 1.803 3 1.842 1.544 5 1.597 5 1.495 5 1.509 7 1.775 

2.423 3 2.565 3.219 1.802 1.836 1.543 8 1.568 2 1.497 4 1.514 6 1.785 4 

2.447 9 2.568 5 3.222 1.821 2 1.821 5 1.544 1.556 1.509 7 1.514 7 1.803 9 

2.408 2.567 7 3.168 1.814 5 1.824 1.513 5 1.570 5 1.504 3 1.511 3 1.792 8 

2.410 5 2.565 3.193 5 1.826 1.817 5 1.504 1.581 5 1.496 5 1.513 5 1.799 1 

2.426 5 2.556 3.112 1.825 7 1.823 1.495 1.576 5 1.504 1.512 4 1.798 4 
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2.446 8 2.553 5 3.121 1.826 5 1.836 5 1.488 1.569 5 1.524 1.523 3 1.797 9 

2.47 2.565 3.072 5 1.839 5 1.841 5 1.485 7 1.567 5 1.521 5 1.524 8 1.796 9 

2.440 5 2.567 5 3.044 5 1.824 1.840 5 1.49 1.555 1.513 7 1.527 1.794 7 

2.446 2.555 5 3.077 l.806 5 1.852 8 1.489 5 1.561 5 1.507 1.526 3 1.798 5 

2.438 2.558 5 3.09 1.811 1.853 5 1.487 5 1.566 5 1.528 7 1.527 9 1.806 6 

2.435 5 2.545 5 3.068 1.803 1.858 5 1.492 5 1.567 2 1.533 3 1.528 7 1.798 3 

2.441 2.549 5 3.036 1.806 5 1.862 1.478 5 1.587 1.540 5 1.530 2 1.771 9 

2.457 5 2.521 7 3.067 1.811 5 1.862 8 1.467 5 1.594 5 1.545 3 1.531 1 1.758 4 

2.457 2.524 3.079 1.815 5 1.867 5 1.464 7 1.599 2 1.551 5 1.527 2 1.750 2 

2.471 2.526 3.083 1.813 3 1.858 2 1.462 5 1.607 7 1.545 8 1.528 6 1.750 7 

2.527 2.532 5 3.094 1.817 1.871 5 1.451 2 1.613 1.555 3 1.529 9 1.727 9 

2.535 2.54 3.113 1.824 5 1.872 1.451 5 1.614 1.559 5 1.531 1.735 

2.509 5 2.544 3.079 1.813 1.876 1.457 1.619 7 1.555 1 1.540 4 1.725 8 

2.521 5 2.541 3.081 1.791 1.875 5 1.445 1.637 5 1.551 8 1.538 1.725 5 

2.531 5 2.541 3 3.059 1.783 1.873 1.453 3 1.624 8 1.559 6 1.543 5 1.691 6 

2.570 5 2.568 5 3.043 1.796 3 1.869 3 1.457 4 1.634 5 1.564 7 1.541 7 1.688 9 

2.559 2.567 6 3.055 1.792 5 1.871 5 1.466 3 1.636 5 1.566 5 1.535 7 1.702 4 

2.499 2.577 3.074 1.798 5 1.873 5 1.476 5 1.638 5 1.568 5 1.534 5 1.689 5 

2.516 7 2.578 3.057 5 1.782 1.882 8 1.493 1.63 1.574 1.522 7 1.692 3 

2.527 2.585 7 3.08 1.774 2 1.893 7 1.497 3 1.632 1.576 5 1.521 7 1.685 

2.497 2.588 2 3.102 1.768 9 1.891 5 1.491 1.633 1.572 3 1.520 1 1.689 3 

2.498 2.584 8 3.088 5 1.773 5 1.897 5 1.505 5 1.619 5 1.574 5 1.517 8 1.680 5 

2.498 2.578 2 3.089 5 1.778 1.896 5 1.5225 1.634 1.571 7 1.509 1.682 8 

2.471 2.598 5 3.1 1.789 1.882 5 1.52 1.611 5 1.577 1.509 8 1.687 4 

2.449 2.596 8 3.058 1.796 5 1.870 5 1.522 1.606 5 1.578 3 1.514 1 1.677 5 

2.473 5 2.592 3.062 1.789 5 1.872 1.526 1.615 5 1.573 5 1.515 1.673 1 

2.503 5 2.577 3.03 1.79 1.868 5 1.537 5 1.59 1.571 1.514 4 1.678 1 

2.464 5 2.582 3.02 1.787 1.875 1.537 1.573 2 1.571 1.520 6 1.674 6 

2.475 5 2.592 3.074 5 1.779 1.88 1.534 1.576 5 1.570 5 1.518 2 1.670 2 

2.451 2.607 3.064 1.778 8 1.887 1.541 5 1.583 3 1.572 5 1.507 2 1.650 4 

2.447 5 2.610 8 3.07 1.7?8 1.886 2 1.547 5 1.586 1.573 5 1.505 5 1.642 8 

2.456 2.624 5 3.071 1.774 1.873 5 1.562 5 1.611 1.572 5 1.501 1 1.635 2 

2.44 2.629 3 3.044 1.777 5 1.870 6 1.58 1.637 5 1.570 7 1.505 3 1.633 5 

2.425 5 2.648 5 3.06 1.779 1.856 1.571 6 1.641 8 1.578 1.509 6 1.613 7 

2.411 2.679 3.029 1.807 5 1.852 9 1.577 3 1.646 1.58 1.508 5 1.606 

2.436 5 2.661 3.042 1.82 1.861 7 1.579 1.654 1.576 5 1.500 7 1.632 8 

2.43 2.661 3 3.045 5 1.816 4 1.846 5 1.599 2 1.654 8 1.571 4 1.504 3 1.638 1 

2.399 2.67 3.033 5 1.824 1.849 2 1.633 1.655 3 1.549 5 1.496 3 1.640 8 

2.401 2.682 3.007 1.834 1.861 2 1.654 1.651 5 1.549 5 1.498 3 1.626 4 



2.376 2.695 6 2.983 1.804 l.865 5 1.649 5 1.655 4 1.554 7 1.504 5 1.618 5 

2.337 5 2.689 5 2.960 3 1.807 5 1.879 1.637 5 1.658 1.561 2 l.522 4 1.627 9 

2.307 2.724 8 2.938 l.818 5 1.876 8 1.644 5 1.663 1.552 2 1.525 2 1.642 6 

2.28 2.734 8 2.918 5 1.814 1.880 2 1.671 1.632 7 1.560 3 1.528 5 1.644 2 

2.27 2.724 2.890 5 1.804 5 1.890 8 1.689 5 L.629 l.545 5 1.537 7 1.640 9 

2.23 2.711 2.878 5 1.791 L.886 5 1.705 8 1.633 7 1.539 5 l.543 8 1.637 3 

2.282 2.662 2.885 5 1.796 3 1.889 5 1. 706 1.636 1.535 5 l.565 5 1.650 9 

2.3 2.610 5 2.837 1.793 5 1.891 5 1.697 5 1.628 5 1.527 1.562 6 1.654 1 

2.316 5 2.634 8 2.874 1.812 1.899 2 1.684 5 1.613 5 1.536 1.552 5 1.653 7 

2.323 2.655 5 2.889 1.824 9 1.907 5 l.677 5 1.618 7 1.531 1 1.546 9 1.653 5 

2.34 2.635 2.898 1.827 1.916 1.668 l.634 1.529 5 1.557 3 l.656 5 

2.310 5 2.628 5 2.85 1.826 2 l.905 1.665 1.642 3 1.522 7 1.553 8 1.652 7 

2.325 2.636 2.888 5 1.824 5 1.913 5 1.681 l.647 , l.513 1 1.548 8 l .659 9 

2.323 2.639 5 2.863 5 1.829 7 1.92 1.689 1.643 1.512 1.544 J 1.666 8 

2.294 2.663 2.863 1.841 1.942 1.668 3 L.648 1.512 5 1.545 8 1.656 9 

2.225 2.68 2.823 1.833 7 1.943 5 1.678 8 1.636 1.515 5 1.552 8 1.669 

2.252 5 2.688 2.816 1.822 5 1.973 1.670 5 1.668 1.513 5 1.545 6 1.690 9 

2.219 2.697 2.799 5 l .828 5 l.967 l .684 1.662 7 1.515 5 1.553 9 l .687 2 

2.206 2.696 2.823 1.826 5 1.969 8 l.676 5 1.668 l 1.504 3 1.556 5 1.692 5 

2.190 5 2.695 5 2.825 1.830 5 2.009 1.665 2 1.665 5 l.523 2 l.550 6 l.688 9 

2.221 5 2.680 5 2.826 1.826 2 2.008 4 l.673 L.661 8 1.523 5 1.556 5 1.667 

2.222 5 2.688 2.85 1.828 9 2.012 1.688 5 1.665 5 1.518 5 1.556 1.669 5 

2.229 5 2.677 2.847 1.831 9 1.994 5 l.737 l.662 1.525 5 1.557 1.67 

2.238 2.672 5 2.829 1.84 1.989 5 1.767 l.663 5 1.530 5 1.556 J.684 5 

2.233 2.660 7 2.831 5 1.839 6 2.009 3 1.741 5 1.665 1.536 2 1.557 7 1.689 2 

2.237 2.6 2.798 1.839 5 1.976 1.753 5 l.654 1.532 5 1.538 7 1.705 7 

2.273 2.686 7 2.787 1.841 5 1.983 8 1.747 5 l.634 1.528 2 1.541 3 1.707 2 

2.281 5 2.679 5 2.791 1.838 5 1.958 l.755 l.637 5 1.522 2 1.562 9 1.703 6 

2.275 2.667 2.764 1.844 7 1.962 5 1.769 1.631 5 1.520 8 1.567 2 1.713 2 

2.31 2.658 2.758 1.842 9 1.979 5 1.718 5 L.628 5 l.514 1.563 2 1.696 6 

2.305 5 2.668 5 2.764 l.849 7 1.962 2 l.706 1.641 5 l.511 5 1.576 5 1.680 8 

2.291 2.666 5 2.778 5 1.830 8 1.977 7 1.724 2 1.63 1.491 5 1.577 9 1.672 

2.27 2.682 5 2.767 1.837 2 2.003 5 1.748 l .629 7 1 .488 6 1.585 6 l.672 5 

2.243 5 2.652 5 2.742 5 1.858 5 2.025 1.738 3 1.618 1.476 5 1.591 1.679 4 

2.22:3 2.646 2.753 1.862 3 2.026 5 1.721 L.610 5 1.471 1.594 5 1.677 3 

2.212 2.650 5 2.772 5 1.865 3 2.029 5 1.733 3 1.597 1.469 5 1.591 6 1.671 8 

2.224 5 2.645 5 2.792 1.863 8 2.024 3 1.743 5 1.610 5 1.467 4 1.595 4 1.669 5 

2.222 2.6•11 2.772 1.855 1.992 1.727 1.595 5 1.456 7 1.612 2 1.655 

2.205 5 2.631 5 2.778 5 1.853 5 1.974 1.714 1.613 3 1.456 7 1.624 1.649 l 
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2.229 2.623 2.811 1.855 2 1.978 1.701 5 1.615 5 1.464 7 1.637 1.649 6 

2.211 5 2.627 5 2.854 1.857 3 1.97 1.690 5 1.607 1.458 5 1.640 6 1.659 1 

2.222 2.596 2.851 1.858 1.959 5 1.697 5 1.603 9 1.435 3 1.63 1.666 9 

2.241 2.580 5 2.862 1.856 1.940 5 1.738 1.593 1.398 5 1.642 4 1.666 2 

2.251 5 2.567 3 2.931 5 1.859 1.957 5 1.727 5 1.579 5 1.374 1.648 5 1.665 4 

2.236 2.587 3 2.943 5 1.864 5 1.956 7 1.712 5 1.591 1.393 5 1.642 7 1.673 7 

2.244 2.613 5 2.940 5 1.891 5 l.964 7 l.722 1.605 1.393 5 1.637 5 1.674 5 

2.259 2.604 6 2.960 5 1.877 5 1.955 5 1.714 1.614 5 1.412 3 1.636 2 1.675 

2.253 2.618 2.944 1.884 1.954 5 1.708 1 1.601 1.407 5 1.639 9 1.684 

~f..j.*~= http://datamarkct.com/data/set/237v/#!display=line&ds=237v!2jx6=6. 

* Al-24 :1cAA~!t?WfA - WH±l ~ ti 

.tiJtiti:lff~IJ (IT..tlJtitl:JS(.i.*J:P CO2 l'r-Js?tt1YJ3t) 
53.8 53.6 53.5 53.5 53.4 53.1 52.7 52.4 

52.2 52.0 52.0 52.4 53.0 54.0 54.9 56.0 

56.8 56.8 56.4 55.7 55.0 54.3 53.2 52.3 

51.6 51.2 50.8 50.5 50.0 49.2 48.4 47.9 

47.6 47.5 47.5 47.6 48.1 49.0 50.0 51.1 

51.8 51.9 51.7 51.2 50.0 48.3 47.0 45.8 

45.6 46.0 46.9 47.8 48.2 48.3 47.9 47.2 

47.2 48.l 49.4 50.6 51.5 51.6 51.2 50.5 

50.l 49.8 49.6 49.4 49.3 49.2 49.3 49.7 

50.3 51.3 52.8 54.4 56.0 56.9 57.5 57.3 

56.6 56.0 55.4 55.4 56.4 57.2 58.0 58.4 

58.4 58.1 57.7 57.0 56.0 54.7 53.2 52.1 

51.6 51.0 50.5 50.4 51.0 51.8 52.4 53.0 

53.4 53.6 53.7 53.8 53.8 53.8 53.3 53.0 

52.9 53.4 54.6 56.4 58.0 59.4 60.2 60.0 

59.4 58.4 57.6 56.9 56.4 56.0 55.7 55.3 

55.0 54.4 53.7 52.8 51.6 50.6 49.4 48.8 

48.5 48.7 49.2 49.8 50.4 50.7 50.9 50.7 
I 

50.5 50.4 50.2 50.4 51.2 52.3 53.2 53.9 

54.l 54.0 53.6 53.2 53.0 52.8 52.3 51.9 

51.6 51.6 51.4 51.2 50.7 50.0 49.4 49.3 

49.7 50.6 51.8 53.0 54.0 55.3 55.9 55.9 

54.6 53.5 52.4 52.1 52.3 53.0 53.8 54.6 

55.4 55.9 55.9 55.2 54.4 53.7 53.6 53.6 

53.2 52.5 52.0 51.4 51.0 50.9 52.4 53.5 

55.6 58.0 59.5 60.0 60.4 60.5 60.2 59.7 

59.0 57.6 56.4 55.2 54.5 54.1 54.1 54.4 



55.5 56.2 57.0 57.3 57.4 57.0 56.4 55.9 

55.5 55.3 55.2 55.4 56.0 56.5 57.l 57.3 

56.8 55.6 55.0 54.1 54.3 55.3 56.4 57.2 

57.8 58.3 58.6 58.8 58.8 58.6 58.0 57.4 

57.0 56.4 56.3 56.4 56.4 56.0 55.2 54.0 

53.0 52.0 51.6 51.6 51. l 50.4 50.0 50.0 

52.0 54.0 55.1 54.5 52.8 51.4 50.8 51.2 

52.0 52.8 53.8 54.5 54.9 ~4.9 54.8 54.4 

53.7 53.3 52.8 52.6 52.6 53.0 54.3 56.0 

57.0 58.0 58.6 58.5 58.3 57.8 57.3 57.0 

tiruA~?°IJ (tiruA::'Jc~~J.!$ (ft. I min.)) 

- 0.109 0 0.178 0.339 0.373 0.441 0.461 0.348 

0.127 --0.180 --0.588 - 1.055 - 1.421 - 1.520 1.302 0.814 

- 0.475 - 0.193 0.088 0.435 0.771 0.866 0.875 0.891 

0.987 1.263 1.775 1.976 1.934 1.866 1.832 1.767 

1.608 1.265 0.790 0.360 0.115 0.088 0.331 0.645 

0.960 1.409 2.670 2.834 2.812 2.483 1.929 1.485 

1.214 1.239 1.608 1.905 2.023 1.815 0.535 0.122 

0.009 0.164 0.671 1.019 1.146 1.155 1.112 1.121 

1.223 1.257 1.157 0.913 0.620 0.255 - 0.280 1.080 

- 1.551 - 1.799 -1.825 - 1.456 - 0.944 --0.570 0.431 0.577 

0.960 - 1.616 - 1.875 1.891 - 1.746 - 1.474 1.201 0.927 

--0.524 0.040 0.788 0.943 0.930 1.006 1.137 l.198 

1.054 0.595 --0.080 0.314 - 0.288 --0.153 - 0.109 - 0.187 

- 0.255 - 0.229 --0.007 0.254 0.330 0.102 0.423 1.139 

- 2.275 - 2.594 - 2.716 - 2.510 - 1.790 - 1.346 - 1.081 - 0.910 

- 0.876 - 0.885 --0.800 --0.544 - 0.416 --0.271 0 0.403 

0.841 1.285 1.607 1.746 1.683 1.485 0.993 0.648 

0.577 0.577 0.632 0.747 0.900 0.993 0.968 0.790 

0.399 - 0.161 --0.553 - 0.603 -0.424 -0.194 0.049 0.060 

0.161 0.301 0.517 0.566 0.560 0.573 0.592 0.671 

0.933 1.337 1.460 1.353 0.772 0.218 - 0.237 - 0.714 

- 1.099 - 1.269 - 1.175 0.676 0.033 0.556 0.643 0.484 

0.109 -0.310 --0.697 1.047 1.218 - 1.183 0.873 0.336 

0.063 0.084 0 0.001 0.209 0.556 0.782 0.858 

0.918 0.862 0.416 --0.336 -0.959 - 1.813 2.378 2.499 

2.473 - 2.330 2.053 1.739 1.261 0.569 - 0.137 0.024 

- 0.050 -0.135 -0.276 0.534 -0.871 1.243 - 1.439 1.422 

- 1.175 -0.813 --0.634 -0.582 -0.625 - 0.713 0.848 1.039 

- l.346 - 1.628 - 1.619 - 1.149 -0.488 - 0.160 --0.007 0.092 

-0.620 - 1.086 - 1.525 - 1.858 - 2.029 2.024 1.961 1.952 
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1.794 1.302 1.030 0.918 0.798 -0.8(i7 1.047 1.123 

0.876 0.395 0.185 0.662 0.709 0.605 0.501 0.603 

0.943 1.223 1.249 0.824 0.102 0.025 0.382 0.922 

1.032 0.866 0.527 0.093 0.458 0.748 -0.947 1.029 

0.928 0.645 0.424 0.276 0.158 0.033 0.102 0.251 

0.280 0 - 0.493 0.759 0.824 0.740 0.528 0.204 

0.034 0.204 0.253 0.195 0.131 0.017 0.182 0.262 

:8t*4*mt: Cox&Jenkins. Time Series Analysis: Forecasting and Control ~t@~ J, 1976. 

* Al- 25 1978- 2002 lJ:.q:iOO:&tt~~*ii!A:l.1Jf!tii&A.1¥9°1J {xt}, 
~m1ill'11i:lliJ¥91J {yt} &f!til&)...~ltt.1¥9°1J {lnxt}, ~m;illffl3tlli~/ttij;91J {lnyt} 

{J::{f} 
~t&A I.£ ff. tlH11 Ji: tl:l 

Xt lnx, Yt 1n .1/t 

1978 133.6 4.894 85 116.1 4.754 45 

1979 160.7 5.079 54 134.5 4.90L 56 

1980 191.3 5.253 84 162.2 5.088 83 

1981 223.4 5.408 96 190.8 5.251 23 

1982 270.1 5.598 79 220.2 5.394 54 

1983 309.8 5.735 93 248.3 5.514 64 

1984 355.3 5.872 96 273.8 5.612 40 

1985 397.6 5.985 45 317.4 5.760 16 

1986 423.8 6.049 26 357.0 5.877 74 

1987 462.6 6.136 86 398.3 5.987 21 

1988 544.9 6.300 60 476.7 6.166 89 

1989 601.5 6.399 43 535.4 6.283 01 

1990 686.3 6.531 31 584.6 6.370 93 

1991 708.6 6.563 29 619.8 6.429 40 

1992 784.0 6.664 41 659.8 6.491 94 

1993 921.6 6.826 11 769.7 6.646 00 

1994 1 221.0 7.107 43 1 016.8 6.924 42 

1995 1 577. 7 
\ 

7.363 72 1 310.4 7.178 09 

1996 l 926.1 7.563 25 l 572.] 7.360 17 

1997 2 090.1 7.644 97 l 617.2 7.388 45 

1998 2 162.0 7.678 79 1 590.3 7.371 68 

1999 2 210.3 7.700 8 1 577.4 7.363 53 

2000 2 253.4 7.720 20 1 670.1 7.420 64 

2001 2 366.4 7.769 13 1 741.0 7.462 21 

2002 2 476.0 7.814 40 1 834.0 7.514 25 
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