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ABSTRACT 

The purpo-se of this research was to compare the observation outlier 

in the stationary time series +(B).Y~ - @ ( B ) . ~  taking into account the percentage 

of the type I errors, power of the resr aswell as to compare the corremess of the 6 

rime unit forecasting 

The dam of the research derived from data simulation by Montecarlo 

M q u e  with errors (q) and contaminated normal disuibution with scale factors of 

3 4 5 and 6 for the time series of models AR(1) M N I )  and IMA(I.1) sample 

size 100. Thestudy dealt with the case of 1 observation outlier, except for comparing 

the correctness of the 6 rime unit forecasting which used the real data of ThaiIand 

exports from the year 1986 ro 1993 , by simulating the model to causs errors rin the 

dam which would become the guide Line for decision 

The study under the given situation was summarized into 3 case as 

follows. 

1. The ability to conuol the rype I errors : the resout showed that at 

the significant levels 0.05 and 0.01, the method precented by Chang , Hillmer, Chang 

Tiao and Chen , was able to control the type I srrors very tittle in time series models 

m i l )  MA(]) and lMA(I.1). 

2. Power of the test for finding observauon outiler : ir was found that 

at the critical levels 2.0 2.25 2.50 7.75 3.00 3.25 3.50, the method presented by 

Chang , Hilimer, Chang Tiao and Chen, possessed the highest power of the test in 

rime series models AR( I )  MA(1) while in model IMA(1 ,I) the power of the tesr 

was lower 

3. The comparison of mean absolute percenrage errors fo advance 6 

time unit forecasring : the study revcaled that when adjusting to correct the 

observation outlier at the position of rime series models with adjusted observation 

outlier correcrness had given mean absolute percentage errors lower than that of the 

time series models unadjusted. Moreover, the coefficient correlation of decision was 

higher than that of the unadjusted models. 
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nirriinumo'utiu~a~nimi~(~eii~ (D > 1 ) $ ~ ~ u ~ : r i l u n & ~ W t l ~ ~ n ~ i ~ ~ ; ~ m i u ~ u ~  

rra:rdtl~niound (Autoregressive Integrate Moving Average : ARlMA (p,d,q) k~tl d 

r9uoir&d~a~cl~eii~ $uuuC(~uul&ri 

2.2.2.1 ARlMA ( 0 , l . l )  H%I IMA ( 1 , l )  fhdtt~~ 

Y ~ - ~  = p +  at - (2.9) 

1 a 1 1 < 1  

2.2.2.2 ARlMA (0 , l .Z )  M% IMA (1.2)  G$UULI 

2.2.2.5 ARlMA ( 1  - 1  ,I) f i $ ~ ~ u ~  

(Yt-Yt- l )  - $ 1 ( ~ + - 1  -Y t -2 )  = P c a t  -%at -1  (2.1 3 )  
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2.2.2.6 ARIMA (0, I .O) dnirruu 

'Iau yt - Y ~ - ~  2  6 a  i i f ~ r n a d o ~ i i ~ r Y u  12 r z a u  

d d 8 60 w i a l i j ~ m o ~ u ~ r r u u d i ~ o s \ ~ ~ n q ~ n i ~ ~  (Seasonal Moving Average 

Model) 

n i m i n u a  ~ U U U  ~ I ~ I H U ~ ~ L L U U V O J ~ ~ ~ ~ L ~ F I I  ~ ~ . P j ~ n a l t G ~ i n d i R ' ~ ~ n ~  
m n  d ~ u a n " ~ 8 a n ? - n t d i i u ~ u ~ i ~ ~ ~ n ~ a d i ~ u ' a u  3 0  61 n ? a ~ i ~ n ? ~ a i r 6 ~  1 0 0  61 d i ~ n ~ l n  

i i ~ ~ d I a Z u n i m u i n ~ N I  ~ ~ & r n f u ~ u & ~ i i ~ d i f ~ ~ n ~ ~ d a ~ i i ~ n i (  k ~~.IL=F~I 

;a pk (Autocorrelation Function at lag k) L L A ~ ~ J ~ U : U ~ ~ ~ ~ W ' U ~ I J ~ - J U  

d 
~ w i i 4 f i i f J r n ~ n a ~ n i ~ ~ u  k ~ ? J L ~ A I  60 Ekk (Partial Autocoorelation Function at lag 

A 
k) Tnu pk d?nrruu"mnPa - 1 < pk < 1 LLA: pk = p-k TJ 

C(Z, - Z,(Z!,, - Z, 
P. = (2.1 6) Co 

, t = 1,2,3 ...., n-k 
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2.1 (via) 
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d d  Y 2.1 (do) 
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6.8 1 I (c, - a,) > o 
0.6 ' 1 
0.4 1 ' r 

:o 

-0.2 

n i s i i n m i i  pk iicii~riiriu o n% Dkk azi~ii~riiriu o n?oh iigninqg iio 20 4 5  

a: ~ i l u ~ u t d u ~ ~ u u u i w ~ u ~ a ~  pk nia Dkk nuiun?iuil rii pk n'm Qkk iiciia$~un?~m'm 

~riicu 2 6  a ~ u a u ~ i i  pk nia DM iivii~riiriu o oi pk nio Dm n ' i  o$uonn?a 20 atlrjuoui; 

n pk n?a ijdi~riiCu o ~ R U ~ I ~ ~ ~ I ~ ~ ~ I U U ~ ~ ~ U  7185 pk iio Var(pk) G+iid5t~ir~(rii~u 
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n17mnil~0u$uuu luni~mn~aau$rruu~iluni~~~nilaauii$~~uu~ 

~ i n u n I i r n u i : : a u ~ u ~ ~ n m ~ ~ ~ i n i a I i  BJ BOX rra:: Pierce (BOX LLR:: Pierce 1970) Kci 
rauaiini~olniluaun~iurnui~auua~~rruu Tnol%6~ufS 3J"anbw'uaInurrn7i 

d 
(Box- Pierce Chi-Square) AO Q L ~ u ~ ~ ~ ~ ~ ? u o u ~ ~ ~ ~ ? ~ ~ ~ R ~ ~ L ~ R o u  N L7Q1 t at , 

t = . . .  i jn~i~r i lu~uxviofunioI i  ~ o r ~ u u r G u u u ~ n u u a ~ f i i a n ~ u w ' u h a ~  at 

11~1v i13  9 fui~~n71ur4aiYu 

Q = (n - d)C p2 (at) (2 .1  8) 
J 
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IH' WAT ~ B ~ c A j d r e u i ~ d i u u u ~ r r ~ ~ n ~ i  (least square : LS) I I~J w [i7n%hr~uu 
d r r  C rw-nzii at ~ 3 u n ~ i u n ~ i m ~ n ~ a u ~ i n n q ~ ~ ~ a ~ u n ~ ~  a~uu~z1RYj-1 

WAT = [et - z ~ j . e T + , ] / ' T ~  (2.27) 

r i a  j=1 ,2,...,n-T 

2 2  , C z . 2  d 

l rua j = O , l  ..... n-T 

nimm rouruuGi~u 

HO : ounmrqai yt liiidiQndn6 
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tdo T unm.rff.~niut~~iitdu1dIC~4~rn ~nimiiazLE~F;~firndn~$u%ua~n~arr?ai ii 
AT 2 lkTl > C ~ f l ~ 4 ; 1 % ~ % N ~ ~ ~ t 6 ~ f l l ' i ~ ~ n ~  sll L?.ill r ~ . J ~ l f l l d 7 t ~ i f ~ f i l ' i l ~ t ~ ~ ~  

W A ~  &fluni5 (2.31) 
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, < 

2.2.3.3 ~ n ~ o ~ ~ a ~ S ; ~ w ~ ~ i u ~ n ~ o ~ n i m u i n a ~ a a ~ n ~ s l o ~ o ~ n m  . " 
La~lao nisouac r9d"flul?7& (meao absolute percentage error : MAPE ) 
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nt! nolenn E n~i!~rpi P '2 

n_niepn~~onurrlpuup~ugne~~ronno~n~ro;s~uro~~n~tsr~nuaii~~u~~u~~ -.. - vru 

~u~i~~~~~~uiio~r~~~~~n~t~~~ru~p~u~nonu~uui~~:~ - P nr~unln_sg~unl '2 
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nbnui~urrpougnoun~~~n2~uuinoun!~~ n , nouns 2 

~~~uu~n~n~~ns~z~~~~~n~~~~~~bsuie~~~~~z~a~o~~iu~~~n P 2 A* LAU~PLUPB~~LH~F -a 

-~u~nu~an~~neun~~~nbsui~~~yn~~n~~u~s~u~~u~~~iu~uuh:~~~u .. , z.r.r DPU



ni~a&~Gn~ni~uonu~.rno~n~iunaimrmdau~n~uuumiu~6inunluuuu 
uuunimmao.rtu tzii~sunmni~i~a;unu 77 (~oman 77) In~ta'n~~rmdso.r IuIn5mou 
S ~ L ~ E I ;  & n i ~ a & . r ~ n ~ n i ~ u i ) n u i ) ~ d n ~  ~ r ~ o ~ ~ ~ ~ u ~ ~ t ~ n ~ u d ~ ~ n i 5 ~ i ) n u ~ ~ ~ ~ u a d i  

rauolu~i7.r (0.1) LBU$U~~IU~U~ISR&P iin%~dmnm&a'a&.r~~ran~u funi-f%~ 
" " "  

nijfl¶%IariuR:~ljn (White and Schmidt 1975421) ~ ~ ~ u o ~ ~ ~ P ~ ~ u R : L ~ u w U R ~ P  

I;%uninuu7n n. ~ ~ ~ m ~ ~ = ~ ~ ~ m l ~ n i ~ ~ & ~ n i ~ u i ) n u a ~ ~ u u d n ~ d a o u d ~  <u~dui'.rd 

n&.rnisui)ui).ruuudnSImu%a'~~'~~l~ Gauss &ijmir~dutdu o UA: naiu 
, . " "  ! 

uddsaurdu I aaumir~duu~:maiuudd~~u~u&aam.rmi&rnm~imdnS i)r%&15 

U L I A J ~ ; ~ ~ A % U ~  ASCM = XIW + SA*X Inu XMW UR: S A ~  WEI ~ I L O ~ U L ~ U  

o u~rnaiuuddnu~&~ni5  laud sa ~duuaiy~aa.r IC n'u s tdo ic 
, 

tiiuranslurlnrmo; ~in%naiuuddsau s2 tiiunaiuuddnuijmitiiu I naumu 
n:~~umunn.rlAu ninuuan n. ili5%si~~lunlut;ou$niiik.r C.CL SCUE 

(LY,LV,SASO n'i .W,SA~ u ~ircimijrmo~~61numr~ir;ldu~nrnaiuu~dsau 

d.ro:qnA~uiain~d.junm~~n u~grc; iio x &du~aud~~uiijni~ui)nui).~dnSiG 
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rdarfr~a~aa~nsur~~idi jn~iuiuw"u~miuei?~ruud6a~ni- i l&r~~ 

$uuoialdn"a n i m a a a a r ~ a n i r i k i ~ u u a ~ n ~ i u ~ ~ w a i ~ d x ~ n n d  l l u n i m a a a ~  azr r ia  
r d r  

aanrilu 2 n t i  +?a n t i d ~ i G d i i a ~ n d f i a d n Q  (k=O) n-mrnudirijrnm~fiadn6 1 

(k=l)  ~ ~ d i ~ ~ ~ n m d f ~ d n ~ & ~ ~ i f l l n ~ r n ~ ~ ~ d n ~ ( ~  G$uu~auni~6iu~nrdiu?iG +?a 

dxuinrdiwinijrmai n~iunainmRdau diu=nrdi & riandi 1 & I dijdiuaR;n 

r ~ u u r ~ u u ~ u ~ i ~ n q G ~ ~ u w ' u h n ' ~  0.05 r r x  0.01 r W d a ~ a ' ~ ' r u ~ ~ i i ~ z d ~ r ~ m i a u a u  

%auu?I~u luntriidlriijdiiarnmifindn~ ~~iini.rmm.iluaurw'au~n~ii ~ddditiarnm 
- - .  d d -- 8 d d ~ a d n ~ . i l i ~ b u i j ~ a u ~ u i i ~ d i m s l n i n n ~ a u ' a u n i i d i i n ~ ~  r i ianmninraa~uni i  

rdr d i ? n q 6 r r a a a i i m n ? ~ w u d i ~ ~ ~ n m d ~ ~ d n ~  ~unmnudi~arnm~f isrdn6~ 1 d l  IwuG 
- - .  d d , -a a d 

r&ulvii o id~mmn in~u~u inn i i d i i nq~  niromninroa~auniir i i inq~ L L R L ~ I  

n i ~ o m ~ ~ a ~ ~ i ~ ~ ~ ~ d m m ~ ~ ~ ~ i i d ~ n d n ? I i i s l t ~ ~ u 6 i ~ ~ ~ ~ ~ d & ~ ~ u  nidnnnpiilri 
d o n ~ n ' w u a n a i i m ~ w u ~ i ~ d ~ n ~ d i j n d n 6 ~ w " u ~  1 "I ~ ~ ~ l i i u i u n ~ ~ d i i n i t ~ m a ~ ~ ~ n  

z 
mamiudoulu ~in~uu'oun~uldiinit~ui~arii~~nl~ri~unx~~nllr i 00 nta rrs: 
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3.3.3.2 ni-midiuionimarou 

?J?R ~Gourfi~uKu(ii~nq~dxCuu'omn'~ 0.05 0.01 22 0.01 0.003 0.001 3 

LLA: 0.0006 ~ i o ~ m ~ ~ ~ ~ i i ~ ~ d ~ ~ u m ~ a ~ a u % m u ~ ~ ~  nddfidif~rnsldiimdnifi 
rl A 

i 61 laofidou~n41 Oici iu5~ci in~wuinni i  cii5nqA ciiu5'lcii~uo~w'ooniiciiinqZ 
Y 

~ A : ~ ~ I ~ ~ ~ P U O ~ ~ U M ~ J ~ W U F ~ I ~ ~ R  ninm~rYuviiun~Arriimu ~rrm~iimswucii 
Z. 

G~rnsl diimdnlrGiu~ 1 h i  u'~4iu7un%dfii m ~ m n o r o u ~ m ~ e n u d a u ~ n  ainuu 

~ o u n ~ u ~ r ) l n i ~ ~ u s i ? o ~ i i ~ ~ a ~ n ~ ~ u n x ~ ~ n m  1 00 n& u ~ ~ : d i ~ ~ m c i i d i ~ i a n ~ ~  
Z. r. 

nmrounJnuaoinuu ~a:~d~uurmauY(nrao%~~:nui~sT~oh~mudiR'u aunm j 
~ r u u d 6 a ~ n i ~ d n w  

~ d ~ ~ ~ l ; l ~ ~ l n l ; l ~ ~ i i n l l ~ ~ ~ ~ ~ ~ ~ ~ d ~ ~ n ~ ~ n ~ ~  g~usi9 2529 WJ 25 36 

iudold n'o n immao~r i r"onic i i ioo~rrdouuy~nin~iun~im~ni fa~~a~nmoinmi  
A r ~uounixl%uii i f~~nsln"fiadn~uR'~ nimiu-amciiaAZ n"o druimdiwinirrmoi 

n?iunaia~nR"ou 6iu1mCii hT rtancii I hT I d i j ~ i i ~ ~ ~ m ~ ~ ~ u ~ c i ~ u  n'ydi?nqZ 

dri'uu'ohg? 0.05 rir"o&'iu~aii~~dj~um?5ooou%uuuZ~u d%~mn?ndiii~rnn 

Aiiadn~dmnawu mnim o i n ~ d i ?  ~n<iaynmr?ai laolmidntnma;lr%d 

AUTOBOX VERSION 3.0 s j a ~ i n u " ~ f i i n m i c i ~ o . d ~ ~ a ~ c i - n ' a o ~ ~ ~ d o u u ~ ~ d ~ n n ~ ~ ~ ~ ~  

1~1~ll%~slrnimiu?mlu 2.4.4 

l z h ~ m m ~ m l u n i j l ~ o n " ~ n ~ ~ ~ ~ ~ o ~ & u n i ~ ~ ( a ~ ~ ~ n a ~  7 7 [iin%InYUrn~a~ 

luln~nou$7~mai 6aunn~27luninuu?n n. ua:ld.runm AUTOBOX VERSION 3.0 
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r  C ar l u n m ' ~ n m z n n r ~ u a o ~ d n ~ ~ ~ u u ~ G o u n ~ i u u i ~ z ~ i l u u o ~ n ~ i u i i ~ w a i ~  
Z. 
nJnuw Biuiqrrrmwaau ~ ~ z r ~ ~ u ~ ~ e u ~ i l i o s a z r d e a r r ~ n o ~ n ~ i u n a i ~ ~ n t o u  

d  r mmmnmG?~nCi ~uoumsr l . iuun'~ i i~~~na~i i~dn~uaim~aouFi iBiJ~nad~~~dn~ 

~u$auaoumur?aiw~fi . ,  3 <?uuu n'a AR(1) MA(1) UQ:: IMA(1 ,I ) rijon3iunaia 

rna"ou (at) dmonuo~~0uuuudnldaaudu n'o urnanaurniirua 4iu~uFii i jadnl 1 

Fii ~a'arnauAnraa%flu 3 4 5 UQZ 6 h u m x d u u r ~ o u F i ~ ~ a ~ ~ a R " u ~ ~ ~ ~ u a ~  
r d r  

n?iuwaiwrna"auni-mmnm r u o u & u n ' ~ i i ~ ~ r n a ~ ~ ~ d n ~ u a ' ~  \$G~aoin;aFii 

r m c i ~ o a m a ~ ~ r n u ~ n o  i&ui9 2529 ii~ 9 2536 

C 
~ U ~ ~ U ~ ~ I ~ ? ~ ~ U ~ ? L L ~ U ~ ~ J ~ ? ~ ~ ~ ~ ~ ~ I R ~ J ~ U R ~ ~ % ~ T T ~ R U O ~  

l i i~rua~ujonrr~ diuianimwrou u i r u u o ~ u ~ ~ u a r n m v l ~ ~ o u ~ ~ o u  h u n n  
A r ~ d ~ u r G o u c i ~ i o o a r ~ ~ ~ ~ ~ ~ ' ~ o ~ n ~ i u n a i w ~ n A " a ~ m m m r u ~ i ~ ~ n w ' i  r u o u n d b  

u66ikrnaftRndnl~lai riirruo1u$m.J R Y J ~  
, 

hn%n?lu~lazr i lun?iui jwwala~~nu~~innim~ao~ ~ z r i i r u u o I u j v o ~  

bolainnrw7um~oimrin~ium~imlunim~u~un~iu naie~ntaud.r=rnnA 

1 VBJ Cochran (1 954 : $lJh(10 Ramsay 1980 : 337-349) UQr L ~ W & ~ J  Bradley 

(1 978 : 144-1 52) ~?imin?ufi f lu m o a z ~ ~ o w h n % u m r = ~ n n r g i ~ a ~ u n d ~ m i  

1ilu&i 

1nan'YoJ Cochran riinuRIH' r n'o din?iurii?zli luua~n~iu~wwaia~~nun 

drfiw*uqinnmaeo~ r i i  r dfiitui?~ [.007,.015] 4.rz~ucom&g 0.01 ~Sjilun?~ 
& & 

[.04,.06] &~urioh<q 0.05 oz~o~irmsuauuun?u?un?iu~nwai~n~nu~ nr 

.r=Cuu'oh$q$u 

t: 
lnnrsiuo~ Bradley riinuwln' r n'o Fiin?iuuloz~iluuo~n7iuEinw~i~1n~nun 

driiwiu~inrmnnaoJ ni r d d i l u i ? ~  [.005,.015] ~ . r z G u C ~ h 6 ~  0.01 i id i tu i?~  
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4.1.1 u ~ m l i ~ n n ~ ~ ~ i u l i 7 ~ ~ ~ ~ u n o ~ n ~ 1 u f i a w ~ 1 ~ n " ~ n u a ~ o ~ ~ u i a ~ ~ a r i i ~  100 

bfIr&~um~uu r &dl CX dfiinua 4~iin.i 0.05 0.01 si?u~nnm6 u o ~  Bradley 
w- J U U R J I < ~ " J ~ I ~ J ~  4.1 ~ J ~ T ~ L I I ~ L ~ u ~ u R ~ ~ J I ~ ~ J U  
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a h  

Gnh6q 
0.05 

I 
I 
! 1 
i 1 
i 
I 
I 0.01 

I 
1 1 0.6 ! 
I 1 0.9 
1 I 

I i j 
0.6 i 0.23 

I 
I i I 0.91 0.09 ! ! ~ ( . l , l )  i 0.2 / 
I 
I I 
I I 0.6 1 0.00' 
i 1 
L i  0.9 1 

! 0.00' 

kuuu -- 
=(I) 

MA(1) 

IMA(I,I) 

0.6 0.01 I 0.09. 1 0.00: I 0.00' 1 0.6 1 
i 0.9 1 0.00' i 1 0.04 o m  0.00- ; 0.00- 

.4R(l) / 0.2 ! 0.08- 

mniirmo; Ixhnibnlini 1 ijniiul~ini4 I n i  (k=o) 

, 81 + k-o i 3 4 

0.2 0.12' ! 0.06 I 
0.6 i ' 0.05 ( 0.07 

i 
0.9 0.00' I 0.10. 0.05 0.00‘ 

i 
0.55' 0.17' 

0.39' 1 o.I~: j o.05 0.05 i :::: 
0.9 0.16' 0.09 0.00' 0.00' 

I 
0.2 0.28' i 0.09. ! 0.00. ! 0.00. 0.00. 1 
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4.1.2 uan j d i u ~ u ~ ~ a ~ n i m n n o u m u i s ~ n ~ u ~ u ~ ~ i u E n n m n ~ a n u n l ~ u a =  
n?uqulu'li 

o indin?iuuior~f l~~18af l?iu~~n~i~#anundrn~~~du&~u s:riini~flTlj 

u ~ ~ ~ ~ d i ~ ? ~ ~ ~ a d n i m ~ n ~ ~ d a n d i ?  n i u i s n n ? u q u f l ? i u ~ ~ n n i n ~ ~ ~ u u  oin 

nimnnnudi&rnmdtn~~niiiu~u 1 ii i i n ~ ~ ~ u u ~ o ~ n m t ~ ~ i ~ ~ d  AR(I) ILW(I) 

URZ IMA(I.I) Y I U I R G ~ O ~ I ~  100 nuganun 5 nimnaoa inutfiwr;uuil r 5ui1 

a d f i l n u ~  %asdl 0.05 0.01 &~urflmi~~aa Cochran ~€i:rnmt;SI~a Bradley &mls l . r  

i 4.2 &iimu~Zrtjunn~~)$ 
< 

mimad 4.2 u ~ n a ~ i u ~ u ~ ~ a i ~ i u i ~ n n ~ u ~ u n ~ i u ~ n n ~ i n ~ ~ ~ n n ~  1 I&a:IiId ain 

n i r n n n o a ~ u n i s ~ m o ~ o u ~ i ~ ~ r n ~ d ~ n d n ~  L U " ~ Y I U I ~ ~ O I U  100 

oynmnaiadd i i n ~ d i i ~ r n e l d ~ n l ~ n a  k-o UR: k = ~  &:n'u~um&~ 

0.05 UR: 0.01 

I t I rncuri Bradley I inrun Ccchran i 
! 
I ~ I U L I L I  / < a  j - a  i > a  / < a  1 - a  i > a  1 
I 
I 1 0.05 0.01 j 0.05 0.01 i 0.05 0.01 1 0.05 0.01 1 0.05 0.01 j 0.05 0.01 1 

4.1.2.1 i r ~ u G u i i +  0.05 u ~ ~ ~ m n ~ ; i n i m n n o u n i u i ~ ~ ~ ~ u ~ u  a I; 
~ O u ~ i f I f l  Bradley u ~ : ~ n m i  Cochran 
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4.1.2.2 &&~Cum+iig 0.01 u ~ ~ n n ~ i i m a u a u m a n m ~ ~ u ~ u  a 
t~~ourdotainmsiyod Bradley ua:: ~ n m h o d  Cochran 
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m a d  4.4 u a n ~ h u i 9 m ~ m u o 7 n m a a ~ ~ ~ ~ m ~ m u ~ ~ a ~ n a d i l ~ n l n i i d m i ~ & a h a  

i oo huunmuff-6nql &uuua~mr~aimtd rrmii~aaf mnauhraaf 41u?udi 
kmadiicldnii 
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0 0 0 0 0 0 0 0 0  
. . . . , . .  

* * I O . * m V m I D *  

I " " ' " '  DPU
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0 0 0  0 0 0 0  D O 0 0  
0  0  

< < <  m m m m  . d a d  
. , O m U L B O * N b L m r  
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4.2.2.4 i r n ~ y d i ~ n q ~  2.75 

5~uuuoynmnai AR(I) MA(I) ~diui~nirnnanu~ani i~~uuu 
nynmnai ~ ~ ( 1 . 1 )  

4.2.2.5 dxmir&inq~ 3.00 

huuuaynmnni AR(I) MA(I) G d i m ~ n i r n n ~ ~ u ~ a n ~ i ~ ~ ~ u u  
aynmnai m ( 1 . 1 )  

4.2.2.6 i xm i rm inq~  3.25 

G~uuunynmr~ai AR(I) MA(I) Cdiuianirnm~cou~ann~~uuu 

aynmnai ~ ( 1 . 1 )  

4.2.2.7 i ~ ~ ~ ~ d i i n ~ ~  3.50 

&uuuoynmnai AR(I) IMA(I j Gdi~ ian i rnm~au~an~ i~~uuu 
oynmnni IMA(I,I) 

" , 
a 

, * 
a "  , a 

4.3 4 - " 
" A -  " " A-  - d " ,  

E t 2 4 m i u m  
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[(I - B)]Y(T) = 1493.5 + A(T)[(1+0.7724B + 0.3972~~)]-~[!1 + 0 . 5 1 8 2 ~ ~ ~ ) ) l  

(4.6.1) 

&iiiiin=iul~JsJslu ioi) diA 0.1355 t~nr6iqpln'nupl: (parameter, T , O W ~ I ~ Y Y  ~49l1514d4.7 

I j PARAMETER I Coefficient 1 Standard Error 1 I 
t-ratio I 

! I m ~ n ~ i i  1493.544 557.559 i 2.679 
. 
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PARAhETER Standard Error Coefficient t-ratio 1 
~ 1 ~ 4 f i  1 2567.576 1 140.475 18.28 

. 
I DPU



PARAMETER Coefficient 

Standard Error of Mean 

R Souare 

Standard Error 

442.416 

0.1014 

0.0984 

0.1 164 

2669.45 

3982.62 

" .  
oin~auuu'lununid 4.6.1 3.6.2 uac- 4.6.3 ui?dm~'1n~~uainin~a~a~ 

diZ4rnni~ndnG '1uminad 4.10 

u~m~'lH;iiua"n~au~in~nu'a~~u'~iZ~~nmdZndnZa~ut;? 1~ni?~ni~rnn~nauun::unItl~a 
A -  ' 

Umm~i4~nmd~ndnZ i7c-Si'lkimuinsN'va~ ~a?ay~~uuu'iUAa~ur~u~m.s~uarnaiu~i 
' A ~~an'aAin;iyn&~ndu'nirmnomun::dkunIv iiZarnmd2indnG N iiunu4nmm0 

ROUT(U 

t-ratio 

1.960. . 
-8.784 

-4.461 

4.869' . 
-13.680 

6.291' DPU
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ainnimmnoaninaiuui~~~~u~oa~aiui jnwni~IJ~Lnn~ I tunimnaau~;~ 

krnmdZmdnZ ~iou'iuirfioui~oun"u~in"n'inumt~~mutirnnm~oa Bradley unr 
"" 9 

Cochrao n@lmfi.ru ~~nidu' imuaimu Chaos , Hillmer , Cheng Tiao unr Chen a? 
naiu niui~nnau~umaiuZm~nifid~rinn~ 1 l&auuin luhuuuaynm~ani AR(I) , 

M.41'1) unr LW(1.1) 

lunisrnsaoaaufliZarnm~~ndnZ9~~15n~~ 2.0 2.25 2.50 2.75 3.00 3.25 
9 

unr 3.50 flfllm'n'au ?6flldu'lrfluahl Chang , Hillmer , Cheng Tiao uRr Chen 
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din'qaaaaynm~ani IhlA(I.1) '~(fllniuld ~duwnfii~n'i~nimoa Chang , Hillmer , 

Cheng Tiao unr Chen u"drFin~snw&u~~ 
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1 u n i ~ i i o 7 m i n ? i u m u i m n i ~ n ? u ~ u n ? i u f i ~ ~ a 1 ~ d ~ ~ n n d  I rdalriijFiiG~inad 
fiadnl vrii, ~Fiibrnadficldnt 1 Fii d . r r 6 u ~ l h h ~  0.05 ua:: 0.01 u u i a h a i i ~  i oo it 

4 nimima~n~ iumuimlun i . rn~u~u ln i iauu in  orijn?iurnuimn?u?un?iufi~wain 

d.rrrnnd I ~ a ~ r ~ w ~ r a j ~ a a ~ n . r u ~ ? a i n ~ d ~ r i l ~ u  ~ u n i ~ o i m i f i ~ d i u i o u a ~ n i r n ~ ~ ~ u  

d n n g i i  hn%~uuuayn.rur?ain~d AR(1) . w(1) fidiui~nirnacmu~~niiaqn~ur~ai 

l r i n ~ d  Iw(1.1) ~daf io imin?iunaia in~auua~mmuinm(a? 0 nri?ur~ai ~ d a i  
nid%i~n'Fiikrnadfimdnl m dliinri~niur?aldwnowu 4 h i ~ ~ m a ~ : l G F i i i d u i j u a r  
Zuiuym[Ctdiniinimuindi~~n~i~ri~nid%un?uFiifiwdnl kln'uan~lfr~uii4"sna~ 
Chang . Hillmer , Cheng Tiao Liar Chen i jd .r :~%nlwnlmulnd$~ 

5.5.1 lunifi5unf~$riluni.niirmaihi~an~1niiia:d%r~fiikrnadfindnilu 

u'oYaaqn.rur?ai4%~JLriiiu t~Ju'3dudu 7 i n  1-h nirnic i irduaa~iay~ 2 i l i a !  tn 
.- u 4  5uunuddidfiadnft ~iluvYu ~ c l u ~ ~ ~ d ~ u n i ~ d ~ u a ~ n o : ~ i ~ h i ~ ~ d ~ a ' a ~ i ~ u " d ~ : h ~  niw& 

d ~ : ? % I J ~ I < U ? R ~ % ~  ni.r&hloua~$bia~ii  hrrnri~niur?ainanomuw~ii i?~inadfin 
d n l l u  ~m:ijnid%r~n%n"sali %~nininu"nid%rrn?viayalr i~.r~ dirrnri~ddciikrna 
dfindn~a~q~~fta~ori~uan~:nuda~ii?m~n~m: (parameter) ~ a ~ ~ ? i i u u a q n . r u r ? a i ~ i ~ ~ ~  

n~ iuna in rndaun imuind~~n i i~ i lu ld ld  

5.5.2 ~ u n i f l ~ u n f ~ $ ~ i n i ~ m n o a a u ~ ~ ~ ~ ~ n m d k ~ d n ~ d ~ ~ a ~ u u a ~ ~ ~ r i u u  AR(1) MA 

(1 ) a I , I  ) ~dan?iunainrndaufini.rrronrro~rruudn~daaudu da arna naunifirum 
r d r  ~nuai i~~11nnisrr~ln~i~~i iu~dnmnuFi i~a~u o n?iuuddnurilu 1 4 ~ 6 1  krnmd'rndnlaio 

~ r ~ ~ u i ~ l n d . r r m n ~ d n i l a s n r r ~ ~ ~ ~ u u n 1 ~ 1 1 1 n  (heavy tailed) n% ni.ruonrro~iiu~ni~ui~ 
(long tailed) i h  ni.rrronrrwiiuu T n i ~ ~ ~ o n ~ r ~ . ~ u u u  F ~ilumil i i j iua i~ f i in i f i ~u  4rnn:G 
lunnfiiikrn~dfiadnj,5.1nii? 
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r dr bud v rilu~~rauciudijnin~~1n~~~1s~~uudnrnnuFii~du o ua:n=iurrdxlmu 1 

RANi r i l u ~ 2 r ~ u ~ u d ~ n i n ~ ~ 1 n ~ ~ ~ 1 s ~ ~ ~ ~ ~ ~ 1 ~ ~ u a t u n 2 ~  (0.1 ) ainldrrmrmdao 

RANDU 

k rilu4iu~u"iua~  RAN^ d ~ ~ n r i i u i l a '  

budn5rauiu v azdFiiruitn~~au~u~dnirrranrrosdn5drrwj~rsu"u~dan'iuas 

k ruilngaiowu& (Infinity) hn%~daunmnd~i&~~nu~uw"ilz~~"an k rilu 12  rwdaamr=ai .- d 
n i r6 iu~dumdrasnau~~~rna i  ~ l in f rn&6u muimriioulnrj1nm.m 

SUBROUTINE GAUSS (IX,S,AM,V) 

AM = 0.0 

D O 5 0 1 =  1,12 

CALL RANDU (IX,IY,RAN) 

3 A = A + R A N  

V = (A - 6.0)*S + AM 

RETURN 

END 
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IA = 1 

S = IA 

SA = C'C'S 

2 0  CALL GAUSS (1X.SAM.X) 

IN - INT(1 O'X) 

IF ((IN .GE. 2) .AND. (IN .LT. (N - 1)) M E N  

D O 1 5 1 - 1 . N  

IF (I - IN) 12.1 1,12 

1 1 CALL GAUSS (IX,S,AMX) 

R = XMEAN + CLX 

ERR(I) - R 

GOT0 1 5 

i 2 CALL GAUSS (IX,S.AMX) 

ERR(I) = x 
15  CONTINUE 

ELSE 

GOT0 2 0  

END IF 
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C THIS PROGRAM FOR GENERATING TIME SERIES 

C WITH FIRST AUTOREGRESSNE MODEL AR(1) 

DIMENSION ERR(120).Y(1 PO).AERR(~~O).~ERR( 1 ~O).CERR(~ 20).C(B) 

+.YA(120).YB(120).YA1(120).YB1(12O)~SCAL(120) 

+,1~(2).10( 1 ~O).BSCAL(I ~O).KM 1 ( 120).KM2( 120).DERR(120) 

+,YC(120).YC1(120).W(120).YD1(12O).CSCA~(1 20) 

+.DSCAL(~~O).HERR(~~O).HSCAL(~~~).YH(~ 20).YH1(120).YT(120) 

+ . Y T ~ ( ~ ~ O ) . Y X ( ~ ~ O ) , Y X ~ ( ~ ~ O ) . W ( ~ ~ O ) . W ~  ( I~O) .TERR(IPO)XERR(~~O) 

+,YERR( 1 2O).TSCAL(l ~ O ) X S C A L ( I ~ O ) . Y S C A L ( ~ ~ ~ ) , S S ( ~ ) , N M ( ~ ~ ~ )  

DOUBLE PRECISION IX 

OPEN (1 .FILE='lA3.PRN') 

OPEN   F FILE=' 1 A4.PRN') 

OPEN (3.FILE='lA5.PRN') 

OPEN (4,FILE=' 1AB.PRN') 

OPEN (S,FILE='LPTl') 

IX = 65479 

N = 100 

C( l )  = 3. 

C(2) = 4. 

C(3) = 5. 

C(4) = B. 

AM = 0. 

IA = 1 

S = IA 

DO 60  J=1,4 

DO 3 0  IM = 1,100 

CALL GAUSS (IX,S,AM.U) 

XMU = U 

XRHO = 0.2 

XFRE = XRHO 

C XMEAN = XMU/(~ .  - XFRE) 

C"*GENERATE INTITIAL DATA FOR A R ( ~ )  

C Y(0) = XMEAN 

CW*'GENERATE ERROR NORMAL DISTRIBUTION (0.1) 

DO401 = l,N 

CALL GAUSS(IX,S.AM.V) 
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ERR(I) = v 
Y(I) = XFREV(I-1) + ERR(I) 

40 CONTINUE 

CW*.GENERATE ERROR SCALE - CONTAMINATE NORMAL DISTRIBUTION (6.2) 

C**.GENERATE AUTOREGRESSNE FIRST ORDER 

Caa.GENERATE OUlUERS 1 AND 2 TIME 

64 CALL GAUSS (LX.S.Ah4.V) 

I 0 1  = N 4  

IF ((I01 .GT. 2) AND. (101 .LE. (N-1))) THEN 

N1 =lo1 

NM(IM)=NI 

ELSE 

GOT0 0 4  

END IF 

DO 5 0  I=l,N 

IF(1 - N1) 8.9.8 

8 YAI(I) = Y(I) 

GOT0 5 0  

9 SA - c(J).c(J)=s 
CALL SCAUSS (IX.SA.AM.V) 

ASCAL(N~) = v 
c ASCAL(NI) = SA 

YAI(NI) =XFREVAI(NI-I) t ASCAL(NI) 

5 0  CONTINUE 

CW*=STATIONARY TIME SERES NO OBSERVATION OUTLIER 

C'*'AND 1 OR 2 OUTLIERS 

DO 9 0  1 = 1.N 

WRITE (J. 101) Y(I).YAl (I),Nl 

101 FORMAT (2F 10.3.15) 

9 0  CONTINUE 

WRITE (5.109) NM(IM) 

109 FORMAT (15) 

3 0  CONTINUE 

60 CONTINUE 

2 0  CONTINUE 

STOP 

END 

"**'THIS SUBROUTINE IS TO GENERATE RANDOM NUMBER 

SUBROUTINE RANOU (IX.IY.RAN) 

DOUBLE PRECISION IX 
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IY = iX.65539 

IF (IY) 5.6.6 

5 IY = PI + 2147433647 + 1 

6 R A N - N  

RAN = RAN*0.4656613E-9 

RETURN 

END 

CW***7HIS SUBROLmNE IS TO GENERATE NORMAL DISTRIBUTION 

SUBROLmNE GAUSS (IX,SAM.V) 

M)UBLE PRECISION D( 

A = 0. 

D O 5 0 1 =  1.12 

CALL RANDU (IX.IY,RAN) 

IX=IY 

5 0  A = A + R A N  

V = (A - B.O)*S + AM 

RETURN 

END 

C*... ITHIS SUBROUTINE IS GENERATE SCALE CONTAMINATE NORMAL DISTRIBUTION 

SUBROUINE SCAUSS (IX.SAAM,V) 

DOUBLE PRECISION IX 

A = 0. 

DO 501 = 1.12 

C A U  RANDU (IX.IY.RAN) 

IX=IY 

5 0  A = A + R A N  

V = (A - B.O)*SA + A M  

RETURN 

END 
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C*"7HIS PROGRAM FOR GENERATING STATIONARY TIME SERIES  MA(^‘) 

C***.WilH MOVING-AVERAGE FIRST ORDER MODEL MA(1) 

DIMENSION E R R ( ~ ~ O ) . Y ( ~ ~ O ) . C ( ~ ) . I K ( ~ ) . E ( ~ ~ O ) . Y A ~  (1 20).YB2(120) 

+.YA~(I~O),YBI (I ~ O ) A E R R ( ~ ~ O ) . B E R R ( ~  ~O)ASCAL(I ~O).YA(~~O),YB(I  20) 

+.BscAL(~ 20),10(120).Kh41(120).~2(1 2 0 ) . ~ ~ ( 1  2 0 ) . ~ ~ ( 1 2 0 ) . ~ ( 1 2 0 )  

+.YX(I ~o).w(~~o).cERR(~~o),DERR(~ ZO).HERR(~ ZO).TERR(I ZO)XERR(I 20) 

+,YERR(~~O).CSCAL(I ~~) ,DSCAL(~~O).HSCAL(~~O)XSCAL(~~O).YSCAL(~ 20) 

+.YD(l20).Y~1(120).YH1(120),~D2(120).YH2(120).TSCAL(120).YC1(120) 

+.~~2(120).YX1(120).w1(120).Yr1(120).YT2(120),YX2(120) 

+ . w ~ ( ~ ~ o ) . N M ( ~  20) 

DOUBLE PRECISION IX 

OPEN (1  .FILE='l M3.PRN') 

OPEN (Z.FILE='l M4.PRN') 

OPEN (3.FILE-'lM5.PRN') 

OPEN (4,FlLE='l M6.PRN') 

C OPEN (S.FILE='LPT~') 

IX = 65479 

N = 100 

C ( l )  = 3. 

C(2) = 4. 

C(3) = 5. 

C(4) = 6. 

AM = 0. 

D O 6 0 J =  1.4 

s = 1. 

CALL GAUSS(IX.S,AM.U) 

ERR(O) = u 
CETA = 0.2 

M) 3 0  IM = 1,100 

C0""GENERATE ERROR NORMAL DISTRIBUTION (0.1) 

DO 5 0  I = l ,N 

CALL GAUSS(IX.SAM.X) 

ERR(I) = X 

Y(I) = ERR(I) - CETAgERR(I-1) 

5 0  CONTINUE 

c..... GENERATE ERROR SCALE - CONTAMINATE NORMAL DISTRIBUTION 

64 CALL GAUSS (1X.SAM.V) 

101 = N V  
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IF ((101 .GT. 2) AND. (101 .LE. (N-1))) THEN 

N1 =I01 

NM(IM)=N 1 

ELSE 

GOT0 84 

END IF 

M3 70 I=l.N 

IF (1 - N1) 8.9.8 

8 YAl(1) = Y(I) 

GOT0 70 

9 SA = C(J)=C(J)=S 

CALL SCAUSS (IX,SAAM.V) 

ASCAL(N i ) = v 
YAI(NI) =ASCAL(NI)- CETA=ERR(NI-1) 

70 CONllNUE 

C"**'STATIONARY TIME SERES NO OBSERVATION OUTLIER 

C***"AND 1 OR 2 OUILlERS 

M 3 9 0 I =  1.N 

wRrrE (J.I 01) Y(I).YAI(I),NI 

101 FORMAT (2F10.2,15) 

90 CONTINUE 

3 0  CONTINUE 

6 0  CONllNUE 

2 0  CONTINUE 

STOP 

END 

C****.THIS SUBROUTINE IS TO GENERATE RANDOM NUMBER 

SUBROUTINE RANDU (IX.IY.RAN) 

DOUBLE PRECISION IX 

IY = lX.65539 

IF (IY) 5,6,0 

5 IY = IY t 2147433647 t 1 

6 RAN = IY 

RAN = RAN'0.4656613E-9 

RETURN 

END 

CD'*'7HIS SUBROUTINE IS TO GENERATE NORMAL DISTRIBUTION 

SUBROU~NE GAUSS (IX.S.AM,V) 

DOUBLE PRECISION IX 

A = 0. 
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DO 5 0  1 = 1.12 

CALL RANDU (D(.N.RAN) 

IX = N 

5 0  A = A + R A N  

V = (A - i3.0)*S + AM 

RETURN 

END 

CW'".THIS SUBROUTINE IS TO GENERATE SCALE-CONTAMINATE NORMAL OISTFIIBUTION 

SUBROUTINE SCAUSS (IX.SA,AM.V) 

DOUBLE PRECISION IX 

A = 0. 

00 5 0  1 = 1.12 

CALL RANDU (D(,IY.RAN) 

D(=IY 

5 0  A = A + R A N  

V = (A - i3.O)'SA + AM 

RETURN 

END 
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C w w * V l i I S  PROGRAM FOR GENERATING STATIONARY TIME SERIES IMA(1 .I) 

C''.*.WrIH MIXED AUTOREGRESSNE-MOVING AVERAGE FIRST ORDER MODEL 

DIMENSION ERR(I ~O).Y(IPO),AERR(I PO).BERR(I~O).CERR(I 20).c(e) 

+.YA 1(120).~~1(120).~A2(120).Y82(12O)ASCAL(120).SS(8) 

+.IK(2).10(120).BSCAL(120).KM1(120).KM2(12O).DERR(120) 

+,YC1(120).~~2(120).~D1(120).~D2(12O).CSCAL(120) 

+.DSCAL(I ~ o ) . H E R R ( ~ ~ o ) . H S C A L ( ~ ~ ~ ) . Y H  1(120),YH2(120) 

DOUBLE PRECISION IX 

OPEN (~.FILE='~AM~.PRN') 

OPEN (~.FILE='~AM~.PRN') 

OPEN (~FILE='~AM~.PRN') 

OPEN (4.FlLE='lAMB.PRN') 

OPEN (S.FILE='LPTl') 

IX = 85479 

N = 100  

AM = 0. 

S =  1. 

C ( l )  = 3. 

C(2) = 4. 

C(3) = 5. 

C(4) = 8. 

CALL GAUSS (Ix.s.AM,u) 

ERR(O) = u 
D O B O J =  1.4 

CETA = 0.2 

DO 3 0  IM = 1.100 

CW***GENERATE ERROR SCALE-CONTAMINATE NORMAL DISTRIBUTION 

C A U  GAUSS (IX,S.AM,XV) 

Y(0) = XV 

C'*'**GENERATE ERROR NORMAL DISTRIBUTION (0.1) 

D O 5 0 1  = 1,N 

CALL GAUSS(IX.S,AM.X) 

ERR(I) = X 

Y(I) = Y(I-1) + ERR(I) - CETA=ERR(I-1) 

5 0  CONTINUE 

C"***GENERATE ERROR SCALE - CONTAMINATE NORMAL DISTRIBUTION (0,02) 
C.... GENERATE I N T ~ A L  DATA FOR IMA(~,I) 

C8'**'GENERATE OUTLIERS 1 TIME 
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6 4  CALL GAUSS (M.S.AM.U) 

N1 = NwU 

IF ( ( ~ 1  .GT. 2 )  AND. ( N l  .LT. (N- 1))) THEN 

101 = N 1  

c WRITE (..109) IM.Nl 

1 OQ FORMAT (215) 

ELSE 

W T O  6 4  

ENDIF 

C--*-GENERATE DATA ME MODEL IMA( I. I) 
DO 7 0  l=l.N 

IF (1 - 101) 8.9.8 

8 YA 1 (I) = Y(I) 

W T O  70 

9 SA = c(J).c(J)*s 
CALL SGAUSS(IX,SA.AM,V) 

ASCAL(IOI ) = v 
YAI(IOI) = ~ ( 1 0 1 - 1 )  - CETA=ERR(IOI -1)  + ASCAL(IO~) 

70  CONTlNUE 

C""'STATI0NARY TIME SERES NO OBSERVATION OUTUER 

c*=--*AND 1 OR 2 Oun lERs  

D O 9 0 1  = 1.N 

WRITE (J.103) Y(1),YA1(1).101 

103 F o R M A T ( ~ F ~ o . ~ , I ~ )  

9 0  CONnNUE 

3 0  CONTINUE 

8 0  CONTINUE 

2 0  CONnNUE 

STOP 

END 
C...' %IS SUBROUTINE IS TO GENERATE RANDOM NUMBER 

SUBROUTINE RANDU (D(.IY,RAN) 

DOUBLE PRECISION K 

IY = IX.65539 

IF (N) 5.8.6 

5 IY = IY + 21  47433847 + 1 

8 RAN- IY 

RAN=RANw0.465661 3E-9 

RETURN 

END 
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CW***CMIS SUBROUTINE IS TO GENERATE NORMAL DlSTRlsUTlON 

SUeROlrrlNE GAUSS (D(.S,AM.V) 

DOUBLE PRECISION M 

A = 0.0 

DO 50 1 = 1.12 

CALL RANDU (1X.lY.Y) 

D( = IY 

A = A + Y  

50 CONTINUE 

V = (A - 6.0)*S + AM 

RElURN 

END 

C"**ITHIS SUBROUTINE IS TO GENERATE SCALE-CONTAMINATE NORMAL DISTRIBUTION 

SUBROUTINE SGAUSS (IX.SAAM,V) 

DOUBLE PRECISION IX 

A = 0.0 

DO 50 1 = 1,12 

CALL RANDU (lX,lY,Y) 

IX = rf 
A = A + Y  

50 CONTINUE 

V = (A - 6.0)*SA + AM 

RETURN 

END 
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C. .... TYPE I ERROR 

C.....THIS PROGRAM FOR DETECTION OUTLIER TIME SERIES 

C.....WllH PROCEDUSE M 

DIMENSION P(120),0(120).01(120).IQ(120),E~R1(120)~P1 (120).P2(12°) 

+,~01(120).~~0~1(120).~~1(120).~~1(120).~02(120).~~~2(120) 

+.ERR2(1 ~ O ) , E L D A T ~ ( ~ ~ O ) , W A T ~ (  120).ELAMA1(120),ELLA2( 120) 

+.~0(120).YFOR(120).~~(120).ERR(1 ~O) .WAT(~~O) .ELAMA(~ 20) 

 E EL LA(^ 20).1~(120).~1(120),~2(120).~~~~(120),XHAT(120) 

+,YADJ(~~o).XADJ(~ 20).~T(120).JT(120).103(120),KRE05(2) 

+.~~1(120),1~4(120).~1(120).IT2(120),YH~T1(120),~T2(120) 

+ . Y H A T ~ ( ~ ~ ~ ) , Y A D J ~ ( ~ ~ ~ ) . Y A D J ~ ( ~ ~ ~ ) . X A D J ~  (120).XADJ2(120) 

+XHAT1(120).XH~T2(120).11(500).~~(500).~~(120).K(120) 

+.L(120).1B~05(2),EP1(500).EP2(500).~(120).M0(500) 

+ ~ L K ( ~ ~ ~ ) . L M ( ~ ~ ~ ) A H ~ ~ ( ~ ) . A H O ~ ( ~ ) . E L A M A ~ ( ~ ~ ~ ) . I D T ( ~ ~ ~ )  

OPEN (1.FlLE = 'lA3.PRN') 

OPEN  FI FILE = '1A4.PRN') 

OPEN (3,FILE = '1A5.PRN3) 

OPEN (4,FILE - 'lA8.PRN') 

OPEN (8,FILE = 'LPT1') 

N =  100 

201 =2.25 

205.1.96 

CZ1=2. 

(22212.25 

CZ3.2.5 

C24=2.75 

CZ5-3.0 

CZ6=3.25 

CZ7=3.5 

DOQ99ID = 1,4 

IK = 0. 

XWEO5=0. 

XWEOl =O. 

XPWE 1 = 0. 

XPWE2= 0. 

XPWE3= 0. 

XPWE4: 0. 
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XPWES= 0. 

XPWE6= 0. 

XPWE7.O. 

ALFA05 = 0. 

ALFAO1 = 0. 

1 READ   ID.^ 0,END=200) (Q(I).Ql (l).lQ(I).l= 1,N) 

IK=IK+l 

10  FORMAT (2~10.3.15) 

DO 3 0  I =  1 ,N 

P(I) = Q(I) 

PI(!) = Q l ( I )  

MQ(IK) = IQ(I) 

3 0  CONTINUE 

C.....FIND AUTOCORRELATlON 

Y = 0. 

Y1 = 0. 

Y2 = 0. 

DO 4 0  1 = 1.N 

YO(l) = P(I) 

Y = Y + YO(I) 

4 0  CONTINUE 

YEAR = Y/N 

XX = 0. 

X I 1  = 0. 

xY11 = 0. 

DO 5 0  1 = 1.N-1 

x = (YO(I) - YBAR)*(YO(I+I) - YEAR) 

X X = X X + X  

5 0  CONTINUE 

W = 0. 

X22 = 0. 

xY22 = 0. 

DOOOI = l ,N  

X l  = (YO(I) - YBAR)"2 

W = W + X l  

6 0  CONTINUE 

XRHO = X X / W  

C.....FIND PARAMETER ESTIMATE 

XFRE = XRHO 

BOO = YBAR=(I. - XFRE) 
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YO(0) = BOO 

XPHI = XFRE 

C.....FIND FORECASTING FOR AR(I ) MODEL 

SSE = 0. 

SSE1 = 0. 

SSE2 = 0. 

DO 70 1 = l,N 

C.....FIND ERROR 

YFOR(I- I)=BOO 

YFOR(I) = XFRETOR(1- 1) 

ERR(I) = YO(!) - YFOR(I) 

ER(I) = ERR(I)**P 

SSE = SSE + ER(I) 

70  CONTINUE 

ELAM = 0. 

ELAM1 = 0. 

ELAMP = 0. 

STD = SQRT(SSE/N) 

C. .... FIND PARAMETER WAT AND LAMDA FOR DETECTION AND ADJUSTMENT 

D O 8 0 1  = 1.N 

W A T ( ~ )  = O. 

ELAMA(I) = 0. 

WAT(1) = (ERR(I) - (xPHI'ERR(I+I)))/(I+XPHI*'~) 

ELAM = SQRT(1 +XPHIw'2) 

ELLA(I) = WAT(I)-ELAMISTD 

ELAMA(I) = ABS(ELLA(I)) 

8 0  CONTINUE 

C***DETECT MAXIMUM VALUES ERRORS 

EP~(IK) = ELAMA(I) 

DO 110 l= l .N  

IF (EP1 (IK) .GE. ELAMA(I)) GOT0 1 10 

II(IK) = I 

EPI(IK) = ELAMA(I) 

110 CONTINUE 

EPP(IK) = ELAMA(I) 

DO 120 l= l .N 

IF (II(IK) .EQ. I) GOT0 120 

IF (EPZ(IK) .GE. ELAMA(I)) GOTO 120 

JJ(IK) = I 

EPZ(IK) = ELAMA(I) 
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120 CONTINUE 

IF ((Epl(IK) .GT. cZ1) AND. (II(1K) .EQ. MQ(IK))) THEN 

XPWEI = XPWEl + 1. 

ELSE 

END IF 

IF((EP~ (1K) .GT. 205) AND. (EPZ(1K) .LE. 205)) THEN 

IF (EP~(IK) .GT. 205) THEN 

W E 0 5  = XWEO5 + 1. 

ELSE 

END IF 

IF((EPI(IK) .GT. CZ2) AND. (II(IK) .EQ. MQ(IK))) THEN 

X W E 2  = XPWE2 + 1. 

ELSE 

END IF 

IF((EP~(IK) .GT. 201) AND. (EPZ(1K) .LE. Z01)) THEN 

IF (EPI(IK) .GT. ZOI) THEN 

XWEOl = XWEO1 + 1. 

ELSE 

END IF 

IF((EP~(IK) .GT. C Z ~ )  AND. (II(IK) .EQ. MQ(IK))) THEN 

XPWE3 = XPWE3 + 1. 

ELSE 

END IF 

IF((EPI(IK) .GT. CZ4) AND. (ll(IK) .EQ. MQ(IK))) THEN 

X W E 4  = X W E 4  + 1. 

ELSE 

END IF 

lF((EPl(1K) .GT. cZS) AND. (II(1K) .EQ. MQ(IK))) THEN 

X W E S  = X W E S  + 1. 

ELSE 

END IF 

IF((EP1 (IK) .GT. CZ6) AND. (II(IK) .EQ. MQ(1K))) THEN 

XPWEB = X W E 6  + 1. 

ELSE 

END IF 

lF((EPl(1K) .GT. 627) AND. (II(IK) .EQ. MQ(1K))) THEN 

XPWE7 = X W E 7  + 1. 

ELSE 

END IF 

ALFAO5 = (1  00. - XWEO5)/100. 
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ALFAOl = (100. - WE01)/100.  

ALFAOS = XWEOS/IK 

ALFAOl = XWEO 1 /IK 

W E 1  = XPWE1/100. 

W E 2  = XPWE2/ 100. 

W E 3  = XPWE3/100. 

W E 4  = XPWE4/ 100. 

W E 5  = XPWE5/100. 

W E 6  = XFWE6/ 100. 

W E 7  = XPWE7/100. 

250  WRITE (*,350) IK.EP~(IK) 

350  FORMAT (15.F8.2) 

3 GOT0 1 

200  WRITE (*.320) IK,ALFA05,ALFAOl 

320 FORMAT (15.2~10.3) 

200  WRITE (5.220) IK.PWEl,PWE2,PWE3.PWE4.PWE5,PWE6,PWE7 

220  FORMAT (15.7F8.2) 

999 CONTINUE 

STOP 

END 
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C.....THIS PROGRAM FOR DE3ECTION OUTLIER TIME SERIES 

C.....WITH PROCEDUSE M 

DIMENSION ~ ( i 2 0 ) . ~ ( 1 2 0 ) . ~ i ( 1 2 0 ) . ~ 2 ( 1 2 O ) , E R R 1 (  120),P1(120),P2(120) 

+ . Y O I ( ~ ~ O ) . Y F O R ~ ( ~ ~ O ) . E R ~ ( ~ ~ O ) . E L L A ~ ( ~ ~ ~ ) . Y O ~ ( ~ ~ ~ ) . W A T ~ ( ~ ~ ~ )  

+,ERRP(I ~ o ) , E u ) A T ~ ( ~ ~ o ) . w A T ~ ( ~ ~ o ) . E L A M A ~ ( ~ ~ ~ ) . E L L A ~ ( ~ ~ o )  

+,YO(I~O).YFOR(~~O).ER(~~O).ERR(~~O),WAT( ~PO),ELAMA(~ 20) 

+.ELLA(120).1M(120).J1(120),~2(1 PO).YHAT(12O)XHAT( 120) 

+.YAaJ(l 20).XAaJ(120),lT(120)..T(l20).1~3(120).~~~05(2) 

+,MT1(120).1~4(120),IT1(120).IT2(12O).YHATl(~20),MT2(120) 

+,YHATP(I ~ o ) . Y A ~ J ~ ( ~ ~ o ) . Y A ~ J ~ ( ~  2O),XADJ1(120),XAaJ2(120) 

+,XHAT~ ( 120).XHAT2( 120),11( 120),JJ( 120).KK( 1 20),K( 120) 

+.L(120).1~~05(2).E~1(120),EP2(120).M(120).1BEO~(2),MQ(120) 

+,~~(120),~M(120).~~05(2),A~01(2),ELAMA2(120).EP3( 120),1Q( 120) 

OPEN (1 .FILE = ' 1 M3.PRN') 

OPEN (2,FILE = 'lM4.PRN') 

OPEN (%FILE = 'lM5.PRN') 

OPEN   F FILE = '1  M8.PRN') 

OPEN (6,FILE = 'LPT1') 

N =  100 

ZO1 = 2.575 

205 = 1.980 

cz1-2 .  

CZ2=2.25 

CZ3=2.5 

CZ4=2.75 

CZ5~3.0  

CZ8=3.25 

CZ7i3.5 

DO 999 ID = 1.4 

IK = 0. 

XWEOl = 0. 

XWEO5; 0. 

XPWEl= 0. 

XPWEP= 0. 

XPWE3= 0. 

XPWE4= 0. 

XFwE5= 0. 
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XPWE6= 0. 

XPWE7=O. 

ALFAO5 = 0. 

ALFAO1 = 0. 

1 READ (ID.~O,END=~OO) (Q(I),Q~(I),IQ(I).I= 1 ,N) 

IK=IK+l 

1 0  FORMAT (2F10.2.15) 

DO 3 0  I= l ,N 

~ ( 1 )  = Q(I) 

Pl(1) = Ql(1) 

MQ(IK) = IQ(I) 

3 0  CONTINUE 

C.....FIND AUTOCORRELATION 

Y = O  

Y1 = o  

Y2 = 0 

D O 4 0 1 =  l,N 

YO()) = Pl(1) 

Y = Y + YO(I) 

4 0  CONTINUE 

YBAR = Y/N 

m = o  
X I 1  = o  
m 1 1  = o  
DO 50 1 = 1 ,N- l  

x = (YO(I) - YBAR)*(YO(I+I) - YBAR) 

X X = X X + X  

5 0  CONTINUE 

W = O  

X22 = 0 

m 2 2  = 0 

DO 6 0 1  = 1,N 

x i  = (YO(I) - YBAR)**~  

W = W + X l  

6 0  CONTINUE 

XRHO = XX /W 

C.....FIND PARAMETER ESTIMATE 

IF (ABS(XRH0) .GT. 0.5) GOT0 3 

XR = 1 .-(~.~(RHO.XRHO) 

FB = SORT(XR) 

.. 
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AL = ( -  l.+FB)/(Z.%RHO) 

AN = (-1.-FB)/(2.%RHO) 

IF (ABS(AL) .GT. 1 .) THEN 

XCETA = 1 /AN 

ELSE 

XCETA = AL 

ENDIF 

BOO = YEAR 

XPHI = - XCETA 

C. .... FIND FORECASTING FOR MA(1) MODEL 

SSE = 0. 

DO 7 0  I = 1.N 

C. .... FIND ERROR 

YFOR(I) = - XCETA*ERR(I- 1 ) 

ERR(I) = YO(I) - YFOR(I) 

ER(I) = ERR(l)**2 

SSE = SSE + ER(I) 

70  CONTINUE 

STD = SQRT(SSE/N) 

C.....FIND PARAMETER WAT AND LAMDA FOR DETECTION AND AWUSTMENT 

W 8 0  I = 1.N-l 

WATI(I) = O. 

ELAMAI(~) = O. 

WATl(1) = (ERR(I) - (XPHl*ERR(I+ I)))/( 1 +XPHI**2) 

EMM1 = SORT(1 +XPHI'*2) 

ELMI(I) = WATI(I)*ELAMI/STD 

ELAMAI(I) = ABS(ELLA 1 (I)) 

8 0  CONTINUE 

EPI(IK) = EMMAI(I) 

DO 87 I=l .N 

IF (EPl(IK) .GE. ELAMAl(1)) GOT0 87 

EP~(IK)  = ELAMAI(I) 

II(IK) = I 

87 CONTINUE 

EP~(IK) = ELAMAl(1) 

DO 8 8  I= l ,N 

IF (II(1K) .EO. I) GOT0 88 

IF (EP~(IK) .GE. EMMA~(I)) GOTO 8 8  

EP2(IK) = EMMA1 (1) 

.U(IK) = I 
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88 CONTINUE 

EP~(I)  = EMMAI(I) 

DO 89 I=l.N 

IF ( ( l I ( 1 ~ )  .EQ. I) .OR. (d(1K) .EQ. I)) GOT0 89 

IF (EP3(1K) .GE. EMMA1 (1)) GOT0 89 

EP~(IK) = EMMA 1 (1) 

KK(IK) = I 

89 CONTINUE 

IF ((EPI(IK) .GT. CZI) AND. (II(IK) .EQ. MQ(IK))) MEN 

XIWE1 = XIWE1 + 1. 

ELSE 

END IF 

IF ((EPl(IK) .GT. CZ1) AND. (EPZ(IK) .LE. CZ1)) THEN 

IF ((EP~(IK) .GT. 205) AND. (EPZ(1K) .LE. 205)) M E N  

W E 0 5  = W E 0 5  + 1. 

ELSE 

END IF 

lF((EPl(1K) .GT. CZZ) AND. (Il(1K) .EQ. MQ(1K))) THEN 

XFWE2 = XIWE2 + 1. 

ELSE 

END IF 

IF((EPI(IK) .GT. CZZ) AND. (EPZ(IK) .LE. CZZ)) THEN 

IF ((EPl(1K) .GT. Z01) AND. (EPZ(1K) .LE. 205)) THEN 

XWEO1 = W E 0 1  + 1. 

ELSE 

END IF 

IF((EPl(1K) .GT. CZ3) AND. (II(1K) .EQ. MQ(1K))) THEN 

XFWE3 = XFWE3 + 1. 

IF((EPI(IK) .GT. cz3 )  AND. (EPZ(IK) .LE. ~ 2 3 ) )  THEN 

W E 3  = W E 3  t 1. 

ELSE 

END IF 

ELSE 

END IF 

IF((EP1 (1K) .GT. CZ4) AND. (ll(1K) .EQ. MQ(IK))) THEN 

XPWE4 = XPWE4 + 1. 

IF((EPI (IK) .GT. ~ 2 4 )  AND. (EPZ(IK) .LE. cz4)) THEN 

W E 4  = XWE4 t 1. 

ELSE 

END IF 

-. 
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ELSE 

END IF 

IF((EPl(IK) .GT. CZ5) AND. (II(IK) .EQ. MQ(1K))) THEN 

XPWE5 = XPWE5 + 1. 

IF((EPI(IK) .GT. c z 5 )  AND. (EP~(IK)  .LE. C Z ~ ) )  THEN 

XWE5 = W E 5  + 1. 

ELSE 

END IF 

ELSE 

END IF 

lF((EPl(IK) .GT. CZB) AND. (II(IK) .EQ. MQ(1K))) THEN 

XPWE6 = XPWE6 + 1. 

IF((EPl(1K) .GT. CZB) AND. (EP2(1K) .LE. CZB)) THEN 

XWEB = XWEB + 1. 

ELSE 

END IF 

ELSE 

END IF 

lF((EPl(lK) .GT. ~ 2 7 )  AND. (II(IK) .EQ. MQ(IK))) THEN 

XPWE7 = XPWE7 + 1. 

lF((EPl(IK) .GT. CZ7) AND. (EPZ(1K) .LE. CZ7)) THEN 

XWE7 = W E 7  + 1. 

ELSE 

END IF 

ELSE 

END IF 

YPWE1 =XPWE1/100. 

YPWE2=XPWE2/100. 

YPWE3=XPWE3/100. 

YPWE4=XPWE4/ 100. 

YPWE5=XPWE5/100. 

YPWEB=XPWEB/lOO. 

YPWE7=XPWE7/100. 

ALFAO5 = (100.-XWE05)/100. 

ALFAOl = (100.-XWE01)/100. 

200  WRrrE (',320) IK.MQ(IK) .XPWE~,XPWE~,XPWE~.XPWE~.XPWE~,XPWE~,XPWE~ 

320 FORMAT (215.7F8.2) 

3 GOT0 1 

200 WRITE (8,320) IK,ALFAOS.ALFAOl 

3 2 0  FORMAT (15.2F8.2) 
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200 WRITE (5.220) IK.YPWE1.YPWE2.YPWE3,YPWE4.YPWE5,YPWEBBYPWE7 

220 FORMAT (15,7F8.2) 

999 CONTINUE 

STOP 

END DPU



C.....THIS PROGRAM FOR DETECTION OUTLIER TIME SERIES 

C.....WITH PROCEDUSE M 

DIMENSION ~(120),~(120).Q1(120),IQ(120).~~~1(120),~1(120),~2(120) 

+,Yo1 ( 1 2 0 ) . ~ ~ 0 ~ 1 ( 1 2 0 ) , ~ ~ 1 ( 1 2 0 ) , ~ ~ ~ ~ 1 ( 1 2 0 ) , Y 0 2 ( 1 2 0 ) . ~ ~ ~ 2 ( 1 2 0 )  

 Y ERR^(^ 20).ELDATl (120).WAT1(120),ElAMA1(120),~~lA2(120) 

+,~0(120),~~0~(120),ER(120),ER~(120).~~~(1 ~O),ELAMA(I 20) 

 E EL LA(^ 20).1M(120),J1(120).~2(120).~~~~(1 ~ O ) X H A T ( ~  20) 

+ , ~ ~ ~ ( 1 2 0 ) ~ ~ ~ ( 1 2 0 ) , 1 T ( 1 2 0 ) . ~ ( 1 2 0 ) , I Q 3 ( 1 2 0 ) , K R E 0 5 ( 2 )  

+.MT1(120).IQ4(120).1T1(120).1T2(120).YHAT1(120),~T2(120) 

+ , ~ ~ ~ ~ 2 ( 1 2 0 ) . ~ ~ D J 1 ( 1 2 0 ) , ~ ~ ~ 2 ( 1 2 0 ) , X A D J 1 ( 1  20),XADJ2(120) 

+~~~~1(120),~~~~2(120),11(120).~(120).~~(120),~(120) 

+.~(120),1~~05(2),~~1(120),~~2(120),M(120).IBE01(2) 

+,~~(120),~~(120).~~05(2),~~01(2),~~~~~2(120).~~(120) 

REAL.8 J05,JOl ,JJ05,JJ01,JRO5,JRO1 .AWO5AWOl .YSU.ACCOS.ACCOl 

+,REC05,REC01 ,YSV,BWOl,BW05 

OPEN (1  .FILE = ' 1AM3.PRN') 

OPEN (2,FILE = 'lAM4.PRN') 

OPEN (%FILE = 'lAM5.PRN') 

OPEN (4,FILE = '1AMB.PRN') 

OPEN (5,FILE = 'LPTI') 

OPEN (8,FILE = '0UT.PRN') 

N =  100 

201 =2.575 

Z05=1.960 

CZ1.2. 

CZ252.25 

CZ3=2.5 

CZ4.2.75 

CZ5=3.0 

CZ8=3.25 

CZ7=3.5 

D O 9 9 9 I D  = 1,4 

IK = 0. 

YWE05=O. 

W E 0 1  =O. 

XWEl= 0. 

XWE2= 0. 
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W E 3 =  0. 

W E 4 =  0. 

XWE5= 0. 

W E B -  0. 

XWE7.0. 

ALFAO5 = 0. 

ALFAO1 = 0. 

1 READ (ID.1 O,END=200) (Q(I).Ql (I).IQ(I),l= 1.N) 

IK=IK+ 1 

10 FORMAT (2F10.2.15) 

IT1 (IK) = MTl(IK) 

DO 3 0  I=l.N 

P(I) = Q(I) 

P~ ( I )  = Q ~ ( I )  

MQ(I) = IQ(I) 

3 0  CONTINUE 

C.....FIND AUTOCORRELATION 

Y1 = 0 

Y2 = 0 

D O 4 0 1  = l,N 

YO(l) = P l ( l )  - Pl ( l -1)  

+ Y l = Y l + Y O ( I )  

4 0  CONTINUE 

YsAR = Yl / (N-1)  

X I 1  = o  

mil = o 
DO 50 1 = 2,N-1 

x i  = (YO(I) - YEAR)-(~o( l t1)  - YEAR) 

X I 1  = X I 1  + X l  

5 0  CONTINUE 

X22 = 0. 

DO 60 1 = 2.N 

x 2  = (YO(I) - YBAR) * *~  

X22 = X22 + X2 

6 0  CONTINUE 

XRHO = X11/X22 

IF (AES(XRHO) .GT. 0.5) GOT0 3 

C.....FIND PARAMETER ESTIMATE CETA 

AA = SQRT(1. - (~.*IXRHOIXRHO)) 

BE = (-I.+ AA)/(~.IXRHO) 
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DO 120 I=l.N 

IF (II(1K) .EQ. I) GOT0 120 

IF (EP2(1K) .GE. EmMA(I)) W T O  120 

U(IK) = I 

EP2(1K) = EmMA(I) 

120 CONTINUE 

IF (EPl(IK) .LE. 205) THEN 

W E 0 5  = W E 0 5  + 1. 

ELSE 

END IF 

IF (EP1 (IK) .LE. 201 ) THEN 

W E 0 1  = W E 0 1  + 1. 

ELSE 

END IF 

IF ((EPI(IK) .GT. czi) AND. (II(IK) .EQ. MQ(IK))) THEN 

W E 1  = W E 1  + 1. 

ELSE 

END IF 

IF((EPl(IK) .GT. ~ 2 2 )  AND. (II(IK) .EQ. MQ(IK))) THEN 

W E 2  = W E 2  + 1. 

ELSE 

END IF 

IF((EPl(IK) .GT. CZ3) AND. (II(IK) .EQ. MQ(IK))) THEN 

W E 3  = W E 3  + 1. 

ELSE 

END IF 

IF((EP~(IK) .GT. CZ4) AND. (II(IK) .EQ. MQ(IK))) THEN 

W E 4  = W E 4  + 1. 

ELSE 

END IF 

IF((EPI(IK) .GT. cz5 )  AND. (II(IK) .EQ. MQ(IK))) THEN 

W E 5  = W E 5  + 1. 

ELSE 

END IF 

lF((EPl(1K) .GT. ~ 2 6 )  AND. (II(1K) .EQ. MQ(1K))) THEN 

X W E O = W E B +  1. 

ELSE 

END IF 

lF((EPl(1K) .GT. C27) AND. (II(IK) .EQ. MQ(1K))) THEN 

W E 7  = W E 7  + 1. 
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ELSE 

END IF 

DO 170 I-1.N 

170 Q(I) = 0 

YPWEl=XWEl/lOO. 

YPWEP=XWE2/100. 

WE3=XWE3/100. 

YPWE4=XWE4/100. 

YPWES=XWES/lOO. 

YPWEB=XWEB/100. 

YPWE7=XWE7/100. 

ALFAO5 = W E 0 9  100. 

ALFAO1 = YWE01/100. 

3 GOT0 1 

200 WRlE (5.330) IK,ALFAOS,ALFAOl 

330 FORMAT (15.2F8.2) 

200 WRITE (5.220) IK.YPWEl.YPWE2,YPWE3.YPWE4,YPWE5,M?NEB,YPWE7 

220 FORMAT (15.7F8.2) 

999 CONnNUE 

STOP 

END 

DPU
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