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l}e I'ES ad ARIMA M(,II{}&i ard tll(:l si,rtrrhri.u t{9

&Ir ol **- (rf}[iTrrial sExnhing c5tr h1 lixEd itr H.la*blar [7] ad
Mafdratii !.r al. [161. Hcr,:- t]rcy dcsn-bcd thal thc sinplc crgratntia!
rmothhg b suiable ltr rk random and satixEry dara- dle 4)ublc
t:rF)E:nrirl sorx!6aE (Brox ald Holr mdhodsl - cggihlc tbr thr: trcnd
iltcrc:!.si ol th..! palr! a dala- ,Dd rh.. frilb ctp6&:orirl smx*hing is tho
r6cd on drc rrld s.asorlal of dr panem dara usiog ,hrcc snDtftiryt weighl(.
rarD€ty o, p iod I iMalaidrtis ct 31. [t6jr. uor(!or.o., tu*( dcEit of ARIMA
(ra be.le tbxrd it Bor atrrl C.or I t I l. Bor ff al- tt:l ],t fgrtrrr-v tgl arr.l
MomgofiEry r-ral. Uol.

fir prodrr- rh. ,bttca-diDg oll /, !ryitd alh.a.l tilr gdring rhc cligfutc
lbrc.'asdrg of dre dlrc scris ,t r, {r ffrre ,onts steF{ (1, plot 6e *.ual
{origoal, datr ft, ilqrtiry rbc rcnd of the defa {rior,! scrL\ daar. e} fi,td rh.:
!.ritrbl. ExtJlrxl {f } girr. a roujar*ro dala lbi!! lhrxy {xl srr[*arc tbr
grniag the tbroastiag .lara oo / peri,d abearl arld (4t ch6t rh. sig,tiriz,rt
rt:sut u,iing MAE or HAPE.

Tk isoodl.ri'tr is F*sc.med h Sccri!tr t. I.hc ARlt{A is gir.,cni! S.:cdoo :- II&- sieubri,rls are a&alftrt ao S€rioo .]. ltxlirla .l tlLro
d:(rihcs tlrc colrlll\iofl ol lh., reEirch

2" Ik T.E( !icri(s. ,{nl Mit ed TEli

Folh$'ing tfakddatis !,r at. [16]. rll<rB are tirr q/F:s of prtrn of rfic
rior.r:icris data {Flllrrc lL o.&rlv (lt horiu!ffat (r/- in l:igur l(a}}.
{:} fiqd {f. s{E }-A,urc t(brt (Jr i{.a$tral {s.,cc f-ilurc l(clL ard cvclcs((; si:c Figurc hd)t.



q) B. Prarikno.A. t. Rurdy. A. Dlian&*.ara and y. F. Burar-Burar

I

ftrrc lt I, lLnirrrgl Frrgr <{ dea

t
]-igrt hfi. I ra{fq.t.E c{dr.r

x!

{
f'frre l(ch Slz*ralprdsuerf .tla

V
Fqjure I trd! Cwlc 1urltrn td dera

Fhrrc t. Tte rypcs {Farhlrtr } of fu tim3r sries &a.

LI.IlcrtRIM*
*ry Bor ad C'or [il1. Bor cr al. Lt]J aod Makrilakis cr aL

Ll6l- thr' arrfiregressitr integrated nrrvmg average 
i{RIIrd4l 

is urr, in
frrccasiry rirre ccries d'a. TIE rndct fu; rlrcn writren i enfU4.(f . ,t. ql.
xitp ir tborderof rlre dss€Sreibr; (.4.R}. A irdilfercriogl.lrd a ic rhe
ander of 6c lroiry aranrgp {h{ f. fbe AXIMA lp. d. ql modd of ric
rro-*camra!isttt'lgiruas t+SHt - Af X, ={OA}. wkegbbackward,
$iff opccaror- fru .'qzrnt{c. ,[e ,rRI]t{ (L t t} tirllours rsr rl[ff.,,endngr

iin stationary processf with p = t ard e = l. so fte model is striffen ar
(l -gi(t *$BXrl =(t -SrSl. This is drc to the ma-srasoml wlric.h

fl$ bc r.nprqrs(.d as {, - ,l(l - +,s - *:g: _ ... _r* 
ogr lx, = {l t 61g r-

82F t -.- *LrE$lXr. furfurmor... r[e scaocal 
tn*n 

mdel b urirtcn

a; ARIMA (p"d.qllP. DQf . ltse {A d.ct x a prrr of ttc nonr-

*asoaal d (P. D.8l k a pan of rhc *armd modd. yift s b cnlM rfrc

r.as'unal pcriud.



Th€ TES aod ARIi{A h{.*tndr asd thei Simrhr&rn 9l

lI-1. Tkrrcrrycsivcm&
Artrrrcg;c$ivr: (r{e} ; a linrar rcgrEslott mo&{ of t[r: fieccasting

&ta. tt is a fisrrix r*ted ro tlx prct-brs daa on drrc hp lollowing

i'{akr*kkb a al. [16]. E *.g*rrivc mo&l (AR] aidcr p. A8(pI b
saitren as

Xr ={tXt: f 4.l.Yr_: r-.-t {rrXr_o re.. G}

Etruc t, are rqEyesriu ca-ffic.icnts. i = L I, 3- ..- p. e , is rrrtr at r. and p

b an ordcr of tic AR- l*c ttca n*xfiticd I usiqs klrrirrd shift oFentor

(81. so equation (2) is crprcsscd as

X1 = gBX, r 42d X, r -.- r {o\pXs t- t, l lplXt = r*t. 6}

$ittr 4S = t - {bd - *tB2 - --- - *,go iE cdl6d of rfic AR(p].

Norc fut tfu eoorrtody *€ ordff of lte AR is p = 1 ff p = ]" mrrly as

.dR(t|endARtL!.

2.ll Ttc novilglr'cr4c ro&l
Refcning fo tfci [lttl- rmting a1'era$f {MA) modcl widr 4 order.

M*(Cl. b giwn as

I
Xt =it +Op1-t tB1El-1 t"'+Apa,-4it, -,V{O.d}. #l

!!
ufu.E er.tp-1.t,-r. --xt-.tt arc err& tefms at l.,- Ll \---|-q-
e, s a whitc nois (grmal disrfurtfunl 0; arc rcgrcssirn cxrfficicnts.'r
j : L 2. 1..... q. ad 4 ir ttc order of tte IUA. We 6cn

quation {4} as

)'r = (sEl (Jl

*tft BB = I t 0lB 18287 r --- t SrBq as sllto! oFrator of fu MA(q!.

Ceru:ally.thcordcroll6et{* b 4 =l s 4 =2. araditisthra$riffc.nac

M,{{l}andIu{ i2}.

---



9f B. Pratiknr.A. l. Rrrsdy. A. Dtunis*.ara aml Y. F-. Butar-Brrrar

LlJ"Tt iRMAoe&lt
Wc notc tlrat a rpocid cerc of &c ARIM,{ is cdld arscgrcrivc

mving wcragc (ARMA). Ir is acurred whcn the lahrc of I is zero

(sfdftrcTi. ro it d6 ffi EEd diftbrrcirg Gffraly. ffrc lirnmrla of frrc

ARM.II modcl is git'ca as

!
Xt - *pX, r {,R)X, t-..- t- {u0t'X, r- c,

+ ole_t t-417e1_2 t ..- t OqE,_q.

turttrcmnre. rrc e:tr re.urlt cqlatior (6| as

t(!l

BfiXt $28:X. ... - 4,,8i'X,

+ 111e, y r 6:e, : r ... r eoe, q a1#lXt ={6Si.

!.2. TtcTE$ nrid
In ltis strrirro. srE prer€trt &: uiflc crpmmU smdiry (TLS[ Ttis

h drrc to thr ficl t[at ure suspcat that thcrc is a firle incre{rE sacoml
ptrcm of fu &t^. Thrs. tte 'fES iE ur6d to amiciparc rtrc suryrrert
ffi.| imcariag rcad of ttc &rr Hlouliry iftkrirletic d el. tl6J. rtrc
tlnce snoodring weigfitd paxarr*rs of rtre TES- nanrly ufi atd 7- are

ctoscn based u ttc smelesr e-ao abrofutc error ttlAEt fio rnany trials|.
Iletailod TES b rhud h Helrildris cf et. [t61. ud rlrc ftlrrmft of tfw TES
mo&{ isgireoas

lsrl : l, = oty, $_,)r(l -al(tr_l - 4 :l
Trud: f, =flL, - L,_tlr(l _yl(i!_rl

lirssonal: + =80; 4l t lt -B)(-.t_,.)

Forranring : ii , n = I, t pI, t $r -r rp. {$}

u,tdrc Lr is vahrc of L:rrI- o- p ard T at€ strtoo&iry1 rei$(e I, b an

cstim.tftta trcrd. a =(*j " drc pearrcrcrrEodrrry (t <o < t). [t rs

xl
!

E, i?l



ftc -l}:s rrd .^RIMA M<rtods ad ttci Sinrltion ql

sdbg@r{ ot'tul sca$s.|. rd y ai sodirg Gocrrtrt ot' rrcsd

..rL-ris. S, k.a.siEr;r d xesdL.$ h Logt of scesonal [,o L*a

furccariqgdara tI r, pcdod Crzd- and p is rhc piod of fo.cca{ing

-L -l Si[lrl t-t Stud.r in rt TES rad -{Rl tt.{

A siDohrfur nndy a givcn usiog tlx rairhll daar tiur BMXG (' ecap.
tlca. rrr iltr{ah 60 dara ,! fi\e yc{:s (A) mnttsf datl nitb rrx of t6crn
.s a:rD (m raitl. Thc digiEl (.ou.l d.ra t plot b FM[cd h F-ilnlrr ].

lic sks ald d r:;J.rl

Fiprc a Ph of tte raoEll daa 6rxr BMK(i Cilacap.

!-rDn Figur l" r,r n 6 ftsr arc scasEl pall.ttti o,l tte plof of
&ra ald Jso its EEDd b irrase- Follouiog rlc rypcs of lhc pattcrD ia
!-iCUrE l. Elurc ! ad rlE p.Eilrli ttory. yc rlErctbrc. ctEGe thc TES
ad ARIM,{, rs apropriatc Eodch tix .ItarJzirrg thir carc,

.lI. Itc sird{i.r rha}. ir .t ILS

lo lttis 5r(F rt $rpcd lt t th.rE * . lirlc irrEaary *cv-t Ftle.tr ot'
6c dara (rff trrtrly sessoralf ir big nin nson dring Odobcr-Dc(rmber.
wha*! is dlE b iotuair,c adysis. 11&s. thc TES b tlEr G.r, to .Dticipats
6ar EEqd io Ocrobc.-Dsrcrtr of 6c d{. Wc ftra &{crrirc rtc
grr}dtitrg lrdefir€d p{r. xrcrs by ch@dng it strll r'dlr of M,{E from
dE olrqut io Tablc l,

,MI

./lnl



ct B. Fr.ailsr.t A- t R[sdy. A. Dhar{r*ra aad Y. F. Burar-Burar

TaU. l. I dplE crF}!E!{hl slodiDg lri s(3r.h

Frut T.t{c l. - ; clzr 6ar 6c ffillc* HAE b ,l,l6m.}7. s/c 6q
dtcc orc t{tooatilg wciS{rtrd paramtos. c = 0.6. 0 = O.L I = 0.1. and

pcrfud ofsatoral {s}=l!. wih pcrid of prcdcriry; p=t!. Note 6tc

MAE iE [scd (E a rte MAPET, rhis i. dE ro rrc haw a h of misilg dat . rt
6c MAPE i oot l:itablc- Urirg c.t-rioo (tl aod Zbinro rotiuarc, *c rh<a

Fcrctrcd ttc hrEcariagof 6c dat h !'i!xItr l.

Fqwe L (;.eph of rtc th*r:carthg (rcd lirc|.

liggre 3 sborod tha ec rol liac obrrrzsr;ry1 ; (.tls: ao ,te Hus l.!*:-
(z.ltrd d rl, It !E6 thrt thctu crror is smal. g *e bdicw that it is
5i!,rilicad. hlrltcrlrlrc. rtc reark of ttc pr6di:riEg fi(rHsti|rgl ttr thre
fr.rrt'< ia l0l I rld rtrcc mts (Ocabcr-Docrdsl iD :Of 9 r'r plcscrrcd
tu Tabte 2.

lrpa- Ert-.-a-a :b6rrr.rl (lr- tr{[6

a



1lte TL'S ad ARIMA Utrh'& ad rtc* Situthrixr

Ielc 2. thc surttitg ln,cL tred. esml t&l tixwsriry

95

fura:Isti.! [

I irr :0tl. {prt(f.ti!r}
5lr

50

lrll(ndh ,.ft€r.&Bl
rk t 19?.]

.12. TbG rirld.rlr tfo{' lldq AIIMA

Ihir *Ttin is wry +opri{c ro rtc D*t of ric pbr dtra. lrruftnt*y.
u/€ r{c thst tllc lBacm h sca-sonal Hcre. we ir{ ml5t chcck ard
!ral@ $.ai!a.ry at ddr udlg paniat araonchit! titrcdoo (p.AC]-t (scc
t'iEurc,lt.

arrl bnld-i-.tr-t bat rr-G-a!ta+rI!.9"i i9ra.,q nr6rs r. .rr -*_.aarr

I!
!
5

Fqlrc .L F*'t of pA(}.. orif,i!.| &le.

tig!,rc 4 rhoEEd ti.r thc dIa trrs rrr bm srrro-y ya a# .,Noif
d lag -ll. so B,c rmlst do dittrcriDg iD o.dcI to hc d"tiuer ({ = t}_

ttfixoova. uc ttco Epurcd rtr ditlrrcrirg (., = ll daa ir l-igrrrc 5.

SErdtrilg
klll (t )

Sffi6irg
rcarrrrl (S,lt

10tri Lt.l4) 9.r.1,

1ll t,i

,0tt

_'(i,9

,i:ij

,sjr.l
i' ::..1

(:*l li.(t i
:: rn\

_.irJ9 :t.9t,
:1r 1., :-.1 v l.llI

I
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Figurc 3 Plu ot' PACF dara afterditttreucirg.

\lle srle f'n m !-igure 5 tfut fte rno-seasonel E.dei is

ARlltIA(L t tl.to. L lI tl. L ol ardscasael E!d.l (o. o. o'/:- (1. o. l/:.

tt o. Of:" &u. ll:- ruspcitety. U*rg *lm iunrlrtieias. urc ofutaixsd

rnany rnodcls of thc ccecoqal iqrRIiIA rhat arc

*Rlr4A(r- t- ll(o.o.ot':. ARrM^(t- l. t}(t. o. rf.

ARIMA(L L tl(u o. t/r. 
^RrMA{L 

r. rl(r. tr of:.

ARrMr(L L 0l(0.0. olrr. 
^RI*{A(L 

L Oi(t- 0. t/].

ARrrb{^(t- t. o}tr. {1. 0}"'. ARIf,,r (t t. o} 1g e t/:.

,{Rrf,,tA{0. t. 
'xo. 

o. of :. ,tnna*(o t. t} (1. o. l/3.

.&EII{A(0. L l} (t. 0. s/'". or 
^R[r{A{o. 

l. lit0. 0. I f:.

r-u$[rmrre. udrg .tiggruric ch('r* d a ht of tcsts of rh: hyptfuxb
tsting of lhs Fr.rr*te,r. we grtt thc L{igibfl mtdcl of ttc ARIM.A. narrely

AEJMA(L L ll (O- O l/:. Itisc&xen fhrmtk srnaflcsr lrf4E in Tahlc J.

-eA
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TES ajd .,{RlMr{ tlct}k}di ard rhr'k Simubrion

T.bL 3. MAl- aE l i,a-$!al ARlirL{

9i

\t.\t

\RI\t.VIr, l_ lt {1, (L {l I -.l

FurlrtrrE)rc. tt^'. prLali'r,ng {tbft€stitlit dltl ol' du! bt:il

ARILf,.{(t- l- | i (0. O. l/r. irrf oxrotL\ an l0l8.a&. p.r:.:ru!d h l-ahb +.

T.bL 4. 
-ttL: 

Frodilio! dat1 l(x -l mrorhs lrrang,\Rl}l.,l
-r

\lo!,lt \rrsl

,1. !:6{

T_

1 i( Ix .r fit uo

)) lid!(rrr., J-l ].ll(i

ll

'l-o srErparc tfrc acr{rac,v of the prd&titrg &ta h:rwcrr.n

AtIi,lA(L f. ,l (0. O- f /: aaO rtr.- TLS. we rc-rsp.r:Ei{d rte .csul ol th(:

TLS io &n c trprlrts (OElob(,-D\1:cefis l0lll. s.r Tablc ll as bclo*. ir
1-able J.

Tehlc 5. Thc fodicring d*a tbr 3 nuntts uing TES

t.rA'ir.a Sr{lnr

Ifl

t-mm hrh tic ah&:s l-abk I ard Tablc 5. *r rec dtar rlrc ARIMA is
hcttr::r than th.. 1IS.

- Rtv.(,. t- tt rrr- 0. rrf:

.mty,rrri- I lltri. tt ry'j

-,rntv-ql- l. l, tri- o- lf i {-trJ{.rilI

lrl,r I9j69 IN 16
ltl,s ll\:cra(, {n:sdr

: I\ 9.1.19 Tnrh$ I rro rr'roar
t(,r s-r t(.1{ ,-{.0r-< flrl }irr
:fi1\ tl.rt $.r 46itfl ::-,ft rlr'lid ] $,ll,^r.tl'n



9S B. Pmaitno.A. l. Rnsdu,,1. Dhar**'ara alld Y. l:. Burar-Buhr

,L ('otlalll$le!

The rcr:a.rcJl surlird dr TES r|ld ARIM rrtlnds io tir,ra{irE atr.l

aaalyzing tiro.: s.:rics datr- &fr rhe nrdrods erc srirru. l'or ry..pical dala

*ith sroonal incrcasig and sa<rrnal lEttqn. Tb* MAE is rrsrd to obtain

fu'! clttblc l'orc€taql ard u-{ UAPE is lrrt us€d drc ro drc facd thar 6eIr
.r\. ixD(' Erissa{l datz l?lrn dat2l TIL: Za,tm and ltioitab s.rtwarsr ar..
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