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Different nenral netwnrlk architectures were evalnated with the etatisticre deeeribed
. The antoregressive single hidden-layer feedforward neural network model used in our work has )
in Sectlloraf»"11 . iz model using AIC and BIC 1s NN(1,12,13; 1), having the best
the nne -
forecast ‘with' & “minimum Spred (see Table 1), so the NN(1,12,13;1) model was
selected for further results. Usigy=Bow: +. > 4G (¥wi) +2_
g=1
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where w, = (1,41, -oos Iy ‘.;}' as before and 3; . j = 1...., q, are parameters, called “connection
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the @rmportant relationships i the tirmie soricss
reirizr (o Teczissi.
Tor a feecdforsrard neural et ork ssith once

hidden lawer. the prediction eguation. miven by
Farawas and Chatficld 19958 ). Ffor ocormputinss
fForecasts X, using sclected past observations_

Ay e m e e e om Ay oo ozl MzagEs O _F - - - - _Fad zaadd Fr oxrocdes
Axw Lhne ISERS PSS F=S S Hzawr e e i I e e e od Lo ES R
NN _Fy = - - - - o Fez #2]. Thiws_ the rmiclwworrk diry Fizs. L
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RSa i h = S S
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- = r -
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number of nodes m the mput layer 1 equal to the number of delays or lagged variables
Viee Vi ooy Vioke], Where 7 is @ time delay, and k is the number of chosen delays. The output,
e ( Jip, 15 the predicted value of a time series defined as

dx im0 2 Vb = [ dees iz o ok 9)
Kt Mehdi 'Y s JI
aluwlud] Ul dawasdl aSuidl oM a0 o= 9 Mehdi Bijari
>g0u9 ARIMA J| gig0i a4z, dbwdud] a5l WS> o duio I
rawYl aruall

acyclic links (Fig. 1). The relationship between the output (y,)

and the inputs (¥, ,.....¥: ) has the following mathematical
representation:

aq B
M Wo + E wW; -g(wo_, i E Wi - W, ,) + &,
J=1 i=1

where, wi,(i=0,1.2,.....p.j=1.2.....q9) and wy(j=0,1.2.....q)

nd where P 1s a prediction time into the future.

"z idall” Janoll wolwVl 2-8-1
anas)] &S] olo e G 9o *Jasall GolwIl e el O
aSaidl Al oMsae ainbs (8 adll sas 8305 W5 oo anslibaol
dpull Lod guslwl v il sle Josall Coldl drio 19 aisy
il ol s3] amiogi ol asio a9liol pi 31 vansio 1) Jwddls
ol (ols5) Bl ol Jyanl) aclilhoYl awasll aSuidl oY
o ouzd Tosa Jazall LolwIl Jias vailo g b ,iSly adle osleS
alazoll axmgiall ity . amd] §5lally asio )l Jawddl aszgio o
scas)] &Sill oWas dils (o8 aaall sas) anssill 83001 ol

ol "target” Coa gl "o Uni" Jslas (idl o5z pall wlidl Il Jg—osll
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islos o8 Unsdl dass Joaz JW5 oo ey paeS Sy aio oty

JW> o0 wMso oll adude lud ¢ i00dl gigoidl Oogs

anV] axsall
q P i
Y, = Wo + ZWJ -g(wm + Ew,-; Yo, X,.Z, )tn':,. o
_f-1 i=1 ’ | ."1(4-'.3-)
ARIMA irdependent variable
model
:Where

wi.j(i=0,1,2,....,p,j=0,1,2,....,q) and wj(j=0,1,2,

..... ,q) are model parameters often called

connection weights; Yy, X;,Z: is the number of

input nodes; q is the number of hidden nodes

and y: IS output nodes.

Forecasting : slastiauoll §isdl 2-9
loouis §uii] o dgio )] JuwMadl Judz (59 dogall GlanYl x>l ol
duio | abwdwdl d230s ain Sledl Jo sl OIS Oy iz dulisivuo]l
Spaiill gl 6 lagl)

cma Ul 16 e 88 G Baaly) 8lalae v

RN 55 RG]
o



s skaoll (slasl 3uiill (38 dolall & laill o catno sl wli kel o
Kolmogorov(1939-1941), Wiener(1949), Kalam(1960), Ju8 o
il o Ulegi d> 9 cu> . (Yaglom(1962), ittle (1983

Point Forecasting slaail 5.l : JgVI

« (85 90) 82>lg dousy dasio | abwduwd) adisiwme]l dousll sl gng
ez o s s wla o lawgio S8 wls 055 bo 836 dorill 0ing
o tg Lead o (L) Gouny ez Za o Zint | aguidd] donsll G| o
. Origin

Forecasting with Interval Prediction éaguii & yiay §uiid| 1 su U
a3l paidl o a0 ol 8ar Zit | dsbiiinnal| @il uiidl 92
doill O azo aloiz| Sgimo 208 uisly VoS Cumy &gzl
600l 03 9 8lgize VoSS Suiill anaiaxll

rant Lilowo V| darmas)l o lSuidl wolwl plaziabl §uidl 2-9-1
Le) idl asuaxdl $Shlall o axslibhoYl anasl o Suidl azgio O
el g9 bg0 (w89 BIuzg duio o wli sUac] 9 aJlall sslasIl
LMl Sl sd axe liba oYl dpas)l oSl dyngio caoriiwl
axe lilao Y dppasl wlSuidl dzgio lgSloi il wljronll o .dsio ]l
wladall sareg araxoll adsll sacg WISl Dacg aucgi oz dig jo
JioYl g390l W] Jai 0l ] @ libnoYl apasl o Suil) agsoll
B3537 oW xasg deslill & ual) il (net) aoell &Sl Josiig
IS sle o jlrl oSy dpmas]l &S pladl ol I g3l O]
: olinl wYslrall 9 wligiimo

Y1=(wl*x)+bl
2
(L+exp(-2*Y,)) -1
H=
Y2 =(w2*H)+b2
2
(1+exp(2*Y,)) -1
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u|_)_9| d990 ao .)l.su|_9 (W1 (Input-hidden u|_)_9| d999.:a0 )l.su|_9 duaoll
.(W2 (Hidden-output

8 ilao Y| dnasl] o lSuid) il Jgar> s (2-2) Jgar»

a.n.do L)|_)_9| c\.n.do u|_)_9| xasl] doe ppuS JIL
- duaxoll - w5 alll aauall ol el | oMsaLll
m*T m*P m T P

o—o (83035 WMo all 8 ylsog) sl wlglas (1-2) dawoj,)lexdl Husg
Wb mol o W
Prediction:[51]axe Lidouwo V1 arvosdl o Suwinll §uidl ol 59 2-9-2

Intervals for ANN

0552 (%, y) Joliall gejsill 0l e wlaleall po Olicsane Ll
ao o] alSlie]]l g wlalsall oy i d4uwilSs] poe iy Siloio
salzoM laxdl z3geill Ol Jolisly caxe oYl dasl oSl

ro¥ LSadl (g(x, woge y lay s3I

Y: = ge(x;) + =4

lowgios (sapdall &gl cow> g9 aslg sl € Il &S po ol >
ode s oSl o) I o] sslue uluis sasall ] sslue
sl pasins Wllul 03 O Gisas Do = {(x, y)}"? wllul acg0n0
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e Y (- gy’
n—(d+2)k—-14«"" T
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:951.54.63.64.74.[12 aliolaoll axibasYl ,ulaadl 2-10
oo dxaizall S5l wli ai)lio asty apdl ailasyl ulrell slais! e
Se)l il Uasdl 8,9 ol capmi o 2¥g oilsuiaad] Uaxll >
asiranl aosslly Ly Luioll anysll o

Uasdl yuleo Jiss (3-2) Joaz

)W| aagill Sgbﬂl Saall KN o~
Mean absolute error N B
L Map = Z=t B -
(MAE) - | . I J.L'-o F\,‘r .........
Uazl)
Mean Absolute z:"_ . |%
iy . MAPE = —~ | ... (2-39)
Percentage Error adllooll pxoll Jono N
(MAPE) Uosdl canuid
Mean squared error ﬁ"_ E?
: MSE = Zt=12 (2-40)
(MSE) Uosdl wlrs yjo Jono N |
Root Mean squared [Ss~N g2
1. _ IHZE=1 {3
error (RMSE) wla o Jono i RMSE = 'v N | (2-41)
1N ]|
Coefficient of ouaf, ,i_,,_,ujl Jolxo R=SSR/SST | (2-42)
.. 9 Tiogs S ‘9.;3_9.-." 629>
determination (R*) 8] SLsl,muVl v
w>9 o IS ghg «axlsll
9 (ol 1) O— ) GeiOI0
R* 1o lb al jo s
a>,5 gl 5l 6, go g9 =1 — J'TLISEfm'Eca.sf
Forecast skill (SS) s—iill 6, go ol 5l MSE..; | (2-43)
Cid9—oid § uill a9,
el 60 ) Lt
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http://en.wikipedia.org/wiki/Mean_Absolute_Percentage_Error

cannz yall g3laill

Where: SST =Total sum of square = X (y(i)-p(y))? ;fori=1,2, ..., n
SSR =Regression sum of square = £ (Y(i)-p(y))? ;fori=1,2, ...,

and

N
MSE, = z

U
N

1N i
MSE, =—Y (0 - 0,

Ref N
=1

Lo Lol ol Jias :fi 10l g
banlicall Jias 10,

cilS 1508 (0-1)o>lgg yaall o (SS) sl &, g0 dord ,amiig
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iV LasYl as,lal] quais aasil Jolzol
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