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2- Discrete Wavelet Transforms



s Spn bs o8 5 S eliml b b S8 s i Y

I |’1’(t) 24t = 1 )

‘5)\;\_?(\_;2_:%);,\_@&_1\45‘3154;,@lcﬂbfz\«;:uuf@m\
oL S 0T Sl el S Ll (kS o Ol g5 657 Sl ol oS Limo (s 60l S g0
3,\_?”&_?,.a_ika;nﬂ_gjlcuo\};_5@\0T6|ﬂbﬁdt‘é\,)>.@|
(FA Lo OYAY Ol 5 oo D) 5,8 (5Ll o sSan ¢S50 bl Loy

3,5 oslital p3le iwnd ¢S go ol bl S Slej g S Il s
C e tgls il g 4 015 o e S o S gl 5 dlo
o ) Dot pobe e S g ( A Hsbay 58 o5lal° 0 (ol S
(P Lo YV (s sl 5 (6 08) 355 o

W ()= ¥ () )

S m Se™
2

So

O el 6l o Y same L oul S 50 55101 Kby M5 6K 50 0K KN
ﬂ)'o)}_.osu.)ﬂ_aM&ydba\)axﬁdﬁ):u =1,45,=2
Pt

Winn=27 SN W@ = n)x(0) ®)

S G ) S S e b bl 5l ol ol b0l Win
S 6 S (V8 M & 5 el el U=2n 5 5=2 s S
S ol Gl 6 el s 5k 4 S Dl 5 Sl B S 55 4 Wl 5 X(1)
T o sty 25 Dy gty S go Wl o sSan Sl 3lizl L atenS b0

X(O)=T + ¥M_ F2M-m=1 yr 2% @(2 ™t —n) @)

1 -Haar

2 -Daubichies
3 -Symlet

4 -Coiflet

5 -Meyer

6 -Mallat



YOS Ol /N UL&/(};;M JL 10l 1 (sl s e aallab

DI Hke esle K a8
x(t) = Ay (t) + Xii=1 Din (D) ()

5l Gl (g Bl pen s 5 ;S5 Ol b Sl i Sl Ay (8)

Wl L3 53 35 3m 25k 5 S SbDp (B)(m = 1,2, .. M)

G 3l g0 g Waesls -0
LT b S8 il sl o o Ol Ola (550 acb 56 a8 i ol s
Sl ok Ol e 4 5 S n bS5 Joe 05057 shtesy
oole V) B VAAY 4 5V AL Lo 5505 oS8 sl 5 0T Oola (s a5 s
LK o T 6551 Sledbl olsl Sl i (azin )3 518" 535 ) 61555 Sppow Y210
sl sbteas Wosls doys Ve Ll ol aslitul 0313 Ol gieds 5 Sl ol gl
Cad 13 500 sl ol OLsenl 23Leal &y pmts O30T sbateds le Ao ys Yo g

Fel 0 0303 ioles (V) Ko 53 15 6T ols (g 28 l5L s 58 w135,
Dollars per Million Btu

20

1998 2000 2002 2004 2006 2008 2010 2012 2014

= Henry Hub Natural Gas Spot Price
ACAIS PR R IR EL APV R 2 NPV pPI A CRCIV: S PR S L

e 5233 3l 5 shies (RMSE) L & 3Gk o s callia ) 5

1 -Root Mean Squared Error



s Soan bds oS5 Sl el b b S8 s ey VS

1) ol oslain! Jiw

RMSE= 15, (90— 02 = [P5 e o

Sldaline S 5luas N 5 tOLaj 53 odd s i 5 88ly polie i ja Vps ¢
G805 Dol 4,05 6t s e 2 Ul 3l 658 (slbst 48T i .ol
el Je VL 2t U5 KL 28 RMSE

SR s S J 5] —F
3y5a Laesls 6oy (15 43;@" s &N A O i s S Il 5
L) iy e A ¢ 5 5w Vkir O e S ol 8 813 eslinl
ot 3 Giladie 53 (8 s e S Sladie o 50 ) 5 5 S S
el o oY n 53 05555 oV 05w ekt 55 .ol ol ole
09 fams p omias 4SS b 53 (VFAY glee) Sl fuaze J5 Y sla0s) 5
Sl ol 5 Olgy G0, 5 5 Ol saaY slun (25,5 o, 5 ol L
D e T
o3liiul (6355 lisas canb S8 s Sloj g w iy # S 5 Sl elis oyl s
] ol
(1) ye—1, (D) Ye—1, Ye—2, (il1) Yeo1, Ye-2, Vi3, (IV) Ye-1, V-2, V-3, Yi-a
(V) Yi-1, Ye-25 V-3 Yeeas Yeos » (VD) Ye-1, Yt-2) V-3 Yeea» Yi-5) V6
Ul (claosls U )55 5 55 (8 simmn omas 4Kl el olil 5 g &S 5 boles
O}_AJ.T‘).‘ casllls 5,50 by s bk d.u)_,{)}lé;ﬂ@ oy ol Ssls Cosgdea
e 3058 ks o ADF 05057 ol ool 0k o3linul 4l o 6 (SO
L st sbted 5 Colle ks 38 s ke Sloj (6w 45 das e 0LE(SBC)

LS i ol IS o ge pas SaaS

1 -Multilayer Perceptron



0 AMS Oluslb /N °JL~Z/(’)>)C-:~E JL 10l 1 (sl s i allad

(ADF) 4l ans 55 (S03 doly aiy 0g051 a0 bgrjo i =) Jor

, o T S ol
R Prob
ADF (Oliabl 16 pelas)
Ve /Y ~Y/AS VAL

G Ol 1 ls

N o3l 55 s 5 535,55 slaesls plas (S (5ladie 55 5 shiass ¢ pioman
SL sl | o j el page sl die Slgy sbaa Y sluas bl Llods Jbe 3 [
DY 93 b e a5 S0 S8 k0l das e palS 1) 4 s Shes oY
i et B3 ol s a3 S L1y (e b b s el 06 Ol

S ealinwl Olgy Y o 3 e b ome sl a1, (s ol b
ol (s S o 6l Ol BY USG5 T el 0l il ] e
Judos ol o enlinul 5y 50 e &S (pl ol ol SIS 85 Olje a b o 8 s
2o 0l AY o s

Wl e (slaaSs 55 Olgy (S0, 5 Aty Sl Obusl Kos ga § s e
b 5355 g 55507 3L 5 sl s gt LBl o s L0y 5 sl S|
slas 8 Jolis s sls dals 555 (eSS L adaly 55 (55l e 5L
il sl oS 5T gls Sl (S Jde il 3L s Ol s, 5
S 5 6 St Al (51 i b a5 ol Gl et gl I
i S Ol a0y sl b | (635,5 g,y slda ST s S Lesl (144Y)
S i) Sl 211G 5l Ol a0, s sl Sl o ld Lol ¢ pummann 3L 2] )
Sl pend yshteds gt odels &S LT Sl plu (F Lo (YoVF (ps gl
WU 5oles sladg,yss sldas Jdos ol 53 )l 359 Ol SO,y 5 age
R TN

S it e S addllae 550 6 50 50 4 (S (s 2 S0 5 SN



s Soran bas o8 5 Sl el b b S8 s iy VS

0955 dldws Jde ol 534S oyl i iy 53l 5 g S0, s Sl (Sl
sl o b L5 5 oy

Olgs 5 639,5 Slals, 55 S s (6l oebeidin 5468 457 T 31 cpl 5l
Sl oS 5 o g s 5 09031 ras Sl eslinal b Col ols 2N 031 5 2
i 1l 5 53 (e S8 0505T 5 sl 4 by e U5 it ol 6 550
OF B 5D Oslize clad s, 5 slde 5 639,59 <SG L 1anl a5 Sl ol 428 65 (gla 58
RMSE -, j2aS a0 b g 1o g Ol 0555 slin 55505 09037 5 o) se] K5
e U a5 e 5l SO Sglie (635,55 Lads,y s slei b Ly sul ash 3,18
563955 SLa0s, 5 SN L e 4K 5 Shas (Y) Jad 2358 Olsl S 5
as e Ol |y Calides Ol

u'd:"“OL@%)LSM))O})jJ;\J.«J\{Wa.c&,i;JﬁL&@E—Y Jsd>=

SERPIRIEE RMSE

Olgy Ogy5 3ldes - _

S3903 3Tl 050!
\ Y /0 YYE /Y20

Y \ /Y /YPV

Y q o/ YYY /2 YOV

¥ ¥ /2 YAD o/ YV

o \ «/+YAY A4 d

7 o «/*YAQ «/+YOA

G Dleloa i o
syl 3, Sas o 2 05031 5 Sisal laesls gl o RMSE  jLas bl
(F=F-V) =7 LY 53 09,55 ) s0bgy LY 509,58 F 5639554y 30,5 F

iuﬂ\ o/ Y\°V L’j"‘j’ Q}A)T L;LAQJ‘J RMSE CJ\}- L.fi‘ 2 4§ C..M"



WS Olulb /N UL&/();;M JL 10l 1 (sl s e aallab

s 4 9 S g hAT (oS 5 e 851 -V
sl eJde 85 5 4y glatony (WANN) e <S8 5 K g0 iots oS5 Joe o
o a5 e 1Bl 5 53 S ga il o Sl eslizal b s S Cnd Sl (sl
s S g 31 S g0 1ol . 0ok eliin] s 855 (53955 Ol g8 et 3
L L8 ol ok aslinal a4 nd 5 shatey cosls DL 5 5 5l g5 g i > Shes &S
a2 sl 3 Sl (gl el g sl 425 sl Sl Sl (S 0

Z(Oupc"'\\c «dbwujdr@)@\o.w osleinl 55 Jee
L =int [log (N)] (\Y)

C"b_od sl Jgop cpl ol ol Slaj (6 slrosts slans N g 4 525 c]duL
a.\.&«.if.:?‘ ibjﬁutkablbcd|f\.u el ¥ Mj[k»))f@b)éﬁd‘f%iifﬁ
(“)J.g.ﬁc_,_.»‘ ol cjjjT Cwddy (A3) ;AJES)(Dl, D2, D3) CJL;F g_,\i\fpj

s e O 1y Sl 5 0dd o355 5 I

Dacomposiion atlevel 3:5 = a3 + 43 + a2 + 41
T T

15 il T
[ 1)
s ? I 1 ra
J o M b, LN s
I N Ml O S
e g A I I I ¥ I il {
14 T T L— T —T T T T
12 ik ] i
1: - 1 L / .[ ra ]
a ! ol Nk AR
3 e AN I P N U T R " o b —
4 s N / v spanl S e Ao
2t e it 1 L 1 1 T 1 =) 1=
. T T T T T T T T a
4 A
4 ° ...g.mm.m-.a_.n‘.,.,.P,.,......M.q.,,*Hu_.qMWW.W+_~W.W_+_‘
-
2 I 1 I 1 L I 1 I 1
T T T T T
2|
9 o S - st ot 4 R
= L 1 L 1 L L L L 1o
T T T T T T T
2f i
g, o -~ b e et bt #
2
L —— L —L_ —— —L_ —_ L —LJ
00 1060 1500 2000 2500 3500 2000 2500

Sl 5 ek gl 8 JSw -1 IS

1- Wavelet And Artificial Neural Network
2 -Daubechies Wavelet



5 S b5 oS5 Sl szl b b S8l i

\A

PSPPI S K SO S U B SR - UL G| N IS V-3 L SN

Sl l Sl eliad Sl (o5 5 Jobe ity 2 S RISkt b
Sl 0 o3liul Jis (63955 Ol pie s DL o5 pems & Oy sons
58S gn bl (oS 5 Jie sl (F) i (P o VeV (o sl 5 (6,

o e 0lis 1y WANN) s s

¥e

Ve SlVe-1 Veozo oo )

l

[ PR PP LI P

D1,y /\ /N Yi-e
S ol o ch 1 /L\\
3. a3, Aﬁc_

Pl-e D2 p3, 43,

\ D‘- e DW,_,

Ve=HDWeoy DW, o, . DW_o)

(WANN) e s 5 Somse LS oS 5 e sl =¥ (s

b omab S Ead Sle) (6w 5 0l ol b o LI e (6l

D1 s el 0 313 0La3 (F) Jsudr 5 457 sbiilen .ol 0 dwloes (R?) s

el az g Lignl gl s s 6 a8 Bl b S8 s S 6 5

(A3) ;._ijis ;_1‘_,——)_9 (D3 (D2) CJL;J?- ;..llj_.p CM olddinl>ws (RZ) S

Sl 0l °3L‘2:—‘”\Lg‘:‘b)lf¢“:55‘:‘g:‘ﬁ))b“gs‘& 4§~1 Jd 39,9 Q‘j.&d.:
(DW= A3+ D2+ D3)



V4SOl /N °JL~Z/(’)>)C-:~E JL 10l 1 (sl s i allad

b S8 s Sl (g s et sa cal i o (RP) cpond o s =T s

Mean
RZ
D1 YA ey YA N N IR YA ey

DWT t-1 t-2 t-3 t-4 t-5 t-6

D2 n/nn‘“q n/.nfi VeV n/nnf\' n/nnFY ~/~~f~ u/unf

D3 ERY\'% /e DY /oo FA VEARE D AR VEREA} v/

A3 AAVS | /AAVY | ARV | /AN | AASY | L /AASY | /AAS

Gt Olawloe s o
odﬁ.bgﬁ)}_ATM‘\g_& JM@MW&L)&;A&ML;:{;JM
e &Ljéi_s-}» J;,\.J gf".‘-st Jds (6359 L;uob‘bﬂ\soﬁ)ju} w\ba‘}&@
WANN Jos (635,55 la0 s 55 2l (DW) 085 5 Sl ol 5 6 sames
(1) DWe_y
(ii) DW;_q, DW;_,,

("I) DWt—l’ DW’C—Z! DWt—31

(iv) DW;_q, DW;_3, DW;_3, DW,_y,

(v) DW,_,, DW,_,, DW,_3, DW,_,, DW,_c and

(Vi) DW;_1, DW;_5, DW;_3, DW;_4, DW;_5, DW;_¢

YUY 5D Soline Gads) s slan 5 6355 <SG L il was 4K Jue Lilen

RMSE - ;208 0 b g e dig Ol 0555 314 5358 0 0305 5 el i

(F) Jgimr o3 52 a5l ST Soslize (6355 SO 5,5 3liad b gy 5l 358 0 5,15

‘J,NLW‘ﬁ.u\-ﬁbwduﬁs‘)MQ%)&J)J}Q)J}J‘M\{W@)‘}S‘Lﬁ&

WY 530,05 F Gl s, Shes cp g OsesT 5 sl slaosls gl RMSE Las

O.:\)bd‘g;-w‘ (F_A_\)k}-,-}f- :\—LY)J Oj)}-" \ )QLH %Y)J Q))j.;l\ 4653)5
RGO RYERT <4 Lj\j d}.ﬁ)T 6‘.&0)‘) RMSE &=



s Sorar bas o8 5 Sl el b b 5B s ey Y

JIZAULH)&}})}QJJ}J)‘MbeMj&yJi.MersﬁdJﬁ;Jﬂa&Gb—\c J}J}-

RMSE

3353 09y M | Olgy Oy 58 sl - -
N3 TS

\ v o/ YAD +/\4)

Y Y /XYY ERY.N 4

v Y; /e Y¥F VIRV

¥ A YR VAT

) ¥ /oYY v/ \VYA

i ARl AR o /AY

@

02

f wai Wﬁ v “*MW N M\J”\»

N}K@jb@m}}b“w&ﬁwwuﬁ—ad&
3 g on ool ( I 55 b (F 5 ¥ U aslie) Jo ¥ 5 S 5 e L

35t s Sh e b alin 53 me S8 5 S s b5 (oS 5 dde s Shes
A1 g0 s (63555 laosls 21555 55 & Sl | Sols donss ) ool 4Bl

”"‘[,,.J \"\JWW




YV ras Ol /v °JL~Z/(’)>)C-:~E JL 10l 1 (sl s i allad

WANN 5 ANN Jote 4eslis —0 J s

Je RMSE
(ANN) as 05 Js YRV
(WANN) s iSs 5 &Ko g0 s (oS 5 Jole RRYZ2

st Olwloes 1 s

u-,gu;ﬁ Coend Ao 20 —A
5 sl ol o3lizl | Slole — Wpus 0585 Sl i Sy e Al slates,
DM~N(0,1) 4es p Cd SLaSS (o s Sopds 45 i e 0Lz (V440) 5Lk
S Gla ds )3 A0 b 53 BLSS (e S8 A bl pl O
Ssd g 3y ABb /DM /> 1/4%

T r Szt 55 oty Slsle— A gs o]
d

DM = Trar (\¥)
de =%t o= wanw)® = Ziza( e — ann)’? (%)
d=(Zt=1 d)/F (\0)
Va=Yo +2X12. 1 (\#)
Y; = cov(d;, di—q) (\V)

53 ekas e OLE 03T 5 & 5 b0les eyl sl T Cowsy DMF/808 5" o
Oyl 5 ol omae a1 i (oS 5 o (o by Spd Ao 33 40 Oliabl el

S o b1y (oS5 e e S Slole— Wsus

1 -Diebold-Mariano
O a stata il 5l eslizel b (o8 5 Jue 5 e 08 Jio o iy (sl g1 Sl ole = g5 0505T

RS PR 0> p



s Soan bs oS5 5l esliml b b S8 s i VY

& S aomi =4
ﬁ\jtcugcu@@jwuM\?JJ\,.L;NM;\,:@@,L;\?S@U
ot ol b e e (6531 55L 0T 53 &Gl l (6 e Ol e )
5 Ssbine Gladie 35S .l phbolel ab S8 clow by olls 5 cud
S gl U i badie den 30 oS ol € Cd s i 8l G SUSS
S ol iy b 8 53 gyl SNl S 5 5 L s ol 43Sl o3y
Jie Sl oslial bodd 39 035" 2l il &S g Jo5 51 58 0 b s 6T 05 oo
S S 538 e 81 S lie $ S (e 055 S e b5 (oS S
S Gloj Slags o Il ey st pl (sl 3 87 @)1 ey Sladile L alie 53 al
il o (Sont o bl 5 b o S e S sy b SE
S Sl b (b S8 e Gl e 5 (Sl 5 Dl ) ok 4
$3909 Olpmedn Jie Ol 5 Ol 8 | 8 § o oo b 0313 (2 5
ot S e bl 1 oS Cul OT 5l (S s i oslizal peae 43
d.\_nl_gwuﬁjsw&_&jdg_?yg}iqﬁfjdus;w(RMSE)
6.})))6‘.&0}‘3&‘})‘}:‘}_}'Jcﬁaﬂ‘@‘ﬁlﬁ@&‘ @\wgaﬁw&z
Osn3T oot ol bl ae S5 Jdo S 2 g 5 L5503 F1 S 0 Lo g
S s oyl Jolo Sl 03 e ol 03,5 A o 55 Slle - A
5 Ll ol ol el (8 game e S b5 0T ol 8 Sl o0
Oladllae U anslie 53 5550 (o i aie) 53 g5 bl e j3 0 S5 35050 4

Syls (g i Cao @sds s o.m(al?dl

ST ollas gl plaslgds -V
o3 a3 Dlged 0355 ol b OS5 G T e ol 4287 55 -
a8 Sl s S (lealis (Bl Gla g 5 S8 S e (5le
AS Iy @508 b awlin 3 5 by Sl S50 cpl Boks 33 ¢ ands S8 150



YYoras ol /vy UL«.’Z/(}))M JL 10l 1 (sl s i allad

Gl 5 45 5 o st o3ladl ol e OMls Shcos ab € Cus
3lasl Jalse Jals JSC 4 011 36 sl 013k Jlom & b Ll oo, K513 58
S s LhL gl Y sl 0l Dbl b ol 2SI 5
3,5 eslitl 5 (s 15k 53 Cead (g ladbe 1015 o8 b

S0 ladis a5 ol sl (it Ble 01 51 55 b iz 5 (g5l gla S
SLadn b amslie 55 Ll o 5,15 5 )l8 LU 5 bl 51 ool ba S e (51 487
B e e 4SS 5 Sl s KNS

(e LSl i) 05 s st oy Sl 53 g oy
el il 80 RMSE Eo (655 5 2 Jbe Sl o)l 505 2 slade
sladds Jlesleul L aS Sy ae ol 4 8wl 03 8 (65 ,m S et 3 5 dlaa
Jis O s axils (6,208 RMSE o7 Jue 5 sl o ploil sy il
Slme 15l (6,505 sl 31 ST Sladlas 5 355 e slgiie ol 0dd Ozl 5
3 03linnl ST (5 2l sln (Theil) L6 b oo e

50355 slaakte J& clal3b O il 0355 Jaide a5l g9y b Wlie ol s
slei cay o 3 asls K aSS as Laslsl bls,l oKl an K 56 0Kl
LT olize S0 5 Olwl Cud ot LFULUTES (lacud Joles 555 o



s Soan bds o8 5 Sl ekl b b S8 s ey YF

c\;.o

L el ol b (i ) ((ITAY) i 08l 5 s sl oo (ool
ol s o gladds 5 st b sladds (S go s 5l eslinl
FAV-FY Slomis Vo5l cp55 dlo 0L/ (63,15 (oolasi] olellos

5 S 50 65wy gan Sl eslial L e L Cad S ) (VYA s ol g
Olois WA oylas (0 f 1 3lati] Colaflls aoli fouzs (6 yon s 4
AV=8A

SHLasl epss Slor ¢ (lwbns E58) e (cladSCd Lo (\YAY) Slikesms (gt

.J:SJ:A‘ 6’;&..,0 olif;}l)

Alexandridis, A. Livanis, E., (2008). "Forecasting Crude Oil Prices using
Wavelet Neural Networks", 5th Student Conference of Management
Science and Technology (®2Z4ET). Athnes, Greece (2008).

Amin-Naseri, M.R. Gharacheh, E.A. (2007). "A Hybrid Atrtificial
Intelligence Approach to Monthly Forecasting Oil Price Time
Series". Proceedings of EANN.

He. K, Yu. L, and Lai. K. K. (2012). "Crude Oil Price Analysis and
Forecasting Using Wavelet Decomposed Ensemble Model," Energy,
Vol. 46, No. 1, PP. 564-574.

Jammazi, R. Aloui, C. (2012), "Crude Oil Price Forecasting: Experimental
Evidence from Wavelet Decomposition and Neural Network
Modeling", Energy Economics, Vol. 34, No. 3, PP. 828-841.

Maier, H.R. Dandy, G.C. (2000), "Neural Networks for the Prediction and
Forecasting of Water Resources Variables: A Review of Modelling
Issues and Applications", Environmental Modelling and Software,
Vol.15, No. 1, PP. 101-124.

Nguyen, H.T. Nabney,l.T.,"Combining the Wavelet Transform and
Forecasting Models to Predict Gas Forward Prices", 2008, Seventh
International Conference on Machine Learning and Applications.

Shabri, A. Samsudin, R, (2014), "Daily Crude Oil Price Forecasting Using
Hybridizing Wavelet and Artificial Neural Network Model",
Hindawi  Publishing Corporation Mathematical Problems
Engineering, Volume 2014, Article ID 201402, 10 pages.



Yo o \Yas Oluob /v UL‘*‘Z/(’Jéﬁ\:‘“’j Ju 131 ) gslal 6&&},: aallad

U.S. Energy Information Administration (http://www.eia.gov).
Wang. S, Yu. L and Lai. K.K. (2004). "A Novel Hybrid Al System

Framework for Crude Oil Price Forecasting”. Lecture Note in
Computer Science. Vol. 3327, PP. 203-242.

World Energy Outlook 2012, International Energy Agency (IEA).
(http://www. iea.org )

Yousefi, S. Weinreich, | and Reinarz, D. (2005), "Wavelet-Based Prediction
of Qil Prices", Chaos, Solitons and Fractals, vol. 25, no. 2, pp.265-275.






