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Abstract

Forecasting oil and gold prices from a word market prices reference is a challenging
research task. By accurately forecasting the price of gold, it is especially useful for investors.
Time series techniques play a role in predicting future time series data. Therefore, this research
aims to compare performance of time series techniques for predicting gold and crude oil prices.
The data were collected from 2 January 2003 to 30 December 2016. In this research,
six techniques including Linear Regression (LR), Multi-Layer Perceptron (MLP), Radial
Basis Function (RBF), Reduced Error Pruning Tree (REPT), Support Vector Machine
Regression (SVMR) and Sequential Minimal Optimization Regression (SMOR) were used.
Sliding Windows was used to divide data into learning and testing sets. 13 rounds of sliding
windows were used to reduce the variance of experiment results. Moreover, Mean Absolute
Error (MAE) and Root Mean Square Error (RMSE) were used to evaluate the performance
of the model. This study found that the SMOR technique is effective in forecasting gold
and oil prices with the lowest MAE values at 14.21£5.35 and 1.65+0.75.
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1. WEMINENIAITIAMNBIAURIIATIY
HAMINEINIAITIANBIAMIR:TIANNSuBRoKUL IRB0INMIaS s lAamATA Linear
Regression (LR), Multi-Layer Perceptron (MLP), Radial Basis Function (RBF), Reduced
Error Pruning Tree (REPT) Support Vector Machine Regression (SVMR), uaz Sequential
Minimal Optimization Regression (SMOR) d113u 13 58U TnBuaAIALRRLT009IAI950
LA NAAEDDITIANINMIINGINTATTIAMBIAT URz AL SUTBILULSIREY Sansauansld
Famn 107 2 uaz 3

MIWN 2 WENITNEINTUTIAINDIA

Rounds Actual Price LR MLP RBF REPT SVMR SMOR
Roundl 1,338.98 £17.82  1,291.30+9.45  1,269.97 +£27.07 1,259.80 +16.48  1,308.31 +£0.00  1,011.13 £0.00  1,306.29 £3.96

Round2 1,327.23£9.79  1,338.06 £9.73  1,250.21 +48.40 1,289.06 £26.27  1,361.20+0.00  1,042.75+£0.00  1,350.77 £3.53

Round3 1,344.80 £13.15  1,295.95+8.49  1,262.96 £18.33 1,275.34+17.88  1,316.61 £0.00  1,056.03 +0.00  1,304.21 +4.54

Round4 1,345.50 £5.64  1,322.4249.14  1,304.43 £12.61 1,280.51 +21.58  1,335.86 +0.00  1,061.42 £0.00  1,325.86 +£6.11

Round5 1,322.06 £9.33  1,318.04 £8.23  1,281.22+20.41 1,292.60 +20.99  1,335.60 £0.00  1,067.93 £0.00  1,324.26 £5.22

Round6 1,324.04 £12.76  1,324.19+6.63  1,321.58 £7.64  1,291.84 £17.45  1,331.88+0.00  1,072.02+0.00  1,332.07 £3.03

Round? 1,323.11 1591 1,302.46 £6.32  1,275.42£16.84 1,278.55+12.89  1,319.84+0.00  1,079.23 +0.00  1,306.27 +4.14

Round8 1,257.81 +4.75  1,271.49+6.78  1,265.91 +4.62  1,267.84 +8.55 1,286.15+0.00  1,083.70 £0.00  1,267.97 +6.93

Round9 1,271.22+6.25  1,251.16 +3.13  1,288.18 £13.02 1,255.18 +1.17 1,266.85+0.00  1,086.42+0.00  1,251.47 +3.86

Round10  1,269.89+31.3  1,288.84+£0.91  1,288.28 £1.38  1,274.25+4.29 1,288.19 £0.00  1,088.80 +0.00  1,282.45 +3.10

RoundIl  1,202.66 +16.94 1,218.78 +3.77  1,253.18 £15.28 1,233.56 £6.49 1,221.32+0.00  1,092.13 £0.00  1,215.62 +5.67

Round12  1,165.93+6.82  1,174.64+1.28  1,218.36+18.97 1,213.56 1426 1,179.54+0.00 1,096.44 +0.00  1,171.54 +2.91

Round13  1,134.33+6.53  1,159.44 +2.11  1,192.56 £24.06 1,362.01 +0.00 1,160.75 £0.00  1,148.01 +£8.41  1,100.93 +0.00

Average 1,279.04 £7.03  1,273.60+3.09  1,267.10 +11.34 1,274.93 +7.93 1,285.55+0.00  1,075.85+2.24  1,272.29 +1.68

T-Test 0.44 0.41 0.86 0.28 0.00 0.27

PNMIN 2 UEAITIARRLTOIMBIA  URZAINMINEINIBOITIANDIFMIIUIN
sauaz 10 WaUTINgM wwusmesiiasvanmaiin LR MLP RBF uaz SMOR sansawginol
simmeseilfoamanzan s SVMR uazmnaiin REPT axnfhudunseiianien dolimance
Aumanenssinmnes iesnnaahdunesimimluasd doluniniu waiin RBE sunsa
s5uuuuimasinensanmmasiiidanulnfiAssiunnmesdnniign uawaiin SVMR
a3uuvudmaslumsnensainammesmilnfiAssiuAaTossnmmammagn

PNMINTN 3 UFAITIANRRBTBIN TN ULRZIIAIINNITNINIDIDOITIAILL
Tuseu 10 4u waUsngiuuuiaesiissvanmaiin LR MLP RBF uaz SMOR su13n
wennsaimAnilfegnommzan s SVMR uaanaiin REPT axnfludunse dolaimansauiy
msnensaisenngy esmnmanisiuiunmildesd waiin MLP sunsaneinsaild
TndABsaengn uasdimanuuanmoedlufitodfn (T-Test = 098) Bslunhiiuwaiin MLP
snsasuuuuhisesimennsainanhiuifianlad@esiunanhiusnnian uwimaiin SVMR
gSwuuuimesinennsanahiuilnfiAesiumaiinesnimmasiiasiign
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MIWN 3 WENISNYINTATIALINY

Rounds Actual Price LR MLP RBF REPT SVMR SMOR
Round] 44.66+£0.97  43.95+0.25 43.44 40,69 49.7842.05 4520038  67.81+£0.00  4355+0.6
Round2 42.73£0.64 41294040 45.47+1.82 50124345 41412000  67.80+0.00  41.16+0.5
Round3 39.65+£0.90  40.88+0.27 44.01+1.72 47324251 4207000 6781000 4087026
Round4 43854234 40.8940.17 42.5140.85 48.02+3.02  40.89£0.00  67.81+£0.00  40.79+0.24
Rounds 44.18£1.59  45.750.16 46.03 +0.31 51384226 450140.00  67.83£0.00 4541027
Round6 42944118 41.940.42 4434 40.57 46994220 43394000  67.81+0.00  42.20+0.38
Round? 43774167 40.86+0.35 4243+0.8 4592+1.88  42.00£0.00  67.81+£0.00  40.35+0.62
Round$ 48324034 47.1240.10 46.40+0.27 5037+1.40  46.07+0.00  67.81+0.00  46.20+0.32
Round9 4732%128  47.9740.17 4570 +1.19 49242046  49.14£0.00  67.83£0.00  47.13+0.54
Round10 42.0740.59  43.43 +0.46 43274045 4650087 4459000  67.83£0.00  43.66+0.38
Round!1 4407£1.05  41.8220.10 46.22 +1.69 43792059  4225£0.00  67.8420.00 4158036
Round12 5106112 45.060.05 45.1440.11 44024036 45.0440.00 67.83+0.00  44.00%0.6
Round13 52.23+0.84 52274026 51.610.14 84.15£0.00 51442000  50.59+0.76 67.83 +52.23
Average 45.1440.50  44.09 +0.13 45.12 40.59 5058 +1.05  44.50+0.10  66.49 +0.20 44.98 +13.81
T-Test 0.10 0.98 0.05 0.36 0.00 0.91

2. mawSsuiisuAnedsAnuAIARRsudNYsRiTasuUuTRadlumMsNeInTaiTIA
nagAN LAzTIMLY
maSsudisuAiaisanuanAanRauiysal (MAE) dndumanuusnmalasnde
FVIITIAMTINMINEINTAL LazTIM9TeTeUTIodluMINeNIIIMTaA wazTIALT
sunsauandlAfomsei 4 uaz 5

MmN 4 MIBuieuAREsANNANIAARDUANYI BB ILULTINDI UMW NIl IA MO IF

Rounds LR MLP RBF REPT SVMR SMOR
Roundl 46.90 +22.27 80.05 +44.86 8.36 £2.34 8.62 +4.11 340.15 +6.13 26.87 +13.57
Round2 6.82 £1.99 97.96 +51.52 26.04 +2.82 27.73 +4.12 278.13 +4.12 10.53 +2.48
Round3 36.44 +13.58 69.08 +40.98 10.11 +1.08 11.01 +1.16 290.82 +5.12 18.87 +5.56
Round4 17.30 +7.86 33.92 £17.32 7.38 +0.59 8.87 £2.67 281.98 +2.84 6.26 £2.19
Round5 15.73 +5.36 49.45 +30.20 28.55 +1.51 31.29 +4.40 256.35 +4.40 12.71 +4.18
Round6 8.20 £3.10 33.03 £22.62 38.35 £3.50 41.66 +3.77 244.25 +£3.77 9.98 +3.44
Round? 15.18 +£3.92 67.23 +33.63 39.37 +4.96 49.81 £11.82 231.62 £11.82 14.18 +3.86
Round8 8.37 £2.06 53.15 £23.75 104.47 +0.81 104.00 +0.85 172.92 +0.85 6.35 £1.32
Round9 17.22 +10.60 39.78 £23.72 88.58 +1.64 84.88 +£5.15 189.08 +£5.15 10.57 +4.70

Round10 46.90 +20.15 24.23 +11.88 111.30 +13.04 114.16 +£16.99 157.12 +16.99 35.37 +£17.93

Roundl11 20.64 +9.29 60.08 +33.61 168.54 £5.13 170.71 £5.97 97.37 £5.97 7.05 £1.49

Round12 7.25 £1.79 20.29 +6.83 196.77 £2.14 193.76 £2.65 66.82 +£2.65 7.29 £2.04
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MIWN4d  MaSeuieumnaANNAMARRDLENYIIBRILULT IR lUMINeINTNIIMNBIA (FB)

Rounds LR MLP RBF REPT SVMR SMOR
Round13 10.23 +3.43 13.67 £5.52 225.09 +£2.45 225.09 +£2.45 36.00 £2.45 18.68 +6.85
Average 19.78 +13.81 49.38 +24.00 80.99 72.54 82.43 £71.42 184.03 +4.50 14.21 +£5.35

M 4 uaaslidiuminieanuamaaReuduystisosuuuimaslumsnensal
IMMB0ASININ 13 58U Femaila SMOR i 14.21 dodumanuamapdeuiidign
wisiAdaswnAssIugendwAalin SVMR damninaiia LR lddiafornuamianton 19.78
ogluszAum

MmN 5 maSeuisumwasAueaIARIouENYItTasLuUTIaadluMINeINIals AN

Round LR MLP RBF REPT SVMR SMOR

Round1 1.17 +0.30 1.18 +£0.43 44.04 +0.42 43.92 +0.66 9.38 +17.31 1.23 +0.42
Round2 0.79 +0.22 2.83 +1.09 45.24 +0.27 45.32 +0.46 9.73 +17.79 0.85 +0.28
Round3 1.23 +0.40 7.21 £3.68 47.46 +0.26 47.40 +0.56 11.00 £18.33 1.36 +0.45
Round4 4.04 +1.86 0.97 £0.32 41.54 +0.76 41.44 +0.90 9.64 £15.96 2.95 +1.62
Round5 1.99 +0.76 1.90 +£0.65 43.38 +0.63 43.39 +0.72 9.59 +16.90 1.76 +0.74
Round6 1.02 +0.44 1.30 £0.38 43.83 +0.46 43.81 +0.49 9.38 +17.23 1.50 +0.56
Round? 3.32 +1.76 7.17 £3.73 41.14 +0.67 40.58 +1.09 10.26 +15.41 2.12 +£0.98
Round8 0.60 +0.27 5.35 £2.69 36.95 +0.03 36.99 +0.07 8.34 £14.40 0.42 +0.05
Round9 1.63 +0.87 5.87 £2.90 38.36 +0.40 38.83 +0.85 9.09 +14.84 0.86 +0.29
Round10 0.82 +0.20 0.60 £0.13 43.17 +0.15 43.09 +0.20 891 £17.11 0.60 +0.14
Round11 1.65 +0.44 4.40 +2.10 40.23 +0.19 40.19 +0.20 9.21 +15.54 1.97 +0.74
Round12 2.77 +1.65 8.58 £3.97 32.76 +0.34 32.77 +£0.43 8.94 £12.11 3.79 £2.34
Round13 0.62 +0.15 0.84 +0.29 31.39 +0.35 31.39 +0.35 6.86 +12.28 2.08 £1.11
Average 1.67 +1.05 3.71 £2.74 40.73 +4.56 40.70 +4.53 9.20 +1.89 1.65 £0.75
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Rounds LR MLP RBF REPT SVMR SMOR
Round1 48.02 +21.43 82.20 +43.96 10.59 +3.61 11.03 +5.84 24.05 +0.66 29.46 +£13.08
Round2 8.19 +2.14 99.03 £50.93 26.97 +£2.32 28.54 £3.50 25.57 +£0.46 12.70 +2.94
Round3 39.09 +13.76 73.15 +40.48 10.92 +0.94 11.67 +1.11 27.95 £0.56 23.57 £7.70
Round4 18.49 +7.67 35.45 £16.67 8.51 +0.58 10.21 +£2.22 22.37 +£0.90 7.23 +£2.45
Round5 19.16 +4.81 52.97 +29.53 29.98 +1.35 32.49 +4.76 24.77 +£0.72 14.43 +3.88
Round6 9.84 +3.69 36.70 £21.74 39.01 £2.93 42.23 £3.09 25.62 +0.49 11.96 +3.91
Round7 18.15 +4.26 71.74 £33.46 41.98 +4.38 52.22 £10.89 22.80 +£1.09 17.77 +4.12
Round8 9.52 +2.49 54.94 £23.24 104.52 +0.79 104.04 +0.85 19.47 £0.07 8.01 £1.44
Round9 18.79 £9.83 40.77 £23.11 88.80 +1.62 85.16 £5.20 21.56 +0.85 12.37 +4.58
Round10  50.99 £18.75 28.68 +10.94 114.62 £11.39 116.78 +15.10 26.05 +0.20 39.61 +17.52
Roundl11 22.39 +7.88 61.73 +£32.19 168.91 +4.86 171.03 +£5.65 23.41 £0.20 8.90 +1.41
Round12 8.48 +1.80 22.37 +6.67 196.86 +2.10 193.83 +£2.59 16.15 +0.43 8.58 +2.09
Round13 13.40 +2.40 20.98 +7.99 225.17 +£2.45 225.17 +£2.45 15.07 +0.35 20.65 +6.88
Average 21.89 £14.16 52.36 £23.34 82.06 £72.11 83.42 £71.00 22.29 +0.31 16.56 +5.54

AMIN 6 UEAY AT TINNRBITDIANUARIAARD LR MAsEad lumMsSaumay

ANULANAITZAIIMNGINTALAZAS0TRITIAMEIM  WaUsIngwmatin SMOR  swsasase
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Rounds LR MLP RBF REPT SVMR SMOR

Roundl 1.35 +0.35 1.39 +0.45 44.05 +£0.42 43.93 +0.66 24.07 +0.65 1.38 +0.38
Round2 0.92 +0.23 2.94 +1.05 45.24 £0.27 4532 +0.45 25.57 +0.45 0.98 +0.26
Round3 1.43 +0.48 7.50 £3.56 47.47 £0.26 47.41 £0.56 27.96 +0.56 1.57 £0.50
Round4 4.20 £1.75 1.15 £0.42 41.57 £0.78 41.46 +0.92 22.41 +0.94 3.16 +1.60
Round5 2.26 +0.67 2.09 +0.63 43.41 £0.62 43.41 +0.71 24.80 +0.70 2.07 +0.68
Round6 1.23 £0.50 1.52 +0.44 43.84 +£0.45 43.81 +0.48 25.63 +0.48 1.73 +0.56
Round7 3.61 £1.60 7.34 £3.61 41.17 +£0.68 40.60 +1.10 22.84 +1.12 2.42 +0.97
Round8 0.73 +0.25 5.37 £2.67 36.96 +0.03 36.99 +0.07 19.47 +0.07 0.56 +0.08
Round9 1.80 +0.84 5.96 £2.85 38.37 +0.40 38.84 +0.84 21.58 +0.84 1.03 +0.34
Round10 0.96 +0.20 0.69 +0.16 43.17 £0.15 43.10 +0.20 26.05 +0.20 0.76 +0.16
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Rounds LR MLP RBF REPT SVMR SMOR

Roundl11 1.85 +0.41 4.58 +£1.96 40.23 £0.19 40.20 +0.20 23.42 +0.20 2.58 +0.72
Round12 3.43 +1.58 8.76 +3.84 32.77 +0.34 32.78 +0.43 16.18 +0.44 4.37 £2.23
Round13 0.72 +0.15 0.96 £0.27 31.40 +0.35 31.40 +0.35 15.08 +0.35 2.19 £1.07
Average 1.88 +1.12 3.87 £2.74 40.74 +4.57 40.71 +4.53 22.31 +0.32 1.91 £0.73

nnmaei7 uandliiiumanitessesanuamaniowmasmasses lumsiUSeudio
ANULANATITZAINIANEINSAILAZA193ITRITIMNDIAT WadsIngmallan LR @wsasse
wwumesfilimaniisestesAnuAnARREURANTAIEIMEAWNAL 1.88 sasaAe mAfa
SMOR limniiseszesanuaninnioumiemameowndy 1.91 uwiuuudmesanmaia LR
I nideTasANUAMAMRBURABATIDgITLULSResInmATiA SMOR aehalaifitisety
ionagousie T-Test One Pair whiiu 0.09

ANl

TunISAABILRNALILDUS IR0 I NN EUEINSUNITNEINTBITIAINDIAIURZTIATLT
Tnowvusiaeofilflulssneude #amswennsal uazNamMINAREINUI madn MLP e
WENNTUIIAMBIA LNALABIADUTIAMNBIA1939 §IU RBF shansaneinsalsimnesmilnaines
Aumsiuay eslsamuiermsyszanaanuiananlumsnensal #2e MAE uas
RMSE nui1 madla SMOR fianuwnzausnniigalumaneinsaisimmesd fem MAE
WNAD 1421 uazm RMSE Wiy 16.56 doliinamilouivsues Yang, J. -F., Zhai, Y. -J.,
Xu, D. -P,, and Han, P. [7] Tumanensalduiueesgnuenuuniseting wun SMOR lanans
nAneuAnd1 SVMR ua: Neural Network
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