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CONVOLUTIONAL NUERAL NETWORK/DEEP LEARNING

Foreign Exchange or Forex is a high-liquidity market that attracts many
investors to invest in this market. With the investment value of over five trillion US
dollars per day makes Forex being the largest financial market in the world. Nowadays,
the brokers have used the reference price of various currency pairs in the Forex,
Cryptocurrency, and Stock Price to create a new type of speculative investment called
Binary Options. In the past, investors used the Price Action theory and Technical
Indicators as a decision-making tool for both speculative investments. Nonetheless,
since the values of those technical indicators are constantly changing, this leads to the
low accuracy of the predictions and the difficulty to use them to make profits in real-
world trading. This causes the invention and development of models for predicting the
direction of price movements using artificial intelligence theories, such as Machine
Learning and Deep Learning. The created models created using these theories are able
to accurately and efficiently predict the direction of the price movement in the Forex
market. However, investment in Binary Options differs from Forex in terms of profit
and loss calculations and investment timing. There is no time limit for investing in

Forex while investing in Binary Options, the investors must specify the duration of



each investment ticket. This makes the existing models unsuitable for investors in
Binary Options. Therefore, this research proposes the development of a powerful
decision-making tool for investors to invest in Binary Options using Deep Learning.
Moreover, this research presents trading and cut-loss strategies, which are particularly
suitable for Binary Options trading. The tools and strategies presented in this research
have been tested and proven to be profitable for investors in real-world trading in

Binary Options.
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Tassardwveslumaagluuu® (3UR 2.25) muzdmsulywimsiiue
[ v
MU IReINIaNunIdNAMUIRUd M ULAaZTUABUYDINAIBUNA AIDEIIFUIT

Y dy A o o w o = A C4 (% d A
1%1%&@’01!11/‘1’0%11!186”Iﬂ‘]JﬂJi’Nﬂ"lﬁ]”lﬂﬂ”lWlﬂEl’Jﬁi@ﬂ”lﬂﬂ”limﬂ;ﬂﬂ"liﬁﬂLﬂﬁil"lﬂlﬂﬂﬂ"limmﬂ?]
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X(1)

511 2.25 TaseadwvewnuTuea LSTM dmsumssinnedmunuunikaonats

3) MISMMENAVIVVINEARYHA
9 v ]
TnseadevesTuwagduuuil (U7 2.26) mingdmSumsiuedymn
Y 9 2 a A o ) 2 [ o ' l J 1 A
dodldnarsrunounapunaiosIuaeReIna 1 Aediugunsaiamssiyanias

' A o o w o 9
G]E]Ulﬂcluﬁlgﬂl')a'l'ﬂﬂWWu@a’lﬂ‘U"U@\‘]ﬂ?ﬁﬁ\?!ﬂﬁﬂ’]iﬂ@u(ﬂ@%}ﬁ

0 — u() - u@) [—

X(1) X(2) X(3)

317 2.26 Taseasawesluina LSTM dusumsshneddununnaienoni

4) MSMERAVIVVYIIENDYIAE

Y dy ~ o [ o o o A
Iﬂi\?ﬁﬁ']\islli’]ﬂillmagﬂl!ﬂﬂu (E‘]J‘V] 2.27) (MU AINITUNMTNIUIAIAUN

3 y A 2 o A 1

9 ]
ﬁﬂx‘li%ﬂﬁ”lﬂ%ﬂ@]@ﬂﬂﬁ"ll‘lﬂ BN UIIAAVUBIVUADUNAIAIDON clfﬁﬂJﬂLifJﬂ’J”l‘]jiyJW"llﬁﬂ’Jﬂ']J

[ o w

~ o A (% 1 ] 9 dy tﬂ' o tﬂ'
NI1TLTYIIATIAUATUAIAY YTD SquSeq{5]’3’6Eﬂﬂ!ﬁlﬂuﬂ1i‘1°}fiilmaHLW’E]’LT?:‘]J!’E]ﬂﬁ1iﬂ1!W’E]

v o

~ o v o AY 4 A 1Y 9 = < o w °
[T UANTUNINNITD @a']ﬂﬂ"ll@\i‘ﬂﬂy.alﬂﬂﬂlﬂua'IWUGU’E]QFI']
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X(1) X(2)

37 2.27 TaseaswwesTuwa LSTM dmSumsiinnediaunnunatsaonats

oA A A
2.6 AURAYINADUN
1 { 4 { . I 4 a 4 a {
Anndanaoun (Moving Average 3o MA) 1iluasesiolniizriniaunatiaiuaas
1 = ] = A o [ ~ A d'dy o a Y A A
AURAIUDIIIN W FIIA MU ) AMviua Tasaunasnasunininauienlniuasee
a J 9
Tumsanazriuun Tduvessim
° ' = 4 = Y A o A Y = a
TumsiaaunasnaounYeIsTIAIL HIBA%NYeIIIABAT AN F8uRLAT
' 9 9 ) o = o = ) )
aalszme TaglgveyavosnimdounalasinismyuaIzeza1NIzyedounad 15u o
H i1 H 4 1
manladundondouivesdstivedsimdnswanilasuiuasiailszimagiau EURUSD
sreznMdounat 10 Mua1 ez 195aeasman)asutiuasaialsmegiiy EURUSD
10 Mmunadounanivanmunafigiv mduaudlegasvesaunasilsznisiauly
Taggasmuiuanndemaouniogaronunalelszinn enaled1usy Aundgnaounods
v 1] 1 Y
318 (Simple Moving Average, SMA) AIRAUIAADUNUUVD 91111 A (Weighted Moving
e [ ] - T , ,
Average, WMA) tazAURagAaUNLUU NI AT USo U (Exponential Moving Average,
. 9 ¥ oA A 43 v Y
EMA) tiludu mslsgduuunmsmaiadsmasuiuuaimnsaventud iuveasian laedi
Y 13 9 2 A 9
Faruduily uud i vurseuud Iiuvial
1 ld' 4‘ d' U 1
2.6.1  AURALAAIUNDENINY
' >~ A A ' . . A < 1 ~
AUNTBIAADUNDEIN1Y (Simple Moving Average 130 SMA) (JumsniAunay
H 4 { 1 [ 1 U o
Taglmihminmsindounvessinmaas Juminy (Kilgallen, 2012) awsadiuialdoinms

131Nﬁ5’)1l"11ENi1ﬂ11uﬂ1ﬂL’Jﬁ11?]!51ﬁWﬂuﬂﬁ1iﬁj’Jﬂ§1u’Juﬂ1U!’m1 A luaunsn 2.6

N .
SMA = Zi=1 X (2.6)
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Taeh X; Ao 1A 1v0emMuIai i uag N Ao 1uaumunaInmiua

oA A A PR
2.6.2 ARALAADUNHVUDITUIHIUN
1 A A A 1 H o . . A |
AURAYAADUNUVUD NUINUN (Weighted Moving Average 150 WMA) 11l
A v o A4 A y A 4 ¥ o gy
mimmmasﬂ@ﬂ“lwm‘wuﬂmimaaummﬁmﬂmnmmﬂuaﬂmqmgamwnumuﬂ%ﬂu

munana 9 1 (Hunter, 1986) asnsamuia ldnnaumsn 2.7

(X xwy)

i=1 Wi

WMA = 2.7)

A A = A o A o = ' 90’ Y
Tagh X; A9 91M1U03AUNAN i, N ADNUIUMVIAINMKUA LUag w; ADMUINUNUDY

Joyaluugazamunal

v A A A T e v v
2,63  AURANAAOHUNUVVDINHRHNTUFOU
' = A ~ 1 2 v o 9 . . )
ARAYAADUNUVUDNUINUNGUFDY (Exponential Moving Average ¥30
I 1 = o 1 ~ 1 Y F o 91?:} Y
EMA) dlumsmaunaglaginunasvesaiunainouniiu g lumsaiviaas 1biimin
MIAAoUNYIAMUNAIAIGANINAGA (Grebenkov and Serror, 2014) #4A1 EMA @13150

ﬁ’]u?mulﬁjﬂ']ﬂﬁuﬂ'ﬁ‘ﬁ (2.8) 1ag (2.9)
EMA = XiX(X+EMA(y)><(1_(X) (28)
o-— (2.9)

Taeh X; Aosimvesn1ualdl i, N Ao iwaumunaiimvua, o Aemsmaunae lagnis

o 1 A @ J Y Y o Y ao’ Y] A ~ 1Y) 1 A

iAundsvesTuneunin lFlumssaraz ihminnmsmasunvesiuaigauiniga
A 1 a A A J H v o Y ' Y

uaz EMAyy Aoaumasnasuiuuusanmingdudeuvesmunaineuni laglumunm

usn119a71 SMA unu
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2.7 naadszansmnvesluaa
2.7.1 ﬂ'J'lN!!?jufjﬂﬂﬂi’JN
1 1 ) I @ ] = a a
ﬂ'lﬂ')nJLLiJuEﬂIﬂﬂi’Jll (Accuracy) i]glﬂu@]?]llQﬂ’ﬂﬂﬂﬂﬂizﬁ‘ﬂ‘ﬁﬂTWﬂ’J'lll

gnasalumsyineaaraivine ¥aa1 Accuracy ansamuin laanaunisi 2.10

(TP + TN)

A _ 2.10
COUracy = TP + FN + FP + TN) 2.10)

A o ] A ° Y v 9 2 g v Ja
P o mmumaway‘awTumammﬂ”lﬂmqﬂmay,awﬂﬁaucmmuwaa‘wmmmﬂ

o))}

° Y A ° Y v 9 2 g v Ja
N Q] mmmﬁuaway‘a%Tumamma”lﬂmqﬂmay‘amaaummuwaa‘wmmau

o))}

° 9 A o v v Ja = Y o 9 IS

FP Q] mmmﬂmway‘awTnmamuw%waawmmau Gﬁi@]i\i%'lﬂﬂﬂﬂ]@llqﬁﬂﬂﬁ@ﬂlﬂu
[ J A

WAQANWDLBIUIN

A ) 9 o Y o Y o 9 v I a = 9 [
FN o %1“3@!%6\1%’03&@IiJLﬂﬁﬂ'lu'lflvlﬂ‘l/nu'lﬂllﬂi/nuﬁlllﬂWﬁﬁ‘W‘ﬁlﬂf\‘l‘U’)ﬂ SERAIIVTUNU

9 I v Jda
mayjamﬁamﬂuwaawmmau

v

1 Y Y . . (4 1 . .
A1 7P, TN, FP Liag FN‘uuhlmJﬁHﬂGHiN Confusion Matrix $1798138113 13 Confusion Matrix

uanalunisned 2.3

A1319M 2.3 91519 Confusion Matrix

Actual Data
Positive Negative
Positive TP FP
Predicted Data
Negative FN TN

272 anuuNuinavlammzaluniing
[l o A 1 A o .. A 1 I A
anuuuNaulapmzaunmuieg  (Precision) oAUz UN Tuaa

9 v v
ﬁmwgﬂ@’f@wmmiﬁmwmwm Famura ldanaumsi (2.11)

Precisi i @.11)
recision = TP T FP .
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273 A15ZANHI0NINATOUAGUUBINIINUIEY
1 = A [ A [ I A
FA1TSANUIDAITUATIUAGNUDINTITINIUIY (Recall) ﬂ’ammuwmﬂuvﬂuma
o v o v ¥ v A 1 o v
’c’mJﬁm/lTmEJllﬂﬁ]Wﬂmuauﬂlayamﬂuﬂiuﬂgﬂm@ya Tﬂﬂ“l/lﬂ'] Recallﬁ"]ﬂ']ﬁﬂﬂ1u3ﬂ!ulﬂﬂ']ﬂ

aumsi (2.12)

TP
Recall =

— (2.12)
TP +FN

2.7.4  ANNAYITYIING Precision 1Az Recall
ANNAUTZNIN Precision 1AL Recall (T8031 (F-Measure) ABAR AL
. ! ! . . X a 9 X A4 g .
harmonic mean 5£¥1319A1 Precision iLa1& Recall %A1 F-Measure Qﬂﬂﬂﬂumummmﬂu single
. A o A 19 A J 1 .. A 1
metric NIAANUAWIT0VDa Taaa Taeh 11id01180nT21MI19A1 Precision ¥130A1 Recall 1IN

A qu ¥ o Y =
maﬂclmgm 11 F-Measure mmmmmm"lﬂmﬂaumw (2.13)

(2.13)

Precision X Recall
F—Measure=2><( — )
Precision + Recall

a v d'd' Y
2.8 NWIVLNINYIVOY
MsAATIEHTeyan1IMstuuueynsunallasuanuauliedianinlugaa 2

@ [

A ] ] 4 a
NAITTHNHIUNIINUNAINY (Investor) UNIATHIAIAAT (Economist) 571 TUauinIsed 1y
Y 4 g}.; dy Ao ~ o
nIneenansioya (Data Scientist) (Tsay, 2005) NIUTNUITsHaNna1eN latinnuiiay

A A Y o a d Y a (BN I A A dyw
VIQ‘H;]‘VILﬂEJ’JGU’ENﬂ’Um‘i’JLﬂ‘iW‘Vi"UfJLI”a‘1/]Nﬂ1iN“LJLL“IJ‘]JE]Hﬂ‘im’mWh],iJ’JWmﬂumifNiJf]ﬂf’m%N
a o o @ a 4 = =S gi 9 o
MAUA u,mJmﬂmmmumnmawzwmgﬂfmnaﬁ:m”lﬂmwmiuTaamuqqmumimmm
a & =R o [ a 9 o 2 A A A o
uazﬁagtlunﬂimyg cmm”lﬂqmiﬂﬂﬂuu,azWmum5m‘ufmmmwmmmmmmmmmuﬂ
a 4 Y A A A ) [ g
amu“lummmawmmﬂumammaau"lﬂmaw1i;@1‘ﬂmmmu‘ﬂq@mmumwmw
a (% L o ] o 4 a 1
FUNSNG IuaaIAMa NS NILAZAAIAMITOUBRUATIAN TZNA
a a J dy Y A Y 9 A dy a 1 =< I

Tuanerinusiani @Lsuau"1@mLuu'lﬂw@1ammmamwuummwﬂixmﬁwmu

A Aa 1A dy [ dy Y A Y o
@l’mﬂmmuﬂmum“lwaumq@iuiaﬂ (Jacque, 2013) °l,uLu’aﬁm’;uu@vuau"lﬂmmmumu

Aav 1 A A 9 v A A vy v v 1= = £ a
2FTUNTTUNUIVGAN 9 NNBIVBINVFTINNANIVULAIVNAUAULAY 7.7, 2000 IUDIAUL A.91.

Yo A Yo 1 Y Aa A
2018 ﬁ?‘ﬂl’lﬂﬂﬁﬁﬁﬁ‘ﬂ 2.5 Iﬂﬂi“lfﬂ”lﬂ’e)’e)ﬁ’e)d@]"m@ﬁ"lﬂﬂ 2.4
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Acronym Interpretation Acronym Interpretation

AIC Akaike information criterion HKD Hong Kong Dollar

ANN Artificial Neural Network INR Indian rupee

ANN-GARCH Artificial Neural Network and JPY Japanese Yen
Generalized Autoregressive
Conditional Heteroskedasticity

APE Absolute Percentage Error LDA Linear discriminant analysis

ARIMA Autoregressive Integrated Moving MAD Mean Absolute Deviation
Average

ARIMA-FNN Autoregressive Integrated Moving MAE Mean Absolute Error
Average and Fuzzy Neural Network

ASTAR Adaptive Spline Threshold MAPE mean absolute percentage error
Autoregression

AUD Australian Dollar ME Mean Error

BIC Bayesian Information Criterion MLP multilayer perceptron

BPNN Back propagation neural network MSE Mean Square Error

BPR Banque Populaire du Rwanda NMSE Normalized Mean Square Error

CHF Switzerland Franc NN Neural Network

CuU Correct Up trend NzD New Zealand Dollar

DA directional accuracy PNP Percentage normalized profit

DEM German Deutsche Mark RBF Radial basis function

DRNN-ARIMA Dynamic recurrent neural networks RMSE Root Mean Square Error
and Autoregressive Integrated
Moving Average

DS Directional Symmetry RNN Recurrent Neural Network

EGP Egyptian Pound ROI Return on Investment

EMA Exponential Moving Average RW random walk

FNN Fuzzy Neural Network SAR Saudi Arabian Riyal

GA Genetic Algorithm SGD Singapore dollar

GANN Genetic Algorithm and Neural SVM Support Vector Machine
Network

GARCH Generalized Autoregressive SVR Support Vector Regression
Conditional Heteroskedasticity

GASVM Genetic Algorithm and Support usD United States dollar

GBP

Vector Machine

British Pound
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= 1Y a [ EA ] =1
1 A.71. 2000 Yao and Tan (2000) 318UKHANFIUFIUT2INEI Tuea Tassarelseamney
( Artificial Neural Network, ANN) 21115911 11 198 un15ureeasmwanildeuiSuas
' ¥ axt = YA ) o Ao a .
antszmald Bmstwanmnldaenmsifeudoyaounsunamazii¥ianiunaiia (Technical
. 1 J = A = . Y 1 A 1 ~ A
Indicator, TA) L% U AURAYLAADUN (Moving Average, MA) LGIHE;TL?‘ITBEIHEJTJ‘J%E‘HVIWIEJMWE]
) & A o A A A ~ A
asdunguugIuveImanaou lnalusaswanasuanatu wievelszamiounniu
=) k) o FY d v = 1 Aa
mMsendutdrgmiinlslumsmanisaionsimsuani/asuszninaenaidy US Dollar (USD)
Hazdn s a Qaﬁlm anno Japanese Yen (JPY), Deutsch Mark (DEM), British Pound (GBP), Swiss

Franc (CHF) 1182 Australian Dollar (AUD) Waansanmsnaaoulszansnin Iumanwinmn

Y
=

0 ¥y ag = v X A v 0 Y a

u’][ﬁuﬂllﬁﬂ\‘]1Wlﬁu’]’]Tulﬂaﬂgﬂﬁﬁ']\imuﬂuwug']uqlﬂq ANN ﬁ”]ﬂJ’]ﬁﬂﬁﬁTQWﬁﬂ’]ulﬁﬂlﬁlﬂﬂm
9 o (% 9 d' ] 1 1 (Y 1 =y dy v A

1@dmiudeyai lioglunquaied19fln (Out-Of-Sample Data) uon1nii Tutaa ANN &4l

'
v =}

o = [ d’a Y o 1 9 dy ]
veAiolseumeuny Tuaantenlsnuneuniil sy Tuea

@

Useansmnnaniediaiy
Simple Autoregressive-Integrated-Moving-Average (ARIMA)
1v3) f.7. 2003 Kamruzzaman 11a% Sarker (Kamruzzaman and Sarker, 2003 a;
Y o @ a A 4 A 9 daf
2003b) lashmsiatazasvdenlszanimmmsnensal  veslumanignaineiulag
T4 Tasevelszarmiion (ANN) 112 3 5unuTaels Standard Backpropagation (SBP),
Scient Conjugate Gradient (SCG) It @ & Scalpagation Backsportpagation A1 Baysian
A @ dyw ) I o ) [
Normalization (BPR) 903a# 18a1na2%3a MA gniiwnlfiludeyainirdmsvaiieTuaa
Y H k3 [
ANN 11y Twaan 185 umsHndundq Idgminnmaaeunudeyanisdenisuanilasu 6
analkufiuana1enuilszneudie USD, GBP, JPY, SGD, NZD, CHF {iounuanaiu AUD wa
Y I ' o Y a a Aa 1
msnageuuaadlimud Tuaans 3 Tuaalddszansmnianiiluna ARIMA
2
woandniludarel a.4. 2003 NUIFV9 Kamruzzaman (Kamruzzaman,
v 4
Sarker and Ahmad, 2003) 63/1n13A599a0U1 52 AN 1MV TumaNgNWALITUAIY Support
. A Y o [ d o A Y dy
Vector Machine (SVM) tiia 1 1vsunisneinsaiansmamilaguvesdoyanissavie
d' a =~ v a ] = o Ao 1 Y dy
wanulasy 6 anaRulssuMeunuanaty AUD 5Renn Tuanddenaumi dueanini
dy [ 9 J v 4 . ~ v Y]
wanvnildelanstvaeunansenuveslanFuIADS iU (Kernel Functions) NUANA1INU 3
d v a 9 o
WanFunD (1) UdY (Linear) (2) Wi (Polynomial) ﬁuﬂiuiﬁﬁ (Radial Basis) tta (3) (&
k2 . 3’; - dy 1 1 Y a o A o
T4 (Spline) N9 3 WINFUNTINaADUDHANAIANTTIUIIHAVD luAa SVM Tagasaiiodn
9
UszansamveTunalasl4@%3a 191 NMSE, MAE, DS, CU 11ag CD #an13NAaodnii
a o g’/ : J @ . v d
Tuyvesdoranaralunsiiuneiu Tuaa SVM @14Wen5u Polynomial Kernel 1dnadwns
o . . . . . . _
nanga Tuvazilumssnenun Ty Tuaa SVM F914encsu Radial Basis 1tag Polynomial

Y v dAa 1 A o
Kernel 1ﬁNﬁﬁW‘ﬁVIﬂLTnWllelﬂu
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3’-’ D v Y o a A
91111138911 Kamruzzaman (2004a) 1dviimsasiaaovalsza@nsninms
° Yo A= ~ ) A o
Mmunevesluma ANN Taglgoanasnunsiseui 3 uuuae SBP, SCG tag BPR TagTuaans
Yo = 9 ~ 9 o dyw a % dyw A
3 I8sumsindunindoyaildmaiamanatia s @230 Ao MAS, MA10, MA20, MA60 1Az
= Y 9 g A = a o dy
MA120 &4 ldundeyanmisdearsuanilasuluednves 6 anatunanluaaiadouie

U a

Ruasianlszmeldun anailu GBP, USD, IPY, SGD, NZD tag CHF ufSsurfieunuanaiu

a

9 Y
v A

= = Y I 1 = a a Aa ]

AUD anamsans1 luasatiuanalsmivuinlyma ANN-SCD U1seansnnng ludveauias
Ja1szansninluaa NMSE uay MAE

TuiliAe17 1 Kamruzzaman and Sarker (2004b) 1dv1a15any S euien

Aa a ~ o zg Aq ¥ . . a
Yseansnmued TuaangnWaUUNUFIUY09 SVM 119 Simple Linear Kernel 1/3s1fign
nuTuaa ANN #1ddanesiiu ScG laslddoyanazuinsialszdniaimuesluiaa
Y 1

WuAeInIuLITeR U HYeININT FanansnaaaunyI 1uaa SVM-simple linear
uilszaninnganiiluna ANN-SCG

IFUIAYINDIIUIVEVDI Kamruzzaman, Sarker and Ahmad (2003¢) 113l .4

2005 HIV8NYTENOVAIY Cao, Pang 1AL Bai (2005) a5 14 Tuwaad115Un159111180731
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[ v I3

A P P Yy v A d o
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= td' YA @ o d’ ) gjl =)
UNTIAY 2546 D4 28 UNTIAY 2548 LuAah ladinglszaemiionsiueuuuIUADUIAY?
L. a v 1 = a A o = 9y
(One-Step Prediction) HAN15238MV 1uaa SVM Uilszanininlunisiiuie seauisels
) 9 [ zd' Y I [] =~ dyw g’/
Tunrsiiueuud Iduvessasmanlaeuldifued19d won1nldIATIaBUAITAY
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9 |2018.07.04 18:05 1.1641 1.16428 1.1641 1.16425 159
10 | 2018.07.04 18:10 1.16425 1.16434 1.16395 1.1641 317
11 |2018.07.04 18:15 1.1641 1.1642| 1.16399| 1.16402 213
12 |2018.07.04 18:20 1.16402 1.16408 1.16389| 1.16405 101
13 |2018.07.04 18:25 1.16405 1.16432 1.16392) 1.16424 162
14 | 2018.07.04 18:20 1.1e424 1.16424 1.16374 1.16335 217
15]2018.07.04 18:35 1.16335 1.16399 1.16384 1.163399 74
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1 |Date Time Open High Low Close Volume Trend
2°2018.07.04 17300 1.16491 1.16495 1.16443 1.16481 413 0
3 2018.07.04 17:35 116431 1.16490 1.16444 1.16462 404 0
4 |2018.07.04 17:40 1.16462 1.16471 1.16445 1.16468 302 1
5 |2018.07.04 17:45 116468 1.16487 1.16450 1.16465 285 ]
6 |2018.07.04 17:50 1.16465 1.16465 1.16433 1.16435 399 ]
7 |2018.07.04 17:35 1.16435 1.16451 1.16425 1.16431 350 1]
8 |2018.07.04 15:00 1.16432 1.16445 1.16409 1.16409 534 0
9 |2018.07.04 18:05 1.16410 1.16428 1.16410 1.16425 159 1
10 (2018.07.04 18:10 1.16425 1.16434 1.16395 1.16410 317 1]
11 |2018.07.04 18:15 1.16410 1.16420 1.163599 1.16402 213 ]
12 |2018.07.04 18:20 1.16402 1.16408 1.16389 1.16405 101 1
13 |2018.07.04 18:25 1.16405 1.16432 1.16352 1.16424 162 1
14 |12018.07.04 18:30 1.16424 1.16424 1.16374 1.16385 217 ]
15 |2018.07.04 18:35 1.16385 1.16399 1.16384 1.16399 74 1
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A B C D E F G | H ! )
1] o 0 1 0 0 0 0 1 0 0
2| o 1 0 0 0 0 1 0 0 1
3| 1 0 0 0 0 1 0 0 1 1
4| o 0 0 0 1 0 0 1 1 0
5| o 0 0 1 0 0 1 1 0 1
6| o 0 1 0 0 1 1 0 1 0
7| o 1 0 0 1 1 0 1 0 0
8| 1 0 0 1 1 0 1 0 0 1
9| o 0 1 1 0 1 0 0 1 1
10| o 1 1 0 1 0 0 1 1 1
1| 1 1 0 1 | o 0 1 1 1 0
12 1 0 1 0o | 0 1 1 1 0 1
13| o 1 0 0 1 1 1 0 1 1
14| 1 0 0 1 1 1 0 1 1 1
15| o 0 1 1 1 0 1 1 1 0
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1.16481
1.16462
1.16468
1.16465
1.16435
1.16431
1.16409
1.16425
1.16410
1.16402
1.16405
1.16424
1.16385
1.16399

Close
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9 1]
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1 t-8 t-7 t-6 t-5 t-4 t-3 t-2 t-1 t Trend

2 148020 1.46890 1.46780 1.47810 1.47430 1.48960 1.47930 1.47530 1.46430 Upward

3 146830 1.46780 1.47810 1.47430 1.48560 1.47930 1.47530 1.46430 1.47150 Sideways
4 146730 147810 1.47430 1.43960 1.47930 1.47530 1.46430 1.47150 1.46930 Sideways
5 LA7810 1.47430 148960 1.47930 1.47530 1.46430 1.47150 1.46930 1.46730 Sideways
6 L47430 L4890 L47330 147330 146430 147150 1.46930 1.46780 1.45860 Downward
7 L48960 L47330 147530 1.46430 147150 1.46930 1.46780 1.45860 1.45130 Downward
8 147930 147330 146430 1.47150 1.46930 1.46780 1.45860 1.45130 1.44900 Sideways
g 147330 1.46430 1.47150 1.46930 1.46780 1.45860 1.45130 1.44500 1.42400 Sideways
10| 1.46430 1.47150 1.46930 1.46780 1.45860 1.45130 1.44500 1.42400 1.42670 Sideways
11 147150 1.46930 1.46780 145860 1.45130 1.44900 1.42400 1.42670 1.41170 Sideways
12| 146930 146730 1.45860 1.45130 1.44900 1.42400 1.42670 1.41170 1.41060 Downward
13| L.467V80 145860 1.45130 1.44500 1.42400 1.42670 141170 1.41060 1.39640 Downward
14| 1.45860 1.45130 1.44500 1.42400 1.42670 1.41170 1.41060 1.39640 1.40180 Downward
15| L1.45130 1.44500 142400 1.42670 1.41170 1.41060 1.39640 1.40180 1.42230 Sideways
16 | 1.44900 1.42400 1.42670 1.41170 1.41060 1.39640 1.40180 1.42230 1.42740 Sideways
17| 142400 1.42670 1.41170 141060 1.39640 1.40180 1.42230 1.42740 1.40980 Sideways
18| 142670 141170 141060 1.39640 1.40180 1.42230 142740 1.40980 1.43060 Upward

19| L41170 141060 1.39040 1.40180 1.42230 142740 1.40980 1.43000 1.43230 Upward
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N.A. 2562
Profit/Loss Equity Profit/L Equity
Date Date
) ) oss ($) )
2 January 2019 81.2 581.2 17 January 2019 87.2 1,363.6
3 January 2019 81.6 662.8 18 January 2019 83.8 1,447.4
4 January 2019 17.0 679.8 21 January 2019 81.6 1,529.0
7 January 2019 86.0 765.8 22 January 2019 80.4 1,609.4
8 January 2019 14.6 780.4 23 January 2019 85.2 1,694.6
9 January 2019 79.2 859.6 24 January 2019 85.6 1,780.2
10 January 2019 90.0 949.6 25 January 2019 12.2 1,792.4
11 January 2019 85.0 1,034.6 28 January 2019 83.8 1,876.2
14 January 2019 80.8 1,115.4 29 January 2019 87.0 1,963.2
15 January 2019 81.2 1,196.6 30 January 2019 76.2 2,039.4
16 January 2019 79.8 1,276.4 31 January 2019 19.0 2,058.4
Total
1,558.4
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E‘]J‘VI 4.9 1aadN1319 Confusion Matrix FIUIVONDIHAANWT N Luaasiiuig 910
Y
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Yy a ' o Y1 v 1 A V4
simdndlugranardall Tagldaninuiasiaaie q ludou nuaiwus

N.A. 2562
Class Accuracy (%) Precision (%) Recall (%) F-Measure (%)
Up (1) 69.8 72.4 71.1
70.3
Down (0) 70.8 68.1 69.4
Average 70.3 70.3 70.3
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ﬂ’ﬂmmufﬂiﬂ&li’)h (Accuracy) agn 70.3% ‘LlE)ﬂiﬂﬂ‘L!i]ZL’I’TuDWLﬁ@ﬁuiﬂLﬂWW%ﬁ’)uﬁﬂ1u1&l

o ' ' .. ! I
Tuwaawsniineaats Down laan1Aaa Up (A1 Precision Y84 Down gaigaiilu 70.8%)

uaziiegANUATOUAgNUBIMTITIMetoyany Tumaamsnsiiuieaald Down laanga

(AN Recall Y93 Up 1114 72.4%)
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o v 7
mammimmimﬁau AUNINUD W.A. 2562

Win at trading order Total wins
1 1,295
2 225
3 112
4 39
5 9
6 (Cut Loss) 7

1 v [ ] k4 v
A5 19N 4.16 LAAITIUIUATINNTABUL & AIFIFDA ) HATIIUIUATIVOS

MIAAVIANUVBINITTIADINTINITAlURDU AUATHUS W.A. 2562 1INMIANT lUMIT199 4.16

' F4 9 9 [
wunTumariiunelagndesludidesdeniasniiuau 1,295 a5e luvmzi Tuaaiuioia

a A= ¥ o Yy o o I o 2 Y & o 1
ARNONUDY 6 ﬂ‘5ﬂ‘VIﬂ‘w61ENmmmmnﬂnmﬂumu’mmﬁuﬂ 7 N33 WﬂWﬁﬁ?ﬂﬂflﬁﬁlﬂﬂnuL!ﬁ
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Gl'li'N‘ﬁ 4.17 ﬁ';:iJNaaWﬁm"limmnmmazaummmi‘v]ﬂaammu%uﬂaﬂmﬁau f]llﬂ'l‘W‘Ll‘ﬁ

W.F. 2562
Profit/Loss | Equity Profit/Loss | Equity
Date Date
(&) (&) (&) &)
1 February 2019 11.8 511.8 15 February 2019 44.2 1,207.2
4 February 2019 13.2 525.0 18 February 2019 -45.8 1,161.4
5 February 2019 73.0 598.0 19 February 2019 85.4 1,246.8
6 February 2019 93.8 691.8 20 February 2019 88.6 1,335.4
7 February 2019 83.8 775.6 21 February 2019 -55.8 1,279.6
8 February 2019 85.0 860.6 22 February 2019 80.4 1,360.0
11 February 2019 82.0 942.6 25 February 2019 84.2 1,444.2
12 February 2019 81.4 1,024.0 26 February 2019 80.8 1,525.0
13 February 2019 83.4 1,107.4 27 February 2019 82.8 1,607.8
14 February 2019 55.6 1,163.0 28 February 2019 71.6 1,679.4
Total 1,179.4
1,900.0
1,700.0
1,500.0
& 1,300.0
-
5 1,100.0
(o
(*¥]
900.0
700.0
500.0

9 10 11 12 13 14 15 16 17 18 19 20
DAYS

519 4.10 nslugassruautuaundevninmisnadeuuuvfoundvudaz iuludeon

AUATHUT W.A. 2562
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imamsanianuluiui 15 uag 21 veudewilusuauitu -45.8 uay -55.8 avaa1sawaRy
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VNHANTINTANADANUABUNNNIHUTNUIN 1ATeBLazNagnTN 1l umsmsataznsda
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wanui ldinaue awnsamldSuamunuiuain 500 aeaars lhilu 1,679.4 asaais

a g o 3 2 J
Anlum lsnaau 1,179.4 avaans
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Confusion Matrix

Down (0) | 900 416

Up (1) 384 820

Output Class

Down (0) Up (1)

Target Class

517 4.11 Confusion Matrix ug@aswansnadeutuudounaulu@on Juiny w.a. 2562
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Class Accuracy (%) Precision (%) Recall (%) F-Measure (%)
Up (1) 68.4 70.1 69.2
68.3
Down (0) 68.1 66.3 67.2
Average 68.2 68.2 68.2

A o S Y 1o o = ~
AT 1N 4.18 LLEWNNaﬁ‘W‘ﬁGL‘L!@]TH?]’JHJLLIJ‘L!811uﬂ1§ﬂ1u1ﬂﬂl@\11umﬁ “]NI?JL@Q?J

] ) 1A g < J 4 1 { o
ﬂ’ﬂillmuﬁﬂjﬂﬁ]i’n\l (Accuracy) 2gN 68.3% ‘L!fJﬂi]1ﬂ‘L!%ZL‘I’TH’JHﬁ@ﬁuIi}mWW%ﬁ’JUﬁﬂ11!181

TuaaunIniuienald Down 1dandinaa Up (A1 Precision ¥94 Up gafigaiilu 68.4%)

: A . . g
u,mzgﬁa@mmmamqmmmi°mmﬂ%yawum Tuwaagusomuienand Up Ulﬂ?]“ﬁgﬂ

(A1 Recall Y89 Up 1114 70.1%)
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avIMImIalu@Aon TUIAN W.e. 2562

Win at trading order Total wins
1 1,298
2 235
2 134
4 29
5 15
6 (Cut Loss) 9

H Y ' ' ¥ v
A15197 4.19 LAAITIUIUATINNTAFUL 2 MIFIFDAT ) LALTIUIUATIVOY

@ o LA {
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' F4 9 9 [
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a A= ¥ o Yy o o I o 2 Y & o 1
ARNONUDY 6 ﬂ‘5ﬂ‘VIﬂ‘w61ENmmmmnﬂnmﬂumu’mmﬁuﬂ 9 33 WﬂWﬁﬁ?ﬂﬂflﬁﬁlﬂﬂnuL!ﬁ
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N.f1. 2562
Profit/Loss Equity Profit/Loss Equity
Date Date
()] ® ® (&)

1 March 2019 78.0 578.0 18 March 2019 83.0 1,359.8
4 March 2019 20.8 598.8 19 March 2019 81.4 1,441.2
5 March 2019 81.4 680.2 20 March 2019 82.6 1,523.8
6 March 2019 87.2 767.4 21 March 2019 13.0 1,536.8
7 March 2019 86.0 853.4 22 March 2019 81.0 1,617.8
8 March 2019 81.6 935.0 25 March 2019 15.6 1,633.4
11 March 2019 86.8 1,021.8 26 March 2019 -120.8 1,512.6
12 March 2019 76.6 1,098.4 27 March 2019 10.6 1,523.2
13 March 2019 82.6 1,181.0 28 March 2019 80.2 1,603.4
14 March 2019 84.4 1,265.4 29 March 2019 14.6 1,618.0
15 March 2019 11.4 1,276.8 Total 1,118.0

1,900.0

1,700.0

1,500.0

1,300.0

1,100.0

EQUITY ($)

900.0

700.0

500.0

DAYS

8 9 10 11 12 13 14 15 16 17 18 19 20 21
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o q ¥a A X P < sa & o y 2
ansoi IRSuaanunuiun 500 aoaals 1ihilu 1,618.0 avaais Aatludlsnadu

1,118.0 aoaas
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Confusion Matrix

Down (0) | = 933 438

Up (1) 405 864

Output Class

Down (0) Up (1)

Target Class

311 4.13 Confusion Matrix Ha@AIWan131NIATHIADY MBI WA, 2562

~ . 2 = 1 =2 o A o
E‘IJ‘VI 4.13 LLAAIA13 19 Confusion Matrix FIUIVONDINAANTN INAaTiIUIY 910
9 Y

sq v 2, ) ES Yo Y ¥ o ]
m@gaw%mﬁ@umﬁummu 2,640 UDyauU Tuma“lﬂmma“lﬂaﬂ@mmmu 1,797 U9ia

U
Y

3 o 9 o v 9 9 Y a =K o 9
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81 lurienadaly Tagldaanunasiadie o heu weieu w.a. 2562

Class Accuracy (%) Precision (%) Recall (%) F-Measure (%)
Up (1) 68.1 69.7 68.9
68.1
Down (0) 68.1 66.4 67.2
Average 68.1 68.0 68.0

A15197 421 naaaradns luguanuiud lumsinnevesTuaa Falumad
A1 TAB3 9 (Accuracy) 0T 68.1% wennntvziiuiuifeaulammzdiuiriue
Tumad w1509 IuIenaIe Down 1@nUIIAY Up (AN Precision Y94 Down qqﬁqmﬂu 68.1%)
meﬁa@mmmamqmmmaﬁmw%’ayawu*ﬁ Tueagusaiivienatd Up "lﬁ'?]ﬁqm

(A1 Recall Y89 Up 1114 69.7%)

v 9 H v Y 9
A15199 422 NUIUATININTATUS B ?TW?N‘%E]G]N N UAZITUIUATIUDINITAAVIANIUVDINTG

$1299M5N50 1WA BB W.A. 2562

Win at trading order Total wins
1 1,348
2 249
3 140
4 38
5 12
6 (Cut Loss) 10

H 9 ' v Y v
A15197 4.22 LEAITIUIUATINNTATUL & AITIFDA ) LAZTIUIUATIVOY

@ ° [ A {
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Aaaonude 6 nsa lddeuiimsaanianuiusivaunivua 10 a3e Fwaaglilsnanu
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N.f1. 2562
Profit/Loss Equity Profit/Loss Equity
Date Date
) (&) (&) (&)
1 April 2019 11.0 511.0 16 April 2019 81.4 1,015.8
2 April 2019 12.2 523.2 17 April 2019 81.2 1,097.0
3 April 2019 -65.6 457.6 18 April 2019 77.6 1,174.6
4 April 2019 96.8 554.4 19 April 2019 80.2 1,254.8
5 April 2019 81.8 636.2 22 April 2019 83.6 1,338.4
8 April 2019 82.2 718.4 23 April 2019 13.0 1,351.4
9 April 2019 13.8 732.2 24 April 2019 83.0 1,434.4
10 April 2019 86.6 818.8 25 April 2019 14.4 1,448.8
11 April 2019 16.0 834.8 26 April 2019 14.8 1,463.6
12 April 2019 83.8 918.6 29 April 2019 83.0 1,546.6
15 April 2019 15.8 934.4 30 April 2019 84.4 1,631.0
Total 1,131.0
1,800.0
1,600.0
1,400.0
2 17000
>
E
2
o 1,000.0
T8}
800.0
600.0 511.0523.2
457.6,
400.0

DAYS

3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

19 4.14 nsluaasuantuaavdennmsnageunuudeunauuaaz Jufou mwew
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Profit / Loss Equity Profit / Loss Equity
Date Date
¥ (&) (&) (&)
25 June 2019 -14.39 524.61 12 July 2019 90.26 773.01
26 June 2019 25.20 549.81 15 July 2019 44.18 817.19
27 June 2019 21.00 570.81 16 July 2019 25.71 842.90
28 June 2019 -103.17 467.64 17 July 2019 19.13 862.03
1 July 2019 0.82 468.46 18 July 2019 29.31 891.34
2 July 2019 15.92 484.38 19 July 2019 103.30 994.64
3 July 2019 17.01 501.39 24 July 2019 3591 1,030.55
4 July 2019 9.74 511.13 25 July 2019 24.20 1,054.75
5 July 2019 17.00 528.13 26 July 2019 137.42 1,192.17
8 July 2019 0.80 528.93 29 July 2019 52.12 1,244.29
9 July 2019 74.75 603.68 30 July 2019 111.91 1,356.20
10 July 2019 33.51 637.19 31 July 2019 48.18 1,404.38
11 July 2019 45.56 682.75 Total 865.38
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1. %U‘nmm: The Co-Movement of Price Change Volatility in Foreign Exchange Market: An
Empirical Statistic Based Approach
amdaﬁﬁuﬁ: Book Chapter in H.A. Sulaiman et al. (Eds.), Lecture Notes in Computer,
Communication and Control Technology, Malaysia Technical Scientist Association (¢eISBN:
978-967-2348-08-5)

HI: 246 — 251

UNAALD

Foreign exchange or Forex is the largest global distribution market in the world
where all currencies are traded. This market not only produces profits, or losses, for the currency
traders but also influences the exchange rate of currencies across the world. This research focuses
on using the historical data of Forex to identify the strength of the association between the
currencies pairwise based on statistical analysis approaches. At the end of the analysis, the top ten
strongest relations of the co-movement between the currency pairs are identified. In addition, the
results of our analysis have confirmed that these relations are significant correlations. The
knowledge discovered in this research is beneficial for the Forex traders in terms of enhancing their

competence in order to increase their trading profits.
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2. ¥OUNANN: An Analysis of the Co-movement of Price Change Volatility in Forex Market
uvaIANaN: Proceedings of the World Congress on Engineering 2018 Vol 1

H: 218 — 222

unfago

Foreign exchange or Forex is the largest global distribution market in the world
where all currencies are traded. This market not only produces profits or losses for the traders but
also influences the exchange rate of currencies around the world. This research focuses on using
the historical data of Forex to identify the strength of the relation and the currency co-movement
between pairwise of currencies based on statistical analysis approaches. The empirical results have
identified the top ten strongest relations between the currency pairs. In addition, the strong co-
movement of price change between the EURUSD and others currency pairwise are identified. The
results of our analysis are confirmed that these relations are significant correlations. The knowledge
discovered in this research is beneficial for the Forex traders in terms of providing the empirical
statistic evidences in order enhance their knowledge. This will make it possible to increase their

trading profits.
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3. "lﬂ'i’é]‘ljﬂﬂﬂuz Developing A Forex Expert Advisor Based on Japanese Candlestick Patterns
and Technical Trading Strategies
nmdaﬁﬁuﬁ: International Journal of Trade, Economics and Finance, Vol. 9, No. 6,
December 2018

Wz 238 — 243

UNAALD

Foreign Exchange or Forex market is considered the largest trading market in the
world. Trading in the Forex market, traders need to have a good trading strategy in order to make
profits and be a successful trader. However, there are some factors that create limitations for many
traders, such as, trading behaviors, emotions, and time. The development of Expert Advisor or EA
allows automation of the analytical and trading processes under the MT4 platform. An EA with a
good trading instruction can provide the ability to make profits and fulfill the limitations of human
trades. In this research, we propose a novel EA that performs an automatically trade following the
trading strategy. Our trading strategy is the combination between technical analysis including the
ancient but powerful Japanese candlestick patterns and the modern technical indicators. The results
of the evaluation by using the strategy tester function in the MT4 platform reveal that the proposed
EA performs a good performance as it makes approximately 150 percent growth in a year. In
addition, we perform an extensive experimentation in order to compare the performance of the
proposed EA with the existing two EAs. The results show that the proposed EA have a better

performance than both existing EAs testing in the same period of time and currency pairwise.



144

4. "lﬂ'i’é]‘ljﬂﬂﬂuz Deep Learning for Financial Time-Series Data Analytics: An Image Processing
Based Approach
UVAIANNN: International Journal of Machine Learning and Computing, Vol. 10, No. 1
(January 2020)

H: 51— 56

UNAALD

Forex or Foreign Exchange is the largest financial market with a huge amount of
daily trading volume. Traditionally, the tool or strategy that Forex traders usually used is divided
into Fundamental Analysis and Technical Analysis. Presently, the world computational
technological advance, such as Artificial Intelligence plays a significant role in the financial
domain. The various existing research applies Machine Learning and Deep Learning to develop
powerful models that can be used as a tool for traders in order to develop their trading tools or
strategies. However, most existing models are developed targeting for the stock market. There are
still lag of research that applies the modern Machine Learning or Deep Learning for predicting the
movement of the price in the Forex market. In this paper, we propose a novel predicting model
based on Deep Convolutional Neural Network that can be effectively used as a tool in order to
make the profits for Forex traders. We evaluate the performance of the proposed CNN model from
two perspectives. The first perspective is to evaluate the accuracy of the prediction and the second
perspective is to evaluate the ability to make profits. The experimental results show that in term of
accuracy of the prediction, our proposed CNN model provide the accuracy up to approximately
77%. This result is similar to the C5.0 algorithm, which is a rule-based algorithm of Machine
Learning. The results are different in a trivial faction. In terms of financial perspective, the
proposed CNN model performs well as it produces approximately $69K for one and a half year

(from January 2017 to September 2018).
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5. Younana: Development of A Model for Predicting the Direction of Daily Price Changes in
the Forex Market Using Long Short-Term Memory
UVAIANNN: International Journal of Machine Learning and Computing, Vol. 10, No. 2

(February 2020)

unAago

Forex is the largest global financial market in the world. Traditionally, fundamental
and technical analysis are strategies that the Forex traders often used. Nowadays, advanced
computational technology, Artificial Intelligence (AI) has played a significant role in the financial
domain. Various applications based on Al technologies particularly machine learning and deep
learning have been constantly developed. As the historical data of the Forex are time-series data
where the values from the past affect the values that will appear in the future. Several existing
works from other domains of applications have proved that the Long-Short Term Memory (LSTM),
which is a particular kind of deep learning that can be applied to modeling time series, provides
better performance than traditional machine learning algorithms. In this paper, we aim to develop
a powerful predictive model targeting to predicts the daily price changes of the currency pairwise
in the Forex market using LSTM. Besides, we also conduct an extensive experiment with the
intention to demonstrate the effect of various factors contributing to the performance of the model.
The experimental results show that the optimized LSTM model accurately predicts the direction of

the future price up to 61.25 percent.
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