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Abstract

Technical analysis indicators are widely used by traders in foreign exchange (FX) markets
to predict future price rates, trade timing and enhance profitability. The key issues for the
profitable trading rules are the combinations of the indicators, selection of their parameters,
decision of timing for a trade order and a settlement.

In this paper, we present a trading system using a combination of Genetic Algorithm (GA) and
Genetic programming(GP). Unlike related researches in this problem, our work contributes on

three new aspects related to trading systems.

e First, parameters of each indicator are optimized separately to decrease search space and
increase the robustness.

e Second, calculation of the most appropriate settlement timing to make more profit and less
loss.

e Third, creation of a reverse trend sample by using in-sample to overcome the overfitting

problem and to suppress the substantial danger of loss.

To verify the effectiveness of the method, we performed simulations using real historical trading
intraday data and results were compared to existing methods that use various techniques. The
result indicated that our method is able to make consistent gain out-of-sample while avoiding

large draw-downs and outperformed compared to the existing methods.
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Moving average(MA)
MADOOODOOOOOOOOODOOODOOODOOO0ODOO0OOoO0o0o0oooooooon.
O000nO0MAOODOODDOOOOOODO

1«
MAC'loser(t) = E Z ClOSB(t - 7_) (21)

OO0000000O00b0O00bDO00bDO00DbbOO0DOd shortOODOO longO OO0
O000000oooooooD 000000000000 MABuyO MASelODOODODODOO
goog

MABuy(t) = 1if (MAciose,short(t) — M Aciose,long(t) > )

and (M Aciose,short(t — 1) — M Aciose tong(t — 1) < ) (2.2)
MASell(t) = 1if (M Aciose,long(t) — M Aciose,short (t) > )

and (M Aciose,long(t — 1) — M Aciose,short(t — 1) < ) (2.3)

O00o0000ooo0ooo0oooooooooooooooooooooooooooooa
000000000000 00000oo0o0oMAOODODOODOOOOOO0O0O0O00 short =9,
long=40,z=0000000000000000000000 (Exponentially Weighted Moving
Average; EMAOODOODO

EMAClose,n(t) = o % C(t) + (1 — a) * EMAC’lose,n(t — 1) (2.4)
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oooo
a=2/(1+n), EMAca(1) = C(1) (2.5)

good

Moving average convergence/divergence (MACD)

MACDOOOOOOOOOODOOOOOOUOOODOOOOOOOODoOOoMACDOOOO
goboboboboob

MACD(t) - EMAClose,short (t) - EMAClose,long (t) (26)

Signal(t) = EM Apnracp period(t) (2.7)

goboobooobboooboobooonoo

MACDBuy =1if (MACD(t — 1) — Signal(t — 1) < z)
and (M ACD(t) — Signal(t) > x) (2.8)

MACDSell = 1if (MACD(t —1) — Signal(t — 1) > )
and and (M ACD(t) — Signal(t) < x) (2.9)

000 MACDOOOOOOO (short,long, period, x) = (12,26,9,0.0) 0000

Relative Strength Index(RSI)

OO0O0O0O0RSIDOODODOOOOOOO00OODOOCOOO0OODOODOOOOOOODODOOORSI
gobooobooobobooboooboboobooonboo

Gain(t) = max(Close(t) — Close(t — 1),0) (2.10)
Loss(t) = max(Close(t — 1) — Close(t),0) (2.11)
U(t) = M AGainn(t) (2.12)
D(t) = MALoss,n(t) (213)

_ U
RSI0) = 54 oy X 100 (2.14)

OO0 RSIO700DO0000O0O00DOO0OOOOOORSIO30O0DOOO0ODOOOODOOOOOO
gbobodboooobooboooboobooobobooboobboaoo

RSIBuy(t) = 1if (RSI(t— 1) < 30) and (RSI(t) > 30) (2.15)
RSISell(t) = 1if (RSI(t—1) > 70) and (RSI(t) < 70) (2.16)
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Bollinger Bands (BB)

gboobobobo BBOOOODOOODLDOOODODODODODODODODODODO

gbgbooboboobobuobuobooooobobobobobobboboobobobon
gboboboboboooooooobooboboboboboobooooooooooon
gobooboooboobooobooboooboon

StDey \/Z C'lose n — T) MAClose,n(t — T))

- (2.17)
Upper Band(t) = M Aciosen(t) + 3 % StDevy(t) (2.18)
LowerBand(t) = M Aciosen(t) — 3 * StDevy(t) (2.19)

BBBuy(t) =1if (Close(t — 1) — Lower Band(t — 1) < x)

and (Close(t) — Lower Band(t) > x) (2.20)

BBSell(t) =1if (Close(t — 1) — Upper Band(t — 1) > x)

and (Close(t) — UpperBand(t) < x) (2.21)

Commodity Channel Index (CCI)

do0od0odooo cclodoodnoooboooopooooooooooooooooonoa
goboooooboooooooooobooooobooo 200000000 boooooooo
010000000000000000000000O00000O00O0DO0O000000000000O0O
gcclbooonooopooonbooonooaon

Close(t) + High(t) + Low(t)

Typical Price(t) = 3 (2.22)

SMATP(t) = M Arypicai Price.n(t) (2.23)

MeanDevation(t) = M Aaps(SMATP-Typical Price).n(t) (2.24)

cor = Dot 2

CCIBuy(t) =1if (CCI(t — 1) < 100) and (CCI(t) > 100) (2.26)
CCOISELL(t) = 1if (CCI(t —1) > —100) and (CCI(t) < —100) (2.27)

Momentum Oscillator (MO)

gooooooooMOODOODOOOODOOOOODODODOOODODOOOOOODODOOOO

MO(t) = Close(t) — Close(t — n) (2.28)
MOBuy(t) =1if (MO(t —1) < z) and (MO(t) > x) (2.29)
MOSell(t) =1if (MO(t—1) > x) and (MO(t) < x) (2.30)

goboobooobbodn=100z=000000
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Price Oscillator (PO)

ocooooooboopOOOO0O0OOO0OODOOOOOODOODOODOOOODOODOOOO
goo

EMAClose,short (t) - EMAClose,long (t)

PO(t) - EMAClose long (t) (231)
POBuy(t) = 1if (PO(t — 1) < 0) and (PO(t) > 0) (2.32)
POSell(t) = 1 if (PO(t — 1) > 0) and (PO(#) < 0) (2.33)

Larry Williams (LW)

gbooooooooboooo iwgodoooouoboboboboboobobooooooboooo
gooog

L, (t) = min(Low(t), Low(t — 1), ..., Low(t — (n — 1))) (2.34)
H, (t) = max(High(t), High(t — 1), ..., High(t — (n — 1)) (2.35)
B H,(t) — Close(t)
LWy (t) = =100 x Hot) = Ln(0) (2.36)
LWBuy(t) =1if (LW(t—1) < —80.0) and (LW (t) > —80.0) (2.37)
LWSell(t) = 1if (LW(t — 1) > —20.0) and (LW (t) < —20.0) (2.38)

Slow Stochastic (SS)

g00o0opoOOOO0o0OO0oOoSSOboo00ooo0o0OobOoo0UooOoobooboooooo
gbobooboobboobooobbooboobbooobooboobbooboobbon
goooboooooossogoobboooooooobooooooooboboooooooDon
goboobogobbooboobboooboobboooboobooobooboobbon
OOoosSSOoooo0%KoOOo%booooooooooo

Ln(t) = min(Low(t), Low(t — 1), ..., Low(t — (n — 1)) (2.39)
H,(t) = max(High(t), High(t — 1), . Hzgh(t —(n—1)) (2.40)
Kon(t) = 100 x H (2.41)
%D(t) = MAg, 5(t) (2.42)
%Dslow(t) = M Agp 5(t) (2.43)

SSBuy = 1if (%D(t) < 20)and(%Dslow(t) < 20)and
(%D(t — 1) < %Dslow(t — 1))and(%D(t) > %Dslow(t)) (2.44)

SSSell =1if (%D(t) > 80)and(%Dslow(t) > 80)and
(%D(t — 1) > %Dslow(t — 1))and(%D(t) < %Dslow(t)) (2.45)
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>N PDM
PDI = Z=—— x 100 (2.46)
SN TR
>N MDM
MDI = % x 100 (2.47)
=0

TR = max(High(t) — Low(t), High(t) — Close(t — 1), Close(t — 1) — Low(t)) (2.48)

o' [PDI - MDI|

ADX = 2N
=0"PDI+ MDI

(2.49)

ADXR =N, ADX (2.50)
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Volatility
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n—1
Volatilitya(t) = | ~ 3 (Close(t — 7) — M Aggsen(t))? (2.51)
n
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031: GAOOO MACDOOOOOOOOO

EM Agort | EMAjong | MACDgigna | %Profit MACD | %Buy-Hold
10 47 5 91.36 68.69
24 32 19 90.26 56.25
21 28 11 87.16 15.39
17 43 8 80.42 81.19
22 46 14 74.94 0.23
17 47 4 73.09 88.70
7 22 6 71.27 47.29
21 29 13 71.16 9.70
22 33 12 70.97 80.28
21 35 15 70.70 49.17
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Profit = holding(N) — holding(0) (3.2)

00 Lin0O [16)/0 00000 Sharpe ratio [5)0 0000000

N
. 1 o o
AverageProfit = N ;(holdzng(z) — holding(i — 1)) (3.3)
L X
ProfitStdev = N Z(holding(i) — holding(i — 1) — AverageProfit)? (3.4)
i=1
Sharpe ratio = AverageProfit/ProfitStdev (3.5)
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Q(st; ar) < Q(sto, ar.) + afreer +ymax Q(sit1, @) — Q(ste, ar, )] (3.6)
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0000000000000 000bO0Db00000O00O 3.300000 19940 1000 1998
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(3.7)
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spread | 0.00 | 0.01 | 0.04 | 0.08 | 0.10

RL 93.8 | 16.3 | -1.55 | 1.64 | 1.45
GA 94.5 | 21.6 | 1.67 | 1.17 | 1.71
LP 96.8 | 15.9 | -1.76 | 0.53 | 0.43
Heuristic | 96.3 | 8.56 | -5.03 | -4.89 | -5.63

O Stirling ratio (6] 0 0000000000000 000O0000O0OOOOOOOStirling ratio
00000 MaxDrawDown OO ODODODOOOODOOOOOOODOO

M axzDrowDown = max {holding(i) — holding(j)} where 0 <i < j < N (3.8)

Stirling ratio = Profit/MaxDrawDown (3.9)

O00OAranha 0000 [19)000000000 Profit factor OO0 O0O0OO0OOOODODO
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Zi]\il max {(holding(i) — holding(i — 1),0)}

Profit factor = ~ x 100 (3.10)
> imq max (holding(i — 1) — holding(i),0)
@ BOOLEAN BOOLEAN
E Rule | | True/False | OPERATOR | Rule2 | TrueFalse | OPERATOR | ... | THEN | Buysen
()

BUY AMLA ICONNECTOR oo CONNECTOR RSl AMA ACTIVEYCCI ACTIVET | RELACTIVET

1 11] o o 1 1 1 1

TRUE AKD FALSE R TRUE YES ¥ES YES
Structure

SELL Al ICONKECTOR ool CONNECTOR | RSl AMA ACTIVEYCCI ACTIVE? | REL ACTIVET

a m o o 1 1 o 1

FALSE R FALSE OR TRLE YES NO YES
on |

| AND | [RsSI=TRUE]

| AMA = FALSE | [ RSI=TRUE

|AMA = TRUEl |cc1 = FALSE |

033 GAOUOOODODDOOUOOOO (Comb tree)
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a(t) = 1if (Close(t + 1) — Close(t)) * (X (t + 1) — Close(t)) > 0
and a(t) = 0 otherwise (3.11)
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Close(t) > Close(k) + volatility(k) * BuyProfitcashing (3.12)
Close(t) < Close(k) — volatility(k) x BuyLosscutting (3.13)
Close(t) > Close(k) + volatility(k) = Sell Losscutting (3.14)

Close(t) < Close(k) — volatility(k) x Sell Profitcashing (3.15)
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F =2 (x(t+1i) — 2(t)) x (24 — i) (3.17)
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High(t) > Close(k) + volatility(k) « BuyProfitcashing

Low(t) < Close(k) — volatility(k) * BuyLosscutting

High(t) > Close(k) + volatility(k) = Sell Losscutting

Low(t) < Close(k) — volatility(k) = Sell Profitcashing
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M without reverse trend | 236412 256921 531840 153947
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Currency Method Asset StDev | Draw Down | Trade
Proposed 1,652,550 | 71,529 121,950 86
AUD/JPY Without loss cut 1,632,553 | 194,581 355,293 7
Without reverse trend data | 1,657,300 | 82,394 236,412 72
Proposed 1,650,350 | 103,398 152,540 85
EUR/JPY Without loss cut 1,282,333 | 265,859 443,249 81
Without reverse trend data | 1,579,500 | 113,214 256,921 88
Proposed 2,169,260 | 157,138 199,020 86
GBP/JPY Without loss cut 2,149,295 | 192,727 193,467 82
Without reverse trend data | 2,113,100 | 142,145 531,840 85
Proposed 1,030,900 | 63,319 76,000 89
USD/JPY Without loss cut 1,063,142 | 122,512 175,466 79
Without reverse trend data | 996,600 71,324 153,947 88
Asset[JPY] Rate[AUD/JPY]
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Max Draw Down[JPY]
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Currency Method Asset StDev | Draw Down | Trade
P d(GA+GP) | 1,652 1,52 121
AUD/JPY roposed(GA+GP) | 1,652,550 | 71,529 ,950 86
RL 1,452,103 | 93,759 147,238 64
P d(GA+GP) | 1,650,350 | 103,398 152,540 85
EUR/JPY ropose ( + ) ) ) 9y )l
RL 1,537,048 | 146,671 240,102 7
P d(GA+GP) | 2,169,260 | 157,1 199,020 86
GBP/IPY roposed(GA+GP) | 2,169, ,138 99,
RL 2,068,185 | 224,637 351,358 75
P d(GA+GP) | 1,030,900 | 63,319 76,000 89
usp/gpy | Froposed(GA+GP) 11,030, ’ ’
RL 1,011,491 | 102,238 | 203,115 81
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Currency Method Asset StDev | Draw Down | Trade
P A+GP) | 1,652 1,52 121
AUD/IPY roposed(GA+GP) | 1,652,550 | 71,529 1950 86
CGA 1,285,561 | 182,314 | 262,213 513
P d(GA+GP) | 1,650,350 | 103,398 | 152,540 85
RUR/Jpy | [ roPosed(GA+GP)
GA 1,485,425 | 183,231 724,322 487
P d(GA+GP) | 2,169,260 | 157,138 199,020 86
GBP/JPY ropose ( + ) ) ’ ) )
CA 1,739,002 | 234,132 | 456,272 471
P d(GA+GP) | 1,030,900 | 63,319 76,000 89
USD/JPY ropose ( + ) 9 9y ) b
CGA 900,286 | 82,593 | 1,156,732 | 442
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057 GAD GPODOODODOODOODOODOO
Currency Method Asset StDev | Draw Down | Trade

Proposed(GA+GP) | 1,652,550 | 71,529 121,950 86

AUD/JPY
/ GA*GP 1,433,701 | 198,927 92,786 389
Proposed(GA+GP) | 1,650,350 | 103,398 152,540 85

EUR/JPY
/ GA*GP 1,526,758 | 240,134 167,320 425
P d(GA+GP) | 2,169,260 | 157,138 199,020 86
GA*GP 2,158,413 | 343,215 213,417 477
Proposed(GA+GP) | 1,030,900 | 63,319 76,000 89

D/JPY
UsD/J GA*GP 1,048,604 | 150,231 105,234 341
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Asset[JPY] Rate[AUD/JPY]
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Indicator | Short | Long | Signal | Period | Fix Band | Buy threshold | Sell threshold
MA 28 15 - - 0.03 - -
MACD 20 32 14 - 0.00 - -
RSI - - - 25 0.04 30.5 73.0
BB - - - 29 0.02 - -
CCI - - - 25 0.13 104.5 -102.0
MO - - - 5 0.05 - -
PO 10 15 - - 0.03 - -
LW - - - 10 0.00 -83.5 -25.5
SS 5 6 - - 0.02 19.5 76.5
Buy rule Sell rule @
0522000000000
059 00000
# Order-date Price Settlement-date Price | Diff Result Asset
1 ]2007/05/2122:20 | 99.45 | 2007/05/23 15:00 | 99.94 | 0.49 | Buy-profit | 1504400
2 1 2007/05/2500:20 | 99.65 | 2007/05/2504 :50 | 99.31 | -0.34 | Sell-profit | 1507300
3 | 2007/05/25 05 :40 | 99.40 | 2007/05/28 15:10 | 99.62 | 0.22 | Buy-profit | 1509000
4 | 2007/05/29 01:00 | 99.66 | 2007/05/29 11 :50 | 99.17 | -0.49 | Sell-profit | 1513400
5 | 2007/06/05 22 : 30 | 101.58 | 2007/06/06 10 : 50 | 102.10 | 0.52 | Buy-profit | 1518100
6 | 2007/06/18 09 : 20 | 103.71 | 2007/06/18 15 : 40 | 104.25 | 0.54 | Sell-loss | 1512200
7 | 2007/06/18 21 : 00 | 103.84 | 2007/06/19 16 : 10 | 104.17 | 0.33 | Buy-profit | 1515000
8 | 2007/06/20 11 : 50 | 104.37 | 2007/06/21 05 : 20 | 104.33 | -0.04 | Sell-loss | 1514900
9 | 2007/06/21 07 : 10 | 104.21 | 2007/06/22 02 : 50 | 104.69 | 0.48 | Buy-profit | 1519200
10 | 2007/06/23 05 : 30 | 104.83 | 2007/06/26 10 : 10 | 104.30 | -0.53 | Buy-loss | 1513400
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