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Agent Based Trader Model Utilizing Genetic Programming Approach

KOKI MATSUMURA,* YOSHITAKA KUNIYAt and SHUHEI KIMURA'

In this research, we attempt to construct the trader model aiming to obtain a high profit
in the stock market and to forecast the buying and selling timing of the stock. The technical
analysis that is the analysis technique based on a statistical and experienced technique is
utilized for judging the buying and selling timing. In addition, we expressed the strategy to
make an appropriate judgment for the buying and selling timing with the decision tree based
on a technical analysis. Then, it was tried to optimize the decision tree by using genetic pro-
gramming (GP). As a result, an excellent result of hit probability and total assets’ increasing
was able to be obtained. Moreover, it was thought that this technique was able to construct
an appropriate investment strategy by which the profit was raised in autonomy by responding
to the market environment of the trend of stock prices since the strategy trees were analyzed.

Sep. 2006

1. 0O00anO

gooooooooooboobooooooooo
goooboooooobobooooooooooooo
goooooooooobooooooobocoooooon
goooboooooooooooobocoooooooo
goooboooooooboooooooboboboooobo
gooooooo

gooooooooooooboobooooooobooobo
goboboooooobooooooooobooooooon
gooooooooooooooooobooooon
goooboooooooooooocoooooooo
goooooooooOobObOObOOO0o0o0o0o0o0oooaa

goboobooooooooooobocooooooo
gooooboooooooooooooooboooooo

0000000
Faculty of Engineering, Tottori University

2869

0000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooooooobtog
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000
0000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000



2870 goooooooo

000000000000000000

0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000oOoooo™”®o000000o0o0n
0000000000

0000000000000000000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000O0
000000000000000000000000
000000000000000000000000
00000000000000

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000oo0ooO

2. 00ODOOoOooooOo

goooooooooooooooooooooon
goooboooooooooooooooooooon
goooooboocooboooooo

gooooooooooboooboooooooo
goooobooooooooooooooooooo
gooobooooooooboboooooooooo
gooooooooooboooooooooooon
goooobooooooooooooooooooo
gooooooGpoODOOOOOOOOO

2.1 O0O0000O00DOO

oooooooooooooob100040oo0
gooobooooooooooooobooooooon
goooobooooooooooobooooooooo
goooboooooooooooboooooooo
goboooooooooooooboooooooo
gooooooooobooooobooboobooboooooo
gboooobooboobooooboor10000000
gobooooooooboobooooooooboooon

Sep. 2006

B BeEE FAKRRE BGIE BEFRES
]—*l tree | money ‘ stock ‘t_stock| min_rnoney| SS |*
|

01 0D000ooooo
Fig.1 Composition of agent.
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Table 1 Node of the strategy tree.
ooooo ooo oo
ooo 1 buy 00D000000000000 1 000000000000000
2 sell 00D0000000000000000 1 00000000000000000000
3 none 000
4 clear 000000000000000000000
5 all_buy 00D00000000000000000
oooo 6 if_price_high 000000000000000000000000D000000000D0000000
7 if_volume_high 00000000000000000000000000000000OO0000000O0O0
8 judgment_stocas_1 00000000000000000 slow < fast -> 00 slow > fast 00000000
00D000000000000000000
9 judgment_stocas_2 00000000000000000 slow > fast -> 00 slow < fast 00000000
00D000000000000000000
10 judgment_per_r_1 000000 (%R) 00000 O0O0O0OO0O0 30000000000 2000000000000
00D000000000000000
11 judgment_per_r_2 000000 (%R) 000010000000 3 0000000000 80 000000000
00D00000000000000000
12 judgment_rsi_1 000000 (RSI) OOOORSI > 70 00000000000000000000000000
13 judgment_rsi_2 000000 (RSI) O0OO0OO0ORSI < 30 00000000000000000000000000
14 judgment_mov_ave_1 000000000000000 410%00000000000000000000000000
ooooo
15 judgment_mov_ave_2 000000000000000 —10%00000000000000000000000000
ooooo
16 judgment_mov_ave_3 0000D00000000000 +10%00000000000000000000000000
ooooo
17 judgment_mov_ave_4 000000000000000 —-10%00000000000000000000000000
ooooo
18 judgment_-mov_ave_5 00D0000000000000000000000D0000000000
19 judgment_mov_ave_6 0000000000000000000000000D0D000000
20 judgment_bollinger_bands_-1 0ooooO0O0obO0oO0obDO0DO00DO000DOO0 420 O0O0ODOODDOODOOODODOO
0D000000000000
21 judgment_bollinger_bands_2 goooooooboOoDboO00oO0O0DbOODODODO0 -2 000DOOODDOODODOOOODOO
00D000000000000
22 judgment_bollinger_bands_3 0ooooO0O0obO0oO0obDO0DO00DO000DOO0 420 O0O0ODOODDOODOOODODOO
0Do00o0popoooooooo
23 judgment_bollinger_bands_4 0000000000000000000000000 —2¢ 00000000000 DOO0OOOO0
0Do000popoooooooo
24 judgment_volume_ratio_1 000000000000VRI <= 70%00000000000000000000000
25 judgment_volume_ratio_2 000000000000VR1 >= 45%00000000000000000000000
26 judgment_volume_ratio_3 000000000000VR2 <= 30%00000000000000000000000
27 judgment_volume_ratio_4 000000000000VR2 >=70%00000000000000000000000
28 judgment_waco_volume._ratio-1 000000000000000WVR <= —40%00000000000000000000
000
29 judgment_waco_volume._ratio-2 000000000000000WVR >=40%00000000000000000000000
30 if_money_exist 000000 1 000000000000000000000000000O0O00000CO
31 if_money_exist2 000000 10 000000000000000000000O000000O0DODOO0
32 if_money_exist3 00000000000000000000000000000000000000000
33 if_stock_exist 000000 1 00000000000000000000000000
34 if_property_high 00D00000000000000000000000000000000000
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Table 2 Parameters of GP.
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Table 3 Period of operations.
oo goooo oooooo
1 1999 0 700 20010 700
20010 60 20030 60
2 20000 100 20020 100
20010 120 20030 120
3 20000 700 20020 700
20020 6 0 20040 60
4 20020 700 20040 700
2004 0 60 20050 120
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Fig.2 NIKKEI stock average.
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Fig.3 Transition of stock prices of each brand.

04 GPOOOO 1000D0MIOOODOOO
Table 4 Dealings result by GP with evaluation 1 (hitting

ratio).
oo oo ooooo ooo
oooo 111.45 00 70.00%
1 ooo 105.53 00 | 55.47%
oooo 94.11 00 30.00%
oooo 111.85 00 66.67%
2 ooo 103.91 00 | 50.39%
oooo 96.92 00 36.67%
oooo 119.74 00 86.67%
3 ooo 114.05 00 | 65.50%
oooo 100.28 00 | 34.42%
oooo 114.35 00 74.44%
oo ooo 107.50 00O | 57.12%
oooo 97.10 00 33.70%

110870000000 000DOO0O0O0O000OO0O0O0
0oo0o0oo37.07%- 36.70% - 30.83% - 31.01% -
46.80% - 61.23%0000000000000000 2
goooobooooooool1oboboooooooo
gobooboooooooono 3sgobogoz2oo00
TO020020 e000000O0OOOOCOOOOO
Oooooovoooooooooooooooo
goooboooooooooobooboboooobo
goooboooooooooooobooboooooo

05 GPOOOO 200000 OO000ODOOD0O

Table 5 Dealing result by GP with evaluation 2 (asset).

oo oo ooooo ooo
oooo 117.52 00 60.00%

1 ooo 107.36 00 | 52.64%
oooo 87.19 00 | 24.44%
oooo 121.04 00O 75.55%

2 ooo 115.83 00 | 63.69%
oooo 107.65 00 | 41.11%
oooo 129.32 00 88.89%

3 ooo 120.53 00 78.17%
oooo 103.24 00 | 54.44%
oooo 122.63 00 74.81%

oo ooo 114.57 00 | 64.83%
oooo 99.36 00O 40.00%

06 ODO0OOODOOOOODO
Table 6 Dealing result by random.

oo ooo ooo
oo10000 97.48 00O 37.07%
oo10000 92.38 00 31.01%
0020000 91.86 OO 36.70%
0020000 103.04 OO 46.80%
0o 30000 88.24 00 30.83%
oo 30000 110.87 00 61.23%

oooooo 92.53 00 34.87%
oooooo 102.10 00 46.35%
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Fig.4 Example of excellent strategy trees.
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Fig.5 Evolution process with evaluationl (hitting ratio).
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Table 7 Comparison of operation results of each brand by evaluation method (Period 1).

000 1| 0000 | 0000 | 00000 0000 [ 00000 | KDDI | 00000 | 0000 | 0000 | 00000 0o 000
000 | 102,672 | 111,816 | 107,591 | 236,094 | 467,759 | 178,250 | 120,934 | 116,739 | 168,950 | 102,883 | 1,713,608 | 98.63%
0000 | 91,250 | 104,856 | 91,698 | 118,600 | 127,240 | 100,379 | 116,710 | 101,053 | 111,883 | 91,592 | 1,055,263 | 55.47%
000 2 | 0000 | 0000 | 00000 0000 | 00000 | KDDI | 00000 | 0000 | 0000 | 00000 oo 000
ooo 94,582 | 115,812 | 101,992 | 1,192,317 | 668,561 | 233,646 | 126,317 | 112,655 | 344,294 | 95,814 | 3,085,091 | 73.36%
0000 | 106,999 | 102,025 | 84,325 | 161,135 | 100,036 | 111,554 | 87,059 | 95,971 | 124,802 | 99,678 | 1,073,586 | 52.64%
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Fig.7 Learning effect by individual population.
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Table 8 Operation result by strategy tree assembled with single index.
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Fig.8 Strategy tree assembled with single index.
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Table 9 Characteristic values of best strategy tree (Period 3).

Sep. 2006

0oo

0oo 000000000000 oooo 0oooo 0000 0o0ooo oooo
1 16 14 16 15 18 2 1 19,800 19,800 0 0
2 16 14 16 15 31 10 24 33 25 30 7 30 2 18,640 9,320 384,400 620
3 16 14 16 15 31 10 24 33 25 30 7 26 4 7 20,900 2,986 159,491,653 12,629
4 16 16 7 34 30 30 8 27 2 33 78,537 2,380 81,144,264 9,008
5 16 14 25 5 41 83,180 2,029 65,621,342 8,101
6 16 16 7 34 30 27 2 33 38,511 1,167 86,617,469 9,307
7 16 16 7 34 14 30 13 2 7 6,221 889 5,417,732 2,328
8 16 14 16 15 31 10 24 3 333 232,378 698 39,701,229 6,301
9 16 16 734 7 7 34 25255 14 6,466 462 9,084,094 3,014
10 16 16 7 34 14 30 25 2 39 14,607 375 11,552,217 3,399
11 16 16 7 34 30 4 4,263 121,928 29 916,346 957
12 16 14 16 15 31 13 34 30 3 70 0 0 0 0
13 16 14 16 15 31 13 5 50 0 0 0 0
14 16 14 16 15 31 13 34 25 7 34 25 25 5 2 0 0 0 0
15 16 14 16 15 31 10 24 33 5 3 0 0 0 0
16 16 14 16 15 31 13 34 25 7 30 26 21 4 2 0 0 0 0
17 16 16 7 34 30 30 8 30 2 1 0 0 0 0
18 16 16 7 34 30 30 8 27 34 3 5 —2,259 —452 4,701,301 2,168
19 16 16 7 34 14 30 13 1 1 —910 —910 0 0
20 16 16 7 34 30 27 34 3 3 —6,604 —2,201 1,344,452 1,160

0oooo

0ooo 0oooo0ooooooo oooo oooo oooo ooooo oooo
1 16 14 16 15 31 10 24 33 25 30 7 26 4 4 23,750 5,938 12,570,119 3,545
2 16 14 16 15 31 10 24 33 25 30 7 30 3 3 11,166 3,722 8,373,128 2,894
3 16 14 25 5 23 65,254 2,837 25,001,866 5,000
4 16 14 16 15 31 10 24 3 146 151,468 1,037 30,581,427 5,530
5 16 16 7 34 14 30 25 2 23 14,203 618 20,509,646 4,529
6 16 16 7 34 30 30 8 27 2 20 10,930 547 8,093,180 2,845
7 16 16 7 34 14 30 13 1 2 834 417 1,565,001 1,251
8 16 16 7 34 30 4 4,630 14,657 3 345,560 588
9 16 14 16 15 31 13 34 30 3 16 0 0 0 0
10 16 14 16 15 31 13 5 28 0 0 0 0
11 16 14 16 15 31 13 34 25 7 34 25 25 5 1 0 0 0 0
12 16 16 734 77 34 25 255 9 —2,156 —240 1,569,050 1,253
13 16 16 7 34 30 27 34 3 4 —2,116 —529 539,336 734
14 16 16 7 34 30 27 2 19 —28,199 —1,479 57,025,044 7,551
15 16 16 7 34 14 30 13 2 2 —3,726 —1,863 558,009 T47
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Fig.9 Transition of number of possession stocks and assets (Period 3).
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Table 10 Operation results of each brand (Period 3 and 4).
00 3 0og 0og 0o0oo 000 [ ooooo KDDI [ 0o00ood 0oo EEE 0ooog 0ooo
ooo 104,977 113,335 99,429 568,520 178,690 97,264 130,690 110,396 121,660 106,434 1,631,395
0000 | 101,263 | 100,000 | 103,296 | 248,686 | 106,100 | 111,406 124,075 | 101,450 | 159,789 | 100,000 | 1,256,065
00 4 ooo 0oo 0ooo 000 | ooooo KDDI | 0000000 ooo ooao oooo oooo
0oo 177,303 | 141,599 | 323,305 | 220,537 | 142,240 | 222,170 180,040 | 152,110 | 315,254 | 127,608 | 2,002,166
0000 | 131,014 | 132,802 | 169,370 | 116,125 | 113,840 | 124,225 129,680 | 147,120 | 133,260 | 137,309 | 1,334,745
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Fig.10 Transition of number of possession stocks and assets (Period 4).
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011 000000 4000000
Table 11 Characteristic values of best strategy tree (Period 4).

0ooo
0ooo 0ooooooooooo oooo oooo oooo ooooo oooo
1 16 25 1233 177 18 1 1 6,510 6,510 0 0
16 25 12 14 15 33 22 29 32 33 32 12 14 15 33 2223329 1 1 4,309 4,309 0 0
3 16 25 12 14 15 23 22 7 2 5 13,334 2,667 6,983,433 2,643
4 16 25 12 14 15 33 22 29 32 33 32 12 14 15 33 22 23 32 9 2 13 15,893 1,223 8,617,962 2,936
5 16 27 5 203 237,256 1,169 60,285,174 7,764
6 16 25 12 33 17 7 25 4 67 54,253 810 15,042,347 3,878
7 16 25 12 14 15 33 22 29 32 33 32 12 14 15 33 22 23 32 33 3218 9 4 1 680 680 0 0
8 16 25 12 33 17 7 18 29 23 22 23 28 2 18 8,129 452 3,484,482 1,867
9 16 25 12 33 17 23 226 14 5 96 42,513 443 6,949,705 2,636
10 16 25 12 33 17 7 18 29 23 22 5 40 17,047 426 39,549,533 6,289
11 16 25 12 14 15 33 22 27 5 100 41,170 412 14,561,825 3,816
12 16 27 23 3 13 4,478 344 4,037,328 2,009
13 16 25 12 33 1723 226 1 9 2,521 280 2,975,392 1,725
14 16 25 14 22 1 27 6,672 247 527,579 726
15 16 25 12 14 15 33 22 29 3 2,801 572,992 205 10,225,760 3,198
16 16 25 12 33 17 23 22 6 29 2 70 5,934 85 6,702,788 2,589
17 16 25 14 22 29 3 466 20,936 45 1,210,598 1,100
18 16 27 23 33 5 3 65 22 3,399,127 1,844
19 16 25 12 33 1 87 0 0 0 0
20 16 25 14 22 29 32 3 9 0 0 0 0
21 16 27 23 33227251 1 0 0 0 0
22 16 25 12 14 15 33 23 2 779 0 0 0 0
23 16 27 23 33 22 7 25 4 1 0 0 0 0
24 16 25 12 14 15 33 22 29 32 17 2 5 —696 —139 53,691 232
25 16 25 12 33 17 23 22 6 29 33 18 3 93 —22,268 —239 14,797,718 3,847
26 16 25 12 33 17 23 22 6 29 33 18 4 2 —1,254 —627 17,065,161 4,131
27 16 25 12 14 15 33 22 27 4 1 —950 —950 0 0
28 16 25 12 33 17 7 18 29 23 22 23 28 12 5 14 —14,108 —1,008 41,433,461 6,437
29 16 25 12 14 15 23 22 2 3 —9,640 —3,213 5,355,022 2,314
30 16 25 12 14 15 23 22 7 25 4 1 —3,610 —3,610 0 0

0oooo
0oo 0ooooooooooo oooo oooo oooo ooooo oooo
1 16 25 12 14 15 33 22 29 32 33 32 12 14 15 33 22 23 32 33 3218 9 4 2 —2,379 100,172 —1,190 317
2 16 25 12 14 15 33 22 27 5 96 33,578 350 3,574,002 1,891
3 16 25 12 33 1 46 14,749 321 3,824,560 1,956
4 16 25 12 33 17 7 18 29 23 22 23 28 2 2 640 320 3,600 60
5 16 25 12 33 17 7 18 29 23 22 23 28 12 5 4 1,248 312 589,472 768
6 16 25 12 33 17 7 25 4 121 5,672 265 4,855,018 2,203
7 16 25 12 33 17 23 22 6 29 33 18 3 125 25,769 206 4,114,360 2,028
8 16 25 12 33 17 23 22 6 29 2 98 15,399 157 2,395,817 1,548
9 16 25 14 22 29 3 341 34,167 100 1,970,302 1,404
10 16 25 12 33 17 23 226 14 5 115 9,855 86 1,197,927 1,094
11 16 25 12 14 15 33 22 29 3 2,080 176,307 85 1,823,796 1,350
12 16 25 12 14 15 33 23 2 669 37,296 56 529,745 728
13 16 27 23 33 22 7 31 4 1 0 0 0 0
14 116 27 23 33 22 7 25 4 1 0 0 0 0
15 16 25 12 14 15 33 22 29 32 33 32 12 14 15 33 22 23 32 9 2 4 —99 —25 1,248,509 1,117
16 16 27 5 15 —1,675 —112 434,572 659
17 16 25 14 22 1 28 —3,153 —113 1,843,138 1,358
18 16 25 12 33 1723 226 1 17 —2,754 —162 1,652,602 1,286
19 16 25 12 33 17 7 18 29 23 22 5 22 —5,379 —245 3,184,899 1,785
20 16 25 12 33 17 23 22 6 29 33 18 4 3 —4,396 —1,465 442,417 665
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