Deep Reinforcement Learning for
Time Series:

Playing ldealized Trading Games
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Trading Game

agent: el E =dote= 2ISK=
state, s[] : =2 400 AlIE2 AlHIE &2
action, all :CASH BUY, HOLD

oo T O —l_l_;t_

episode : one trading game with T = 180 time step
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Figure 1 Examples of the Univariate game input
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Deep Q-Learning

S AEH0A SE d==
Deep Q-Learning: Q gt= &3 Y
Experience Replay: 1t 4 &
e-greedy: JtE&=2 &8 &

For episode = 1 to N
For timestept=1to T
With probability € select a random valid action a,
Otherwise select the valid action a, that maximize predicted Q
Given a,, emulator returns reward 7, and new state s,-;
Store (sy, ay, 11, 5,+1) In memory
For memory (s;, a;, 1y, 5;+;) in sampled minibatch
perform gradient descent on Q(s;, @;) using target value
B 7 game end at j
Quarger(s) @) = {r, +y max Q(sj41,a)  otherwise

end for
end for
end for
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- HIAE:1000 episodes

- St episode Z 0]: 180 time steps
- discount factory = 0.8
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Univariate Game
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Table 2 Test results for the profit and loss (P&L) generated per episode

Univariate game

Bivariate game

In-sample Out-of-sample In-sample Out-of-sample
#param | Mean P&L> | Mean P&L> [ #param | Mean Mean 2

P&L 0 | P&L 0 peL  TXL0 | pgy  PELO
MLP 16x4 1,523 | 104.3 100% | 96.9 97% 2,163 | 494 92% 405  96%
MLP 16x5 1,795 | 103.2 100% | 91.7 100% 2435|474 94% 438  94%
MLP-32x4 4,579 | 1224 100% | 86.1 96% 5,859 |1 49.3 92% 374 95%
MLP-32x5 5,635 [ 125.0 100% | 89.8 99% 6,915 | 52.7 95% 420  96%
GRU-8x3 1,227 | 116.1 100% | 115.6  100% 1,251 | 35.0 81% 318 86%
GRU-16x3 4,627 | 114.0 100% | 112.1 100% 4,675 | 44.0 84% 350  91%
GRU-16x2 3,043 [ 120.7 99% 1152 100% 3,091 | 46.5 91% 31,1 88%
GRU-32x3 17,955 | 143.3 100% | 116.1  99% 18,051 | 51.5 94% 372 94%
LSTM-8x3 1,579 | 58.9 90% 68.0 94% 1,611 | 37.6 80% 325 84%
LSTM-16x3 5971 | 84.8 98% 79.4 98% 6,035 | 44.5 91% 384 94%
LSTM-16x2 3.859 [ 106.3 100% | 107.8  100% 3,923 | 44.0 87% 378 90%
LSTM-32x3 [ 23.203 | 134.1 100% [ 98.5 97% 23,331 [ 443 90% 31.0  89%
CNN-8x3 2,883 | 89.0 98% 77.3 94% 2,907 | 39.1 86% 347  87%
CNN-16x3 5,235 [ 106.0 98% 86.7 95% 5,283 | 388 85% 285  85%
CNN-16x2 8,291 [ 108.5 100% | 77.1 95% 8,339 | 464 91% 338 89%
CNN-32x3 12,243 [ 120 100% | 80.8 96% 12,339 | 32.3 85% 154 72%




Brivariate Game
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Table 2 Test results for the profit and loss (P&L) generated per episode

Univariate game

Bivariate game

In-sample Out-of-sample In-sample OQut-of-sample
#param | Mean P&L> | Mean P&L> | #param | Mean Mean

P&L 0 | P&L 0 T it b B
MLP 16x4 1,523 | 104.3 100% | 96.9 97% 2,163 | 494 92% 405 96%
MLP 16x5 1,795 | 103.2 100% |91.7 100% 24351474 94% 438  94%
MLP-32x4 4,579 [ 1224 100% | 86.1 96% 5,859 1493 92% 374 95%
MLP-32x5 5,635 | 125.0 100% | 89.8 99% 6,915 52.7 95% 420  96%
GRU-8x3 1,227 | 116.1 100% | 115.6  100% 1,251 | 35.0 81% 318 86%
GRU-16x3 4,627 [ 114.0 100% | 112.1 100% 4,675 | 44.0 84% 350  91%
GRU-16x2 3,043 | 120.7 99% 115.2 100% 3,091 | 46.5 91% 31.1 88%
GRU-32x3 17,955 | 143.3 100% | 116.1  99% 18,051 | 51.5 94% 372 94%
LSTM-8x3 1,579 | 58.9 90% 68.0 94% 1,611 ] 37.6 0% 325 84%
LSTM-16x3 5,971 | 84.8 98% 79.4 98% 6,035 | 44.5 91% 384  94%
LSTM-16x2 3.859 | 106.3 100% | 107.8 100% 3923 | 44.0 87% 378 90%
LSTM-32x3 | 23,203 | 134.1 100% | 98.5 97% 23,331 | 443 90% 31.0  89%
CNN-8x3 2,883 | 89.0 98% 773 94% 2,907 | 39.1 86% 347 8%
CNN-16x3 5,235 | 106.0 98% 86.7 95% 5,283 | 38.8 85% 28.5  85%
CNN-16x2 8,291 | 108.5 100% | 77.1 95% 8,339 [ 46.4 91% 338  89%
CNN-32x3 12,243 | 120 100% | 80.8 96% 12,339 [ 32.3 85% 154 72%
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