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The closing price of 𝑖𝑡ℎ asset after period 𝑡 is 𝒗𝒊, 𝒕
𝒄𝒍𝒐𝒔𝒆.

The closing price of all assets comprise the price vector for period 𝑡 as 𝒗𝒕
𝒄𝒍𝒐𝒔𝒆.

Adjusted closing price 조정 종가

Notation

종가



is the price fluctuating vector

represents the reallocated weight at the end of time 𝑡 − 1 

with constraint

represents the desired allocating weight at the end of time 𝑡 − 1 

with constraint

실제 배분 비율 (자산 보유 비율)

목표 배분 비율
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𝒂𝒕−𝟏

Notation



transaction cost

fluctuation of wealth

+ epsilon (=10e-8)



Adjusted close





Ornstein-Uhlenbeck Process



The Ornstein-Uhlenbeck process 𝑥𝑡 is defined by the following stochastic 

differential equation:

𝑑𝑥𝑡 = 𝜃 𝜇 − 𝑥𝑡 𝑑𝑡 + 𝜎𝑑𝑊𝑡

where 𝜃 > 0 and σ > 0 are parameters, 𝜇 is drift term and 𝑊𝑡 denotes 

the Brownian motion.

Ornstein-Uhlenbeck Process

𝜇=0.0, 𝜃=0.15, 𝜎=0.2, 𝑑𝑡=1e-2



Adjusted close (수정 종가)

N: number of features (N=1)



M, L



Actor

g( f (state) + action )

x: state, w: action



cnnNetwork
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self.conv2d1 = nn.Conv2d(in_channels=self.N, out_channels=32, kernel_size = (1,self.L), stride = 1, padding = "valid", bias=False)
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nn.BatchNorm2d(32) nn.ReLU
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self.batchnorm1 = nn.BatchNorm2d(32)        

self.relu = nn.ReLU()
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filterinput output

self.conv2d2 = nn.Conv2d(in_channels=32, out_channels=1, kernel_size = (1,1), stride = 1, padding = "valid", bias=False)
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Actor
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action (w)

torch.add(y, w)
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(1, 1, 1 ,M)

self.fc1 = nn.Linear(self.M, self.M)

y = self.fc1(torch.add(y,w))
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y = self.softmax(y)
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Critic

g( f( state ) + action + previous_action )

x: state, w: previous_action, action: action
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nn.BatchNorm2d(32) nn.ReLU

(1, 32, M, 1) (1, 32, M, 1) (1, 32, M, 1)

self.batchnorm1 = nn.BatchNorm2d(32)        

self.relu = nn.ReLU()
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filterinput output

self.conv2d2 = nn.Conv2d(in_channels=32, out_channels=1, kernel_size = (1,1), stride = 1, padding = "valid", bias=False)
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(1, 1, 1 ,M)

action

torch.add(y, action)
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previous_action

torch.add(y, w)

1

1

M

(1, 1, 1 ,M)

1

1

M

(1, 1, 1 ,M)

1

1

M

(1, 1, 1 ,M)



1

1

1
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self.fc1 = nn.Linear(self.M, 1)
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Linear
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