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Notation

Adjusted closing price =8 &7t

/

The closing price of it asset after period t is v§'9se.
37t

The closing price of all assets comprise the price vector for period t as v§lose,
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e Reward(r): the naive fluctuation of wealth minus trans-
action cost. The fluctuation of wealth is al , - y;_1.
In the meanwhile, transaction cost should be subtracted
from that, which equals > .", |a;;—1 — w;;_1|. The
equation above suggests that only transactions in stocks
occur transaction cost. Specifically, we set u = 0.25%.
In conclusion, the immediate reward at time t-1 as:

T
ri(Si—1,ai—1) = log(at_1-Vi—1— A f—1— Wi f—
t( t—1,0a¢ 1) g(\t 1°Yt jl M;| i,t—1 i, 1|) + epsilon (=10e-8)
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o State(s): one state includes previous open, closing, high,
low price, volume or some other financial indexes in a

fixed window.

Adjusted close
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208825
369995
Ba9998

Iaeeds
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o Action(a): the desired allocating weights, a;—1 =
(@04—1,a14—15---sam¢—1)" is the allocating vector at
period £ — 1, subject to the constraint Z?:o a;t—1 = 1.
Due to the price movement in a day, the weights vector

as—1 at the beginning of the day would evolve into w¢—1
at the end of the day:
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Ornstein-Uhlenbeck Process

Algorithm 1 DDPG algorithm

Randomly initialize critic network Q(s, a|#?) and actor p(s|6*) with weights #% and 6#.

Initialize target network ()’ and p/ with weights B9 — 69, g — pH
[nitialize replay buffer R
for episode = 1. M do

Initialize a random process N for action exploration

Receive initial observation state s,

fort=1,Tdo

Select action a; = pu(s¢|6") +|N; pccording to the current policy and

exploration noise

Execute action a; and observe Téward r; and observe new state s;41

Store transition (s, ag, 1y, Speq) in IR

Sample a random minibatch of IV transitions (s;, a;, 75, s;11) from R
. et I, ! d

Sety; =1 + Q' (si41. 1 (si4216")09)

Update critic by minimizing the loss: L = £ 3. (y; — Q(s;, a;]09))*

Update the actor policy using the sampled policy gradient:

1
Voud =~ Z VaQ(5,a|09)| a—er amp(en) Vor 11(5]0%)]s,

Update the target networks:
09 «— 109 4+ (1 — T)HQ
OF "+ (1 —T)O"

end for
end for




Ornstein-Uhlenbeck Process

The Ornstemn-Uhlenbeck process x; 1s detined by the following stochastic

differential equation:

dxt — 0(# — Xt)dt + O-th

where 8 > 0 and o > 0 are parameters, u 1s drift term and W; denotes

the Brownian motion.

u=0.0, 6=0.15, 0=0.2, dt=1e-2



N: number of features (N=1)
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Actor

class DDPGActor (nn.Module) :
def init (self, M, L, N): # pass number of assets (M) for defining the network

super (DDPGActor, self). init ()
self.M = M
self.L = L

self.N = N

self.basic = cnnNetwork(self.M, self.L, self.N)
self.fcl = nn.Linear(self.M, self.M)
self.softmax = nn.Softmax ()

def forward(self, input):
x, w = input X: state, w: action
# x = x.permute (0, 3, 1, 2)
y = self.basic(x)
y = self.fcl(torch.add(y,w))
y = self.softmax (y)
return vy

g( f (state) + action)



cnnN\etwork

class cnnNetwork (nn.Module) :
def init (self, M, L, N):

super (cnnNetwork, self). init ()
self.M = M
self.LL = L
self.N = N
self.conv2dl = nn.Conv2d(in channels=self.N, out channels=32,
kernel size = (1,self.L), stride = 1, padding = "valid", bias=False)

self.batchnorml = nn.BatchNormZ2d(32)
self.relu = nn.RelU()

self.conv2d2 = nn.Conv2d(in channels=32, out channels=1,

kernel size = (1,1), stride = 1, padding = "valid", bias=False)
self.batchnorm?2 = nn.BatchNorm2d (1)
self.flatten = nn.Flatten()

def forward(self, x):

= self.conv2dl (x)

= self.relu(self.batchnorml (y))
= self.conv2d2 (y)

= self.relu(self.batchnorm2 (y))
= self.flatten (y)

return y

M KK KK



self.conv2d1 = nn.Conv2d(in_channels=self.N, out_channels=32, kernel_size = (1,selfl), stride = 1, padding = "valid", bias=False)
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input filter output




self.batchnorm1 = nn.BatchNorm2d(32)

selfrelu = nn.ReLU()

X

?./ nn.BatchNorm2d(32) ?_/ nn.RelU ?/
M{ M{ M{

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



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

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

input filter output




selfbatchnorm2 = nn.Ba

self.flatten = nn.Flatten()

tchNorm2d(1)

X

nn.BatchNorm2d(1)

s

nn.Flatten




class DDPGActor (nn.Module) :
def init (self, M, L, N): # pass number of assets (M) for defining the network
super (DDPGActor, self). init ()

self.M = M
self.LL = L
self.N = N

self.basic = cnnNetwork(self.M, self.L,
self.fcl = nn.Linear(self.M, self.M)
self.softmax = nn.Softmax ()

def forward(self, input):
X, w = input
# x = x.permute (0, 3, 1, 2)
y = self.basic(x)
W% self.fcl(torch.add(y,w))
y = self.softmax (y)
return y

self.N)



torch.add(y, w)

(1. 1, 1., M)

action (w)




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

y = selffc1(torch.add(y,w))




y = self.softmax(y)

softmax




Critic

class DDPGCritic (nn.Module) :
def init (self, M, L, N):
super (DDPGCritic, self).

init ()
selt.M = M
self.L = L
self.N = N
self.basic = cnnNetwork(self.M, self.L, self.N)
self.fcl = nn.Linear(self.M, 1)

def forward(self, 1input):
X, w , action = input x: state, w: previous_action, action: action
# x = x.permute (0, 3, 1, Z2)

y = self.basic(x)

y = torch.add(y, action)
y = torch.add(y, w)

y = self.fcl(y)

return vy

g( f( state ) + action + previous_action )



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

selfrelu = nn.ReLU()

?./ nn.BatchNorm2d(32) ?_/ nn.RelU ?/
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self.conv2d2 = nn.Conv2d(in_channels=32, out_channels=1, kernel_size = (1,1), stride = 1, padding = "valid", bias=False)

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

input filter output




selfbatchnorm2 = nn.Ba

self.flatten = nn.Flatten()

tchNorm2d(1)

nn.BatchNorm2d(1)

nn.Flatten




torch.add(y, action)

(1, 1. 1.M)

action

(1, 1. 1. M)



torch.add(y, w)

1,1, 1.M)

previous_action




selffc1 = nn.Linear(selfM, 1)

Linear
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