
LSTM Model and Stock Price Prediction

Stock Price Equation

The price of a stock P (t) at discrete time t ∈ {t1, t2, t3, . . .} is given by:

P (t) = P (t− 1) + Fmacro(t) + Fmicro(t) + Ftechnical(t) + Fnoise(t)

� P (t− 1): Price of the stock at the previous time step.

� Fmacro(t): Macro-level influences.

� Fmicro(t): Micro-level influences.

� Ftechnical(t): Technical analysis factors.

� Fnoise(t): Stochastic noise term.

Macro Influences

Fmacro(t) = α1G(t) + α2I(t) + α3R(t)

� αi: Weights determining the strength of each factor.

� G(t): GDP growth/market sentiment, modeled as:

G(t) = y sin

(
2πt

TB

)
+N2Z2(t)

� I(t): Inflation rate, modeled as:

I(t) = Θe−λ0t +N2Z2(t)

� R(t): Risk-free interest rate:

R(t) = r0 +N3Z3(t)
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Micro Influences

Fmicro(t) = β1E(t) + β2S(t) + β3C(t)

� E(t): Earnings per share, E(t) = E0e
µt
[
1 + sin

(
πt
TE

)]
� S(t): Scale growth rates:

S(t) =
Max scale level

1 + e−K0(t−t0)
+N5Z5(t)

� C(t): Competition index:

C(t) =
1

t+ Season growth cycle
+N6Z6(t)

Technical Factors

Ftechnical(t) = δ1M(t) + δ2V (t)

� M(t): Momentum, M(t) = P (t+ 1)− P (t+ 5)

� V (t): Volatility:

V (t) =

√√√√ 1

W

N∑
i=1

[P (t− i)− P (t)]2

where P (t) = 1
N

∑N
i=1 P (t− i).

Noise Term

Fnoise(t) = σZ(t)

� σZ(t): Noise term, where Z(t) ∼ N(0, 1).

LSTM Architecture

1. Feature vector X(t):

X(t) =



P (t− 2)
P (t− 1)
P (t)
G(t)
E(t)
S(t)
C(t)
M(t)
V (t)


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2. LSTM components:

f(t) = σ(WfX(t) + Ufh(t− 1) + bf )

i(t) = σ(WiX(t) + Uih(t− 1) + bi)

C̃(t) = tanh(WcX(t) + Uch(t− 1) + bc)

C(t) = f(t) · C(t− 1) + i(t) · C̃(t)

o(t) = σ(WoX(t) + Uoh(t− 1) + bo)

h(t) = o(t) · tanh(C(t))

Loss Function

MSE =
1

T

T∑
t=1

[P (t)− P̂ (t)]2

MAE =
1

T

T∑
t=1

|P (t)− P̂ (t)|
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