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Abstract:

The research aims to evaluate the performance of the behavior of investment portfolio returns and
to help make optimal decisions in conditions of uncertainty as well as high-risk investments. The
study was applied on cryptocurrency market whose are characterized by high-frequency trading.
Moreover, we have used Markowitz model based on the concept of return-risk (Mean-Variance)
and deep learning based on the work of artificial neural networks algorithms(ANN) and the long
short term memory network(LSTM). A random portfolio of 10 assets consisting of cryptocurrencies
was selected based on the database of the website: https://finance.yahoo.com/crypto/ during the
period 2020-2022 with Python programming.
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Finally, we try to evaluate the performance of the models used in accurately predicting the optimal
relative weights of the investment portfolio. Which proved the relative effectiveness of the deep
learning models by estimating the values of the mean squared error (MSE) at the level of 0.1602%
for the deep learning models, compared to a value of 1.3038% for the outputs of the return-risk
model for Markowitz, it was based on training 80% and testing 20% of the Dataset.

Finally, the second hypothesis was accepted, which stipulates the effectiveness of deep learning
algorithms by taking advantage of the diversification method in building optimal portfolios with an
estimated return of 99%, a risk of 65%, and a value of the Sharpe index estimated at 1.99%. An
estimated return of 16.49% and a risk of 12.23%, with no diversification of investment on all
portfolio assets, and a Sharpe index value of 0.33%.

Keywords: Markowitz Model, Deep Learning, Optimal Portfolio, Cryptocurrencies,
Diversification, Neural Networks Artificial.
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polial JSall 8 gl g pa0 LSTM 38 4dS raagy 3 o8, J<aly Lalisha
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LSl Adlall gz dlai : AEN  gaal)

COLA At auly et o padiall JugSle ziger Lo g el 84S Llld) Al el
Bhalially 2lall asehe M W e Jol o 1990 i gt 5ls e 5l (Markowitz) 5usSle aey G lnay|
Aoyl 81 S Aol BB Cus ¢ Bllad) das (Diversification) sl aueal a8)ls ) dilayle jlénay) b
A sl G BV day blelyey Glldg Aataall 435Sl @bl 38 HLEAY) B9 el ) i) dlaisd)
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358 Glo puan Glaals oS daallad) LW Glon) 8 dulennl) il Sa) b Buas 40 Jsesall (Dynamics Model)

6. Gl o il Calal) 5 Jemie US04l Bk Chsee 1) o) sage Al Cililliie Caen 35l

% H. Markowitz, « Portfolio Selection », Journal of Finance,Volume 7, March-1952 :P :77-97.
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Max : w R; :&M@,Min:[w’VW]
s/cC: W_VW=k eee21)... s/cC: WR = E[R;]
we = we=1
wW=— (W, ,....,wW,) : Aadaal) UsSal Al Y1 g ek
R=(R,,....,R_.) D Jsa¥) dlse g la
N — N &1 5 5« M e 5
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E[Rp] =Y wE[R]=wR (2:2)

i=1

30 U= <1998 ¢ il dadall Hla ) sl 3 Jaloll (ial 2 Y Alall Sy api ¢ pilaas Jane 2o desa ]

8 pe) Bsm b o bl a5l (g BaliinY) AlSa) mecssin el de Cpaly 5 S dne @l b s U ae (liae 8

. 134-1090=¢21989¢ a0l ne Gl daala ¢ 2 alsall ¢ 3 1o g AlaY) dlaac «« A3 gral) Ay j2ll ASLaall

. Jean-Luc Prigent, « Portfolio Optimization and Performance Analysis », Financial Mathematics Series,
Chapman & Hall/CRC is an imprint of Taylor & Francis Group, 2007, U.S, P : 70-78.
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o (Rp) =w'Vw = E E Wi Ti; = 2 E E Wit Tij + E w; oy (2-3)
i=1 =1 i=1 j=i+1 i=1
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WR +W,R, +........ +w,R >R POl e
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Poadse clly sacld e alae¥lL @y daadle 6871 Jaw (p2022-2020) o Wospdll P
- (Python) osulll 451 daw 4 [https://finance.yahoo.com/crypto

o A Byddia Chlee Aadae JK& S5 Cua
"ADA-USD",'BNB-USD",'BTC-USD'","DAI-USD","'DOGE-USD","ETH-USD",'LINK-USD",'LTC~-
USD'","USDT-USD'","XRP-USD."
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File Edit

B+ || ;A

Entrée [1]:

Entrée [2]:

Entrée [5]:

Entrée [6]:

Entrée [7]:

Entrée [8]:

View

Insert Cell Kemel Widgets Help

B 4+ ¥ P Exécuter M C W Code ~

import
import
import
import
import

numpy as np

pandas as pd

numpy as np
matplotlib.pyplot as plt
yfinance as yf

frrom
from
firom
from
from
from

pypfopt.efficient frontier import EfficientFrontier
pypfopt import risk_models

pypfopt import expected_returns

pypfopt import
pypfopt import
pypfopt import

plotting
HRPOpt

objective_functions #para La regularizacidn L2

Non fiable

A

| Python 3 (ipykemel) O

symbol = [“ADA-USD","BNB-USD","BTC-USD","DAI-USD","DOGE-USD","ETH-USD","LINK-USD", "LTC-USD", "USDT-USD", "XRP-USD" ]

df = yf.download(symbol, start='2820-@1-e1’, rounding=True)

[rens

wok

T e eS|

df.dropna(inplace=True)

cl = df.Close.astype('float32")

16 of 1@ completed

Logout

. .. a A IS ‘- o s a AN £
2 Python 331 i Jupyter 3ili olaaiuls saiall COleal) Slge =
Entrée [19] df["Close’]
df = df[’'cClose’]
returns = df.pct_change()
returns
out[19 ADA-USD BNB-USD BTC-USD DAIUSD DOGE-USD ETHUSD LINK-USD LTC-USD USDT-USD XRP-USD
Date
2019-12-31 MaM MaN NaN NaN Nah Nah NaN NaN MaN NaM
2020-01-01 0.018663 -0.002913 0.000913 0.002202  0.002465 0.009181 0.022509 0.016449 0000157 -0.001177
2020-01-02 -0.021131 -0.048210 -0.029819 -0.002419  -0.011805 -0.025917 -0.038674 -0.052356  0.001729 -0.024000
2020-01-03 0.043832 0.048350 0.051451 0.004372 0.067695 0.053057 0.040230 0.065294 0002623 0.029132
2020-01-04 0012142 0018837 0008956 0005588 0044755 0006708 0016575 0021452 0003266 0.004310
2022-05-04 0.163130 0.049598 0.051600 0.000244  0.043556 0.056452 0.002626 0.069760 -0.000007 0.068819
2022-05-05 -0.117945 -0.053057 -0.072674 -0.000455  -0.054334 -0.065098 -0.101235 -0.087983 -0.000050 -0.073612
2022-05-06 -0.009850 0.001399 -0.014606 0.000310  -0.004119 -0.019726 -0.010989 -0.001341 -0.000006 0.006151
2022-05-07 -0.027417 -0.035908 -0.014954 -0.000531  -0.002885 -0.021852 -0.051852 -0.022936 -0.000061 -0.033561
2022-05-08 -0.027637 -0.018705 -0.026878 0.000035 -0.020795 -0.029760 -0.023438 -0.024109 -0.000083 -0D.014606
860 rows x 10 columns
o i a AN .- P AN i s . S { S BN { I S
Entrée [28]: cov_matrix_annual = returns.cov()*252
cov_matrix_annual
outf2e]: ADA-USD BNB-USD BTC-USD DAI-USD DOGE-USD ETH-USD LINK-USD LTC-USD USDT-USD XRP-USD
ADA-USD 00953310 0551370 02391027 0.020663 0.603824 0558411 0684612 0578100 -0.008560 0.571117
ENB-USD 0551370 0936280 0392793 0.015458 0408816 0528195 0624737 0540271 -0.008385 0532855
BTC-USD 0.391027 0392793 0.384573 0.015586 0445721 0404421 0434517 0429513 -0.006981 0370989
DAILUSD 0020663 0.015456 0.015586 0.017111 0.012445 0022299 0019299 0019706 0000342 0.015167
DOGE-USD 0603824 0408316 0445721 0.012445 5609378 0505051 0662326 0609195 -0.007114 0518319
ETH-USD 0553411 0528195 0.404421 0.022299 0505951 00654596 0655276 0572227 -0.00944% 0515835
LINK-USD 0684612 0624737 0434517 0.019299 0662325 0655276 1136104 08656476 -0.007918 0633438
LTC.USD 0573109 0540271 0428513 0019706 0609195 0572227 0656476 0739038 -0.008551 0.591147
USDT-USD -0.008560 -0.008385 -0.006961 0.000342  -D.007114 -0.00944% -0.007913 -0.008551  0.003444 -0.007464
XRP-USD 0571117 0532855 0.370989 0.015167 0518319 0515835 0633438 0591147 0007484 1.150035
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Maximum Sharpe Ratio

Maximum Sharpe Ratio

Ticker Name Allocation
*ADA Cardano Market Price USD 21.00%
“ETH Ethereum Market Price USD 73.02%
‘DOGE Dogecoin Market Price USD 5.98%

[Bl Save portfolio »

@ ADA @ ETH DOGE

https: //www.portfoliovisualizer.com/optimize—portfolio : zaliy slSlas Gila da 1 jiaal)

Bliaal) Byadiall cilenl) Abdaal gagaall Bolis) aie

500.0%

"DOGE

400.0%

300.0%

Expected Retum

200.0%

Maximum Sharpe Ratio
) Expected Return: 164.95%
Standard Deviation: 122.31%
Sharpe Ratio: 1.343

100.0%

0.0%
0.0% _25.0%  50.0% _ 75.0% 100.0% 125.0% 150.0% 175.0% _200.0% _225.0% _250.0% _275.0% _300.0% _375.0% _350.0% _375.0% _400.0% 475.0% 450.0% _475.0% _500.0% 5250% 55

https: //www. portfoliovisualizer.com/optimize—portfolio : zaliy slSlas Gilajda 1 jicall

P Guand) pladl) gigal ks @
Ldlaall (€ o ol Jilad elya) 3 ¢ dahiie jhalie Giligie sl (e OsS (s3ll5 ¢ Lol o poill 128 clisy
il S5l a3 LSTM 39 lgis (e Alataall 030 suificdion ¢ Jah La il libal) e 2y laglis) 5 ) Alud)
sy Al Glshall (e de gane degiia) Alatadll oda el Aeial) Adead) G, Slsell el Gaie ) Jgea]
sl el adieall alell meil) (adlis olial J<a

Gaand) alail) aladioly de giial) Asiaal) ol Aasiall cijghadl) : JS

Portfolio Construction Process

Extracti Finding th Evaluating the
ng nding the
Assets Allocation Assets Prices Evaluating the DNN 0 Portfolio's
Predicted Prices Optimal Portfolio
using the Prediction using Predictions’ . Performance
and Computing the uging the Efficient
Correlation Matrix the LSTM Accuracy using Real-Life
Expected Returns Frontier
Simulation
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caadl Gl ) cldl)

# Feature Scaling

from sklearn.preprocessing import MinMaxScaler

scale = MinMaxScaler(feature_range = (6, 1))
training_set_scaled = scale.fit_transform(training_set)

i) Bshd 60 o (s5int A bl Ay Jigat i ine Gt LSTM 3503 83mgall bl 3365 of adgial) (he
ol U8 NUMPY slasials sleV) 28005 ddshas )

# Creating a data structure consisting of 6@ timesteps and one output
X_train = []
y_train = []
for i in range(6©, 1469):
X_train.append(training_set_scaled[i-6©:i, @])
y_train.append(training_set_scaled[i,®])
X_train, y_train = np.array(X_train), np.array(y_train)

# Reshaping the X_train
X_train = np.reshape(X_train, (X_train.shape[@],X_train.shape[1],1))

Keras. o lassll (s Sy e 3 oS ¢« RNN 1 ely dal 50 LSTM. 73503 oliy 3 Lieyd ¢ 20000 5hadl)
zhAY) dalie dled Ganads & ¢ LSTM iy 3l Lad, (9a] dujuiie ciliahy LSTM dada dilia) <ol ¢ Glld aay
GhasS Adam ladl s sasly sasg zhak S dab dilaly lehlia) Sl 3kl e /20 3as3 S asg 50 dak
sae 100 1 Gulie z3gall IS ¢ iy aas. (MSE) il Uadll Jasgia Lol o 5Ll cpuaad g 7 39aill paea]
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Entrée [11]: from keras.layers.core import Dense, Activation, Dropout
from keras.layers.recurrent import LSTM
from keras.models import Sequential
model = Sequential()
model . add(LSTM(units=58,input_shape=(1b,1)))
medel . add(Dense(1))
model . compile(optimizer="adam’,loss="mse")
X_train=X_train.reshape((X_train.shape[@],X_train.shape[1],1))
X_test=X_test.reshape((X_test.shape[8],X_test.shape[1],1))
history = model.fit(X_train,Y_train,epochs=5@,validation_data=(X_test,Y test),shuffle=False)
model . summary ()

r T T v — o
Epoch 48/58
215/215 [ ] - 2s 8ms/step - loss: 8.8224 - val_loss: 8.8226
Epoch 49/58
215/215 [ ] - 2s 8ms/step - loss: 8.8224 - val_loss: ©.8225
Epoch 58/58
215/215 [ ] - 2s 8ms/step - loss: 6.8224 - val_loss: ©.8225
Model: "sequential”
Layer (type) Output Shape Param #
lstm (LSTH) (None, 5@) 16466
dense (Dense) (None, 1) 51

Total params: 1@,451
Trainable params: 18,451
Nen-trainable params: @
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Entrée [24]: percent_var = str(round(port_variance,2)*168)+'%’
percent_wvola = str{round{port_volatility,2)*1e@)+'%’
percent_ret = str{round{portfolio simple annual return,2)*188)+'%'
print('Expected annual return: '+percent_ret)
print( Annual volatility/ risk: '+percent_vola)
print( Annual variance: '+percent _var)

Expected annual return: 99.8%
Annual velatility/ risk: 65.8%
Annual variance: 42.8%
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