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[—
S
Method Determinants Frequency| data type Results References
= o 0 . |Average performance of ANN model (75 74%) was found better than SVM m|Kara & Boyaciogly,
SVM ANN Close price Daily | Numeric odel (71.52%) 2010
SVM Smglg waords, bigram, pol Daily Text A robust J"eatg.re: selection allows lifting c]_ass:l:cglmn accuracies significantly Hagenau et al., 2013
arity, noun phrase above previous approaches when combined with complex feature types.

ANN, SVM, line | Economic info, financial ety | M Five times twofold cross-validation and AUC as a performance measure Ballings et al . 2015
Ar regression ratios ¥ e and the first to make such an extensive benchmark in this domain, i g
MLP_RNN, e Dail Miiferic CNN can model financial time series better than all the other considered | Di Persio & Honcha

CNN oo i architectures, r, 2016
ANN, GA Close price Daily [ Numeric The hybrid GA-ANN model is better than the ANN model Qi & Song, 2016
O ot 3. NN e o P e .
NN O arid ke Frices Daily | Numeric 3D-CNNpred 1s the first 3-dimensional (,.NT\ model designed for stock market Hmlnmdm& Harg|
£ prediction tizadeh,a 2019
= T ; To generated from a trained deep CNN model using stock Sezer & Ozbayoglu,
NN Glose prioe Monthly:| -Image bar chart images. acc(52%) 2019
SVM, ANN,CNN Close price 1}::::12: Image Technical indicators cannot be good input vaniables Sim et al. 2019
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<Table 1 > Summary of explained papers
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v 0l0I Xl 218F =D} 0l = (Sim et.al.2019)

o ]

-Training: 1100 images

Input variable

CNN1: Closing price

- [ Image Creation ] -

-Test: 275 images CNN2: Closing price.SMA.EMA If Pt = Pt+1:
-Date: every 30 minutes CNN3: Closing price,SMA.EMA label =1
-S&P 500 closing price ROC.MACD Else:
Time:10:30 pm on April 3, CNN4:Closing price, SMA, EMA, label = 0
2017,to 2:15 pmon May 2,  Fast%K. Slow %D, Upper Band.
2017 Lower Band
¥" CNN could improve the
predictive performance more
than the ANN,SVM &= _ 2D-CNN
v" Technical indicators cannot be Predicting model

good input variables, as they

are similar to the moving
pattern of the closing price
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2. A8AHAL

v 0l0IX| 218t 3=} 0l = (i Persio, L., & Honchar, 0. 2016)

- [ Data processing ] - L ﬁ;ﬁcg:lﬁmiﬁz

-Time: S&P500 Daily
-Data: 16706 data point
-train: 80%

-test: 20%

MSE Accuracy
MLP 0.26 0.521
CNN 0.2491 0.536
RMNN 0.2498 0.522

CNN can model financial

time series better then all — ] ) ;
the other considered Evaluation

architectures(RNN,MLP).
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Dataset - [ Image Creation ] ‘[ Labeling Data }‘[

2D-CNN Predicting
model

-Training: 2500
images(1997-2006)

-Test: 2500 images(2007-
2012)

-Date: 30days-Dow Jones 30
-Image size:30 x 30

Else:

To generated from a trained
deep CNN model using
stock bar chart images. _

acc(52%)
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If Pt< Pt+5:
label = O(buy)

label = 1(sell)

Evaluation
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<Figure 1 > Research Process
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i3. Aeg

v' Dataset

- A|ZF: 2015 -2019(54H 7H) & =T} | O| E{ (& A : Dataguide)
-Z=AlAAD 7| 2(7897H)
- Chret HEf ol O] 0| X[(307H)

- Image size: 28 x 28

- % 1,412,525 7} O|O| X| A4 A, (train: 1,281,173 test: 142,352)
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v 0l0IX 4
Image characteristics Variable name Values
Series X1 time series = 1, frequency = 2
Graphiype X2 plot=1, hist =2, bzazplot = 3, stripchart
Graph direction X3 horizontal = 1, vertical =2
Appearance of axis X4 no=0,yes =1
Forecast date X5 after 1 day = 1, after 5 days =2
Bar/line X6 bar=1, line =2
Color X7 no=0,yes=1
Color tone X8 monotone = 0, colorful = 1
Dotted/Solid line X9 solid line = 0, dotted = 1 (density)

<Table 2>Image characteristics
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<Figure 2 > Sample charts
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3. 1™

v’ CNN BEIP2X
Conv 2D
(2,2, 3] Maxpooling 2D

Activation = relu Pooling size= (2, 2)

etc.

Cany: 20 Maxpooling 2D Cony 2D Maxpooling 2D
(4,3,3) R (8,3,3) .
Activation=rel Faol ing Activation=relu Feioling
’ size=(2, 2) ) et size=(2, 2)

u ete.

Dropout Nense (128) Dropout
D Activation = relu X
(0.5/0.5) St (0.5/0.5)

<Figure 3=. Structure of the CNN
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v CNN 22X

Convolution layers Classification
Activation function = Relu
128
neurons

28 (3x3)
2 - e
g | image » Filter
Label = 0/1

Layer1

Softmax

filters 16 16 Feature Layer 2 32 Feature fl[::::; 64 Feature  "ully connected
28%28 maps T;e:sliz maps T maps layets
Stride 1 14x 14 Stride 1 77 Stride 1 4x4
<Figure 4> CNN network
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Canvl Conve Convd FullyConnected ace
At Fon KR selu selu selu elu 62.72
v Activation fu nction "'-I _—Il él- softplus softplus softplus elu 56.60
elu elu softplus elu 61,00
softsign softsign softsign elu 6590
softplus elu softsign elu 5765
selu softsign softsian elu 5230
selu softsign selu elu 6193 |
selu selu ely elu 6233
elu selu selu elu 6240
softplus softplus softsign elu 63.33
softplus softsign softplus elu 60,39
elu softsign softplus elu 64,90
elu alu ely relu 5582
elu rely el elu 5565
softsign elu softsign elu 56,96
softsign relu softsign elu 62.26
A softsign elu elu softsign 60.65
ac::f‘atl softsign softplus softplus elu 60,33
softsign softplus softplus rely 63,66
selu softplus softplus elu 6312
sely softsign oftsign rely 6133
ely softsign softsign selu 64,68
elu selu selu elu 6464
relu selu selu relu 63.80
elu softsign elu softsign 6341
el softplus | softplu: elu 60,26
rely softplus oftplu rely 6428 |
relu elu ely selu 6173
relu rely elu selu 6246
elu relu relu selu 64.20
softsign softsign softsian selu 60,51
softsign elu elu selu 61.00
softsign relu relu selu 6410
softplus softplus softplus selu 61.10
ely elu ely selu 6395 |
elu alu I 62.30
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selu sell selu
<Table 3> Combination of activation functions
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A
0 <0. 40 0.40-0.50 0.50-0.60 0.60-0.70 0.70-0.80 >{. 8
count 0 3 176 677 104 0 960
percent 1] 0 0. 18 0. 71 0,11 1] 1
average 0. 643

<Table 4> Distribution results and average accuracy after testing

Method Data Methods Accuracy
Gunduz et al - (2017) Numeric CNN 56.0%
Nelson et al - (2017} Numeric LSTM 55.9%
Zhong & Enke: (2017) Text PCA 57.5%
D1 Persio & Honchar (2016) Numeric MLP 52.1%
Di Persio & Honchar (2016) Numeric LSTM 52.2%
Di Persio & Honchar (2016) Numeric CNN 53.6%
Proposed method Chart Image CNN 64 3%
<Table 5= Performance comparisom
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