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Research goals

e Analyze BTC/USD historical stock price data.

e Build NFF and LSTM neural network for price trend
prediction.

e Transform initial data set to choose best data form
for price trend prediction.

e Evaluate the applicability of the developed models.
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Initial data set

-

BTC/USD historical rates

Mt

18000.00

16000.00
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1200000
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0.00
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810Z/81/7
810Z/91/7
BT0Z/¥1/T
810Z/21/2
810Z/01/T
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8102 /9/2
BT0Z/¥/T
8102/2/T
810Z/1E/1
810Z/62/1
a10z/Lz/1
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BTOZ/€2/1
810Z/12/1
810Z/6T/1
BT0Z/LT/T
810Z/5T/T
BIOZ/ET/1
810Z/11/1
8102 /6/1
BTOZ/L/T
8102/5/1
BTOZ/E/1
810Z/1/1

B CLOSE EWYOLUME

HOPEN BEHIGH NLOW
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Data Discovery methods in RapidMiner:
Moving Average

% //Local Repaository/processes/BCNUSD Time Series 0* — RapidMiner Studio Educational 9.2.001 @ HOME-PC

File Edit Process View Connections Cloud Settings Extensions Help

h H - R liews: Design Resuls TurboPrep | v 2| anstudio v
Repository Process Parameters
€9 Import Data = Process » 100% 0 0 P 4 g @ B moving Average
A
A attribute name =CLOSE= ¥ |
3 Samples
d Retrieve Moving Average
» .; Community Samples (- Moving 1] . T 100
» | DB inp f’ out exa E exa
. ori res
~ [ Local Repository (1=ngn 4 v aggregation function | average v |G
- data (langnbsp
g german_credit ;1: ignore missings
[ cGSPC Time Seril
Hl csPc Time Seril result position end v |G
W
< >
window weighting Rectangular ¥ | @ |y
Operators :: Hide advanced parameters
J Change compatibility (7.4.000)
] Data Access (53) b
» [ Blending (79) Help
» [ Cleansing (25 . A
i j§ Moving Average
» Modeling (153) Value Series
4 Scoring (12) SEENTTILEINET ¢ AmER i i Tags: Data Transformation
b [ validation (29) v ] select Attrib... 2% 50 [I7 SetRole o2 45 [[7 Rename ot 45 Synopsis
(Y 1 Hilit: FORY
Get more operators from Generates a new attribute containing the
D . - o5 of X
T Data Editor moving average series of a series ¥

artribure.

A moving average (MA) is a widely used indicator in technical
analysis that helps smooth out price action by filtering out the

“noise” from random short-term price fluctuations
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Data Discovery methods in RapidMiner:
Moving Average

Moving Average Technical Indicator

erage(CLOSE)

CLOSE, avi

1.Jan 8. Jan 15.Jan 22.Jan 29.Jan 5. Feb 12. Feb 19. Feb
DATE

CLOSE average(CLOSE)

When the price rises above MA - a buy signal occurs,
when the price galls below MA - sell signal occurs
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Financial time series modeling: feedforward
neural network (FNN)

&

//Local Repository/processes/BCNUSD Time Series 2* — RapidMiner Studio Educational 9.2.001 @ HOME-

File Edit Process View Connections Cloud Seftings Extensions Help

] H - & -

epository
Qmp. | =~

] Samples

b e Community S

» HoB

~ [ Local Reposi

= data langn
A germar
H csPc
M csPc
il BTCUS
M BTCUS
| tBTCgEV

Operators

Data Access |
Blending (79)
Cleansing (2¢
Modeling (15
Scoring (12)
Validation (29
Utility (86)

FARE B B L B I 4

Get more
@ operators from
the Marketplace

Design Results Turbo Prep Auto Model

Process

Process » 100% 2 0 0 [ g @ B

Retrieve Set Role Windowing Validation
inp out exa ] exa exa exa tra mod 25
fad 55 o % res
J on on tra
v 4 v 4 res
Recommended Operators i v
[T Select Attributes 22 53 . Apply Model 2 44 TP Filter Examples 2 28

Data Editor

iife] H = & Case sensiive  [#

Drag&Drop an Example Setfrom the repository or click "Load Example Set or 'Create new Example Set' to start

2| anstudio

Parameters
E Windowing
series representation encode_series_by e.. ¥
window size 1
step size 1
create single attributes
create label %
select label by dimension
label attribute

=CLOSE= v

horizon 1

-
as Hide advanced parameters

+" Chanae compatibility (7.4.000)

Help

] Windowing
Vall 5

Synopsis

Creates examples from a multivariate value series
data set by windowing the input data.

Windowing creates examples from a multivariate value series data set by
windowing the input data.
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“By days” data input

Row No.

1

20

21

22

23

DATE

Jan 1, 2018
Jan 2, 2018
Jan 3, 2018
Jan 4, 2018
Jan 5, 2018
Jan 6, 2018
Jan7,2018
Jan g, 2018
Jan 9, 2018
Jan 10,2018
Jan 11,2018
Jan 12,2018
Jan 13,2018
Jan 14, 2018
Jan 15,2018
Jan 16,2018
Jan 17, 2018
Jan 18, 2018
Jan 19, 2018
Jan 20, 2018
Jan 21, 2018
Jan 22,2018

Jan 23,2018

label

13847.885

14944 656

14781.281

15808.432

16690.191

16521.085

15266.238

14842 637

14146.136

13672.237

13635.553

14211.244

13625.164

13776.550

11980.820

10494780

11309774

11326.263

12417.673

11837.638

11084.196

10692.331

10986.839

CLOSE-0

13364234

13847.885

14944 656

14781.281

15808.432

16690.191

16521.085

15266.238

14842 637

14146.136

13672.237

13635.553

14211.244

13625.164

13776.550

11980.820

10494.730

11308774

11326.263

12417 673

11837.638

11084.196

10692.331

ExampleSet (67 examples, 2 special attributes, 5 regular attributes)

Label — training value of <CLOSE>, explained by other fields

OPEN-0

13364.492

13847.038

14944 325

14781.252

15807.338

16689.943

16521.574

15267.078

14843.009

14145615

13673.242

13635.253

14211.017

13625.611

13776.432

11982.304

10494 665

11309.694

11326.107

12416778

11838.533

11084.851

10692.259

HIGH-0

13378431

13863.079

14858738

14796.326

15822295

16703.367

16534645

15285.880

14857.991

14163.886

13694.620

13651.639

14223393

13639464

13789.084

12015.301

10530102

11333.838

11344212

12431195

11853.596

11102.415

10710.087

LOW-0

13350747

13832.069

14930495

14766.950

15793559

16677.782

16508.949

15247 283

14827 642

14128.943

13651.872

13620113

14199.442

13611.815

13764.702

11949857

10460131

11286.630

11308639

12402576

11823.217

11066.876

10675.475

VOLUME-0

20

38

26

a1

a7

20

20

44

29

39

49

25

19

24

22

91

a1

58

33

cy|

36

45

43
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Build FNN model

//Local Repository/processes/BCNUSD Tim: RapidMiner Studio Educational 9.2.001

File Edit Process View Connections Cloud Seftings Extensions Help

h B H - ’ v . Views: Design

epository Process

Qmp.|| =~ ) Process » Validation »
» [ Samples ~
b &i Community S Heural Net

» @ DB
~ [ Local Reposi —

w ™= data (langn

A narmar |

Input Hidden 1 Outpu

R
*

L |
L

RGO D

prediction trend accuracy:

0.505 +/- 0.147 (micro average:

WL 2 L { a i

L

82 35% % Performance (Classific...

0.505)

,0| All Studio

Parameters

% Validation (Sliding Window Validation)

training window width % & @
training window step size % 1 @
test window width % 5 @
horizon W 1 @
/| cumulative training @
</ average performances only @

a Hide advanced parameters

Help

Sliding Window Validation

Value Series
Tags: Validation
Synopsis
slidingwindoValidation encapsulates sliding

windows of training and tests in order to estimate
the nerformance of a nredirtinn onerator.
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Training and applying FNN model

Process
Process » 100% /Q ,@ ,@ + a . ]ﬂ
Retrieve Set Role Windowing
inp out exa H exa exa exa L
f' £ ori ﬂ ori [ES
v 4 Validation
y J res
res
res
Retrieve Out of Set ... Set Role (2) Windowing (2) Apply Model (2)
aut exa 7 exa exa exa rnod lab
f' e ) ﬂ ) ]
J ori ar url rnod
v v v
Recommended Operators A 4
(7] select Attributes 22 51 VP Filter Examples st 28 Y split Data 82 25

The process describes FNN model and uses training / test data to form
prediction
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“By days Data” FFN applying results

Row No. DATE prediction(label) CLOSE-0 OPEN-0 HIGH-0 LOW-0 VOLUME-0
1 Mar 10, 2018 9360.334 9217467 9217.764 9226.324 9208.907 35 a
2 Mar 11, 2018 9149105 0036.514 0035 996 9046 232 9026 055 48 g
k) Mar 12, 2018 9482 376 9431860 0432 252 9440830 0423 264 48 45
4 Mar 13, 2018 9267 550 9147.008 9147.055 9156.589 9137.400 42 2
5 Mar 14, 2018 2001744 8752.420 8754.141 8762.067 2744.002 54 B
& Mar 15, 2018 8425 080 8096152 8096 068 8105472 8087.087 5@ ot
7 Mar 16, 2018 8651.105 8306.558 8306.659 8314.106 8299534 38 100318 _1
g Mar 17, 2018 8507.647 8065.510 8065.815 8072.156 8050.483 33
g Mar 18, 2018 8128 289 TBEA.010 TBEE 741 TETH.343 7656823 i1 1 1 03 . 18 1
10 Mar 19, 2018 AG610.864 8340927 8340 596 8340 466 8332 866 50
11 Mar 20, 2018 8879925 8616.058 8615.805 8622752 8609 461 a7 12 03 . 18 -1
12 Mar 21, 2018 9222180 2007.492 £007.452 9002.975 2002341 26

| 13.03.18 -1

14.03.18 -1
15.03.18 -1
16.03.18 1
17.03.18 1
18.03.18 1

O O KR R R R R R R

FNN model predicts the price direction on day close L



File Edit Process View Connections Cloud Seftings Extensions Help

1Y
; v b - . Views:

epository Process
Qmp.|| =~ ) Process » Validation »
» [ Samples ~
b &i Community S Heural Net
» @ DB i tra mad
L]
~ [ Local Reposi = =
v

w ™= data (langn

M germar

Input Hidden 1 Hidden 2 Output

— -
-

O

na markatiaca

prediction trend accuracy:

Results Turbo Prep Auto Model ,O| All Studio «
Parameters
100% '@ p p 3 a @ EE'] % Validation (Sliding Window Validation)
training window width % 5 @
Apply Model Performance
training window step size % 1 @

Iab lab % per
L ]

ave

L
n
5

mad per exa ave
test window width % 5 @
v
horizon W 1 @
/| cumulative training @
</ average performances only @

:; Hide advanced parameters

Help

]
n
>

Decision Tree

Sliding Window Validation
Value Series
Tags: Validation

Case sensitive B’ Synopsis

slidingwindoValidation encapsulates sliding
windows of training and tests in order to estimate
the nerformance of a nredirtinn onerator.

0.642 +/- 0.136 (micro average: 0.642)
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Full Data FFN applying results

Row No. FPERIOD prediction{la.. = FCLOSE-0 FOPEN-0 FMAX-0 FLOW-0 FVOLUME-0

1 24058 10324.595 10307 10314 10316 10305 19 N
2 24959 10314.938 10296 10307 10307 10295 13 8
3 24960 10312.818 10300 10296 10306 10290 16 c
4 24961 10311.646 10298494 10300 10300 10290 12 t\'
5 24962 10293.923 10266 10297 10297 10266 a3 g
B 24963 10258 850 10226 10266 10266 10210 347 (@]
7 24964 10258125 10257 10228 10258 10223 60 —
8 84965 10255.356 10228 10258 10261918 10227 29 84958 1 O

9 24966 10240.200 10225 10227 10228 10222 14

10 84967 10246.449 10235 10225 10240 10224124 30 84959 1 1

11 24068 10262.134 10257 10235 10258 10234 23

12 24969 10270 546 10256 10255 10260 10252 4 849 6 O 1 O

13 24970 10275.699 10285 10256 10285 10255 17

14 24971 10278.332 10285 10264 10285 10259 480 21 849 6 1 = 1 1

15 24972 10273 456 10255 10264 10285 10254 16

16 24973 10272.571 10261 10255 10264 10250 13 849 6 2 - 1 1

17 24974 10282792 10272 10265 10272 10265 6

18 24975 10299373 10205 10272 10205 10271 14 849 6 3 1 1

19 24976 10309534 10204 10295 10296 10204 12

20 24077 10208.781 10280 10204 10204 10274 17 849 64 1 1

21 24078 10202.642 10205 10281 10205 10281 10

22 24079 10312.442 10300 10205 10200 10204 16 84965 1 0
23 24930 10323 636 10315 10301 10315 10300 a5 84966 1 1
24 24931 10342158 10335 10315 10339 10314 54

25 24032 10354.394 10343 10326 10343 10335 10

ExampleSet (29,485 examples, 2 special attributes, 5 regular attributes) 12/20



Logarithmic return calculation

Logarithmic return formula: Logarithmic rate of return:

R =1In g ln(%)

T'log —

\ 4

1

t

Vi = Vie"
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Extended input data set

Let FIELDS = [OPEN, HIGH, LOW , CLOSE, VOL]
Then:

| FIELDSIj];,
FIELDS[j], = LN (FIELDS i i1>
| FIELDS[j];,
FIELDS[j]; = LN (FIELDS j i2>
| FIELDSI[j];,
FIELDS|j] =LN (FIELDS Jj| i3>

Where:
i — time periods,
j — fields index.
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Extended input data set

DATE TIME
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101
20180101

400

500

600

700

800

900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600

OPEN-2  HIGH-2

-0.00016 -0.00016
-0.00087 -0.00087
-0.00077 -6.45E-06
-3.08E-07 -0.00077
-0.00072 -0.00072
-0.00057 0.000108
-9.23E-05 -0.00077
-0.00012 -0.00012
-0.00023 -0.00023
2.47E-06 0.002111
0.002111 0
-3.08E-05 -3.08E-05
-0.00086 -0.00086

-0.0006 0.000215
0.000232 -0.00058
-1.23E-06 -1.23E-06
-0.00029 -6.54E-05
0.000141 -3.08E-05
5.52E-05 0.000123
0.000123 0.000555
0.000555 9.24E-05
6.13E-05 -3.11E-05
-1.23E-06 -9.24E-07

LOW-2
-0.00092
-0.00108
0.000308
-0.00105
-0.00025
-9.26E-05
-0.00015
-0.0002
0
2.47E-06
0.00208
-0.00086
-0.00085
0.000254
0.000231
-0.00029
6.17E-07
0.000141
5.52E-05
0.000123
0.000555
6.01E-05
-2.71E-05

CLOSE-2 VOL-2

-0.00092
-0.00077
0
-0.00072
-0.00057
-9.20E-05
-0.00013
-0.00023
2.16E-06
0.002111
-1.17E-05
-0.00088
-0.00064
0.000278
-1.54E-06
-0.00029
0.000141
5.52E-05
0.000123
0.000555
6.13E-05
-9.24E-07
-2.71E-05

OPEN-1  HIGH-1
22 -0.00087 -0.00087
20 -0.00077 -6.45E-06
12 -3.08E-07 -0.00077
9 -0.00072 -0.00072
3 -0.00057 0.000108
6 -9.23E-05 -0.00077
17 -0.00012 -0.00012
6 -0.00023 -0.00023
8 2.47E-06 0.002111
18 0.002111 0
7 -3.08E-05 -3.08E-05
4 -0.00086 -0.00086
8 -0.0006 0.000215
0.000232 -0.00058
-1.23E-06 -1.23E-06
-0.00029 -6.54E-05
0.000141 -3.08E-05
5.52E-05 0.000123
0.000123 0.000555
1 0.000555 9.24E-05
4 6.13E-05 -3.11E-05
4 -1.23E-06 -9.24E-07
7 -2.68E-05 -2.71E-05

9
5
2
7
8
5

Total of records: 114442

LOW-1
-0.00108
0.000308
-0.00105
-0.00025
-9.26E-05
-0.00015
-0.0002
0
2.47E-06
0.00208
-0.00086
-0.00085
0.000254
0.000231
-0.00029
6.17E-07
0.000141
5.52E-05
0.000123
0.000555
6.01E-05
-2.71E-05
-0.00031

CLOSE-1 VOL-1
-0.00077
0
-0.00072
-0.00057
-9.20E-05
-0.00013
-0.00023
2.16E-06
0.002111
-1.17E-05
-0.00088
-0.00064
0.000278
-1.54E-06
-0.00029
0.000141
5.52E-05
0.000123
0.000555
6.13E-05
-9.24E-07
-2.71E-05
-0.00031

OPEN
-0.00077
-3.08E-07
-0.00072
-0.00057
-9.23E-05
-0.00012
-0.00023
2.47E-06
0.002111
-3.08E-05
-0.00086
-0.0006
0.000232
-1.23E-06
-0.00029
0.000141
5.52E-05
0.000123
0.000555
6.13E-05
-1.23E-06
-2.68E-05
-0.00031

HIGH
-6.45E-06
-0.00077
-0.00072
0.000108
-0.00077
-0.00012
-0.00023
0.002111
0
-3.08E-05
-0.00086
0.000215
-0.00058
-1.23E-06
-6.54E-05
-3.08E-05
0.000123
0.000555
9.24E-05
-3.11E-05
-9.24E-07
-2.71E-05
-0.00031

LOW
0.000308
-0.00105
-0.00025
-9.26E-05
-0.00015
-0.0002
0
2.47E-06
0.00208
-0.00086
-0.00085
0.000254
0.000231
-0.00029
6.17E-07
0.000141
5.52E-05
0.000123
0.000555
6.01E-05
-2.71E-05
-0.00031
-0.00049

15/20

CLOSE VOL
0
-0.00072
-0.00057
-9.20E-05
-0.00013
-0.00023
2.16E-06
0.002111
-1.17E-05
-0.00088
-0.00064
0.000278
-1.54E-06
-0.00029
0.000141
5.52E-05
0.000123
0.000555
6.13E-05
-9.24E-07
-2.71E-05
-0.00031
-0.00049

[ IS T I N e I« - B N BRIV =Ta - R - |

TARGET

-0.00252
-0.00294
-0.00216
-0.00151
-0.00174
-0.00102
0.001664
0.001744
0.000988
0.000578
0.000853
-0.00126
-0.00152
-0.00052
0.000135
2.56E-05
0.000582
0.000936
0.000794
0.000711
0.000278
-0.00077
-0.00126

indicator

(=R =R R R i L= =R = i e i R = =R =R =R =R =



Extended input data set
Target fields:

CLOSE;,
OPEN,,

1, TARGET; > 0
0, TARGET; < 0

TARGET; = LN(

INDICATOR, ={

Where:
| —time periods.
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Log Return modeling: Long short-term memory
(LSTM)

Layer (type) Cutput Shape Param #
1stm 1 (LSTM) (20, 0, 100) 42400
dropout 1 (Dropout) (20, ©0, 100) i
1stm 2 (LSTM) (20, ©0) 38640
dropout 2 (Dropout) (20, 60) 0]
dense 1 (Dense) (20, 20) 1220
dense 2 (Dense) (20, 1) 21

Layer Dense_1 activation function — ReLU (Rectified Linear Unit)
Layer Dense_2 activation function — Sigmoid
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Log Return modeling: Long short-term memory

Model loss
e TrAIN
0.04 - Test
0.03 1
2 |
= 0.02 |
0.01 1
0.00 1
0 20 40 60 80 100 120
Epoch

prediction trend accuracy:

0.817 +/- 0.128 (micro average: 0.817)

Building model...
Train on 91480 samples,
Epoch 1/300

- 970s - loss:
Epoch 2/300

- 969s - loss: 0.0130 - val loss: 0.0054
Epoch 3/300

— 944s - loss: 0.0031 - val loss: 0.0027
Epoch 4/300

- 848s - loss: 0.0024 - wval loss: 0.0028
Epoch 5/300

— 799s - loss: 0.0022 - val loss: 0.0024
Epoch 6/300

- 771ls - loss: 0.0020 - wval loss: 0.0024
Epoch 7/300

— 808s - loss: 0.0017 - val loss: 0.0023
Epoch 8/300

— 759s - loss: 0.0016 - val loss: 0.0024
Epoch 9/300

— 764s - loss: 0.0018 - wval loss: 0.0025
Epoch 10/300

— 798s - loss: 0.0023 - val loss: 0.002%
Epoch 11/300

— 804s - loss: 0.00l16 - val loss: 0.0028
Epoch 12/300

- 912s - loss: 0.001% - val loss: 0.002%
Epoch 125/300

- 9755 - loss: 4.2855e-04 - wval loss:
Epoch 00125: early StOp%%%% B
saving model...

0.0228 — wval loss: 0.0448

0.0034

validate on 11400 samples



- Results comparison

FNN (days as time

. 80 50% 24 min
period)
FNN (minutesas time 1)/ /45 64% 4h 12 min
period)
LSTM (Log return 114442 82% 23h 18 min
indicator)

* Hardware configuration:
Intel® Core™ i7-3630QM CPU @ 2.49Ghz
RAM 16.0 Gb
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