Chapter 2: Exploratory Data Analysis in Python

Open High Low Close Adj Close Volume
Date
2015-05-15 18251.970703 18272720703 18215070313 18272560547 18272.560547 108220000

2020-05-14 23049.060547 23630.859375 22780.619141 23625339844 23825339844 472700000

1211 rows = & columns

Open High Low Close  Adj Close Volume
Date
2015-05-15 2122.070068 2123.880802 2116.810059 2122.72998 212272995 3092020000

2020-05-14 2794.540039 2852.800049 2766630803 235250000 285250000 5641920000

1209 rows = & columns

Open High Low Close Adj Close Volume

Date
2015-05-15 1246 13.090000 12350000 12.380000 12.380000 0
2020-05-14 3516 30.279999 32330002 32610001 32.610001 0

1206 rows = 6 columns

Open_A High_A Low_A Close_ A Adj Close_A Volume_A Open_B
Date

2015-05-15 13251.970703 18272720703 18215.070313 18272.560547 18272.560547 108220000.0 2122.070068

2020-05-14 23049.060547 23630.859375 22789.619141 23625339844 23625339844 472700000.0 2794540039

1259 rows = 18 columns



Open_A High_A Low_A Close_ A  Adj Close_A Volume_A Open_B
Date
2015-05-15 18251.970703 18272720703 18215070313 18272.560547 18272.560547 1082200000 2122.070068
2020-05-14 23049.060547 23630.859375 22780.619141 23625.330844 23625.339844 4727000000 2794.540039
1111 rows = 18 columns
Open_A High_A Low_A Close_A  Adj Close_A Volume_A Open_B
Date
2015-05-18 18267.230000 18325539063 18244.259766 18298880859 18208.880859  79080000.0 2121.300049
2020-05-01 24120779297 24120779297 23645.300781 23723.680453 23723.689453 418160000.0 NaMN
165 rows = 18 columns

Open_A High_A Low A Close_A  Adj Close A Volume_A Open_B
count  1111.000000  1111.000000  17111.000000  1111.000000  1111.000000 1.111000=e+03  1111.000000
mean 22291125036 22402305046 22168922744 22207881128 22202531416 2.614436e+08 2517.857235
std 3771056417 3784558787 3755740756  3760.395516  3767.900829 1.537677e+08  374.081451
min 15676259766 15897.820313 15370.330078 15060.170688 15600.170638 4.580000=+07 1833.400024
25% 18232280274 18285384766 18156.614258 18230.160156 18227.615235 1.233350e+08 2144.320069
50% 22762.029297 22872.800625 22634440219 22773.660922 22773.660922 2.631800=+08 2521.199951
T3% 25516320312 25650.810547 25382705078 25518.805508 25518.805508 3.328450=+08 2815.010010
max 29440470703 29568.570313 29406.750000 29551.419922 20551.419922 2.190810=+09 33280.449951

Open_A High_A Low_A Close A AdjClose A Open_B

Date

20153-03-15 13251970703 18272720703 18215070313 18272560547 18272.560547 2122.070063

2020-03-14

1111 rows = 15 columns

23049.060547 23630.859375 22780.619147

23625330844 23625330844 27094.540039



20,000 7

28,000 —

28,000 -

24,000

22,000 —

20,000 4

18,000 —

16,000

2018 207 2018 20ha 2020

Date

300 —

200 —

100 +

]

|

]

- 0o
=]

iy

0

ey

=100

-200

-300 —

-400

2016 2017 2hs 20ha 20B0

Ly QOpen_C
65— —— Closa C
----- LW_C

—.= High_C

80

55 <

50—

!
!
45| i

40

T e

35+

30+

25 1 i o !

20 - e S

15 I ¥ L

10

2016 2017 2Ms 208 2020



Open_C Close_C Low_C High_C
count 1095000000 1095.000000 1095000000 1095000000
mean 16.147571 16.072648 15.223635 17.214539
std 6.764147 B.773569 5995822 7.588690
min 9.010000 9.140000 8.560000 9.370000
25% 12.420000 12.285000 11.865000 12.880000
50% 14.160000 14.060000 13.440000 14.940000
T5% 17.623000 17.500000 16.550000 18.929999
max 65.660998 63.950001 58.020999 68.860001
Delta_Close_ A Delta_Close B Delta_Close_C
Date
2015-05-15 26.320312 6469971 0.350000
2015-05-18 13.509766 -1.369873 0.120000
2020-05-13 377.360141 32.500000 -2.6609098
2020-05-14 0.000000 0.000000 0.000000

1095 rows = 3 columns

Delta_Close A Delta_Close B Delta_Close_C

count

mean

std

min

25%

50%

75%

max

1095.000000  1095.000000  1095.000000
4.838383 0.666457 0.013475
268.137091 202189495 1.938761
-2848.310547 -204.049805 -0.120001
-70.804532 -7.140078 -0.760000
15.539063 1.770020 -0.080000
113.280039 12.2350035 0.540001
1351.619141 154.510009 20.010001
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e Date Open_A High_A Low A Close A  Adj Close A Volume A Open_B
0 2015-05-1% 18251.97 1827272 18215.07 18272 .56 18272.56 108220000.00 2122 07
1 2015-05-18 18267.25 1832554 18244 26 18298.88 18298.88 79080000.00 2121.30
2 2015-05-19 18300.48 18351.36 18261.35 18312.39 18312.39 87200000.00 2129 .45
3 2015-05-21 18285 87 18314.89 18249.90 18285.74 18285.74 84270000.00 2125.55
4 2015-05-22 18286.87 18286.87 18217.14 18232.02 18232.02 78890000.00 2130.36
5 2015-05-26 18229.75 18229.75 17990.02 18041.54 18041.54 109440000.00 2125.34
B 2015-05-27 18045.08 18190.35 18045.08 18162.99 18162.99 96400000.00 2105.13
7 2015-05-28 18154 .14 18154.14 18066 40 18126.12 1812612 67510000.00 2122 27
8 2015-05-29 1812812 1812812 17967.74 18010.68 18010.68 139810000.00 2120 66
g 2015-06-01 18017.82 18105.83 17982.06 18040.37 18040.37 85640000.00 2108 64
10 2015-06-02 18033.33 18091.87 17925.33 18011.94 18011.94 77550000.00 2110.41
n 2015-06-03 18018.42 18168.09 18010.42 18076.27 18076.27 T3120000.00 2110.64
12 2015-06-05 17905.38 17940.78 17822.90 17849.46 17849.46 89140000.00  2095.09
13 2015-06-08 17849 46 17852 35 17760.61 17766.55 17766.55 £6300000.00 nan
14 2015-06-09 17766.95 17817.83 17714.97 17764.04 17764.04 90550000.00  2079.07
15 2015-06-10 17765 .38 18045.14 17765.38 18000.40 18000.40 96980000.00 208112
16 2015-06-1 18001.27 18109.77 18001.27 18039.37 18039.37 89490000.00 2106.24
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m |[Describe 300.48

285 87
Y |Custom Filter

286 87
9, |Build Column

22975
% |Summarize Data

045.08
@ |Duplicates 541
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0  2015-05-15 | Column "Open_A" 272.56
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« Skew: -0.06 (fairly symmetrical)
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Chapter 5: Data Visualization Using Matplotlib
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Chapter 6: Statistical Estimation, Inference, and Prediction
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Error components
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Partial Autocorrelation

10

0.8

0.6 1

04

0.2 1

0a

240 4

220 1

200 1

180 A

160

140 1

120 A

100 1

e Price
== PredPrice

2004

2009

2014

2019



e Price TN
—-= PredPrice I F
2201 - iy /
o i \ i
L I i ‘a\ i
N ! \ / W
] ;o / v N
i \ ! N
i \ ! NS
200 i ‘-_\ !
L /
! ~
190
180
170
1016 017 1018 019 2020 2021 1022 2023

Parameter Statistical Tests

d = trend difference order

D = seasonal difference order

Kwiatkowski-Phillips-Schmidt-Shin (KPSS)
Augmented Dickey-Fuller (ADF)
Phillips-Perron (PP)

Canova-Hansen (CH)

SARIMAX Rezults

Dep. Variable: ¥y  MNo. Observations: 24a
Model : SARIMAX(4, 1, 2) Log Likelihood -392.859
Date: Thu, 18 Mar 2821  AIC 8688.119
Time: 11:15:38 BIC 827.93a
Sample: @  HQIC 811.326
- 248

Covariance Type: opg

coef std err z P>|z| [B.@25 8.975]
intercept @.1222 @.al3 9.356 a.ae8 a.a97 8.148
ar.L1 1.2582 @.8%6 13.859 a.ae8 1.863 1.438
ar.L2 -8.8985 @.135 -8.732 a.464 -@.362 8.165
ar.L3 -a.3111 @.126 -2.479 @.e813 -@.557 -8.865
ar.L4 -8.1326 @.a89 -1.487 @.137 -g.3a7 8.a42
ma.Ll -1.8235 a.a61 -38.898 a.ae8 -1.942 -1.785
ma.L2 8.8357 a.868 13.874 a.eaa a.718 @.954
sigma2 1l.6881 a.2a3 8.263 a.ae8 1.282 2.a79
Ljung-Box (Q): 55.54  Jarque-Bera (JB): 1.44
Prob{Q): @.85  Prob(JB): 2.49
Heteroskedasticity (H): 8.77  Skeuw: 2.85
Prob(H) (two-sided): 8.25%  Kurtosis: 2.54

Warnings:

[1] Covariance matrix calculated using the outer product of gradients (complex-step).
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Chapter 8: Introduction to Zipline and PyFolio
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System Properties *

1 uter Mame  Hardware| Advanced |5 tection Remote

You must be logged on as an Administrator to make most of these changes.

Performance

Wisual effects, processor scheduling, memorny usage, and virtual memory

User Profiles
Desktop settings related to your sign-in

Settings...

Startup and Recovery
System startup, system failure, and debugging information

Settings...

Environment Variables...

QK Cancel

ithmic-trading-with-py zipline ingest -b packt-cswdir-bundle
zipline.data.bund : Ingesting packt-csvdir-bundle.

out of bounds
a, inwvalid_
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Start date
End date

Total months

Annual return
Cumulative returns
Annual volatility
Sharpe ratio
Calmar ratio
Stability

Max drawdown
Omega ratio
Sortino ratio
Skew

Kurtosis

Tail ratio

Daily value at risk

Worst drawdown periods

2000-01-03

2017-12-29

215

Backtest

24.9%

5324.2%

20.9%

0.89

0.42

0.92

-50.4%

1.21

137

0.41

7.82

1.16

-3.7%

0

1

Met drawdown in 3

59.37

31.34

2544

24.14

2145

Peak date

2000-03-22

2015-02-23

2005-02-18

2006-01-13

2012-04-09

Valley date Recovery date

2003-03-24

2016-09-09

2005-07-18

2006-02-09

2013-07-19

2004-10-14

2017-05-09

2005-10-20

2006-10-23

2013-12-03

Duration

1192

577

177

202

432
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Chapter 9: Fundamental Algorithmic Trading Strategies

Start date 2000-01-03

End date 2017-12-29

Total months 215
Backtest
Annual return 24.9%

Cumulative returns 5324.2%

Annual volatility 20.9%
Sharpe ratio 0.89
Calmar ratio 0.42

Stability 0.92

Max drawdown -50.4%
Omega ratio 1.21
Sortino ratio 137
Skew 0.41

Kurtosis 7.82

Tail ratio 1.16

Daily value at risk -3.7%

Worst drawdown periods Met drawdown in %6 Peak date Valley date Recovery date Duration

0 5037 2000-03-22 2003-03-24 2004-10-14 1192
1 3134 2013-02-23 2016-09-09 2017-05-09 377
2 2544 2003-02-16  2005-07-18 2005-10-20 177
3 2414 2006-01-13  2006-02-09 2006-10-23 202

4 2145 2012-04-09 2013-07-19 2013-12-03 432
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—— Backtest
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Top 5 drawdown periods

Monthly returns (%) Annual returns Distribution of monthly returns
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40
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L11q

Number of months

o

Start date 2000-01-03

End date 2017-12-29

Total months 215
Backtest
Annual return 18.0%

Cumulative returns 1847.4%

Annual volatility 32.6%
Sharpe ratio 0.68
Calmar ratio 0.23

Stability 001

Max drawdown -76.8%
Omega ratio 117
Sortino ratio 0.95
Skew -3.14

Kurtosis 9512

Tail ratio 1.13

Daily value at risk -4.0%



Worst drawdown periods Met drawdown in 36 Peak date Valley date Recovery date Duration

0 7e.79  2000-03-22 2001-02-28 2005-02-02 1271
1 4917 2007-12-28 2008-03-04 2009-10-06 463
2 3737 2015-02-23  2016-05-12 2017-08-08 542
3 27.868 2006-01-13 2006-09-06 2007-04-26 335
4 2517 2012-09-19  2012-11-15 2014-06-05 447

Cumulative returns
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Rolling Sharpe ratio (6-month)

—— Sharpe
== Average
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Top 5 drawdown periods
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Start date
End date

Total months

Annual return
Cumulative returns
Annual volatility
Sharpe ratio
Calmar ratio
Stability

Max drawdown
Omega ratio
Sortino ratio
Skew

Kurtosis

Tail ratio

Daily value at risk

2000-01-03

2017-12-29

215

Backtest

20.8%

2902.2%

20.0%

0.80

0438

0.92

-43.4%

1.20

1.21

043

891

1.12

-3.6%

Worst drawdown periods Met drawdown in %6 Peak date Valley date

0 4344 2000-03-22 2001-10-17
1 35.83 2005-02-16 2005-06-27
2 2553 2003-05-13 2009-02-23
3 2531 2011-02-16 2011-12-21

4 2499 2006-11-28 2007-02-27

Recovery date
2003-07-25
2005-11-02
2009-04-23
2012-02-28

2007-05-30

Duration

873

186

248

270

132



Cumulative returns

Volatility Returns
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Cumulative returns

Year

Top 5 drawdown periods

30.00
25.00
20.00
15.00
10.00
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0.00
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2000 58] 7,32 ? — 1
49/16-7.23. 0 oqsﬂlzs —
2002 RS et seae s Tt g0 —
58 11 35 28 [
oo B 5 h Ea— S 40
115688 4 r 24 ook [ +
2008 -O:Hg-ﬁdo4llﬁo 093 m o N 30
3.10.1 85 79490512910 1.7 6108 18] _ o
2010 110 117271272210 613437 > o —
5241 637 4 4148409185 1.1 —= 1 QL 20
2012 /EE=10-7.70326-13060306 0 6.4 ]
14106057328 20721702 1048 = | £
2014 0.496170.912-1172 0 64355439 - | é 10 I I I
2016 oo s 634105106557 1725 = wual b
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Month Returns Returns
Start date 2013-01-02
End date 2017-12-29
Total months 35
Backtest
Annual return 11.0%
Cumulative returns 36.8%
Annual volatility 9.9%
Sharpe ratio 1.1
Calmar ratio 1.04
Stability 0.84
Max drawdown -10.6%
Omega ratio 1.52
Sortino ratio 2.00
Skew 3.03
Kurtosis 33.05
Tail ratio 144

Daily value at risk -1.2%



Cumulative returns
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Worst drawdown periods
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—— Backtest

Met drawdown in %

10.55

429

577

5.05

2.92

Peak date

2016-10-25

2016-05-26

2016-08-15

2016-05-03

2016-09-15

Valley date
2016-11-14
2016-06-27
2016-09-09
2016-05-12

2016-09-29

Cumulative returns

Returns

Recovery date  Duration

2017-01-09

2016-07-27

2016-09-14

2016-05-20

2016-10-10

55

45

23

14

18
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Start date 2013-01-02

End date 2017-12-29

Total months 35
Backtest

Annual return 10.0%
Cumulative returns 33.0%
Annual volatility 15.2%
Sharpe ratio 0.70
Calmar ratio 042
Stability 041

Max drawdown -24.0%
Omega ratio 1.19
Sortino ratio 1.00
Skew -0.33

Kurtosis 10.99

Tail ratio 1.00

Daily value at risk -1.9%

Worst drawdown periods Net drawdown in % Peak date Valley date Recovery date
0 23.97 2015-02-23 20716-02-23 2017-02-15
1 7.07 2017-05-12 2017-06-29 2017-10-16
2 306 2017-11-00 2017-12-27 NaT
3 348 2013-01-26 2015-01-27 2015-01-28
4 283 2017-04-04 2017-04-28 2017-05-05

Duration

518

112

Mal

3

24
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Cumulative returns

Year

Top 5 drawdown periods
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Start date 2015-01-02
End date 2017-12-29
Total months 35
Backtest
Annual return 18.7%
Cumulative returns 67.2%
Annual volatility 14.3%
Sharpe ratio 127
Calmar ratio 1.81
Stability 0.84
Max drawdown -10.4%
Omega ratio 1.59
Sortino ratio 252
Skew 433
Kurtosis 47.86
Tail ratio 139

Daily value at risk -1.7%



Cumulative returns

Returns

Worst drawdown periods MNet drawdown in 36
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Start date 20153-01-02

End date 2017-12-292

Total months 35
Backtest

Annual return 10.6%
Cumulative returns 35.1%
Annual volatility 17.6%
Sharpe ratio 0.66
Calmar ratio 0.68
Stability 0.74

Max drawdown -15.6%
Omega ratio 1.20
Sortino ratio 0.97
Skew 0.04

Kurtosis 19.96

Tail ratio 1.19

Daily value at risk -2.2%

Worst drawdown periods Met drawdown in %6  Peak date Valley date Recovery date
0 15.57 2013-01-08 2015-04-02 2013-10-02
1 14.25 2013-12-29 2016-06-27 2017-10-05
2 370 2015-11-06 2015-11-13 2015-12-01
3 349 2015-12-16 2015-12-18 2015-12-29
4 324 2015-12-04 2015-12-M 2015-12-18

Duration

192

463

18

10

9
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Cumulative returns

Year

Top 5 drawdown periods
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Start date 2015-01-02

End date 2017-12-29

Distribution of monthly returns

Number of months

Total months 35
Backtest

Annual return 18.8%
Cumulative returns 67.4%
Annual volatility 11.7%
Sharpe ratic 153
Calmar ratio 1.88
Stability 0.98

Max drawdown -10.0%
Omega ratio 1.71
Sortino ratio 272
Skew 1.50

Kurtosis 1837

Tail ratio 1.96

Daily value at risk -1.4%
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Worst drawdown periods

Cumulative returns

Returns

Volatility
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—— Backtest

Met drawdown in 3%

10.00

4497

3.99

2.56
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Peak date

2015-05-27
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2015-01-28

2015-02-05

2015-03-20

Valley date Recovery date Duration

2015-08-25

2016-01-21

2015-01-30

2015-03-12

2015-04-02

Cumulative returns

Returns

Rolling volatility (6-month)

2015-10-02 a3
2016-01-29 12
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2015-03-18 30
2015-04-06 12
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Sharpe ratio
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Start date 2000-01-03

End date 2017-12-29

Total months 215
Backtest

Annual return 6.6%
Cumulative returns 215.2%
Annual volatility 11.4%
Sharpe ratio 0.62
Calmar ratio 0.24
Stability 0.76

Max drawdown -27.3%
Omega ratio 131
Sortino ratio 043
Skew -1.58

Kurtosis 107.60

Tail ratio 142

Daily value at risk -1.4%

Worst drawdown periods MNet drawdown in %6 Peak date Valley date Recovery date
0 2729 2016-08-24 2016-10-05 NaT
1 2547  20153-08-19  2013-11-13 2016-053-26
2 11.70  2011-06-21  2011-08-04 2011-08-30
3 1111 2010-08-04  2011-02-14 2011-06-09
4 793 2012-08-07 2012-08-29 2012-09-21

Duration

Mal

202

51

222
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Cumulative returns

Year

Top 5 drawdown periods

3.00 —— Portfolio
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Monthly returns (%) Annual returns Distribution of monthly returns
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Month Returns Returns
Start date 2015-01-02
End date 2017-12-29
Total months 35
Backtest
Annual return 1.8%
Cumulative returns 5.4%
Annual volatility 4.3%
Sharpe ratio 043
Calmar ratio 0.30
Stability 0.57
Max drawdown -5.8%
Omega ratio 1.14
Sortino ratio 0.61
Skew -0.29
Kurtosis 14.23
Tail ratio 1.23

Daily value at risk -0.5%



Worst drawdown periods MNet drawdown in % Peak date Valley date Recovery date Duration

0 581 2017-11-14  2017-12-12 MaT MaM
1 3.59 2017-09-13 2017-09-27 2017-10-17 25
2 289 2017-06-06 2017-07-07 2017-07-27 38
3 244 2017-03-02 2017-03-24 2017-05-04 45
4 1.67 2017-07-28 2017-08-22 2017-09-05 28
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Cumulative returns Sharpe ratio
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Startdate 2070-01-04

End date 2017-12-29

Total months a5

Backtest

Annual return 0.7%

Cumulative returns 109.6%

Annual volatility 10.6%

Sharpe ratio 0.3

Calmar ratio 0.53

Stability 0.91

Max drawdown -13.2%

Omega ratio 1.18

Sortino ratio 1.36

Skew -0.08

Kurtosis 2.08

Tail ratic 1.04

Daily value at risk -1.3%

Worst drawdown periods MNet drawdown in 3% Peak date

0 1822 2014-11-28 2015-08-25
1 9.97 2011-07-07 20711-08-10
2 856 2013-11-25 2014-02-03
3 815 2010-11-04  20711-03-16
4 723 2012-10-18  2012-11-15

Valley date Recovery date

2016-07-11

2011-10-27

2014-03-31

2011-04-26

2013-01-25

Duration

422

a1

o9

124

72
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Year

Top 5 drawdown periods

Monthly returns (%) Annual returns Distribution of monthly returns
2010 o o0 0 0 0 01517fK36 2 14 2010

|
2011 -1.1-0.1-1.2E1.?—1.d-1.8114. 19 25 2011 "E 12 Mean
2012 0.40.81.3-1.6035E%] 1924021404 2012 E 10
2013 = 2013 - 8
2014 L 2014 = 6
2015 B 6. 2015 -E a4
2016 = 2016 3 2
2017 * 2017 , m |
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Month Returns Returns
Start date 20710-01-04
End date 2017-12-29
Total months a5
Backtest
Annual return 12.4%
Cumulative returns 153.5%
Annual volatility 17.0%
Sharpe ratio orr
Calmar ratio 0.58
Stability 0.76
Max drawdown -21.1%
Omega ratio 1.15
Sortino ratio 1.15
Skew 048
Kurtosis T.23
Tail ratio 1.01

Daily value at risk -2.1%



Worst drawdown periods MNet drawdown in 36

Peak date

Valley date Recovery date Duration
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13.42
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2015-10-27
2011-07-07
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2015-02-24

2010-04-23

2017-02-02

2011-08-08

2012-05-18

2015-08-25

2010-05-20

Cumulative returns

Returns

Rolling volatility (6-month)

Volatility

+ Average volatility

2017-11-30 548
2012-03-19 183
2012-08-24 100
2015-10-27 176
2010-06-17 40

0.00



Cumulative returns Sharpe ratio

Year

Rolling Sharpe ratio (6-month)
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Start date 2017-01-03

End date 2017-12-20

Total months 11

Backtest

Annual return 9.3%

Cumulative returns 0.3%

Annual volatility 9.3%

Sharpe ratio 1.01

Calmar ratio 1.22

Stability 0.25

Max drawdown -T.7%

Omega ratio 1.26

Sortino ratio 145

Skew -1.09

Kurtosis 1597

Tail ratic 1.95

Daily value at risk -1.1%

Worst drawdown periods MNet drawdown in % Peak date

0 767 2017-05-12 2017-06-15
1 283 2017-04-04 2017-04-19
2 113 2017-03-20 2017-03-21
3 0.84 2017-01-11 2017-02-07
4 0.80 2017-03-01 2017-03-09

Valley date Recovery date

MaT

2017-05-01
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2017-02-13

2017-03-15
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Cumulative returns

Year
2017
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Start date 2017-01-02

End date Z2017-12-29

Total months 1"
Backtest

Annual return 10.4%%
Cumulative returns 19.3%
Annual volatility 15.5%
Sharpe ratio 1.22
Calmar ratio 2.23
Stability 0.35

Max drawdown -8.7%
Omeqga ratio 1.23
Sortino ratio 203
Skew 1.07

Kurtosis 9.47

Tail ratio 1.37

Daily value at risk -1.9%

Distribution of monthly returns
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Worst drawdown periods
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Peak date

2017-04-04
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2017-11-10
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Valley date Recovery date Duration

2017-06-16

2017-09-25

2017-12-06

2017-11-15

2017-08-21

Cumulative returns
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Rolling volatility (6-month)

2017-08-15 96
2017-10-30 42

MaT NalM
2017-11-22 g
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Cumulative returns Sharpe ratio
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