Chapter 1: Introducing simulation models




Chapter 2: Understanding randomness and random numbers

f(x)
0 i
a ‘b X
f(x)
A
X

d.f. 1995 .99 975 .95 9 5 | .05 .025 .01
1 0.00 0.00 0.00 0.00 0.02 2:71 3.84 5.02 6.63
2 0.01 0.02 0.05 0.10 0.21 4.61 5.99 7.38 9.21
3 0.07 0.11 0.22 0.35 0.58 6.25 7.81 9.35 11.34
4 0.21 0.30 0.48 0.71 1.06 7.78 9.49 11.14 13.28
5 0.41 0.55 0.83 1.15 1.61 9.24 11.07 12.83 15.09
6 0.68 0.87 1.24 1.64 2.20 10.64 12.59 14.45 16.81
7 0.99 1.24 1.69 2l 2.83 12.02 14.07 16.01 18.48
8 1.34 1.65 2.18 2.73 3.49 13.36 15.51 17.53 20.09
9 1.73 2.09 2.70 3.33 4.17 14.68 16.92 19.02 21.67

10| 216 256 325 394 487 1599 1831 2048 23.21
11| 260 3.05 3.82 457 558 17.28 19.68 21.92  24.72
12 | 3.07 357 440 523 630 1855 21.03 23.34  26.22
13| 3.57 411 501 589 7.04 1981 2236 24.74 27.69
14| 407 466 563 657 7.79 21.06 23.68 26.12 29.14
15| 460 523 626 726 855 2231 25.00 27.49  30.58
16 | 5.14 581 691 796 931 2354 2630 2885  32.00
17 | 570 641 7.56 867 10.09 2477 2759  30.19 33.41
18| 6.26 7.01 823 939 10.86 2599 28.87 31.53  34.81
19| 684 763 891 10.12 11.65 2720 |[30.14] 32.85 36.19
20| 743 826 9.59 10.85 12.44 2841 3141 3417  37.57
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Chapter 3: Probability and Data Generating Process
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Chapter 4: Exploring Monte Carlo Simulations

Numerical Integration using Monte Carlo method
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Chapter 5: Simulation-Based Markov Decision Process
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Chapter 6: Resampling methods
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Chapter 7: Using Simulations to Improve and Optimize
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Chapter 8: Using Simulation Models for Financial Engineering

Date ADBE Ccsco HPQ IBM MSFT NVDA
2019-12-10 -0.00937S 0.004556 -0.004622 -0.000075 -0.001520 0.008531
2019-12-11 -0.001414 0©0.004082 -0.006436 -0.001120 0.003772 0.015702
2019-12-12 ©.007309 0.031391 0.917937 0.011663 0.010152 0.0830965
2019-12-13 ©.039155 -0.008102 -0.003916 -0.008203 0.008418 -0.000357
2019-12-16 ©0.018431 ©0.9015011 ©.008354 -0.000596 0.006471 ©0.0085179
2019-12-17 -0.002934 0.010004 -0.007310 0.000671 -0.005401 0.013946
2019-12-18 ©.00473S 0.004307 -0.001964 0.001416 -0.002069 0.005344
2019-12-19 ©0.01001S 0.026587 -0.001476 ©0.001116 ©0.008680 0©.025925
2019-12-20 -0.000061 -0.008981 ©0.012808 ©.007655 0.010918 0.016606
2019-12-23 ©0.004090 0.0136°59 ©.000000 -0.000295 ©.000000 -0.002298
2019-12-24 ©.002098 -0.006653 ©.001459 -0.004205 -0.000191 -0.000837
2019-12-26 ©0.004732 0.001465 ©.004857 -0.000519 0.008197 0.002389
2019-12-27 -0.001238 -0.001672 -0.007733 0.002668 0.001828 -0.009699
2019-12-30 -0.007407 -0.003768 -0.001948 -0.018186 -0.008619 -0.015209
2019-12-31 ©0.004477 ©.007775 ©.002928 0.009261 0.000698 0.012827

- 2019-01 2019-03 2019-05 ZﬁlSQFQIJ 201909 201911 2020-01 2019-01 2019-03 2019-05 20&%37 2019-09 2019-11 2020-01
Symbols ADBE Ccsco HPQ IBM MSFT NVDA
count 252.000000 252.000000 252.000000 252.000000 252.000000 252.000000
mean 279.322818  49.205063 19.313817 132.608199 129.186055 174.166609
std 21.752600 4.200723 1.408966 6.428383 15.278252 25.087806
min 215.699997 39.581779  15.744497 106.628937 95.719376 127.415871
25% 266.264992 45.784278 18.431488 130.79@S74 117.781679 153.833103
50% 277.779999  48.351564  19.268356 132.955559 133.948311 170.877266
75% 293.307510  53.284943 20.242229 136.054127 138.260609 187.855320
max 331.260012 56.656013 22.904491 146.323151 158.527008 239.226898
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Amazon.com, Inc. (AMZN)
NasdaqGS - NasdaqGS Real Time Price. Currency in USD

2,011.60 +14.01(+0.70%)

At close: April 7 4:00PM EDT

Summary (ompanyomlookﬁ Chart Conversations

Time Period: Apr 08, 2010 - Apr 08,2020 v Show: Historical Prices v

Currency in USD

Statistics

Historical Data | Profile  Financials  Analysis  Options  Holders  Sustainability

&, Download Data

Date Open High Low Close* Adj Close** Volume
People Also Watch
Apr 07,2020 2,017.11 2,035.72 1,997.62 2,011.60 2,011.60 5113983
Symbol Last Price Change % Change
Apr 06,2020 1,936.00 199852 1,930.02 1,997.59 1,997.59 5,761,200 =3 T 58 nioek
Facebook, Inc.
Apr 03,2020 191115 192633 1,889.15 1,906.59 1,906.59 3,609,900
GOOG 118651 -041  -0.03%
Apr 02,2020 1,901.64 1,927.53 1,890.00 191883 191883 4,336,000 Apiabec.
AAPL 25943 -3.04  -116%
Apr 01,2020 193297 1,944.96 1,893.00 1,907.70 1,907.70 4,121,900 Apple Inc
Mar31,2020 196435 1,993.02 194401 194972 194972 sazsgoo; MRX_ 37228 C7aSC 2w
Mar 30, 2020 192283 197363 191234 1,963.95 1,963.95 6,126,100 TSLA 54545 +2921  +5.66%
Tesla, Inc.
Mar 27,2020 1,930.86 1939.79 1,899.92 1,900.10 1,900.10 5,387,900
2.0 A
1.51
1.0+
0.5
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T T T T T T
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Chapter 9: Simulating Physical Phenomena Using Neural
Networks
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Frequency AngleAttack ChordLength FSVelox SSDT SSP
Frequency 1.000000 -08.272765 -0.003661 0.133664 -0.230167 -0.390711
AngleAttack -0.272765 1.000000 -0.504868 ©0.058760 ©.753394 -0.156108
ChordLength -0.003661 -0.504868 1.000000 ©.003787 -0.220842 -0.236162
FSVelox 0.133664 0.058760 0.003787 1.000000 -0.003974 ©.125103
SSDT -0.230107 0.753394 -0.220842 -0.003974 1.000000 -0.312670
SSP -0.390711 -9.156108 -0.236162 ©.125103 -0.312670 1.000000
[} 8
T 1 1 - - 8
count mean std min 25% 50% 75% \
Frequency 1503.0 ©.135676 ©0.159221 0.0 0.030303 0.070707 0.191919
AngleAttack 1503.0 ©.385509 0.266582 0.0 0.090090 ©0.243243 0.445946
ChordLength 1503.0 ©.397810 0.334791 0.0 0.090909 0.272727 0.727273
FSVelox 1503.0 ©.483857 0.393252 0.0 0.199495 0.199495 1.000000
SSDT 1503.0 ©.185125 0.226687 ©.0 0.036794 0.078550 0.261594
SSP 1503.0 ©.570531 0.183441 0.0 0.447018 0.594065 0.707727
max
Frequency 1.0
AngleAttack 1.0
ChordLength 1.0
FSVelox 1.0
SSDT 1.0
SSP 1.0



count mean std min 25%
Frequency 1503.0 2886.380572 3152.573137 200.000000 800.000000
AngleAttack 1503.0 6.782302 5.918128 0.000000 2.000000
ChordLength 1503.0 ©.136548 0.093541 0.025400 0.050800
FSVelox 1503.0  50.860745  15.572784 31.700000  39.600000
SSDT 1503.0 @.01114e 0.013150 0.000401 0.002535
SSP 15083.¢ 124.835%43 6.898657 103.380000 120.1916000
50% 75% max
Frequency 1600.000000 4000.000000 20000.000000
AngleAttack 5.400000 9.900000 22.200000
ChordLength 0.101600 0.228600 0.304800
FSVelox 39.600000  71.300000 71.300000
SSDT 0.004957 0.015576 0.058411
SSP 125.721000 129.995500 146.987000
Frequency AngleAttack ChordLength FSVelox SSDT
0 800 0.0 0.3048 71.3 0.002663 126.
1 1000 0.0 ©.3048 71.3 0.002663 125.
2 1250 0.0 0.3048 71.3 0.002663 125.
3 1600 0.0 0.3048 71.3 ©0.002663 127.
4 2000 0.0 0.3048 71.3 0.002663 127.
5 2500 0.0 ©.3048 71.3 0.002663 125.
6 3150 0.0 0.3048 71.3 0.002663 125.
7 4000 0.0 0.3048 71.3 ©.002663 123.
8 5000 0.0 0.3048 71.3 0.002663 121.
9 6300 0.0 ©.3048 71.3 0.002663 119.
10 8000 0.0 ©.3048 71.3 0.002663 117.
11 10000 0.0 0.3048 71.3 0.002663 115.
12 12500 0.0 0.3048 71.3 0.002663 112.
13 16000 0.0 0.3048 71.3 ©.002663 108.
14 500 0.0 ©.3048 55.5 ©.002831 126.
15 630 0.0 0.3048 55.5 ©.002831 127.
16 800 0.0 0.3048 55.5 ©0.002831 128.
17 1000 0.0 0.3048 55.5 ©.002831 126.
18 1250 0.0 ©.3048 55.5 ©.002831 126.
19 1600 0.0 0.3048 55.5 ©.002831 126.
20 2000 0.0 0.3048 55.5 ©0.002831 126.
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Chapter 10: Modeling and Simulation for Project Management
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Chapter 11: What's Next?




ENVIRONMENT

}

R‘EWI,:HT\'EI
rew

RAGENT

Cswe )




— Y = f(X1, Xg,eeeer) Xpy) —

2
&

o
]

20

E
9 I I III
8!
8
1 2 3 4 5 6 7 8 9 10

&

3

&

3




