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Introduction of Project

> Purpose

The purpose of this Final Project is to practically implement the contents covered in Chapter 7 (Efficient Diversification)
and Chapter 8 (Index Models) from class material Investments By Zvi Bodie.

The project aims to find the regions of permissible portfolios (efficient frontier, minimal ris portfolio, optimal portfolio,
and minimal return portfolios frontier) for the five cases of the additional constraints:

> Dataset
The dataset acquired from Yahoo! Finance contains recent 20 years of historical daily total return data for ten stocks

(introduced as target companies). One equity index (S&P 500) and an Effective Federal Funds rate (risk-free :FEDLO1) are
introduced.

To simulate a close-to-reality portfolio investment and reduce randomness, the ten target companies come from four
diversified industries.

> Main Steps

Aggregate the daily data to the monthly observations to lessen the non-Gaussian impacts, and then compute the correct
optimization inputs for the entire Markowitz Model and Index Model.

Determine the areas of acceptable portfolios (efficient frontier, minimal risk portfolio, optimal portfolio, and minimal
return portfolios frontier) with five extra constraints by optimization of MM and IM models.



' Five Constrains

11

Constraint 1 ;WJSZ;

Constraint 2 | <1, for Vi;

Constraint 3 A “free” problem, without any additional optimization constraints
Constraint 4 w, 20, for Vi;

Constraint 5 w,=0.



Nvidia Corporation is a Cisco Systems is a Intel Corporation, Goldman Sachs, headquartered U.S. Bancorp is a leading

global leader in artificial multinational technology headquartered in San Jose, in New York City, is the largest  banking institution in the United
intelligence hardware and conglomerate corporation CA, is the world's largest financial services provider in States. The company provides
software based in Santa headquartered in San Jose, semiconductor chip the world who offers services in  banking, investment, mortgage,
Clara, CA. It is a software CA. Cisco develops, manufacturer. Intel supplies investment banking, securities,  trust, and payment services

and fabless company which manufactures, and sells microprocessors for PCs and asset management and products to individuals,

designs GPUs and APIs for networking hardware, also manufactures investment management. It also  businesses, governmental

data science and SoCs for software, and motherboard chipsets, operates private-equity funds, entities, and other financial

the mobile computing and telecommunications network interface controllers credit, real estate funds, and institutions.

automotive market. equipment. and integrated circuits. hedge funds.
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TD Bank is a leading banking
institution primarily operating
across the East Coast.
Founded by January 1852, TD
has 170 years history in
financial services. The
company provides banking,
investment, mortgage and
payment services to
individuals, governmental
entities, and other financial

institutions.
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The Allstate Corporation is
one of the largest insurance
company in North American.
The company provides
insurance products, (auto
insurance, homeowners
insurance, healthcare insurance
etc.), wealth transfer (business
succession planning products
etc.) and other financial

services.
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The Procter & Gamble
Company is a consumer
goods manufacture
specializing in a wide range of
personal health/consumer
health, personal care and
hygiene products and also
produce food, snacks, and

beverages.
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Johnson & Johnson is an
American manufacturer of
healthcare products, medical
devices and pharmaceuticals
with global headquarters in

New Brunswick, New Jersey,

USA. The comapny consists of

more than 250 subsidiaries
around the world, and its
products are sold in more than

170 countries.
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Colgate-Palmolive

Company is an American
consumer products company
headquartered on NYC. It
specializes in the production,
distribution and provision of
household, health care,
personal care and veterinary

products.
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Preview of Dataset

SPX FEDLO1 NVDA CsCo IN) GS UsB INTC TD CN PGR ALL GS
2001/5/11 124567 2001/5/11 447 2001/5/11 130233 2001/5/11 1905 2001/5/11 4863 2001/5/11 9285 2001/5/11 206576 2001/5/11 2794 2001/5/11 2005 2001/5/11 97317 2001/5/11 4183 2001/5/11 9285
2001/5/14 1249016 2001/5/14 443 2001/5/14 13135 2001/5/14 1857 2001/5/14 48895 2001/5/14 941 2001/5/14 208548 2001/5/14 2741 2001/5/14 20 2001/5/14 9.83 2001/5/14 42 2001/5/14 941
2001/5/15 1249544 2001/5/15 422 2001/5/15 136067 2001/5/15 18.74 2001/5/15 4854 2001/5/15 9485 2001/5/15 211999 2001/5/15 272 2001/5A15 2005 2001/5/15 98708 2001/5/15 423 2001/5/15 94.85
2001/5/16 1285295 2001/5/16 404 2001/5/16 14.2483 2001/5/16 20 2001/5/16 49885 2001/5/16 9995 2001/5/16 216337 2001/5/16 2836 2001/5/16 20015 2001/5/16 10.0592 2001/5/16 4327 2001/5/16 99.95
2001/5/17 1288808 2001/5/17 404  2001/5/17 145 2001/5/17 19.86 2001/5/17 5034 2001/5/17 9795 2001/5/17 213576 2001/5/17 286 2001/5/17 2014 2001/5/17 99942 2001/5/17 4304 2001/5/17 9795
2001/5/18 1292525 2001/5/18 395 2001/5/18 143833 2001/5/18 202 2001/5/18 5068 2001/5/18 9725 2001/5/18 215351 2001/5/18 28.76 2001/5/18 20 2001/5/18 10475 2001/5/18 4387 2001/5/18 9725
2001/5/21 1313404 2001/5/21 402 2001/5/21 150333 2001/5/21 2287 2001/5/21 504943 2001/5/21 1019 2001/5/21 215943 2001/5/21 299 2001/5/22 19825 2001/5/21 108167 2001/5/21 4489 2001/5/21 1019
2001/5/22 1309958 2001/5/22 399 2001/5/22 154833 2001/5/22 2348 2001/5/22 496764 2001/5/22 10329 2001/5/22 219295 2001/5/22 2953 2001/5/23 198 2001/5/22 107 2001/5/22 4484  2001/5/22 10329
2001/5/23 1289668 2001/5/23 397 2001/5/23 153517 2001/5/23 2236 2001/5/23 49.0392 2001/5/23 99.3 2001/5/23 220183 2001/5/23 288 2001/5/24 2025 2001/5/23 106975 2001/5/23 44.25 2001/5/23 99.3
2001/5/24 1293821 2001/5/24 398 2001/5/24 155783 2001/5/24 2291 2001/5/24 48.8987 2001/5/24 9985 2001/5/24 222944 2001/5/24 2921 2001/5/25 20175 2001/5/24 107692 2001/5/24 4424 2001/5/24 99.85
2001/5/25 1278536 2001/5/25 394 2001/5/25 152833 2001/5/25 2205 2001/5/25 487983 2001/5/25 9796 2001/5/25 219197 2001/5/25 291 2001/5/28  20.055 2001/5/25 107942 2001/5/25 4447 2001/5/25 97.96
2001/5/29 1268648 2001/5/29 409 2001/5/29 146567 2001/5/29 2046 2001/5/29 488937 2001/5/29 9688 2001/5/29 218112 2001/5/29 2785 2001/5/29 199 2001/5/29 110958 2001/5/29 4505 2001/5/29 96.88
2001/5/30 1249.089 2001/5/30 405 2001/5/30 143833 2001/5/30 19 2001/5/30 48723 2001/5/30 9476 2001/5/30 217915 2001/5/30 266 2001/5/30 196 2001/5/30 109833 2001/5/30 454015 2001/5/30 94.76
2001/5/31 1256938 2001/5/31 424 2001/5/31 142683 2001/5/31 1926 2001/5/31 486478 2001/5/31 951 2001/5/31 219887 2001/5/31 2701 2001/5/31 19975 2001/5/31 1092 2001/5/31 452107 2001/5/31 95.1
2001/6/1 1261793  2001/6/1 414  2001/6/1 150583  2001/6/1 1885 2001/6/1 49.1747  2001/6/1 96.7 2001/6/1 221859  2001/6/1 28.74  2001/6/1 2036 2001/6/1 108033 2001/6/1 432825  2001/6/1 96.7
2001/6/4 1268261  2001/6/4 403 2001/6/4 14825  2001/6/4 1973  2001/6/4 50.2485  2001/6/4 9651  2001/6/4 224324  2001/6/4 285  2001/6/4 206 2001/6/4 109158  2001/6/4 431821  2001/6/4 96.51

2001/6/5 1284749  2001/6/5 393 2001/6/5 156033  2001/6/5 2154 2001/6/5 512771  2001/6/5 9735  2001/6/5 225212  2001/6/5 2973  2001/6/5 20625 2001/6/5 111192  2001/6/5  44.096  2001/6/5 9735
2001/6/6 1271363  2001/6/6 391  2001/6/6 1567  2001/6/6 2076  2001/6/6 517337  2001/6/6 9554  2001/6/6 227775  2001/6/6 2982  2001/6/6 2055 2001/6/6 112892  2001/6/6 442868  2001/6/6 9554
2001/6/7 1278331  2001/6/7 392 2001/6/7 16555  2001/6/7 2182  2001/6/7 517137  2001/6/7 969  2001/6/7 226789  2001/6/7 3114  2001/6/7 20655  2001/6/7 11245  2001/6/7 438248  2001/6/7 96.9
2001/6/8 1266324  2001/6/8 402 2001/6/8 16125  2001/6/8 2049 2001/6/8 511868  2001/6/8 9536  2001/6/8 224226  2001/6/8 3067 2001/6/8 20715 2001/6/8 112216  2001/6/8 440458  2001/6/8 95.36
2001/6/11 1255749 2001/6/11 403 2001/6/11 156533 2001/6/11 2038 2001/6/11 50.8657 2001/6/11 9201 2001/6/11 224226 2001/6/11 3033 2001/6/11 2075 2001/6/11 111933 2001/6/11 44337 2001/6/11 9201
2001/6/12 1257221 2001/6/12 398 2001/6/12 16175 2001/6/12 2037 2001/6/12 51.0814 2001/6/12 9186 2001/6/12 222944 2001/6/12 3013 2001/6/12 20915 2001/6/12 112316 2001/6/12 444876 2001/6/12 91.86
2001/6/13 1243243 2001/6/13 404 2001/6/13 156317 2001/6/13 1902 2001/6/13 50.8907 2001/6/13 89.16 2001/6/13 221859 2001/6/13 2906 2001/6/13 20915 2001/6/13 112225 2001/6/13 448592 2001/6/13 89.16
2001/6/14 1221508 2001/6/14 403 2001/6/14 155983 2001/6/14 17.74 2001/6/14 51.0815 2001/6/14 8701 2001/6/14 213478 2001/6/14 2761 2001/6/14 204116 2001/6/14 108948 2001/6/14 447086 2001/6/14 87.01
2001/6/15 1215994 2001/6/15 394 2001/6/15 158417 2001/6/15 1665 2001/6/15 52.2255 2001/6/15 8929 2001/6/15 211999 2001/6/15 2768 2001/6/15 200492 2001/6/15 108948 2001/6/15 439755 2001/6/15 89.29

2001/6/18 1210075 2001/6/18 391 2001/6/18 15215 2001/6/18 165 2001/6/18 522155 2001/6/18 8865 2001/6/18 214957 2001/6/18 2755 2001/6/18 199838 2001/6/18 110666 2001/6/18 436842 2001/6/18 88.65
2001/6/19 1214241 2001/6/19 391 2001/6/19 143833 2001/6/19 16,64 2001/6/19 53.4699 2001/6/19 8818 2001/6/19 219887 2001/6/19 2667 2001/6/19 20019 2001/6/19 108131 2001/6/19 43383 2001/6/19 88.18
2001/6/20 1224862 2001/6/20 398 2001/6/20 150017 2001/6/20 164 2001/6/20 538011 2001/6/20 884 2001/6/20 221859 2001/6/20 2749 2001/6/20 202606 2001/6/20 10954 2001/6/20 438349 2001/6/20 884
2001/6/21 1238809 2001/6/21 402 2001/6/21 15285 2001/6/21 1768 2001/6/21 53209 2001/6/21 93 2001/6/21 229255 2001/6/21 2727 2001/6/21 206381 2001/6/21 111599 2001/6/21 451404 2001/6/21 93
2001/6/22 1227104 2001/6/22 398 2001/6/22 152167 2001/6/22 1752 2001/6/22 525767 2001/6/22 921 2001/6/22 226789 2001/6/22 2751 2001/6/22 206331 2001/6/22 110891 2001/6/22 43865 2001/6/22 921
2001/6/25 1220344 2001/6/25 397 2001/6/25 151867 2001/6/25 1851 2001/6/25 51.7839 2001/6/25 9095 2001/6/25 226789 2001/6/25 2858 2001/6/25 207338 2001/6/25 109482 2001/6/25 439855 2001/6/25 90.95
2001/6/26 1218502 2001/6/26 375 2001/6/26 15625 2001/6/26 1802 2001/6/26 51.2922 2001/6/26 903 2001/6/26 221366 2001/6/26 2897 2001/6/26 199838 2001/6/26 110065 2001/6/26 441864 2001/6/26 90.3
2001/6/27 1212955 2001/6/27 368 2001/6/27 151417 2001/6/27 1793 2001/6/27 50.8807 2001/6/27 875 2001/6/27 221539 2001/6/27 2865 2001/6/27 192136 2001/6/27 111591 2001/6/27 441161 2001/6/27 875
2001/6/28 1228121 2001/6/28 386 2001/6/28 1532 2001/6/28 1858 2001/6/28 52.3861 2001/6/28 866 2001/6/28 226212 2001/6/28 2964 2001/6/28 192438 2001/6/28 113309 2001/6/28 444977 2001/6/28 86.6
2001/6/29 1226338 2001/6/29 395 2001/6/29 154583 2001/6/29 182 2001/6/29 501782 2001/6/29 858 2001/6/29 22661 2001/6/29 29.25 2001/6/29 194502 2001/6/29 112717 2001/6/29 441763 2001/6/29 858

2001/7/2 1238649  2001/7/2 411 2001/7/2 147733 20017772 1922  2001/7/2 513725  2001/7/2 846  2001/7/2 23178 2001/7/2 3006 2001/7/3 197925  2001/7/2 112792 2001/7/2 446784  2001/7/2 846

2001/7/3 1236588  2001/7/3 369  2001/7/3 149617  2001/7/3 1919  2001/7/3 512219  2001/7/3 84  2001/7/3 230189  2001/7/3 3046 2001/7/4 197573 2001/7/3 112642  2001/7/3 444173  2001/7/3 84

2001/7/5 1221588  2001/7/5 372 2001/7/5 138767  2001/7/5 1758  2001/7/5 51.0915  2001/7/5 84  2001/7/5 231681  2001/7/5 2984  2001/7/5 197371 2001/7/5 111783 2001/7/5 435035 2001/7/5 84
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Start With Raw Daily Data for Recent 20 years
Contains price of ten target stock, S&P 500 index and a federal funds rate
(FEDLO1)



Date v
5/11/01
5/14/01
5/15/01
5/16/01
5/17/01
5/18/01
5/21/01
5/22/01
5/23/01
5/24/01
5/25/01
5/28/01
5/29/01
5/30/01
5/31/01
6/1/01
6/4/01
6/5/01
6/6/01
6/7/01
6/8/01
6/11/01
6/12/01
6/13/01
6/14/01
6/15/01
6/18/01
6/19/01
6/20/01
6/21/01
6/22/01
6/25/01
6/26/01
6/27/01
6/28/01
6/29/01
7/2/01
21

J Preview of Dataset

SPX ¥
1,245.67 | 13.02
1,249.02 13.14
1,249.54 13.61
1,285.30 14.25
1,288.81 14.50
1,292.52 14.38
1,313.40 15.03
1,309.96 | 15.48
1,289.67 15.35
1,293.82 15.58
1,278.54 15.28
1,278.54 15.28
1,268.65 14.66
1,249.09 14.38
1,256.94 14.27
1,261.79 15.06
1,268.26 14.83
1,284.75 15.60
1,271.36 | 15.67
1,278.33 16.56
1,266.32 | 16.13
1,255.75 15.65
1,257.22 16.18
1,243.24 15.63
1,22151 15.60
1,215.99 | 15.84
1,210.08 15.22
1,214.24 14.38
1,224.86 15.00
1,238.81 15.29
1,227.10 15.22
1,220.34 15.19
1,21850 | 15.63
1,212.95 15.14
1,228.12 15.32
1,226.34 15.46
1,238.65 14.77
1272680l 1a0s

19.05
18.57
18.74
20.00
19.86
20.20
2287
23.48
22.36
2291
22.05
22.05
20.46
19.00
19.26
18.85
19.73
2154
20.76
21.82
20.49
2038
20.37
19.02
17.74
16.65
16.50
16.64
16.40
17.68
17.52
18.51
18.02
17.93
18.58
18.20
19.22
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27.94
27.41
27.20
28.36
28.60
28.76
29.90
29.53
28.80
29.21
29.10
29.10
27.85
26.60
27.01
28.74
28.50
29.73
29.82
3114
30.67
30.33
30.13
29.06
27.61
27.68
27.55
26.67
27.49
27.27
27.51
28.58
28.97
28.65
29.64
29.25
30.06
an aa
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92.85
94.10
94.85
99.95
97.95
97.25
101.90
103.29
99.30
99.85
97.96
97.96
96.88
94.76
95.10
96.70
96.51
97.35
95.54
96.90
95.36
92.01
91.86
89.16
87.01
89.29
88.65
88.18
88.40
93.00
92.10
90.95
90.30
87.50
86.60
85.80
84.60
24 nn

uss |~
20.66
20.85
21.20
21.63
21.36
21.54
21.59
21.93
22.02
22.29
21.92
21.92
21.81
21.79
21.99
22.19
2243
22.52
22.78
22.68
22.42
22.42
22.29
22.19
21.35
21.20
21.50
21.99
22.19
22.93
22.68
22.68
2214
22.15
22.62
22.66
23.18
2203

hl

20.05
20.00
20.05
20.02
20.14
20.00
20.00
19.83
19.90
20.25
20.18
20.06
19.90
19.60
19.98
20.36
20.60
20.63
20.55
20.66
20.72
20.75
20.92
20.92
20.41
20.05
19.98
20.02
20.26
20.64
20.63
20.73
19.98
19.21
19.24
19.45
19.45
1a 70

v

PG |~
32.75
33.03
32.99
3415
33.58
33.74
3263
32.00
32.10
3213
31.75
3175
3232
3219
3212
31.76
31.80
32.04
3234
32.46
32.14
3218
32.75
32.48
3243
31.30
31.08
31.21
31.28
3118
31.64
31.40
31.93
31.70
31.83
31.90
32.24
FERTY

N -
48.63
48.90
48,54
49.89
50.34
50.68
50.49
49.68
49.04
48.90
48.80
48.80
48.89
48.72
48.65
49.17
50.25
51.28
51.73
51.71
51.19
50.87
51.08
50.89
51.09
52.23
52.22
53.47
53.80
53.21
52.58
51.78
51.29
50.88
52.39
50.18
5137
<197

el v
29.07
29.10
28.35
29.26
29.03
28.70
28.80
28.11
28.39
28.60
28.39
2839
28.99
28.77
28.32
28.63
28.73
29.10
29.23
29.38
29.44
29.41
29.42
28.95
28.86
28.95
28.96
29.09
29.60
30.50
29.68
29.45
30.35
30.30
30.48
29.50
29.99
an 12

Calculating the NRFR with formula :

Previous NRFR * (1+FEDL01/100/252)

1,000.00
1,000.18
1,000.34
1,000.50
1,000.66
1,000.82
1,000.98
1,001.14
1,001.30
1,001.45
1,001.61
1,001.77
1,001.93
1,002.09
1,002.26
1,002.42
1,002.59
1,002.74
1,002.90
1,003.05
1,003.21
1,003.37
1,003.53
1,003.69
1,003.85
1,004.01
1,004.17
1,004.32
1,004.48
1,004.64
1,004.80
1,004.96
1,005.11
1,005.25
1,005.41
1,005.57

1,005.73
1 anc e
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Price
Date SPX NVDA Ccsco INTC GS usB TDCN ALL PG JNJ CL NRFR
5/11/01 1,245.67 13.02 19.05 27.94 92.85 20.66 20.05 41.83 32.75 48.63 29.07 1,000.00
5/31/01 1,256.94 14.27 19.26 27.01 95.10 21.99 1998 4521 32.12 48.65 28.32 1,002.26
6/29/01 1,226.34 15.46 18.20 29.25 85.80 22.66 19.45 44.18 31.90 50.18 29.50 1,005.57
7/31/01 1,214.25 13.48 19.22 29.81 83.28 2361 19.80 35.11 35.71 54.29 27.19 1,008.89
8/31/01 1,138.24 14.12 16.33 27.98 80.21 24.10 20.92 34.26 37.28 53.08 27.17 1,012.26
9/28/01 1,046.31 9.16 12.18 20.45 71.45 22.25 19.69 37.72 36.59 55.78 29.22 1,014.67
10/31/01| 1,066.25 14.29 16.92 24.44 78.39 17.84 18.22 31.69 37.29 58.31 28.94 1,016.98
11/30/01| 1,148.05 18.21 20.44 32.70 89.26 19.04 20.05 34.77 39.15 58.83 29.37 1,018.84
12/31/01] 1,158.10 22.30 18.11 31.49 93.02 21.19 20.97 34.22 40.00 59.69 29.06 1,020.38
1/31/02 1,141.21 21.91 19.80 35.09 87.35 21.07 21.74 32.76 41.49 58.08 28.85 1,022.00
2/28/02 1,119.18 17.00 14.27 28.61 81.28 21.10 21.66 35.78 43.06 61.70 28.26 1,023.42
3/29/02 1,161.27 14.79 16.93 30.47 90.63 23.04 22.42 38.59 45.76 65.80 28.85 1,024.89
4/30/02 1,090.85 11.60 14.65 28.67 79.20 24.19 2151 40.60 46.04 64.70 26.85 1,026.47
5/31/02 1,082.81 11.15 15.78 27.70 75.88 24.14 19.91 39.53 45.67 62.36 27.45 1,028.12
6/28/02 1,005.77 5.73 13.95 18.32 73.77 24.04 18.60 37.99 45.90 53.12 25.35 1,029.55
7/31/02 927.37 3.69 13.19 18.84 73.70 22.02 17.09 39.05 45.98 53.87 26.10 1,031.18
8/30/02 933.44 3.37 13.82 16.74 77.88 22.13 17.90 38.45 45.80 55.41 27.73 1,032.76
9/30/02 831.99 2.85 10.48 13.95 66.52 19.33 14.52 36.73 46.18 55.18 27.42 1,034.27
10/31/02 905.22 3.97 11.18 17.37 72.26 21.94 15.34 41.10 45.90 59.94 28.03 1,035.93
11/29/02 958.50 5.71 14.92 20.99 79.59 22.79 17.38 40.54 43.87 58.37 26.20 1,037.08
12/31/02 902.19 3.84 13.10 15.65 68.72 22.29 17.92 38.42 44.60 54.99 26.73 1,038.20
1/31/03 878.55 3.44 13.37 15.78 68.84 22.16 16.96 36.55 44.62 54.88 26.05 1,039.39
2/28/03 865.37 4.21 13.98 17.37 70.21 21.97 17.55 33.09 42.69 53.91 25.75 1,040.43
3/31/03 873.77 4.29 1298 16.38 68.82 20.14 17.22 34.71 46.44 59.48 27.86 1,041.51
4/30/03 945.72 4.76 15.00 18.49 76.85 23.50 18.03 39.54 47.07 57.93 29.38 1,042 .66
5/30/03 995.55 8.72 16.41 20.97 82.52 25.15 18.60 37.90 48.10 56.10 30.64 1,043.81
6/30/03 1,008.24 7.64 16.79 20.96 84.80 26.21 20.00 37.54 46.72 53.37 29.78 1,044.88
7/31/03 1,025.98 6.36 19.49 25.07 88.49 26.23 20.07 40.05 46.27 53.46 28.18 1,045.86
8/29/03 1,045.98 6.06 19.14 28.83 89.86 25.57 20.90 37.89 45 .96 51.42 28.53 1,046.74
9/30/03 1,034.87 532 19.59 27.75 85.20 25.89 20.64 38.72 48 .87 51.36 28.84 1,047.66
10/31/03| 1,093.36 5.89 20.93 33.22 95.62 29.37 23.67 41.87 52.00 52.20 27.56 1,048.63

Aggregate the daily data to the monthly observations for ten stock,

L\

S&P index and NRFR




Date

5/11/01
5/31/01
6/29/01
7/31/01
8/31/01
9/28/01
10/31/01
11/30/01
12/31/01
1/31/02
2/28/02
3/29/02
4/30/02
5/31/02
6/28/02
7/31/02
8/30/02
9/30/02
10/31/02
11/29/02
12/31/02
1/31/03
2/28/03
3/31/03
4/30/03
5/30/03
6/30/03
7/31/03
8/29/03
9/30/03
10/31/03
11/28/03

Price

1,256.94

1,226.34
1,214.25
1,138.24
1,046.31
1,066.25
1,148.05
1,158.10
1,141.21
1,119.18
1,161.27
1,090.85
1,082.81
1,005.77
927.37
933.44
831.99
905.22
958.50
902.19
878.55
865.37
873.77
945.72
99555
1,008.24
1,025.98
1,045.98
1,034.87
1,093.36
1,102.97

14.27
15.46
13.48
14.12
9.16
14.29
18.21
22.30
2191
17.00
14.79
11.60
11.15
573
3.69
337
285
397
571
3.84
344
421
429
476
8.72
764
6.36
6.06
532
5.89
7.08

19.26
18.20
19.22
16.33
12.18
16.92
20.44
18.11
19.80
14.27
16.93
14,65
15.78
13.95
13.19
13.82
10.48
11.18
14.92
13.10
13.37
13.98
12.98
15.00
16.41
16.79
19.49
19.14
19.59
20.83
22.70

27.01
29.25
29.81
2798
20.45
24.44
3270
31.49
35.09
2861
3047
28.67
27.70
18.32
18.84
16.74
13.95
17.37
20.99
15.65
15.78
17.37
16.38
18.49
2097
20.96
25.07
28.83
2775
33.22
3384

95.10
85.80
83.28
80.21
71.45
78.39
89.26
93.02
87.35
81.28
90.63
79.20
75.88
73.77
73.70
77.88
66.52
72.26
79.59
68.72
68.84
70.21
68.82
76.85
82.52
84,80
88.49
89.86
85.20
95.62
97.84
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2199
22,66
23.61
24.10
22.25
17.84
19.04
21.19
21.07
21.10
23.04
24.19
24.14
24.04
22.02
2213
19.33
2194
22.79
22.29
22.16
21.97
20.14
23.50
25.15
26.21
26.23
25.57
25.89
29.37
29.90

19.98
19.45
19.80
20.92
19.69
18.22
20.05
20.97
21.74
21.66
2242
21.51
19.91
18.60
17.09
17.90
14.52
15.34
17.38
17.92
16.96
17.55
17.22
18.03
18.60
20.00
20.07
20.90
20.64
23.67
22.10

45.21
4418
35.11
34.26
37.72
31.69
34.77
34.22
32.76
35.78
3859
40.60
39.53
37.99
39.05
38.45
36.73
41.10
40.54
38.42
36.55
33.09
3471
39.54
37.90
37.54
40.05
37.89
38.72
41.87
43.05

3212
31.90
35.71
37.28
36.59
37.29
39.15
40.00
41.49
43.06
45.76
46.04
45.67
45.90
45.98
45.80
46.18
45.90
43.87
44.60
44.62
42.69
46.44
47.07
48.10
46.72
46.27
45.96
48.87
52.00
50.92

Calculating the monthly return with formula :

48.65
50.18
54.29
53.08
55.78
58.31
58.83
59.69
58.08
61.70
65.80
64.70
62.36
53.12
53.87
5541
55.18
59.94
5837
54.99
54.88
5391
59.48
57.93
56.10
53.37
53.46
51.42
51.36
52.20
51.36

28.32
29.50
27.19
27.17
29.22
28.94
29.37
29.06
28.85
28.26
28.85
26.85
27.45
25.35
26.10
27.73
27.42
28.03
26.20
26.73
26.05
25.75
27.86
29.38
30.64
29.78
28.18
28.53
28.84
27.56
27.21

1,000.00
1,002.26
1,005.57
1,008.89
1,012.26
1,014.67
1,016.98
1,018.84
1,020.38
1,022.00
1,023.42
1,024.89
1,026.47
1,028.12
1,029.55
1,031.18
1,032.76
1,034.27
1,035.93
1,037.08
1,038.20
1,039.39
1,040.43
1,041.51
1,042.66
1,043.81
1,044.88
1,045.86
1,046.74
1,047.66
1,048.63
1,049.46

Returns

-2.435%
-0.985%
-6.260%
-8.077%

1.905%
7.672%
0.876%
-1.458%
-1.931%
3.761%
-6.064%
-0.737%
-7.115%
-7.795%
0.654%
-10.868%
8.802%
5.886%
-5.875%
-2.620%
-1.500%
0.970%
8.235%
5.268%
1.275%
1.760%
1.949%
-1.062%
5.652%

0.878%

=B4:’BS*1‘| 9.560%

8.340%
-12.776%
4.710%
-35.143%
56.025%
27.484%
22.438%
-1.734%
-22.406%
-13.036%
-21.529%
-3.878%
-48.655%
-35.565%
-8.713%
-15.295%
36.021%
43.948%
-32.807%
-10.340%
22.288%
2.059%
10.794%
83.390%
-12.456%
-16.675%
-4.818%
-12.109%
10.708%
20.080%

Price

Returns

Date SPX

5/11/01
5/31/01
6/29/01

return =

1,245.67
1,256.94
1,226.34 |

14.27
15.46

end — date — price

start — date — price

=1




Returns
SPX

0.905%
-2.435%
-0.985%
-6.260%
-8.077%

1.905%

7.672%

0.876%
-1.458%
-1.931%

3.761%
-6.064%
-0.737%
-7.115%
-7.795%

-12.776% 0.330%

-35.143% 0.238%

-22.406% 0.139%
-13.036% 0.144%
-21.529% 0.154%

-48.655% 0.139%
-35.565% 0.159%

| Session II

Excess Returns

9.560% 0.226%
8.340% 0.330%

4.710% 0.334%
56.025% 0.228%
27.484% 0.183%

22.438% 0.151%
-1.734% 0.159%

-3.878% 0.161%

0.679% 9.334% 0.876%
-2.764% 8.010% -5.833%
-1.316% -13.107% 5.274%
-6.594% 4375% -15.371%
-8.314% -35.381% -25.651%

1.677% 55.796% 38.688%

7.489% 27.301% 20.621%

0.725%  22.287% -11.550%

1.617% -1.893%  9.173%
_2.069% -22.545% -28.068% Returns Excess Returns

3.617% -13.180% 18.497% SPX SPX -

-6.218% -21.682% -13.621%

-0.897% -4.039%  7.553% m - . |

T TR 0.905%|  9.560kl  0.226%]  0.679%|=04-$Y4 |

-7.953% -35.724% -5.607% -2.435% 8.340% 0.3 %| -2.76 8.010%
i\t

Calculating excess return with formula :

Excess Return = Return of stock — Return of Risk-free Funds
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0.946% 6.921% 10.939%
3.841%  -2.556% 0.008% 3.833%
1.018% -0.500% 0.007%| -1.025%
2.758% 5.579% 0.006% 2.752%
4.379% -2.639% 0.006% 4.373%
5.337%  12.445% § 5.331%
2.776% -8.335% 0.002%] -2.778%

W - . -1.914%

6.914%  19.826% 21.967% 10.930% 18.741% 15.915% 6.255% 8.549%
2.565% 4.013% 3.032% 14.976% 8.795% 3.029% 7.398% 0.186% 8.770%  -0.160%
0.507% 0.429% 11.414% 2.822% -8.035% 1.818% -2.509% -7.306% 3.646% -8.276%
5.573% 0.645% 10.135% 17.809% 16.680% 6.453% -0.547% -3.656% -2.263% -3.596%
46%  15.238% 5.291% 2.735%  11.445% 6.242% 8.564% 9.627% 3.711% 4.821%
-0.858% -10.115% 6.554% 7.298% 4.078% 10.351% -0.854% -0.992% 2.933%
-6.232% 1.705% 0.352% 1.525% 4.690% 1.587% 3.360% 1.671%

- U 4% - 46 0 - N

10.825% 9.878% 11.010% 10.080% 9.437% 8.464% 7.105%
572% 23.680% 18.134% 24.884% 14587% 14.785%  15.350%
0.971191 0.787 1.056243 0.405118 0.539837 0.454431
53% 5.074% 2.113% 6.381% 4.392% 3.677%
13.865% 19.317% 13.288% 12.423% 13.787%

Annualized Average Return: 1 32.802% 9.714% 8.
Annualized StDev| ,14.850% 55.774% 30.809%  30.503%

beta 1 1978752 1.32058 1.187512 1.41

annualized alpha 0.000% 17.877% -0.246% -0.052% 0.190%

dual StDev. 0.000% 47.405% 23.762% 24.889% 20.881%

L\

Calculating annualized average return with formula :

Annualized Average Return = AVERAGE(Z4:2244)*12



1.946%
1.841%
.018%
1. 758%
L379%
1.337%
L776%

6.921%
-2.556%
-0.500%

5.579%
-2.639%
12.445%
-8.335%

Annualized Average Return
Annualized StDev

beta

annualized alpha

dual StDev
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6.914%
-2.565%
-0.507%
5.573%
-2.646%
12.439%
| -8.337%
7.542%\35.80{2%
14.850%[SQRT(12) ‘I
1 1.978752
0.000% 17.877%
47.405%

19.826%
4.013%
0.429%
0.645%
15.238%
-0.
1.353%

9.714%
30.809%
1.32058
-0.246%
23.762%

11.414%
10.135%
5.291%
-10.115%
6.232%

8.905%
30.503%
1.187512
-0.052%
24.889%

L\

21.967%
14.976%
2.822%
17.809%
2.735%
6.554%
1.705%

1.410044
0.190%
20.881%

8.795%
-8.035%
16.680%
11.445%

7.298%

0.352%

9.878%
23.680%
91191

25
18.781%

Calculating annualized StDev with formula :

Annualized Standard Deviation = STDEV(AA4:AA244)*SQRT(12)



59%
16%
11%
18%
58%
79%
37%
76%

-7.365%

6.921%
-2.556%
-0.500%

5.579%
-2.639%
12.445%
-8.335%

0.008%
0.007
0.00
0.007%
0.006%
0.006%
0.006

\nnualized Average Return
Annualized StDev

beta

annualized alpha

 Session 11

22.667%
10.939%

Excess Returns

Z7.373%
6.914%

3.833%) -2.565%
-1.025%|| -0.507%
2.752% 5.573%
4.373n| -2.646%
5.331% 12.439%
0.002%_\ -2.77. ™8
7.542% 32.802%
14.850% 55.774%
1|$2$244)
0.000% 17.877
0.000%  47.405%

dual StDev

e M

Calculating Beta with formula :

-8.022%
19.826%
4.013%
0.429%
0.645%
15.288
-0.858%
1.353%

9.7y
30.809%
1.32058
-0.246%

762%

Beta = SLOPE(AA4:AA244,74:7244)
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Excess Returns

1.379% -2.639% 0.006%
5.337%  12.445% 0.006
2.776%  -8.335% 0.002%.

Annualized Average Return 7.542%
Annualized StDev| 14.850%  55.774%
beta 1 1978752
annualized alpha 0.000%|12
dual StDev 0.000% 47.40

e Y
Calculating Alpha with formula :

-8.022% -14.492%

30.

1.32058
-0.246%
23.762%

9.973%
3.032%
11.414%
10.135%
5.291%

8.905%
30.503%
. 12
-0.052%
24.889%%

Alpha = INTERCEPT(AA4:AA244,74:Z244)*12



Session II

rns

Excess Returns Residual Excess Returns

PX | SPx | | sPx |

).638%  11.761% 0.009% 5630% 11.752% 0.000% -0.877% -5.640% -26.913%
7188%  25.999% 0.008% 7.180%  25.991% 0.000% 10.293% -19.830% -1.059%
3.800% 1.196% 0.008%| -3.808% 1.188% 0.000% 7.232% -1.662% 6.147%
).659%  -7.365% 0.008%| -2.667% -7.373% 0.000% -3.585% -4.480% -11.320%
).946% 6.921% 0.007%| 10.939% 6.914% 0.000% -16.221% 5400% -3.013%
3.841%  -2.556% 0.008% 3.833%  -2.565% 0.000% -11.639% -1.028% -1.515%
.018%  -0.500% 0.007%| -1.025% -0.507% 0.000% 0.031% 1.803% 12.635%
2. 758% 5.579% 0.006%_ 2.752%_ 5.573% 0.000% -1.361% -2.969% 6.872%
1379%  -2.639% 0.006%1 4.373%1 -2.646%|  0.000%|AA$249/12 9.484% 0.103%
).337%  12.445% 0.006% 5.331 0.401% -7.877% -16.441%
2776%  -8.335% 0.002%| -2.778% -4.329% 5.042% -2.929%
Annualized Average Return 7.542%  32.802% 0.000% 0.000% 0.000%
Annualized StDev 14.850%_ 55.774% 47.405% 23.762% 24.889%

beta 11 1.978752}

annualized alpha 0.000%1 17.877%|

dual StDev 0.000%  47.405%

— W\

Calculating Residual Excess Returns :

Residual of Excess return = Excess return of stock — Excess return of SPX # beta — alpha/12




Session Il

urns

5.638%
7.188%
-3.800%
-2.659%
L0.946%
3.841%
-1.018%
2.758%
4.379%
5.337%
-2.776%

11.761%
25.999%

1.196%
-7.365%

6.921%
-2.556%
-0.500%

5.579%%
-2.639%
12.445%
-8.335%

0.009%
0.008%
0.008%
0.008%
0.007%
0.008%
0.007%
0.006%
0.006%
0.006%
0.002%

Annualized Average Return
Annualized StDev

— W\

Calculating Residual stDev Returns :

0.000%
0.000

0.000

0.000%
0.000%
0.000%
0.000%
0.000%
0.000

0.000%
0.000%

0.000%
0.000%

Residual Excess Returns

7.232%
-3.585%
-16.221%
-11.639%%
0.031%
-1.361%
-12.788%

0.401
\_ 43
| —

0.000%

SQRT(12)

-5.640%
-19.830%
-1.662%
-4.480%
5.400%
-1.028%
1.803%
-2.969%
9.484%
-7.877%
5.042%

-26.913%
-1.059%
6.147%
-11.320%
-3.013%
-1.515%
12.635%
6.872%
0.103%
-16.441%
-2.929%

0.000%
24.88%%

Residual stDev = STDEV(AL4:AL244)*SQRT(12)



Session II

Excess Returns
NRFR / spx \| /NVDA\  csco INTC GS usB TDCN ALL PG INJ cL
0.008 -2.667 -7.373%] -8.022% -14.492% -5.944% 8.63%% -3.462% -5.733% -0.816% -7.914% 2.815%
0.007 10.939 6.914%|\ 19.826% 9.973% 21.967% 10.930% 18.741% 15.915% 1.284% 6.255% 8.549%
0.008 3.833%| |-2.565%|| 4.013%  3.032% 14.976%  8.795%  3.029%  7.398%  0.186%  8.770% -0.160%
0.00 -1.02%%| [-0.507%| | 0.429% 11.414%  2.822% -8.035% 1.818% -2.509% -7.306%  3.646% -8.276%
0.006 2.752%| | 5.573%| | 0.645% 10.135% 17.809% 16.680%  6.453% -0.547% -3.656% -2.263%  -3.596%
0.006 437 -2.646%|/ 15.238%  5291%  2.735% 11.445%  6.242%  8564%  9.627%  3.711% 4.821%
0.006%)  5.331 12.439%I\0.858% -10.115%  6.554%  7.298%  4.078% 10.351% -0.854% -0.992% 2.933%
0.002%.\-2.778 \ -8.337 -6.232% 1.705% 0.352% 1.525% 4.690% 1.587% 3.360% 1.671%
correlations]  SPX NYDA CSCo IN'I'K GS UsB TD CN ALL PG INJ CL
SPX 1|AA$244) 0.63653| 0.578128[™NQ/08092| 0.609066| 0.644503| 0.630359| 0.412445| 0.542222| 0.439645
NVDA 0.526865 1| 0.457198( 0.523781| 0.343%34( 0.159845| 0.338001| 0.156912| 0.059558| 0.165279| 0.069448
CSCO 0.63653| 0.487198 1-0.614181 0.487495‘\&128141 0.410049( 0.297266| 0.220244| 0.238795| 0.164964
INTC 0.578128| 0.523781[\0.614181 1| 0.410737 O.ZM 0.411503| 0.285682| 0.136363| 0.324896| 0.110064
GS 0.708092| 0.343134| (,487495| 0.410737 1 0.471678 93822| 0.417367| 0.173108| 0.295535( 0.203125
UsB 0.609066| 0.159845| 0.328141| 0.279632| 0.471678 1 05 0.540137| 0.33585| 0.234128| 0.217803
| TDCN 0.644503( 0.338001| 0.410049( 0.411503| 0.493822| 053916 1| O16709| 0.230974| 0.272732) 0.211711
ALL 0.630359| 0.156912| 0.2972¢6| 0.285682| 0.417367( 0.5401371 0.416709 0.346275( 0.451773| 0.406645
PG 0.412445( 0.059558| 0.220244} 0.136363| 0.173108| 0.33585| 0.230974| 0.346275 1| 0.493743( 0.483308
INJ 0.542222| 0.165279| 0.238795| 0.324896| 0.295535| 0.234128( 0.272732;.0.451773 0.49m 1| 0.526761
CL 0.439645| 0.069448| 0.164964| 0.:10064| 0.203125| 0.217803( 0.211711| 0.406645| 0.483308 M?Gl 1
\

Calculating Correlations:

Corr(NVDA, SPX) = CORREL(Z4:2244,AA4 : AA244)

Corr(NVDA,NVDA) =1




SPX NVDA Csco INTC GS USB TDCN ALL PG INJ CL
Annualized Average Retun | 7.542%| 32802%]  9714%] 8o905s] 10.825%] os7ew] 11010%| 10080%] 9437w  s4ean]  7.105%
\ ° Annualized StDev| 14.850%] 55.774%] 30809%| 30503%| 20572%| 23680%| 18134%| 24.884%| 14.587%| 14.785%| 15350k
J j SESSIO“ III beta 1| 1978752] 1320s8] 1187512 1410044| 09%1191]  0787| 1056243| 0.405118| 0539837 0.454431
) annualized alpha|  0000%| 17877%| -0246%| -0os2%| o0.00k| 2853w so7aw| 21136 6381 4392k 3677w
Residual StDev|  0000%| 47405%| 23762%| 24889%| 20881%| 18781%| 13865K| 19317%| 13288%] 12423%| 13787%
J correlations|  SPX NVDA  GSCO INTC [ USBE  TDCN ALL PG N oL
/ : SPX 1| 0526865] 063653 0578128 0.708002| \0.609066] 0.644503| 0630359 0.412445| 0542222 0.439645
i 1 i Sl "M( BEE . KES] NVDA | 0526865 1| 0487198| 0523781 0343134| O159845| 0.338001| 0.156912[ 0059558| 0.165279| 0.069448
L
csco 063653| 0487198 1| 0614181| 0487495] 0.28141] 0.410049] 0297266| 0.220244| 0.238795| 0.164964
INTC | 0578128 0523781 0614181 1| 0410737 0279632] 0411503| 0.285682| 0.136363| 0.324896| 0.110064
[ 0708092 0.343134] 0487495| 0410737 1| 0471478| 0.493822| 0417367 0.173108| 0295535 0.203125
_ USB | 0600066] 0.159845| 0328141| 0279632 0471678 1| 053916| 0540137| 033585| 0234128 0.217803
. R Ahrﬂ{} * 3 it 1 TDCN | 0644503| 0338001 0410049| 0411503| 0493822 053916 1| 0416709 0230974] 0272732] 0211711
' ' ALL | 0630359 0.156012| 0297266] 0285682 0417367| 0.540137|\0.416709 1| 0346275 0451773] 0406645
PG 0412445| 0.050558| 0.220244] 0.136363| 0.173108| 033585| 0230974 0.346275 1| 0493743| 0.483308
IN) | 0542222 0165279 0.238795| 0324896] 0295535 0.234128| D%72732| 0451773| 0493743 1| 0526761
[ 0439645| 0.069448| 0.164964| 0.110064| 0203125 0.217803| 0241711 0406645 0483308 0.526761 1
Markowitz Model | Index Model
M+ sPX | NVDA CSCO INTC GS UsB TDCN ALL PG INJ [ Return | StDev | Sharpe | Return StDev | Sharpe |
1" 1261433 1349575 0.960549 0.78008 0.911129 0767922 0663426 1.895086 1390129 -0.88042 78'09891. 52.04%1 184.99% 0.335371 62.04% 176.05% 0.352398 The eX eC ed re u Of Such O O iO .
2" 1992345 1298458 -0.46485 1.946255 -0.71386 0.055829 -0.46564 00937466 -0.21359 19419 -3.17823 41.34% 121.85% 0.339269 41.34% 11337% 0.364672 t t I II p I |f 1
3 0714516 0828128 0.519438 0.218524 -008573 1425225 -033488 1503302 -0.23528 1.05641%, -4.60966 38.13% 105.57% 0.361206 38.13% 107.44% 0.354928 p .
4 1292842 1809288 0.761798 0.318563 -0.01334 1930454 -0.2932 0348368 1952525 1618418 -&2571 68.67% 179.06% 0.38352 68.67% 180.22% 0.381054
5 -0.91897 -0.90022 -09839 -0.82769 1.273461 0075135 -0.09974 1859461 -0.26324 0.882042 0.9036% -9.81% 92.29% -0.10634 -9.81% 715% -0.13708
6 -0.31601 0.487462 0.21004 0.726213 0.223304 -0.33337 0435257 0748183 0.240323 1.885084 -3.30649 2830% 71.06% 0.398312 28.30% 72.35% 0.391201 E — E E
7 -0.44382 -0.43169 1.765872 -052453 0.379534 0884558 0906699 1312019 -0.35035 -0.37547 -2.12283 9.46% 76.24% 0.124123 9.46% 76.65% 0.123467 (rp) WD x (rD) + WE x rE .
8 -0.98357 0.728648 1497943 0.585287 1.093105 -040406 1828442 0930076 1976474 0.854643 -7.10699 48.98% 14395% 034243 48.98% 139.86% 0.350232
9 1186887 -0.67675 0.87597 063324 0.565984 -027702 -0.14423 0675895 -0.26078 -0.78868 -0.7905 -5.24% 53.3% 009807 -5.24% 56.19% -0.09318
100 1752787 0.69088 0.243908 0.661197 -0.17423 -0.99732 111964 1489798 0446389 0.308405 -4.54146 34.30% 99.49% 0.344729 34.30% 99.42% 0.345039 =
11" 0559697 -0.2254 0.609727 -052842 -028168 -0.22853 -0.56818 0.179175 -0.74372 0325431 1.901803 -2.46% 37.01% -0.06653 -2.46% 37.83% -0.06508 Annuallzed aVerage retum
12° 1650306 -0.58124 0.990371 0.503343 1.305882 1.549944 1429073 -0.3541 -0.78998 0.120363 -4.82397 8.3% 117.98% 0.071079 5:20% 108.00% 0.077647
13° 0290953 1.815794 114538 0.178937 1535282 0.736099 -049783 0285992 1932255 -0.99068 -543218 67.02% 165.30% 0.405469 67.02% 15590% 0429915 ‘ N 7 .
14" 1495268 1397251 -0.28287 -0.37588 1.326549 081236 0455604 -0.26274 0.354996 -08521 -3.06844 50.10% 113.74% 0.440502 50.10% 109.26%  0.458998 elght Of eaCh StOCk
15° 0637733 1199887 0.164159 -0.24261 1.773175 -0.66836 -0.20379 1.014769 09379 -0.37733 -3.23553 46,85% 106.62% 0.439401 46.85% 107.99% 33829
160 1334728 -0.24035 -0.17682 -0.12822 1716001 0.811705 -0.76037 157416 1261823 0.74946 -5.14212 15.13% 96.97% 0.15605 15.13% 10267% 0.147372.
170 1574013 1380641 1218121 0.015115 -0.21629 0.355865 -0.88731 1.043607 -057081 1.079281 -3.99224 46.44% 123.07% 0.377325 46.44% 119.74% 0.387816
18" -0.20491 -0.56551 1370222 -091213 185663 -042926 1334566 1242268 -0.57166 1145171 -3.26539 9.26% 88.72% 0.104419 9.26% 94.24% 0.098301
19° -0.09067 1.823065 1445693 0.052093 192099 1.934771 -0.13 1444088 1749205 -0.49543 -8.6538 77.4% 210.75% 0.367673 T7.49% 203.26% 0.381225
20 -0.2486 1468331 1929939 1.729505 1.837387 0.333479 -0.29629 095897 1426153 0.193645 -8.33252 65.92% 214.66% 0.307106 65.92% 194.48% 0.338972
21" 0739969 0.273871 0.297069 -050858 1.875902 -0.13969 0173006 1560466 -0.92512 1537318 -3.88422 26.17% 95.58% 0.273783 26.17% 99.21% 0.263764
22° 0668311 1.127549 0.99661 -0.8228 0.630718 -0.2228 -004119 0399592 -0.65556 0107329 -1.18776 38.87% 84.64% 0.459209 38.87% 8496% 0457432
23° -0.93152 0.786263 -0.13035 1553103 -0.06434 1.185906 180772 1118202 -0.97308 0131398 -3.48331 40.70% 113.25% 0.359386 40,70% 10290% 0.395545
24° 1930919 0178806 0.363131 -0.96157 -0.76738 1.151782 -0.73882 0.873637 -0.83027 0.670452 -0.87079 10.79% 46.45% 0.232353 10.79% 52.49% 0.20562
25" 1559713 -043076 1850317 -034153 0.177575 -021171 -0.13656 -0.46474 051883 0.989023 -2.51016 1.64% 61.32% 0.026806 1.64% 68.14% 0.024124
26" -099289 -0.32076 1.09832 0.921897 -0.628 -085381 1042255 0385931 0870092 0.177734 -0.70077 5.74% 47.65% 0.120414 5.74% 4933% 0116313
27" 0377537 -0.8908 0790838 -0.80349 -096015 0346104 -058629 1846699 1462898 -0.32264 -0.2607 -11.44% 77.45% -0.14766 -11.44% 69.18% -0.16532
28" -0.93143 1473241 -0.15481 1445658 -0.44337 0.781055 0294061 -0.67776 0027314 -0.99789 0.18394 45.11% 99.81% 0.451931 45.11% 91.89% 0.490909
29’ 198909 0.826773 -0.84154 -0.03102 -0.5835 1297567 1761851 0.573004 0615585 1553847 -6.16165 40.53% 108.61% 0.373144 40.53% 115.34% 0.35137
an 1N443  NR244R7 1R8AR271 N 2320R7 NAR292  1N210R9 1NRN2A. N41565N3 -N 12801 1 433RR2 -787172 47 A% TANR2% N 2R4RRR A7 A% 151 71% N 2]0N5

we—- Return = SUMPRODUCT(B28 : L28,$B$2 : $L$2)
Random Generating data for MM&IM models

and Calculating Return, StDev, Sharpe value for both models



SPX NVDA CsCo INTC GS UsB TDCN ALL PG INJ CL
Annualized Average Return 7.542% 32.802% 9.714% 8.905% 10.825% 9.878%| 11.010%| 10.080% 9.437% 8.464% 7.105%
\ \ \ | ° Annualized StDev 14.850% 55.774%( 30.809%[ 30.503% 20.572%( 23.680%[ 18134%| 24.884% 14.587%( 14.785%[ 15.350%
J / J ‘/ | SGSS'O“ III beta 1| 1978752 132058] 1187512 1410044] 0971101]  0787| 1056243| 0.405118| 0539837| 0.454431]
- annualized alpha 0.000% 17.877% -0.246% -0.052% 0.190% 2.553% 5.074% 2.113% 6.381% 4.392% 3.671%|
- Residual StDev 0.000%| |47.405%] 23.762%] 24.889% 20.881%| 18.781%| 13.865%| 19.317% 13.288%| 12423%[ 13.78[%|
carrelations SPX NVDA €sCo INTC GS USB TDCN ALL PG JNJ CL
\‘\ SPX 1| 0526865| 0.63653| 0.578128| 0.708092| 0.609066| 0.644503| 0.630359| 0.412445| 0.542222| 0439645
NVDA 0.526865 1| 0487198| 0523781| 0.343134| 0.159845| 0.338001| 0.156912| 0.059558( 0.16527¢| 0.069448
CSCO 0.63653( 0487198 1| 0614181 0487495| 0.328141| 0.410049| 0.297266| 0.220244( 0.23879%| 0.164964
CaICUIatin StDeV Sha e INTC 0578128 0523781 0614181 1| 0410737| 0.279632| 0.411503| 0.285682| 0.136363| 0.324896| 0.110064
g 2 I GS 0.708092| 0.343134| 0.487485| 0410737 1| 0471678| 0.493822| 0417367| 0.173108| 0.295535; 0.203125
USB 0609066 0.159845| 0.328141| 0279632 0471678 1| 053916| 0540137 0.33585| 0.234128 0.217803
TDCN 0.644503| 0.338001| 0.410049| 0.411503| 0493822 053916 1| 0416709 0230974 0.272732| 0.211711
ALL 0.630359| 0.156912| 0.297266 0.285682 0.4’7367 0.540137| 0.416709 1| 0346275| 0.451773|| 0.406645
[ < g — =5 gt =k ol - I PG 0.412445( 0.059558| 0.220244| 0.136363 0.1’73108 0.33585| 0.230974| 0346275 1| 0493743|1 0.483308
sharpe = Return/stDeuv
INJ 0.542222| 0.165279| 0.238785| 0.324896 0.195535 0.234128| 0.272732| 0451773| 0493743 1| 10.526761
CL 0439645 0.069448| 0.164964| 0.110064 Dﬁ03125 0.217803| 0211711 0.406645| 0.483308| 0.526761 1
Markowitz Model | Index Model
sPx | _NVDA  csco INTC Gs usB TDCN ALL PG INJ o Return | StDev | Sharpe | Return | StDev || Sharpe |
1 1261433 1349575 0960549 078008 0911129 0767922 0863426 1895086 1380123 -088042 -809891] 62046l 18499% 0338371 6204% 17605 0352398
2 1992345 1208458 -0.46485 1046255 -071386 0055820 -046564 0937466 -0.21350 -0.19419 -317823  4134% 121.85% 0339269 4134%  11337) 0364672
3' 0714516 0.828128 0.519438 0.218524 -0.08573 1425225 -033488 1503302 -0.23528 1.056411., -4.60966 38.13% 105.57% 0.361206 38.13% 107444 0.354928
4 1292842 1809288 0761798 0318563 -001334 1930454 -02932 0348368 1952525 1618418 -B72571  6867% 179.06% 038352 6867%  18027% 0381054
5 -091897 -090022 -09839 -082769 1273461 0075135 -009974 1859461 -0.26324 088202 090365w, -981%  9229% -010634 -981% 7150 -0.13708
6 -031601 0487462 021004 0726213 0223304 -033337 0435257 0748183 0240323 1885084 -330649  2030%  7106% 0.398312 2830k 7235% 0391201 .
7' -0.44382 -043169 1.765872 -0.52453 0.379534 0.884558 0.906699 1312019 -0.35035 -0.3754¢ -2.12283 9.46% 76.24% 0.124123 9.46% 76.65% 0.123467 The Varlance .
8 -098357 0728648 1497943 0585287 1093105 -040406 1828442 0930076 1976474 0854643 -710699  4898% 14395% 034243 4898%  139f6% 0350232 .
9 1186887 -067675 087597 063324 0565984 -027702 -014423 0675895 -0.26078 -0.78868) -07905  -524%  53.3%% “~009807 -524%  5619% -009318
10 1752787 069088 0243908 0661197 -0.17423 -099732 111964 1489798 0446380 0308405\ -454146  34.30%  9949% 0344789 34306 9942% 0.345039 2 2 2 2
11' 0559697 -02254 0609727 -052842 -028168 -022853 -056818 0.179175 -0.74372 0.325431 | 1.901903 -2.46% 37.01% -0.06653 -2.46% 3783% -0.06508 (' — (' (' 2 ‘ ( )
12 1650306 -058124 0890371 0503343 1305882 1549944 1429073 -03541 -078998 0120363 | -4.82397 83% 117.98% 0.071079 B30%  10{00% 0.077647 p wD X D + WE' X E + X WD X WE X ov rD 2 T E/*
13' 0200953 1815794 114538 0178937 1535282 0736099 -049783 0285092 1932255 -099068 |-543218  67.0% 16530% 0405469 67.02% “15590% 0429915
14 1495268 1307251 -0.28287 -037588 1326549 081236 0455604 -0.26274 0354996 -0.8521 |-306844  50.10% 113.74% 0440502 50106  10J%6% 0458998
15 0637733 1109887 0164150 -024261 1773175 -066836 -020379 1014769 09379 -037733 (323553  46.85% 106.62% 0439401 46.85%  10799% 033829
16' 1334728 -024035 -017682 -012822 1716001 0811705 -076037 157416 1261823 074946 514212  1513%  9697% 015605 1513%  1)267% 0147379
17 1574013 1380641 1218121 0015115 -021629 0355865 -088731 1043607 -057081 1079281 -499224  4644% 12307% 0377325 4644%  11974% 0387816
18 -020491 -056551 1370222 -091213 185663 -042926 1334566 1242268 -057166 1145171 -326539  9.26%  88.72% 0104419 926%  [9424% 0098301
19° -000067 1823065 1445693 0052003 192009 1034771  -013 1444088 1749205 -049543 -36538  77.4% 210.75% 0367673 7749%  [l0326% 0381225
20 -02486 1468331 1029939 1729505 1837387 0333470 -029629 095897 1426153 0193645 -8)3252  659%  21466% 0307106 6502%  194.48% 0338972
21' 0739969 0273871 0297069 -050858 1875002 -013969 0173006 1560466 -092512 1537318 -388422  2617%  9558% 0273783 2617% | 9921% 0263764
22 0668311 1127549 099661 -08228 0630718 -02228 -004119 0399592 -065556 0107329 -113776  3887%  84.64% 0453209 3887 | 8496% 0457432
23 -093152 0786263 -0.13035 1553103 -006434 1185006 180772 1118202 -0.97308 0131308 -344331  40.70% 11325% 0359386 40.70%  [10290% 0395545
24' 1930919 0178906 0363131 -096157 -076738 1151782 -073882 0873637 -083027 0670452 -0.87)79  107%  4645% 0232353 1079% | 524% 020562
25' 1550713 -043076 1850317 -034153 0177575 -021171 -013656 -046474 051883 0989023 -251(16  164%  6132% 0026806 164% | 6814% 0024124
26 -099289 -0.32076 109832 0921897  -0628 -085381 1042255 0385031 0870092 0177734 -070077  574%  47.65% 0120414 574% | 4933% 0116313
27 0377537 -08908 0790838 -080349 -0.96015 0346104 -058629 1846699 1462898 -032264 -02607 -1144%  7745% -014766  -1144% | 69.18% -0.16532
28° -093143 1473241 -0.15481 1445658 -0.44337 0.781055 0.294061 -0.67776 0.027314 -0.99789 0.183¢4 45.11% 99.81% 0451931 45.11% 91.89% 0490909
29' 198909 0826773 -084154 -003102 -05835 1297567 1761851 0573004 0615585 1553847 -6.16165  4053% 10861% 0373144 4053 | 11534% 035137
an 10N443 N R244R7 1RA271 N 2330R7 NAQR29?2 1N219A9 1N8N2A  NA4156N2  -N128NM1 1433552 -7R717% 42 A% 1RNR2% N 2RARRI A2 AO% 151 71% N 2_0N5

Weight of each stock Annualized average return /|  Correlation

stDev == SQRT(MMULT(MMULT((B28 : L28 + $B$3 : $L$3), ($C$9 : $M$19)), TRANSPOSE(B28 : L28 « $B$3 : $L$3)))



 Session III

| spx

Annualized Average Retumz ?.542%1 32.802% 9.714% 8.905%| 10.825% 9.878%| 11.010%| 10.080% 9.437% 8.464% 7.105%

Annualized StDev] 14.850%7\ 55.774%| 30809%| 30503%| 20.572%| 23680%| 18.134%| 24.884%| 14587%| 14.785%| 15.350%!

betal 1] \978752| 1.32058| 1.187512] 1410044 0.971191] 0.787] 1.056243| 0405118| 0.539837| 0.454431 1

annualized alphal _ 0.000%| N8rmw| -02464| -dos2%| 0.190%w] 2553w]  5.074%] 2113%]  6.381%]  4.392%] 3.677%1

Residual StDev|  0.000%| 47305%| 23.762%| 24889%| 20881%| 18.781%| 13.865%| 19.317%| 13.288%| 12423%| 13.787%]

Mamowisﬁel Index Model
1 SPX 1 Return | StDev |¥harpe Return StDev Sharpe

1‘{ 1261433 1349575 0960549 078008 0811129 0.767922 0.663428, 1.895086| 1.390129 -0.88042 -8.098911 62.04%  184.99% 0\335371) $B$5:5L%5) 1 176.05% 0.352398
27 1992345 1298458 -0.46485 1.946255 -0.71386 ﬁSBZQ -0.46564 \0.937466 | -0.21358 -0.1841 -3.17823 41.34%  121.85% 0.3839269 41.34% 113.37% 0.364672

1< 1 & | 1 &
R, =— (af"'ﬁf'RM"'ei =_Zai+ _Z/jx’ 'Ry, +—) ¢
n i n i n i ni.
e | nnualized Av Return
Calculating Return Weight of each stock Beta Weight of each stoc Alpha

}
Return = SUMPRODUCT(B28 : L28,$B%4 : $L$4) + $B$2 + SUMPRODUCT(B28 : L28,$BS5 : $L$5)
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e W
Calculating stDev & Sharpe

Annualized Average Retu ml 7.542%. 32.802% 9.714% 8.905%] 10.825% 9.878%| 11.010%] 10.080% 9.437% 8.464% 7.105%
Annualized StDevL 14.850%} 55.774%] 30.809%| 30.503%) 29.572%| 23.680%| 18.134%| 24.884%| 14.587%| 14.785% 15.350%l
betal W 1978752| 1.32058| 1.187512| 1410044| 0971191 0.787] 1.056243| 0.405118| 0.539837 0.4544311
annualized alph aL 0.800% \1\7‘.277% -0.246%[  -0.052% 0.190% 2.553% 5.074% 2.113% 6.381% 4.392% 3.67?%#
Residual StDevL 0.0EN 4N4O5%| 23.762%| 24.889%| 20.881%| 18.781%| 13.865%| 19.317%| 13.288%| 12.423% 13.?8?%}

\ Markowitz Model Index Model
M+I ! SPX 1 Reﬂ\rn | StDev Sharpe Return StDev Sharpe
1‘{ 0213952 1.3602Q2 1762414 1792035 0467095 1911949 1148042 -0.88753 0.468307 1.217094 -8.45359} 61.60%  209.65% 0.293848 61.61%| $L$6)) 0.333983
A 0.£<085 O.BSMSQY}KBOE 1.760445 0.601933 0574397 0.092787\0.35222 0.076928 -6.1431 45.7 176.18% 0.259738 45.76% 152.54% 0.299989
. . . . ) . . . . o oo .
The portfollo S variance 1S : The firm spemﬁc risk is diversifiable :
2
n
2 2 2 2 > 1)y » 1 —2
o2 = B20% +0’(e,) 0*(e,)=2| = | o*le)=="0 (e)
P PYM P ~\ A
1=

Weight of each stock \ Beta Annualized stdev of S&A Q(lual StDev

StDev = SQRT((SUMPRODUCT(B28 : L28 « $B%4 : $L$4) + $B%3)* + SUMPRODUCT(B28 : L28, B28 : L28,$B%6 : $L$6,$B%6 : $136))

sharpe = Return/stDev
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Plotting scatterplot for MM & IM model

according to randomly

generating data M M

Markowitz Model

100.00%
80.00% RN ....
R o oc0e 0g% o 2
o 8% o9 Do o f 4
e VT ANS
60.00% t o ® :.l.:. = .‘. ...0
® ‘ o 82 .o ]
o’o"“ ‘JOQQ' o @
o® oo % .o‘ .:. ..’:0. i
LiEis b v
40.00% ok g“vfocb.l‘.‘.‘ ®g 80 % o °
s o3, oI%, 0 ¢ . ® o
o377 f’lkti:fs.ﬂr' o B30
o.“ﬂ.? ?o‘..o:ps.. .'.\. °
20.00% :. “.) 23 .:.. ‘.:'3.0.:". - °
° : Q .'.?'“: .‘?0. .5. o.
®e3 uS Tl g oge oo
0.00% L3 : 0.00% 150.00% 200.00% 250.00%

-40.00%

Index Model
X
80.00% | o o o ®
® e © o,
o® L4
o g
o€ o
60.00% | ® °s o
40.00% ®
L ]
20.00% | ®
®
0.00% | |
0.00% 200.00% 250.00%
-20.00%
®
-40.00%

300.00%



| : A\
y Session IV

Employ Solver to find MinVariance and Maxsharp of Markowitz Model

Calculate capital allocation line

Markowit4  SPX
MinVarian 0.383666 -0.02968 -0.02893 0.013271 -0.05899 -0.00305 0.194149 -0.11481 0.259307 0.188331 0.196738 0.075077 0.10953 0.685445
Maxsharp -1.09974 0.224573 0.008931 -0.08186 0.127252 0.132127 0.464596 0.078969 0.534975 0.427165 0.183007 0.169875 0.164758 1.031061
CAL 0 0
25 0424688 0411894

Solver Parameters x

Set Objective: spsa2 T
Set Objective: 50532 T To: Olvar O Min O value OF: 0
To: O Max O min O Value Of: 0 By Changing Variable Cells:
.
By Changing Variable Cells: $Cs32:51832 1 M a rkOW ItZ M Od e I
$C$32:51832 T : '
— Subject to the Constraints:
d 0.6
Subject to the Constraints: - Add
Add 0.5 *
Change L]
g o’ ey H . E
Change . 0.4 . - .. . * e ® se
Delete s LI e °e g o,
. LN ) . 00 . M w® %
Delete . e %o, A e e, r'd
0.3 s e ® v, ¢ .00' -% e *ve 9
. e s o
Reset All . es %00 T, & .‘ >
7 °® geoe o - L Y .
Reset A 0.2 -~ a® : . ® st + P
. . L] . o |®
posdsave * " PlotAreal st "% %e . eee 300 e =
Load/Save - L) » -
("] Make Unconstrained Variables Non-Negative 0.1 ® . . N " f.v :‘ s L ': vee A 'r -
(") Make Unconstrained Variables Non-Negative L] .. ... . ®e H . . .. o «° - - ..
: LI L]
. Select a Solving GRG Nonlinear - Options 0 * > *—ty ¢ . 3 R * .. J
Select a Solving GRG Nenlinear v Options Method: ¢ o % v, % .8 o ®* °
Method Y e [ A .
0 0.2 04" ‘e .. "tob% ¢ 08" 1
Solving Method -01 M . 3. LB
Solving Method ‘. o ® p
Select the GRG Nonlinear engine for Soiver Problems that are smooth nonlinear. Select the LP Simplex engine for Select the GRG Nenlinear engine for Solver l?rublems that are smooth nonlinear. Select the LP Simplex engine for _0 2 L
linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth. linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth.
-0.3

Help Salve Clgse Help Solve Close -0.4



| A\ \
Session IV Employ Solver to find StDev for 13 or 14 different returns

Name it as Minvar Frontier

Minvarfront Min variance front Min return front Max return front “\
Return StDev Return Stdev Return Stdev Return Stdev
-40% 0.626449 _04 062818 0.07868 011 0075077 0.10953
-30% 0.499134 -0.395 0621776 0.037319 012 0.082867 011 Fmolov solvertable to find Min Variance
-20% 0.373555 -0.39 0615374 0021143 013 010207 0115 ploy
-10% 0.252318 -0.385 0.608974 0.007916 014 0112478 012 ) 1 ]
0% 0146622 -038 0602576 -0.00386 015 o124t 0125 Frontier, Min Return Frontier, Max Return
5% 0114267 -0375 059618 -0.01476 0.16 0.12901 013
0075077 0.10953 -0.37 0589787 -0.02506 017 0135862 0135 Frontier
15% 0.146489 -0.365 0583397 -0.03494 018 0142238 014
0169875 0.164758 -0.36 0.577009 -0.0445 0.19 0148261 0145
30% 0312145 -0.355 0570623 -0.052 02 0.154014 015
40% 0.436354 -0.35 0564241 -0.06293 0.21 015955  0.155
50% 0.563232 -0.345 0557861 0016158 022 )
60% 0.691312 -0.34 0551484 -0.0807 0.23 Markowitz Model
70% 0.820031 -0335 054511 -0.0894 0.24
80% -033 053874 -0.00066 0.25] 20
90% -0.325 0532372 -0.10655 026] =5 ooo
100% -0.32 0.526008 -0115 027
-0.315 0519648 -01234 028 40.000%
-031 0513291 -0.13175 0.29
30.000% .
WA 20.000% L
®
10.000% PR,
p 1 ) :.).. -
. . ; 0.000% g : :.'.,'_.." .
Incorporate MlIlVaI' FI’OIlthI', Mll’l 0.000% 10.000% . 66), G00%* ¢ :7 UQ{‘B'.' 20,000%
-10.000% ¢ o vs ®
. . . ® ®
Variance Frontier, Min Return e
Frontier, Max Return Frontier to -30.000%
-40.000%

original plot



index model

minVariace 0.256224 -0.04042

| Session IV

A\ \

Employ Solver to find MinVariance and Maxsharp of Index Model

Calculate capital allocation line

-0.0527 -0.02809 -0.08728 0.007581 0.102837 -0.01399 0.312696 0.276746 0.266405 0.071517 0.09634 0.742339
Maxsharp -0.70158 0.103244 -0.00565 -0.00109 0.005655 0.09393 0.342518 0.073503 0.46903 0.369359 0.251081 0.12867/7 0.129227 0.995744

Set Objective: $R$32 i ‘
To: O Max (o) O value Of: ‘
By Changing Variable Cells:
$C$32:$L$32 1 ‘
Subject to the Constraints:
Add
Set Objective:
To: O Max O Min

D Make Unconstrained Variables Non-Negative

Select a Solving GRG Nonlinear
Method:

By Changing Variable Cells:
$C$32:5L832

Subject to the Constraints:

$5$32

O Value Of:

[:] Make Unconstrained Variables Non-Negative

Select a Solving GRG Nonlinear
Method:

Add

Change

Delete

Reset All

Load/Save

Options

=

=2

0.6
0.5
04
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4

CAL 0 0
2.5 0321692 0.323067

Index Model

0.2




| A\ \ \
Session IV Employ Solver to find StDev for 13 or 14 different returns

Name it as Minvar Frontier

Minvarfront Min variance frontier Min return front Max return front “‘
Return StDev Return Stdev Return Stdev Return Stdev
-40% 0719886 -04 0716987 0088798 01 0053897 01 ) )
-30% 0.568033 -0.395 0.709522 0105941 011 0036847 0.1 Employ solvertable to find Min Variance
-20% 0420315 -039 0702058 0117972 012 0024724 012
-10% 0275816 0385 0.694596 0128233 013 0014463 013 ; ! i
0% 0146184 -038 0687136 0137551 0.14 0.005144 0.14 FI'OIltleI', Min Return FI’OIlthI’, Max Return
5% 0101649 -0.375 0679677 0146281 0.15 -0.00359 0.15
715%  0.09634 -037 067222 0.154606 0.16 001191 016 Frontier
13% 0129227 0365 0.664765 0162638 017 -0.01994
20% 0216245 -036 0657311 0170448 018 -0.02775 018
30% 0357505 -0.355 0.649859 0.178085 0.19 -0.03539 0.19
40% 0504249 -0.35 0.642409 0185583 02 -0.04289 02
50% 0.652789 0345 0634962 0.192968 021 -0.04189 021
60% 0.802128 -034 0627516 0.200259 ( .
70% -0.335 0.620072 0207473 ( Markowitz Model
- e 0285 g0 00
50.000%
40.000%
WA 30.000%
20.000%
10.000% 3
. . . ‘ ]
Incorporate Minvar Frontier, Min o e e
’ ® oo
: - ! 0.000% 10.000% I o 0099,- .
[ ]
Variance Frontier, Min Return -10.000% ¢ Cwp
]
. . -20.000%
Frontier, Max Return Frontier to
-30.000%

original plot

-40.000%



Session IV MM & IM plot

Markowitz Model
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Index Model







FO rm u Ia S v 1 X «/ fx =SUMPRODUCT(C24:M24,5C$2:5MS2)|

A B € D E F G H \ J K L M N o P
| sex |
annualized average return|  7.542%| 32.802%| 9.714%| 8.905%| 10.825%| 9.878%| 11.010%| 10.080%| 9.437%| 8.464%|  7.105%
annualized stdev| 0.148503] 0.557735| 0.308093] 0.305035] 0.295719| 0.236797| 0.181337| 0.248835] 0.145865] 0.14785| 0.153498

beta 1| 19788 | 13206 | 1.1875 | 1.4100 | 09712 | 07870 | 1.0562 | 0.4051 | 0.5398 | 0.4544
annualized alpha| _ 0.000%| 17.877%] -0.246% -0.052%| 0100 2.553%| 5.074%| 2.113% 6.381% 4.302% 3.677%
Residual StDev|  0.0004|  47.4%  238% 240% 200 1884 13904 103% 133 124  13.8%

° ccrrelations
D P tf I t 1.000000f 0.526865 | 0.636530 [ 0.578128 [ 0.708092 | 0.609066 | 0.644503 | 0.630359 | 0.412445 | 0.542222 | 0.439645
o r O I O s re u r n 0.526865| 1.000000| 0.487198 | 0.523781 | 0.343134 | 0.159845 | 0.338001 | 0.156912 | 0.059558 | 0.165279 | 0.069448
0.636530] 0.487198| 1.000000| 0.614181 | 0.487495 | 0.328141 | 0.410049 | 0.297266 | 0.220244 | 0.238795 | 0.164964
0.578128| 0.523781| 0.614181| 1.000000| 0.410737 | 0.279632 | 0.411503 | 0.285682 | 0.136363 | 0.324896 | 0.110064
0.708092) 0.343134| 0.487495| 0.410737| 1.000000| 0.471678 | 0.493822 | 0.417367 | 0.173108 | 0.295535 | 0.203125
0.609066| 0.159845| 0.328141| 0.279632| 0.471678| 1.000000{ 0.539160 | 0.540137 | 0.335850 | 0.234128 | 0.217803

N 0.644503| 0.338001| 0.410049| 0.411503| 0.493822| 0.539160| 1.000000| 0.416709 | 0.230974 | 0.272732 | 0.211711
E R — W * E(T 0.630359| 0.156912| 0.297266| 0.285682| 0.417367| 0.540137| 0.416709| 1.000000| 0.346275 | 0.451773 | 0.406645
p ; L i
=1

0.412445] 0.059558( 0.220244| 0.136363| 0.173108| 0.335850| 0.230974| 0.346275| 1.000000( 0.493743 | 0.483308
0.542222| 0.165279| 0.238795| 0.324896| 0.295535| 0.234128| 0.272732| 0.451773| 0.493743 1.000000| 0.526761
0.439645| 0.069448| 0.164964| 0.110064| 0.203125] 0.217803| 0.211711] 0.406645| 0.483308| 0.526761| 1.000000

Markowitz Model

[ sex [Tnwoa Tlesco [mme T es [ uss [moen [aw [ p6 [ ow [ @ T Retum [ stoev | shaw
Weights 0.85988 -0.17844 -0.06476 -0.02255 -0.183597 -0.02093 -0.02967 -0.0472 0.161411 0.189452 0.288781|$M$2) 14.3% 0.174747

v i X~/ fr =SQRT(MMULT(MMULT((C24:M24*$C$3:$M$3),(SC$9:5M$19)) TRANSPOSE (C24:M24*$CS3:5M$3) )|

A B c D E F G H | ] K L M N 0] P
PX

[ ] o
>Portfolios ris 5
annualized average return 7.542%| 32.802%) 9.714% 8.905%| 10.825% 9.878%| 11.010%| 10.080% 9.437% 8.464%| 7.105%

annualized stdev| 0.148503] 0.557735| 0.308093| 0.305035| 0.295719| 0.236797| 0.181337| 0.248835| 0.145865| 0.14785| 0.153498
N N
g w;w; Cov(1;,17)
p Wr ir7j
i=1

beta 1] 1.9788 1.3206 1.1875 1.4100 0.9712 0.7870 1.0562 0.4051 0.5398 0.4544

annualized alpha 0.000%| 17.877% -0.246%| -0.052% 0.190% 2.553% 5.074% 2.113% 6.381% 4.392%) 3.677%
Residual StDev 0.000% 47.4% 23.8%) 24 9% 20.9%) 18.8% 13.9% 19.3% 13.3%) 12.4% 13.8%

SPX 1.000000| 0.526865 | 0.636530 | 0.578128 | 0.708092 | 0.609066 | 0.644503 | 0.630359 | 0.412445 | 0.542222 | 0.439645
0.526865| 1.000000| 0.487198 | 0.523781 | 0.343134 | 0.159845 | 0.338001 | 0.156912 | 0.059558 | 0.165279 | 0.069448
0.636530| 0.487198| 1.000000| 0.614181 | 0.487495 | 0.328141 | 0.410049 | 0.297266 | 0.220244 | 0.238795 | 0.164964
0.578128| 0.523781| 0.614181| 1.000000| 0.410737 | 0.279632 | 0.411503 | 0.285682 | 0.136363 | 0.324896 | 0.110064
0.708092| 0.343134| 0.487495 0.410737| 1.000000| 0.471678 | 0.493822 | 0.417367 | 0.173108 | 0.295535 | 0.203125
0.609066| 0.159845| 0.328141| 0.279632| 0.471678| 1.000000f 0.539160 | 0.540137 | 0.335850 | 0.234128 | 0.217803
0.644503| 0.338001| 0.410049| 0.411503| 0.493822| 0.539160| 1.000000| 0.416709 | 0.230974 | 0.272732 | 0.211711
0.630359| 0.156912| 0.297266( 0.285682| 0.417367| 0.540137| 0.416709| 1.000000( 0.346275 | 0.451773 | 0.406645
0.412445| 0.059558| 0.220244( 0.136363| 0.173108| 0.335850| 0.230974| 0.346275( 1.000000| 0.493743 | 0.483308
0.542222| 0.165279] 0.238795( 0.324896| 0.295535| 0.234128| 0.272732| 0.451773( 0.493743| 1.000000f 0.526761
0.439645| 0.069448| 0.164964( 0.110064| 0.203125| 0.217803| 0.211711| 0.406645| 0.483308| 0.526761| 1.000000

Markowitz Model
[ sx [wwoa [ Tesco [Tmre [es [ wse [Twmen A [P [T el T Retum | stbev | sharp

Weights 0.85988 -0.17844 -0.06476 -0.02255 -0.13597 —0.020931 -0.02967  -0.0472 0.161411 0.189452 0.288781| 2.5%[$M$3))) | 0174747




VI M Constraint 1

This additional optimization constraint is designed to simulate the Regulation T by FINRA

(https://www.finra.org/rules-guidance/key-topics/margin-accounts), which allows broker-dealers
to allow their customers to have positions, 50% or more of which are funded by the customer’s

account equity: s

w.l=s2;
1 b
i=]
M v i X </ fr =SQRT(C3272+3$B$33)
B C D B [ G H J K L M N o P Q R S T
Markowitz Model Index Model
Weights | 0859881 -0.17844 -0.06476 -0.02255 -0.13597 -0.02093; -0.02967 -0.0472 0.161411 0.189452 0.288781 2.5% 14.3% 0.174747 2.5% 12.1% 0.206779 2
0.00001]$B$33) 10.178463 0.064833 0.022775 0.136008 0.021172' 0.029837 0.04731 0.161442 0.189478 0.288798
-
T 32 + 0.00001 w. <2
wil = /(w2 + 0. ; ;
i=1

Solver Parameters

Set Objective: $5337

To O Max © nin O value Of: 0

By Changing Variable Cells:
$C$32:51$32

Subject to the Constraints:

$Q832 = $T$31 Add
$T332 <=2 =

[") Make Unconstrained Variables Non-Negative

Select a Solving GRG Nonlinear v Options
Method:

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex engine

for linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth

I

I



StdDev MM Efficie MM Ineffic MM Minin Ret StdDev |MM Efficie MM Ineffic MM Minin Ret
10.0% -10.0% 30.5%
° 10.5% -9.5% 31.0%
Constraint 1 i e on 2 || o
11.5% 1026 1 a8 -8.5% 32 0%
12.0% 113% 38% -8.0% 2254
12.5% 121% 3.0% -75% 33.0%
13.0% 12.9% 24% -7.0% 33.5%
13.5% 13.5% 18% -6.5% 34.0%
06 14.0% 14.1% 13% -6.0% 2455
. 14.5% 14.5% 0.9% 33.1% -5.5%
Constr1 Markowitz Model 1oon [REEANNEEE ., | 5%
15.5% 15.4% 0.1% 23.4% -45% 26.0%
05 - . 160% | 158%  -03%  224% @ -A0% 36.5%
- e, 15.5% 16.1% -06%  215% -3.5% 2705
- . 17.0% 16.5% ~09%  208% -3.0% 3755
04 <o 17.5% 16.8% -12% 19.7% 25k 28.0%
. . 18.0% 17.1% -15% 18.8% -2.0% oy
CE N 18.5% 17.5% -18% 17.9% -15% 20.0%
032 I - g 19.0% 17.8% -21% 17.1% -1.0% 2955
R 195% | 181%  -24%  164%  -0.5% 10.0%
. " - 20.0% 18.4% -2 7% 15.6% 0.0% 058
07 S, N, 20.5% 18.7% -3.0% 15.0% 0.5% Lo
: s 21 0% 19.0% -32% 14 6% 1.0% :
. . 215% | 192%  -35%  138%  15% 415%
01 ' . . 220% | 195%  -38%  133%  20% i;ﬂ
: PR - 22 5% 19.7% -4.0% 12.9% 2 54 o
. . . 23.0% 20.1% -4.3% 125% 3.0% :
. . - 235%  203%  -A5%  129% 35% 43.5%
0 L R 240% | 208%  -A8%  119%  40% 44.0%
i -{]_'a e 1 24 5% 20.9% _49% 11.6% 4.5% 44.5%
AT 2506 | 211% 114%  50% 45.0%
-0.1 25.5% 21.4% 11.3% 5.5 45.5%
. . 26.0% 21.7% 11.1% 6.0% 46.0% !
. o, . . 95 5% 210 11.0% 6.5 46.5% 31.4% 35.9% 26.5%
0.2 + Portfolios e M Minirnal Variance Frortier 27 O 2991 11.0% 7 0% 47.0% 316% 36.9% 27.0%
o : " : 27 5% 29 9% 11.0% 7.5% 475% 31.8% 38.0% 27.5%
—— MM Efficient Frontier MM Irefficient Frontier o S o o 18,0 P 2014 B,
0.3 ® MacSharpe e CAL 2854 22.0% 11.0% 854 48.5% 32.2% 40.2% 28.5%
20 0% 23.0% 11.1% 9.0% 49.0% 32.5% 41 3% 29.0%
29.5% 23.4% 11.3% 9.5% 49.5% 32.7% 42.3% 29 5%
30.0% 237% 11.4% 10.0% 50.0% 33.0% 434% 30.0%
MM (Constrl): SPX NVDA CSCO INTC GS USB TD CN ALL PG JNJ CL Return StDev Sharpe
MinVar| 38.37% -297% -2.89% 1.33% -5.90% -0.30% 19.41% -11.48% 2593% 18.83% 1967% 7.51% 10.95% 0.685 CAL: 0.0% 0.0%
MaxSharpe| __-42.64% 15.74% -1.21% -6.09% 325K  644%  3527%  114%  A573%  29095%  1242% _ 1401%  1395% 1004 25 350%  34.9%




Constraint 2

This additional optimization constraint is designed to simulate some arbitrary “box’ constraints
on weights, which may be provided by the client:

w,| <1 forVi;

DMethOd Solver Parameters

Set Objective: 5RS32
Markowitz Model Ta: O max @ Min ) value OF:
[ sex_ ["mwoa [ esco | wic [ es [ wse | wen | A [ p6 [ w [ @ [ Retun | stoev | sharp | .
Weights 085988] -0178441 -006476 -002255 -013597 -002093 -00297 -00472 0161411 0189452 0.288781 2.5% 143% 0174747 o Ll

$C532:51532

Subject to the Constraints:

SC532:5M532 <= 1
SC832:5M332 == -1
30532 = 5T331

|:| Make Unconstrained Variables Non-Negative



StdDev MM Efficie MM Ineffiit MM Minin  Ret StdDev MM Efficie MM Ineffic MM Minin  Ret

° 10.0% 305%  -10.0% 305%  269%  -100%  116%  10.5%
C o n St ra I n t 2 10.5% 20.7% -95% 31.0% 272%  -103%  119% 11.0%
11.0% 8.3% B.7% 289%  -90% 315%  275%  -106%  121% 115k
1156  10.2% 48% 280%  -85% 320%  278%  -109%  124%  12.0%
1206 113% 39% 27.2% | -80% 325% | 281%  -112%  127% @ 125k
1256 121% 2.9% 26.4%  -75% 330% | 284%  -114%  131% @ 13.0%
13.0% 12.9% 2.3% 25.6% -7.0% 33.5% 28.7% -11.7% 13.4% 13.5%
13565 135% 17% 248%  -65% 340% | 290%  -120%  138%  140%
0.6 . 14.0% 14.2% 1.2% 24.0% -6.0% 34.5% 29.3% -12.3% 14.2% 14.5%
Constr2 Markowitz Model 145% | 148% 0% 237% | _55% 506 208%  -126%  148%  15.0%
15.0% 153% 0.3% 22.4% -5.0% 3550 299%  -129%  151% 15.5%
15.5% 15.9% -01% 21.6% -4.5% 36.0% 30.2% -13.2% 15.5% 16.0%
160%  164% 08k 209% @ -40% 36.5% 305%  -135%  160% 16.5%
165%  169%  -09%  201%  -35% 370k | 308%  -138%  165% | 170k
170w - 17s% - -13%  194%  -30% 375% | 311%  -141%  170% @ 17.5%
lrgh 1r7s -1y 18.7% - -25% 380%  314%  -144%  176%  18.0%
1806 | 181%  -20%  180% -2.0% 385% | 317%  -146%  182%  185%
196%  18B%  24%  173%  15% . 4 mr
L 0 = 395% | 323%  -152%  195%  195%
1956 193%  -31%  160%  -05%

40.0% 32.5% -15.5% 201% 20.0%
40.5% 32.8% -15.8% 20.8% 20.5%
41.0% 33.1% -16.1% 215% 21.0%
41.5% 33.4% -16.4% 22.2% 215%
42.0% 33.7% -16.7% 229% 22.0%

20.0% 19.9% -3.4% 15.3% 0.0%
20.5% 20.0% -3.8% 14.8% 0.5%
21.0% 20.7% -41% 14.2% 1.0%
21.5% 20.7% -4.4% 13.7% 1.5%
22.0% 21.4% -47% 13.2% 2.0%

205%  217%  -51%  128% 2 5% 425% - 340K - -169%  237H - 225%
v HESEEEET SR . 430% | 343%  -172%  244%  230%
235% | 224% 57  121%  35% ool - - - EEERy
e - - M 440%  349%  -178% 259  240%
24 5% 23.1% 6.3 116% A.5% 44.5% 35.1% -18.1% 26.7% 24.5%
25.0% 23.4% -6.6% 11.4% 5.0% 45.0% 35.4% -18.3% 27 5% 25.0%
25.5% 23 7% _6.9% 11.9% 5.5k 45 5% 35.7% -18.6% 28.3% 25.5%
. ., = , , 26.0% 24.0% 7% 11.1% 5.0% 46.0% 36.0% -18.9% 291% 26.0%
-0z « Portfolios e I Wlinim &l Variance Frontier 26 5% 24 4% 76k 11.0% 6.5% 16.5% 263%  -102%  290% 26 5%
= MM Efficient Frontier MM Inefficient Frontier 27.0% 247% ~79% 11.0% 7.0% 47.0% 366%  -195%  307% 27.0%
27 5% 25.0% -8.2% 11.0% 7.5% 47.5% 36.9% -19.7% 315% 27.5%
-03 * MaxSharpe —CAL 7804 | 253%  -85%  110%  80% 480% | 371%  -200%  323%  280%
28.5% 25.6% -8.8% 11.0% 8.5% 48.5% 37.4% -20.2% 33.2% 268.5%
29.0% 25.9% -91% 11.1% 9.0% 49.0% 37 T7% -204% 34.0% 29.0%
285% 26.3% -94% 11.3% 9.5% 495% 38.0% -20.6% 34.8% 29.5%
30.0% 26.6% -97% 11.4% 10.0% 50.0% 38.3% -20.8% 357% 30.0%
MM (Constr2): SPX NVDA Csco INTC GS USBE TD CN ALL PG JN] CL Return StDev Sharpe
MinVar 38.37% -297% -2.89% 1.33% -5.90% -0.30% 19.41% -11.48% 2593% 18.83% 1967% 751% 10.85% 0685 CAL: 0.0% 0.0%

MaxSharpe| -100.00% 21.50% 0.31% -8.15% 11.46% 12.25% 44 .92% 6.87% 52.33% 41.02% 17.48% 16.56% 16.06% 1.031 25 414% 40.2%




StdDev MM Efficie MM Ineffic MM Minin Ret StdDev MM Efficie MM Ineffic MM Minin Ret
° ° 10.0% 252%  -100% 30.5% 294%  -144%  116% 10.5%
Constraint 3(free portfolio) A S% s mm us 6% o
11.0% 8.3% 6.7% 24.1% -9.0% 31.5% 30.3% -15.2% 12.1% 11.5%
11.5% 10.2% 4.9% 23.5% -8.5% 32 0% 30 7% _15.7% 12 4% 12.0%
12.0% 113% 3.7% 22.9% -8.0% 32.5% 311%  -161%  127% 12.5%
12.5% 12.1% 3.0% 22 4% -7.5% 330% 31.5% _165% 13.1% 13.0%
13.0% 128% 21% 2188 -T0% 33.5% 319%  -169%  134%  135%
ﬁ-gﬁ: ﬁ-g: i-g ;{1);: 2[5]: 34.0% 323%  -173%  138%  14.0%
0.6 . v : : - ol 34.5% 327%  -17.7%  142% 14.5%
Constr3 Markowitz Model 14.5% gl wE) o 2l 35.0% 331%  -181%  146%  150%
15.0% 1ok -04%  196%  -50% 355% 3356  -185%  151%  155%
0.5 15.5% 15.8% -0.6% 19.1% -4.5% 26.0% 2305 -180% 1556 16.0%
16.0% 16.5% -12% 18.5% -4.0%
1o o oo 150 P 36.5% 343%  -193%  16.0% 16.5%
04 37.0% 34.7% -19.7% 16.5% 17.0%
17.0% 175% -2.0% 17.5% -3.0%
175 T s i e 37.5% 351%  -201%  17.0% 17.5%
0.3 150 g e ey by 38.0% 355%  -205%  17.5% 18.0%
: 1555 e e . Lo 38.5% 359%  -209%  18.0% 18.5%
39.0% 363%  -213%  185% 19.0%
0.z 132’: 133 _j& EE: ég:; 39.5% 36.7% -21.7% 19.0% 19.5%
20.0% 20.4% 5% 147% 0.0% 40.0% 371%  -221%  196% 20.0%
01 20 5% 209K o gk 147% 0.5% 40.5% 375%  -225%  201% 20.5%
21.0% 213%  -63%F  138%  10% 4L10% e R, 21 0%
o1 5% 918% 67 15.4% 15k 415% 383%  -233%  212% 21.5%
] 22 0% 99 9% 7o 13.1% > 0% 42.0% 387%  -237%  218% 22.0%
0 20 54 29 6% ~T 6% 12.7% 2 5% 42.5% 39.1% -24.1% 22.3% 22.5%
-0 23.0% 231% -8.1% 12.4% 3.0% 43.0% 39.5% -24.5% 22.9% 23.0%
23 5% 235% -85% 12.1% 3.5% 43.5% 39.9% -24 9% 23.5% 23.5%
24.0% 24.0% -89% 11.0% 404 44.0% 403%  -253%  24.1% 24.0%
-0.2 24.5% 24.4% -94% 116% 454 44.5% 407%  -257%  24.6% 24.5%
. o . . 25.0% 24.8% -0.8% 11.4% 5.0 45.0% 411%  -261%  252% 25.0%
.03 + Portfolios MM Minimal Variance Frontier 25 50 2596  -102%  113% 5 5k 45.5% A41.5% -26.5% 25 8% 25 5%
« MM Efficient Erontier MM | nefficient Frontier 26.0% 2B7%  -107%  111% 6.0k 46.0% 419%  -269%  264% 26.0%
o MaxSharpe CAL 26.50 261%  -111%  110% 6.5% 46.5% 423%  -27.3%  27.0% 26.5%
-04 P 27.0% 265%  -115%  110% 7.0 47.0% 427%  -27.7%  276% 27.0%
2750 260K  -119%  110% 7.5% 47 5% 431%  -281%  28.2% 27.5%
28.0% 274%  -123%  110% 8.0% 48.0% 435%  -285%  28.8% 28.0%
28.5% 278%  -128%  110% 8.5% 48.5% 439%  -2809%  204% 23.5%
29.0% 282%  -132%  111% 9.0 49.0% 443%  -293%  300% 29.0%
29.5% 28.6% -136% 113k 9.5% 49.5% A44.7% -297%  30.6% 29.5%
30.0% 290%  -140%  114% 10.0% 50.0% 451% -301%  312% 30.0%
MM (Constr3): SPX NVDA CsCO INTC GS USB TDCN ALL PG INJ CL Return StDev  Sharpe
MinVar| 38.37% -297% -2.89% 1.33% -5.90% -0.30% 1841%  -1148%  2593% 18.83% 19.67% 751% 10.95% 0.685 CAL:  00% 0.0%
MaxSharpe] -109.97% 22.46% (0.89% -8.19% 12.73% 13.21% 46.46% 7.90% 53.50% 42 72% 18.30% 16.99% 16.48% 1031 25 4254 41.2%




Y% constraint 4

Weights

This additional optimization constraint is designed to simulate the typical limitations existing in
the U.S. mutual fund industry: a U.S. open-ended mutual fund is not allowed to have any short

positions, for details see the Investment Company Act of 1940, Section 12(a)(3)
(https://www.law.cornell .edu/uscode/text/15/80a-12):

w. =0, for Vi;

D M Et h 0 d j:t Objective: 50932

O Max ° Min O Value Of:

N By Changing Variable Cells:
Markowitz Model scs32sL532
SPX Return | stbev | sharp | _
Subject to the Constraints;

0 0107381 0 0 0 0 0237415 0 042327 0163069 0.068865 854564 SCs32:532 »- 0 |

a4 -
J.LU | J.\.FJ. L e e e
$Q$32 = $T$31

Solving Method

Select the GRG Nonlinear engine for Solver Pr bl lems that are smooth nonlinear. Select the LPSmpI
for linear Solver Problems, and select the Evolutionary engine for Solver prol bI lems that u(h

]

]



06

ns

04

B3

n2

0.

-0.1

-0.2

=033

C t - 4 StdDev MM Efficient [MM Inefficiei MM Minimal v Ret StdDev  |MM Efficient [MM Inefficiert MM Minimal v Ret
o n S ra I nt 10.0% ~10.0% 30.5% 21.7% 11.8% 105%
105% -95% 31.0% 219% 12.1% 11.0%
11.0% 9.0% 3154 22.2% 12.6% 115%
1154 9.9% 8.2% -8.5% 32.0% 22.4% 13.1% 12.0%
12.0% 108% 7.7% -8.0% 32.5% 22 6% 136% 125%
1254 11.4% 7.4% -75% 33.0% 22.9% 14.3% 13.0%
13.0% 11.9% 7.3% -7.0% 33.5% 23.1% 14.9% 13.5%
. 1354 12.4% 7.2% -6.5% 34.0% 23.3% 15.7% 14.0%
Constrd Markowitz Model 140 128% 7% -6.0% 34.5% 235% 16.4% 145%
145% 13.2% 7% -5.5% 35.0% 23.8% 17.2% 1504
15.0% 1364 7.1% -5.0% 35.5% 24.0% 18.1% 155%
155% 139% -4.5% 36.0% 24.2% 19.0% 16.0%
122: iig: ggj 36.5% 24.4% 19.9% 16.5%
5 . -3.5) 37.0% 24.7% 20.8% 17.0%
17.0% 14.9% -3.0% 37.5% 24.9% 21.8% 175%
17.5% 15.2% -2.5% 38.0% 25.1% 22.7% 18.0%
18.0% 1554 -2.0% 38.5% 25.3% 23.7% 18.5%
1855 5.7 “L5% 39.0% 25 6% 24.8% 190%
19.0% 1608 “LO% 39.5% 25.8% 25.8% 195%
;ggj’ igg: 'OU;; 40.0% 26.0% 26.8% 200%
. Lass 05 40.5% 26.2% 27.9% 205%
o10 1714 Lot 4108 26.4% 29.0% 21.0%
T .
22.0% 176% 20% 2 : : =
o5 179% 55 42 5% 27.1% 32.2% 22 5%
308 1815 0% 43.0% 27.3% 33.3% 23.0%
358 P 25 4355 27.5% 34 4% 2354
2 0% 18.6% 40K 44.0% 27.7% 3556 24.0%
24 5 18.9% 45% 44.5% 28.0% 36.6% 24.5%
» Portfolios * MM Efficient Frontier 2504 191% 50k 08 2828 STan 2o08
25 5% 19 4% 55K 45 5% 28.4% 38.9% 255%
# MM |nefficient Frontier MM Minimal Variance Frontier 26.0% 1964 6.0% 46.0% 28.6% 40.0% 26.0%
.y 26.5% 19.8% 5.5% 46.5% 28.8% 41.2% 26.5%
MmSharp CAL 27 0% 201% 7.0% 47.0% 28.0% 42.3% 27.0%
27 5% 203% 12.4% 75% 475% 20.3% 43.4% 27.5%
28.0% 206% 11.7% 8.0% 48.0% 29.5% 44.6% 28.0%
2854 208% 11.3% 8.5% 48.5% 29.7% 45 7% 28.5%
29.0% 21.0% 11.3% 9.0% 49.0% 29.9% 46.9% 29.0%
29,5 213% 11.4% 9.5% 49 5% 30.1% 481% 29.5%
30.0% 215k 11.5% 10.0% 50.0% 303% 49.2% 30.0%
MM (Constrd): SPX NVDA CSCO INTC ALL PG JNJ CL Return StDev Sharpe
MinVar 9.49% 0.00% 0.00% 0.00% 0.00% 28.91% 2062% 21.13% 8.58% 11.27% 0.788 CAL: 0.0% 0.0%
MaxSharpe| 0.00% 10.95% 0.00% 0.00% 0.00% 42 56% 16.17% 5.60% 12.06% 13.12% (0.919 25  301% 32.8%



Constraint 5

Lastly, we would like to see if the inclusion of the broad index into our portfolio has positive or
negative effect, for that we would like to consider an additional optimization constraint:

w, =0.

Solver Parameters

D M et h o d Set Objective: $0$32

To: ) Max O min () value Of: 0

By Changing Variable Cells:
$D$32:51$32

Subject to the Constraints:
$Q$32 = §T831 Add

Markowitz Model
Return | 5tDev | Sharp | Change

Weights 0l 0110613 -005165 -007v067 -001228 0026918 0291996 -003705 0398098 0.240897 | 0103133 12.0% 127% 0948632 Delete
Reset All
Load/Save
D Make Unconstrained Variables Non-Negative
Select a Salving GRG Nonlinear v Options

Method:
Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex engine
for linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth.

|+

[k



C t : t 5 StdDev MM Efficient |MM Inefficiet MM Minimal vV Ret StdDev  |MM Efficient [MM Inefficiet MM Minimal ¥ Ret
O n S ra I n 10.0% 35.8% -10.0% 30.5% 24.3% -6.9% 11.6% 105%
10.5% 34.9% -9.5% 31.0% 24.6% -7.2% 11.9% 11.0%
11.0% 34.0% -9.0% 31.5% 24.9% -7.5% 12.3% 11.5%
115% 10.2% 7.2% 33.2% -8.5% 32.0% 25.2% -7.8% 12.7% 12.0%
12.0% 11.1% 11.1% 32.3% -8.0% 32 5% 25 5% -81% 13.1% 12 5%
125% 11.8% 5.6% 31.5% -7.5% 33.0% 25.8% -8.3% 13.6% 13.0%
13.0% 12.4% 5.0% 30.6% -7.0% 33.5% 26.1% -8.7% 14.2% 13.5%
135% 12.9% 4.5% 29.8% -6.5% 34.0% 26.4% Q0% 14.7% 14.0%
: 14.0% 13.3% 41% 28.9% -6.0% 34.5% 26.7% -9.3% 15.3% 14.5%
05 Constr5 Markowitz Model 1458 2L = = 35.0% 2704 -9.6% 1606 | 1504
05 - 155% 146% 28k 26.5% a5k 36.0% 276% -10.1% 17.3% 16.0%
16.0% 150% 24k 2568 4o 36.5% 27.8% -104% 18.0% 165%
165K 15.4% 2.0% 24.8% -3.5% 37.0% 28.1% -107% 18.8% 17.0%
04 LT.0% 15:8% LT 24.0% - 37.5% 28.4% -11.0% 19.5% 175%
17.5% 4L Ls. s -2k 38.0% 28 7% 113% 20.2% 1803
18.0% 16.5% 0.9% 22.0% -2.0% 285 e e B 1855
03 185% 16.8% 0.6% 216% -15% . .
wor | % om e o oo R R
19.5% 17.5% -0.1% 20.1% -0.5% e : : §
0z } ; 40.0% 29.9% -12.4% 23.4% 200%
20.0% 17.9% -0.4% 19.4% 0.0% i i
B 189 ogs P 05 40.5% 30.1% -12.7% 24.2% 20.5%
01 2noe | ms Al ;s 1o - o o R
2154 18.9% -1.4% 17.2% 1.5% 2 T2 : :
22.0% 19.1% 17 1654 20% 4208 S10% ~136% 2668 2208
Bk 99 5% iEr o e 5 5% 42.5% 31.3% -13.9% 27 4% 225%
0 230K 19.6% Iy 15.2% 3 0% 43.0% 31.6% -14.2% 28.3% 23.0%
; 235% 20.1% -2.7% 14.6% 3.5 43.5% 319% 144k 29.1% 23.5%
-0.1 2108 e e I L0k 44.0% 321% -14.7% 29.9% 24.0%
2454 20.7% -3.3% 13.5% 456 44.5% 32.4% -15.0% 30.8% 24.5%
0.2 25 0 2105 o 1308 5.0% 45.0% 32.7% -15.3% 31.6% 25.0%
255% 21.3% -3.9% 126% 5.5% 4555 330% -15.6% 32.5% 2554
i o i 26.0% 21.6% -4.2% 12.2% 6.0% 46.0% 333 -159% 33.3% 26.0%
-0.3 « Partfolios = MM Efficiert Frontier 26,54 21 9% _A5% 11.9% 6.5% 46.5% 33.6% -16.2% 34.2% 26.5%
o . C : : 27.0% 22.2% -4.8% 11.6% 7.0% 47.0% 33.8% -16.4% 35.0% 27.0%
o MM [nefficient Frantier MM Minimal Variance Frontier 575 B e e o 47 5% 34.1% _167% 35.9% 07 5%
MazxSharp s CAL 28 0% 22 9% 5.4 113% 8.0k 43.0% 34.4% -17.0% 36.8% 280%
28.5% 23.1% -5.7% 11.2% 8 5% 485% 347% -17.3% 37.6% 28 5%
29.0% 23.4% -6.0% 11.2% 9.0% 49.0% 35.0% -17.6% 38.5% 29.0%
29.5% 23.7% -6.3% 11.3% 9.5% 49.5% 35.3% -17.9% 39.4% 2056
30.0% 24.0% -6.6% 11.4% 10.0% 50.0% 3556 -18.1% 40.2% 3004

MM (Constrs): SPX NVDA CSCO INTC GS USB TDCN ALL PG JNJ CL Return StDev Sharpe
MinVar 0.00% -0.97% 0.08% 251% -0.99% 3.50% 24.70% -8.17% 28.91% 25.58% 24 .85% 8.71% 11.18% 0779 CAL: 00% 0.0%

MaxSharpe| 0.00% 14.93% -6.85% -1014%  -1.30% 2.43% 30.65% -2.27% 43.31% 23.61% 5.64% 13.06% 13.69% 0.954 25 326% 34.2%
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Formulas

>Portfolios return

E(R) = a; + fi-E(Rm)

>Portfolios risk

of = Bfoz + a%(e;)

N B
= (Z£L1Wiﬁi)2 0%+Zi=1WfGé_

fe =SUMPRODUCT(C23:Mza,scss:SM$5}*Scs3+sumPRODUCT(czs:Mzz,$c$s:$m$s}|

annualized average return" 7.942%
annualized stdev| 0.148503

beta 1]

annualized alpha| 0.000%
Residual StDev|  0.000%

carrelation:

Weights

32.802%

9.714%

8.905%

10.825%

9.878%

11.010%

10.080%

9.437%

B8.464%

7.105%

0.357735

0.308093

0.305035

0.295719

0.236797|

0.181337|

0.243835

0.145865

0.14785

0.153498]

1.9788

1.3206

1.1875

1.4100

0.9712

0.7870

1.0562

0.4051

0.5398

0.4544

17.877%

-0.246%

-0.052%

0.190%

2.553%

5.074%

2.113%

6.381%

4.392%

3.677%

A47.4%

23.8%

24.9%

20.9%

18.8%

13.9%

19.3%

13.3%

12.4%

13.8%

1.000000|

0.526865

0.636530

0.578128

0.708092

0.609066

0.644503

0.630359

0.412445

0.542222

0.439645

0.326865

1.000000|

0.487198

0.523781

0.343134

0.159845

0.338001

0.156912

0.059558

0.165279

0.065448

0.636530]

0.437198|

1.000000

0.614181

0.487435

0.328141

0.410049

0.297266

0.220244

0.238795

0.164964

0.578128)

0.523781]

0.6141381]

1.000000|

0.410737

0.279632

0.411503

0.285682

0.136363

0.324896

0.110064

0.708092

0.343134

0.457495

0.410737

1.000000|

0.471678

0.493822

0.417367

0.173108

0.295535

0.203125

0.609066)

0.159845

0.328141]

0.279632]

0.471678|

1.000000|

0.539160

0.540137

0.335850

0.234128

0.217803

0.644503

0.338001]

0.410049

0.411503

0.493822]

0.539160|

1.000000|

0.416709

0.230974

0.272732

0.211711

0.630359

0.156912|

0.297266|

0.285682

0.417367|

0.540137

0.416709

1.000000|

0.346275

0.451773

0.406645

0.412445

0.059558|

0.220244

0.136363

0.173108|

0.335850|

0.230974

0.346275

1.000000)|

0.493743

0.483308

0.542222)

0.165279

0.238795

0.324896|

0.295535

0.234128|

0.272732

0.451773

0.493743

1.000000)

0.526761

0.435645

0.065448]

0.164964]

0.110064]

0.203125

0.217803

0.211711]

0.406645

0.433308]

0.526761]

1.000000|

Index Model

L
0.5/5M36) | 0.137003 0.692341

- X v & =SQRT((SUMPRODUCT(C23:M23*3C55:5M55) *5C54) #4245 UMPRODUCT( C23:M23,C23:M23, $C57:3MS7, SC57:5M57))
A B c D E F G H 1 J K L M N o P
SPX

annualized average return]  7.542%| 32.802%] 9.714%| 8.905%| 10.825%| 9.878%| 11.010%| 10.080%| 9.437%| 8.464%| 7.105%
annualized stdev| 0.148503| 0.557735] 0.308093| 0.305035| 0.295719] 0.236797| 0.181337| 0.248835| 0.145865| 0.14785| 0.153498]
betal 1| 1.9788 | 1.3206 | 1.1875 | 1.4100 | 0.9712 | 0.7870 | 1.0562 | 0.4051 | 0.5398 | 0.4544
annualized alphal 0.000%| 17.877%] -0.246%| -0.052%| 0.190%| 2.553%| 5.074%| 2.113%| 6.381%| 4.392%| 3.677%
Residual StDev| 0.000%| 47.4%| 23.8%| 24.9%| 20.9%| 18.8%| 13.9%| 19.3%| 13.3%| 12.4%| 13.8%

correlations

1.000000|

0.526865

0.636530

0.578128

0.708092

0.609066

0.644503

0.630359

0.412445

0.542222

0.439645

0.526865

1.000000|

0.487198

0.523781

0.343134

0.159845

0.338001

0.156912

0.053558

0.165279

0.069448

0.636530)

0.487198]

1.000000]

0.614181

0.487435

0.328141

0.410049

0.297266

0.220244

0.238795

0.1649064

0.578128

0.523781]

0.614181

1.000000)|

0.410737

0.279632

0.411503

0.285682

0.136363

0.324896

0.110064

0.708092

0.343134

0.437495|

0.410737

1.000000|

0.471678

0.493822

0.417367

0.173108

0.295535

0.203125

0.609066

0.155845|

0.328141]

0.279632

0.471678]

1.000000|

0.535160

0.540137

0.335850

0.234128

0.217803

0.644503

0.338001]

0.410043

0.411503

0.493822]

0.539160)

1.000000]

0.416709

0.230974

0.272732

0.211711

0.630359

0.156912]

0.297266)

0.285682]

0.417367

0.540137|

0.416709)

1.000000]

0.346275

0.451773

0.406645

0.412445

0.059558]

0.220244]

0.136363

0.173108]

0.335850

0.230974]

0.346275]

1.000000|

0.493743

0.483308

0.542223]

0.1652739

0.238735

0.324896)|

0.295535

0.234128

0.272732]

0.451773

0.493743

1.000000]

0.526701

0.439645

0.069445]

0.164964

0.110064|

0.203125

0.217803

0.211711]

0.406645

0.483308]

0.526761]

1.000000)

Weights I

Index Model

o.s.l 0.094853|5MS7))

0.692341

=
l
I
l
I
l
I
l
I
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I
l
I
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I
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This additional optimization constraint is designed to simulate the Regulation T by FINRA
(https://www.finra.org/rules-guidance/key-topics/margin-accounts), which allows broker-dealers

to allow their customers to have positions, 50% or more of which are funded by the customer’s
account equity:

11

Z | w,| < 2
i=1
MNVDA CSCO INTC G5 use TD CM ALL PG 1M1 CL I Return StDev Sharpe
| WM . i -12.93% -8.2% -4 5% -14 5% -4 6% -4 5% -6.8% 21.7% 21.9% 27.6% 3.6% 13.5% D.268
! I -1.4% -2.4% 11.6% T.2% -6.6% 12 9% 37.4% 0.9%4 24 0% B.3% 9024 15.7% 0572
[ 0. DDDDDll SASZT) 1.4% 2.4% 11.6% T.2% B.6% 12 9% 37 4% 1.0% 24 0% B.3%

22.0%  Dummy Variable
120.8% With Regularization
120.8% Without Regularization



0.6
0.5
0.4
0.3
0.2

0.1

-0.2
=03

-0.4

M (Constl): SPX NVDA

StdDev M efficient M mefficient M M invariance  Ret g:g: fg'ﬁ

10.0% 8 % 5.4% 210.0% 26.5% 18.8%

10.5% 9. % 4.4% 9.5 oo o

11.0% 10.7% 3.6% 4.0% 28.0% 21.7%

T T 28.5% 22.0%

11.5% 11.3% 3.1% 8.5 o o

12.0% 11.% 2.6% |00 29.5% 22.9%

12.5% 12.4% 21% 75 2o p

Constrl Index Model 13.0% 12.8% L7 EX sov B

13.5% 13.2% 1.3% ©.5% 32.0% 2.7

14.0% 13.6% 1.0% .00 £ao o

14.5% 14.0% 0.6% 30.2% 5.5 33.5% 24.0%

’ " 34.0% 23.1%

15.0% 14.3% 0.3% 24.3% 5.0 R o,

15.5% 14.7% -0.1% 23.3% 4.5 35.0% 25.1%

. " 35.5% 25.4%

16.0% 15.0% -0.4% 22.3% 4.0 i R

16.5% 15.3% 0.7 21.3% 3.5 e s

1?0% 156% _10% 204% _30% 3:"5% 25:3%

17.5% 15.%% -1.3% 19.9% 2.5 0 =

18.0% 16.2% -1.6% 18.6% 2.0% 39.0% 27.0%

; - - 1 / 39.5% 26.1%

18.5% 16.5% 1.9% 17.8% 1.5% e o

1.0% 16.8% 2.2 17.0% 1.0 405% 27.7%

’ - N 41.0% 28.0%

19.5% 17.1% -2.8% 16.2% 0.5% e o

20.0% 17.4% 2.8% 15.4% 0.0% 420% 27.1%

20.5% 17.7% 3.0% 14.7% 0.5% 2o e

21.0% 18.0% 3.3 14.0% 1.0% s o

21.5% 18.3% B.6% 13.3% 1.5% 45% 29.9%

22.0% 18.5% B.9% 12.7% 2.0% 5% 5

45.5% 30.1%

22.5% 17.2% —4.1% 12.1% 2.5% 46,0% 30.3%

; " 46.5% 30.5%

23.0% 19.1% 4 4% 11.8% 3.0% oo B

23.5% 17.4% -4.6% 11.1% 3.5% 4T 29.8%

B . 48.0% 31.2%

« portfolios ®Maxsharp @ CAL < IM Min variance s M efficient «IM inefficient 24.00% 19.6% £ 10.7% 4.0% 48.5% 31.4%

24.5% 19.% 5.1% 10.4% 4.5% 450K A

25.0% 19.8% 5.2 10.2% 5.0% e P
CSCo NTC GS USB TD CN ALL PG NT CL Retum StDev  Sharpe
M inVar] 25.62% <404%  -5.27° 2.81%  B.73% 0.76% 10.28%  1.40% @ 31.27% 27.6T%  26.64% 7. 15% 0.6:3% 0.742
M axShampe| —47.36% B.88% 1.26%  0.56%  0.71% 6.66%  29.53% 4 57% 43.93%  33.33% 229%  12.06% 12.18% 0.990

| AiE R SRR HE SRR Ry SO HRE SO Y SRR HRE SO SHLE R HLE SR RHEE SRR R SRR HEE SO
o

-5.2%
—5.3%
—5.3%
—5.3%
—5.4%

CAL: 0.0%
2.5 30.2%

31.1%

33.4%

41.1%
42.1%

44 3%
45.4%

5.5%

6.0%

6.5%

7.0%

7.5%

8.0%

8.5%

9.0%

9.5%
10.0%
10.5%
11.0%
11.5%
12.0%
12.5%
13.0%
13.5%
14.0%
14.5%
15.0%
15.5%
16.0%
16.5%
17.0%
17.5%
18.0%
18.5%
19.0%
19.6%
20.0%
20.5%
21.0%
21.5%
22.0%
22.5%
23.0%
23.5%
24.0%
24.5%
25.0%
25.5%
26.0%
26.5%
27.0%
27.5%
28.0%
28.5%
29.0%
29.5%
30.0%

0.0%
30.4%
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| Constraint 2

This additional optimization constraint is designed to simulate some arbitrary “box’ constraints
on weights, which may be provided by the client:

<1, forVi;

|Wi

>Method

eeeeeeeeeeeeeeee

SCE32:5ME32 >= -1
$0532 = 57831




StiDev M efficient M inefficient M M in variance  Ret g:i i:g:
10.0% 8.% 5. 4% 32.3% -10.0% 26.5% 22.1%
10.5% 9.%% 4.45% 31.4% 0.5 T o
11.0% 10.7% 3.6% 30. 4% -9.0% 28,06 28.0%
11.5% 11.3% 3.0% 29,5 8.5 o0 e
12.0% 11.9% 2.4% 288 8.0% EL: e
12.5% 12.4% 1.9% 27.6% 7.5 TR ot
Constr2 Index Model = o A G ne e
0.6 13.5% 13.4% 1.0% 25, 8% 6.5 25 0 25 9,
14.0% 13.9% 0.7% 24.%% 6.0% =k 2
0.5 14.5% 14.3% 0.3% 24.0% -5.5% 33.5% 26.0%
15.0% 14.8% 0.1% 23.1% 5.0% o o
0.4 15.5% 15.2% 0.4% 22.2% 4. 5% 35.0% 26.8%
16.0% 15.6% 0.8% 21 3% 4.0% o e
0.3 16.5% 16.0% 1.1% 20.5% 3.5 Tk 2
17.0% 16.3% 1.8% 19,8% B3.0% 3 281
0.2 17.9% 16.7% 17 18.8% 2.5 =0
18.0% 17.0% 2.0% 17.% -2.0% 30.0% 28.9%
p:1 18.5% 17.4% 2% 17.1% 1.5k 5.5 o
0 19.0% 17.7 2.6% 16.4% 0% 403 20.7%
19.5% 18.0% 2.9 15.6% 0.5 o oo
01 0 20.0% 18.3% 3. 14 % 0.0% 4204 20.4%
20.5% 18.6% 3.5 14.2% 0.5% o S
0.2 21.0% 18.9% 3.8 13.6% 1.0 am s
21. 5% 19.2% 41% 13.0% 1.9% 42 % 317
-0.3 22. 0% 19.5% 48% 12.4% 2.0% pe 20
22.5% 19.8% 4T 11.% 2.5% 46.0% 32.5%
-0.4 23.0% 20.1% 5.0% 11.5% 3.0% 0.5 e
: 23, 5% 20.4% 5.2 11.1% 3.5 479 33.3%
. portfolios Maxsharp CAL - S0 . 10 — a0 o
- IM Min variances IM efficient - IMinefficient 24.5% 21.0% 5.8 10.4% 4.9 sook i
25, 0% 21.3% 6.1% 10.2% 5.0% i e
M (Const2): SPX NVDA CSCO NTC GS USB ALL PG NJT CL Retum StDev  Sharpe
MinVar 2562% 404% 52M% -28% 8.73%  0.76% 1.40% 31.27% 27.67% @ 2664% T.16%  963%  0.742
M axShampe| —0.16% 10.32% 0.57% 0.11% 0.57% 9.39% T35 46.90% @ 36.94% @ 2511% 12.8T%  12.92% 0.996

CAL: 0.0%
2.5 32 %%
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0.0%
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I StiDev M efficient M inefficient M M i varance Ret géx ;gi:
10.0% 8.% 5.7% 2. 6% -10.0% 265 23.5%
| 10.5% 9.% 4.4% 26.% 9.5 - B
110 10.7% 3.6k 26.2% 9.0 28.0% 24.6%
I 1. 5% 11.3% 3.0% 25, 5% T e
I 12.0% 11.9% 2.4% 24.8% A0k .2 250
12.5% 12.4% 1.% 24.1% 7.5 | o B
I Constr3 Index Model B0 129 146 B4 T oo
13, 5% 13.4% 1.0% 22.T% 6. azow 27 4%
| 06 14.0% 13.9% 0.4% 22.0% B2 o
14. 5 14.3% 0.0% 21. 4% 5.5 . 28.4%
| 0.5 15.0% 14.8% 0.4 20.7% S0 = o
15,5 15.2% 0.% 20.C% 4% | wo 25
| 04 16.0% 15.6% 1.1% 19 4% e o
16,5 16.0% -1.4% 18.7% 3.5 6% 30.5%
I 0.3 — - - 37.0% 30.9%
17.0% 16.4% 2.1% 18.1% B0 e 31.2%
I 0.2 17.5% 16.8% 2.5 17.4% 25K - {2 aLew
18 0% 17.2% 2.4% 16.8% -2.0% 39.0% 32.2%
| 0.1 18. 5% 17.6% 3.3 16.2% 15 e o
. 19.0% 18.0% 2.3% 15.8% 1.0% | s0m 33.3%
| 3 19, % 18.4% 4.1% 15.0% 05 e o
01 20.0% 18.8% 4. B 14.5% 0% | 2ok s
| 20.5% 19.2% 4. 1% 13. % 0% s 35.0%
-0.2 21.0% 19.5% 5. 2% 13.4% Lo - 253
| - 21.5% 19.9% 4% 12.% L% aam 36.0%
L 1 1 45. 0% 36.3%
I 22.0% 20.3% -5.2% 12.4% 2.0 | % oo
0.4 22,5 20.6% £.3% 11.% 2.5% 46.0% 37.0%
I 23.0% 21.0% 6.7 11.5% 30 o S
2.5 21.4% .1% 11.1% 33, e o)
I * portfolios * IM Min variance CAL ¢ M efficient * IMinefficient 24.0% 21T 6.6% 10.7% £.0h 18.5% 38.7%
24.5% 22.1% 7. 10. 4% 45 | oo 39.0%
49, 5% 39.4%
| 25.0% 20.5% 1% 10.2% 5Oh  soom 39.7%

I M (Const8): SPX NVDA  CSCO NTC GS USB TD CN AIL PG NI CL Retum StDev  Sharpe

M inVar 25.62%  <4.04% | 52™% 281%  B.73% 0.76% | 10.28% - -1.40% = 31.27%  27.67% | 26.64% = 7.15% 9.63% 0.742
| M axShampe| 70.16% 10.32% 0.5™% -011% 05T 9.39%  34.25%  T.35%  46.90% 36.94% 2511% 12.87T% 12.92% 0.996

CAL: 0.0%
2.5 32.%

10. %
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14.1%
14. ™%
15.3%
15.8%
16. 4%
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18.3%
19. 0%
19.8%
20.3%
21.0%
21.6%
22.3%
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30.0%
30. %
31.4%
32.1%
32.9%
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35.0%
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Constraint 4

This additional optimization constraint is designed to simulate the typical limitations existing in
the U.S. mutual fund industry: a U.S. open-ended mutual fund is not allowed to have any short
positions, for details see the Investment Company Act of 1940, Section 12(a)(3)
(https://www.law.cornell.edu/uscode/text/15/80a-12):

w. =0, for Vi;

Solver Parameters
[ M et h o d Seticbieetive $0$32
To O Max O wi O value of
By Changing Variable Cells
$C$32:91$32
ubject to the Cor
$C$32:3M$32 > Add
$Q$32 = $T$31
hang
lete
et Al
ad/Sa
(] Make Unconstrained Variables Non-Negative
Select a Solving
MMMMMM
Solving Method
Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex engine
for linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth
uuuuu
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IM (Constrd):  SPX

MinVar| 0.00%
MaxSharpe| 0.00%

stdDev  IM efficient IM inefficient  IM Min variance  Ret i'g: i‘:'x
10.0% -10.0% 26.5% 19.4%
10.5% 9.3% 8.1% 9.5% - 2% S
11.0% 10.0% 7.8% -9.0% 28.0% 20.2%
11.5% 10.5% 7.6% 85% oo |
12.0% 11.0% 7.5% -8.0% 29.5% 20.9%
COﬂStr4 I ndex MOdeI 12.5% 11.4% 7.4% -7.5% jg:g: ;ij:
13.0% 11.8% 7.3% -7.0% 3L.0% 21.6%
31.5% 21.8%
13.5% 12.1% 7.2% -6.5% 32.0% 22.1%
14.0% 12.5% 7.2% -6.0% Se-1% 22.3%
33.0% 22.5%
14.5% 12.8% 7.2% -5.5% 33.5% 22.8%
34.0% 23.0%
15.0% 13.1% 7.1% -5.0% — e
15.5% 13.5% -4.5% 35.0% 23.5%
16.0% 13.8% 40% o B
16.5% 14.1% -3.5% et 2%
37.0¢ 24.4
17.0% 14.4% -3.0% 37.5% 24.6%
17.5% 14.7% -2.5% Sline S
38.5% 25.1%
18.0% 15.0% -2.0% 39.0% 25.3%
39.5% 25.5%
18.5% 15.3% -1.5% ps o
19.0% 15.5% -1.0% 20.5% 26.0%
41.0% 26.2%
19.5% 15.8% -0.5% S B
20.0% 16.1% 0.0% 42.0% 26.7%
42.5% 26.9%
20.5% 16.4% 0.5% 43.0% 27.1%
21.0% 16.6% 1.0% A% 27:3%
21.5% 16.9% 1.5% sy 27.8%
22.0% 17.2% 2.0% ﬁ:: ;:x
22.5% 17.4% 2.5% 46.0% 28.5%
23.0% 17.7% 3.0% s
- portfolios Maxsharp CAL 23.5% 17.9% 3.5% 47.5% 29.1%
48.0% 29.4%
_ _ i _ i 24.0% 18.2% 4.0% st Soae
o [M Min variances |M efficient « IM inefficient 24.5% 18.4% 4.5% 49.0% 29.8%
49.5% 30.0%
25.0% 18.7% 5.0% 50.0% 30.2%
NVDA CSsCco INTC GS usB TDCN ALL PG JNJ CL Retum  StDev  Sharpe
0.00% 0.00% 0.00% 0.00% 0.00% 9.21% 0.00%  33.55% 28.89% 28.35% 8.64% 10.16% 0.850
6.74% 0.00% 0.00% 0.00% 0.00% 17.75%  0.00%  37.34% 22.75% 15.41% 10.71% 11.72% 0.914
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49.4%

5.5%
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Constraint 5

Lastly, we would like to see if the inclusion of the broad index into our portfolio has positive or
negative effect, for that we would like to consider an additional optimization constraint:




Co n St ra i nt 5 StdDev  IM efficient IM inefficient

IM Min Vﬂriance REt 25.5% -3.9% 19.6% 10.8% 5.5%
26.0% -4.2% 19.8% 10.4% 6.0%
10.0% 6.7% 8.9% 37.1% -10.0% 26.5% 4.4% 20.1% 10.1% 6.5%
10.5% 5.9% 9.8% 36.1% -9.5% 27 N o s e
11.0% 5.3% 10.4% 35.2% -9.0% 28.0% -5.2% 20.9% 9.8% 8.0%
28.5% -5.5% 21.2% 9.8% B8.5%
11.5% 4.8% 10.9% 34.2% -8.5% e o e o b
12.0% 4.3% 11.3% 33.2% -8.0% 29.5% -6.0% 21.7% 10.3% 9.5%
Constr5 Index Model oo oy . i
12.5% 3.9% 11.7% 32.3% -7.5% 30.5% 6.6% 22.2% 11.1% 10.5%
0.6 13.0% 3.5% 12.1% 31.3% -7.0% AL o 2% 17 1%
| 13.5% 3.2% 12.5% 30.4% -6.5% 22.0% 7% 22.0% 12.9% 12.0%
32.5% -7.6% 23.3% 13.5% 12.5%
0.5 14.0% 2.8% 12.8% 29.4% -6.0% s o B s 1o
14.5% 2.5% 13.2% 28.5% -5.5% 33.5% -8.1% 23.8% 15.0% 13.5%
34.0% -8.4% 24.0% 15.8% 14.0%
0.4 15.0% 2.1% 13.5% 27.5% -5.0% S e o e T
15.5% 1.8% 13.8% 26.6% -4.5% 35.0% -5.9% 24.6% 17.4% 15.0%
5% -9.2% . 8% 3% 5%
0.3 16.0% 1.5% 14.1% 25.7% -4.0% b o B o1 o
16.5% 1.2% 14.4% 24.7% -3.5% 65K o7 2% 20.0% look
37.0 -9 25.6 20. 17.0°
0.2 17.0% 0.9% 14.8% 23.8% -3.0% 37.5% 10.2% 25.8% 21.8% 17.5%
1?.5% 0.6% 15.1% 22.9% _2.5% 38.0% -10.5% 26.1% 22.7% 18.0%
38.5% -10.7% 26.4% 23.6% 18.5%
0.1 18.0% 0.3% 15.4% 22.0% -2.0% 39.0% -11.0% 26.6% 24.5% 19.0%
18.5% 0.0% 15.6% 21.1% -1.5% B 26.9% 4% Lo:5%
40.0% -11.5% 27.1% 26.3% 20.0%
0 19.0% -0.3% 15.9% 20.2% -1.0% 40.5% -11.7% 27.4% 27.3% 20.5%
0 19.5% -0.6% 16.2% 19.4% 0.5% 1.0 . e i o
-0.1 20.0% -0.9% 16.5% 18.5% 0.0% wo%  125% 28.2% 1% 20%
42.5% -12.8% 28.4% 31.1% 22.5%
20.5% -1.2% 16.8% 17.6% 0.5% s g g - Y
-0.2 21.0% -1.4% 17.1% 16.8% 1.0% 43.5% -13.3% 28.5% 33.0% 23.5%
21.5% 1.7% 17.4% 16.0% 1.5% e o o o
. -1. o 5 " 44.5 -13.8 29.4 34. 24.5
‘D . 3 45.0% -14.1% 29.7% 35.9% 25.0%
22.0% -2.0% 17.6% 15.2% 2.0% s s o B 2
22.5% -2.3% 17.9% 14.5% 2.5% 46.0% -14.6% 30.2% 37.8% 26.0%
i nok 2 18.2% - EEEAEEES 00 B
. portfolios Maxsharp CAL 23.5% -2.8% 18.5% 13.1% 3.5% 47.5% -15.3% 31.0% 40.7% 27.5%
48.0% -15.6% 31.2% A1.7% 28.0%
24.0% -3.1% 18.7% 12.4% 4.0% s ey e Pty st
« IM Min variances |M efficient « [Minefficient 24.5% -3.4% 19.0% 11.8% 4.5% 45.0% -16.1% 31.7% 43.6% 25.0%
49.5% -16.3% 32.0% 44.6% 29.5%
25.0% -3.6% 19.3% 11.3% 5.0% o g P 45.6% 20.0%
IM (Constr5):  SPX NVDA  CSCO  INTC G5 USB  TDCN ALL PG INJ cL Return  StDev  Sharpe
MinWVar| 0.00% -3.35% -3.28% -1.14% -6.02%% 3.27% 14.25% 1.13% 34.13%  31.54% 29.47% 7.82% 9.75% 0.802 CAL: 0.0% 0.0%
MaxSha rpe 0.00% 7.685% -5.84% -4.45% -6.815% 2.56% 22.82% 0.47% 38.76%  26.69%  18.11% 10.84% 11.48% 0.844 2.5 27.1% 28.7%
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= MM Efficient Frontier Constr3 MM Inefficient Frontier Constr3 MM Efficient Frontier Constr4 MM Inefficient Frontier Constré4 = MM Efficient Frontier Constr5 = MM Inefficient Frontier Constrs

Constr 3(No constraint)

Constr 2

Constr 5

Constr 1

Constr 4

Compared with other constraints,
the asset allocation of MM under
constraint 4 is quite different,
because short position is not
allowed to exist, and it is greatly
restricted by the principal, which
leads to a great difference
between the asset allocation and
other combinations.
And the exclusion of a broad index

had negative effect.
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Constr 3(No constraint)

Constr 2

Constr 5

Constr 1

Constr 4

For the portfolios return, in the
comparison of constraint 1,
constraint 2, and constraint 3, it
can be seen that almost all
portfolios return showing a trend
of reduction in return But the
weight was close between
different constraints.
And also constraint 4 shows a
limited area.
And the exclusion of a broad index

also had negative effect in index
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Comparison

Index Model

From the optimal asset allocation obtained by MM and IM, we can see that the

Two models are showing highly consistent in the trend but slightly different on the specific portfolios chosen.
Overall, The index model tend to have higher return in low risk area when seeking efficient frontier. And a lower
return as well as a lower loss when seeking inefficient frontier. We prefer that index model can perform better in

low risk area.
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Viv§ Comparison

MM [Constel) SN MDA 800 INTC G5 L1:7] TO CW Al PG 1Y) L Refurs  Silev Sk
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BN [Lonsird] pdS MVDA 4300 INTE Gi wris TR ON ALy PG ind (41 Returm  Si0wy  Shape

—tmchoel "t T ooz Tare T Tt Tonm Tasson T emes Tomom Frirn Taram e o | an on | And further compare the Minimal variance portfolios and max sharp

oL Rzt StiDev Shanpe

MRy AT -LOTH -LEWN LA 500 030 19.41%  -1LAEW MW IREIN 1967 TSI 109N 0.68% CaL: (s 0o
MaxSharpe 109.57% pr il ] A1 1273%  13121% 46.46% o0 S180M | A2TIN  1E30N  16O9N  1LAEK 1.041 L5 415% 4L ]
B toooers| g i oo T ae T oo T n Teoi AL T | o oo man zon mm portfolios for these ten stocks gaven by these two models:
Mol i I 0LO0% L6 .00 el L0 1985% Quceg BAIN | NN LI BEEW 1.2 0. 758 CAL: D oo

MaxSharpe QLTS 10.95% (] . OOFs: L0 OO 3.7 3% e ] 43558 1E1TE X ] 12,0688  1110% 0.919 L5 J 5 o o o ‘
o (Consis X MDA €0 WIC G _ Uss ON AU G W G fetum Sor Shane 1. The Markowitz model performs better on finding more risk
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efficient portfolios for every constraint.
2. The index model performs better on finding the lowest risk
portfolios fot every constraint.

3. The differences might arise from the index model could be

IV Constri): SPX NVDA C5C0 INTC G5 USE TOCN ALL PG L) CL Return  5tDev  Sharpe
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CAaL: 00% 0%

25 x| was considered to have a improvement over the Markowitz model in

25 mm am a way that it reduces the estimations needed (The correlation

25 s = between each stocks) by relating them to a single index.
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