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Abstract

Security returns are an example of phenomena whose distributions defy parametric
modeling. Jim Thompson used a variety of non-parametric approaches to develop workable
investing solutions in such an environment. We review his ground-breaking exploration of
the veracity of the capital asset pricing model (CAPM), and several non-parametric
approaches to portfolio formulation including the Simugram™ vanants of his Max-
Median rule, and Tukey weightings

Key Words: Non-parametric statistics, simulation, portfolio construction, optimization,
MaxMledian, power means

1. Introduction

We are honored and pleased to present this look at James Thompson's non-parametric
market portfolio approaches. Professor James R. Thompson (1938-2017) earned his Ph.D.
in Mathematics from Princeton in 1965 where John W. Tukey was his thesis adwvisor.
Thompson was well-positioned for the age of Tukey, EDA and numerical solutions. He
bridged the robustness'heavy math age of statistics with the bootstrap/computer age. He
was one of the first to immediately realize the usefulness of the Bootstrap, back in the time
of Juhian Simon 1n 1969, and he became one of 1ts evangelists, from the outset through the
optimality phase of its development, to the present. We recall that the hardware processing
at the time was accomplished on time-share machines or university computers such as the
IEM 360, CDC-6600 or DEC PDP-8.
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RICE UNIVERSITY Thanks to All

 Reminiscences
« Mathematical biology
« SIMEST

e Empirical model-
building

 Lymphocytes in
semigroups

 Global financial crisis

o Fallacies of financial
Economics

e The civic scientist

U AND ECONOMIC SYSTEMS

MODELS AND
REALITY:
FESTSCHRIFT FOR
JAMES ROBERT
THOMPSON




RICE UNIVERSITY  Computational Finance




RICE UNIVERSITY JRT Overview

 Almanac of security returns and market
statistics

e Simugram™

« CAPM validation
 Max-Measures rule
o Alternate weights
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RICE UNIVERSITY Security returns

77,066 Annual Returns, 1985-2008
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RICE UNIVERSITY Annual returns

All Annual Log Returns (ex-Dividends), 1926-2017
(Major US Exchanges)
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RICE UNIVERSITY Security returns

GBM Returns, 1960-2017
1=.081,6=.254
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RICE UNIVERSITY  Summary Statistics

Enhanced MaxMedian Simple Return by Year

w ]
Q]
S
c ° [
£ _
= o1l Ll Ll L] A
Qf o _'_'T'I' _'I_l_ - _I'_'_ - _'[_ - __I_ __'_['I__ 'I_ el Lol _'__[_1_1'_ _I'__'I_I_'__!_ '_I__'
<
< I I I I —
1970 1980 1990 2000 2010
Year
Growth of $1
~ 8 MaxMeasures, TV = 189.6 (CAGR = 13.3%)
2 ® SP500 w/Div, TV = 49.1 (CAGR = 9.7%)
S o 30d T-bill, TV = 8.6 (CAGR = 5.2%)
© o —
> N
‘_g —
I
(]
G _
O —]

1970 1980 1990 2000 2010

Illllllil,
P “'

I — Year 10

EEEEEEEEE GOMPUTATIONAL FINANGE
AND ECONOMIC SYSTEMS



RICE UNIVERSITY Index Benchmarks

Table 1: Compound annual growth rate (CAGR) of select major U.S. Stock Indexes.
VW and EW are correspond to market-value weighted and equal-weighted,
respectively. Dividends included or excluded as indicated by D or X. Source: The
Center for Research in Security Prices (CRSP).

Current Date: 12/31/17 CAGR

Index Begin Date N VWRETD VWRETX EWRETD EWRETX
SP500 12/31/1925 92 0.100 0.059 0.118 0.078
NYSE 12/31/1925 92 0.098 0.057 0.123 0.081
AMEX 12/31/1962 55 0.077 0.053 0.126 0.103
NASDAQ 12/31/1972 45 0.106 0.089 0.131 0.116
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RICE UNIVERSITY 2017 Returns

Table 2: One year return for major U.S. Stock Indexes for annual period ending
December 31, 2017

Current Date: 12/31/17 CAGR

Index Begin Date N VWRETD VWRETX EWRETD EWRETX

SP500 12/31/2016 1 0.220 0.195 0.187 0.165

NYSE 12/31/2016 1 0.177 0.148 0.148 0.113

AMEX 12/31/2016 1 0.042 0.019 0.056 0.033

NASDAQ 12/31/2016 1 0.289 0.274 0.186 0.173
Average 0.182 0.159 0.144 0.121
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RICE UNIVERSITY Market Parameters 1926-2017

e« N=92 (2017-1926+1)
« NYSE Average annual return: 11.8%

« NYSE Compound annual growth rate (CAGR):
9.81%

e Average excess return: 8.5%
 Number of years with negative returns: 24 (26%)

 Number of years with return less than r;: 29
(32%)

« GBM parameter estimates (.062, .174) 1sss-2016

e Last Saturday trading: May 24, 1952

 Median company survival: 6.92 years

flcoFes 13
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Risk Free Rate
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RICE UNIVERSITY

Market Returns
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RICE UNIVERSITY Company Counts

Major US Exchanges Stock Counts
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RICE UNIVERSITY Survival of Big-Board listings

Survival of All Exchange-Traded Companies

1926-2017
o
o _
& _
Min. 1l1st Qu. Median Mean 3rd Qu. Mazx.
8 M 0.08322 3.16700 w.91700 11.06000 14_.33000 92_.00000
S
N
Mean = 11.06
Median = 6.92
S Stdev = 12.12
<3 i
> X ~expo(11.06) X ~gamma(.832,13.28)
C o 1 A ~ "~ A ~
g 5 I [, =B=11.06 [, =6 =11.057
] ~ ~
T &, = f=11.06 &, =\ ap* =12.12
8 L
S
—
- .
O p—
Lo
o - O
[ [ [ [ [ |
I ||||"’ 0 20 40 60 80 100
I
il
,,-" COoFES Years 17

NNNNNNNNNNNNNNNNNNNNNNNNNNNNN N=32,018

AND ECONOMIC SYSTEMS



RICE UNIVERSITY

Simugram™




RICE UNIVERSITY Portfolio Arithmetic

e Sized portfolio Is a set of positions In a
tradeable

1={N,-IBM,N, -CAT}

* Position values (In numeraire) come
from total to invest (1) and the weights

P=I -W:(Pl,Pz)
| =$50,000 and w = (.5,.5) = P = ($25000, $25000)

 N’s come from each position value
divided by price of each tradeable
(IBM,CAT) = ($144,$154) = N = (173.61,162.34)

flcoFes 19
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RICE UNIVERSITY

» Value of portfolio is then sum of
positions
P, =1"I1, = $50,000

e Let return of each element at end of a
period be X

T

* Return of the portfoliois r=wr
» Variance of the portfolio is

a§ —w'Iw
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RICE UNIVERSITY It's all about the weights

« Random weight w=(3245, 212,...)

 Equal weight w=1.1
n

« Market capitalization weight
MC,
ESIVT

 Non-causal (cheating)
w =(0,0,0,1,0,0...0)

flcoFes 21
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RICE UNIVERSITY

Simugram

azy United States Patent (10) Patent No.: US 7,720,738 B2
Thompson @5) Date of Patent: May 18, 2010
(54) METHODS AND APPARATUS FOR 2007/0198387 Al* 8/2007 Uenoharaetal. ........ 705/36 R
DETERMINING A RETURN DISTRIBUTION
FOR AN INVESTMENT PORTFOLIO
OTHER PUBLICATIONS
(76) Inventor;: James R. Thompson, 142 Stoney Creek . . )
’ * U.S. Research Office; “Some Topics in Computer Assisted Modeling,
Houston, TX (US) 77024 Simulation , and Data Analysis,” Nov. 30, 2001, pp. 1-7.%
(*) Notice:  Subject to any disclaimer, the term of this gggﬁéﬁ o ;S sﬂh:()dels g{;rg[g:%sim in Real World Markets,
patent is extended or adjusted under 35 ) * > PP '
U.S. Army Conferences on Applied Statistics, “Program in Brief,”
U.S.C. 154(b) by 1945 days. Oct. 2001, p. 2 of 3. http://www.armyconference.org/ACAS00-02/
ACASQO1WebPage/program. htm, *
(21) Appl. No.: 10/336,173 U.S. Army Conference on Applied Statistics, “Bootstrapping a Sto-
) chastic Process: Time-Indexed Risk Profile Analysis of an Index
(22) Filed: Jan. 3, 2003 Fund,” Oct. 2001, pp. 50-59. http://www.armyconference.org/
. oo ACAS00-02/Master(Q1 .pdf.*
(65) Prior Publication Data Thompson, James R., et al., “Models for Investors in Real World
Markets”, John Wiley and Sons, Nov. 2002, pp. 62-69.
1 . 8,
US 2004/0133490 Al Jul. 8, 2004 Thompson, James R., et al., “Models for Investors in Real World
(51) TInt.Cl Markets”, John Wiley and Sons, Nov. 2002, pp. 361-364.
GO6Q 40/00 (2006.01) ggmﬁiﬁ;hm (l;;a ;Iiﬂ}:'lol;'?silmory and Capital Markets,” 2000,
{52) U:Sa CL ..u....:.......:..u. vereneereerenee 105136 R.; 705/35 TthI'lpSOTI. James R., et al., “Nobels for Nonsense,” Journal of Post
(58) Field of Classification Search ................... 705/35, Keynesian Economics, Fall 2006, pp. 3-18, vol. 29, No. 1, M.E.
705/36 R Sharpe, Inc. :
See application file for complete search history. . .
* cited by examiner
(56) References Cited
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RICE UNIVERSITY The problem

Decisionvariable is w

Max R, (w,X,y)
S.t.

y, w.l, =Xw=c
v, w, 2L =0



RICE UNIVERSITY The approach

Simugrams F(R)

Simugram set #1
Simugram set #2

Cumulative Percent

|I|||||||I"’ Return of Portfolio
lceFES 25
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RICE UNIVERSITY CAPM Validation

Capital
Market
Line (CML]
Expected
Return Market Portfolio
“‘h_*
Efficient .
Frontier #* -+ o
Risk Free
Rate of
Inrerest

Standard Deviation

The CAPM of Sharpe (1964), Lintner (1965/Feb), Mossin (1966) and Treynor (1999)

28
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RICE UNIVERSITY

John Tukey, 1915-2000 Will Rogers, 1879-1935

Far better an approximate answer to the right It isn’t ignorance so much that hurts us. It’s
question, which is often vague, than an exact the things we know that just aren’t so.
| answer to the wrong question, which can
|||||I| y always be made precise.
fflcoFES 29
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RICE UNIVERSITY 2005-2006

Orange:Market, Black:Random Portfolio, Green:CML, 1993

Annualized Return

-0.2

T T T T T T
0.08 0.10 012 0.14 0.16 0.18

Annualized Volafility

William C. Wojciechowski and James R. Thompson, "Market Truths: Theory Versus Empirical Simulations,” (2008)
llllllllll'r
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RICE UNIVERSITY Max Median Rule

e Max-Median and Max Measures

— Non-proprietary rule to enhance the return of
ordinary investors not unwilling to do a little
data crunching

— Provide a tool easy to use without necessity of
massive computing (i.e., using Excel or R)

— MaxMedian portfolio results meet or exceed
the equal-weighted SP500 benchmark
performance with only 20 stocks.

Current Date: 12/31/17% CAGR

CRSP Begin Dates N vwretd vwretx ewretd ewretx

SP50B  12/31/1925 92 0.160 0.059 0.118 0.0/78
Idw, NYSE 12/31/1925 92 B.098 0.857 0.123 0.681
ﬂ“ AMEX 12/31/1962 99 0.0} 0.853 0.126 0.163

lMlcoerFeS NASDAQ 12/31/1972 ) 0.166 0.889 0.131 0.116 33
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RICE UNIVERSITY  Max Median Pedigree

Affinito, Ricardo. "The Coordinated Max-Median Rule for Portfolio Selection."
OpenStax CNX. Web. 10/19/2009 http://cnx.org/content/m32523/1.1/

EEEEEE
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Ernst, P.A., Thompson, J.R., and Miao, Y. (2017). “Portfolio selection: the
power of equal weight”. In Models and Reality: A Festschrift for James R.
Thompson , pp. 225-236.

James R. Thompson , pp. 225-236.Baggett, L. Scott, Thompson, James R.
(2007), "Everyman's MaxMedian Rule for Portfolio Management,"” The
Proceedings of the U.S. Army Conference on Applied Statistics (2007)
http://www.armyconference.org/

Thompson, J.R. "The Little Formula That Beats The Market." National Institute
of Statistical Sciences, Durham, North Carolina. (October 2006)

J.R. Thompson. Empirical Model Building: Data, Models, and Reality. Wiley,
2nd edition, 2011. (MaxMedian p.356)

Tooth, Sarah M. "Design and Validation of Ranking Statistical Families for
Momentum-Based Portfolio Selection." Master's Thesis. Rice University, 2012
http://hdl.handle.net/1911/71697
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RICE UNIVERSITY In real terms and w/taxes

Performance
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RICE UNIVERSITY Affinito - 2008
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RICE UNIVERSITY Dobelman 2014

MaxMedian Terminal Value Comparison
Backtest Period: 1970 - 2014
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RICE UNIVERSITY Difference Plot

MaxMedian Less SP500 (EW) Outperformance

Backtest Period: 1970 - 2014
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RICE UNIVERSITY Ernst, Thompson, Miao 58-14

Weighting Methods — MaxMedian — EQU — MKC

Benchmark Review - No Dividends | ||
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RICE UNIVERSITY Max Measures

e Sarah M. Tooth (2012) d. 10/30/14

* Provides important —,.m W

extensions to basic Max Zz """‘4\

Median methodology
— Percentiles
« Self explanatory

— Power means _
Forx, >0Viand peR

M, () = (20 %)

1/ p
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RICE UNIVERSITY

Power Means

« Named special cases of power means

Minimum

Harmonic mean
(GGeometric mean
Arithmetic mean
Quadratic mean (RMS)

Maximum

lmy,
p=—1
lim,, o
p=1

p =2

hm,
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RICE UNIVERSITY Implemented p’s

o Uses geometric sequence of p’s to better

judge iImpact on ranking strategies

Positive p

Value 10-7  10~% 10”1 107 101 101 101 101 107

Approx. 0.1 0.2 0.3 0.6 1 18 32 56 10
Negative p

Value  —1071 —10"1 —10"7 —10"7 —107 —107 —107 —101 —101

Approx. -0.1  -02 03  -06 1 -1.8 32 56  -10
Limits of p

D — —00 0 0

Limit min (IT 51:1-)1"; " max
r 44
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RICE UNIVERSITY Results

e Benchmarks 1970-2011

Owerall | 1970s  1980s 1990s 2000s
With Dividends

Value Weighted S&P500 9.90 H.83 17.60 1836 -0.69
Equal Weighted S&P500 12.40 891 1997 1554 6.02
Mean Return 12.66 | 10.18 18.70 16.02 6.53

Without Dividends
Value Weighted S&P500 6.49 1.57 1254 1549 -2.51
Equal Weighted S&P500 9.10 4.50 1541 12.88 4.20
45
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RICE UNIVERSITY System results

CAGR Mean Med o 7;

S&P500 990 1143 14.90 | 17.72
Percentile
0.05 12.33 1347 14.82 | 15.82 15.81

0.25 12.58 1380 14.97 | 16.12 18.02

—  0.50 12.67 1550 18.21 | 23.61 35.01
0.75 10.17 16.41 18.88 | 35.40 51.45

0.95 11.54 18.42 17.50 | 40.53 56.32

Power
-10.0 14.63 16.53 19.69 | 20.54 25.09

am -1.0 14.44 1788 18.65 | 27.83 36.11
oM 0.0 13.43 17.29 21.12 | 29.06 38.67
Am 1.0 12.99 16.92 21.32 | 28.73 40.58
.||_|||||||"" | 10.0 11.94 18.67 18.99 | 39.66 53.68

il CoFES 46
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RICE UNIVERSITY (Real) risk

l

Average  Max Total | TNY MNY

S&P500 -17.38  -38.44  -104.30 6 2
Percentile

0.05 -12.59 -24.26 -75.56 § 2

.25 -10.27  -29.06  -82.14 ol 2

0.50 -18.38  -54.69 -183.78 | 10 3

0.75 -26.29 -63.96 -315.53 | 12 3

.95 -23.30  -62.36  -302.96 13 3

Power

-10 -0.94 -37.16 -99.45 10 3

-1 -15.55 -46.91 -186.57 | 12 3

0 -17.76  -51.89 -213.15 | 12 3

1 -19.65  -53.03 23577 | 12 3

-62.62 -287.49 10 3

|||||||,,., 10 -28.75
J
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Tukey Transformational Ladder




RICE UNIVERSITY  Ernst, Thompson & Miao

 John Tukey’s transformational ladder of
powers (FDA 1962, EDA 1970/1977)

e Let X be the Market Cap of a stock

Market Cap=Price persharexSharesoutstanding

* Tukey weights for each of N stocks

would then be
T(x)
Wi =
. XT(x)
e The ladder Is

1/x2 1/x  1/Jx In(x) 1/n  Jx X X
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RICE UNIVERSITY

e Suppose 3 stocks market cap ($B) are
(4001100110) W. :M
- OXT(x)
1/x*  w=(0.000618, 0.009895, 0.989487)
1/x  w=(0.022222, 0.088889, 0.838889)

1/+/x  w=(0.107244, 0.214487, 0.678269)
In(x) w=(0.464483, 0.357012, 0.178506)
1/n  w=(0.333333,0.333333,0.333333) EW

JX  w=(0.603095, 0.301547, 0.095358)
X w = (0.784314, 0.196078, 0.019608) MW

X w = (0.940623, 0.058789, 0.000588)

#
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RICE UNIVERSITY 1958-2015

e CAGR'’s (including dividends and frictions)

1/x? 1/x 1/Jx log(x) EQU JxX MKC x2

18.00% 17.53% 15.23% 13.80% 13.32% 11.73% 10.43% 8.69%

e Portfolio standard deviation

1/x2 1/x 1/Jx log(x) EQU Jx MKC x2

39.54% 26.44% 22.29% 20.01% 19.30% 17.52% 16.98% 18.05%

e Sharpe ratios

1/x2 1/x 1/J% log(x) EQU JX MKC x?

56.07% 70.35% 70.21% 69.31% 68.81% 65.24% 59.25% 47.09%
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RICE UNIVERSITY

S&P 500 from 1958-01 to 2015-12 , Rebalance: Monthly
Weighting Methods — 1/x2 — 1/x — 1/yx — l0g(x) — EQU — jx — X (MKC) — 2

© o ©
o wm o

-~
tn

logsp(Dollars)
o =]
o o

o
o
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w

ek
o

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year
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 Terminal values of $1 compounded at
the CAGR’s over 58 years:

1/x> TV =14,762
1/x TV =11712
1/Jx TV = 3722
In(x) TV = 1,804
1/n TV =1412 EW
JX  TV= 622
X TV= 315 MW
X’ TV = 125
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James Robert Thompson
MathScilet

Ph.D. Princeton University 1965 Bil——

Dissertation: A Shrinking Technique for Modifying Minimum Variance Unbiased
Linear Estimators

Advisor: John Wilder Tukey

CoFES
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We welcome any additional information.

Students:
Name School Year Descendants

Bennet, John 1973
de Montricher, Gilbert Rice University 1973
Bennett, John Rice University 1974
Hokanson, James University of Texas at Houston 1975

Scott, David Rice University 1976 23
Smith, Melvyn Rice University 1980
Atkinson, Neely Rice University 1981
Boswell, Steven Rice University 1983
Hathaway, Richard Rice University 1983
Sanchez, Rolando  Rice University 1990

West, Ronald Rice University 1994 4
Elliott, Mark Rice University 1995
Overley, Mark Rice University 1995
Lawera, Martin Rice University 1999
Schwalb, 11, Otto Rice University 1999
Miller, John Rice University 2003
| Dobelman, John Rice University 2004
||||||| y Affinito, Ricardo Rice University 2013

¥

According to our current on-line database, James Thompson has 17 students and 45 descendants.
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Median Net Worth Quintiles by Age of Householder

75 and over
70 to 74 years
65 to 69 years
55 to 64 years

45 to 54 years

35m44~,rears|

Lezs than 35 years I-

-200,000 0 200,000 400,000 600,000 £00,000 1,000,000 1,200,000 1,400,000 1,600,000 1,800,000

B Lowest Quintile  ® 2nd Cuintie W 3rd Quintile  W4th Quintde  ® Highest Quintile
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Thank you Jim
(and Kathy)
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