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This presentation was
inspired by a talk

the famed mathematician, David Hilbert
delivered at the International
Congress of Mathematicians (ICM)

“MATHEMATICAL PROBLEMS” (MATHEMATISCHE PROBLEME)

({:}) Hilbert presented a bold vision for the future of mathematics
by identifying 23 unsolved problems that he believed would
shape the direction of research in the 20th century.

HILBERT’S VISION

‘ﬁ& His problems challenged mathematicians to push boundaries,
inspire collaboration, and pursue deep, foundational
understanding.

] We must know. We will know.
‘ — David Hilbert




A FEW EXAMPLES:

) 1. Continuum Hypothesis: s there a set whose size is
strictly between the integers and real numbers?

o 2. Consistency of Arithmetic: Prove that arithmetic is
— free of contradictions using finite methods.

@ 3. Equal-Volume Polyhedra: Can two polyhedra of
equal volume always be cut and rearranged into
each other?

/ 4. Straight Lines as Shortest Paths: Formalize
geometry so straight lines are truly shortest paths.

50\ 5. Lie Groups Without Smoothness: Are continuous

symmetry groups automatically differentiable?
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MY LIST IS NOT NEARLY AS
>OTERIC OR CHALLENGING AS HILBERT'S
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PROBLEMS

Is there a way to know whether
an IRR involving investing has
more than one solution?

An alternative might be is there a way
to know the conditions for a stream of
cash flows to result in more than one

solution?



Descartes’ Rule of Signs provides a simple way

to know the maximum number of real
solutions to certain equations.

The maximum number of real solutions
equals the number of sign changes
in the cash flow sequence.

René Descartes
1596-1650
French philosopher,
mathematician, and scientist
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DESCARTE’S
RULE OF SIGNS

e

| But there is no known

way to know that two
solutions exist.

111111111
French philosopher,
mathematician, and scientist



ROBLEMS

Is there a way to know
that all IRRs involving

investing have at least
one solution?
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I BELIEVE THIS IS A SUFFICIENT CONDITION
FOR AT LEAST ONE SOLUTION

o |
@ If: . NPV(r)
e the cash flows contain at least one positive value, and |
o at least tive val A st =l
at least one negative value, P o S
. et e As r — 00, |
then there is at least one real IRR NPV approaches |

the initial cash flow |

\ /

(assuming rates greater than —100%).
g g

_\Of_ This follows because: 0 \/,/—_—r’ |
- |
0 As r — —17, the denominator approaches zero and i T
I

NPV blows up to either 400 or —o0

[ R T NPV crosses zero r — oo
9 As r — 00, future cash flows shrink toward zero, at least once

so NPV approaches the initial cash flow

0 If the function changes sign somewhere,
. continuity guarantees a root.




| developed and published a way
to link short positions, but it
requires two forms: one where
the number of returns is even

and one where the number is odd.

Come up with a single formula
that will work for both

TSG
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Something to know about
linking short positions

e [ discovered this problem about 15 years ago,
during a review of a firm’s performance

measurement system. Fs
e Note: how to calculate returns on shorts 118
is somewhat controversial. g
. . = ﬁs B
e This is how I do it:
Sl’lOl‘[ - VE gy VB - _70.04 = (_73.00) _ 4 05%
| V5 | 73.00
(,;ﬁ’ o short positions prop
) N 0 O 9 O

roap 8ue
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The problem
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Monthly Performance Data

ROR based on
Monthly Vg & Vg

7/1-7/31/2008

No flows

Geometrically linking the daily
returns yields a monthly return

of 3.93%

However, using only the starting

and ending values yields 4.05%

Why the difference?

Daily Standard linking of
returns daily returns
7/31/2008 -71.00 -70.04 1.35% 1.013521 @
7/30/2008 -70.20 -71.00 1.14% 0.988604
7/29/2008 | -69.32 | -70.20 1.27% 0.987305 Why are these
7/28/2008 | -70.24 -69.32 1.31% 1.013098 different?
7/25/2008 -70.04 -70.24 0.29% 0.997144 With no cash
7/24/2008 -71.52 -70.04 2.07% 1.020694 flows, return for
: month should =
7/3/2008 -70.68 -70.36 0.45% 1.004527 linking of daily
7/2/2008 ~72.32 -70.68 2.27% 1.022677 returns. Yes?
7/1/2008 -73.00 -72.32 0.93% 1.009315 .
3.93% o
N
Two methods. No cash flows. Different results.
This is the problem.
J
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To solve this dilemma

on the number of periods being linked:

-\ ° Icame up with two formulas to use, depending

e
_ n \
3323 InverseLinking _ ( . ) - n
REvenNumberOfPeriods g Py 1 1| x ( 1)
EVEN NUMBER |
OF PERIODS = —
¢
a
_ : |
InverseLinking = ( - )
ROddNumberOfPeriods I I I Py e
ODD NUMBER e
OF PERIODS ~ -
&

@ * I refer to this approach as “inverse linking”
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With inverse linking

Monthly Performance Data

ROR based on

Monthly Vg & Vg

® Qur linked return ties with
the return we derived based
on the starting and ending
values

D))
A

7/1-7/31/2008 | -73.00 -70.04 4.05%

Daily Performance Data

Ve Daily Invgrse Linking
returns Daily Returns
7/31/2008 | -71.00 -70.04 1.35% -0.986479
7/30/2008 | -70.20 -71.00 -1.14% -1.011396
7/29/2008 -69.32 -70.20 -1.27% -1.012695
7/28/2008 | -70.24 -69.32 1.31% -0.986902
7/25/2008 -70.04 -70.24 -0.29% -1.002856
7/3/2008 -70.68 -70.36 0.45% -0.9905473
7/2/2008 -72.32 -70.68 2.27% -0.977323
7/1/2008 | -73.00 | -7232 | 0.93% GOSD)

Inverse linking of daily returns ensures that
our linked return equals the true return.

\&

If we inverse the
linking (i.e.,
instead of ADDING
1 to the daily
returns, we
SUBTRACT 1),
and if the number
of periods is even,
then multiply by -1,
we match the true
return. (Note: if the
number of periods
is odd, then ADD 1
and don’t multiply)
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The Problem to Solve

Come up with a single formula
to link short positions

Accuracy

Reflect the true economic return of short positions
over any holding period.

Simplicity = P (1
Use one formula that works regardless of the T e o Tx
number of periods linked.

wfa

&

A single, consistent formula is ideal for meaningful performance
measurement and fair evaluation of strategies that use short positions.
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But wait!

The w,
Has Boca ot

One elegant formula. ol
Works for any number of linked periods. F N

100% accurate.

Reflects the true economic return
of short positions.

Simple. Consistent. Reliable.

No more even-period and odd-period
formulas.




I’'m pleased to announce . . 5, y 4 .

this problem was
just solved!

After reading about

Al solving an 80-year

01(.1 Erdos. problem, 4(P,P)* 1 R
[ figured it could [ PAUL ERDGS 1913_199¢ il
surely solve this one. g1 R

',*.F /

MATHEMATICG /
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o=N Source: “A Famous Math Problem Stumped Humans for 80 Years” |
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V{4 &= 1 o 02
Paul EI’dOS (1913-1996) 2w ¢
The most prolific mathematician in history. /A\

UNMATCHED PRODUCTIVITY gl L S
Q Authored or co-authored more than ‘ ‘
— = \

1,500 research papers.
No mathematician has come close. A dl:ffer en t ro0 f
’

INSATIABLE APPETITE FOR PROBLEMS -
@ Erdds didn’t just solve problems— a dﬁerent p I’OOf:

he created them.

He constantly asked “What if?” and Erdds believed there was
turned Curiosity into mathematics. always more than one Way
A COLLABORATIVE NOMAD to see the truth. | f
He traveled constantly, living out of a suitcase He challenged mathematicians il R,(n)<c 1=
and collaborating with mathematicians to find new and independent g2~ *logn
around the world. ways to solve problems. ,

Rt o — . e | [A+B|>|A|+|B|-1
A LEGACY OF QUESTIONS _ . o

Erdés is estimated to have posed more than
23,000 problems—many of which remain
unsolved to this day.

Erdds didn’t just solve problems. ?

He lived to create them, share them, and inspire others to solve them.



Al Solves an 80-Year-Old Math Problem

A milestone in machine reasoning

THE CHALLENGE
The problem was posed by legendary mathematician

Paul Erdds in 1946.
It concerns the famous Unit Distance Problem in discrete geometry.

» The problem remained unsolved despite decades of
effort by leading mathematicians.

THE BREAKTHROUGH

» An OpenAl reasoning model discovered a proof that
disproved Erdds’s long-standing conjecture.

* The model found an entirely new family of mathematical
constructions that outperform the previously accepted solution.

WHY IT MATTERS
* Independent mathematicians verified the result.

* Fields Medalist Tim Gowers described it as a milestone in Al mathematics.

» Many researchers view this as the first major example of Al making
an original contribution to frontier mathematical research.

1946 80 YEARS OF ATTEMPTS 2026

Erdds poses problem Al breakthrough

Al is moving beyond answering
questions and beginning to
discover new knowledge.

N
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Seeing that Al had solved
the 80-year old Erdos problem,
[ was sure it could solve my dilemma

and so i asked ChatGPT
to find a single equation

to link short positions

® @ &

and within seconds,

it did!
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One Formula Solves It All |

A single formula links short-position returns for a7y number of periods.
i 7 A A
n E :
where 71; is each

Rlnverse Llnkmg — 1 — I I (1 —_ ri) ——> short-position return

in the linked period.

1=1 N
\ - .

4 )
This works because . L g
your two formulas 3= (_1) I I (rz' = 1) = I I (1 . rz’)
collapse to the =1 =1
same expression: Your even-period / odd-period formulas Our single unified formula

N J

( @ So you no longer need separate even-period and odd-period formulas.
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Makes you
think, right?

_‘@’_

4

what other problems
that befuddle us

can we turn over to
Al to solve for us?

A



ROBLEMS

My doctoral dissertation demonstrated
how monthly holdings-based attribution
yields both non-zero residuals and can
have results that carry incorrect signs.
Does the same occur with

daily holdings-based?

P




What do these terms mean?

Holdings-based attribution:

The weights and returns of the index and portfolio
based on the beginning of period holdings.
It ignores intra-period transactions.

Transaction-based attribution:

Takes into account intra-period activity; adjusts
the weights and/or returns to account for
intra-period transactions.

The choice of attribution approach impacts performance

results and the story they tell. Know the difference.



Research methodology

e Portfolios were constructed, with the
following characteristics:

Based on the S&P 500 holdings
50 securities; 5 per sector
“Equal” weightings of securities and sectors

e Attribution done over a monthly period

o Sixty “cases” were constructed, for the
period January 2007 — December 2011




Findings: occurrence of residuals

Not surprising, residuals were found
whenever trading occurred.

Increased trading didn’t necessarily
result in increases in residual sizes

This suggests that even when trading volumes \
are low, sizable residuals can result \

Residuals increased when a security was
sold and replaced by one that behaved
differently after the transaction




An unexpected finding!

e Frequently, there were significant differences _4
in the results, whereby the signs of the
effects were reversed.

e A problem with this finding is that it’s not
possible to predict when this will occur.

e The result is not therefore the presence of . =="4
a residual, but misleading information. e

We are seeing misleading information,

not simply the presence of a residual.
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