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TOBAM will soon celebrate its 10" anniversary. Since TOBAM was founded, our research has been
focused on developing a unique knowledge of the Most Diversified Portfolio®, and of its real world
avatar: the Anti-Benchmark®. We are pleased to introduce in this dashboard the 35" property of the
Most Diversified Portfolio®.

A Property of the Most Diversified Portfolio: the equality of two different
risk contribution measures

The asset management industry uses various risk contribution indicators which can lead to different results
when interpreting a portfolio risk profile. In this Dashboard, we compare two different approaches to
measure the contribution of an asset to the total risk of a portfolio, namely the Risk Contribution and the
Average Volatility Contribution. TOBAM theoretical research proves that the Most Diversified Portfolio®
(MDP), as opposed to any other long-only portfolio, reconciles both approaches. We present this unique
property of the MDP, illustrated through a numerical example. To conclude, we compare the MDP with other
long-only portfolios (including some “risk weighted strategies”).

1. Definition of the two risk contribution measures and a simple illustrative example
In this Dashboard, we study two common risk contribution measures:

1) Risk Contribution (RC) which can be written in a simple way as:

~ Weight of asset i in the portfolio x Volatility of asset i x Correlation of asset i to Portfolio
RC of Asseti =

Portfolio Volatility

The RC measures the total risk contribution of an asset to the volatility of the portfolio, in percentage.
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2) Average Volatility Contribution (AVC)

, Weight of asset i in the portfolio x Volatility of asset |
AVC of Asset i =

Weighted average volatility of the Portfolio

The AVC indicates the contribution of the volatility of one asset to the weighted average volatility of the
portfolio, in percentage.

As an aside, we recall that the Diversification Ratio (DR) of a portfolio is defined as:

Weighted average volatility of the Portfolio

DR of the portfolio =
Portfolio Volatility

Notice that the denominator of both the RC and the AVC come into play in the definition of the Diversification
Ratio.

To get a better understanding of these two risk indicators, let us pick a simple example. Taking the MSCI
USA as our chosen universe, we group the assets by sector and then compute the contribution of each
sector to the risk of a Minimum Variance portfolio — see Figure 1.

Figure 1: Minimum Variance Portfolio Sector Contribution using both AVC and RC
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Source: TOBAM. Timeframe from October 2014 to October 2015. Max weight: 6%

Firstly, Figure 1 highlights some of the limitations of this representation: an underweighted sector, such as
Telecommunication Services, appears as not contributing to the risk whereas this does not necessarily
mean that the portfolio is not exposed to this sector. Think for example of the oil price: not being invested
in oil companies does not imply not being exposed to the oil price. In our example, the correlation of the
Minimum Variance portfolio to Telecommunication Services (73%) is higher than the correlation to Ultilities
(58%). In fact, Utilities is the one sector displaying the lowest correlation to the Minimum Variance portfolioc.
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Back to our main point, this simple example raises an interesting theoretical question: when do these risk
contribution indicators coincide? We are going to tackle this question in the forthcoming two sections.

Let us consider an investment universe and define the two risk contribution measures. In the sequel, MDPs
can be formed either on the whole universe or on a subset of the assets of the universe. Then, we can prove
the two following statements (see Additional Properties of the Most Diversified Portfolio in the reference for
the formal proof):

1) For any Most Diversified Portfolio, the Risk Contribution of one asset is equal to its Average Volatility
Contribution:

Risk Contribution of asset i
Most Diversified Portfolio

(formed on a subset or all the assets)

Average Volatility Contribution asset i

2) Any long-only portfolio, in which the Risk Contribution of one asset is equal to its Average Volatility
Contribution, is a Most Diversified Portfolio:

Risk Contribution of asset i
Most Diversified Portfolio

(formed on a subset or all the assets)

Average Volatility Contribution asset i

We wish to insist on the fact that this unique equivalence property between the Risk Contribution and the
Average Volatility Contribution is valid for any MDP formed on any subset of assets in the universe of
investment. To make it clear, this is illustrated in the following figure:

Figure 2: The equivalence holds for any MDP formed either on a subset or on all the assets.
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< MDP of subset U1

Source: TOBAM.

In other words, the previously mentioned mathematical equivalence is valid for all the 3 MDPs formed on
their relevant investment universe (subset U1, subset U2, whole universe U) but it is notably also valid for
MDP (subset U1) and MDP (subset U2) in the larger combined universe U.


http://www.tobam.fr/files/AdditionalPropertiesOfTheMDP.pdf
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As an illustration, take an investment universe composed of three assets denoted 1, 2 and 3, and let us
compare the distance between the Risk Contribution and the Average Volatility Contribution for all long-only
portfolios one can form. In particular, we highlight the results for the following risk-weighted strategies:

- Equally-weighted: EW
- Minimum Variance: MV
- Risk Parity: ERC

To be precise, we consider a fixed correlation matrix with

p12 = 0.8,

p13=0.2,

p23 = 0.3,
and volatilities

o, = 30%,

o, = 40%,

03 = 20%.

Given any long-only portfolio w=(w1,w2,w3) in this universe, let us define a distance D as follows :

D(portfolio w)=the distance bewteen AVC and RC.

Note that our main result can be expressed using D, namely

w=MDP_(formed on a subset or all the

assets)

D(w)=0

which justifies how this quantity may be of interest for us.

In Figure 3, we depict the distance D for all the long-only portfolios of this universe (the MDPs correspond
to points that are dark blue that is where D{w)=0).

It should be noted that any long-only portfolio is represented in Figure 3 and is determined in a unique
way by the x-axis w1 and y-axis w2 since w3 is obtained by computing 1-w2-w1 and is therefore
superfluous in our representation.
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Figure 3: Distance D computed for all long-only portfolios of a universe of three assets 1, 2, 3
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Source: TOBAM.

The darkest areas in Figure 3 correspond to portfolios that have risk profiles in terms of RC and AVC that
are relatively close. On the other hand, the lighter areas correspond to portfolios with very different risk

profiles.

As expected, the distance between the Risk Contribution and the Average Volatility Contribution is zero for
both the MDP formed on the whole universe of 3 assets and an MDP formed on a subset of 2 assets. This
is however neither the case for the risk-weighted strategies highlighted (excluding the MDP of course), nor
for all the other long-only portfolios.

This unique property indicates that the Most Diversified Portfolio risk profile does not depend on the choice
between these two risk contribution indicators, as opposed to other long-only strategies.

To complement Figure 3, we report in the following table the figures corresponding to the highlighted

portfolios:

Figure 4: RC and AVC of highlighted portfolios, per asset.

Strategy Contribution | Asset 1 | Asset 2 | Asset 3
Indicator

MDP (3 assets) AVC 38 15 47
RC 38 15 47
EW (3 assets) AVC 33 44 22
RC 36 51 13
MV (3 assets) AVC 35 0 65
RC 26 0 74
ERC(3 assets) AVC 32 30 38
RC 33 33 33
an MDP(2 assets) AVC 50 50 0
RC 50 50 0

Source: TOBAM.
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We have proven that the Most Diversified Portfolio, formed on any universe or sub-universe of assets, is the
only portfolio for which the Risk Contribution of an asset is equal to its Average Volatility Contribution. Aiming
to achieve maximum diversification, the Most Diversified Portfolio does not have its risk profile varying
according to these two different risk contribution measures. This can be explained intuitively by the
construction approach of the MDP, which consists of maximizing the Diversification Ratio, defined as the
ratio of the weighted average volatility of the portfolio and the volatility of the overall portfolio.

Tristan Froidure, Khalid Jalalzai, Julien Reynier, Additional Properties of the Most Diversified Portfolio.
Preprint available at: http://www.tobam.fr/files/AdditionalPropertiesOfTheMDP.pdf



http://www.tobam.fr/files/AdditionalPropertiesOfTheMDP.pdf

TOBAM

CORE INVESTMENTS DIVERSIFICATION DASHBOARD - OCTOBER 2015

For more information

TOBAM is an asset management company offering innovative investment capabilities whose aim is to
maximize diversification. TOBAM's Maximum Diversification® approach, supported by original, patented
research and a mathematical definition of diversification, provides clients with diversified core exposure, in
both the equity and fixed income markets. The company manages $8 billion (as of September 2015) via its
Anti-Benchmark® strategies in Equities and Fixed Income. Its team includes 38 investment professionals.

Contacts:

Paris Office

Christophe Roehri

+33 153234160
Christophe.Roehri@tobam.fr

New York Office

Stephane Detobel Francis Verpoucke
+1 (646) 829-1621 +1 (646) 829-1622
stephane.detobel@tobamusa.com francis.verpoucke@tobamusa.com

Client Service

Joe Kiwan

+33 153234166
ClientService@tobam.fr
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Disclaimer

This material is solely for the attention of institutional, professional, qualified or sophisticated investors and distributors. It is not to be
distributed to the general public, private customers or retail investors in any jurisdiction whatsoever. This document is intended only
for the person to whom it has been delivered.

Funds and/or SICAV specific information may have been provided for information solely to illustrate TOBAM's expertise in the strategy.
Funds or the SICAV that might be mentioned in this document may not be eligible for sale in some states or countries and they may
not be suitable for all types of investors. In particular, TOBAM funds are not registered for sale in the US, and this document is not an
offer for sale of funds to US persons (as such term is used in Regulation S promulgated under the 1933 Act). This material is provided
for information purposes only and does not constitute a recommendation, solicitation, offer, advice or invitation to purchase or sell any
fund, SICAV or sub-fund or to enter in any transaction and should in no case be interpreted as such, nor shall it or the fact of its
distribution form the basis of, or be relied on in connection with, any contract for the same.

The information provided in this presentation relates to strategies managed by TOBAM, a French investment adviser registered with
the U.S. Securities and Exchange Commission (SEC) under the U.S. Investment Advisers Act of 1940 and the Autorité des Marchés
Financiers (AMF) and having its head office located at 49-53 Avenue des Champs Elysées, 75008 Paris. TOBAM’s Form ADV is
available free of charge upon request.

Investment involves risk. All investors should seek the advice of their legal and/or tax counsel or their financial advisor prior to any
investment decision in order to determine its suitability. The value and income produced by a strategy may be adversely affected by
exchange rates, interest rates, or other factors so that an investor may get back less than he or she invested.

Past performance and simulations based on thereon are not indicative of future results nor are they reliable indicators of future
performance. Any performance objective is solely intended to express an objective or target for a return on your investment and
represents a forward-looking statement. It does not represent and should not be construed as a guarantee, promise or assurance of
a specific return on your investment. Actual returns may differ materially from the performance objective, and there are no guarantees
that you will achieve such returns. Back tests do not represent the results of an actual portfolio, and TOBAM does not guarantee the
accuracy of supporting data. The constraints and fees applicable to an actual portfolio would affect results achieved.

This material, including back tests, is based on sources that TOBAM considers to be reliable as of the date shown, but TOBAM does
not warrant the completeness or accuracy of any data, information, opinions or results. TOBAM has continued and will continue its
research efforts amending the investment process from time to time accordingly. TOBAM reserves the right of revision or change
without notice, of the universe, data, models, strategy and opinions. TOBAM accepts no liability whatsoever, whether direct or indirect,
that may arise from the use of information contained in this material. TOBAM can in no way be held responsible for any decision or
investment made on the basis of information contained in this material. The allocations and weightings, as well as the views, strategies,
universes, data, models and opinions of the investment team, are as of the date shown and are subject to change.

This document and the information herein is disclosed to you on a confidential basis and shall not be reproduced, modified, translated
or distributed without the express written permission of TOBAM or TOBAM NORTH AMERICA and to the extent that it is passed on,
care must be taken to ensure that any reproduction is in a form which accurately reflects the information presented here. This
information could be presented by TOBAM NORTH AMERICA, a wholly-owned subsidiary of the TOBAM group of companies that is
authorized to present the investment strategies of TOBAM, subject to TOBAM's supervision, but is not authorized to provide investment
advice.

Copyrights: All text, graphics, interfaces, logos and artwork, including but not limited to the design, structure, selection, coordination,
expression, "look and feel" and arrangement contained in this presentation, are owned by TOBAM and are protected by copyright and
various other intellectual property rights and unfair competition laws. Trademarks: "TOBAM," "MaxDiv," "Maximum Diversification,"
"‘Diversification Ratio,” “Most Diversified Portfolio,” “Most Diversified Portfolios,” “MDP” and "Anti-Benchmark' are registered
trademarks. The absence of a product or service name from this list does not constitute a waiver of TOBAM trademark or other
intellectual property rights concerning that name. Patents: The Anti-Benchmark, MaxDiv and Maximum Diversification strategies,
methods and systems for selecting and managing a portfolio of securities, processes and products are patented or patent pending.
Knowledge, processes and strategies: The Anti-Benchmark, MaxDiv and Maximum Diversification strategies, methods and systems
for selecting and managing a portfolio of securities, processes and products are protected under unfair competition, passing-off and
misappropriation laws. Terms of use: TOBAM owns all rights to, title to and interest in TOBAM products and services, marketing and
promotional materials, trademarks and Patents, including without limitation all associated Intellectual Property Rights. Any use of the
intellectual property, knowledge, processes and strategies of TOBAM for any purpose and under any form (known and/or unknown)
in direct or indirect relation with financial products including but not limited to certificates, indices, notes, bonds, OTC options, warrants,
mutual funds, ETFs and insurance policies (i) is strictly prohibited without TOBAM’s prior written consent and (ii) requires a license.
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