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Portfolio Concentration

For securities with similar return/risk expectations,
the theoretically optimal information ratio (IR) is
obtained through a broad diversification with equal
active weights.

In practice, actual portfolio weightings are rarely
this “flat.” For traditional funds and even most
quantitative funds, the weightings typically follow some
descending sequence. In a sample of mutual funds,
50% of the largest active weights ranged between 2.0%
and 3.5%, with weights decreasing in a generally
exponential fashion. These weighting structures imply
alpha expectations that also follow an exponential-like
descent.

Most portfolio managers identify the maximum
weight they are willing to assign to any single
security. This number is often under-utilized, especially
given the valuable insights it can provide regarding a
portfolio’s risk characteristics.

This Note moves forward from these observations
to explore the portfolio characteristics obtained
from applying various active weighting structures
to different alpha patterns.

Assuming independent residuals, the optimal IR is
reached with active weights proportional to the
security alphas.

However, higher alphas and still near-optimal IR’s
can be derived from portfolios that are significantly
more concentrated than those providing the optimal
IR.

Most funds have significant unused capacity for
active risk. Assuming that the gross weightings
maintain the desired beta control, more concentrated
active structures could enhance the alpha prospects
while sustaining tolerable levels of tracking error and yet
having near-optimal IR’s.
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Portfolio Concentration

Summary

Our previous Notes used various alpha ranking and position
weighting models to characterize the management process in
active equity portfolios. In theory, with a constant residual
volatility and zero correlation, the optimal weighting for each
position should be proportional to its alpha ranking. With
identical alpha expectations for all potential investments, this
principle leads to a broadly diversified portfolio with equal
weights. However, for other alpha situations and different
correlation assumptions, portfolios that are more concentrated
can also be optimal or at least near-optimal.

Another key point is that optimal solutions are usually defined
in terms of a maximum information ratio (IR) of alpha to
tracking error (TE). The IR ratio is an important metric but it
does not provide a totally comprehensive description of a
portfolio’s benefits. Given the role that TE plays at the sponsor
level, it is also important to separately consider the two
components of the IR. There may be situations where a
sponsor is willing to accept a greater alpha at the expense of a
higher TE and a lower IR.

Weighting Models and Maximum Active Weights

Most portfolios identify the maximum active weight that they
would invest in any one position. When transformed into a
maximum percentage weight for any active position (MW), this
number can provide valuable insights into the portfolio
structure and its risk characteristics.

Exhibit 1 is a distribution of the maximum active weights for a
sample of 50 long-only mutual funds, ranging from $1B-$20B in
total market value. Although a few outliers exist, the majority of
maximum active weights lie between 1-4%.
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Exhibit 1
Maximum Active Weights for Sample Portfolios
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Exhibit 2 plots the median, 1% quartile and 3 quartile of the
active weights through the first 50 positions of the sample
portfolios. The median maximum active size is 2.7% with a
decline to 1.0% by the 25™ position and 0.05% by the 50"
position. These curves also show that there is little activity after
the 50" position. Thus, it becomes reasonable to focus on the
first 50 positions.

Exhibit 2
Active Weights for First 50 Positions for Sample
Portfolios
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By the nature of a long-only portfolio, all positive active weights
must be funded by active underweights. However, in a typical
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long portfolio, all but a few of the sizable active positions will be
overweights, with the funding underweights scattered across
many smaller positions. For a number of reasons, these
fragmented underweights have a relatively minor impact on the
expected alphas or the TE’s that are the focus of this paper.
Thus, in the interest of clarity, the following discussion will treat
all active positions as if they were positive overweights.

Exponential Weighting Models

The portfolio weighting functions in Exhibit 2 can be roughly
modeled with an initial MW and an exponential decline in the
subsequent weights. Exhibit 3 displays three possible
weighting functions, each specified to provide the total 50%
active weight over 50 positions. With this requirement for a
50% activity level, the starting weight MW then fully determines
the exponential weight curves shown in Exhibit 3. Exhibit 4
shows the cumulative weight for the three functions, with all
curves ending at the total active weight of 50%.
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Exhibit 4
Cumulative Portfolio Weights

Exhibit 3
Exponential Weighting Models
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The middle curve in Exhibit 3 approximates the portfolio
weightings for the sample funds in Exhibit 2. It begins at 2.7%,
declines to 0.8% by the 25" position, and then drops to 0.2% by
the 50" position. The higher curve represents a more
concentrated weighting scheme with a maximum weight of
4.8% that declines to 0.4% by the 25" position and then
reaches 0.03% at the 50" position. The bottom flat line
represents a fixed 1% weight.
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Tracking Errors

Given a constant 20% tracking error (TE) for each position, one
can determine the TE associated with a starting MW and its
associated weighting function. The formula for this calculation
is provided in the Appendix.

When each active position is assumed to be independent and
uncorrelated, the TE calculation is quite simple. For MW'’s
ranging from 1.0% to 4.8%, the TE’s are shown on the lower
curve in Exhibit 5. The lowest TE of 1.4% occurs with a MW of
1%, which is the most diversified portfolio with all 50 positions
having the same 1% weight. With higher MW’s, more of the
total weight is concentrated in the earlier positions, leading to
somewhat larger TE’s. With a 4.8% MW, the uncorrelated TE
reaches 2.25%.

However, in most long-only portfolios, there will be common
factors that exist among the positions. These effects can be
modeled by assuming that a positive correlation exists
between any two positions. In Exhibit 5, the top line depicts the
TE for a pairwise correlation of 0.05.

For a MW of 1%, the correlated TE is 2.6%. The TE then
increases with higher MW'’s, reaching 3.1% for the most
concentrated portfolio with an MW of 4.8%. It is interesting to
note that Exhibit 5’s curve for the correlated case is flatter than
the uncorrelated case. This is because correlation in effect
forces a certain “concentration” even across diversified
weightings.
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Exhibit 5
Correlated and Uncorrelated TE
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Alpha Ranking Functions

Portfolio managers generally have some formal way (in the
case of quantitative funds) or informal way (in the case of
fundamental managers) for sequencing their active
investments in terms of expected excess returns. The
declining curve in Exhibit 6 is an example of an alpha-ranking
model that follows the same rate of exponential decay (0.05) as
Exhibit 3’s weighting function for an MW of 2.7%. In this
example, the highest expected alpha is 5%, which then
declines to 0.4% by the 50" position. Exhibit 6 also displays an
alpha-ranking model that is constant at 2% for each position.
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Exhibit 7 depicts the cumulative portfolio alpha from combining
Exhibit 6’s two alpha-ranking curves with the exponential
weighting functions for MW'’s ranging continuously from 1.0%
to 4.8%. For the constant alpha case, the portfolio alpha is also
constant since all weighing functions are designed to
accumulate to the same 50% activity level.

Exhibit 7
Portfolio Alphas

Exhibit 6
Alpha Ranking Models
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For the case of the declining alphas, the higher MW's assign
greater weights to the larger alphas. This greater
concentration in the more alpha-rich positions generates
portfolio alphas that rise with higher MW’s, as shown by the
curve in Exhibit 7. Comparing Exhibit 7 with Exhibit 5, one sees
that these higher portfolio alphas are associated with greater
TE’s. A standard approach for integrating these two measures
is the information ratio (IR) comprised of the portfolio alpha
divided by the corresponding TE.

The IR’s for Constant Alphas

Focusing on constant alpha case, with the numerator being
constant across all MW’s, the IR value varies only with the TE
in the denominator. As evident in Exhibit 5, for both the
correlated and the uncorrelated cases, the TE rises with higher
MW'’s, so the IR must always fall with higher MW’s, as shown in
Exhibit 8. Thus, for constant alphas, the most diversified
portfolio, i.e., the one with all weights equal to 1%, provides the
best IR.
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Exhibit 8
IR’s for Constant Alphas
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The IR’s for Declining Alphas

For the declining alpha case, the IR story becomes more
complicated. In contrast to the constant alpha case, the
portfolio alpha now rises with higher MW’s (Exhibit 7). The IR
curve therefore depends on the specific relationship between
the increasing alpha in the numerator and the increasing TE’s
in the denominator. Exhibit 9 plots the resulting IR curves.

Exhibit 9
IR’s for Declining Alphas
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For uncorrelated positions, the IR’s rise with higher
concentrations, reach a peak at an MW of 2.7%, and then
decline slowly. It will be recalled that that declining alphas had
the same (0.05) exponential rate of decay as the weighting
function for a starting MW of 2.7%. This is, of course, no
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coincidence. With all positions being independent and having
the same residual error, it can be shown that each position’s
optimal (IR-based) weight must be proportional to its alpha
value. Thus, the maximum IR will be achieved with an
exponential weighting having the same 0.05 decay rate as the
alpha function. Therefore, it is no surprise that the optimized IR
is attained for a “decay-matching” MW value of 2.7%.

At the same time, it is interesting to note that the IR curve is
relatively flat even beyond the 2.7% peak. This
“near-optimality” of more concentrated weightings raises the
question as to whether higher concentrations may be preferred
under certain conditions. For example, some fund sponsors
may be willing to tolerate somewhat greater TE’s in exchange
for materially higher alphas. The flat portion of the IR curve in
Exhibit 9 suggests that such a tradeoff could lead to more
concentrated portfolios with significantly higher alphas (Exhibit
7) but only slightly below-optimal IR’s.

This alpha versus TE tradeoff becomes more compelling at the
sponsor level. At this overall fund level, the alpha adds to the
return while the TE can be shown to be largely submerged by
the dominating beta risk. Thus, although moving from the
IR-optimal point incurs higher TE in a component portfolio, the
risk at the overall fund level will not significantly change.

The correlated situation can lead us even further away from the
diversified portfolio. In Exhibit 5, it was shown that correlation
increased the overall TE’s while flattening the TE curve. With
this flatter TE, the rising alpha curve becomes more dominant.
As shown in the lower curve in Exhibit 9, the net result is that
the IR actually increases continuously with higher MW’s. From
a pure IR perspective, the highest IR value is only attained with
an MW of 4.8%, i.e., the most concentrated portfolio
considered in our example. Given the shape of this correlated
IR curve, it might be that some TE limit would take precedence
over reaching for the highest possible IR.

Efficient Frontiers for Declining Alphas

In Exhibit 10, the uncorrelated and correlated cases for the
declining alphas are depicted as efficient frontiers in alpha
versus TE space. The most diversified weighting, with MW of
1%, provides both the lowest TE and the smallest portfolio
alpha. Consequently, an MW of 1% corresponds to the
beginning point of the frontier for both the correlated and
uncorrelated frontiers. With increasing MW'’s, the alphas and
the TE’s both rise continually. However, the optimal IR
corresponds to the frontier point having the greatest slope for
the line drawn from the origin. As seen earlier in Exhibit 8, this
maximum slope for the uncorrelated case is reached at the
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midpoint with an MW of 2.7%. In contrast, for the correlated
case, the higher IR is only reached at an MW of 4.8%.
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Exhibit 11
Fixed Weighting Function

Exhibit 10
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Simple Fixed Weights

All weighting functions thus far have assumed an initial MW
followed by an exponential decline. The preceding discussion
indicated that there might be situations when portfolios that are
more concentrated may be preferred. Exponential weightings
with higher starting MW’s were explored as a way to achieve
greater concentrations on the higher alpha investments.
However, another approach to intensified concentrations is
achieved by simply keeping the weight fixed at the starting MW
until the 50% “activity budget” is exhausted.

Exhibit 11 provides three examples of these fixed weightings
using the same maximum weights as in Exhibit 3 for the
exponential weighting function. A 4.8% fixed weight covers
slightly more than 10 positions, while a 2.7% fixed weight
spans roughly 19 positions. The fixed 1% weight case
obviously corresponds to 50 positions each having the same
1% MW.
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Exhibits 12 and 13 compare the exponential and the fixed
weighting approaches for the two correlation assumptions.
The exponential weighting curves are the solid lines while the
fixed weighting curves are shown as dashed lines.

Exhibit 12
Alpha/TE: Four Weighting Scenarios
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Exhibit 13
Alphavs. TE Four Weighting Scenarios
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It is interesting to note that in the uncorrelated case, the
exponential IR curve in Exhibit 12 appears to significantly
dominate the fixed weighting. However, with the 0.05 pairwise
correlation, the IR curves become virtually coincident. In
Exhibit 13’s efficient frontiers, the fixed weights provide
significantly higher alphas with near-optimal IR’s, especially in
the correlated case.

Of course, a key problem is that the alpha function, even if
known, rarely fits any simple functional pattern. However, in
practice, the actual weights assigned to various positions
within a given portfolio do provide some indication of the
presumed alphas. To the extent that these estimates allow
higher-conviction investments to be at least classified into tiers,
then similarly-clustered fixed weightings might provide a robust
approach to higher-alpha portfolios that remain near-optimal in
IR terms.
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Appendix

Exponential Weightings
For a starting maximum weight MW, an exponential weighting model would assign active weight w; to the ith position,

o, =(MW)e™ ™ i=,N
where A is the decay rate

In this paper, the total active weight accumulates to a level W so that A can be determined as a function of MW from the implicit
equation,

N
W= Z o,
1 . |
=(MW)> e*™
1

- (MW)[ (e )} MW > 1%
(1-e7)

For (MW) = 1%, we have constant weightings,
®, =(MW) i=1,N

Uncorrelated Tracking Error and Exponential Weights
With a uniform residual error ¢ across all positions, the uncorrelated tracking error TE(0) is given by

TE?(0) = i(mia)2

— 0_2 i“ (MW)2 e—ZZ(i—l)
1

-2

, 1 _ efzﬂN
=MW) o Tt MW > 1%
e

For MW =1%,

TE*(0) = N(MW)* 6>

2
= N(Ej o’
N



Morganstanley MORGAN STANLEY RESEARCH

July 17, 2007
Strategy

Correlated Tracking Error and Exponential Weights
With a uniform pairwise correlation, the tracking error TE (p) is given by

TE? (P) = Z wiwjpijcz
i,j

:GZ{Zmimjp+imf}

=c’ Himlj —imﬂp%—imf
= [(Wo) —TE2(0)b + TE*(0)

For the special case when MW =1% and w; =1%,

o -

it

and since W = N(MW)

sl
= (MW)ZGZ{[NZ —N]p+N}

Alpha Function
An exponential alpha function with a starting alpha a, and a decay rate p will have position alphas,

o =a.e™™  j=1,N

The portfolio alpha a, with exponential weighing then becomes,
N

o, =D 00,
1

— (MW)(I ie—(lﬂl)(j—l)

=

= (MW)a (i-ee)
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for (MW)>1% and p > 0.
For MW =1% and/or y =0 (the flat alpha case), the formula must be adjusted as shown earlier.

The Information Ratio
The information ratio is defined as

With exponential alpha (u > 0) and uncorrelated exponential weights (A>0), this ratio takes the form

(MW)a {(1 e )}

h _ e—(HH) )

Thus, for the numerical values used in Exhibit 9, with MW= 2.7%, which implies an A=0.05, the optimal IR* is given by

5 (1 _ 672(50)(05))
"ol e |

=0.81

Fixed Weights
For a given fixed weight (MW), the position weightings can be approximated by

MW)  i=1,—Y
(MW)
0, =
0 > l
(MW)

so that the uncorrelated tracking error simply becomes

10
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TE*(0) = GZ(MW)Z%

=’ (MW)W

while the correlated tracking error is again given by

TE?(p) = [TE(1)- TE (0)]p + TE*(0)
= [(WG)2 ~o> (MW)W]p +0° (MW)W
=’ W{{W - (MW)]p +(MW)}

The portfolio alpha under exponential weighting (A>0) is found from

()
a, = Zmiai
() |
= > (MW),e "

i=l

_{1 &) J
= (MW)a,

1-e#
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refer to the latest relevant published research on these stocks.

This report does not provide individually tailored investment advice. It has been prepared without regard to the individual financial circumstances and objectives of persons
who receive it. The securities discussed in this report may not be suitable for all investors. Morgan Stanley recommends that investors independently evaluate particular
investments and strategies, and encourages investors to seek the advice of a financial adviser. The appropriateness of a particular investment or strategy will depend on an
investor's individual circumstances and objectives. The securities, instruments, or strategies discussed in this report may not be suitable for all investors, and certain
investors may not be eligible to purchase or participate in some or all of them.

This report is not an offer to buy or sell or the solicitation of an offer to buy or sell any security or to participate in any particular trading strategy. The "Important US
Regulatory Disclosures on Subject Companies" section lists all companies mentioned in this report where Morgan Stanley owns 1% or more of a class of common securities
of the companies. For all other companies mentioned in this report, Morgan Stanley may have an investment of less than 1% in securities or derivatives of securities of
companies mentioned in this report, and may trade them in ways different from those discussed in this report. Employees of Morgan Stanley not involved in the preparation
of this report may have investments in securities or derivatives of securities of companies mentioned in this report, and may trade them in ways different from those
discussed in this report. Derivatives may be issued by Morgan Stanley or associated persons.

Morgan Stanley and its affiliate companies do business that relates to companies covered in its research reports, including market making and specialized trading, risk
arbitrage and other proprietary trading, fund management, commercial banking, extension of credit, investment services and investment banking. Morgan Stanley sells to
and buys from customers the securities/instruments of companies covered in its research reports on a principal basis.

With the exception of information regarding Morgan Stanley, reports prepared by Morgan Stanley research personnel are based on public information. Morgan Stanley
makes every effort to use reliable, comprehensive information, but we make no representation that it is accurate or complete. We have no obligation to tell you when
opinions or information in this report change apart from when we intend to discontinue research coverage of a subject company. Facts and views presented in this report
have not been reviewed by, and may not reflect information known to, professionals in other Morgan Stanley business areas, including investment banking personnel.

Morgan Stanley research personnel conduct site visits from time to time but are prohibited from accepting payment or reimbursement by the company of travel expenses for
such visits.

The value of and income from your investments may vary because of changes in interest rates or foreign exchange rates, securities prices or market indexes, operational or
financial conditions of companies or other factors. There may be time limitations on the exercise of options or other rights in your securities transactions. Past performance
is not necessarily a guide to future performance. Estimates of future performance are based on assumptions that may not be realized. Unless otherwise stated, the cover
page provides the closing price on the primary exchange for the subject company's securities.

To our readers in Taiwan: Information on securities that trade in Taiwan is distributed by Morgan Stanley Taiwan Limited ("MSTL"). Such information is for your reference
only. The reader should independently evaluate the investment risks and is solely responsible for their investment decisions. This publication may not be distributed to the
public media or quoted or used by the public media without the express written consent of Morgan Stanley. Information on securities that do not trade in Taiwan is for
informational purposes only and is not to be construed as a recommendation or a solicitation to trade in such securities. MSTL may not execute transactions for clients in
these securities.
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To our readers in Hong Kong: Information is distributed in Hong Kong by and on behalf of, and is attributable to, Morgan Stanley Asia Limited as part of its regulated
activities in Hong Kong. If you have any queries concerning this publication, please contact our Hong Kong sales representatives.

This publication is disseminated in Japan by Morgan Stanley Japan Securities Co., Ltd.; in Hong Kong by Morgan Stanley Asia Limited (which accepts responsibility for its
contents); in Singapore by Morgan Stanley Asia (Singapore) Pte. (Registration number 1992062982Z) and/or Morgan Stanley Asia (Singapore) Securities Pte Ltd
(Registration number 200008434H), regulated by the Monetary Authority of Singapore, which accepts responsibility for its contents; in Australia by Morgan Stanley Australia
Limited A.B.N. 67 003 734 576, holder of Australian financial services licence No. 233742, which accepts responsibility for its contents; in Korea by Morgan Stanley & Co
International plc, Seoul Branch; in India by Morgan Stanley India Company Private Limited; in Canada by Morgan Stanley Canada Limited, which has approved of, and has
agreed to take responsibility for, the contents of this publication in Canada; in Germany by Morgan Stanley Bank AG, Frankfurt am Main, regulated by Bundesanstalt fuer
Finanzdienstleistungsaufsicht (BaFin); in Spain by Morgan Stanley, S.V., S.A., a Morgan Stanley group company, which is supervised by the Spanish Securities Markets
Commission (CNMV) and states that this document has been written and distributed in accordance with the rules of conduct applicable to financial research as established
under Spanish regulations; in the United States by Morgan Stanley & Co. Incorporated, which accepts responsibility for its contents. Morgan Stanley & Co. International plc,
authorized and regulated by Financial Services Authority, disseminates in the UK research that it has prepared, and approves solely for the purposes of section 21 of the
Financial Services and Markets Act 2000, research which has been prepared by any of its affiliates. Private U.K. investors should obtain the advice of their Morgan Stanley
& Co. International plc representative about the investments concerned. In Australia, this report, and any access to it, is intended only for "wholesale clients" within the
meaning of the Australian Corporations Act.

The trademarks and service marks contained herein are the property of their respective owners. Third-party data providers make no warranties or representations of any
kind relating to the accuracy, completeness, or timeliness of the data they provide and shall not have liability for any damages of any kind relating to such data. The Global
Industry Classification Standard ("GICS") was developed by and is the exclusive property of MSCI and S&P.

This report or any portion hereof may not be reprinted, sold or redistributed without the written consent of Morgan Stanley.
Morgan Stanley research is disseminated and available primarily electronically, and, in some cases, in printed form.
Additional information on recommended securities is available on request.
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