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Introduction

Short extension strategies, also known as active extension strategies or 130/30 strategies, bridge
the gap between traditional long-only portfolios and unconstrained long-short hedge funds by
allowing limited leverage and shorting to be used in the construction of the portfolio. In these
strategies, the overall portfolio remains fully exposed to the equity market, in the sense that the
net market exposure across the portfolio remains 100%.

In this paper we examine some important parameters affecting the implementation of short
extension strategies. First, we analyse the relationship between portfolio leverage and active risk
and show that there is an optimal level of leverage for a given level of active risk. Then, we show
how changes in the investment universe or in market conditions could affect the performance of
short extension portfolios. Finally, we explore the question of how different investment processes
could be affected by short extension implementation.

Defining Leverage

Given a portfolio with active weights hA relative to benchmark weights hB we define leverage as
the excess amount invested in long and short positions per unit of capital:

N
L= Zl hA,i + hB,i |-1
i=1  \eight of asset i

—_——
Total amount invested in
long and short positions

In a long-only portfolio where all weights are positive we can show that leverage is zero:

h, +h,

L=§ —1=§(hAJ +hB‘|)—1=ihA‘l +§hs_, ~1=0

- 0 1

In a long-short portfolio where some weights are positive and some are negative, leverage will be
strictly positive:

=0

N
L=3 |, +h |+ 2|, +h|-1=>(h, +h,)-1-2% (h, +h, )>0
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Following this last derivation, we obtain an equivalent expression for leverage:

L=-2 z(hA,j + hg,|
asset j

isshor t

In the particular case of a 130/30 portfolio our leverage definition implies 60% leverage:

L=Xh, +h, |+ X -1=60%

isshort islong

h, +h,

30% 130%
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Optimal Leverage

One of the main challenges in short extension portfolio construction is to determine the
appropriate level of leverage. For example, is 130/30 more appropriate than 120/20 or 140/407?
What parameters should guide the choice of leverage? In order to gain insights into this question
we start by considering a simple two-asset world and solve the following unconstrained long-short
optimization problem:

rqax{hA'a—%ﬂhA'VhA}
Subject to:h,, +h,, =0

Here, @ = (e, ,) is the vector of active returns, h, = (h,,,h,,) is the vector of active

weights, A is a risk-aversion parameter, and V is the covariance matrix of asset returns. Without
loss of generality we can assume that ¢, > ¢, . Under this assumption, the active weights of the
optimal long-short portfolio are given by the following expression:

o~ 0 Oa

1)

h = —h = =
. * Mo +0,-2po0,) (0 +0,"—2p0,0,)"

Here, o;and o, are the volatilities of the two assets, p is the correlation between the two assets
and oy is the active risk of the portfolio, which is given by the following equation:

oo,

o, =(h,'Vh,)"'? =
A (A A) 1(0'12+O'22—2,00'10'2)

1/2

Equation (1) highlights the direct relationship between active risk and optimal active weights and
reveals that the asset with higher alpha, in this case asset 1, has positive active weight while the
lower alpha asset, in this case asset 2, has negative active weight. The portfolio weight of asset 2
can be either positive or negative. More specifically, the portfolio weight of asset 2 will be positive
(negative) if its benchmark weight is higher (lower) than the absolute value of its optimal active
weight. This reasoning leads us to express the leverage of the optimal long-short portfolio as
follows:

L= T
2 2
(0-1 +0, _2:00'10'2)

(& —&) e &N, -1

where

g =1 if assetiislong,inother wordsif h, +h, >0
g =-1if assetiisshort,inother wordsif h,, +h,, <0

The above expression unveils the one-to-one mapping between leverage and active risk and
shows that leverage is increasing with active risk. Indeed, we can rewrite leverage as:
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where 0" =h,, (0" +0," —2p0,0,)

Regardless of benchmark weights, asset 2 is likely to be held long (&, = 1) for low levels of active
risks (o4 < ¢°) in which case there is no need to resort to leverage as the optimal portfolio is long-
only. On the other hand, as active risk increases to higher levels (o, > ¢"), the optimal portfolio
has a short position in asset 2 (¢, =-1). As a consequence, leverage also increases and
eventually becomes piece-wise linear" in active risk.

Imposing Constraints on Leverage

In this section we examine the implications of imposing constraints on leverage and active risk.
We start by considering the same two-stock portfolio optimization problem but with an additional
constraint on the level of active risk:

mhax{hA'a—%/lhA'VhA}
Subject to: (i) h,, +h,, =0
(iiYh,"Vh, =0’

The resulting active weights and corresponding optimal leverage remain unchanged compared to
the previous unconstrained case when expressed as a function of active risk. In particular,
assuming that we are targeting active risk levels higher than the threshold o, the associated
optimal level of leverage is:

2
L= %0 +2(h
(o, +0, —2p0c,0,)"

D

B1

Setting leverage above the required level L  for the given target active risk o, will lead to sub-
optimal portfolios and lower information ratios. Likewise, setting leverage below L will also lead to
lower information ratios. Indeed, as shown in the appendix, fixing leverage at a different level than
the optimal leverage L associated with the active risk target can be seen as placing an additional
constraint in the portfolio optimization problem which in turn lowers the information ratio.

! As shown in the appendix, in general, leverage is convex, piece-wise linear and increasing in active risk and becomes linear when active
risk reaches a threshold above which all assets with negative active weights are held short in the optimal portfolio.
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Now we remove the active risk constraint and replace it with a fixed leverage constraint:

qm{mw»—%mnwm}
Subject to: (i)h,,+h,,=0

(i)|h,, +h,, ~1=L

+h,, +h,,

The resulting active weights are then given by:

h ——h =S41-h
) 2 )

Al

This in turn implies a corresponding optimal level of active risk:
* _ 2 2 2 12 L 1 h

o, _(0-1 to, - 100-10-2) (E-’_ - B‘l)

Targeting higher levels or lower levels of active risk compared to the optimal level " will lead to
suboptimal portfolios and lower information ratios.

Table 1: Optimal Portfolio IR for Various Leverage and Tracking Error Constraints

Tracking Error Constraint

Investment Leverage
Strategy Constraint

0.5% 1.0% 1.5% 2.0% 4.0% 8.0%

Long-Only 0% 0.82 0.75 0.69 0.64 0.53 0.41
110/10 20% 0.87 0.87 0.82 0.77 0.62 0.48
120/20 40% 0.79 0.88 0.86 0.83 0.69 0.53
130/30 60% 0.71 0.85 0.88 0.86 0.73 0.57
150/50 100% 0.61 0.61 0.86 0.88 0.80 0.64
Long-Short No Limit 0.89 0.89 0.89 0.89 0.89 0.89
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Chart 1
Information Ratio as a Function of Active Risk
Under Various Leverage Constraints
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Table 1 and Chart 1 illustrate the relationship between portfolio leverage and active risk and show
that there is an optimal level of leverage for a given level of active risk. In this example, we used
the latest Barra European Equity model (EUE2L) and the Barra Aegis application to construct
optimal long-short portfolios with 100% net exposure to the equity market. The stock selection
universe for these portfolios comprised the constituents of the MSCI Europe Index as of April 30,
2007 (approximately 600 stocks) and we derived alphas based on stock exposures to the risk
model’'s Value Risk Index.

In the example shown in Table 1 and Chart 1, the maximum information ratio that can be
achieved through unconstrained long-short optimization is 0.89. In the absence of any leverage or
other constraints, this maximum information ratio remains constant across all levels of active risk
(see last row in the table). The same maximum information ratio can also be achieved with a
120/20 short extension portfolio that has active risk of 1.0%. In other words, 40% is the optimal
level of leverage for this particular level of active risk. If the manager wishes to increase the active
risk of the portfolio, for example from 1.0% to 1.5%, the optimal level of leverage for this higher
level of active risk is 60%. Imposing higher or lower leverage at this level of active risk would lead
to a decline in the information ratio of the portfolio.
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Impact of Different Investment Universes and Changing Market Conditions

Changing market conditions and different investment universes will generally imply different
levels of volatility for the constituents of the portfolio. In turn, this parameter affects the optimal
level of leverage required in a long-short portfolio for a given level of active risk. In particular,
lower volatilities lead to higher optimal leverage for a given level of active risk. Higher required
leverage for a given level of active risk implies higher gain in information ratio from relaxing the
long-only constraint.

For example, large cap and developed market portfolios may require a higher level of leverage
and therefore may benefit more from short extension implementation, compared to small cap and
emerging market portfolios®, at each given level of active risk. For the same reason, lower
leverage would be required for a given level of active risk during periods of extreme events, such
as September 2001, or periods of financial market crisis, such as August 2007, when all assets
tend to experience higher volatility.

Table 2: Optimal Long-Only & Long-Short Portfolio IR Based on Different Indices

MSCI Europe Standard Index MSCI Europe Small Cap Index

Active | Long-only Long-short % GaininIR | Long-only Long-short % Gainin IR
Risk IR IR IR IR

0.5% 0.82 0.89 9% 1.11 1.12 1%
1.0% 0.75 0.89 19% 1.08 1.12 4%
2.0% 0.64 0.89 39% 1.01 1.12 12%
4.0% 0.53 0.89 68% 0.88 1.12 27%
8.0% 041 0.89 117% 0.69 1.12 63%
Chart 2

Optimal Leverage for Different Investment Universes
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% These conclusions hold under the assumption of investment universes that have a similar number of stocks and alpha processes for each
universe that yield a similar alpha distribution.
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Table 2 and Chart 2 present an example that illustrates the relationship between the underlying
universe and the potential gain in information ratio from relaxing the long-only constraint. In this
example, we used the latest Barra European Equity model (EUE2L) and the Barra Aegis
application to construct optimal long-short portfolios with 100% net exposure to the equity market.
We report optimal leverage and gain in information ratio for two different stock selection
universes, the MSCI Europe Index and the MSCI Europe Small cap Index. Both indices have
approximately 600 stocks and in this example we used data as of April 30, 2007.

These results suggest that optimal large cap portfolios may require higher leverage and may
enjoy higher percentage gain in information ratio compared to small cap portfolios for the same
level of active risk. Chart 3 illustrates the same point by comparing the level of optimal leverage
for unconstrained long-short portfolios based on the MSCI Europe Index and constructed at the
end of September 2001 (extremely volatile market conditions) and April 2007 (normal market
conditions).

Chart 3

Optimal Leverage in Different Market Conditions
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The common ingredient driving the results of these case studies is that, everything else being
equal, lower leverage is required for investment universes or market conditions characterized by
higher levels of stock volatility. Indeed, Table 3 shows the shift in the distribution of stock volatility
when going from large cap to small cap stock universes in both the US and Europe, and for the
MSCI Europe Index constituents, across the different market environments at the end of April
2007 (normal market conditions) and September 2001 (extreme market conditions).
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Table 3: Cross Sectional Distribution of Stock Risk in Different Stock Universes and
Market Conditions

S&P600 S&P500 MSCI Europe MSCI September April

Small Cap Small Cap Europe 2001 2007

10th 21.6 16.2 24.0 17.8 28.0 17.8
Percentile

25th. 26.9 18.4 272 206 31.4 20.6
Percentile

S0th 32.4 22.8 32.0 23.8 36.2 23.8
Percentile

75th. 38.5 27.6 37.7 28.3 451 28.3
Percentile

90th 45.1 33.4 46.4 33.2 56.3 33.2
Percentile

In order to see why these results are not limited to these particular examples but hold more
generally, we recall that in our two-asset framework® optimal leverage is expressed as:

Lo 20 +2(h,, ~1)
(0, +0, —2p0c,0,)"* ’

Now, consider two environments E and E’ such that the distribution of volatilities in E’ is shifted
rightwards as follows:

|: k
{61 % hithk>1

o.,'=ko

2 2

where (0,",0,") and (0,”,0," ) are the asset return volatilities in environments E and E.

Given similar benchmark weight distributions and similar asset return correlations, the difference
in leverage in the two environments relative to active risk can be expressed as:

L*-L* 1 2
—O_ :(E—l) 2 5 5 12 <0
A H,_/(O-l +0, - :0010-2)

<0

In other words, environment E’ requires lower optimal leverage than E for a constant level of
active risk in the portfolio. More precisely, we see that as the distribution of risk shifts by a factor
k, we should also expect the marginal change in leverage with respect to active risk (i.e the slope
of the leverage curve against active risk) to shift by about 1/k.

3 The appendix presents the general case with N assets.
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What Type of Investment Processes Benefit More from Shorting?

In this section of the paper we explore the question of how different investment processes are
affected by short extension implementation and which types of investment processes may benefit
more from the additional flexibility associated with the transition from long-only to short extension
portfolio construction.

Some long-only managers focus on picking “winning” stocks. Even these managers, who don't
have forecasts for “losing” stocks, could benefit from relaxing the long-only constraint because
shorting would release additional funding for larger long positions and would enable them to
better cross-hedge long-position risk. However, such managers may not be able to take full
advantage of the additional flexibility offered by long-short implementation. On the other hand,
long-only managers that have symmetric alpha distributions may benefit more from long-short
implementation. These managers have forecasts for both “winning” and “losing” stocks and long-
short implementation enables them to express negative views more fully by shorting negative
alpha stocks.

Among investment processes with symmetric alpha distributions, some produce forecasts for
many stocks while others focus on a few stocks only. For example, a quantitative process that is
based on a factor model will typically rank all stocks in the manager’s universe. On the other
hand, a fundamental process will typically focus on a relatively small number of stocks. Which
process enjoys higher gain in information ratio from long-short implementation? At first sight, we
may be tempted to think that processes with views on many stocks benefit more as optimal long-
short portfolios exploit the entire alpha distribution. Careful analysis using our framework actually
shows that this may not always be the case. In particular, for low levels of active risk, processes
with views on few stocks achieve higher information ratio gains from short-extension
implementation.

In order to gain insights into the relationship between alpha distribution and shorting, we write the
optimal active weights as an orthogonal decomposition of risk-adjusted alphas:

Q,
a)khA,k =nN—
X

+V,

where @, is the residual risk of asset k relative to the benchmark andV, ’s are residuals

orthogonal to risk-adjusted alphas &, / @, . Finally the n coefficient can be expressed as:

o(oh)

=TC
7 ole lw)

where TC is the transfer coefficient’, o(@ h,) and o(e, / @,) are the cross-sectional standard

deviation of risk-adjusted active weights and risk-adjusted alphas in the portfolio. This orthogonal
decomposition states that risk-adjusted active weights are nearly proportional to risk-adjusted
alphas for well refined alphas and relatively small residuals.

4 We define the transfer coefficient TC as the correlation between risk-adjusted weights and risk-adjusted alphas in the portfolio
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We will use our orthogonal decomposition of risk-adjusted active weights to illustrate the potential
benefits of shorting for three different types of alpha distributions.

First, we consider a symmetric alpha distribution which would correspond to an investment
process that can equally discriminate among winning and losing stocks. We can use a power
function to model this type of distribution:

o [(KINY"((k/k )" -1) fork<k,K>07>0
) : 0 4
= (KINY(((N=K) (N =k))*" 1) for k >k,

where N is the number of stocks in the selection universe, K and k, are scaling parameters while

ycharacterizes the thickness of the tails of the distribution. Chart 4 presents an example of this
type of distribution, based on the EUE2L Barra Value Risk Index for the MSCI Europe Index
constituents as of April 30, 2007. In this empirical alpha distribution, we found the power

coefficient y to be approximately equal to 1.8.

Second, we consider a single-tail alpha distribution, an example of which is depicted in Chart 5.
This distribution could describe an investment process that focuses on selecting “winning” stocks
and does not produce strong views regarding “losing” stocks. We assume these alphas decay
exponentially in the left tail of the distribution and follow the same power function in the right tail of
the distribution:

k

" (K/N)((k/k)* =1) fork<k, K>0,7>0
~ |exp(=c(k -k )) -1 for k >k ,c>0and c<<1

Third, we consider a concentrated alpha distribution, an example of which is depicted in Chart 6.
This distribution could describe a fundamental bottom up investment process which produces
alpha forecasts for a relatively small number of stocks in the manager’s universe:

a, for k<k*
a’ =40 for k" <k < N-k*
a, for k>N-k*

The results reported in Table 4 suggest that investment processes that yield a symmetric alpha
distribution experience higher gain in information ratio from relaxing the long-only constraint
compared to investment processes that yield a single-tail alpha distribution. To understand why
this conclusion holds generally, we compute the number of stocks N; and N, for which the long-
only constraint binds for the two alpha distributions by using the orthogonal decomposition and
plugging-in the corresponding alphas®:

5 The appendix presents a formal derivation. We assume that the alphas are non-degenerate in the sense that they produce non-zero
transfer coefficients and the residuals v, are small in magnitude relative to risk-adjusted active weights (empirically we find that vi/wyhy
<0.1).
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h @)’
N, = Card kOSkSN|k2N—%(N_kO)( w}
7

h 2
N, =Card{ko <k<N |kzko_1|n(1_ s @, )}
c n

where Card stands for the the number of elements in a given set. The symmetric alpha
distribution leads to portfolios with a higher number of stocks that have negative total weights,
and we see without ambiguity that N, will be much higher than N, as ¥ >0 and c<<1. As these
two alpha distributions only differ in the lower rankings, the number of stocks for which the long-
only constraint binds reflects the gain in information ratio from relaxing the long-only constraint.

Table 4: Optimal Long-Only & Long-Short Portfolio Information Ratio for Different Alpha
Distributions

Symmetric Distribution Single-Tail Distribution
Active Long-only Long-short % Gainin Long-only Long-short % Gainin
Risk IR IR IR IR IR IR
0.5% 0.82 0.89 9% 0.63 0.64 2%
1.0% 0.75 0.89 19% 0.60 0.64 7%
2.0% 0.64 0.89 39% 0.55 0.64 16%
4.0% 0.53 0.89 68% 0.48 0.64 33%
8.0% 0.41 0.89 117% 0.39 0.64 64%

Next, we explored the potential benefits from shorting for quantitative and fundamental
investment processes through another case study. Two possible alpha distributions
corresponding to these two types of investment processes are shown in Charts 4 and 6. These
distributions cover all MSCI Europe Index constituents as of April 30, 2007, and were derived
from asset exposures to the Barra EUE2L model Value Risk Index. The first distribution contains
forecasts for all MSCI Europe Index constituents, while the second contains forecasts for the
most extreme 100 rankings only (50 on each side). In this case study, we used the Barra EUE2L
risk model to construct optimal portfolios for different levels of active risk and compared the gain
in information ratio between long-only and long-short portfolios, based on these two different
alpha distributions.

The results of this case study, reported in Table 5, suggest that the gain in information ratio
between long-only and long-short portfolios for quantitative and fundamental investment
processes may depend on the level of active risk, the number of forecasts in the alpha
distribution, and the constant information ratio that could be achieved through unconstrained
long-short optimization.
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Table 5: Optimal Long-Only & Long-Short Portfolio Information Ratio for Different Alpha
Distributions

Views on All Stocks Views on 100 Stocks

Active Long-only Long-short % Gain in Long-only Long-short % Gainin
Risk IR IR IR IR IR IR
0.5% 0.82 0.89 9% 0.69 0.79 15%
1.0% 0.75 0.89 19% 0.63 0.79 25%
2.0% 0.64 0.89 39% 0.57 0.79 39%
4.0% 0.53 0.89 68% 0.50 0.79 59%
8.0% 0.41 0.89 117% 0.41 0.79 94%

These results imply that, at low levels of active risk, investment processes with views on many
stocks would experience lower gain in information ratio as a result of relaxing the long-only
constraint, compared to processes that produce views on few stocks. A possible explanation
could be that having views on many stocks leads to relatively high information ratio at low active
risk levels, without the need for shorting. As a consequence, at low levels of active risk, the gain
in information ratio from shorting is relatively low for processes with views on many stocks.

On the other hand, at high active risk levels, our results imply that processes with views on many
stocks would enjoy higher gain in information ratio. This may be due to the fact that, at high levels
of active risk, optimal long-only portfolios are concentrated in the most extremely ranked stocks,
irrespective of the number of forecasts in the alpha distribution. On the other hand, optimal long-
short portfolios exploit the entire alpha distribution; therefore having views on many stocks may
lead to higher information ratio in long-short portfolios. As a consequence, at high levels of active
risk, the gain in information ratio from relaxing the long-only constraint may be higher for
processes with views on many stocks.

Our results are consistent with the standard practice that many quantitative managers follow of
running long-only portfolios at relatively low active risk levels (e.g. enhanced index strategies) as
they may be able to achieve relatively high information ratio at low active risk levels, without the
need for shorting. On the other hand, our results suggest that shorting flexibility at high active risk
levels may enable quantitative managers to better exploit the entire alpha distribution and achieve
higher gains in information ratio.

Now we use our orthogonal decomposition to show why the conclusions we reached through this
case study are also robust to more general assumptions. Again, we compare the number of
stocks for which the long-only constraint is binding for the two alpha distributions:

h @)
N, = Card kOSkSN|k2N—%(N_kO){ D, j
7

2
hB,ka)k

N, = Card kOSkSN|k2N—%(N—kO)( J and k> N —k*
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As mentioned previously, for a given alpha distribution, the number of stocks for which the long-
only constraint binds reflects the gain in information ratio from relaxing the long-only constraint.
We see that N, and N; may be close for low levels of active risk as n is increasing in active risk.
In this case, the gain in IR from shorting will be higher for the concentrated alpha distribution as
the long-only portfolio IR of the concentrated alpha distribution is lower compared to the long-only
portfolio IR of the alpha distribution with views on all stocks, for a given level of active risk.
However, there will be a threshold level of active risk above which N; will eventually be higher
than N3 as N3 cannot be greater than k*. Thus only for high levels of active risk will the gain in IR
from shorting for strategies with views on all stocks be higher than for strategies with views on a
small number of stocks.

Conclusion

One of the main challenges in short extension portfolio construction is to determine the
appropriate level of leverage. In this paper, we analyzed the relationship between portfolio
leverage and active risk and demonstrated analytically and empirically that there is an optimal
level of leverage for a given level of active risk. This conclusion could have significant implications
for the implementation of short extension portfolios. The main implication is that leverage and
active risk should not be determined independently in short extension portfolios. Upper limits on
leverage may be imposed for various reasons (for example, regulatory or client specific
requirements), however, our analysis shows that such restrictions may reduce the information
ratio of the portfolio.

Changing market conditions and different investment universes will generally imply different
levels of volatility for the constituents of the portfolio. In turn, this parameter affects the optimal
level of leverage required in a short extension portfolio for a given level of active risk. In particular,
lower volatilities lead to higher optimal leverage for a given level of active risk. Higher required
leverage for a given level of active risk implies higher gain in information ratio from relaxing the
long-only constraint. These findings could have potentially interesting implications for long-only
managers who are considering launching 130/30 strategies, as well as 130/30 managers who are
considering applying their investment process to another investment universe with different
volatility characteristics.

Finally, we examined how different investment processes may be affected by short extension
implementation. We found that symmetric alpha distributions lead to higher gain in information
ratio from relaxing the long-only constraint compared to single-tail alpha distributions. Also, we
demonstrated that investment processes that are able to rank all stocks in the manager’s
universe achieve higher gain in information ratio at high levels of active risk, compared to
concentrated investment processes that produce alpha forecasts for a relatively small number of
stocks. These results suggest that shorting flexibility at high active risk levels may enable
guantitative managers to better exploit the entire alpha distribution and achieve higher gains

in information ratio.
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Appendix

Al. Computing Optimal Leverage

Recall the unconstrained long-short optimization problem:

1
mhax{hA'a - EﬂhA'VhA}
SQubjectto: h'e=0
The Lagrangian for this problem can be written as:

L= hA'a—%/ihA'VhA _uh'e

where W is the Lagrange multiplier associated with the budget constraint. The first-order
conditions for optimality can be expressed as:

aaTI;,:a—/IVhA—,ue:O
oL

—=h'e=0

ou "

The optimal active weights are then given by:

hA = < 1/2V_1(a_e\\//—ae)
0 =Y 2 el le
(a'v “o— LV a) j
eVe

where g, is the portfolio active risk:

o R \M2
Op= (hAIV hA)ll2 :%[a'V‘la——(eV 0() j
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The optimal level of leverage for the unconstrained long-short portfolio which corresponds to the
above optimal active weights is given by the following expression:

N
L = Z_ll‘hf*i +hg,|-1

n /-1
= On 1,Z;S'V’l(oz—elv _10(e)+g'hB -1
(elvfla)z eV e
oV ig->Y— "L
eV'e
N n /-1
- On > ZS{V‘l(a—eV _fe)} +&'hg -1
w1 \2 = eV'e |
a‘V‘la—i(eV af |1 |
eVle

where ¢ is a Nx1 vector defined as:

g=1 if hy;+hg; =20
g =-1if hy;+hg; <0
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A2. Imposing Constraints on Leverage

Now we solve the optimal long-short portfolio problem with an active risk target of o, :
1

rq?x{hA'a - ElhA 'VhA}

ubject to :

(i) h'e=0

(i) h,'Vh, =¢,’

The Lagrangian now becomes:

L= hA'a—%,w; _sh'e-y(hVh — ")

And the first-order conditions for optimality are now expressed as:

oL

— =a—-pe-2Wh =0
o o — ue-2nNh,
a—L:hA'e:O

u

ot o, -h'Vh =0

dy

When expressed as a function of active risk, the optimal active weight and the optimal leverage
remain unchanged compared to the unconstrained case. In particular, as in the previous case,
there is a unique optimal leverage associated with the target active risk level. Therefore, imposing
an additional leverage constraint will lead to a decrease in information ratio unless the leverage
target is equal to the optimal leverage level. Likewise, imposing an active risk target in addition to
a leverage target will also decrease the information ratio unless the target active risk is equal to
the optimal active risk associated with the leverage target.
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A3. Orthogonal Decomposition of Risk-adjusted Active Weights
Recall the orthogonal decomposition of risk-adjusted optimal active weights:
o
oy =1+,
, o,

where @, is the residual risk of asset k relative to the benchmark and V, ’s are residuals

orthogonal to risk-adjusted alphas ¢, /a)k. The n coefficient can be expressed as:

c_o@h)

o(a, /)
where TC is the transfer coefficient defined as the correlation between risk-adjusted active
weights and risk-adjusted alphas, o(w,h ) and o(e, / @,) are the cross-sectional standard

deviation of risk-adjusted active weights and risk-adjusted alphas in the portfolio. We further
assume that the following two conditions hold:

e TC#0and TC>0
. |Vk|/‘a)khA‘k‘ = 0 for small k's and large k’s (extreme rankings in the alpha distribution)
The first condition states that risk-adjusted active weights should reflect risk-adjusted alphas,

while the second condition states that risk-adjusted active weights should be nearly proportional
to risk-adjusted active weights in both ends of the alpha distribution (empirically we find that

Vil sy < 0.1).

We can obtain a formal justification of the fact that risk-adjusted optimal active weights are nearly
proportional to risk-adjusted alphas as follows. Recall the expression for the unconstrained long-
short optimal active weight, omitting the budget constraint:

— O-A
A (auv —1a) 1/2
Decompose returns into a benchmark component and a residual component:

r=pr+w

-1

where T is the benchmark return, /3 is the vector of betas with respect to the benchmark, and w
denotes the residual return. Thus the asset covariance matrix can be expressed as:

V=480 +Q

Where sz is the benchmark volatility and € is the covariance matrix of residual returns. Using
matrix algebra, we can write the inverse of the asset covariance matrix as:

Vil XA
FQB+1o
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If we make the assumption that risk-adjusted alphas ('« ) are nearly orthogonal to betas
(A" (Q"a) =0), we can then rewrite the optimal active weights as:

o .
= waia

If we further make the assumption that residual returns are uncorrelated with each other, Q™
becomes a diagonal matrix and risk-adjusted active weights (a)khAk) are proportional to risk

adjusted alphas (o, / @,):

o o _ (V)" o _(h'Qh )" o _ olsh) o

v o) o Nola/o)a  Nola/o)o  oa /o)

zi

2
i1 @i

ah,, =

Note that in this case, TC would be equal to one. Residual returns will be uncorrelated when the
benchmark embeds the true undiversifiable component of the cross-section of asset returns. In
general, risk-adjusted alphas will show some correlation with benchmark betas and the budget
constraint as well as other types of constraints (leverage, transaction costs, etc) will affect optimal
portfolio weights. This will lead to a TC which will be below one and non-zero residual terms V in
the relationship between risk-adjusted active weights and risk-adjusted alphas. The above
derivation can be seen as an approximation to our more general orthogonal decomposition.
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A4. Computing the Number of Binding Constraints

Given our orthogonal decomposition, we can compute an approximation for the number of stocks
with strictly negative total weights for each of the symmetric, single-tail and concentrated alpha
distributions we consider.

Note that for the power law alpha ranking such as the symmetric alpha, we can assume that

-1y

N -k

( N _K ) is much greater than 1 for the extreme low rankings. Equivalently, we have that:
%o

N -k
Pr(e, <-u) = T"u” for large u's

Using our orthogonal decomposition with the fact that residuals are small for the extreme bottom
rankings, an approximation for the number of stocks with strictly negative weights for the
symmetric alpha ranking is:

N1 =N )(I:)I'(I‘IAk + th < O) = E(N —ko)(ha'ka)k J
: , K p
which can also be expressed as:
N, = Card{k <k <N |k>N _%(N _ko)(hs‘kwk)
n

For the single-tail alpha distribution, the number of binding long-only constraints N, can be
obtained by plugging the expression for the bottom rankings in the orthogonal decomposition.
Finally, for the concentrated alpha distribution, the derivation is similar to the symmetric ranking
case except for taking into account that the concentrated ranking is only non zero for the last k*
assets.

MSCI Barra Research
© 2008 MSCI Barra. All rights reserved. 21 of 24
Please refer to the disclaimer at the end of this document.



m 130-30 Implementation Challenges

| January 2008

References

Clarke R., H. De Silva & S. Thorley, 2002, “Portfolio Constraints and the Fundamental Law of
Active Management”, Financial Analysts Journal, (September/October): 48-66

Clarke R., H. De Silva & S. Sapra, 2004, “Towards More Information-Efficient Portfolios”, The
Journal of Portfolio Management (Fall 2004): 54-63

Grinold R. and R.N. Kahn, 1999, “Active Portfolio Management”, Second Edition, McGraw-Hill

Jacobs B., K. Levy, and D. Starer, 1999, “Long-Short Portfolio Management: An Integrated
Approach”, The Journal of Portfolio Management (Winter 1999): 23-32

Jacobs B. & K. Levy, 2006, “Enhanced Active Equity Strategies”, The Journal of Portfolio
Management (Spring 2006): 45-55

Jacobs B. & K. Levy, 2007, “20 Myths about Enhanced Active 120-20 Strategies”, Financial
Analysts Journal (July/August): 19-26

Johnson S., R.N. Kahn, and D. Petrich, 2007 , “Optimal Gearing”, The Journal of Portfolio
Management (Summer 2007) : 10-18

Sorensen E., R. Hua, and E. Qian, 2007, “Aspects of Constrained Long-Short Equity Portfolios”,
The Journal of Portfolio Management (Winter 2007): 12-20

MSCI Barra Research
© 2008 MSCI Barra. All rights reserved. 22 of 24
Please refer to the disclaimer at the end of this document.



m 130-30 Implementation Challenges

| January 2008

Contact Information

clientservice@mscibarra.com

Americas

Americas 1.888.588.4567 (toll free)
Atlanta + 1.404.949.4529
Boston +1.617.856.8716
Chicago +1.312.706.4999
Montreal +1.514.847.7506

New York +1.212.762.5790

San Francisco
Sao Paulo

Toronto

Europe, Middle East & Africa

+1.415.576.2323
+55.11.3048.6080
+1.416.943.8390

Amsterdam +31.20.462.1382

Cape Town +27.21.683.3245
Frankfurt +49.69.2166.5325
Geneva +41.22.817.9800
London +44.20.7618.2222
Madrid +34.91.700.7275

Milan +39.027.633.5429
Paris 0800.91.59.17 (toll free)
Zurich +41.1.220.9300

Asia Pacific

China Netcom

China Telecom

10800.852.1032 (toll free)
10800.152.1032 (toll free)

Hong Kong + 852.2848.7333
Singapore + 65.6834.6777

Sydney +61.2.9033.9333
Tokyo + 813.5424.5470

www.mscibarra.com

MSCI Barra Research

© 2008 MSCI Barra. All rights reserved.

23 of 24

Please refer to the disclaimer at the end of this document.



130-30 Implementation Challenges

LS EERiEl | January 2008

Notice and Disclaimer

L] This document and all of the information contained in it, including without limitation all text, data, graphs, charts
(collectively, the “Information”) is the property of MSCI Inc. (which is registered to do business in New York under the
name NY MSCI), Barra, Inc. (“Barra”), or their affiliates (including without limitation Financial Engineering Associates,
Inc.) (alone or with one or more of them, “MSCI Barra”), or their direct or indirect suppliers or any third party involved
in the making or compiling of the Information (collectively, the “MSCI Barra Parties”), as applicable, and is provided
for informational purposes only. The Information may not be reproduced or redisseminated in whole or in part
without prior written permission from MSCI or Barra, as applicable.

. The Information may not be used to verify or correct other data, to create indices, risk models or analytics, or in
connection with issuing, offering, sponsoring, managing or marketing any securities, portfolios, financial products or
other investment vehicles based on, linked to, tracking or otherwise derived from any MSCI or Barra product or data.

L] Historical data and analysis should not be taken as an indication or guarantee of any future performance,
analysis, forecast or prediction.

L] None of the Information constitutes an offer to sell (or a solicitation of an offer to buy), or a promotion or
recommendation of, any security, financial product or other investment vehicle or any trading strategy, and
none of the MSCI Barra Parties endorses, approves or otherwise expresses any opinion regarding any
issuer, securities, financial products or instruments or trading strategies. None of the Information, MSCI
Barra indices, models or other products or services is intended to constitute investment advice or a
recommendation to make (or refrain from making) any kind of investment decision and may not be relied on
as such.

L] The user of the Information assumes the entire risk of any use it may make or permit to be made of the Information.

. NONE OF THE MSCI BARRA PARTIES MAKES ANY EXPRESS OR IMPLIED WARRANTIES OR
REPRESENTATIONS WITH RESPECT TO THE INFORMATION (OR THE RESULTS TO BE OBTAINED BY THE
USE THEREOF), AND TO THE MAXIMUM EXTENT PERMITTED BY LAW, MSCI AND BARRA, EACH ON THEIR
BEHALF AND ON THE BEHALF OF EACH MSCI BARRA PARTY, HEREBY EXPRESSLY DISCLAIMS ALL
IMPLIED WARRANTIES (INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF ORIGINALITY,
ACCURACY, TIMELINESS, NON-INFRINGEMENT, COMPLETENESS, MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE) WITH RESPECT TO ANY OF THE INFORMATION.

L] Without limiting any of the foregoing and to the maximum extent permitted by law, in no event shall any of the MSCI
Barra Parties have any liability regarding any of the Information for any direct, indirect, special, punitive,
consequential (including lost profits) or any other damages even if notified of the possibility of such damages. The
foregoing shall not exclude or limit any liability that may not by applicable law be excluded or limited.

L] Any use of or access to products, services or information of MSCI or Barra or their subsidiaries requires a license
from MSCI or Barra, or their subsidiaries, as applicable. MSCI, Barra, MSCI Barra, EAFE, Aegis, Cosmos,
BarraOne, and all other MSCI and Barra product names are the trademarks, registered trademarks, or service marks
of MSCI, Barra or their affiliates, in the United States and other jurisdictions. The Global Industry Classification
Standard (GICS) was developed by and is the exclusive property of MSCI and Standard & Poor’s. “Global Industry
Classification Standard (GICS)” is a service mark of MSCI and Standard & Poor’s.

= The governing law applicable to these provisions is the substantive law of the State of New York without regard to its
conflict or choice of law principles.

© 2008 MSCI Barra. All rights reserved.

About MSCI Barra

MSCI Barra is a leading provider of investment decision support tools to investment institutions worldwide. MSCI Barra
products include indices and portfolio analytics for use in managing equity, fixed income and multi-asset class portfolios.

The company'’s flagship products are the MSCI International Equity Indices, which are estimated to have over USD 3
trillion benchmarked to them, and the Barra risk models and portfolio analytics, which cover 56 equity and 46 fixed income
markets. MSCI Barra is headquartered in New York, with research and commercial offices around the world. Morgan
Stanley, a global financial services firm, is the majority shareholder of MSCI Barra.

MSCI Barra Research
© 2008 MSCI Barra. All rights reserved. 24 of 24
Please refer to the disclaimer at the end of this document.



