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Abstract

Portfolio implementation is critical for investment success. Seemingly minor differences in portfolio
construction can lead to major differences in performance outcomes. In this paper, we summarize the
differences between two popular portfolio construction approaches, “mix” and “integrate,” and examine
a handful of value and momentum-themed examples to demonstrate how these differences play out in
practice. Theory, intuition, and empirical evidence suggest these decisions are of first order importance
and that the “integrate” approach has a material edge. In sum, when underwriting new investment
strategies, it is important to fully understand the various portfolio construction approaches and their

implications for future performance.

A more detailed and in-depth coverage of this topic can be found in Long Only Style Investing: Don’t Just Mix,
Integrate (Fitzgibbons et al, 2016).

We would also like to thank Jeremy Getson, Toby Moskowitz, Bill Cashel, Gabriel Feghali, Marianne Love,

Jason Mellone and Lukasz Pomorski for helpful comments and suggestions.
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Introduction

Discretionary and systematic equity managers have
been incorporating value (e.g. buying low PE stocks)
and momentum (e.g. buying recently outperforming
stocks) themes into their investment process for
decades. In fact, these types of themes have become
so prevalent that an entire “smart beta” industry

now exists.

While the general efficacy of value and momentum
is now widely accepted, there are disagreements
on how best to “combine” these themes within the
context of a portfolio. In other words, portfolio

construction techniques tend to differ across

Exhibit 1

managers. One popular approach, which we’ll call
“mix,” first identifies the top value stocks, then
separately identifies the top momentum stocks,

and lastly “mixes” the top value stocks with the top
momentum stocks to form the portfolio. In contrast,
a competing approach, which we’ll call “integrate,”
first blends each stock’s value and momentum

score into one average composite (or “integrated”)
measure and then builds a portfolio based on the
stocks with the highest “integrated” score. Exhibit 1
summarizes these differences.

Comparing the “Mix"” and “Integrate” Approaches

Portfolio Construction Technique 1 "Mix"

1. Identify top value stocks

2. ldentify top momentum stocks

3. "Mix" the top value stocks with the top momentum
stocks to form the portfolio

Source: AQR.

Portfolio Construction Technique 2 "Integrate”

1. Blend each stock's value and momentum score
into one average composite (or “integrated”) measure

2. Choose the stocks with the highest “integrated”
score
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“Mix” And “Integrate”
Portfolio Examples

In order to better understand the two different attractive prospective returns, which 4 stocks
portfolio construction techniques and appreciate would we choose? As a “mix” manager, we would
how the end portfolios are materially different, first separately rank each stock based on the
let’s go through a few examples. We’ll start with an earnings-to-price ratio (“value” characteristic) and
easy example and then move to a more thorough, last 12 month return (“momentum” characteristic).
complex example. A more detailed and in-depth Then, we would choose the top 2 ranked value
coverage of this topic can be found in Long Only stocks (shaded in light purple in Exhibit 2) and
Style Investing: Don't Just Mix, Integrate. top 2 ranked momentum stocks (shaded in dark
purple in Exhibit 2). As an “integrate” manager,
Exhibit 2 reports the earnings-to-price ratio we would first take an average of each stock’s value
(“value” characteristic) and last 12 month return and momentum rank (i.e. create an “integrated”
(“momentum” characteristic) for 10 consumer rank). Then, we would choose the 4 stocks with the
discretionary stocks as of 10/31/2016. If we were highest integrated rank (shaded in light blue
tasked with identifying the 4 stocks with the most in Exhibit 2).
Exhibit 2

Simple Portfolio Construction Example: 10 Consumer Discretionary Stocks

Evaluation of Value and Momentum Characteristics

Average of
Value: Momentum: Value and
Earnings- Value Last 12 Momentum Momentum
Company Name to-Price Rank Month Return Rank Rank Comment
Culp Inc. 5.7% 7 -8.7% 6 6.5
Deckers Outdoor 7.2% 4 4.2% 4 “ Unique to “Integrate”
Dr. Horton Inc. 8.2% 3 -4.8% 5 “ Unigue to “Integrate”
Fossil Group Inc. 12.2% 1 -50.6% 10 55 Unique to “Mix"
Hasbro Inc. 5.0% 8 9.8% 3 55
Helen of Troy 6.9% 5 -21.5% 8 6.5
Hovnanian Enterprises A 4.0% 9 -30.7% 9 9.0
Johnson Outdoors A 6.0% 6 69.4% 1 Common to Both

Common to Both

Perry Ellis International -14.6% 7
Vince Holding Co. 2.2% 24.9% 2

Source: AQR, Bloomberg. The above stocks were selected from all Consumer Discretionary stocks within a universe roughly similar to the
Russell 3000 using the following method. In order to ensure reasonable dispersion between the Value and Momentum characteristics

to make the example both more illustrative and more representative of the overall sector, stocks were first ranked by their Momentum
characteristic, and then every 10th stock was selected. This process was used to generate a random sampling that still had a meaningful
distribution of Momentum and Value characteristics. In the rankings above, a lower rank means a stock is better along the given metric,
with 1 being the best. The securities presented herein are for illustrative purposes only and not a representation that they will or are
likely to achieve profits or losses. Not to be construed as investment advice or arecommendation. Past performance is not a guarantee of
future performance. Please read important disclosures at the end of this document.

6.0 Unique to "Mix"



< Back to the Table of Contents

06 Portfolio Construction Matters: A Simple Example Using Value and Momentum Themes

The “mix” and “integrate” approaches clearly lead
to different end portfolios. In the previous example,
there is only overlap in 50% of the positions — out
of the 4 stocks in the end portfolios, only 2 stocks
(Johnson Outdoors and Perry Ellis) are included

in both the “mix” and “integrate” portfolios. Why
the low overlap? High (low) earnings-to-price stocks
tend to have poor (great) recent performance, i.e.
the stock’s value and momentum characteristics
are negatively correlated. The one-dimensional
“mix” approach processes information in a
sequential, piecemeal manner. It identifies the top
value (momentum) stocks in a silo. In contrast,

by blending each stock’s value and momentum
score, the “integrate” approach explicitly takes into
consideration all relevant information at the same
time and, thus, correctly incorporates the offsetting
nature of value and momentum. A top value

stock with a horrible momentum rank will have a
mediocre “integrated” rank and, thus, will not make
it into the “integrate” portfolio. However, this same
stock will make it into the “mix” portfolio as a

“top value stock.”

Let’s build on our basic understanding of the “mix”
and “integrate” portfolio construction techniques
by considering a much larger sample of stocks. In
particular, we’ll assume 1) there are 500 stocks in

our investment universe, 2) the stock-level value

and momentum exposure correlation is -0.6, and
3) the end portfolios contain 125 stocks each. The
plots in Exhibit 3 graph each stock’s momentum
exposure (Y axis) versus its value exposure (X
axis). The purple dots in figure 3a represent the
stocks chosen for the “mix” portfolio. The purple
dots at the top (right) represent the stocks with the
highest momentum (value) exposure. Figure 3b
represents the “integrate” portfolio with light blue
dots. The stocks represented by the light blue dots
might not have the highest value exposure or the
highest momentum exposure in isolation, but they
do have the highest blended (or “integrated”) value
and momentum exposure. Figure 3¢ compares the
“mix” and “integrate” portfolios. Clearly, there are
many stocks in the “mix” portfolio not present in
the “integrate” portfolio (purple dots) and vice versa
(light blue dots). The purple dot stocks from figure
3c have offsetting extreme value and momentum
exposures, making them good candidates for

the “mix” portfolio and poor candidates for the
“integrate” portfolio. The light blue dot stocks from
figure 3c have slightly above average value and
momentum, making them good candidates for the
“integrate” portfolio. However, the slightly above
average exposures are not extreme enough to make
it into the “mix” portfolio. The green dot stocks

make it into both portfolios.
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Exhibit 3
Complex Portfolio Construction Example: 500 Simulated Stocks

Figure 3a: The Mix Portfolio

High 4 —
Momentum @

@ All other stocks
® The mix portfolio

Each stock’s momentum exposure

Each stock’s value exposure

Figure 3b: The Integrated Portfolio
‘ 4

High Average
(Momentum,
Value)

@ All other stocks
@ The integrated portfolio

Each stock’s momentum exposure
A

Each stock’s value exposure

Figure 3c: Comparing the Mix and Integrated Portfolios

o All other stocks

® Stocks only inintegrated

® Stocks only in mix

® Stocks in both integrated, mix

Each stock’s momentum exposure

Each stock’s value exposure

Source: AQR. Hypothetical performance results have certain inherent limitations, some of which are disclosed at the end of this document.
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“Mix” Versus “Integrate™

Which Is Better?

Now that we’ve illustrated the differences between
the “mix” and “integrate” portfolio construction
techniques, it is natural to ask, “which is better?”

If both value and momentum are important

for prospective returns, then both need to be
considered before identifying the highest expected
return stocks. The “integrate” approach does

just this by first blending each stock’s value and
momentum scores. Stocks with great value scores
but poor momentum scores have mediocre expected
returns, and the “integrated” portfolio correctly
avoids these stocks. In contrast, the “mix” approach
chooses stocks with partial information — focusing
on value while ignoring the potential offsetting
nature of momentum and vice versa. As a result,
the silo-based “mix” approach incorrectly allows
some mediocre stocks (e.g. great value offset by poor
momentum) into the end portfolio.

Additionally, the “integrate” approach is more
intuitive. It focuses on buying cheap (value) AND
improving (momentum) stocks. This helps protect
the investor from buying 1) a cheap stock that is
susceptible to getting cheaper or 2) an improving
stock that is extremely expensive.

Beyond the theoretical and intuitive arguments,

the actual data suggests that the “integrate” edge

in practice is material. During the 1993-2015 period,
forming “integrate” value and momentum portfolios
within the liquid developed country stock universe
outperformed the “mix” portfolio by approximately
1% per year (at an assumed tracking error of 4%).
Additionally, the “integrate” portfolio delivered a 40%

higher information ratio (as shown in Exhibit 4).
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Exhibit 4

Hypothetical Portfolio Risk-Adjusted Returns, February 1993 — December 2015
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Source: AQR. Long-Only Style Investing: Don't Just Mix, Integrate. All data from 2/1993 - 12/2015. Risk-adjusted return is the

Information ratio. Information ratio is defined as the excess return of a portfolio versus its benchmark divided by the standard deviation
of those excess returns (tracking error). Excess returns here are against the MSCI| World Index. Please see the disclosure section for the
methodology and universe used to create the hypothetical portfolios. Hypothetical performance results have certain inherent limitations,

some of which are disclosed at the end of this document.

Clearly, as demonstrated above, portfolio
implementation is critical for investment

success. Seemingly minor differences in portfolio
construction, e.g. “mix” versus “integrate,” can
lead to major differences in performance outcomes.

This point is underappreciated by many investors.

In sum, when underwriting investment strategies,
such as value and momentum, make sure to take
the time to fully understand the various portfolio
construction approaches and their implications for
future performance.



< Back to the Table of Contents

10 Portfolio Construction Matters: A Simple Example Using Value and Momentum Themes

Disclosures

This document has been provided to you solely for information purposes and does not constitute an offer or solicitation of an offer or any
advice or recommendation to purchase any securities or other financial instruments and may not be construed as such. The factual information
set forth herein has been obtained or derived from sources believed by the author and AQR Capital Management, LLC (‘AQR") to be reliable but
it is not necessarily all-inclusive and is not guaranteed as to its accuracy and is not to be regarded as a representation or warranty, express or
implied, as to the information’s accuracy or completeness, nor should the attached information serve as the basis of any investment decision.
This document is intended exclusively for the use of the person to whom it has been delivered by AQR, and it is not to be reproduced or
redistributed to any other person. The information set forth herein has been provided to you as secondary information and should not be the
primary source for any investment or allocation decision. Past performance is not a guarantee of future performance.

This material is not research and should not be treated as research. This paper does not represent valuation judgments with respect to any
financial instrument, issuer, security or sector that may be described or referenced herein and does not represent a formal or official view of
AQR. The views expressed reflect the current views as of the date hereof and neither the author nor AQR undertakes to advise you of any
changes in the views expressed herein.

The information contained herein is only as current as of the date indicated, and may be superseded by subsequent market events or for other
reasons. Charts and graphs provided herein are for illustrative purposes only. The information in this presentation has been developed
internally and/or obtained from sources believed to be reliable; however, neither AQR nor the author guarantees the accuracy, adequacy or
completeness of such information. Nothing contained herein constitutes investment, legal, tax or other advice nor is it to be relied on in making
an investment or other decision. There can be no assurance that an investment strategy will be successful. Historic market trends are not
reliable indicators of actual future market behavior or future performance of any particular investment which may differ materially, and should
not be relied upon as such.

The information in this paper may contain projections or other forward-looking statements regarding future events, targets, forecasts or
expectations regarding the strategies described herein, and is only current as of the date indicated. There is no assurance that such events or
targets will be achieved, and may be significantly different from that shown here. The information in this document, including statements
concerning financial market trends, is based on current market conditions, which will fluctuate and may be superseded by subsequent market
events or for other reasons.

Performance of all cited indices is calculated on a total return basis with dividends reinvested. Broad-based securities indices are unmanaged
and are not subject to fees and expenses typically associated with managed accounts or investment funds. Investments cannot be made
directly in an index.

HYPOTHETICAL PERFORMANCE RESULTS HAVE MANY INHERENT LIMITATIONS, SOME OF WHICH, BUT NOT ALL, ARE DESCRIBED
HEREIN. NO REPRESENTATION IS BEING MADE THAT ANY FUND OR ACCOUNT WILL OR IS LIKELY TO ACHIEVE PROFITS OR LOSSES
SIMILAR TO THOSE SHOWN HEREIN. IN FACT, THERE ARE FREQUENTLY SHARP DIFFERENCES BETWEEN HYPOTHETICAL
PERFORMANCE RESULTS AND THE ACTUAL RESULTS SUBSEQUENTLY REALI ED BY ANY PARTICULAR TRADING PROGRAM. ONE
OF THE LIMITATIONS OF HYPOTHETICAL PERFORMANCE RESULTS IS THAT THEY ARE GENERALLY PREPARED WITH THE BENEFIT
OF HINDSIGHT. IN ADDITION, HYPOTHETICAL TRADING DOES NOT INVOLVE FINANCIAL RISK, AND NO HYPOTHETICAL TRADING
RECORD CAN COMPLETELY ACCOUNT FOR THE IMPACT OF FINANCIAL RISK IN ACTUAL TRADING. FORE AMPLE, THE ABILITY TO
WITHSTAND LOSSES OR TO ADHERE TO A PARTICULAR TRADING PROGRAM IN SPITE OF TRADING LOSSES ARE MATERIAL POINTS
THAT CAN ADVERSELY AFFECT ACTUAL TRADING RESULTS. THERE ARE NUMEROUS OTHER FACTORS RELATED TO THE MARKETS
IN GENERAL OR TO THE IMPLEMENTATION OF ANY SPECIFIC TRADING PROGRAM WHICH CANNOT BE FULLY ACCOUNTED FOR IN
THE PREPARATION OF HYPOTHETICAL PERFORMANCE RESULTS, ALL OF WHICH CAN ADVERSELY AFFECT ACTUAL TRADING
RESULTS.

The hypothetical performance results contained herein represent the application of the quantitative models as currently in effect on the date
first written above and there can be no assurance that the models will remain the same in the future or that an application of the current
models in the future will produce similar results because the relevant market and economic conditions that prevailed during the hypothetical
performance period will not necessarily recur. Discounting factors may be applied to reduce suspected anomalies. This backtest's return, for
this period, may vary depending on the date it is run.

Hypothetical performance results are presented for illustrative purposes only. In addition, our transaction cost assumptions utilized in
backtests, where noted, are based on AQR Capital Management, LLC's, ("AQR")'s historical realized transaction costs and market data. Certain
of the assumptions have been made for modeling purposes and are unlikely to be realized. No representation or warranty is made as to the
reasonableness of the assumptions made or that all assumptions used in achieving the returns have been stated or fully considered. Changes
in the assumptions may have a material impact on the hypothetical returns presented. Actual advisory fees for products offering this strategy
may vary.
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Information for readers in Australia: AQR Capital Management, LLC, is exempt from the requirement to hold an Australian Financial
Services License under the Corporations Act 2001, pursuant to ASIC Class Order 03/1100 as continued by ASIC Legislative Instrument
2016/396 (as extended by amendment). AQR is regulated by the Securities and Exchange Commission ("SEC") under United States of
America laws and those laws may differ from Australian laws.

Information for readers in Canada: This material is being provided to you by AQR Capital Management, LLC, which provides investment
advisory and management services in reliance on exemptions from adviser registration requirements to Canadian residents who qualify as
“permitted clients” under applicable Canadian securities laws. No securities commission or similar authority in Canada has reviewed this
presentation or has in any way passed upon the merits of any securities referenced in this presentation and any representation to the
contrary is an offence.

Information for readers in Middle East: AQR Capital Management (Europe) LLP (DIFC Representative Office) is regulated by the Dubai
Financial Services Authority of the Dubai International Financial Centre as a Representative Office (firm reference number: FO07651). Its
principal place of business is Gate Village 10, Level 3, Unit 4, DIFC, Dubai, UAE. This marketing communication is distributed on behalf of
AQR Capital Management, LLC.

Information for readers in the EEA: AQR in the European Economic Area is AQR Capital Management (Germany) GmbH, a German limited
liability company (Gesellschaft mit beschrankter Haftung; “GmbH"), with registered offices at Maximilianstrasse 13, 80539 Munich,
authorized and regulated by the German Federal Financial Supervisory Authority (Bundesanstalt fir Finanzdienstleistungsaufsicht, ,BaFin”),
with offices at Marie-Curie-Str. 24-28, 60439, Frankfurt am Main und Graurheindorfer Str. 108, 53117 Bonn, to provide the services of
investment advice (Anlageberatung) and investment broking (Anlagevermittlung) pursuant to the German Securities Institutions Act
(Wertpapierinstitutsgesetz; “WplG"). The Complaint Handling Procedure for clients and prospective clients of AQR in the European Economic
Area can be found here: https://ucits.aqr.com/Legal-and-Regulatory.

Information for readers in the United Kingdom: The information set forth herein has been prepared and issued by AQR Capital
Management (Europe) LLP, a UK limited liability partnership with its office at Charles House 5-11, Regent St., London, SW1Y 4LR, which is
authorised and regulated by the UK Financial Conduct Authority (“FCA”).

Information for readers in APAC:

This presentation may not be copied, reproduced, republished, posted, transmitted, disclosed, distributed or disseminated, in whole or in
part, in any way without the prior written consent of AQR Capital Management (Asia) Limited (together with its affiliates, “AQR") or as
required by applicable law. This presentation and the information contained herein are for educational and informational purposes only and
do not constitute and should not be construed as an offering of advisory services or as an invitation, inducement or offer to sell or solicitation
of an offer to buy any securities, related financial instruments or financial products in any jurisdiction. Investments described herein will
involve significant risk factors which will be set out in the offering documents for such investments and are not described in this
presentation. The information in this presentation is general only and you should refer to the final private information memorandum for
complete information. To the extent of any conflict between this presentation and the private information memorandum, the private
information memorandum shall prevail. The contents of this presentation have not been reviewed by any regulatory authority in Hong Kong.
You are advised to exercise caution and if you are in any doubt about any of the contents of this presentation, you should obtain independent
professional advice.

AQR Capital Management (Asia) Limited is licensed by the Securities and Futures Commission ("SFC") in the Hong Kong Special
Administrative Region of the People's Republic of China ("Hong Kong") pursuant to the Securities and Futures Ordinance (Cap 571) (CE no:
BHD676).

AQR Capital Management (Asia) Limited
Unit 2023, 20/F, One IFC, 1 Harbour View Street, Central Hong Kong, Hong Kong
Licensed and regulated by the Securities and Futures Commission of Hong Kong (CE no: BHD676).
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China: This document does not constitute a public offer of any fund which AQR Capital Management, LLC (“AQR") manages, whether by sale
or subscription, in the People's Republic of China (the "PRC"). Any fund that this document may relate to is not being offered or sold directly or
indirectly in the PRC to or for the benefit of, legal or natural persons of the PRC. Further, no legal or natural persons of the PRC may directly
or indirectly purchase any shares/units of any AQR managed fund without obtaining all prior PRC's governmental approvals that are required,
whether statutorily or otherwise. Persons who come into possession of this document are required by the issuer and its representatives to
observe these restrictions.

Singapore: This document does not constitute an offer of any fund which AQR Capital Management, LLC (“AQR”") manages. Any fund that
this document may relate to and any fund related prospectus that this document may relate to has not been registered as a prospectus with
the Monetary Authority of Singapore. Accordingly, this document and any other document or material in connection with the offer or sale, or
invitation for subscription or purchase, of shares may not be circulated or distributed, nor may the shares be offered or sold, or be made the
subject of an invitation for subscription or purchase, whether directly or indirectly, to persons in Singapore other than (i) to an institutional
investor pursuant to Section 304 of the Securities and Futures Act, Chapter 289 of Singapore (the “SFA") or (ii) otherwise pursuant to, and
in accordance with the conditions of, any other applicable provision of the SFA.

Korea: Neither AQR Capital Management (Asia) Limited or AQR Capital Management, LLC (collectively “AQR") is making any representation
with respect to the eligibility of any recipients of this document to acquire any interest in a related AQR fund under the laws of Korea,
including but without limitation the Foreign Exchange Transaction Act and Regulations thereunder. Any related AQR fund has not been
registered under the Financial Investment Services and Capital Markets Act of Korea, and any related fund may not be offered, sold or
delivered, or offered or sold to any person for re-offering or resale, directly or indirectly, in Korea or to any resident of Korea except pursuant
to applicable laws and regulations of Korea.

Japan: This document does not constitute an offer of any fund which AQR Capital Management, LLC ("AQR") manages. Any fund that this
document may relate to has not been and will not be registered pursuant to Article 4, Paragraph 1 of the Financial Instruments and Exchange
Law of Japan (Law no. 25 of 1948, as amended) and, accordingly, none of the fund shares nor any interest therein may be offered or sold,
directly or indirectly, in Japan or to, or for the benefit, of any Japanese person or to others for re-offering or resale, directly or indirectly, in
Japan or to any Japanese person except under circumstances which will result in compliance with all applicable laws, regulations and
guidelines promulgated by the relevant Japanese governmental and regulatory authorities and in effect at the relevant time. For this purpose,
a"Japanese person” means any person resident in Japan, including any corporation or other entity organised under the laws of Japan.
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