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ABSTRACT

This Article provides an overview of the practical and theoretical issues
that arise in applying the federal securities laws to quantitative investment
models.  The Article begins by providing an overview of the model develop-
ment process, the breadth of data available to asset managers, and the appli-
cation of model signals to investor portfolios.  It then addresses many of the
misconceptions that attorneys and policymakers may have about investment
models. Importantly, the Article discusses the myths that there are perfect
investment models and portfolios; and that models, rather than human be-
ings, manage investor assets.  The Article explains that the development of
models is regarded as an error prone process; and that models themselves are
continuously revised by managers to correct errors and incorporate enhance-
ments.  The Article indicates that investment models are properly viewed
under the federal securities laws as research used by advisers to support their
investment decision-making process.  Thus, inevitable mistakes by managers
in the development of models or the interpretation of model signals are part
of the investment decision-making process, no different than mistakes that
occur in the research that traditional managers rely on to make investment
decisions.  A manager’s determination to correct a flaw in model design, or
programming, is an investment decision and should be viewed in the con-
text of the larger model governance and portfolio management process.  The
Article also indicates that quantitative managers and traditional managers
are subject to the same legal standards and emphasizes that there is no justi-
fication for holding quantitative managers relying on investment models to
a higher standard of care (e.g., strict liability) than that imposed on manag-
ers relying on traditional research. In this regard, the Article examines rele-
vant SEC precedent and concludes that the template used by the SEC for
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trading errors,  including reimbursement and disclosure obligations and the
role of compliance officers, is not well-suited for investment models.

INTRODUCTION

Almost all modern investment managers rely on some
form of “quantitative research techniques”1 each day to collec-
tively manage many trillions of dollars in assets.2 Quantitative
research techniques can be used to capture and refine infor-
mation that is either a component of the research relied on by
traditional managers3 or directly incorporated into complex
mathematical models used by quantitative managers. Al-
though reliance on quantitative investment models has be-
come widespread in the asset management industry, these
models may be viewed with suspicion by regulators and other
policymakers. This is due in part to the fact that quantitative
investment models and their application by modern asset man-
agers are not well understood by many outside the industry.

Regulators and other policy makers are also confronted
with applying dated laws and concepts that do not reflect the
reality of modern investing. One of the primary federal laws
that governs the conduct of investment advisers who rely on
quantitative models is the Investment Advisers Act of 1940
(“Advisers Act”).4 As its name suggests, the law was enacted
over seventy-five years ago; in an era in which managers relied
on traditional research reports and fundamental analysis to
recommend “good” stocks for inclusion in client portfolios.

In recent years, more regulators, including the Securities
and Exchange Commission (SEC) and Commodity Futures
Trading Commission (CFTC), have begun to focus on technol-
ogy and the application of quantitative research techniques
and models by investment managers. This process has involved

1. These are also referred to as “quantitative tools” or “quantitative
methods.”

2. It was estimated that in 2014 there were $76 trillion in assets under
management, representing forty percent of the global financial system’s as-
sets. See Policy Recommendations to Address Structural Vulnerabilities from Asset
Management Activities, FIN. STABILITY BD. 1 (June 22, 2016), http://
www.fsb.org/wp-content/uploads/FSB-Policy-Recommendations-on-Asset-
Management-Structural-Vulnerabilities.pdf.

3. The terms “traditional,” “fundamental,” and “qualitative” often are
used interchangeably to describe non-quantitative managers.

4. Investment Advisers Act of 1940, 15 U.S.C.A. § 80b (West 2016).
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rulemaking addressing technology systems, adviser examina-
tions, and industry sweeps, as well as state and federal enforce-
ment actions. It is also evident in the way that regulators have
incorporated quantitative research techniques, including the
use of big data, for their own internal policymaking and en-
forcement regimes.

However, the laws and guidance from regulators have not
been modernized to embrace advances in technology, portfo-
lio theory, or the use of quantitative tools and models. The
learning curve that the SEC has faced is evidenced by recent
enforcement actions and examinations of advisers employing
quantitative research techniques. Significantly, in 2011, the
SEC heralded its “first ever” settled enforcement actions in-
volving errors in quantitative models. Two separate SEC en-
forcement actions involved a well-known investment manage-
ment firm that relied heavily on quantitative investment mod-
els (the “Firm Order”)5 and its co-founder (the “Rosenberg
Order”).6 The actions (together, the “Orders”), announced
seven months apart, were based on a programming error in
one of the firm’s investment models. The respondents settled
the actions and neither admitted nor denied the allegations
made by the SEC. Notably, Dr. Barr Rosenberg (“Dr. Rosen-
berg”), the investment firm’s research director, and chairman,
agreed to a permanent bar from the industry and paid a $2.5
million fine.7

Dr. Rosenberg, formerly a professor at the University of
California at Berkeley, was a pioneer in the field of quantita-
tive management. He was described by one commenter as, “the
most distinguished and influential quantitative analyst (both academ-
ically and professionally) [that the] industry ever produced.” (Empha-
sis added).8 He is widely credited as among the first to trans-

5. AXA Rosenberg Group, LLC, Securities Act Release No. 9181, Invest-
ment Advisers Act Release No. 3149, Investment Company Act Release No.
29574, 100 SEC Docket 1126 (Feb. 3, 2011) [hereinafter Firm Order].

6. Barr M. Rosenberg, Investment Advisers Act Release No. 3285, Invest-
ment Company Act Release No. 29818, 101 SEC Docket 4053 (Sept. 22,
2011) [hereinafter Rosenberg Order].

7. Id. at 5.
8. Bernhard Scherer, What Quants Can Learn from the AXA Case, FIN.

TIMES (May 20, 2012), https://www.ft.com/content/65a66800-9eb4-11e1-
9cc8-00144feabdc0. He also has been referred to as “one of the titans of
quantitative investing and research . . . .” See Chicago Quantitative Alliance
(CQA), Sound Practice Guidelines for Quantitative Investment Managers, Version:
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form academic theories9 into practical applications that could
be used to manage assets, and was regarded as an expert in
risk as a central element of investing.10

Unfortunately for him, Dr. Rosenberg also became a pio-
neer in the SEC’s enforcement of securities laws against invest-
ment advisers who rely on quantitative models. The SEC’s ac-
tions involving Dr. Rosenberg and the firm he co-founded, are
significant not only because of Dr. Rosenberg’s reputation in
the industry,11 but also because they reveal the SEC’s attempt
to apply laws and precedent established in a different era to
modern investment practices.12 The Orders, along with state-
ments made by the SEC’s senior staff in a separate news re-
lease (“News Release”),13 generated controversy and confusion
in the investment industry—particularly with respect to the lia-

2.0, (Working Draft White Paper, June 14, 2014) [hereinafter CQA Working
Draft White Paper] (available on request from the CQA).  The CQA, along
with the Society of Quantitative Analysts and the QGroup, are among the
largest professional associations of the quantitative management industry in
the United States, though there are many other quantitatively-focused pro-
fessional associations that can be found in the United States and internation-
ally

9. Among the publications of Dr. Rosenberg were the following: Barr
Rosenberg & Walt McKibben, The Prediction of Systematic and Specific Risk in
Common Stocks, 8 J. FIN. & QUANTITATIVE ANALYSIS 317 (1973); Barr Rosen-
berg & Andrew Rudd, Extra-Market Components of Covariance in Security Earn-
ings, 9 J. FIN. & QUANTITATIVE ANALYSIS 263 (1974); Barr Rosenberg & An-
drew Rudd, The “Market Model” in Investment Management, 35 J. FIN. 597
(1980); Barr Rosenberg, The Capital Asset Pricing Model and the Market Model, 7
J. PORTFOLIO MGMT. 5 (1981); Barr Rosenberg et al., Persuasive Evidence of
Market Inefficiency, 11 J. PORTFOLIO MGMT. 9 (1985).

10. See, e.g., RICHARD R. LINDSEY & BARRY SCHACHTER, How I Became a
Quant 34 (2007); SCOTT PATTERSON, THE QUANTS 72 (2010); see also, From
Concept to Function: Converting Market Theories into Practical Investment Tools, 7 J.
INV. CONSULTING 10 (2006).

11. While he determined to apply his knowledge to the actual manage-
ment of assets, he and other thought leaders who were pioneers in the ex-
ploration of quantitative methods and the theory of “risk” are regarded by
many with a reverence similar to that of the industry’s Nobel Laureates.

12. This Article does not attempt to address all of the statements in the
SEC’s Orders.  It also is not intended exculpate the Firm or Dr. Rosenberg.
In fact, the Orders may not reflect all of the information available to the
SEC; and both parties may have had additional relevant information or theo-
ries that would have been presented had the matter been litigated.

13. Press Release, SEC, SEC Charges AXA Rosenberg Entities for Con-
cealing Error in Quantitative Investment Model (Feb. 3, 2011), https://
www.sec.gov/news/press/2011/2011-37.htm
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bility of quantitative firms for modeling errors and the obliga-
tions of compliance officers. The Orders and News Release
were read by many to reflect new SEC policy regarding quanti-
tative investment models, which holds advisers strictly liable
for programming errors, and that imposes a new or enhanced
obligation on compliance officers to be involved in the over-
sight of technical protocols designed to prevent a variety of
errors in investment models.

While the SEC’s actions involved a well-known institu-
tional manager that emphasized quantitative investing, some
of the positions announced in the Orders could be applicable
to traditional managers that use models or quantitative re-
search techniques to screen for possible investments, or for
risk management purposes. In this regard, the precedent es-
tablished by the Orders also is very significant because it may
be cited in future SEC enforcement actions and guide day-to-
day decisions by members of the industry and their counsel
about compliance with the law. However, as explained in this
Article, the Orders do not reflect the manner in which invest-
ment models and quantitative research techniques are actually
used by most advisers. Moreover, the legal theories expressed
in the Orders appear to have been based on prior SEC en-
forcement actions that are not fully relevant.

This Article explores the differences between mistakes in
quantitative investment models, traditional investment man-
agement research, and trading errors in the context of the fed-
eral securities laws. To add perspective for lawyers and others
not steeped in information technology or finance, the Article
broadly discusses quantitative investment models, including
how models are developed and applied, the control environ-
ment for models, and the insights provided by new data
sources. While the Article focuses on institutional managers14

14. While this Article is focused on institutional managers, at the retail
level there has been a growing market for so-called “robo-advisers.” Robo-
advisers are generally regarded as web-based advisers that use algorithm-
based interfaces to determine an investor’s goals and provide portfolio man-
agement services including stock recommendations, rebalancing, and tax
harvesting. Typically, the investor accesses the service by means of an in-
ternet interface that includes a questionnaire, covering topics similar to
those posed by a traditional retail adviser, in which investors can indicate
their risk tolerances, investment horizon, etc. Robo-adviser programs offer
various degrees of customization, but generally are discretionary, which
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and long-term equity strategies, much of the analysis may be
relevant to models used in other contexts.

The Article addresses both the theoretical and pragmatic
issues under the federal securities laws that are raised by the
growing importance of investment models and quantitative re-
search techniques in modern asset management. These issues
include, for example: do models or advisers manage client as-
sets? If a model has errors, does the client portfolio con-
structed still reflect the manager’s intent? Should there be a
distinction between an error in a model and an enhancement
to the model, or other investment-related information? Is an
investment model the same under the law as traditional
“street” research?

The primary conclusions of the Article are:
• Investment models are “research” tools used by advis-

ers to support the investment decision-making process.
The development of models is an error prone process.
Inevitable mistakes by managers in the development of
models or the application of model signals are part of
the investment decision-making process, no different
than mistakes that occur in the research that tradi-
tional managers rely on.  A decision by a manager to

means the adviser selects the investments in an investor’s portfolio based on
his or her preferences. The investor can typically change their risk profile or
investment goals, and the adviser offering the services also may provide lim-
ited personal counseling and advice. The adviser also may disclose the risk
that their models can contain flaws. The services of robo-advisers generally
are priced lower than traditional retail advisory services, and require much
lower minimum asset levels.

Robo-advisers are registered investment advisers, generally regulated by
the SEC. Robo-advisers also have been recommended by Department of La-
bor officials. See Mark Schoeff, DOL Secretary Perez Touts Wealthfront as Paragon
of Low-Cost, Fiduciary Advice, INV. NEWS (June 19, 2015, 1:24 PM), http://
www.investmentnews.com/article/20150619/FREE/150619892/dol-secre-
tary-perez-touts-wealthfront-as-paragon-of-low-cost. But, some have raised
questions about whether robo-advisers gather enough information about an
investor to meet their fiduciary duty in making a recommendation (i.e.,
whether they meet their suitability obligation). See, e.g., Policy Statement,
Commonwealth of Massachusetts Securities Division, Robo-Advisers and
State Investment Adviser Registration (Apr. 1, 2016); see also Melanie L. Fein,
Robo-Advisers: A Closer Look, 7 BANKING & INS. EJOURNAL 174 (2015). See gener-
ally SEC Investor Bulletin: Robo-Advisers (Feb. 23, 2017), https://
www.investor.gov/additional-resources/news-alerts/alerts-bulletins/investor-
bulletin-robo-advisers.
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correct a flaw in data integrity, design, or program-
ming of a model is also an investment decision and
should be viewed in the context of the larger model
governance and portfolio management process.

• Both quantitative managers and traditional managers
are subject to the same legal standards, including ap-
propriate standards of care and disclosure obligations.
There is no legal justification for holding quantitative
managers to a higher standard of care (e.g., strict lia-
bility) than that imposed on traditional managers. The
standards used by the SEC to analyze trading errors
are generally not appropriate for examining model er-
rors.

• The discovery of a defect in a model in most cases is
simply new investment-related information, like other
new information, that is highly contextual and gener-
ally should not mandate a specific response. The exis-
tence of errors in quantitative models in most cases
also should not require disclosure or reimbursement
payments to investors.

The Article is divided into three parts. Part I is intended
for those who do not have STEM backgrounds or an under-
standing of quantitative investing. It may not be of interest to
readers already versed in the development and application of
quantitative investment models. Part I provides an overview of
model development the quantitative investment process that is
necessary for some to understand the analysis provided in later
portions of the Article. Part II offers a brief overview of fiduci-
ary law and relevant SEC precedent, including the SEC’s ac-
tion against Dr. Rosenberg. This Part describes general fiduci-
ary principles developed under trust, contract, and agency law,
and even under heightened standards of ERISA. It also dis-
cusses the Orders and how they may feed misconceptions
about quantitative investment models. Finally, Part III exam-
ines the significance of errors in quantitative models and the
standards applicable to quantitative managers under the fed-
eral securities laws based on the fact that models are correctly
classified as “research” used in the investment decision-making
process. Part III also addresses general corporate escalation
and ethics policies and the role of compliance officers within
quantitative managers.
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I.
OVERVIEW OF QUANTITATIVE MANAGEMENT, THE APPLICATION

OF MODELS, AND MODEL GOVERNANCE

With the development of technology and access to vast
amounts of information, quantitative research tools have
evolved significantly over the past fifty years.15 Roughly a third
of institutional money managers have been identified as em-
phasizing the quantitative elements of their investment pro-
cess,16 and a significant portion of the most successful hedge
fund managers recently were categorized as “quantitative.”17

Larger asset managers also frequently offer both traditional
and quantitatively-focused strategies that are managed by sepa-
rate teams. However, almost all modern managers (including
traditional managers) rely to varying degrees on some form of
quantitative tools and research as part of their investment deci-
sion-making or risk management processes.18

Quantitative strategies are data driven and designed to
capture information from a variety of sources, including pub-

15. Some believe that the origin of quantitative investing was a 1900 doc-
toral thesis: Louis Bachelier, The Theory of Speculation (Mark Davis & Alison
Etheridge trans., Princeton Univ. Press 2006) (1900). Others point to Harry
Markowitz, Portfolio Selection, 7 J. FIN. 77 (1952). In the last fifty years, Robert
Merton, Harry Markowitz, and others significantly advanced the field of ap-
plying mathematics to investing. Id. Several popular books relevant to quan-
titative investing include: THE OXFORD HANDBOOK OF QUANTITATIVE ASSET

MANAGEMENT (Bernhard Scherer & Kenneth Winston eds., Oxford Press
2014); PATTERSON, supra note 10; LINDSEY & SHACHTER, supra note 10; see also
Frank J. Fabozzi, Sergio M. Focardi & Caroline Jonas, Challenges in Quantita-
tive Equity Management, 2008 RES. FOUND. PUBL’NS. 2 (2008) (providing an
excellent overview of quantitative investing).

16. See JOSEF LAKONISHOK & BHASKARAN SWAMINATHAN, LSV ASSET MAN-

AGEMENT, QUANTITATIVE VS. FUNDAMENTAL INSTITUTIONAL MONEY MANAGERS:
AN EMPIRICAL ANALYSIS (2010).

17. Eight of the top ten earners among hedge fund managers in 2016 fall
within the “quant” category according to one publication. Stephan Taub,
The 2016 Rich List of the World’s Top-Earning Hedge Fund Managers, INST’L
INV.’S ALPHA (May 16, 2016), http://www.institutionalinvestorsalpha.com /
Article/3552805/The-2016-Rich-List-of-the-Worlds-Top-Earning-Hedge-
Fund-Managers.html.

18. Traditional managers frequently rely on quantitative filters to sift
through large universes of possible investments to distinguish securities
whose characteristics are consistent with their investment strategy, and then
supplement the results with a much greater degree of fundamental research,
including reviews of balance sheets and income statements, management
discussions, factory visits, etc.
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lic filings, quotation services, analysts’ recommendations, and
other forms of information that can be expressed in numeric
form. Quantitative managers emphasize that they offer a “sci-
entific approach” to investing and quantitative investing has
been described as “the automation of rationality.”19 The bene-
fits of quantitative investing versus the approach taken by
traditional managers are generally believed to include the ca-
pacity to screen large amounts of information to identify in-
vestment opportunities that are consistent with core elements
of an investment strategy; the ability to implement a more dis-
ciplined, systematic investment process (removing a large de-
gree of human cognitive bias); the ability to back-test theo-
ries;20 greater transparency; and risk controls that may lead to
more stable returns over time.21 Moreover, from a business
perspective, the scalability of models means that the number
of professional staff within a quantitative manager may be
smaller relative to traditional managers.

The methods used by quantitative managers vary tremen-
dously (e.g., they generally include fundamental financial
statement analysis, factor analysis, sector rotation, technical in-
dicator analysis, and rules-based analysis).22 The degree of
automation in the quantitative investment process also can
vary significantly among managers. Some quantitative manag-
ers, for example, employ a hybrid process in which they sup-
plement model output with traditional research, while others
have more automated functions. Within the quantitative com-
munity, some have roughly classified the groupings as: pure

19. Brett Steenbarger, Reason And Rationality: The Psychological Keys To In-
vesting Success, FORBES (July 24, 2016, 7:49 AM), https://www.forbes.com/
sites/brettsteenbarger/2016/07/24/reason-and-rationality-the-psychologi-
cal-keys-to-investing-success/#465cab7c12a1.

20. “Back-testing” is a process of evaluating a theory or model by apply-
ing it to historical data. In some cases, managers use teams different from
those developing the models to perform the back-tests.

21. The investment approach used by traditional managers, however, is
thought to have the advantage of being more flexible in terms of more rap-
idly accommodating changes to investment paradigms, or information re-
garding market conditions or individual stocks.

22. Although tremendous variation may exist among quantitative ap-
proaches, quantitative management is viewed by some as a distinct invest-
ment segment because managers may rely on similar historical data, re-
search, and investment theories, which can cause their returns to be highly
correlated.
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quant/systematic, quant with discretionary views on single
stocks, and quant with broad discretionary views possible.

The life cycle of investments and the time horizons for
strategies employed by quantitative managers range from
short-term trading strategies (e.g., nanoseconds) employed by
high frequency traders, to “passive quantitative” index strate-
gies or “semi-passive/semi-active quantitative” index strategies
(or “alternative index” products, such as “smart beta” ETPs23),
in which the components are adjusted on an annual or semi-
annual basis in light of simple transparent rules (e.g., the Rus-
sell 1000 Value Index) or more complex rules-based criteria
(e.g., the FTSE RAFI US 1000 Index);24 to long-term buy-and-
hold value strategies. And, while some of these investment
strategies are generally unique to quantitative managers (e.g.,
market neutral, 130/30, risk parity, portable alpha, alternative
beta and smart beta),25 others follow the same basic invest-
ment philosophies pursued by traditional managers (e.g.,
growth, value). Consistent with their strategies, managers may
trade intraday, daily, weekly monthly, quarterly, semiannually,
or over some other period.

Generally, models themselves are merely a set of mathe-
matically-based rules designed to test a theory or to perform a
function. A model is typically expressed and implemented
through computer programming. As noted above, almost all
modern managers, including traditional managers, use some
form of quantitative research techniques to refine their re-
search. Many use a variety of models in their risk management

23. An “ETP” is an “exchange traded product.” These generally are in-
dex-based mutual funds that are traded on exchanges.

24. Index funds may be either fully-replicating or optimized. Fully-repli-
cating index funds hold all the securities in an index in the same propor-
tions of the index. Optimized index funds do not hold the entirety of the
index positions in their portfolios, but maintain a subset of representative
index securities that matches the index’s key risk criteria as closely as possi-
ble. Index funds may also use index derivatives to maintain index exposure
or for other purposes.

25. A deviation from traditional indices offered by quantitative managers
is “smart beta” or “alternatively weighted index investing,” which has been
referred to as the intersection between active and passive investing. In these
strategies, the index sponsor attempts to improve on the capitalization-
weighting approach to market exposure (“beta”) in traditional indices by
emphasizing fundamental criteria, such as book value, earnings and sales, or
other “factors,” such as a security’s price momentum or volatility.
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discipline (for example, to stress test26 the risk or liquidity of a
portfolio). Or, they may build or license models that help
them analyze and forecast the future profitability or cash flow
of a company, execute trades, or simply to screen a large num-
ber of securities to find those with defined characteristics that
will be subject to further analysis. Traditional research provid-
ers may also use quantitative techniques to develop views that
are reflected in their research reports.

Quantitative managers use models as “decision support
tools” to select securities for investment and assemble those
securities into a portfolio that observes disciplined risk param-
eters or controls. A common misconception, however, pro-
moted perhaps too broadly for marketing purposes, is that
quantitative management is a passionless process that avoids
all investment mistakes attributable to human judgment and
emotion. While this is generally true, relative to traditional
management, there may also be a tendency to view quantita-
tive models as entirely mechanistic or robotic tools that is di-
vorced from the exercise of human discretion in the manage-
ment of portfolios or the model development process.

As discussed throughout this Article, creating a detailed
investment model and managing actual portfolios involves nu-
merous subjective decisions that require human judgment.
These decisions relate not only to the development of the
model itself (including the underlying research, selection of
data, monitoring of output, correction of errors, and enhance-
ments), but also establishing the return objective for a strategy
and determining the level and types of risks that will be taken
within a portfolio to achieve that objective. Like all decisions
made by humans, the wisdom of those many decisions will only
be clear with the benefit of hindsight (much like investment
decisions made by traditional portfolio managers).

The remainder of Part I discusses types of models; the
manner in which models are developed and enhanced, includ-
ing the controls over model development; the way model out-

26. “Stress testing” or “scenario analysis” is the process of examining the
possible effect of extreme market conditions on a portfolio. For example,
managers may consider events, such as significant interest rate movements,
to measure their potential impact on portfolio performance. They also may
consider micro-economic events.
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put is applied in the context of a portfolio; and the important
role of ongoing monitoring by the asset manager.

A. Investment Philosophy, Common Types of Models,
and Their Application

1. Model Output and Portfolios Reflect Core Beliefs
Quantitative investment managers typically build substan-

tially all of their investment process around a series of models
that are consistent with their core beliefs about investing. Ele-
ments of models are frequently based on published academic
research that attempts to identify factors that may provide in-
sight into investment performance over time.27 Quantitative
models used as the basis of equity portfolio management often
embody a basic investment philosophy—such as the belief that
better performance can be obtained by owning stocks with low
price-to-earnings ratios (“value”), stocks with high earnings or
revenue growth (“growth”),28 or stocks that combine value
and growth (“growth at a reasonable price,” often referred to
as “GARP”)—that can be applied to a variety of equity seg-

27. Ideas may be taken from academic research in unrelated areas of
science, such as social studies or physics. Managers also may seek insights
from “artificial intelligence” or “machine learning.” Models using “cognitive
technology” attempt to find rules and patterns that are not supported by
fundamental academic research. While these methods have been used in the
investment industry, they also are used in other non-financial disciplines,
such as e-marketing, health care, and genomics. Research has shown that
these methods can produce demonstrable improvement in insights. How-
ever, there is concern that, like investment decisions made by humans, the
full rationale for their output may not be apparent in all cases—with the
possibility that they may go awry if not supervised. See David Schatsky, Craig
Muraskin & Ragu Gurumurthy, Demystifying Artificial Intelligence: What Busi-
ness Leaders Need to Know About Cognitive Technologies, DELOITTE U. PRESS (Nov.
4, 2014), https://dupress.deloitte.com/dup-us-en/focus/cognitive-technol-
ogies/what-is-cognitive-technology.html (discussing the growth in the appli-
cation of artificial intelligence since 1950).

28. Firms using value-oriented, fundamentally-based factor models may
seek stocks that appear to be undervalued in light of their current market
price relative to other stocks with similar earnings or financial factors. In
contrast, investors emphasizing growth or momentum look for companies
whose revenues and earnings are expected to increase at a rate that is faster
than other companies in the same industry.
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ments (large cap U.S. stocks, small cap U.S. stocks, non-U.S.
stocks, etc.)29

2. Types of Quantitative Models
A common misconception is that quantitative managers

rely on a single “model.” In fact, there are a variety of models
used by each quantitative manager. Many firms employ tens, if
not hundreds, of models in their investment management pro-
cess. The models usually fall into two broad categories—”pre-
dictive models” and “risk models.” While predictive models at-
tempt to forecast future returns or market conditions, risk
models are concerned with exposures to risk—often measured
in terms of correlation of return to a benchmark index (the
risk-free measure). These categories are blurred and not mu-
tually exclusive. Many predictive models, for example, are con-
cerned with picking securities or constructing portfolios within
a set of risk parameters, and are therefore built around a risk
model.

a. Factor Models
Although, as suggested earlier, there are different types of

models, quantitative managers frequently use factor models.
In the context of securities, a “factor” is any characteristic that
is important in explaining the return or risk of a security or
portfolio.30 A factor can be defined differently, depending on
who is doing the defining, and may use multiple different data
sets. Factors commonly emphasized are quality or value, size,
volatility, and momentum. The defining characteristics of a
factor, such as value or quality, may be the subject of intense
academic research31 and debate, as is whether (and if so, why)

29. Institutional separate account managers, private fund managers, and
mutual fund managers generally are selected to manage a “sleeve” of a
larger portfolio in a specific asset class, based on their investment style.
Their performance typically is measured relative to a chosen public bench-
mark or custom benchmark composed of a peer group of other managers
with similar mandates and investment styles.

30. Models based on “Fama-French” factors use either three, four, or five
factors, depending on which version of the theory is being applied. How-
ever, some models use substantially more factors.

31. A simple search of the internet will reveal that there are a large num-
ber of financial and technology journals, and working papers, published
each year by well qualified academics and practitioners that discuss almost



2017] QUANTITATIVE INVESTMENT MODELS 649

the factor enhances portfolio performance and the best way to
capture that factor. Moreover, within these broad categories,
there may be many measures (e.g., hundreds) that are used in
an attempt to better capture a factor. For example, “value” is a
factor but it can be defined as price-to-book, price-to-earnings,
price-to-sales, price-to-cash flow, and other measures, or vari-
ous combinations thereof.

Multi-factor models are used by quantitative managers to
stress combinations of factors, often explored in academic
literature, that the manager believes will enhance risk-adjusted
returns. Some factors are security specific (e.g., value, growth,
size) while others are common factors (e.g., exposure to inter-
est rates, currency fluctuations) and typically affect all or most
companies, or all of those within specific industries.32 Factors
used in models are typically based on historical data, but they
may also be used as the basis for seeking forward-looking in-
sights, such as the likelihood of broader economic effects
on an industry, sentiment changes revealed in the qualita-
tive33 opinions of traditional sell side analysts34 as well as

every aspect of model development. However, the publicly available informa-
tion is dwarfed by the proprietary research that is not published.

32. For example, the returns of a specific stock may be based both on its
individual characteristics, such as price-to-earnings ratio or balance sheet lev-
erage, as well as its asset class (e.g., small cap or mid cap) and its location in
a particular industry or industry segment.

33. The terms “quantitative” and “qualitative” refer to kinds of data.
Quantitative data often is described as being expressed as a number, while
qualitative data is expressed as a word or words (e.g., “yes”). In addition,
“subjective” data generally is regarded as data that reflects personal opinion
or judgment. In contrast, “objective” data is “external to the mind” and con-
cerns the precise measurement of things or concepts that actually exist.
Quantitative managers often attempt to convert qualitative and subjective
information into numbers that can be incorporated into their models. A
similar concept is expressed as “structured” (numeric) versus “unstructured”
(qualitative) data sets.

34. The “sell side” refers to brokers that execute trades, while the “buy
side” refers to asset managers that place the buy or sell orders with brokers.
Managers value the sell side analysts’ opinions as a measure of forward-look-
ing sentiment that may balance historic data. Many quantitative firms have
traditionally relied on sell side analysts’ published (including electronically)
buy, sell, and hold recommendations, as well as long and short-term earn-
ings forecasts, and changes in earnings consensus among analysts prior to
earnings announcements. The views of these analysts about the management
of companies, the companies’ competitive positions, etc. also may be re-
flected in qualitative information in analysts’ notes, discussions in telephone
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traders,35 or the aggregate short positions of hedge funds.
Moreover, some models are “passive,” in that they emphasize
static exposure to factors over a longer period of time, while
others are “dynamic” and the manager may alter the weight-
ings of factor exposures to take advantage of a variety of recent
economic or market variables.36

Managers also may employ multiple models and assign
weights,37 both to individual factors used in a model and to
the model itself. The factors used by managers and their
weightings also may vary over time based on the manager’s re-
search and ongoing assessment of the strength of the signals
produced by a factor within the adviser’s mandate, as well as
other variables. An individual company, for example, may be
decomposed by a quantitative manager into hundreds of inter-

calls, meetings, and investor conferences, among others, and converted into
numerical form that can be factored into models. The views of sell side ana-
lysts either can be acquired from third-party vendors, or advisers may con-
duct their own broad-based surveys.

35. “Alpha Capture” programs, which quantify the sell side’s “best trade
ideas” (based on the ideas of sales traders rather than research depart-
ments), are an example of new judgmental data that some quantitative man-
agers have employed to gain insights into price performance. The individual
trade ideas of a firm (like analysts’ estimates), or the basis for the ideas, may
not provide significant insight into stock performance—except over a period
of time and in combination with other factors that provide a mosaic of infor-
mation about individual stocks. Like analysts’ estimates, they are an attempt
to quantify market sentiment about a security. That information may or may
not offer insight with respect to an investment, but may explain some degree
of price performance across a range of investments. Alpha Capture pro-
grams were the subject of an SEC enforcement sweep in 2011 because of
concerns that potentially market moving information was not being pro-
vided to all investors at the same time, raising insider trading concerns. See,
e.g., SEC Sweeps Alpha Capture Platforms, Integrity Research Associates
(Apr. 19, 2011), https://www.integrity-research.com/sec-sweeps-alpha-cap-
ture-platforms/.

36. The emphasis of specific factors in a transparent, rules-based strategy
underlies the “Smart Beta” ETPs that have proliferated in recent years as an
alternative to traditional index strategies (and are expected to exceed one
trillion dollars in assets by 2020). See, e.g., Teresa Rivas, Smart Beta ETF Assets
Will Reach $1 Trillion By 2020: BlackRock, BARRONS (May 12, 2016, 3:02 PM)
http://www.barrons.com/articles/smart-beta-etf-assets-will-reach-1-trillion-
by-2020-blackrock-1463079755.

37. The numerical weighting of factors in a model, as a percentage, is
entered into “factor tables.”
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nal metrics,38 such as financial ratios and exposures based on
the source of their revenues (e.g., industry, country) and expo-
sure to expenses related to production and material prices, as
well as access to capital.39 Or, the factors included by a man-
ager may be related to market sentiment unique to a particu-
lar issuer (e.g., analysts’ estimates revisions or “alpha cap-
ture”).

The goal of a manager using factor models is to identify
those factors that are consistent with its investment strategy
and provide a correlation benefit when combined correctly
with other factors. Using too many factors may dilute the
strength of signals that offer the most insight. Thus, the selec-
tion of precise factors, and the related data sets, to use in a
model are a strong focus of managers. Moreover, a portfolio’s
overall exposure to factors frequently is more important to the
manager than individual stock positions.

There are an infinite variety of models among managers
that emphasize the same factors. Even when managers empha-
size the same data, they may process it differently. For exam-
ple, in the case of managers emphasizing growth factors, such
as trends in analysts’ earnings estimates, a firm’s research may

38. Some firms decompose balance sheets and income statements and
do not use standard industry classifications of sectors and segments for risk
purposes, and also may not classify a particular security as belonging in only
one industry sector or segment in the same fashion as the benchmark index
for a strategy. Instead, they may assign stocks to “clusters” or other group-
ings. For example, depending on its product line, a single company may
have exposures that are similar to other monoline companies that operate
exclusively in sectors such as retail electronics or communications. Funda-
mental databases available to managers also group “baskets” of companies
based on their exposure to international markets, which may be a more rele-
vant measure of revenue exposure and country risk. Thus, multiple funda-
mental factors can be combined to form composite factors, deconstructed
into multiple sub-factors, and further divided by time, industry, or season
and compared with macroeconomic data, including interest rates, census
data, social data, or industry-specific information.  This means that managers
in some cases may view their exposures differently than clients or their con-
sultants

39. There is significant debate about relevant factors. See generally Greg-
ory Connor, The Three Types of Factor Models: A Comparison of Their Explanatory
Power, 51 FIN. ANALYSTS J. 42 (1995); Eugene F. Fama & Kenneth R. French,
A Five-Factor Asset Pricing Model, 116 J. FIN. ECON. 1 (2015). Cf. Clifford S.
Asness, Andrea Frazzini & Lasse H. Pedersen, Quality Minus Junk (Working
Paper), https://ssrn.com/abstract=2312432.
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suggest that an individual sell side analyst, or firm, is better at
picking long positions versus short, or technology stocks versus
healthcare stocks.40 Firms may also weight the importance of
estimates revisions in their overall models differently (e.g., five
percent or eleven percent). And, even if two managers rely on
the same factor, they may weight the currency of the data dif-
ferently (e.g., emphasizing the past quarter versus one year).
Accordingly, the information they receive is not normally a
straight-through input into an investment decision. Instead,
the information may constitute only a single element, among
many, considered in a model. Moreover, the same manager
may use different models (or weight factors differently) from
industry-to-industry, based on capitalization range, or from
country-to-country in international strategies. For example,
different factors may be emphasized in a model used to select
technology stocks than utility stocks, or in Chinese companies
versus German companies.

Within the broad class of factor models, the three major
categories of “predictive” factor models are “fundamental,”
“macroeconomic,” and “statistical.” Fundamental factor mod-
els analyze and seek to forecast performance based on an is-
suer’s underlying financials or other metrics unique to that is-
suer, while macroeconomic models seek to forecast perform-
ance based on the effect of factors such as employment,
consumer sentiment, capitalization, inflation, and interest on
portfolio holdings.41 These models are based on the fact that

40. The existence of the collective, consensus views, rather than the sub-
jective reasoning of the individual analyst, is believed to contain the most
insight in terms of explaining price movements. However, some managers
also test the strength of signals from individual sell side analysts’ earnings
forecasts, and their market moving effect (e.g., “herding” or “leading”), as a
predictor of price performance, and may differentiate the different types of
signals within their models. See, e.g., Rick A. Cooper, Theodore E. Day &
Craig M. Lewis, Following the Leader: A Study of Individual Analysts’ Earnings
Forecasts, 61 J. FIN. ECON. 383 (2001). In the past, the views of individual sell
side analysts were sometimes communicated to favored brokerage clients
prior to their public release. This practice, commonly referred to as the re-
lease of “whisper numbers,” was thought to raise “insider trading” concerns,
and appears to have been discontinued. However, unlike traditional insider
trading cases, the views of a single analyst or any other individual piece of
information may only be one of many inputs in a manager’s models that
lead to an investment decision.

41. Managers emphasizing factors may use either a “top-down” or “bot-
tom-up” approach. Top-down managers emphasize broad international and
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the returns of individual assets are often influenced by the
market itself, including broad economic events. Statistical fac-
tor models use statistical techniques to identify factors not
specified in advance that may offer insight into an issuer’s per-
formance or a macroeconomic event.

b. Risk Models
Quantitative management is regarded as a risk-con-

trolled42 process with portfolios managed around considera-
tions of risk budgeting, market environments, and investment
horizons—as well as a multitude of overall characteristics or
exposures (e.g., industry, sector, growth, value) that the man-
ager wishes to maintain. Managers generally attempt to
achieve the highest returns relative to their benchmark, based
on the level of risk they or their client is willing to assume. The
inclusion of uncorrelated assets, wherever possible, is believed
to provide the most stable returns over time.43

national economic indicators; such as GDP growth rates, inflation, interest
rates, and exchange rates, and then keep refining their research in an at-
tempt to select the best investment opportunities in an industry sector or
segment that they believe are optimal. A bottom up manager focuses first on
identifying companies that present favorable investment opportunities, re-
gardless of their industry sector or segment.

42. The term “risk” when used in investment management is not a pre-
dictor of absolute returns. The returns of a strategy in most cases are mea-
sured against a relevant benchmark. Risk is expressed in actively managed
portfolios as the volatility of returns versus that benchmark. The benchmark
itself may not be highly volatile. In passively managed portfolios (e.g., index
funds) risk is referred to as “tracking error.” Thus, “risk” used in investment
management may not be the same concept as “risky.” “Risk premia” refers to
the amount of excess return that an asset must offer over a less risky asset in
order to induce an investor to own it (e.g., an asset whose returns are less
volatile versus an asset that is more volatile).

43. Academic research suggests that generally higher return expectations
require higher exposures to risk. However, some of the risk may be reduced
through diversification. Modern portfolio theory is based on the notion that
each asset in a diversified portfolio should be selected based on the way it is
expected to perform relative to every other asset—rather than in isolation.
See generally HARRY MARKOWITZ, PORTFOLIO SELECTION: EFFICIENT DIVERSIFICA-

TION OF INVESTMENTS (Yale University Press 1971) (1959); Markowitz, supra
note 15. William F. Sharpe developed the Capital Asset Pricing Model
(CAPM), which concludes that some risk may not be diversified away. See
William F. Sharpe, Capital Asset Prices, 19 J. FIN. 425 (1964). Markowitz and
Sharpe received Nobel Prizes for their seminal work.
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Risk models contain two components: (1) stock specific
risk and (2) common factor, or systemic, risk. “Common fac-
tor,”44 or “systemic,” risk includes capitalization, geographic
and industry exposures, and volatility, among others. “Stock
specific,” or “idiosyncratic,” risks are those unique to a particu-
lar investment. In terms of overall risk, systemic risk usually
explains most of any tracking error that a model has versus its
benchmark. However, firms normally have target exposures to
industries or segments that they wish to retain in a portfolio in
light of their benchmarks, which are expressed as active expo-
sures and may be either positive (overweight) or negative (un-
derweight).45

In theory, when assets are not directly correlated (i.e,
have a low “covariance”),46 their prices will not move com-
pletely in tandem. Thus, while some investments are un-
derperforming during a specific period, others will exceed
their historical performance. A given set of assets will have
many different outcomes that are “efficient.”47 The choice of

44. “Common factors” are those shared by a group of securities that in-
fluences their returns. For example, Ford and General Motors may be sub-
ject to some of the same risks—those shared by others in the auto industry.
However, all assets in a portfolio may be affected by market risk and become
correlated during periods of crisis. Thus, there may be other more signifi-
cant influences on a portfolio that diminish “common factor risk” during
certain periods. See, e.g., Ioana Moldovan, Stock Markets Correlation: Before
and During the Crisis Analysis Theoretical and Applied Economics 111–22
(Vol. XVIII, No. 8, 2011):

Financial crises are characterized by sudden and simultaneous ma-
terialization of risks that in periods of normality seemed indepen-
dent. As a result, the opportunities of risk sharing are significantly
reduced just when they are needed the most, and that can cause a
substantial threat to the global financial system.

45. It may be difficult to implement a manager’s investment strategy in
particular segments or industries, because those industries or segments do
not generally include securities that are reflective of the manager’s invest-
ment philosophy. For example, a manager may be constrained to own utility
or technology stocks, even if there are not a lot of stocks in those industries
that reflect its investment philosophy. However, to avoid risk relative to a
benchmark (i.e., not having exposure consistent with benchmark weight-
ings), a portfolio manager may use models specifically developed to select
stocks in these segments and industries.

46. Covariance is the correlation of price movements between assets.
47. The optimal balance between the return objective of a portfolio and

the level of risk acceptable to the manager or its client (“risk budget”)—in
terms of deviation from a benchmark and the desired returns—is referred to
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which is best is solely a subjective decision about return objec-
tives and risk tolerance. However, as suggested earlier, correla-
tions are not stable and frequently change over time. Notably,
many uncorrelated assets or factors may become highly corre-
lated during periods of market volatility, diluting the benefit
of holding uncorrelated assets.

c. Optimizers
In addition to predictive factor models and risk models,

virtually all quantitative firms employ “optimizers.” Optimizers
are models used to manage portfolio and trading decisions.
An optimizer is a model, designed to reduce risk, that embeds
specialized math which helps identify the best solution for a
problem based on multiple variables.48 In investment manage-
ment, an optimizer often analyzes the historic correlations of
price movements between one stock, industry segment, asset
class, or market, and another over a period that represents the
investment horizon of the manager.49

Investment managers constrain optimizers in many differ-
ent ways. For example, an optimizer would suggest ideal port-
folio weightings given a number of constraints such as limited
turnover, acceptable deviation from benchmark on certain
risk measures, etc. An optimizer may also be calibrated by a
portfolio manager to incorporate internal or client-imposed
restrictions, as well as to minimize certain types of deviations
(“active risk”) versus a benchmark. The latter may include lim-
its on the universe of permitted investments (e.g., large cap
U.S. only), limits on number of investments, limits on stock or
factor concentrations, limits on turnover, or limits on short ex-
posures and active exposure to industries. For example, if a
benchmark index has a weight of fifteen percent in a particu-
lar sector, the optimizer may limit the portfolio’s exposure to a
range of thirteen to seventeen percent. Similar constraints
may be imposed on individual security positions,

as the “efficient frontier.” The efficient frontier is a mix of chosen assets that
provides a level of return that can’t be improved without changing the level
of risk tolerance.

48. See generally Portfolio optimization, Wikipedia, https://en.wikipedia.
org/wiki/Portfolio_optimization (last updated May 25, 2017).

49. Id.
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d. Non-Investment Software
Managers also often use software applications for reasons

other than making investment decisions. For example, manag-
ers, including traditional managers, may employ models or use
software systems for order management or compliance pur-
poses. Trade execution models are sometimes referred to as
“non-alpha generating models.” However, the algorithms re-
sponsible for trade execution may also contribute to portfolio
performance by minimizing market impact of transactions and
the total cost of order execution, and in some cases, may actu-
ally be designed to generate “alpha.” Compliance software also
may be used to assure that orders do not result in regulatory
violations or transactions that are inconsistent with client-im-
posed investment restrictions, among other things, or to
surveil for breaches of compliance policies.

3. Model Output and the Investment Process
Even when firms are identified for their quantitative style,

in many cases portfolio managers, or teams, are assigned re-
sponsibility for individual client portfolios. These portfolio
managers frequently are highly skilled professionals50 and may
serve as the client interface for investment-related matters. De-
pending on the adviser, the portfolio manager may exercise
discretion in overseeing the application of a particular model,
or models,51 to those portfolios—and be held accountable for
performance results. For example, portfolio managers often
have flexibility in calibrating the way a model is applied in the
context of an individual portfolio and interpreting model sig-
nals. They also may impose limits (based on client instruc-
tions) on the purchase or sale of particular securities, or types
of securities, and adjust models based on the amount of risk
that the client or manager is willing to assume in order to
achieve returns.52 In addition, depending on the adviser, a
portfolio manager may have the authority to override a

50. In larger organizations, portfolio management requires a separate
skill set than model development. As noted earlier, often portfolio managers
have MBAs or other advanced degrees, and many have qualified for the CFA
designation.

51. Portfolio managers may have an inventory of models that they can
choose from and apply in connection with an investment decision.

52. See infra Section I.A.3.c.
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model’s output if not acceptable, or traders may have the au-
thority to effect trades in comparably ranked substitution can-
didates (or “equivalents”) in certain circumstances. In this
context, models are used by portfolio managers as a decision-
support tool to achieve a client’s investment objectives.

a. Stock Selection
In general, decisions to buy securities or sell securities are

equal components of portfolio management. Purchases or
sales of securities for a portfolio may result from “flows” attrib-
utable to cash contributions or withdrawals, dividends, or the
running of particular models that suggest new transactions. In
addition, risk management considerations (e.g., controls on
individual position sizes or factor exposures) and periodic
rebalancing also may result in reducing some positions and
enhancing or acquiring others.

Depending on the model, the output may be a list or
grouping of recommendations to accumulate or sell positions
for each portfolio. For illustrative purposes, managers will
often refer to model output as signals that are grouped in
rankings expressed as deciles or quintiles. These broad decile
or quintile ranking groups within an industry or segment usu-
ally facilitate the substitution of one similarly ranked stock for
another to meet the unique requirements or circumstances for
each portfolio, without significantly changing the expected re-
turn or other characteristics that the manager considers desir-
able.53 The portfolio manager, or investment team, may have
discretion to invest from among similarly ranked stocks, and to
adjust weightings accorded to a specific stock based on factors
other than the model’s estimate of their projected relative
price performance.54 Traders also may have the authority to
effect trades in comparably ranked substitution candidates in
certain circumstances.55

53. Some managers believe, for example, that there is very little discrimi-
natory effect between a stock ranked 100 and one ranked 90 by their models.

54. Insight with respect to “specific stock selection” is believed to be diffi-
cult to attain and often only provides a narrow edge. Managers anticipate
that a high percentage of individual stocks they select may not perform fully
as anticipated.

55. For example, if the trader is having difficulty executing a trade be-
cause the asset is not available in the market, the spreads have become too
wide, or a client’s instructions preclude a trade in that security.
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The portfolio manager’s review of potential transactions
can consist of a more traditional overlay, which uses a hybrid
approach (involving discussions with research analysts), or a
more simple “sanity check” to detect blind spots that are not
reflected in historic data relied on by the models, such as a
merger announcement, news that a company is under investi-
gation by a regulatory authority, or that the CEO has unex-
pectedly departed. Unlike their traditional brethren, portfolio
managers at quantitative firms are less likely to be familiar with
information about a company such as products or product
pipelines, or have independent views about management qual-
ity. However, subjective views about an individual company
may be encapsulated in analyst recommendations or another
data point captured by a model.

The portfolio manager also may make decisions regarding
the value and size of the purchase, and may determine
whether the purchase would breach any internal guideline re-
lating to number of holdings in a portfolio, risk exposures, or
client restrictions. In addition, as suggested above, the portfo-
lio manager or investment team may consider information
from the trading desk and elsewhere about liquidity in the
marketplace (e.g., “street talk” or “chatter”), market impact,
possible internal crosses, and related implementation costs
that is in addition to the information that is considered by
models.56

The portfolio manager, or investment team, also may use
discretion when the output of a model is not consistent with
expectations. For example, the portfolio manager may adjust
inputs, choose among different models in the firm inventory,
and do multiple runs of a model until he or she is satisfied

56. Portfolio managers also may receive liquidity estimates for each rec-
ommendation, showing the days it would take to accumulate or liquidate a
position without influencing the market. Liquidity screens and “hurdle
rates” often are used to determine whether the transaction costs associated
with buying and selling make sense based on potential incremental improve-
ments in alpha. For example, if trading costs for one security may absorb a
significant portion of its expected alpha over the projected life of the invest-
ment, a portfolio manager may use substitution candidates with lower trad-
ing costs and comparable projected returns. Implementation costs (includ-
ing commissions as well as market impact) may dictate trading strategies
(e.g., active versus passive) and also may limit the total assets that a manager
is willing to accept in an investment strategy (this may be particularly true in
a strategy that focuses on less liquid assets).
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with the results before signing off on any trades.57 Finally, or-
ders may be subjected to manual or automated pre-trade com-
pliance controls (e.g., individualized client investment restric-
tions) and the timing and completion of a trade also may de-
pend on market conditions, as well as the immediacy required
by the strategy and amount of assets being purchased or liqui-
dated (which often effects the amount of transaction costs as
well as the manager’s sensitivity to those costs).58

b. Monitoring Portfolios
Managers with long-term investment horizons may antici-

pate holding their investments for periods of a year or more.
However, almost as soon as individual stocks are selected,
changes in price, new market information, and financial re-
ports may alter their desirability according to the criteria of a
model. For example, as a result of daily price movements,
earnings forecasts or recommendations, quarterly reports, and
changes in analyst recommendations, the rankings of individ-
ual securities—both in absolute terms and in relation to other
companies in the same industry—are continually changing.59

Long-term managers do not adjust their portfolio based
on every piece of data that becomes available. In fact, one of
the key decisions in a model-driven portfolio is how frequently
to re-run the methodology to see if there has been material
drift. Models may be run only periodically based on scheduled

57. For many managers, because models are only run periodically, trad-
ing is not an everyday event, but occurs on a weekly, monthly, quarterly,
semi-annual, or another scheduled basis. Once the portfolio manager has
made an investment decision, that decision is then communicated to the
trading desk, commonly in the form of a trade list provided early in the day.
Often, trade lists are expressed as targeted percentages of a portfolio versus
current positions and include reductions, liquidations, enhancements, or ac-
quisitions. For example, an existing position may be 2.34% of the non-cash
holding in a portfolio targeted to 1.75%, or a new acquisition may presently
be at 0% targeted to 2.00%.

58. Similar considerations may occur when liquidating a position, but in
many cases the portfolio manager may also take into account the tax conse-
quences of selling one substitution candidate versus another.

59. As a very simple example, a two percent position in a stock may be-
come a three percent position if its price appreciates by fifty percent. The
same price appreciation would affect the concentrations of the portfolio in
the sector (or factors) represented by the stock, as well as the capitalization
of the company (shares outstanding times price) and the average capitaliza-
tion portfolio (e.g., mid cap versus small cap).
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rebalancing or the regular release of significant new data in
the market, such as quarterly reports; or, they may be run on
an ad hoc basis if there are significant changes to an asset or to
macroeconomic factors. In “smart beta” methodologies, for ex-
ample, everything is allowed to drift for defined periods and
then is rebalanced. Thus, the characteristics of individual
stocks within a portfolio, as well as the portfolio as a whole, are
expected to vary over time.

Because of the dynamic nature of stock holdings, portfo-
lios are constructed with the understanding that external in-
fluences will cause their characteristics to vary within a range
acceptable to the manager. As suggested earlier, in most cases
there is no single “model” portfolio, there are no specific se-
curity holdings, and there is no precise factor exposure neces-
sary to effect a manager’s investment intent or strategy. No
portfolio is perfect and because of the transient nature of mar-
kets and holdings, management decisions are often not static.

Managers frequently look at the overall portfolio perform-
ance, and whether a portfolio is achieving its objectives, rather
than worrying about which individual stocks contribute what
to portfolio performance. Within the same general investment
objectives, style, and investable universe (based on client
benchmarks, i.e., “tradeables”), however, there are an indefi-
nite number of differing, unique portfolios (in terms of stock
composition) that can be constructed—with each portfolio de-
signed to observe specific investment constraints and restric-
tions, while possessing similar exposure levels to key factors
that are statistically consistent with a firm’s investment beliefs
and strategy.

Even when a firm emphasizes stock selection, the precise
individual stocks may matter less than ranges of stocks that
possess factors that the manager deems to be important. As
long as, on average, the chosen stocks, in aggregate, out-
perform their benchmark, within the desired level of risk, a
model may be deemed successful. Thus, depending on the
manager, two portfolios with similar objectives and risk toler-
ances may have substantially the same holdings, or entirely dif-
ferent holdings, and still be managed over time in a manner
consistent with the manager’s core beliefs and its clients’ in-
vestment objectives.

Low or moderate turnover strategies used by long-term
managers are designed to minimize transaction costs and ac-
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commodate changes in investment characteristics over an in-
vestment cycle, with the result that individual positions and ex-
posures are maintained by the manager if it determines that
they are within an acceptable variance in light of the man-
ager’s investment approach.60 For this reason, many managers
use asymmetric entry and exit points—buying stocks ranked in
the ninth or tenth decile and then selling if they drop below
the seventh or eighth decile. Portfolios also may be rebalanced
on a regular basis in light of hard and soft position limits or
risk exposures, and may be subject to investment guidelines or
client restrictions.

Firms monitor target exposures to factors as changes oc-
cur in portfolios. Portfolio managers, for example, often have
dashboard windows that reveal account concentrations and ex-
posures across many different dimensions on an intraday basis.
These dashboards may be highly detailed and offer not only
segment and sector concentrations relative to a benchmark,
but also exposure to a host of factors like beta, volatility, and
liquidity. Relative and absolute performance of each portfolio
normally is reviewed by individual portfolio managers (or in-
vestment teams) in light of benchmark exposures to deter-
mine whether a portfolio is tracking its benchmark and being
managed in a manner that is consistent with the manager’s
core investment philosophy, taking into account investment
objectives.

In larger firms, separate risk teams also may monitor cli-
ent portfolios on an ongoing basis to detect unwanted risk and
adherence to investment guidelines (discussed below), often
using tools that are independent from the models they rely on
to make investment recommendations. For example, they may
use independent or third-party risk analytics to examine
whether each portfolio has the desired risk profile and
whether the performance of the portfolio over time is tracking
its benchmark or performing as the manager anticipates. They
also may meet regularly with senior management and portfolio
managers or investment teams to discuss risk exposures.

60. For this reason, newly funded portfolios may contain different invest-
ments than existing portfolios. Similarly, during the process of transitioning
a portfolio from one manager to another, in order to limit transaction costs,
the new manager may accept some existing positions that are compatible
with its investment strategy, but use cash to fund acquisitions with higher
projected alphas.
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These reviews by portfolios managers, and risk teams, may
alert the adviser to whether there are any tactical blind spots
or aberrant signals that are red flags and should call into ques-
tion a model’s output or suggest that a portfolio is not being
managed in a manner that is consistent with the manager’s
investment strategy. Based on these reviews, which can be sim-
ple or extremely sophisticated, managers may make decisions
to rebalance portfolios or intervene to improve, or recalibrate,
elements of a model that are not working as anticipated. For
example, portfolio managers or risk teams may adjust the port-
folio optimization process to incorporate information relating
to market events not yet captured in the manager’s model,
and research may be initiated to enhance or improve a
model.61

c. Rules, Investment Guidelines, and Exceptions
As discussed earlier, managers also may employ simple

rules, guidelines, or constraints, such as sector, asset weight, or
turnover constraints62 that are intended to reduce risk (but
which also may limit returns). These investment guidelines
may, in some cases, also be mandated by a client.63 Investment
guidelines frequently are created through a collaborative pro-
cess between clients and portfolio managers. Clients, for exam-
ple, may mandate factor neutrality, the degree of risk a man-

61. As discussed later, industries that are experiencing trouble may be
valued cheaply by a model and therefore look attractive to models that are
value-oriented. Because of the data-based process used by quantitative man-
agers, models will be driven to overweight stocks in an industry that appears
relatively cheap in light of historical norms. Thus, these stocks or industries
which are “cheap for a reason” may be a “value trap.” To compensate for the
blind spot in a model, a portfolio manager or team may put constraints on
the optimization process so that the portfolio has no more than a neutral
exposure relative to the benchmark weighting, with the result that assets that
otherwise would have gone to that sector will be allocated to other sectors
where the manager has more confidence that its investment process will be
effective.

62. Turnover constraints may be reflected in “flip flop” controls that are
designed to avoid excessive buying and selling in portfolios that may be due
to the incorporation of new data.

63. In the context of mutual funds, there may be fundamental limita-
tions on the percentage of assets that must be invested in a particular capital-
ization range, limits on investment concentrations in a particular industry,
etc.
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ager may assume relative to a benchmark, or limit investments
to “long only.”64

If not mandated by a client or produced in disclosures to
potential clients, guidelines may or may not be hardwired into
a portfolio. For example, a strategy may focus on investments
in a defined capitalization range (e.g., mid-cap) or a manager
may have hard and soft rules limiting concentrations of an in-
dividual stock (e.g., two percent of a portfolio), the number of
stocks (e.g., no more than fifty positions), or sector concentra-
tions (e.g., plus or minus five percent of benchmark concen-
trations). However, the portfolio manager may be allowed to
use his or her judgment to make exceptions to these general
guidelines.65

As the foregoing discussion illustrates, despite its seem-
ingly passionless image, the development of models and the
application of model signals in the management of advised as-
sets can be a complex process that involves numerous subjec-
tive decisions. Section I.B describes the model development
process, safeguards designed to prevent errors, and the uncer-
tainty of model performance.

B. Model Governance, Types of Model Errors, and Controls
All or a portion of quantitative investment models used by

a manager may be developed internally by an adviser, licensed
from third-party vendors that specialize in the research and
development of models, or created by independent profes-
sionals that are retained by the manager to assist in construct-
ing the model. Within larger asset managers, it is not uncom-

64. It is important to note that managers may use derivatives to acquire
exposure to sectors or factors, or to hedge the risk of overexposure to sectors
or factors.

65. If limits are “soft,” a manager may balance risk and return within a
strategy by retaining discretion to maintain an existing position or exposure
that remains attractive, but due to price appreciation is greater than a de-
fined (e.g., 2%) percentage of the portfolio or exceeds the capitalization
range of the strategy. Positions also may be allowed to drift between
rebalancing periods. However, any deviation from benchmark parameters
(including not owning significant positions in a benchmark index) exposes
the portfolio to tracking risk. Institutional managers frequently are selected
for specific assignments in a larger portfolio and may be replaced if they
stray from their style. In some cases, the client mandate may include a spe-
cific tracking error limit that is calculated based on the standard deviation of
the difference in the portfolio and the benchmark (e.g., 1.5%–3%).
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mon to find separate academically-oriented research centers,
or groups, that employ Ph.Ds. to develop and refine their
models.66 Some firms, in fact, are reported to employ over 100
Ph.Ds. These groups may be developed organically or ac-
quired as teams coming from other managers. Moreover, like
research teams at traditional managers, multiple groups may
exist in some larger firms, with each group specializing in a
different asset class, strategy, or region of the world. However,
because of the scalability noted earlier, quantitative managers
also may be entrepreneurial organizations with less than a
handful of academics and technology experts.

From an organizational perspective, research centers at
larger firms also may be internal to a manager or located
within affiliates that are separately organized and that license
their models to other affiliates.67 The research and modeling
conducted by these groups may be independent,68 or may be
directed by portfolio managers, including those applying a
traditional approach to investing.69 Depending on the organi-

66. Most model developers have at least a master’s degree and frequently
a PhD in a subject, such as economics, mathematics, finance, statistics, finan-
cial engineering, or computational finance.

67. These groups also may hold the proprietary data and any patents on
the manager’s models. In some cases, the research affiliates may view them-
selves as technology companies who also operate in the investment manage-
ment industry.

68. In some cases, the groups are considered to be independent think
tanks and may be analogized to “skunk works,” a term derived from the de-
fense industry that is now used commonly in technical fields, as well as busi-
ness and engineering, to refer to a group within an organization that oper-
ates with a high level of autonomy, unhampered by bureaucracy, that is
charged with working on advanced (or secret) research or projects. See gener-
ally WARREN G. BENNIS & PATRICIA WARD BIEDERMAN, ORGANIZING GENIUS:
THE SECRETS OF CREATIVE COLLABORATION (Basic Books 2d ed. 1998) (1997)
(describing the origins of skunk works and the purpose of these units).

69. Because of the extremely competitive nature of markets, if managers
do not protect their successful investment models from theft or misuse, their
investors may lose the benefit of any advantage the models offer. To protect
the intellectual property of a manager, frequently only a limited number of
individuals within the firm will have knowledge of every aspect of their mod-
els. In addition, managers may require employees to sign confidentiality
agreements and take measures that include the use of firewalls to limit em-
ployees’ access to information, including source code. These security mea-
sures also may be necessary to protect the integrity of the models or to create
information barriers for regulatory purposes. Because of the proprietary na-
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zational structure and culture of the manager, they may have
greater or lesser degrees of autonomy and empowerment.

It also is not uncommon for a manager to rely on both
internally developed models and third-party models. Third-
party models may have varying degrees of sophistication and
customization.70 These models often are integrated with pro-
prietary or third-party data bases and, among many other
things, allow managers to employ multifactor screens, develop
investment strategies, back-test their strategies and simulate re-
turns in different environments, construct and monitor portfo-
lios, optimize exposures and weightings, perform attribution
analysis, and generate reports. In addition, as described ear-
lier, they may be used by risk teams as an independent safe-
guard to test the output of internally developed models.

Whether models are developed internally or by third par-
ties, because they are designed and implemented by humans,
they are inherently prone to different types of errors. Many
firms have formal model risk governance structures with de-
tailed, documented protocols for model development changes
and implementation.71 Governance committees, for example,

ture of their strategies, managers often are reluctant to share detailed infor-
mation with regulators as a routine matter.

70. Some smaller firms without personnel that have the background to
develop internal models may rely heavily on third-party models. Many third-
party models have relatively simple user interfaces and can be employed by
managers with varying degrees of sophistication and knowledge about the
math supporting the models.

71. Oversight of models broadly includes the application of controls over
model development and ongoing validation. Various bank regulators have
issued guidance on model governance in recent years with respect to a vari-
ety of models relied on by banks and other financial institutions in the con-
text of “safety and soundness” requirements. See, e.g., FDIC, DIRECTOR, JOINT

AGENCY POLICY STATEMENT ON INTEREST RATE RISK, FIL-52-96, 1996 WL
399803 (June 26, 1996); OFFICE OF THE COMPTROLLER OF THE CURRENCY, BD.
OF GOVERNORS OF THE FED. RESERVE SYS., OCC BULL. NO. 2011-12, MODEL

RISK MANAGEMENT (2011) [hereinafter OCC Bulletin]; OFFICE OF THE COMP-

TROLLER OF THE CURRENCY, BD. OF GOVERNORS OF THE FED. RESERVE SYS.,
OCC BULL NO. 2000-16, ADVISORY ON INTEREST RATE RISK MANAGEMENT

(2010); FED. HOUSING FIN. AGENCY, MODEL RISK MANAGEMENT GUIDANCE, AB
2013-7 (2013). See also Model Risk Working Party, Inst. and Fac. Actuaries,
Presentation at the Sessional Meeting of the Insitute and Faculty of Actua-
ries: Model Risk: Daring to Open up the Black Box (Mar. 23, 2015), https://
www.actuaries.org.uk/documents/sessional-paper-model-risk-daring-open-
black-box (providing an excellent overview of model risk governance). Simi-
lar guidance is being proposed by the CFTC and in the brokerage industry



666 NYU JOURNAL OF LAW & BUSINESS [Vol. 13:633

may, among other things, review and approve material model
changes and developments, review model validation reports,
monitor compliance of model development with modeling
protocols, escalate breaches appropriately, and approve the
appropriateness of proposed action plans to rectify a problem.
Managers also may have an internal audit function that is part
of the model governance process.

As suggested above, because models are built by humans,
they are prone to a variety of errors including misjudgments in
model construction, bad data sources, slippage in implementa-
tion, and programming mistakes. Models are especially likely
to have errors as they grow more complex.72 The errors can
arise in many in different contexts. Several of the broad cate-
gories of errors include model design errors, programming or
coding errors, and data integrity errors—each of which may
pose a different kind of risk. In addition, problems may occur
with the technology and systems used by the models, including
outages and the potential for viruses and malware, among
many others. Even when models operate as intended, they may
not be correctly calibrated or their signals or other results may
be misapplied or misinterpreted if portfolio managers and
others who rely on the models to make decisions are not
skilled or appropriately trained. For these reasons, managers’
investment processes are frequently designed to be robust or
resilient to errors.

Following is a brief overview of how models are designed
and the governance process intended to prevent or mitigate
the effect of inevitable errors. The following Sections of this
Article emphasize that model governance is not just focused
on pre-implementation controls, but also the detection and
remediation of errors that are discovered after a model is in
“production.”

because of market structure concerns posed by high frequency trading. See
infra note 264; see also FUTURES INDUSTRY ASSOCIATION, Software Development
and Change Management Recommendations (Mar. 2012) https://secure.fia.org/
downloads/software_change_management.pdf [hereinafter FIA Guidance].

72. See generally Eric Bonabeau, Understanding and Managing Complexity
Risk, 48 MIT SLOAN MGMT. REV. 62, 62 (2007) (noting that “[v]ulnerabilities
enter organizations and other human-designed systems as they grow more
complex” and that “some systems are so complex that they defy a thorough
understanding”).
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1. Model Design Controls
Design errors include mistakes in theory, math, logic, as-

sumptions, and the failure to include variables; reliance on
corrupt, stale, or missing data in the review process that can
produce bias or inaccurate results; and flawed or imperfect val-
idation or other test procedures. Prior to implementing a
model, “back testing” is used to determine whether the model
would have been successful in prior market environments.
Simulations or stress tests may seek to estimate the success of a
model or factors in hypothetical conditions that the model
may encounter in the future.73 One of the key pre-implemen-
tation controls over model design errors is whether the under-
pinnings are sound and the results produced by a model are
consistent with the anticipated outcomes.74 In larger manag-
ers, an independent team may validate the model or enhance-
ment to verify that it produces portfolios that are consistent
with the manager’s investment approach.

2. Programming Controls
Financial theories are expressed as mathematical equa-

tions.75 Once an algorithm has been researched and approved
for integration into a model, a programmer uses code to write
software in a programming language76 that will encapsulate

73. The validation of models and research itself is a highly sophisticated
science.

74. See generally Susan Mangiero, The Risks of Ignoring Model Risk, in LITIGA-

TION SERVICES HANDBOOK: THE ROLE OF THE FINANCIAL EXPERT (Roman L.
Weil et al., eds., John Wiley & Sons, 3d ed. 2005).

75. For example, one element of a larger formula might incorporate a
model for the scaled dispersion of earnings forecasts by analysts before and
after earnings announcements expressed as:

See, e.g., Alina Lerman, Joshua Livnat & Richard R. Mendenhall, The High-
Volume Return Premium and Post-Earnings Announcement Drift (Working Paper,
Apr. 2008), https://ssrn.com/abstract=1122463.

76. The coding used by programmers is called the “source code.” To exe-
cute the program, the source code must be converted into “machine lan-
guage” or “object code” that can be understood by a computer. However,
source code is the only format readable by humans. Third-party software
often is provided in machine language that cannot be read directly or modi-
fied.
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changes by accessing relevant data and performing the desired
computations. Programming of sophisticated software is uni-
versally regarded as a highly complex, subjective process that
requires abstract reasoning. For this reason, quantitative pro-
grammers retained to perform this function often are very well
educated and highly compensated.

a. “Wabi-Sabi”—There Is No Perfect Programming (or
Model)
There are no uniform standards for coding financial

software. The specific controls and approaches to program de-
velopment, including the frequency of review, necessary docu-
mentation of coding, and flow and formation of modeling
teams are the subject of high level debate.77 Wabi-Sabi is a 700-
year-old Japanese philosophy based on tenets of Buddhism
that emphasizes appreciation of the beauty in imperfection
and the notion that nothing is perfect, complete, or perma-
nent. This philosophy has been used to describe the ongoing
process of programming and model development using the
“Agile” methodology—which is the methodology most com-
monly used in the financial services industry.78 Specifically,

It is estimated that there are hundreds or thousands of different types of
coding languages in existence designed for different operating systems and
purposes. Models that are developed over a period of time may have mod-
ules written in different languages, including non-standard languages. “C++”
is a common language used in financial modeling.  Below is an illustration of
lines of source code from “C++”:

return m_nSInitial * exp(m_nDrift*m_nCurrentTime
– .5* m_nSigma * m_nSigma*m_nCurrentTime
+ m_nSigma*m_nCurrentDiffusion)
);

77. Separate software programs often detect keystroke errors. Logic er-
rors are harder to prevent, however. Nevertheless, developers focus on edu-
cation and training, as well design specifications and some automated
processes for testing. However, formal design specifications generally are be-
lieved to be impractical for larger programs.

78. “Agile” programming is considered the norm in many portions of the
financial community because it is lightweight and “agile.” The benefit of Ag-
ile programming methodology is that because it is based on evolutionary
development and continuous improvement, it is faster to produce. In con-
trast, the other major methodology, the “Waterfall” methodology, has
greater documentation and certainty, but is a slower sequential process with
phases that include conception, initiation, analysis, design, construction,
testing (verification), production (implementation), and maintenance.
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like models themselves, no programming is believed to be per-
fect, permanent, or complete. Instead, there is continuous cor-
rection and improvement. In modern model development,
the process of governing the evolution of model software is
referred to as the “software development life cycle.”

Producing error-free code has so far proven nearly impos-
sible and software programming universally is regarded as an
error prone process. Debugging software often is a highly
skilled task and it is widely acknowledged that the nature of
software development makes bug-free software unattainable.
This is especially so in the case of complex models with numer-
ous interactions among different programs where models have
been developed over an extended period of time by multiple
individuals using different coding languages.

b. Examples of Programming Errors
Programming errors often relate to logical decisions,

planning, miscommunication, incorrect inputs, lack of techni-
cal expertise, or imperfect understanding of interactions with
other parts of a model. They also may result from simple typo-
graphical, syntax, or scaling mistakes. These types of errors are
often referred to as “bugs,79 mistakes, flaws, defects, incidents,
faults, exceptions, or imperfections,” among many other
terms. Even when the errors appear to be based on keystroke
entries, they may nonetheless in many cases be due to flaws in
the logic or analytical process applied by a programmer. One
of the more popular illustrations of logic errors in software
programs is found in the book, and movie by the same name,
“2001: A Space Odyssey,” in which HAL, the onboard com-
puter of a spaceship, becomes homicidal due to conflicting
programming objectives.80

79. Some commenters suggest that the term “bugs” first was used by the
inventor Thomas Edison, who referred to “bugs” in describing “little faults
and difficulties” that must be worked through as part of the development
process of an invention. See, e.g., Letter from Thomas Edison to Tivadar Pus-
kás (Nov. 13, 1878), in THOMAS PARKE HUGHES, AMERICAN GENESIS: A CEN-

TURY OF INVENTION AND TECHNOLOGICAL ENTHUSIASM 1870–1970 at 75
(1989).

80. In the book and movie by the same name, HAL is unable to resolve a
conflict between his general instruction, which is to relay information accu-
rately, and specific instructions to withhold information about the true pur-
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In the real world, heroic efforts by various governments to
produce error free code, which may be cost prohibitive for
commercial developers or advisers, also have not been entirely
successful, leading to highly public disasters.81 For example,
NASA has devoted substantial resources in an attempt to pro-
duce virtually error-free code. Even with resources that may
not available to non-government vendors, NASA nonetheless
experienced well-publicized incidents in which devices used in
space exploration (e.g., Mariner 1 and Mars Climate Orbiter)
or for other purposes were destroyed or rendered inoperable
due to latent software errors.82

Errors may be extremely difficult to detect if, as illustrated
by the Mars Climate Orbiter disaster, they are latent and do
not appear to interfere with the operation of a program.83 The
Mars Climate Orbiter, for example, was launched by NASA in
1999 with the objective of orbiting Mars and providing infor-
mation about the climate and atmosphere of Mars.84 A com-
mon scaling error (using metric units rather than Imperial
units) in one part of the software prevented a NASA team
from accurately guiding the spacecraft on its 416-million-mile
journey to Mars.85 Because of the error, the spacecraft missed

pose of the mission from the humans on board. See ARTHUR C. CLARKE, 2001:
A SPACE ODYSSEY (1968); 2001: A Space Odyssey (1968).

81. See, e.g., List of Software Bugs, WIKIPEDIA, http://en.wikipedia.org/
wiki/List_of software bugs (last updated Mar. 29, 2017).

82. Latent errors, for example, may not appear except in unusual cir-
cumstances, or in connection with model enhancements or revisions. In
these instances, the symptoms of an error may not be apparent until high-
lighted by an external trigger.

83. In general, there are several primary types of programming errors
that may affect quantitative models. These include: logic errors in which vari-
ables or conditions are not described correctly and the result does not follow
the rules of logic; syntax errors in which a function is used incorrectly or a
variable is misspelled, which results in the computer not being able to un-
derstand the program; and design errors in which a flaw in an algorithm or
flow of processing causes an incorrect or incomplete result. Some errors (for
example those that may cause a program not to operate) are easily detected,
while others may be more difficult to detect and remedy.

84. See Mars Climate Orbiter: Mission Overview, NASA, https://mars.nasa.
gov/msp98/orbiter/mission.html.

85. See Press Release, NASA, Mars Climate Orbiter Team Finds Likely
Cause of Loss (Sept. 30, 1999), https://mars.nasa.gov/msp98 /news/
mco990930.html; see also Mars Climate Orbiter, Mishap Investigation Board
Phase I Report (Nov. 10, 1999), http://sunnyday.mit.edu/accidents /
MCO_report.pdf.
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its mark by only sixty miles and is presumed to have entered
the atmosphere of Mars on the wrong trajectory and dis-
integrated. NASA indicated that the error, which affected the
thrusters, was not detected for many months because the error
contributed only a small part of a much larger number in gui-
dance of the spacecraft.

Software used both for investment management and com-
mercial purposes may have millions of lines of code and is con-
sidered to be virtually incapable of being fully field tested
prior to implementation. Moreover, programming and other
model development errors can be introduced at any point in
the development or refinement of a model—even after mod-
els have been tested and placed into production (i.e., the
model is being used). In addition, code that appears error-free
at the time of origin may degrade over time due to many fac-
tors, including the implementation of changes and
workarounds.

Because of the ubiquity of errors, third-party software ven-
dors in every industry license products on an “as-is” basis since
they are presumed to have errors. Vendors also routinely issue
patches and updates to correct these errors and improve their
software products.86 Thus, consumers must regularly
download new versions, or updates, of software on their com-
puters and cell phones that are intended to repair errors dis-
covered post-release. For instance, quality commercial software
is reported by one source to average one defect in coding for
every 1000 lines of code (referred to as “defect density”), with
the defect density increasing with the number of lines of code
in the model.87

86. See RESEARCH TRIANGLE INSTITUTE, THE ECONOMIC IMPACTS OF INADE-

QUATE INFRASTRUCTURE FOR SOFTWARE TESTING, NIST PLANNING REPORT 02-3
(2002) (recognizing that all software defects cannot be removed and noting
that “[s]oftware is error-ridden in part because of its growing complexity.
The size of software products is no longer measured in thousands of lines of
code, but in millions. Software developers already spend approximately 80
percent of development costs on identifying and correcting defects, and yet
few products of any type other than software are shipped with such high
levels of errors.”).

87. These studies were initiated by the Coverity Scan service in conjunc-
tion with the Department of Homeland Security and have examined 450
million lines of code. The Report details specific types of errors that are
considered “defects,” which may be broader or narrower than the definition
used by others. COVERITY SCAN: 2012 OPEN SOURCE REPORT (2012).
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3. Data Comprehensiveness and Integrity Controls
Data is the lifeblood of quantitative managers, but may be

another source of errors. The information available to asset
managers and commercial users today is overwhelming. Quan-
titative investment models process enormous amounts of data
from a variety of internal and external sources. Although some
firms maintain large proprietary databases, a significant por-
tion of the data relied on by managers in constructing and
implementing models frequently is supplied by third-party
vendors, including data aggregators or data brokers.

Some managers, for example, may attempt to harness a
wide range of data from hundreds, or thousands, of varied
sources. The data may include financial ratios and other infor-
mation extracted from financial reports filed with the SEC,
analysts’ estimates revisions, price quotations, exchange rates,
interest rates, and other statistical and market information,
just to name a few. And, as discussed later, both managers and
third-party vendors may attempt to quantify new sources of
qualitative information for models that they believe will offer a
competitive advantage, including big data.88

If data that a manager chooses to construct, validate (in-
cluding back-testing and simulations), and implement in its
model is flawed, corrupt, not sufficiently comprehensive, or
too comprehensive, not converted correctly, or weighted im-
properly, it may affect model forecasts (i.e., “garbage in, gar-
bage out”).89 Thus, managers typically have data integrity con-
trols, including algorithms that scrub, clean, cull, or harmo-
nize data.

The importance placed on data is seen in the emergence
of the title Chief Data Officer (CDO) or Data Governance Di-
rector, and Data Scientist within both quantitative asset man-
agers and other firms relying on quantitative research tech-
niques, and among the merchants and platforms providing

88. Data scrubbing is part of larger data integrity controls that also in-
sures that data is stored correctly and not corrupted. In addition, managers
may use robust statistics in their models, which is designed to neutralize the
effect of data that is considered to be an outlier.

89. In many cases, data, while potentially helpful, is not easily available or
too costly to produce or purchase. Some data, while available, may produce
noise that distorts forecasts. Thus, managers use discretion in determining
which data to gather for their models in light of statistical sampling method-
ology, their resources, and their investment philosophy.
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data for dollars. CDOs are part of the ownership chain of mod-
els. Their responsibilities vary, but may include developing a
data governance program that assures data integrity and uni-
formity, database management, vendor selection and manage-
ment, integration of data across platforms, and storage.90 Indi-
viduals within business lines responsible for data are some-
times referred to as “data stewards” or “data curators” and sit
on data governance committees headed by the CDO.91

4. Post-Implementation Controls, Monitoring, and Model
Enhancement
There are numerous limitations inherent in the use of

models, including both the possibility of different types of er-
rors as well as decay in the strength of signals and changes in
market environments that can affect historical paradigms. Be-
cause of these limitations, the post-implementation change
management process includes model enhancements (and in-
terventions) and the resolution of errors, once discovered.92

Thus, overlaying individual controls with respect to model de-
velopment, programming and data integrity, there is a contin-
ual monitoring of model output and portfolio performance
that is intended to mitigate the effect of errors and the decline
of model signals. As mentioned earlier, depending on the size
of the manager, monitoring may occur both at the portfolio
level by an individual portfolio manager or team, and as part
of an oversight function by a risk group.93

Investment professionals responsible for oversight of
quantitative models typically are well-educated, experienced,

90. Although not discussed here, the recordkeeping requirements in the
Investment Advisers Act and Rule 204-2 do not contemplate the enormous
variety of information produced or relied on by quantitative managers. 15
U.S.C. § 80b–4 (2011); 17 CFR 275.204-2 (2011).

91. See generally Chris Kentoris, Asset Managers Attack Data Silos with Govern-
ance, FINOPS REPORT (July 23, 2016), http://finops.co/operations /asset-
managers-attack-data-silos-with-governance/.

92. See generally FIA Guidance, supra note 71 (discussing change control
procedures).

93. In addition to ongoing monitoring of results following implementa-
tion, models may be independently evaluated—or validated—periodically
(including daily) through benchmarking and other means. In some cases,
model results may be replicated in separate, non-production platforms or
using third-party software. This testing may be performed by other internal
team members, risk management, internal auditors, or outside consultants.
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and understand the assumptions inherent in the strategies
they employ, as well as the expected risks associated with expo-
sures presented in client portfolios. As discussed previously,
portfolio managers regularly review model output, both in
connection with stock selection and in monitoring portfolios
on an ongoing basis—appraising the evolving risk characteris-
tics of a portfolio, including overweight and underweight hold-
ings, significant alpha changes, factor exposures, perform-
ance, and correlations to benchmarks. By monitoring the com-
position of portfolios and performing various cross checks,
portfolio managers, investment committees,94 or risk officers
are part of a feedback loop that provides insight into whether
or not portfolios are composed of the types of investments and
exposures that are anticipated and which express the man-
ager’s core beliefs.95 The manager can then make a decision
about whether or not to take action with respect to a portfolio,
or to intervene by addressing errors or making enhancements
to its models.

Ongoing research and model enhancement also is a rou-
tine part of the model development and investment process at
most managers and is frequently part of the model governance
process. Managers regularly decompose performance to iden-
tify the contribution of factors. For example, the insight pro-
vided by predictive or forecasting models (“alpha streams”)
can degrade or decay over time as other managers incorporate
the same research tools causing them to attempt to establish
or liquidate positions in the same stocks, driving prices up or

94. An investment committee at a quantitative manager functions differ-
ently than at a traditional manager, since it is less likely to be focused on
discussing and resolving opinions on individual positions and industry allo-
cations that may affect the day-to-day investment decisions of a portfolio
manager. The investment committee at a quantitative manager may direct
research, approve modifications or enhancements, and address errors. In
some cases, the investment committee also may assure that a new model
does not “cannibalize’ opportunities identified by another model.

95. A key control for long-term investors is the predicted beta tracking
error for a strategy versus its benchmark. As part of the ongoing monitoring
process, and to safeguard against errors affecting model output, managers
also employ variance controls that alert them to material variances in the
characteristics of a portfolio and returns relative to its benchmark that may
signal the need to conduct further review of their models to discover poten-
tial problems.
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down (e.g., there is too much money in a strategy).96 Ongoing
research related to model development may focus on employ-
ing sources of data, identifying unique factors or market
themes and relationships that can be exploited; may analyze
factors in an existing model that have contributed to over- or
under-performance during a period; may seek new under-
standings based on research or changing market environ-
ments; or may explore new analytical methods.97 A significant
amount of research in recent years has been focused on new
data sources and a variety of “machine learning” techniques in
which models are able to detect hidden patterns from which
they make predictions.

a. New Insights from Big Data
Modern asset managers drink from the fire hydrant as

they are continually exposed to new sources of data that might
provide an analytical edge. Managers often are deluged by ven-
dors that seek to provide new data that may be insightful. A
new wave of quantitative research, used in many different in-
dustries, is based on machine learning, artificial intelligence,
and other methodologies that seek to gain insights by exploit-
ing big data. Quantitative analytical techniques may be used by
a broad array of organizations.  However, big data is regarded
as a transformative development that has provided fresh op-
portunities for asset managers.

96. A wealth of studies have debated whether or not active managers pos-
sess the skill to outperform the market as a whole. See, e.g, Eugene F. Fama,
Random Walks In Stock Market Prices, 21 FIN. ANALYSTS J. 55 (1965) (proposing
the “Efficient Market Hypothesis”). But see, e.g., J. Doyne Farmer & Andrew
W. Lo, Frontiers of Finance: Evolution and Efficient Markets, 96 PROC. NATL.
ACAD. SCI. USA 9991, 9992 (expanding on the Efficient Markets Hypothesis
and noting that “[p]rofitable strategies accumulate capital with the passage
of time, and unprofitable strategies lose money and may eventually disap-
pear. A financial market can thus be viewed as a co-evolving ecology of trad-
ing strategies. The strategy is analogous to a biological species. . . . The crea-
tion of new strategies may alter the profitability of pre-existing strategies, in
some cases replacing them or driving them extinct.”)

97. “Econophysics” is a term used to describe the application of tools
used in other sciences, such as fluid dynamics and quantum mechanics, to
financial models.
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Frequently, the term “big data” is used to refer to large
amounts of structured and non-structured information,98 and
includes data gathered from public social media websites such
as Facebook and Twitter,99 or search engines such as Google
and Yahoo. Insights also may come from crowd sourcing,100

anonymized or aggregate financial information obtained from
service providers, tracking cell phone activity (including loca-
tions), and other “soft information” gathered from scraping or
harvesting public information on websites.101 The insights,
however, must be teased out of the voluminous data using ma-
chine learning, artificial intelligence, and sophisticated statis-
tics and may require a thorough understanding of the relevant
business.

98. A “database” is an arrangement of information. Relational databases
contain “structured” information that is organized and easily searchable,
such as a spreadsheet which has numerical information. “Non-structured”
information includes qualitative information that does not easily fit in rela-
tional databases.

99. For example, a “sense and response” algorithm may be part of a
larger “smart” platform that predicts buy or sell sentiment several days in
advance based on “happy” or “unhappy” tweets. Programs assign numeric
values to the tweets which are then incorporated into models. Recently, in-
sights based on tweets, reflecting market sentiment about a stock, have been
made available on at least one of the major providers of securities trading
terminals. See Trending on Twitter: Social Sentiment Analytics, BLOOMBERG (Feb.
20, 2014), https://www.bloomberg.com/company/announcements/trend-
ing-on-twitter-social-sentiment-analytics/

100. “Crowdsourcing” seeks to gather the wisdom of the crowd. Some
third parties have developed datasets that use open platforms which invite,
and score, earnings estimates and other information from thousands of buy
side (research employees of asset managers) and sell side (employees of bro-
kers) analysts and traders, as well as portfolio managers at hedge funds and
traditional asset management firms, third-party research providers, etc. The
data is provided with varying degrees of participant anonymity. Firms also
may employ quantitative research techniques to rapidly analyze and assign a
numerical value to thousands of traditional sell-side research reports as they
become available.

101. Web scraping, web harvesting, or web data extraction also can be a
source of “outsider trading” if the information gained from the website is
not available to the public. The SEC has initiated enforcement actions
against hackers that used deceptive means to obtain non-public information
on websites for trading purposes. See generally John Reed Stark, The SEC’s
“Outsider Trading” Dragnet, CYBERSEC. DOCKET (June 25, 2015, 11:06 AM); see
also, e.g., Press Release, SEC, SEC Charges 32 Defendants in Scheme to
Trade on Hacked News Releases, Rel. No. 2015-163 (Aug. 11, 2015).
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The information derived from big data may be of interest
to companies selling products as well as to potential investors
in those companies and regulators like the SEC.102 For exam-
ple, both operating companies and investors can use big data
to gain deeper insights into industry trends and customer be-
havior. In the case of merchants, big data may allow them to
make more accurate decisions relating to marketing, advertis-
ing, merchandising, operations, and customer retention. In-
formation extracted from big data by asset managers can be
used to forecast earnings,103 short-term trading trends, or
other market-moving announcements.104 In fact, the ability of

102. See, e.g., A Vision for Data at the SEC, Keynote address by SEC Com-
missioner Kara M. Stein to Big Data in Finance Conference (Oct. 28, 2016);
Has Big Data Made Us Lazy? Speech by Scott W. Bauguess, Deputy Director
and Deputy Chief Economist, DERA, at the Midwest Region Meeting—
American Accounting Association (AAA), Chicago Illinois (October 21,
2016).

103. Quantitative advisers also may gain insight from a wealth of data re-
lating to investing trends, such anonymized or aggregated flow information
obtained from custodians, asset servicers, and third-party administrators.
This information may be used for investment purposes, product marketing,
or to define risk profiles for retail investors.

104. Although beyond the scope of this Article, some sources of informa-
tion may suggest insider trading concerns. However, information obtained
from the internet or data from vendors that is anonymized or aggregated
may be basically the same type of “channel checking”—including supply
chain research, or looking at the “sale racks” or satellite photos of parking
lots (in the case of retail stores)—that has become prevalent in recent years,
but generally should not present insider trading concerns. See generally Mar-
ron C. Doherty, Regulating Channel Checks: Clarifying the Legality of Supply
Chain Research, 8 BROOK. J. CORP. FIN. & COM. L. 470 (2014) (discussing sup-
ply-chain research, channel checks, and expert networks, and the SEC’s in-
sider trading concerns). See also Press Release, SEC, SEC Charges Hedge
Fund Managers and Traders in $30 Million Expert Network Insider Trading
Scheme, Rel. No. 2011-40 (Feb. 8, 2011) (“[I]t is legal to obtain expert ad-
vice and analysis through expert networking arrangements . . . .”); Michael
W. Mayhew, http://www. businessinsider.com/author/michael-w-
mayhewFeds Agree: Expert Networks Are Okay, BUSINESS INSIDER (Feb. 28, 2011,
5:22 PM) http://www. businessinsider.com/feds-agree-expert-networks-okay-
2011-2 (quoting senior SEC officials and a U.S. attorney saying that “expert
networks” do not inherently raise insider trading concerns); Bradley J. Bondi
& Steven D. Lofchie, The Law of Insider Trading: Legal Theories, Common De-
fenses, and Best Practices for Ensuring Compliance, 8 N.Y.U. J.L. & BUS. 151,
173–74 (2011) (discussing theories regarding whether information is in the
public domain for insider trading purposes, and noting “[i]nformation can
reach the public domain through a variety of traditional means, including
corporate disclosures, press releases, media interviews, analyst and investor
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advisers to interrogate large quantities of information permits
advisers to forecast a variety of macroeconomic and company-
specific events105 before the information is published. This
may challenge the notion that there is parity of information in
the markets, except that— for a price— all investors may ac-
quire and process similar data.106

b. Design Modifications Due to Abnormal Market
Conditions
Any decision to intervene and adjust a model may be diffi-

cult. Models generally are probabilistic and based on histori-
cally rational expectations. The effectiveness of a manager’s in-
vestment models may be highly dependent on external condi-
tions that can evolve significantly either over time or rapidly in
ways that are not fully anticipated due to macroeconomic de-

conference calls, analyst reports, and television programs. In addition, new
forms of electronic communication, such as online message boards, blogs,
chatrooms, social media (e.g., Twitter, Facebook, MySpace, and Friendster),
professional networking websites (e.g., LinkedIn, Plaxo, and Chamber), and
specialized websites focused on leaked information (e.g., WikiLeaks), can
place information in the public domain.”).

From a materiality perspective, big data and much of the other statisti-
cal information gathered and analyzed using quantitative research tech-
niques may be viewed as “tiles in a mosaic” because they rely on fundamen-
tally isolated bits of information that are not significant by themselves until
their value is unlocked. Each manager with access to the same data may use
it differently. As one commenter noted, “insights concealed in the data do
not appear on their own. They have to be teased out by someone with the
right statistical skills, business understanding, and instinct.” Anders Kirkeby,
Big Data: What It Is and What It Might Mean to Investment Managers, J. APPLIED

I.T. INV. MGMT. (Feb. 2015), http://www.simcorp.com/en/insights/jour-
nal/big-data-what-it-is-and-what-it-might-mean-to-investment-managers.

105. It is important to note that the output is predictive, and it may or may
not be correct.

106. The New York Attorney General has expressed concern about what
he terms the “early” release of market-moving data, including analysts’ esti-
mates, to certain quantitative managers, a practice he refers to as “Insider
Trading 2.0.” See Press Release, SEC, SEC’s FY 2014 Enforcement Actions
Span Securities Industry and Include First-Ever Cases, Rel. No. 2014-230
(Oct. 16, 2014). While it is not clear that any securities law violations have
been discovered by the New York Attorney General, in various settlements
with industry participants, they have agreed to refrain from acting on infor-
mation until it is made available through mainstream channels. But see, e.g.,
Chiarella v. U.S., 445 U.S. 222, 233 (1980) (“[N]either the Congress nor the
Commission (SEC) ever has adopted a parity-of-information rule”).
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velopments, such as unpredictable changes in market senti-
ment, unforeseen economic developments, interest rates, reg-
ulatory changes, and domestic or foreign political actions
(e.g., “Brexit”—the United Kingdom’s vote to leave the Euro-
pean Union),107 demographic or social events, as well as the
extent to which other managers employ the same factors in
their own models. And, a manager’s strategies generally may
not perform as hoped for extended periods, either because
the manager’s strategy is out of style (e.g., the market is favor-
ing growth versus value) or because the manager’s strategy is
designed to perform better in up-market rather than down-
market environments. In addition, while managers often per-
form scenario analysis or stress test their models, during a pe-
riod of abnormal market conditions (or those in which the
market is acting irrationally from the perspective of the
probability-based model) models may not work in the same
fashion as under normal conditions.108

Even during more normal market conditions, not all of
the factors emphasized in a model may provide any predictive
ability over a particular period.109 Moreover, the significance
of individual factors may change over a relatively short time
frame. A factor affected by an error may or may not have con-
tributed to relative performance as intended or, in some cases,

107. Managers may attempt to quantify even these different types of politi-
cal risk.

108. Because quantitative managers are often anchored to probabilities
based on historical data, they may not be as nimble as traditional managers
in responding to current market conditions. Traditional managers are be-
lieved to generally be better at adapting to unanticipated changes in market
conditions due, in part, to the fact that some data resulting from market
changes will appear in the research supporting quantitative models only at a
later time. In this regard, some have analogized quantitative strategies, in
particular, to driving down the road while looking in the rearview mirror.

109. Active investment management is based on the notion that there is a
fair price that can be discovered, and that managers can take advantage of
mispricings. Stock prices reflect, on a relative basis, the markets’ consensus
about a stock’s potential for appreciation (e.g., undervalued or overvalued)
evidenced through the forces of supply and demand. If the opinion of other
investors in the market does not attribute value to those specific factors em-
phasized by a manager’s model over a particular period of time (e.g., the
market was valuing earnings improvements more than price to earnings ra-
tios), ignores the factors, or views the factors negatively, then the factors
employed in the model may have a neutral or negative effect on portfolio
performance.
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may affect performance in a manner that is not obvious. The
uncertainty surrounding model results also may mask the pres-
ence of errors in model design, data, or programming. There-
fore, any decision to intervene and change aspects of a model
that appear not to be working may be difficult because of un-
certainty over whether underperformance represents a tempo-
rary period of irrational behavior, a mistake in the design of
the model, corrupt data, a latent flaw in programming, a para-
digm shift, or something else.110

Under abnormal market conditions, in particular, deci-
sions to modify a strategy become more complex. For exam-
ple, conditions that are believed to occur only rarely may be
based on the manager’s statistical calculations (e.g., two per-
cent probability), which assume a normal distribution. How-
ever, the return distribution on which a strategy is based may
not turn out to be normal, and so-called tail risk (i.e., “fat
tails”), or significant unpredicted events (known as “black
swan events”)111 that result in negative outcomes may present
difficult choices for the manager.112 During extreme condi-
tions, managers must consider whether the investment envi-

110. John Maynard Keynes, the influential British economist, is famously
quoted as stating: “[t]he market can stay irrational longer than you can stay
solvent.” And also, “[t]here is nothing so disastrous as a rational investment
policy in an irrational world.”

111. NASSIM NICHOLAS TALEB, THE BLACK SWAN: THE IMPACT OF THE

HIGHLY IMPROBABLE 400 (1st ed. Apr. 2007). According to the author, black
swan theory addresses unexpected events of large magnitude and conse-
quence. These events are considered extreme outliers. “Tail risk” in a model
is the based on a normal statistical distribution (i.e., a symmetrical bell curve
with certain mathematical properties) and underpins many financial theo-
ries, like modern portfolio theory. It is the risk that an abnormal event will
occur. In a normal distribution, 99.7% of occurrences will fall within three
standard deviations of the mean. However, the risk that a black swan event
will occur in the financial markets is not believed to be as rare as predicted
using statistical models (called a “fat tail risk”). See, e.g., Trevir Nath, Fat Tail
Risk: What It Means and Why You Should Be Aware of It, NASDAQ (Nov. 02,
2015), http://www.nasdaq.com/article/fat-tail-risk-what-it-means-and-why-
you-should-be-aware-of-it-cm537614#ixzz4gEVNt65g; see also Mohammed
Riad & Kevin Timothy Swanson, Advisers Act Release No. 4420A, 2016 WL
3627183 (July 7, 2016) [hereinafter Riad Opinion] (2016 SEC opinion ex-
pressing the SEC’s view regarding the frequency of what might otherwise be
considered black swan events in the securities markets.).

112. The challenge faced by managers is no different than the risk that
many consumers make when they plan winter vacations. They may look at
the statistical average temperatures for an area during that time of year, but
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ronment will revert to the norm, or whether a paradigm has
changed in a significant manner that is not included in the
historical data and research that produced the model (i.e.,
there is a new normal). For example, the odds of a 100-year
storm occurring may have changed significantly as a result of
global climate change. As one commenter observed “. . . what
appears to be a model breakdown may, in reality, be nothing
more than the inevitable fat-tailed behavior of model er-
rors.”113 In this environment, some managers may use discre-
tion to apply hard or soft investment guidelines and intervene
and make adjustments if their models are driving portfolios
toward significant over- or under-weight factor exposures rela-
tive to their benchmarks.

Two illustrations of the challenge faced by advisers during
abnormal market conditions are shown in the Global Financial
Crisis of 2007–2009, and the frequently cited collapse of Long-
Term Capital Management (LTCM) in the late 1990s.

i. Global Financial Crisis of 2007–2009
During the Global Financial Crisis of 2007-2009 the invest-

ment strategies of both traditional managers and quantitative
managers did not perform as predicted when factors that had
been historically uncorrelated were affected by the same com-
mon factors. This period has been described “as one in which
rare and unpredictable events . . . challenge conventional
ideas about portfolio construction.”114 During this period,
managers and their clients watched in horror as the S&P 500
index plunged dramatically before beginning a slow recovery.
Government intervention was common and traditional corre-
lations between investments that drove risk budgets and port-
folio optimization models became unreliable. For example, in-
ternational emerging markets and other asset classes, which
historically had been identified as sources of diversification in
the overall exposure of a portfolio, turned out to be highly

they may still run the risk of unseasonably cold weather, wet weather, hurri-
canes, or even 100-year storms.

113. Fabozzi, Focardi & Jones, supra note 15, at 17; see also SEC Riad Opin-
ion, supra note 111.

114. Abdullah Z. Sheikh & Hongtao Qiao, Non-Normality of Market Returns:
A Framework for Asset Allocation Decision Making, 12 J. ALT. INVS. 8, 8 (2010).
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correlated during this period (i.e., “crisis correlation”).115

Many alternative strategies marketed as defensive, or as offer-
ing stable returns in volatile markets, did not meet expecta-
tions.

ii. Long-Term Capital Management
A second notable illustration occurred in 1998 when

LTCM (a quantitative manager) made headlines after losing
$4.6 billion dollars of investor assets in less than four
months.116 The firm (whose principals included a host of well-
credentialed Wall Street veterans, the former Vice Chair of the
Federal Reserve Board, and current and former academics—
including two Nobel Laureates in economics) developed and
relied on highly sophisticated models to engage in derivative
transactions designed to profit from the convergence of prices
in various fixed income investments that had historically been
highly correlated, but which LTCM perceived to be tempora-
rily mispriced. The strategy involved tremendous leverage and,
at one point, open positions held by LTCM were rumored to
exceed one trillion dollars.117

The LTCM strategy was alleged to have failed when mar-
ket prices did not converge, as the firm’s models predicted,
due to an event that they did not foresee (i.e., the Russian
bond default) except as a random and extremely unlikely
event. It was unclear, however, whether the losses resulting
from LTCM’s strategy were attributable to a design flaw, a mis-
understanding of the risks inherent in their model, or a true
black swan event. Nevertheless, LTCM often is cited as an ex-

115. Managers relying on models may be more subject to crisis correlation
and other crowding actions if a number of other firms are using similar
models and decide to sell the same securities at the same time. The so-called
“quant crunch” of 2007, for example, was attributed to too many quantitative
managers using leverage and relying on models that emphasized the same
factors. The staff of the Financial Stability Oversight Council (FSOC) is re-
ported to have suggested that asset managers may rely too heavily on the
same third-party risk models, with the result that flaws in those models could
result in industry-wide problems. See, e.g., Sarah N. Lynch, Exclusive: Regula-
tors Scrutinize Financial Risk-Modeling Firms, REUTERS (May 14, 2014, 1:09 AM),
http://www.reuters.com/article/us-financial-regulations-riskmodeling-idUS-
BREA4D04020140514.

116. See generally ROGER LOWENSTEIN, WHEN GENIUS FAILED, THE RISE AND

FALL OF LONG-TERM CAPITAL MANAGEMENT (2000).
117. Id.



2017] QUANTITATIVE INVESTMENT MODELS 683

ample in which quantitative models designed by brilliant
minds were not able to predict the future.118

The two illustrations show that strategies may not perform
as anticipated—even if designed by brilliant individuals and
implemented to perfection. They also reveal the challenge
that advisers face in determining whether or not to intervene
when their strategies are not performing as predicted during a
particular period in time, and the impossibility of predicting
the future.119 Part II provides a general overview of both fidu-
ciary and regulatory standards that apply to managers who use
quantitative models. As Part II reveals, while managers may dis-
appoint investors, they generally are not legally liable to inves-
tors simply because their strategy has imperfections of various
kinds, or results in losses or underperformance.

II.
GENERAL LEGAL STANDARDS APPLICABLE TO QUANTITATIVE

MANAGERS AND RELEVANT SEC PRECEDENT

Understanding the legal standards broadly applicable to
managers is important. However, the laws and legal precedent
were developed in an earlier era of the investment industry
and in some cases may be difficult to apply to modern invest-
ment managers. The following section reviews the general le-
gal standards applicable to investment advisers, and relevant
SEC precedent relating to quantitative managers in particular.

A. Fiduciary and Other Standards of Care
Investment advisers are fiduciaries that have a duty of loy-

alty and care. The fiduciary law applied to investment advisers,
including quantitative managers, has evolved from common
law concepts and principles relating to trusts, negligence, tort,
contract, and agency, among others. Separate standards are
based on specific laws relating to investments by public and

118. Ultimately, the possibility of systemic risks resulting from the collapse
of LTCM led to intervention by the Federal Reserve Bank of New York,
which facilitated a recapitalization of LTCM by a consortium of large invest-
ment banks. See, e.g., LOWENSTEIN, supra note 116.

119. A strategy that is designed to be defensive and to account for the
possibility of all negative market movements generally will sacrifice returns
during favorable market conditions.
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private pension plans, on disclosure concepts that have
evolved under the Advisers Act and elsewhere.

Normally, an adviser will not be liable to investors so long
as its conduct is not negligent or reckless. Heightened stan-
dards of care and additional disclosure obligations may be nec-
essary based on the manner in which an adviser represents it-
self. For example, under prudent-expert standards, including
those set forth in ERISA120 and those that apply in many cases
to advisers that manage assets for public entities, a manager
that holds itself out as possessing special skills may be com-
pared against other managers with similar skills—which may
be other traditional or quantitative managers.121 Elements that
often may be considered by courts in determining whether or
not a manager has met its standard of care are: the capabilities
of the manager, the presence of a documented investment
process, a research process that provides a reasonable basis for
any recommendations, and regular monitoring of portfo-
lios.122

The failure by an investment adviser, whether traditional
or quantitative, to achieve a client’s investment objectives does
not, by itself, violate the law or constitute a breach of fiduciary
duty. Investment management is a forward-looking pursuit.
Ample legal precedent underscores the notion that fiduciaries
are not expected to have a crystal ball to predict the future
and that a fiduciary that exercises reasonable, but not perfect,
care is not liable based on mistakes in judgment made in good

120. The fiduciary duties under ERISA are considered among the highest
standards. See, e.g., Donovan v. Bierworth, 680 F.2d 263, 271 (2d Cir.), cert.
denied, 459 U.S. 1069 (1982).

121. ERISA fiduciaries are required to adhere to the ERISA prudent-man
or prudent-person standard of care. ERISA § 404(a)(1)(B), 29 U.S.C.
§ 1104(a), provides that “a fiduciary shall discharge his duties with respect to
a plan . . . with the care, skill, prudence, and diligence under the circum-
stances then prevailing that a prudent man acting in a like capacity and fa-
miliar with such matters would use in the conduct of an enterprise of like
character and with like aims . . . .”

122. The Uniform Prudent Investor Act (UPIA), which has been adopted
in most states and the District of Columbia, allows fiduciaries to utilize mod-
ern portfolio theory to guide investment decisions and requires risk versus
return analysis. See generally UPIA § 3; see also RESTATEMENT (THIRD) OF

TRUSTS § 227 (AM. LAW INST. 1992). Under this standard, a fiduciary’s per-
formance is measured on the performance of the entire portfolio, rather
than its individual investments.
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faith, or the outcome of investment decisions.123 In the con-
text of ERISA, which contains one of the highest prudential
standards, the 11th Circuit stated:

The ultimate outcome of the investment is not the
yardstick by which the prudence of the fiduciary is
measured; the court must consider the conduct of
the fiduciary not the success of the investment, and
the court must evaluate the fiduciary’s conduct at the
time of the investment decision rather than from the
vantage point of hindsight.124

1. Investment Advisers Act of 1940
a. Disclosure-Based Fiduciary Standard

Under the federal securities laws, Section 206 of the Ad-
visers Act makes it unlawful for either a quantitative or tradi-
tional investment adviser (1) to employ any device, scheme, or
artifice to defraud any client or prospective client, (2) to en-
gage in any transaction, practice, or course of business which
operates as a fraud or deceit upon any client or prospective
client or (3) to engage in any act, practice or course of busi-
ness which is fraudulent, deceptive, or manipulative.125

123. See, e.g., Stark v. U.S. Trust Co. of New York, 445 F. Supp. 670, 678–79
(“A trustee’s performance is not judged by success or failure . . . [and] a
mere error in judgment will not [result in liability].”) (citations omitted); see
also RESTATEMENT (THIRD) OF TRUSTS § 90 cmt. b (AM. LAW INST. 2008) (“A
trustee is not a guarantor of the trust’s performance. . . . The question of
whether a breach of trust occurred turns on the prudence and propriety of
the trustee’s conduct, not on the eventual results of investment decisions.”);
3 Am. Jur. 2d Agency § 211 (“An agent who contracts to perform personal
services does not undertake to render perfect service, and mere errors in
judgment not due to want of care or diligence, or to fraud or unfair dealing,
are not actionable. An agent is not an insurer against losses due to honest
mistakes or errors of judgment.”); id. at § 212 (“[E]ven an agent with pur-
ported special skills is not an insurer of his or her work and will not be
responsible for a mere error in judgment where he or she exercised the due
care and appropriate skill of the profession.”) (citations omitted).

124. See, e.g., GIW Industries Inc. v. Trevor, Stewart, Burton & Jacobsen,
Inc., 895 F.2d 729 (11th Cir. 1990). In the context of ERISA, the prudence
standard generally is based on whether or not the conduct of the fiduciary is
consistent with the purposes of the plan. The doctrine of “procedural pru-
dence” requires an analysis of the fiduciary’s diligence in investigating invest-
ments, rather than results produced by the investment.

125. Investment Advisers Act of 1940 § 206, 15 U.S.C.A. § 80b-6 (West
2016).
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The U.S. Supreme Court has held that Section 206 of the
Advisers Act imposes on an investment adviser a fiduciary
duty.126 Addressing the traditional fiduciary duties of loyalty
and care in the context of disclosure, the Court indicated that
fiduciaries have an affirmative duty of “utmost good faith, and
full and fair disclosure of all material facts,” as well as an af-
firmative obligation “to employ reasonable care to avoid mis-
leading” clients.127 The Court also indicated that “full and
frank disclosure” of conduct serves the purposes of the Advis-
ers Act.128

With respect to the duty of loyalty, the Court stated that
the Advisers Act is intended “to eliminate, or at least to expose,
all conflicts of interest which might incline an investment ad-
viser—consciously or unconsciously—to render advice which was
not disinterested” and that investors “must . . . be permitted to
evaluate overlapping motivations, through appropriate disclo-
sure, in deciding whether an adviser is serving ‘two masters’ or
only one, ‘especially . . . if one of the masters happens to be
economic self-interest.’”129 The disclosure elements of fiduci-
ary conduct under the Advisers Act, and the duty of care, also
are the basis for precedent in SEC enforcement actions em-
phasizing that advisers must have a “reasonable basis” for their
recommendations130 or investment advice.131 In addition to

126. SEC v. Capital Gains Research Bureau, Inc., 375 U.S. 180 (1963).
127. Id. at 194. As discussed later, an assessment of whether a matter is

material depends on context: the “total mix” of information provided to the
investor. See infra note 307 and accompanying text.

128. Capital Gains, 375 U.S. at 197. Under Advisers Act Rule 206(4)-8, 17
C.F.R. § 275.206(4)-8, it is unlawful for “any investment adviser to a pooled
investment vehicle” to “[m]ake any untrue statement of a material fact or to
omit to state a material fact necessary to make the statements made, in the
light of the circumstances under which they were made, not misleading” or
“[o]therwise engage in any act, practice, or course of business that is fraudu-
lent, deceptive, or manipulative.”

129. Id. at 196.
130. Although advisers generally have a “suitability” obligation, normally

institutional managers (including mutual fund managers) are selected by
investors to manage a “sleeve” of large portfolios and compete for mandates
within the particular asset class (e.g., large cap value). They generally are not
asked to devise the overall investment strategy for the client. For this reason,
in the mutual fund context, it is common for the fund to disclose that it is
not a complete investment program.

131. See, e.g., R. Plaze, Regulation of Investment Advisers by the Securities and
Exchange Commission, (Stroock 2014); Alfred C. Rizzo, Investment Advisers
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the general disclosure obligations under Section 206 of the
Advisers Act, advisers are subject to specific disclosure require-
ments in the Form ADV,132 may indirectly be subject to the
Investment Company Act of 1940 form requirements for mu-
tual funds (where relevant), and may be liable for materal
omissions to the same extent as under Section 10(b) and Rule
10b-5133 under the Securities Exchange Act of 1934.134

The entities subject to the Advisers Act are tremendously
diverse and range from retail financial planners to sophisti-
cated institutional assets managers and hedge fund managers.
As noted earlier, the laws were written during a time when
portfolio managers sought to assemble a portfolio of “good se-
curities” for their clients. The laws and guidance applicable to
advisers have not been amended to reflect the investment
processes used by modern managers.

Act Release No. 897, 29 SEC Docket 782 (Jan. 11, 1984); Baskin Planning
Consultants, Ltd., Investment Advisers Act Release No. 1297, 50 SEC Docket
661 (Dec. 19, 1991) (investment adviser did not “reasonably investigate” rec-
ommendations to clients); see also Winfield & Co., Inc., 44 SEC 810, 817-18
(1972) (investment adviser to an investment company did not make a rea-
sonable investigation before purchasing securities); Christina Skousen, Ex-
change Act Release No. 45856, 77 SEC Docket 1429 (May 1, 2002) (invest-
ment adviser with no formal training prepared research reports and made
performance projections without a reasonable basis); Gary L. Hamby. et al.,
Advisers Act Release No. 1668, 65 SEC Docket 1078 (Sept. 22, 1997). The
SEC also has stated that the duty of care requires the adviser to “make rea-
sonable investigation to determine that it is not basing its recommendations
on materially inaccurate or incomplete information.” See, Concept Release
on the U.S. Proxy System, 75 Fed. Reg. 842982 (proposed July 14, 2010) (to
be codified at 40 C.F.R. pts. 240, 270, 274, and 275).

132. Form ADV, for example, requires advisers to disclose conflicts of in-
terest. See generally Amendments to Form ADV, 75 Fed. Reg. 49234 (Aug. 12,
2010) (to be codified at 17 C.F.R. pts. 275, 279).

133. 15 U.S.C. § 78j(b); 17 C.F.R. 240.10b-5. Rule 10b-5 prohibits “em-
ploy[ing] any device, scheme, or artifice to defraud;” “mak[ing] any untrue
statement of a material fact or to omit to state a material fact necessary in
order to make the statements made, in the light of the circumstances under
which they were made, not misleading;” or “engag[ing] in any act, practice,
or course of business which operates or would operate as a fraud or deceit
upon any person.” Id.

134. See, e.g., Raymond J. Lucia Cos., Inc., Exchange Act Release No.
75837, 2015 WL 5172953, at *12 (Sept. 3, 2015) (“It is sufficient to note that
[Advisers Act Sections 206(1), (2), and (4)] encompass the making of fraud-
ulent misstatements of material fact and omissions of material fact necessary
to make statements made not misleading.”), pet. for review filed, No. 15-
1345 (D.C. Cir. Oct. 5, 2015); see also Riad Opinion, supra note 111.
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b. Other Relevant Requirements Under the Advisers Act
In addition to their broad disclosure obligations, Rule

206(4)-7 of the Advisors Act (the “Compliance Rule”) requires
investment advisers to adopt and implement written policies
and procedures reasonably designed to prevent violation of
the Act and its rules.135 The SEC has stated that the compli-
ance policies and procedures must be designed to “prevent vi-
olations from occurring, detect violations that have occurred,
and correct promptly any violations that have occurred.”136

The SEC also has stated that the starting point for the prepara-
tion of policies and procedures is to first “identify conflicts and
other compliance factors creating risk exposure for the firm
and its clients in light of the firm’s operations, and then de-
sign policies and procedures that address those risks.”137 A sep-
arate rule, Rule 204A-1 of the Advisers Act, requires advisers to
have and enforce a written code of ethics.138

2. Contractual Standards
Advisers also have duties of a contractual nature to their

clients under the terms of their advisory contracts with those
clients. Investment advisory agreements typically grant the ad-
viser discretionary authority to manage a client’s account con-
sistent with the investment objectives of the client and any in-
vestment limitations that the client may impose. These agree-
ments also set forth the standard of care that applies to the
reasonableness of the adviser’s investment management activi-
ties.

At the institutional level, depending on the bargaining
power of each side, advisory agreements may be the product of
active negotiations between the adviser and the client—with

135. 17 C.F.R. § 275.206(4)-7 (2017). Section 204A of the Advisers Act
also requires advisers to establish, maintain, and enforce written policies and
procedures, consistent with the nature of their business, to prevent the mis-
use of material non-public information. 17 C.F.R. § 275.204A-1 (2012).

136. See Thomas P. Lemke & Gerald T. Lins, Investment Adviser Examina-
tions: Core Initial Request for Information, 19A REG. FIN. PL. Appx. F6 (2008).

137. Id.
138. 17 C.F.R. § 275.204A-1 (2012). The Rule, which applies primarily to

transactions by employees of the adviser, also requires an adviser to have
“(1) [a] standard (or standards) of business conduct that you require of
your supervised persons, which standard must reflect your fiduciary obliga-
tions and those of your supervised persons.”
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the client frequently producing the original draft of their stan-
dard investment management agreement.  Agreements with
public and private pension plans also may be subject to a spe-
cific fiduciary standard under local law. That standard can be
simple negligence, which generally is defined as the failure to
exercise the care that a reasonably prudent person would exer-
cise a similar circumstance.139 However, in other contexts, it is
common for an adviser and its institutional clients to agree on
a standard of care under the contract,140 such as a provision
that the manager will not be liable for any mistakes or errors
in judgment in connection with its performance—or for losses
arising out of any investment in connection with providing ser-
vices—except in the case of willful misfeasance, bad faith,
gross negligence or reckless disregard of the manager’s obliga-
tions or duties.141

3. Relevant SEC Precedent
As discussed previously, the Advisers Act and the existing

body of precedent derived from SEC enforcement actions
under the Advisers Act was not developed in the context of the

139. See 57A Am. Jur. 2d Negligence § 5. Although the appropriate standard
of care is an issue of law, normally a reasonable person standard of care is
applied. Industry conventions and protocols may be relevant in the analysis.
See id. at § 164; see also Erlich v. First Nat’l Bank of Princeton, 208 N.J. Super.
264, 291, 505 A.2d 220, 234 (1984) (“Industry custom and practice are com-
monly looked to for illumination of the appropriate standard of care in a
negligence case . . . .”). However, failure to observe industry conventions
may not necessarily be negligent. See 57A Am. Jur. 2d Negligence § 165.

140. The Advisers Act prohibits so-called “hedge clauses” under which a
client waives the adviser’s compliance with the Act or any rule or regulation
thereunder. See Heitman Capital Management, LLC, SEC No-Action Letter,
2007 WL 789073 (Apr. 12, 2007) (relating to hedge clauses in advisory agree-
ments). Advisers may not use hedge clauses to disclaim responsibility for
their actions if the disclaimer is inconsistent with applicable law. The SEC
staff has stated that the inclusion of such a standard of care provision in an
advisory contract would not constitute a per se violation of the antifraud
provisions of Section 206 of the Advisers Act, indicating its view that whether
such a provision would be a hedge clause that violates Section 206 will depend
on all surrounding facts and circumstances, including the form and content
of the particular clause, communications between the adviser and the client,
and the sophistication of the client, among other factors. See id.

141. “Gross negligence” is generally defined under state law as the ab-
sence of slight diligence and is appreciably higher in magnitude than simple
negligence.
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variety of modern managers present today,142 including quan-
titative managers. The SEC has brought enforcement actions
against managers who represented that they had investment
models that did not exist,143 or that were based on advertising
of hypothetical or flawed back-tested results.144 However, the
most relevant SEC precedent involving quantitative managers
to date, and the first ever action against an adviser for errors in
models used to manage investor assets,145 are the two settled

142. See, e.g., Barry P. Barbash & Jai Massari, The Investment Advisers Act of
1940: Regulation by Accretion, 39 RUTGERS L.J. 627 (2008) (noting that
“[m]uch, if not most, of the existing body of enforcement-developed Section
206 rules [of the Advisers Act] was simply not developed with . . . [the cur-
rent] variety of advisers in mind”).

143. See Chariot Advisers LLC, Advisers Act Release No. 3872, 109 SEC
Docket 1231 (July 3, 2014) (alleging that a manager sought board approval
to form a new mutual fund and made representations to the fund’s board of
directors that it already had algorithms or computer models capable of en-
gaging in the currency trading, which had not yet been developed); GMB
Cap. Mgmt. LLC, Advisers Act Release No. 3399, 103 SEC Docket 1673 (Apr.
20, 2012) (alleging that an adviser represented to investors that it used quan-
titative pricing models to select hedge fund investments, when investment
decisions actually were made without a model); see also, e.g., Mkt. Timing
Sys., Inc. et al., Advisers Act Release No. 2047, 78 SEC Docket 997 (Aug. 28,
2002); Schield Mgmt. Co. et al., Advisers Act Release No. 1872, 72 SEC
Docket 1362 (May 31, 2000); LBS Cap. Mgmt., Inc., Advisers Act Release No.
1644, 65 SEC Docket 87 (July 18, 1997).

144. The SEC has brought enforcement actions against managers that
have used flawed methodologies to produce back-tested and hypothetical
performance results in their advertising. See F-Squared Investments, Inc., Ad-
visers Act Release No. 3988, 110 SEC Docket 2953 (Dec. 22, 2014) (alleging
that the adviser was aware that hypothetical results were based on flawed
calculations, but used them in marketing materials anyway and also failed to
disclose that performance results reflected back testing, and not actual re-
sults); see also Press Release, SEC, Investment Advisers Paying Penalties for
Advertising False Performance Claims, Release No. 2016-167 (Aug. 25, 2016)
(announcing thirteen SEC enforcement actions against firms who licensed
the index from F-Squared Investments, Inc., but did not independently substan-
tiate its performance claims); Raymond J. Lucia Cos. et al, Exchange Act
Release No. 495, 106 SEC Docket 3613 (July 8, 2013).

145. The Orders were strangely foreshadowed by an enforcement report
from the SEC a year earlier also involving a model error, but in the context
of a regulatory violation by a credit rating agency, and not a model used as
an investment decision support tool. In this “model error” action, a rating
agency allegedly learned of a coding error that caused its published ratings
to be inaccurate and then attempted to hide the error, despite the fact that
the market may have continued to rely on the inaccurate rating. An analyst
at the rating agency discovered the error after comparing the rating agency’s
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enforcement actions in 2011 against Dr. Rosenberg and the
firm that he co-founded.146 The two separate Orders, the Firm
Order147 and the Rosenberg Order,148 are important because
the alleged facts and conclusions set forth in the Orders may
lead to misconceptions about models and the investment man-
agement process, that in the future may result in a flawed legal
analysis of model errors.149

model results with that of an investment bank. In the SEC’s report of the
investigation, which was not an enforcement action, the SEC indicated—
among other things—that once discovered the ratings were not changed,
and the coding error may not have been disclosed because members of the
agency’s rating committee were concerned about possible reputational dam-
age.

A year after the coding error was discovered, the rating committee
voted to change the ratings, but did not disclose the fact that the earlier
ratings were inaccurate due to the coding error. Several months later, the
coding error was publicly revealed by the Financial Times, which then led the
rating agency to conduct an internal investigation resulting in the termina-
tion of several senior employees on the rating committee. The SEC made
cautionary statements, intended for others, highlighting that it felt the con-
duct was deceptive, that the rating agency did not follow its own controls,
and that the agency did not take reasonable steps to assure that statements
filed with the SEC were accurate, but the SEC stated that it determined not
to take enforcement action because the activities occurred in Europe, rather
than the United States. See Moody’s Investors Service, Inc., Exchange Act
Release No. 62802, 99 SEC Docket 765 (Aug. 31, 2010) [hereinafter Moody’s
21(a) Report]; see also DBRS, Inc., Exchange Act Release No. 76261, 2015
WL 6447442 (Oct. 26, 2015) (a rating agency was alleged to have misrepre-
sented that it used a quantitative process to monitor its outstanding ratings
on securities each month).

146. In 2015 and early 2016 the SEC also announced insider trading en-
forcement actions involving big data and quantitative research techniques.
Bonan Huang et al., Litigation Release No. 23179, 110 SEC Docket 3953
(Jan. 22, 2015) [hereinafter Huang Release] (the SEC charged two employ-
ees of a credit card company with insider trading. The employees are alleged
to have used quantitative research techniques to query anonymized informa-
tion about credit card purchases that they used to forecast company earn-
ings and make investment decisions); see alsohttp://www.sec.gov/ litigation/
litreleases/2015/lr23438.htm Bonan Huang et al., Litig. Release No. 23438,
2015 WL 9311910 (Dec. 23, 2015); Bonan Huang et al., Litig. Release No.
23445 (Jan. 14, 2016).

147. Firm Order, supra note 5.
148. Rosenberg Order, supra note 6.
149. The SEC staff also has issued guidance on issues associated with robo-

advisers. While most of the guidance relates to models that address investor
suitability, other portions address models more generally. See Guidance Up-
date: Robo-Advisers 2017-02, SEC (Feb. 23, 2017), https://www.sec.gov /in-
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a. The AXA Rosenberg Orders
The Orders involved the Firm, a parent company150 of

two registered investment advisers, which included an asset
manager (“Asset Manager” or “ARIM”) and a separately organ-
ized research group (“California Research Group” or “BRRC”)
that developed models which it licensed to the asset manager
(together these are referred to as the “Firm”); and Dr. Rosen-
berg.151 The Firm was an institutional manager known for its
long-term, value-oriented approach to investing. Portfolio
managers of the Asset Manager used models developed and
licensed by the California Research Group (the “Firm Model”)
to assist in making investment decisions for individual client
portfolios.152

In the Firm Order, the SEC explained that the Firm
Model contained three principal components. These included
an Alpha Model that searched for mispriced stocks with appro-
priate earnings and value characteristics; a Risk Model that ex-
amined specific stock risk and common factor risk; and an Op-
timizer designed to balance insights provided by the other two
components, control risks, and then recommend an optimal
portfolio based on the client’s benchmark.153 In 2007, the
Firm made revisions to the Firm Model. According to the Firm
Order, the revisions were implemented following research,
back-testing, and simulations designed to assure that the Firm
Model worked as intended following the revisions.154

vestment/im-guidance-2017-02.pdf [hereinafter Robo-Adviser Guidance]; see
also Investor Bulletin: Robo-Advisers, SEC (Feb. 23, 2017), https://www. in-
vestor.gov/additional-resources/news-alerts/alertsbulletins/investor-bulle-
tin-robo-advisers.

150. The Firm was a subsidiary of one of the largest global financial insti-
tutions that had acquired the business co-founded by Dr. Rosenberg. Firm
Order, supra note 5, at 2.

151. Id.
152. Id.
153. Id. at 3.
154. The Firm Order, supra note 5, at 3, states:

Although [the Firm] . . . tested the new Risk Model, it did not con-
duct independent quality control over the programmers’ work on
the code. When these two programmers linked the Risk Model to
the Optimizer, they made an error in the Optimizer’s computer
code. Although [the Firm]. . . conducted simulations involving the
new Risk Model before rolling it out, these simulations did not de-
tect the error. As a result, [the Firm]. . . did not detect the symp-
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Over the next two years—from 2007 to 2009, during a pe-
riod of extreme market volatility—the Firm (like many other
quantitative managers) underperformed its benchmark indi-
ces.155 By 2008, the Firm was fielding complaints from un-
happy clients and actively engaged in research efforts to dis-
cover the cause of the underperformance, and of over-expo-
sures (and under-exposures) to particular industries.156 The
effort was undertaken by a team located in London, not the
California Research Group that had developed, and was pri-
marily responsible for, the Firm Model.

The Firm Order indicates that in June of 2009, as re-
searchers in London were closing in on the problem,157 an
employee in the California Research Group working on a revi-
sion to one of the three model components, discovered that
since the last major revisions in 2007, because of scaling errors
in the coding process used for the most recent revisions (i.e.,
using percentages rather than decimals—the same type of scal-
ing error that occurred in the Mars Climate Orbiter)—the Op-
timizer had not incorporated “some” or “certain” of the in-
tended common factor risks into the weightings recom-
mended by the Firm Model (the “Model Error”).158 According
to the Firm Order, the Model Error “effectively eliminated one
of the key components of the Firm Model used for managing
risk.”159

The Firm Order stated that the employee revealed his
findings during an internal presentation to a “Senior Official”
and others in the California Research Group.160 Another
meeting was then held in which the Model Error again was
discussed. Correcting the Model Error seemingly would have
been a simple task. However, at these meetings, the employee
and the Senior Official (who was either the actual or de facto

toms of the error and did not discover the error itself until testing
another new version of the Risk Model.

155. Id. at 4.
156. Id.
157. Id. at 3.
158. Firm Order, supra note 5, at 5. Due to this error, some factors appar-

ently were weighted at 1/100 of their intended weights in this area of the
Firm Model. The extent of the problem is not revealed in the Firm Order.

159. Id.
160. Id. at 2.
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head of the California Research Group)161 disagreed over the
urgency of any correction. At one of the meetings, the Senior
Official determined to delay correcting the Model Error in or-
der to implement the coding changes in connection with
planned revisions to the Firm Model that were scheduled to
begin being implemented several months later.162 The SEC’s
Orders also state that the Senior Official then instructed the
employee and others in the California Research Group not to
notify the Firm’s Global Chief Investment Officer, the London
team, or clients of the Model Error.163

By September of 2009, three months after the coding er-
ror was discovered, the models used for some of the Firm’s
clients had been modified to correct the coding error.164 All of
the other models were revised by November of 2009.165 How-
ever, the Firm Order indicates that the Firm’s Global Chief
Investment Officer,166 all of the Board members, and the
Global Chief Executive Officer did not become aware of the
coding error until November 2009.167 Moreover, the SEC
states in the Firm Order that the coding error was not revealed
to clients who had expressed concern about general un-
derperformance and overexposure to certain industries, which
was a risk that was supposed to be partly controlled by the Op-
timizer.168

The Orders indicate that the coding error prevented a
full integration of the Optimizer and may have contributed to
at least a portion of the underperformance experienced by the
Firm’s clients during the roughly two-year period prior to the
time it was corrected.169 After all senior management of the
Firm and all of its Board (there is no indication which Board
members were not informed of the error, or whether they
would have offered any insights into the error) were informed

161. See Rosenberg Order, supra note 6.
162. Firm Order, supra note 5, at 2.
163. Id.
164. Id.
165. Id.
166. Cf. David F. Larcker & Brian Tayan, Risk Management Breakdown at

AXA Rosenberg: The Curious Case of a Quant Manager Trusted Too Much, Stan.
Closer Look Series 3 (2013) (indicating that the Global Chief Investment
Officer was informed of the error).

167. Firm Order, supra note 5, at 2.
168. Id. at 4.
169. See Rosenberg Order, supra note 6; Firm Order, supra note 5.
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of the error, the Firm then began an internal investigation led
by outside counsel and retained a well-regarded economic
consulting firm to examine the potential effect of the error on
performance.170 The Firm Order indicates that in March of
2010, at the outset of a scheduled SEC examination, the Firm
informed the SEC’s exam staff of the Model Error.171 Shortly
thereafter, the Firm notified its clients of the Model Error.172

However, because of the complexity of the analysis, the con-
sulting firm retained to determine the extent of client losses
attributable to the error was not able to present its findings
until many months later.173

The Asset Manager and the California Research Group
were registered under the Advisers Act. The Firm Order
charges that, among other things, the Firm violated the securi-
ties laws by misrepresenting its controls,174 not having controls
that would have prevented the errors, misleading investors by
failing to reveal that the basis for its underperformance may
have “in part” been attributable to the error, not performing
an adequate analysis of the error at the time it was discovered,
and not correcting the Model Error in a timely manner.175

Most damning perhaps in the eyes of the SEC, however, ap-
pears to have been the perception that the Senior Official,
upon learning of the Model Error, attempted to hide it from
fellow Board members, and others, by not notifying them “as
soon as he should have.”176 The SEC concluded that this ulti-
mately delayed consideration of the Model Error’s effect, and
of the necessary corrective action that may have prevented in-
vestor harm. Importantly, the SEC also found that the actions

170. Firm Order, supra note 5, at 2.
171. According to the Firm Order, the decision to inform the SEC exam

staff of the error was based on notice from the SEC of an impending investi-
gation. Id. (“In late-March 2010, ARG disclosed the error to Commission
examination staff after Commission examination staff informed ARG of an
impending examination of ARIM and BRRC.”).

172. Id.
173. See id. at 4.
174. Most of the significant violations were under the Advisers Act. How-

ever, because the Firm managed assets of mutual funds, the Firm also was
charged with violating antifraud and other provisions of the Securities Act of
1933 and the Investment Company Act of 1940. Id. at 1.

175. Id. at 5.
176. Rosenberg Order, supra note 6, at 1.



696 NYU JOURNAL OF LAW & BUSINESS [Vol. 13:633

of the Senior Official violated the Firm’s code of ethics,177 be-
cause they were not honest or fair, and that by not reporting
the error to the Board and senior management of the Firm,
the Senior Official also violated the Firm’s escalation poli-
cies.178

In February 2011, the Firm settled the action, without ad-
mitting or denying the allegations, and was subject to a cease
and desist order.179 As a condition to the settlement, the Firm
also agreed to reimburse investors roughly $217 million based
on the consultant’s determination of losses attributable to the
Model Error, and paid a civil money penalty of approximately
$27 million.180 Notably, the Firm’s alleged violations of the se-
curities laws primarily were due to its actions following discov-
ery of the coding error in the Firm Model as well as disclosures
and omissions regarding its controls and risks associated with
the Firm Model. However, the methodology approved by the
SEC to calculate damages appears to have included the entire
period in which the error was present from 2007–2009 (i.e.,
strict liability),181 rather than the time frame after discovery of
the Model Error.182 While announcement of the SEC’s en-

177. As noted above, managers are required by Advisers Act Rule 204A-1
to have codes of ethics. The adopting release for the Rule notes that policies
should emphasize “ideals for ethical conduct premised on fundamental
princip[les] of openness, integrity, honesty and trust.” However, the Rule
focuses primarily on concrete activities, such as personal trading, and the
adopting release for the Rule cites specific activity that would have caused a
breach of fiduciary duty or involved fraudulent misrepresentations. See In-
vestment Adviser Codes of Ethics, Advisers Act Release No. 2256 (July 2,
2004). Prior to the Orders, it is unlikely that in most instances managers
would have regarded the failure to address a coding error, or to notify cli-
ents, as dishonest.

178. Firm Order, supra note 5, at 5.
179. Id. at 13.
180. As part of the settlement, the Firm was required to retain an Inde-

pendent Compliance Consultant whose duties included, among other
things: “review disclosures about the coding process, identify any weaknesses
in that process, and make recommendations as to the appropriate disclo-
sures relating to the coding of the Model to investors.” Id. at 11.

181. “Strict liability” is referred to as “liability without fault” and defined as
“[l]iability that does not depend on actual negligence or intent to harm, but
that is based on the breach of an absolute duty to make something safe.”
Strict Liability, BLACK’S LAW DICTIONARY (9th ed. 2009).

182. The Firm Order, supra note 5, at 8, states:
[The economic consultant]. . . developed a methodology not unac-
ceptable to the Commission staff that (i) estimated the potential
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forcement action against the Firm created controversy in the
industry, a News Release published by the SEC contained state-
ments by various members of the staff of the SEC’s Division of
Enforcement added further confusion regarding the implica-
tions of the Firm Order.183

Notably, statements in the Firm Order and News Release
suggested that responsibility for design and adherence to cod-
ing standards is a compliance function, and that the failure to
implement or follow operational controls is a compliance
problem. For example, the SEC indicated that the Firm vio-
lated Section 206(4) and Rule 206(4)-7 of the Adviser’s Act by
failing to prevent the coding error.184 The Firm Order states,
among other things, that:

“[b]ecause . . . [the Firm’s] compliance program did not
sufficiently identify and mitigate the risks associated
with the Model’s development, testing, and change
control procedures, the coding error operated unde-
tected for more than two years.”185

The Orders also imply that the software development per-
formed by the California Research Group should have been
subject to compliance oversight.186 Subsequent statements by
SEC staff members have recommended that compliance of-

greater exposure to common factor risk components for each
month that a client account was impacted by the coding error; (ii)
estimated the aggregate (across each of the affected factors) return
implication of the potential greater exposure within each month
and applied that return implication to an estimate of the monies
invested in each portfolio in each client account within the month;
and (iii) assumed that this estimated monthly impact would be re-
invested back into the client’s account to derive an estimate of that
account’s corrected return performance through the end of the
account’s error period.

183. See News Release, supra note 12.
184. Firm Order, supra note 5, at 8.
185. Id. (emphasis added).
186. The Firm Order presents the California Research Group as a “micro

group,” or “cabal,” and was critical of the lack of compliance oversight over
the Group. Id. at 3. However, as explained in note 68 and accompanying
text, supra, independent research groups, which may be comparable to the
“micro group” at the Firm, are not uncommon in business and among quan-
titative managers.
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ficers at quantitative managers should have backgrounds in
programming, or be able to read source code.187

b. A Deeper Look at the Facts Presented in the Orders
LTCM and the Orders illustrate problems that may occur

when different types of imperfections are present in models.
No action apparently was taken by the SEC against LTCM or
its principals despite the arguable presence of design errors
that led to large investor losses.188 Nor did the SEC take en-
forcement action against most of the countless other tradi-
tional and quantitative managers whose strategies failed to
work as predicted during the Global Financial Crisis, including
many whose strategies were promoted as a hedge against mar-
ket volatility.

The Firm Order, however, was trumpeted by the SEC in
the press and at industry conferences in the year following its
announcement. The SEC proclaimed that the Firm Order rep-
resented “the first ever arising from errors in a quantitative
investment model,” and that the action was a “high priority
case involving quantitative investment models.”189

187. See, e.g., Nina Mehta, Quantitative Models Require More Discipline, SEC’s
Kurtas Says, BLOOMBERG (Dec. 6, 2012). See also Erozan Kurtas, Assistant Di-
rector, SEC, Presentation at the SEC Compliance Outreach Program’s Na-
tional Seminar: Compliance and Risk Management in the 21st Century (Jan.
27, 2012) stating that:

[m]ost compliance personnel do not have the background to un-
derstand, monitor or test the models. Models and Systems evolve
faster than Risk or Compliance processes. In my opinion, tradi-
tional compliance need to become Quantitative Compliance: Fi-
nancial Engineering requires Compliance Engineering.

This SEC staff statement, while more aspirational than others, generally is
unrealistic and contradicts prior statements by the SEC itself, in the context
of software design errors leading to regulatory violations, suggesting that if
programmers write notes in English accompanying their code, compliance
officers could assure that there is an accurate understanding in coding
programs designed to comply with securities regulations. Morgan Stanley &
Co., Exchange Act Release No. 55726, 90 SEC Docket 1625 (May 9, 2007).

188. LTCM apparently was not a registered investment adviser. However,
the SEC had the ability to take action against the firm and its principals
under other provisions of the securities laws.

189. See Robert Khuzami, Director, Div. of Enforcement, SEC, Public
Statement by SEC Staff: Commission Credits Individual Under Cooperation
Initiative (Mar. 19, 2012), https://www.sec.gov/news/public-statement/
2012-spch031912rkhtm.



2017] QUANTITATIVE INVESTMENT MODELS 699

Because the Model Error involved a quantitative manager,
the facts may have yielded an apparent opportunity for the
SEC to promote the talent of its newly formed Quantitative
Analytics Unit. Based on the manner in which the coding er-
ror was revealed (i.e., prior to an examination), and particu-
larly in light of allegations regarding the apparent attempt to
avoid any internal or client disclosure, the facts may have been
unusually appealing to an SEC that may have been on the
lookout for an action against a quantitative manager.190 How-
ever, to understand the SEC’s Orders, and their precedential
value, it is helpful to examine the context of the Orders, both
in terms of the Firm and the effect of external events.

i. Effect of the Global Financial Crisis
In the Orders, the SEC indicated that the Firm and Dr.

Rosenberg made fraudulent statements to clients that attrib-
uted underperformance to market volatility, rather than a pro-
gramming error.191 The SEC emphasized investor complaints
the Firm was receiving due to underperformance.192 The Or-
ders are not clear about the specific complaints. However, not
mentioned, and perhaps not considered by the SEC at the
time, is the fact that during the period in which the errors
were present in the Firm Model (essentially during the Global
Financial Crisis) across-the-board active quantitative managers,
whose investment strategies were similar to the Firm, were
fielding complaints from their investors that may have been
like those referenced in the Orders.

All money managers, traditional as well as quantitative,
and their clients were in a state of shock as they watched the
value of the S&P 500 decline dramatically. Quantitative man-

190. The SEC received a lot of negative attention as a result of a high
profile scandal involving hedge funds managed by Bernard Madoff. See, e.g.,
SEC, Office of Investigations, Investigation of Failure of the SEC to Uncover
Bernard Madoff’s Ponzi Scheme—Public Version, Report No. 509 (Aug. 31,
2009), https://www.sec.gov/news/studies/2009/oig-509.pdf (detailing the
lapses of judgment by SEC staff in failing to detect the massive Ponzi
scheme). In the Madoff scandal, the SEC appeared to have been presented
with strong economic evidence that the returns advertised by Mr. Madoff
were not possible, yet it did not act to prevent the Ponzi scheme that re-
sulted in billions of dollars of investor losses.

191. Firm Order, supra note 5, at 5.
192. Id. at 4.
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agers relying on historical data, as a class, struggled to match
even the rapidly declining performance of their benchmarks
as their models failed to perform as predicted.193 Moreover,
quantitative managers significantly underperformed index
strategies and more agile traditional managers with similar
mandates.194 The holdings in the portfolios of many quantita-
tive managers turned out to be subject to similar market fac-
tors—potentially diluting the effect of their risk models and
optimizers.195

Moreover, leverage and the fact that the models of many
quantitative managers relied on the same factors, are rumored
to have led the quantitative managers to exit positions at the
same time—further driving down the price of securities.196

193. See, e.g., Alexis Xydias, Quant Fund Assets Plunge After Strategies Un-
derperform, Nomura Report Says, BLOOMBERG NEWS (Nov. 9, 2010) (referencing
a November 10, 2010 study by Bloomberg Holdings Inc., which indicated
that a sample of 137 quant funds that actively managed equity funds lost
twenty-four percent based on price since October 2007, compared with a
twenty percent decline for the Standard & Poor’s 500 Index over the same
period); see also, e.g., Julie Creswell, Shrinking ‘Quant’ Funds Struggle to Revive
Boom, N.Y. TIMES (Aug. 19, 2010) (citing one study which noted that three
quarters of quantitative managers lagged their peer group performance
from mid-2007 to 2010).

194. Id. One highly regarded institutional manager that employed the
Firm stated that while the Firm’s performance “was below our expectations,
[it] followed a similar trend to other quant managers” adding that “it [is]
very difficult to tell whether there was any impact from this error.” See Elea-
nor Laise, AXA Rosenberg Reveals ‘Coding Error,’ WALL ST. J. (Apr. 24, 2010
12:01 A.M.), https://www.wsj.com/articles/SB1000142405274870438830457
5202501743719416.

195. Numerous studies have looked at the Global Financial Crisis and the
correlation among assets thought to provide diversification in portfolios.
One study observed:

Any attempt at “improving” portfolio diversification techniques . . .
is also equally misleading if the goal is again to hope for protection
in 2008-like market conditions. When there is simply no place to
hide, even the most sophisticated portfolio diversification tech-
niques are expected to fail.

Noël Amenc & Lionel Martellin, In Diversification We Trust? J. Portfolio
Mgmt. 37 (Winter 2011).

196. See David Larrabee, Does Quantitative Investing Have a Future?, CFA IN-

STITUTE: ENTERPRISING INVESTOR (Apr. 12, 2012):
It is widely believed that the primary reason quant funds stumbled
badly beginning in mid-2007 was correlation between managers,
compounded by leverage. Common metrics of value and momen-
tum, the argument goes, led quants to hold similar stocks. Then,



2017] QUANTITATIVE INVESTMENT MODELS 701

Specifically, in the market conditions during the period of the
Global Financial Crisis, the value-oriented quantitative models
favored by a majority of quantitative managers—even those
without errors in their models—were driven to overweight in-
dustries, such as financial services, in which stocks appeared to
be underpriced from a historical perspective.197 Even defen-
sive strategies proved unreliable. Thus, from the perspective of
investors, and the managers themselves, quantitative models
appeared not to be working. Many managers during this pe-
riod (not just the Firm) were actively engaged in research ef-
forts intended to decouple their models from reliance on the
same factors as their peers and to account for short-term vola-
tility.

Total assets managed by quantitative funds had dropped
dramatically by 2009 as quantitative managers struggled dur-
ing the Global Financial Crisis.198 In fact, based on their per-
formance during this period, some speculated that almost half
of the assets in quantitative strategies were withdrawn from
managers by unhappy investors, and some even questioned
the future of quantitative investing as a strategy.199 Thus, the
environment in which the errors in the Firm Model were dis-
covered opens the possibility that other factors, and not simply
the coding error, may have been the cause of individual inves-
tor complaints that resulted in the research undertaken by the
Firm.

ii. Dr. Rosenberg’s Role
In September 2011, seven months after the Firm Order

was announced, the SEC confirmed rumors that Dr. Rosen-
berg, co-founder of the Firm, was the “Senior Official” refer-
enced in the Firm Order.200 Based on conduct largely (but not

when stocks began to sell off, many quant managers found them-
selves racing for the exits at the same time.

197. In the financial services sector, for example, the securities of compa-
nies like Bear Stearns, Lehman Brothers, FNMA, and FHLMC, became al-
most worthless overnight, despite appearing as excellent value opportunities
based on historical prices.

198. See, e.g., Dan diBartolomeo, The Near-Death Experience of Quant Asset
Management, NORTHFIELD INFO. SERVS. COMMENT (July 8, 2013).

199. Id.
200. See generally Rosenberg Order, supra note 6, at 3–4; Firm Order, supra

note 5.
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entirely) set forth in the February 2011 action, the SEC pub-
lished a separate settled enforcement order in which Dr. Ro-
senberg agreed to a cease and desist order, a fine of $2.5 mil-
lion, and a permanent bar from the industry.201 Because there
was a seven-month gap between the two SEC orders, the Ro-
senberg Order did not receive the same attention in the press
and legal community. Though the reaction was much more
limited, many members of the industry that either knew, or
knew of, Dr. Rosenberg reacted in disbelief to the sanctions
imposed by the SEC.

The following Section discusses the Rosenberg Order and
allegations that may lead to misconceptions about the nature
of decision-making at both quantitative and traditional manag-
ers. This portion and later portions of the Article also lead to a
more fulsome discussion of managerial dynamics that is not
reflected in the Orders, but is part of the reality of most orga-
nizations.

A. WAS DR. ROSENBERG THE REAL DECISION-MAKER?
The Orders are critical of the response of Dr. Rosenberg

upon learning of the error. However, the Rosenberg Order
makes clear that the action did not involve an instance in
which a subordinate (even if termed a “Senior Official”) hides
a trading mistake from his or her superiors for fear of being
disciplined or terminated. In fact, the Rosenberg Order indi-
cates that he was more than simply a senior official: he was
both Chairman of the Board of the Firm and its “intellectual
leader.”202 Nor do the Orders suggest that the Firm was con-
cealing an error from its clients to avoid a reimbursement pay-
ment.203 The Rosenberg Order indicates that Dr. Rosenberg
failed to disclose conflicts of interest in violation of Section
206 of the Advisers Act. However, the Orders are conspicu-
ously silent on Dr. Rosenberg’s motivation (whether corrupt

201. Rosenberg Order, supra note 6, at 5.
202. For example, it does not appear that Dr. Rosenberg reported to ei-

ther the Firm’s Global Chief Investment Officer or Global Chief Executive
Officer. Moreover, Dr. Rosenberg had not committed the programming er-
rors and the SEC makes abundantly clear that he had considerable stature in
the investment community and within the Firm. The SEC does not offer any
suggestion that Dr. Rosenberg’s revelation of the error internally, and its
immediate correction, would have produced any negative personal conse-
quences for Dr. Rosenberg. See generally Rosenberg Order, supra note 6.

203. See Rosenberg Order, supra note 6; Firm Order, supra note 5.
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or benign) for not revealing the error to the CEO or clients,
and what conflicts Dr. Rosenberg may have faced.204

As described earlier, the Orders indicate that discovery of
the error was raised and apparently discussed in multiple
meetings within the California Research Group. The employee
in the California Research Group who discovered the error,
and argued in favor of informing others, appears to have been
subordinate to Dr. Rosenberg who was de facto head of the
Group.205 As in other areas of finance, debate within research
groups is not uncommon. The dispute between the employee
and Dr. Rosenberg was not about correcting the error at all,
but whether it should be corrected immediately or later, and
whether others should be informed of the discovery.206

Despite the fact that there appear to have been at least
two meetings within the California Research Group in which
the error was discussed, depending on which of the Orders is
read,207 the SEC concluded that Dr. Rosenberg’s decision was
not based on adequate information, either because he “did
not conduct or otherwise direct any analysis to estimate the
error’s impact,” or there was a “rudimentary and limited analy-
sis performed.”208 The Orders do not reveal the thinking of

204. The Rosenberg Order indicates that Dr. Rosenberg held a twenty-one
percent ownership interest in the Firm and shared in a portion of the advi-
sory income received by the Firm. While it is reported that Dr. Rosenberg
was not motivated by economic concerns at the time the error was discov-
ered (apparently he also was teaching Buddhism), at least superficially this
may have given him (perhaps more than any other individual associated with
the Firm) a selfish interest in assuring that clients were not unhappy with the
Firm’s performance and that significant mistakes were appropriately ad-
dressed. There also is no suggestion in the Orders that Dr. Rosenberg or the
Firm faced a conflict of interest because it was industry practice to compen-
sate clients when programming errors were discovered, or that the Firm had
specific policies addressing the manner in which such errors were to be ad-
dressed. In fact, there is no mention of the Firm’s trade error policies (which
more than likely did not encompass such errors). Although arguably a signif-
icant, unscheduled change in the Firm Model may have altered portfolios
and generated questions from sophisticated investors, or internally, the Or-
ders do not reflect that this concern was the basis for Dr. Rosenberg’s deci-
sion. Rosenberg Order, supra note 6.

205. Id. at 7.
206. Id.
207. See generally id.; Firm Order, supra note 5
208. The two orders are seemingly inconsistent. The Rosenberg Order,

supra note 6, at 4, stated:
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others present at those meetings, or the discussion that en-
sued; nor do they credit Dr. Rosenberg for his vast investment
management experience. Based on the description in the Or-
ders, however, the dispute may have been no different than
many disagreements among professionals.

B. DID THE SEC SIMPLY DISAGREE WITH THE INVESTMENT DE-

CISION OF DR. ROSENBERG?
As discussed below, while the evidence may exist (and

may have been known to the SEC), there is no analysis in the
Orders to suggest that the Model Error affected the Firm’s
ability to manage assets in a reasonable manner, or other than
desired; or that the Firm was negligent or otherwise acted im-
prudently in managing assets. Nor does the SEC suggest the
right amount of analysis that must be undertaken by a person
of Dr. Rosenberg’s experience when addressing model errors.
By focusing on very general escalation standards, the SEC mis-
cast the decision-making that occurs routinely within advisers,
and also avoided a more central issue of whether or not Dr.
Rosenberg’s actions were reasonable in terms of the Firm’s re-
sponsibilities to investors and in light of market conditions at
the time. Dr. Rosenberg appeared to have both the power and
authority to make decisions about correction of the Model Er-
ror.209 Based on allegations in the Orders, which do not cite
any evidence that his decision was unreasonable, or that he or
the Firm were aware of a conflict of interest, it may seem that
the SEC simply disagreed with the investment-related decisions
of Dr. Rosenberg.

Apart from his role within the Firm (he was the de facto
decision-maker), Dr. Rosenberg was esteemed within the in-

Rosenberg knew that that the Model was used to manage ARIM’s
and the Affiliated Advisers’ client portfolios, and that the error
could potentially have adverse effects on the performance of portfolios
managed using the Model. Yet, Rosenberg did not conduct or otherwise
direct any analysis to estimate the error’s impact. . . . (Emphasis added).
In contrast to the Rosenberg Order, supra note 6, the Firm Order, supra

note 5, at 7, notes that the California Research Group:
failed to conduct any meaningful materiality analysis of the error’s
impact. BRRC knew that its clients used the Model to manage their
clients’ portfolios, and that the error could potentially have adverse
effects on the performance of portfolios managed using the Model.
Yet, BRRC only performed rudimentary and limited analyses to estimate the
error’s impact. (Emphasis added).

209. See discussion, infra at Section III.E.1.a.
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dustry for his understanding of risk as a key component of in-
vestment returns.210 As one commenter observed, Dr. Rosen-
berg’s contribution to the field of quantitative management
was to “develop, for the first time, models for implementing
ideas in practice, and to place risk as the central framework for
thinking about investing.”211 As noted earlier, the multi-factor
models used by many managers today are based on his, and
others’, pioneering efforts. And while the Orders focused on
Dr. Rosenberg, the team within the California Research
Group, whom the SEC nefariously referred to as the “micro-
group,”212 also was highly regarded.

Also strikingly absent from the Orders is any evidence that
investors would have benefitted if Dr. Rosenberg had decided
to notify others within the Firm about the error. In fact, it is
curious that while the SEC barred him from the industry, the
Orders do not offer evidence that Dr. Rosenberg made a reck-
less, negligent, or unreasonable decision—or that if he had
shared information with others, the decision to delay correc-
tion of the Model Error for several months to coincide with
other revisions would have been any different.213 In fact, the
Rosenberg Order does not mention whether the revisions
themselves were timed to correspond with planned rebalanc-
ing or scheduled events, or that the Firm would have otherwise
disclosed planned model revisions to clients.

iii. How Significant Was the Model Error?
Despite the manner in which the SEC promoted the two

enforcement actions, the losses ultimately attributed to the er-

210. Whether Dr. Rosenberg ultimate investment decision was right or
wrong—and there is no evidence in the Orders that he was wrong—and
regardless of his motives, he was recognized as expert who more than likely
had the knowledge and experience to make judgments about the effect on
investor portfolios of the error under the circumstances, and to have deter-
mined the urgency of any error correction.

211. LINDSEY & SCHACHTER, supra note 10. In addition to the Firm, he also
founded Barr Rosenberg Associates (now known as “MSCI BARRA, Inc.”)—
an organization that was sold to MSCI in 2004 and remains among the pre-
eminent developers of third-party quantitative risk and investment models.

212. Firm Order, supra note 5, at 3.
213. One article, apparently based on sources with knowledge of the inci-

dent, indicates that Dr. Rosenberg did inform the Firm’s Global Chief In-
vestment Officer of the error. See Larcker & Tayan, supra note 166. See also
infra note 334.
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ror proved to be relatively minor in the context of losses that
were experienced by investors during the Global Financial Cri-
sis, raising questions about the significance of the Model Error
and its materiality for disclosure purposes. For example, the
Orders indicate that the economic consultant required by the
Firm Order determined that the error adversely affected 608
of 1421 client portfolios and caused nearly $217 million in
losses over the two years it was in place.214 One article pub-
lished following announcement of the Firm Order indicated
that those damages accounted for only 22 basis points (22/100
of one percent),215 compared to the dramatic losses of invest-
ments during the Global Financial Crisis. A more favorable
presentation of the same facts is that more than half of the
Firm’s client portfolios (fifty-six percent) either were not af-
fected by the error, or benefited from the error and the deci-
sion made by Dr. Rosenberg.216

B. Misunderstandings About Models, Quantitative Research
Techniques, and Quantitative Managers

The SEC ventured into uncharted waters in bringing ac-
tions against the Firm and Dr. Rosenberg—both of which were
settled rather than litigated. Many were surprised by the Or-
ders because the Firm and Dr. Rosenberg were highly re-
garded by other quantitative managers for the sophistication
of their investment process. Within the industry, a number of
managers also simmered over the mischaracterization of quan-
titative processes and the imposition of a seeming strict liabil-
ity standard for errors in model development that were known
to be commonplace and virtually unavoidable.217

In addition, there was dismay over the apparent height-
ened standard of conduct that the Orders suggested applied to
quantitative managers versus the more reasonable standards

214. Firm Order, supra note 5, at 1; Rosenberg Order, supra note 6, at 1.
Moreover, the methodology used by the Consultant does not appear to give
the Firm credit for losses that were avoided as a result of the error. See supra
note 182.

215. See Larcker & Tayan, supra note 166 Assets managed by the Firm were
reported to be from $70–$100 billion. See Douglas Appell, AXA Rosenberg on
Hot Seat Over its Delayed Response to Errors, PENSIONS & INVS. (Apr. 10, 2010).

216. Firm Order, supra note 5, at 1.
217. Some managers also immediately amended their disclosure to ac-

count for model errors. See Section III.D.3.
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that apply to the actions of their relatively more freewheeling
brethren employing a traditional management style. Of spe-
cific concern to many may have been the impression that the
SEC appeared to have second-guessed Dr. Rosenberg’s assess-
ment of the error’s significance—in the context other controls
employed by the Firm and the Global Financial Crisis—with-
out presenting any evidence that the decision was wrong or
imprudent, or that a different outcome would have resulted
had he informed others of the error.

Because errors of varying significance are not uncommon
in investment models used by quantitative managers or in the
research used by traditional managers, there is a great deal at
stake if the Orders are misunderstood and regarded as setting
forth broader SEC policy, without the benefit of any informed
comment from the industry affected by these statements.218

While the SEC’s internal policies may have evolved since the
Orders,219 managers and their legal counsel must consider the
legal analysis in the Orders when drafting disclosure, develop-
ing compliance programs, and addressing the discovery of er-
rors. Moreover, the precedent established by the Orders may
serve as the basis for subsequent SEC enforcement action by
the SEC, or policy discussions within the SEC.220

Because the action was settled, the Orders contain a lim-
ited analysis of the law, and only a brief summary of facts. A
more detailed presentation of the facts favorable to both sides
would have been offered in litigation. However, the issues
raised by the Orders are far from black and white and the Or-
ders may easily be misapplied as precedent for future SEC ac-

218. This Article expresses no view regarding the accuracy of the SEC’s
allegations in the Orders.

219. Informal reports indicate that the SEC staff is much more knowledge-
able about quantitative practices than at the time of the Orders. The SEC is
believed to have added significant resources in the areas of finance and eco-
nomics. In addition, following the Orders, the SEC’s examination staff is
believed to have initiated a so-called “industry sweep” in which it sent form
letters requesting detailed information from a number of quantitative man-
agers, including those involved in high frequency trading. However, some
believe that the SEC’s examination staff has requested overly intrusive infor-
mation about adviser’s operations, including their data sources and models.

220. Following the Orders, the industry discussed standards for quantita-
tive models. See CQA Working Draft White Paper, supra note 8.
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tions.221 Regardless of the facts known to the SEC or set forth
in the Orders222 (all of which are not presented in this Arti-
cle), the Orders paint a confusing picture of quantitative in-
vesting and the law that needs to be examined more carefully.
For example, the Orders and the standards announced in the
accompanying News Release have raised concerns within the
industry about the nature of reviews that must be undertaken
in the face of coding errors, and the extent of a manager’s
reimbursement and disclosure obligations. In addition, lan-
guage in the Orders, and both public statements by the SEC’s
staff and comments made during adviser exams, have strained
to equate model errors with legal precedent and practices es-
tablished by the SEC in the context of trading errors (dis-
cussed below). Moreover, while the Orders relate to an error
in programming, they also represent the SEC’s most signifi-
cant attempt to grapple with conceptual issues raised by invest-
ment models in the context of important aspects of the Advis-
ers Act.

Although the Orders enumerate a number of violations,
the conduct cited by the SEC that represented securities law
violations can be interpreted as falling roughly into the follow-
ing categories:223 the Firm’s compliance procedures were in-
adequate because they allowed the programming error to oc-

221. Barbash, a former director of the SEC’s Division of Investment Man-
agement, observed in an article he co-authored with Massari, supra note 142,
at 654:

[T]he potential flaws in enforcement-action rulemaking can be
seen in the rules effectively developed over time through settle-
ments of cases brought under Section 206 of the Advisers Act. . . .
[T]hese rules are often unclear as to their scope and often leave
significant practical questions unanswered. Investment advisers and
their counsel are left to divine, if not guess, the application in every
day business life of basic fiduciary obligations . . . .

222. Respondents in a settled SEC enforcement action may or may not be
able to review the language of the enforcement order prior to publication.
Moreover, the SEC may face practical constraints in providing the full back-
ground to justify its decisions or the policy revealed in an enforcement or-
der. Although counsel to the respondent often attempts to educate the
SEC’s enforcement staff, in this instance the SEC also may have been assisted
by a former employee of the Firm. See SEC Credits Former Axa Rosenberg
Executive for Substantial Cooperation During Investigation, Litig. Release
No. 22298, 103 SEC Docket 976 (Mar. 19, 2012).

223. Both the actions against the Firm and Dr. Rosenberg were settled. See
id. It is unknown whether there were additional facts available to the SEC, or
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cur; the Firm and Dr. Rosenberg did not disclose the program-
ming error to clients once it was discovered; the Firm did not
correct the error promptly enough upon discovery; the Firm
did not conduct a thorough enough analysis of the materiality
of the programming error once discovered; and Dr. Rosen-
berg violated Firm policies, and therefore the federal securi-
ties laws, by not escalating information regarding the program-
ming error “as soon as he should have.”224

As discussed in more detail later, the Orders are based on
three broad legal assumptions about investment models that
should be examined more closely. Specifically, that the exis-
tence of errors in models is evidence of behavior that is not
prudent, that trade error standards should be applied to
model errors, and that the investment decisions of quantitative
managers are subject to a different standard of care than the
same decisions by traditional managers. In addition, many
other statements in the Orders and News Release also might
lead to basic factual misunderstandings about quantitative in-
vesting. For example, those reading the Orders might con-
clude, incorrectly, that:

• Errors (of many kinds) are unusual in the context of
model development and application;

• Model governance only is a pre-implementation pro-
cess, and therefore post-implementation controls, in-
cluding the error correction process, can be ignored
in evaluating the conduct of the manager;

• Models manage assets—overlooking both secondary
controls (such as constraints on exposure to bench-
mark risk) and ongoing oversight of investor portfo-
lios, and the important decisions of the manager in
assuring that their investment program is imple-
mented as intended;

• There is a predictable outcome if models are imple-
mented to perfection (i.e., factors selected by the man-
ager will add value);

• There is a single, perfect portfolio required to achieve
the manager’s and client’s goals;

a different legal analysis that is not shown in the Orders, that might have
resulted in the same sanctions.

224. See Firm Order, supra note 5, at 8; Rosenberg Order, supra note 6, at
2
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• Model errors must be resolved by the senior manage-
ment of an adviser, or its board; and

• Oversight of model governance is a compliance func-
tion.

Apart from practical misunderstandings and a dubious le-
gal foundation, a broader problem evident in the Orders is the
liberal use of terminology that is common in the investment
management industry, but which has a more nuanced mean-
ing under the securities laws. This problem is illustrated in the
way that the terms “error,” “compliance,” and “materiality” are
used in the Orders. The following discussion addresses some
of the possible misperceptions that might be inferred by those
reading the Orders.225 These concepts in most instances are
interrelated and difficult to separate.

1. Models Are Not “Error Free”
One of the principal problems of the SEC’s reasoning in

the Orders is that it conflates pre-implementation controls
over model development with the prudent management of in-
vestor assets. There are no allegations in the Orders that the
Firm’s investment program was not suitable for its clients, or
that the Firm was not vigilant in monitoring positions and per-
formance to assure that investor portfolios reflected the invest-
ment philosophy of the manager. While the Orders acknowl-
edge that the Firm validated the model before placing it into
production, there also is no suggestion that either those ef-
forts, even if not perfect, were not reasonable or that post-im-
plementation controls, even if not perfect, were not ade-
quate.226

Notwithstanding examples of bugs, glitches, corrections,
and crashes confronting every individual relying on technol-
ogy, or major system outages reported in the news, the Orders
appear to start with the assumption that investment models
should be free of errors as a function of well-designed compli-
ance controls. More broadly, the Orders suggest that it was
misleading to disclose elements of the investment process (i.e.,

225. This analysis does not address all of the facts alleged in the SEC’s
Orders, but rather general concepts that are likely to cause confusion.

226. See Firm Order, supra note 5; Rosenberg Order, supra note 6.
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use of optimizer) if the model is later determined to be flawed
in some way.227

With respect to programming errors, as evident from the
discussion earlier, even heroic efforts by governments employ-
ing practices that may not be commercially feasible do not re-
sult in error-free code. It is not realistic, therefore, to expect
that a testing program will identify and prevent all possible
coding errors ex ante, such as those revealed under the ex-
treme volatility evident in the markets during the Global Fi-
nancial Crisis. Despite the implementation of reasonable con-
trols, many different types of errors may occur in the program-
ming or model development process—some of which are
foreseeable, and some not.228 As one commenter noted in the
context of third-party software:

227. See Firm Order, supra note 5, at 9, which states:
For the Risk Model rolled out in April 2007, . . . [the Firm] failed to
conduct sufficient quality control over the coding process before
putting that model into production. The coding process itself rep-
resented a serious risk exposure for BRRC and its clients because
accurate coding is required for the Model to function properly and as
represented to clients. By failing to adopt and implement policies
and procedures reasonably designed to ensure that it did not make
false and misleading statements and/or omissions to clients and in-
vestors, including failing to ensure that the Model performed as
represented, in violation of the antifraud provisions in the Advisers
Act.

Id. (emphasis added).
228. The notion that a model must be error-free is contrary to the posi-

tion that the SEC has taken in its policies governing the most critical aspects
of the securities markets. In 2014, for example, the SEC adopted Regulation
SCI under the Exchange Act, which sets forth the SEC’s new automation
policy for exchanges, registered clearing organizations, and trading centers.
Regulation Systems Compliance and Integrity, Exchange Act Release No.
73639, 2014 WL 6850916, 470 (Nov. 19, 2014) [hereinafter Regulation SCI].
The adopting release for Regulation SCI chronicles numerous instances in
which market outages have occurred because of programming errors. Id.
The SEC also noted that the new rules for these critical market elements do
“not require an entity to guarantee flawless systems.” Id.; see also Regulation
Automated Trading, RIN 3038-AD52, 80 Fed. Reg. 78823 (proposed Dec. 17,
2015) [hereinafter Proposed CFTC Regulation Automated Trading]; Regu-
lation Automated Trading RIN 3038–AD52, 81 Fed. Reg. 227 (proposed
Nov. 4 2016) (supplemental notice of proposed rulemaking) [hereinafter
SNPRM of Proposed CFTC Regulation AT], http://www.cftc.gov/idc/
groups/public/@newsroom/documents /file/federalregister110416.pdf.
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“It is generally foreseeable that any complex software
will have ‘bugs.’ The problem is that it is not foresee-
able exactly what those bugs will be, or what the im-
pact of those bugs will be on the licensee or a third
party.”229

2. The Model Governance Process Includes Monitoring, Mitigation
Efforts, and Other Post-Implementation Actions
Managers employ resilient processes because they antici-

pate errors.230 Any analysis of model errors for fiduciary pur-
poses, including under the Advisers Act, should not focus
solely on the presence of a model error231 and ignore secon-
dary controls, including post-implementation oversight of
models and portfolios, which is recognized both as a critical
element of model governance and as an investment manage-
ment function. It is striking, for example, that the Orders do
not mention the likely intentional decisions made by the
Firm’s investment professionals in the ongoing monitoring of
transparent characteristics of the portfolios and market devel-
opments, which should have prevented significant variations
from the manager’s intended investment program. In fact, no-
tably absent from the facts alleged in SEC’s Orders is any men-
tion of the likely daily, weekly, and monthly review of client
portfolios that should have served as a separate, independent

229. Michael D. Scott, Tort Liability for Vendors of Insecure Software: Has the
Time Finally Come?, 67 MD. L. REV. 425, 443 (2008) (citations omitted).

230. At many managers, for example, constraints imposed through the op-
timization process or elsewhere may dictate the minimum and maximum
exposure to factors. Thus, even if an error caused a model to assign zero
weight to a factor, the constraint imposed by the manager may have forced
the model to have a minimum exposure to the factor in order to limit active
risk versus the target benchmark. By the same token, a constraint, or invest-
ment guideline, also may limit overexposure to factors, potentially diluting
the effect of so-called “value traps” that appeared during the Global Finan-
cial Crisis or other errors. See supra note 61.

231. Surprisingly, in the Firm Order, supra note 5, the SEC glossed over
the fact that the Firm validated the Model changes prior to implementation
and undertook research to determine causes of underperformance, which
reflect prudent behavior. After the error was discovered, Dr. Rosenberg also
appears to have modified the California Research Group’s controls to assure
that similar types of programming errors would not occur in the future. (Dr,
Rosenberg is quoted in both Orders as stating that “mistakes if there were
any will not be made in the future”). Both of these actions would be part of a
reasonable model governance process.
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control over errors that might have affected the Firm Model’s
signals.

The role of model oversight is illustrated in guidance pub-
lished by the Office of Comptroller of the Currency on model
risk management:

Even with skilled modeling and robust validation,
model risk cannot be eliminated, so other tools
should be used to manage model risk effectively.
Among these are establishing limits on model use,
monitoring model performance, adjusting or revising
models over time, and supplementing model results
with other analysis and information.232

The discovery of errors post-implementation does not im-
ply that either a manager’s governance structure or investment
process was flawed, that its controls were not reasonable, or
that the errors ultimately lead to an adviser managing a portfo-
lio in a manner other than it intended.233 In fact, because er-
rors are unavoidable and anticipated, the detection and
remediation of an error—whether due to monitoring efforts
to detect and address errors, post-implementation validation
efforts, internal audits, or other means—are part of the man-
ager’s control environment and may actually reveal the pru-
dent application of its controls.

3. Advisers Exercise Investment Discretion—Not Models
As discussed more fully later, models and model signals

are properly regarded as investment research that is no differ-
ent analytically than the research relied on by traditional man-
agers. Quantitative management is not a completely robotic
process. There is a subjective element, similar to that of tradi-
tional managers, that is an inherent part of the development,
application, evaluation, and enhancement of models used by
quantitative managers. For this reason, as mentioned else-

232. OCC Bulletin, supra note 71 While shortly after the Orders were
made public, commenters discussed the use of “coding buddies” and inde-
pendent audits to prevent and detect errors, the OCC Bulletin more accu-
rately places those controls in the context of the larger model governance
process.

233. As suggested elsewhere, intertwined with model governance, but sep-
arate, is the management of the investors’ assets. Institutional managers typi-
cally follow a process that is calculated to assure that a portfolio is managed
in a manner consistent with their investment intent.
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where, models are accurately described as “decision support
tools.”234 The false notion that models, and not advisers, man-
age portfolios is a common misconception that also can be
found in a statement in the Orders which declares that the
Firm Model allowed the Firm “to make investment decisions
largely without human interaction.”235

Regardless of the degree of automation in a manager’s in-
vestment process, the adviser (and not models) signs invest-
ment management agreements, is vested with the authority to
exercise discretion in managing client assets, and has fiduciary
obligations. Whether they use third-party models, or proprie-
tary models, investment personnel at quantitative firms, like
those at traditional managers, make judgments about invest-
ment theories, data sets, and the investment strategy expressed
in their models. Portfolio managers and investment commit-
tees also calibrate models, and interpret and apply model sig-
nals in the context of managing individual portfolios; and ex-
ercise discretion in determining when to intervene and revise
or enhance their models, add new data sources, rebalance
portfolio positions, or make other changes to portfolios that
they manage based on hard or soft guidelines. In many index
funds, for example, managers define the rules for the strate-
gies; and in “smart beta” strategies, among others, they define
the factors that they will emphasize. Thus, while quantitative
models inform the decision-maker, they do not manage client
assets.

Even though an investment adviser may implement an al-
gorithmic trading or investment strategy that is perceived to be
fully automated, the adviser still continues to exercise invest-
ment discretion. As an example, the same kind of human deci-
sion-making occurs in the implementation of high frequency
trading firms that rely on microsecond executions with
straight through input.236 The CFTC provided the following

234. As one commenter noted in reference to the Global Financial Crisis:
“[Q]uantitative tools are critical aids for supporting risk management, but
quantitative tools alone are no substitute for judgment, wisdom, and knowl-
edge.” Thomas S. Coleman, 6 Uses and Limitations of Quantitative Tech-
niques, INV. RISK & PERFORMANCE FEATURE ARTICLES, 1, 1 (Mar. 2012) (CFA
Inst. ed.).

235. Firm Order, supra note 5, at 4.
236. In fact, although quantitative models can capture and process infor-

mation much more rapidly than traditional managers, much of the informa-
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illustration on the importance of human judgment in a release
on high frequency trading by Automated Trading Systems
(ATS):

In automated trading, humans design and test ATSs,
establish decision criteria, manage implementation,
and intervene when technology systems fail. ATS de-
signers must identify the range of market conditions
that an ATS could reasonably face, and determine
the range of permissible responses by the ATS to
each condition. Designers must also consider the ar-
ray of information that ATS operators will need to ef-
fectively monitor their ATSs and the markets in
which their ATSs operate. ATS operators, in turn,
must be prepared to intervene when market condi-
tions are outside of an ATS’s design parameters,
when an ATS’s trading strategy must be modified, or
when an ATS appears to be malfunctioning and must
be shut down . . . .237

4. Portfolios Constructed Reflect the Manager’s Intent at a Point
in Time
As suggested above, the observable results of a model are

a key determinant of whether or not it is operating as antici-
pated—and that a client portfolio is being managed in the
manner intended. If the manager is not satisfied with the port-
folios constructed, it may intervene in a variety of ways. Thus,
despite the presence of many different types of errors or mis-
takes in judgment, portfolios actually constructed by quantita-
tive managers will manifest their intention in most instances.
As emphasized above, while models are important research
tools used by an adviser as part of the investment decision-
making process, the adviser, and not the model, ultimately is
responsible for management of the portfolio.238

tion will not result in an immediate transaction because many managers do
not trade frequently, and because the information is only one data point and
must be compared to other data analyzed by the manager in the context of
that security and of other stocks in the same industry.

237. Concept Release on Risk Controls and System Safeguards for Auto-
mated Trading Environments, 78 Fed. Reg. 56542 (proposed Sept. 12,
2013).

238. SEC enforcement orders, including the Orders, routinely contain a
boilerplate statement indicating that a person acts “willfully” in violating the
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At both quantitative and traditional managers, the success
of an investment management process relies on the manager’s
skill and judgment. Consistent with any disclosure provided to
investors, both quantitative and traditional managers can
choose to rely on some third-party research, but not others;
conduct their own research; or ignore research results as part
of the investment decision-making process. As a fiduciary, the
manager’s judgment need not prove wise in every instance and
there is no single correct conclusion. In fact, the securities
markets only are efficient because of the differing, reasonable
views of managers exercising discretion.

No laws state that a traditional equity manager must im-
mediately dispose of a holding based on a change in a third-
party analyst’s opinion. For this reason, the same facts trigger-
ing a sell recommendation by one research analyst, may signal
a buying opportunity to other analysts. Not uncommonly, the
market will ultimately reach a different conclusion about an
investment opportunity over a particular period of time even
with an error-free model. By the same token, the effect of an
error (including the urgency of correcting the error) may not
be of critical concern to the manager—who does not have a
crystal ball—if it ultimately is satisfied that a portfolio con-
structed evidences its investment views. Thus, even with the
presence of known errors, in many cases managers can pru-
dently manage portfolios consistent with their objectives.

securities laws if he or she knows what they are doing—whether or not they
are aware that they are violating the law. It is unlikely that a manager could
argue that it did not intend to manage, or was not “willful” in managing, a
portfolio in a particular manner—despite the presence of model errors—
when it had control over the models and ultimately was responsible for in-
vestment decisions. Compare Gregory Scopino, Preparing Financial Regulation
for the Second Machine Age: The Need for Oversight of Digital Intermediaries in the
Futures Market, 2 COLUM. BUS. L. REV. 439 (2015) (discussing the CFTC Re-
lease, artificial intelligence, and “moral agency” in the context of regulation
and the enforcement of laws in futures markets), and Gregory Scopino, Do
Automated Trading Systems Dream of Manipulating the Price of Futures Contracts?
Policing Markets for Improper Trading Practices by Algorithmic Robots, 67 FLA. L.
REV. 221 (2015) (examining various mental states from “strict liability” to
“specific intent” in the context of models and the anti-manipulation provi-
sions of the Commodity Exchange Act).



2017] QUANTITATIVE INVESTMENT MODELS 717

a. Car and Driver Metaphor
The following metaphor also serves as an example of the

role of investment models in the investment decision-making
process, which is discussed more thoroughly below.

A driver (i.e., adviser) runs a car service (i.e., an invest-
ment strategy). He or she drives the car advertised (i.e., the
investment model or strategy) to clients—a limousine and not
an economy car (i.e., the adviser is truthful about the car pro-
vided). The car is designed to handle a variety of road condi-
tions, but is intended to be driven on highways. The car is sub-
ject to regularly scheduled maintenance (i.e., the driver is pru-
dent). However, it also is known that cars break down due to
wear and defects in manufacture and that unusual conditions,
such as potholes, may cause damage to the vehicle.

While driving the car, the driver may notice that it is pull-
ing slightly to the right (i.e., model recommendations). He or
she might correct the car by turning the steering wheel more
to the left to maintain its position on the road. Once the issue
is noted, however, the driver may want look at all the condi-
tions on the road (i.e., other sources of information) and wait
to see if the road is canted (i.e., if the market is irrational),
and the problem will be corrected once the car is on a level
stretch of road; or whether there is a problem with the steer-
ing that needs to be addressed (e.g., a tire is out of alignment
or needs more air).

If the problem is severe in the driver’s judgment (i.e., in-
vestment decision-making discretion) or is potentially an im-
pediment to driving safely (i.e., managing the portfolio as in-
tended) then the driver may rush to a mechanic to have it re-
paired. Otherwise, the driver may decide to drive while slightly
counter-steering (i.e., to mitigate the problem so that it does
not affect his or her ability to manage portfolios) and have a
mechanic look at the problem when he or she takes the car in
for scheduled maintenance in a week. The driver (i.e., the ad-
viser), not the car (i.e., the investment model), makes the deci-
sions.

Once the car is being serviced, if the problem is not se-
vere and the mechanic informs the driver that one tire is caus-
ing the problem, the driver may delay replacing that tire if he
or she plans on replacing all of the tires next month (i.e., re-
source allocation). If the tire is replaced before returning the
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car to the driver, the mechanic may take the car for a “test
drive” and use other diagnostic tools (i.e., back-tests) to assure
that the car is safe and that replacing the tire has corrected the
problem (i.e., the repair process may take time).

The driver does not promise passengers that the car’s
wheels will never be out of alignment. The driver also does not
tell passengers when the car’s wheels are out of alignment, or
inform them of other problems that the car might have, since
they do not interfere with his or her ability to perform the task
that he or she is hired to accomplish. If the passenger asked,
the driver would disclose that the car was pulling to the right
or left. In the meantime, even while the wheels are out of
alignment, the passengers do not notice the problem and
reach their destination safely. However, if the ride is uncom-
fortable, and the passengers do not reach their destination on
time, they may select another driver in the future. This pros-
pect serves as an incentive for the driver to follow reasonable
procedures to keep the car properly maintained.

5. Advisers Are Not Required to Accurately Predict the Future
As discussed earlier, investment outcome is not the fiduci-

ary standard. However, the Orders create the misimpression
that the effect of an error on investment performance will be
negative, and that not correcting an error immediately is im-
prudent.239 An expression used in statistics is “correlation does
not imply causation”—which emphasizes that a correlation be-
tween two variables does not necessarily imply that one is the
cause of the other.240 This potential problem is evident in the
Orders both in the notion that the Model Error was the
“cause” of investor complaints and that the Model Error
“caused” investor losses.241

239. See Firm Order, supra note 5; Rosenberg Order, supra note 6.
240. In Latin, this logical fallacy is referred to as post hoc ergo propter

hoc—”after this, therefore because of this.”
241. Firm Order, supra note 5, at 2; Rosenberg Order, supra note 6, at 2.

As shown earlier, most investors were generally unhappy with their returns
during the Global Financial Crisis and specifically with the returns generated
by quantitative managers versus traditional managers. See supra Section
II.A.b.3.i. While a model error may contribute to losses, an error is not re-
sponsible for market movements that cannot be known ex ante by the man-
ager. As Sir Isaac Newton reportedly stated (after experiencing investment
losses in 1720): “I can calculate the motion of heavenly bodies but not the
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This causal fallacy appears in statements made in the Or-
ders and News Release that models should work as “pre-
dicted;” that there are “potentially adverse” consequences of
not correcting an error, while ignoring the “potentially benefi-
cial” or “potentially neutral” effect of not correcting an error;
and that the Model Error—rather than the market—”caused”
investors to experience losses.242 While an error may exist in a
model, it is a fallacy to assume that because the error is corre-
lated with market movements it is the cause of investor losses.
A more thorough analysis (not presented in the Orders) is re-
quired.243

As discussed later, this fallacy is evident in the SEC’s impli-
cation that in the Orders the Model Error should have been
addressed promptly to avoid investor losses. Depending on the
strategy, model errors actually may increase returns over a pe-
riod of time. Similarly, intended elements of a model, as well
as planned enhancements, may have a negative effect on per-
formance over a particular period. As mentioned throughout
this Article, the randomness of market movements means that
when relying on statistical models, a manager cannot be cer-
tain that the optimal variables or parameters have been chosen
over a period of time. Statements in the Orders may be inter-
preted in a way that is not consistent with the reality of what is
possible and contradict the wealth of law indicating that a fidu-
ciary acting in good faith only is required to exercise reasona-
ble judgment—and not required to prophesize movement of
the markets. This may mean that in some cases, a reasonable
manager will choose to delay correcting, or to not correct, a
known error.

madness of people.” PATTERSON, supra note 10, at 12; see also Tom C.W. Lin,
Reasonable Investor(s), 95 B.U. L. Rev. 461 (2015) (discussing reasonable in-
vestors and market performance).

242. Firm Order, supra note 5, at 2, 7–8; Rosenberg Order, supra note 6, at
2, 5; News Release, supra note 12. The consultant retained by the Firm as a
condition to settlement with the SEC found that the Model Error contrib-
uted to only a very minor portion of the losses experienced by the Firm’s
clients during the Global Financial Crisis. See supra Section II.A.3.b.iii.

243. In some instances, however, an error in a model or a deliberate deci-
sion of the manager (such as with respect to the use of leverage or deriva-
tives) may expose an investor to greater risk than intended. But the analysis
is contextual.
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6. There Are No “Model” or “Perfect” Portfolios
The Orders also can foster the misconception that there is

only one way of achieving the manager’s goals. As illustrated
previously, there are no model portfolios and a wide range of
investments often may be acceptable to the manager in effect-
ing its strategy. The Orders, however, are emblematic of the
falsehood that there is a precise combination or mix of assets
that are necessary to implement the adviser’s strategy, ignor-
ing that fact that the investment characteristics of a security
generally begin to evolve the moment that it is recommended
by a model. The notion that perfect portfolios exist has been
described as a myth:

Efficient portfolios exist in theory, but not in prac-
tice. Even if you create an efficient portfolio, as the
market opens, using all of the information that you
have at that moment, it becomes inefficient as soon
as prices move (and portfolio weights change), or
new information comes in (and the expected returns
and risks change).244

As noted earlier, managers contemplate that drift will oc-
cur due to price changes and other factors. However, they may
not rebalance the portfolio, or trade, except on a periodic ba-
sis. Because the manager cannot predict the future, an invest-
ment ranked in the top decile by an imperfect model may be
just as acceptable as an investment ranked in the eighth or
ninth decile by a perfect model.245 Thus, in many cases model
errors will cancel out at the portfolio level because of other
constraints or the portfolio manager’s exercise of judgment,
and will not affect the manager’s ability to execute its strategy
in the manner it intends.

III.
APPROPRIATE LEGAL STANDARDS FOR

EXAMINING MODEL ERRORS

Prior to the Orders, the SEC had taken enforcement ac-
tion against quantitative managers in instances in which the

244. FRANCES COWELL, RISK-BASED INVESTMENT MANAGEMENT IN PRACTICE

229 (2d ed. 2013).
245. Differences in cash flows among accounts may also mean that individ-

ual accounts will hold different investments.
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adviser had not actually created the model that it disclosed to
investors.246 Since perfection is unattainable in model develop-
ment, there is a wide gulf between those cases and ones, such
as the Orders, in which a model has an error and the SEC
believes it simply is not working as predicted. The Orders raise
the difficult issue of determining when an error would be so
profound, in the context of a manager’s other processes, that
the manager’s general disclosure that it has a model, or con-
trols for risk, becomes inaccurate.247 Importantly, the Orders
also suggest that one type of error is different than another,
and that quantitative managers have a higher standard of care
than traditional managers.

In statistics, a model that is “underfit” is flawed and often
will show a strong and inaccurate bias. Underfitting occurs
when the data used for training a model is not the same as the
type of information that is being considered in the future
(e.g., we assume all swans are white because we have not seen a
black swan). Underfitting can occur, for example, when a
model has memorized simple training data and developed ba-
sic rules that do not allow it to generalize from a trend. Models
with this flaw typically will fail when applied to new or unseen
data that is more complex. Very simply, in the relevant con-
text, if all prior SEC enforcement actions involving advisers’
“errors” related solely to errors in trade execution, there may
be a tendency (or “bias”) in favor of analyzing other types of
errors (i.e., model errors) in the same fashion as trade errors.

As explained below, however, investment model errors
are very different than trade errors. Use of the term “error” in
describing mistakes in coding or model development easily
can be viewed out of context. Among other things, the label
“error” may create an incorrect assumption about the preci-
sion of the model development process and a misplaced focus
on model development and coding rather than the adviser’s
function as an asset manager and the role of models as re-
search tools in the investment management process.

246. See supra note 143 for examples.
247. For example, even if an error is significant, but latent, it may have an

effect in some environments but not others; or, as with a traditional man-
ager, the effect of the error may be obviated by other research relied on by
the manager.
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A. Models Are “Research” that Inform the Investment
Decisions of Managers

From both the perspective of the investment industry, and
from a securities law perspective, models are research or deci-
sion support tools used by the manager in connection with its
exercise of investment discretion. In 1975, Congress embraced
the evolution of research when it added Section 28(e) to the
Exchange Act and specifically recognized that “computer anal-
yses of securities portfolios” falls within the definition of “re-
search” that may be acquired by an investment manager using
soft dollars—just as traditional research reports.248 However,
the scope of software that is covered by the safe harbor in Sec-
tion 28(e) for research was a subject of ongoing debate as
technology evolved.

In 2006, after an extensive public comment process, the
SEC issued an interpretive release249 formally acknowledging
that models are research for purposes of Section 28(e) if they
“provide lawful and appropriate assistance to an investment
manager exercising investment discretion over accounts.”250

248. See AN ACT TO AMEND THE SECURITIES EXCHANGE ACT OF 1943, S. REP.
NO. 94-75, at 71 (1975) (Report from the Committee on Banking, Housing,
and Urban Affairs). As far back as 1975 it was evident in congressional state-
ments that, from a legal perspective, models are “research” under the securi-
ties laws, and that the same information can be presented as a written re-
search report provided to a traditional manager or be made available in an
electronic format through models. See id.

249. See, e.g., Commission Guidance Regarding Client Commission Prac-
tices under Section 28(e), Exchange Act Release No. 54165, 17 C.F.R. 241
(July 18, 2006) [hereinafter 28(e) Interpretive Release]; see also Interpretive
Release Concerning the Scope of Section 28(e), Exchange Act Release No.
23170, 17 C.F.R. 241 (Apr. 23, 1986); Interpretations of Section 28(e) of the
Securities Exchange Act of 1934; Use of Commission Payments by Fiducia-
ries, Exchange Act Release No. 12251, 17 C.F.R. 241 (Mar. 24, 1976). The
same interpretation has been embraced by the Department of Labor for ER-
ISA purposes. See, e.g., Charles Lerner, SEC No-Action Letter, Fed. Sec. L.
Rep. ¶ 78,871 (Oct. 25, 1988) [hereinafter Lerner Letter]; see also Statement
of Policies Concerning Soft Dollar and Directed Commission Arrangements,
Department of Labor ERISA Technical Release No. 86-1 (May 22, 1986).

250. In relevant part, Section 28(e)(3) states:
a person provides brokerage and research services insofar as he—
(A) furnishes advice, either directly or through publications or
writings, as to the value of securities, the adVisability of investing in,
purchasing, or selling securities, and the availability of securities or
purchasers or sellers of securities; (B) furnishes analyses and re-
ports concerning issuers, industries, securities, economic factors
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The statutory test outlined by the SEC is whether the model
“provides analyses of securities portfolios” and “reflects the ex-
pression of reasoning or knowledge” with respect to “the value
of securities, the advisability of investing in, purchasing, or sell-
ing securities . . . .”251 Investment models, such as those de-
scribed in the Orders, as well as quantitative research tech-
niques, are properly regarded from a legal perspective as re-
search tools used by the manager in connection with its
exercise of investment discretion.252 Similarly, systems that al-
low a manager to monitor performance, including much of
the data that the manager receives as part of the model appli-
cation, development, and ongoing monitoring process, also
would be regarded as research and are part of the investment-
decision process.253

Correctly viewing models as research or decision-support
tools resolves many of the problems that are discussed later in
this Article. The research elements of models include the anal-
ysis underlying the model, as well as the programming of the
models and the efforts to correct any errors in order to im-
prove future decision-making. These activities are analogous

and trends, portfolio strategy, and the performance of accounts; or
. . . .

Securities Exchange Act of 1934 § 28(e)(3), 15 U.S.C. § 78bb(e)(3).
251. See 28(e) Interpretive Release, supra note 249, at 27, 29 (“Software

that provides analyses of securities portfolios is [“research” and therefore]
eligible under the safe harbor because it reflects the expression of reasoning
or knowledge relating to subject matter . . . .”).

252. More broadly, the 28(e) Interpretive Release examined “market re-
search” and “data” in the context of the terms “data” and “market analysis.”
Id. at 34–36. The SEC specifically noted that modern research services pro-
vided electronically may be different than traditional research reports and
advice historically provided by brokers. Id. It further noted that company
and economic data used for models are “research” and may be purchased
with soft dollars. Id. at 35; see also Bundled Brokerage and Soft Commission
Arrangements, Financial Services Authority Policy Statement No. 04/23
(Nov. 2004) (U.K.) (acknowledgement by the United Kingdom’s securities
regulator that that models may be “research” services if they offer “original
analysis and meaningful conclusions on investment and trading decisions
. . . .”).

253. The entire scope of model development and governance, which
shapes the way portfolios are managed, should be considered part of the
research function within managers. By analogy, the pricing of third-party
research models that qualify as “research” under Section 28 (e) also reflects
the cost to the vendor of design, development, and maintenance.
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to the research efforts and investment decision-making that
occurs at traditional managers.

B. Legal Concepts Involving Trade Errors and Other Errors Are
Poorly Suited to Analyzing Investment Model Errors

If the Firm Model was viewed as research, the SEC’s analy-
sis of the facts and law applicable to the Model Errors might
have been very different. However, both statements in the Or-
ders and subsequent comments by SEC staff suggest that the
Model Error was examined in the context of precedent de-
rived from simple trading errors rather than research. Many
statements in the Orders can be more easily understood in the
context of the inappropriate application of precedent involv-
ing trade errors.

The term “trading error” commonly refers to an error in
the execution of an order due to a failure to properly imple-
ment a portfolio manager’s instructions, such as purchasing
rather than selling a security, effecting transactions in the
wrong amount or for the wrong account, or investing in indi-
vidual securities that are not permitted in an account due to
client instructions or otherwise.254 The sharp distinction be-
tween what is research and what is an execution-related trade
error is evident in the temporal standard adopted by the SEC
under Section 28(e). The SEC stated in the 28(e) Interpretive
Release that “[r]esearch services include services provided
before the communication of an order” for execution.255

254. Included within the trade error definition used in this Article are
account restrictions that may be present as a result of client guidelines, laws,
or prospectus or other disclosure (e.g., limits on positions or sector concen-
trations). Some advisers’ trade error policies specifically exclude from the
definition of a “trade error” in their policies, errors that occur in connection
with the investment decision-making process.

255. Section 28(e) Interpretive Release, supra note 249, at 41. While the
SEC’s statement applies to orders communicated to a broker, it is clear that
model output for investment purposes would be distinct from internal trade
instructions that are routed to a trading desk once that investment decision
has occurred. Model errors that may occur prior to an investment decision
could include those relating to investment restrictions or other limitations
on investments not being appropriately coded. See Western Asset Mgmt. Co.,
Advisers Act Release No. 3763, 108 S.E.C. Docket 673 (Jan. 27, 2014) [here-
inafter WAM Order]. (Errors in pre-trade compliance model resulted in ad-
viser failing to adhere to an issuer’s investment restrictions). The distinction
between investment models and execution models also is emphasized in the
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Thus, order routing and trade execution software, or models
used in pre-trade compliance, may not be considered “re-
search,” while models such as the Firm Model, that assist a
manager in determining which security to purchase, sell, or
hold would be considered research.256

With respect to trade errors, the SEC has taken the posi-
tion that the antifraud provisions of the Advisers Act, along
with general fiduciary obligations, require that “consistent with
industry practice” a loss resulting from trade errors should not
be borne by the adviser’s clients.257 Advisers therefore may (in
some cases) be subject to liability, similar to strict liability, for
trade errors. The SEC also implicitly requires advisers to have
specific policies or procedures for determining how trade er-
rors will be handled.258 For this reason, trading errors fre-

industry comments on the CFTC’s Proposed CFTC Regulation Automated
Trading, supra note 228.

The lines between what is an investment decision (part of the manager’s
trading strategy) and what is “trading” may be blurred in the context of high
frequency trading. Trading algorithms that are part of a manager’s invest-
ment strategy because they are designed to generate “alpha” also should be
considered “research” and an equal part of the investment decision-making
function. In the industry, these types of alpha generating trade execution
models may be referred to as the “little game” versus the “big game” repre-
sented by the portfolio management models.

256. See WAM Order, supra note 255 (labeled by the SEC as a “model er-
ror” action).

257. See, e.g., Lerner Letter, supra note 249 (an investment adviser “is re-
sponsible for any losses resulting from an inaccurate or erroneous order
placed for an advised account”). However, the letter also noted that contrac-
tual provisions may modify these responsibilities. Id. at n.2. For example, as
discussed earlier, the standard of care of an adviser is typically negotiated
between the adviser and the client and set forth in the advisory agreement.

258. Robert W. Helm & Megan C. Johnson, Dealing with Investment Errors,
20 INV. LAW. (2013) (“Although not required by the securities laws, it is a
generally accepted practice for investment advisers to adopt policies and
procedures that provide guidelines for resolving trade errors.”); see also, e.g.,
Michael T. Jackson, Advisers Act Release No. 2374, 85 SEC Docket 357 (Apr.
6, 2005).

Although advisers are not specifically required by the Advisers Act and
Rule 206(4)-7 to have policies regarding trade errors, the SEC has implied in
enforcement orders that advisers must have such policies. An adviser’s com-
pliance department also may monitor transactions to assure that they adhere
to investment guidelines disclosed to investors, as well as any client-specific
limitations. Compliance personnel generally act to assure that an adviser
does not violate any specific legal limitations found in the Advisers Act, the
1940 Act, ERISA, or other provisions of the securities laws, etc.
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quently are addressed in investment advisory agreements and
the regulatory compliance procedures of managers.259

When they occur, in many cases, trade mistakes can be
discovered and corrected before the end of the securities set-
tlement cycle. If not, however, a manager may simply sell a
security purchased in error, or purchase the correct secur-
ity.260 Managers typically act quickly to remedy a trade error to
limit any potential losses that they might incur due to the er-
ror. However, client compensation decisions relating to trade
errors often are based on business considerations261 and in-

259. SEC examiners often request records relating to any trading errors.
Advisers’ trade error policies and procedures normally indicate that the ad-
viser is subject to a fiduciary duty as well as contractual obligations in its
investment management agreements that impose a standard of care. Al-
though individual policies vary significantly from adviser-to-adviser based on
a variety of factors, they normally are expressed as general guidelines. Al-
most all advisers and their counsel consider the actual analysis of a potential
trade error, and the adviser’s responsibility, to be a highly fact-specific exam-
ination. See Helm & Johnson, supra note 258 (containing an excellent over-
view of the law applicable to trade errors and the relevant theories for calcu-
lating damages).

260. As shown earlier, many modern managers are relatively agnostic
within a broad range of securities that might be purchased for a portfolio to
implement their strategy, so normally there is no “perfect” stock. See generally
supra Section I.A. For this reason, it is questionable whether traditional no-
tions of the manager reimbursing a client for losses attributable to the idio-
syncratic performance of purchasing the “wrong” security are economically
justifiable based on the “harm” caused to investors. Even if a manager
bought Y security instead of X, both securities may be equally acceptable at
the portfolio level. The driver metaphor, supra Section II.B.4.a, also may be
used to illustrate the uncertainty of outcomes over a particular period of
time. For example, there may be several equally acceptable routes to a desti-
nation (i.e., substitution candidates). On any particular day, depending on
traffic conditions, it may not be predictable which route will be the most
efficient. However, if the driver misses the exit to his first choice, he or she
may take an alternative route. The driver may encounter an immediate traf-
fic jam on the alternative route, which then clears up, but a much lengthier
traffic jam may have awaited the driver closer to the destination on the first
route. In fact, the driver’s mistake may have proven to be fortunate. Thus, it
can be argued that reimbursement of a trade error should not be based on
the idiosyncratic performance (which is not foreseeable) of one acceptable
stock versus another over any particular period.

261. In these policies, the risk of trade errors often is unidirectional, since
the investor benefits from any gains versus the intended action, until the
error is corrected, while the manager covers any losses.
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dustry practice rather than an analysis of legal liability.262 Prac-
tices also vary among managers in different segments of the
industry.263 In addition, if an error is attributable to a broker,
then the adviser will look to the broker to compensate its cli-
ents for any losses.

Because trade errors frequently are transactional, their ec-
onomic effect on a client account also typically can easily be
measured and the errors readily corrected. Once a manager
has determined that it has a reimbursement obligation, the ec-
onomic or “quantitative materiality” of the error’s impact (on
an account-by-account basis) versus the administrative ex-
penses associated with correcting an error may be a factor con-
sidered by the manager in its reimbursement decision. In ac-
cordance with its trade error policies, the manager also will
typically notify the affected account holders of material errors
and of its reimbursement decision where it judges that there
has been a quantitatively material impact on their accounts
due to the trade error.

SEC enforcement actions against advisers in connection
with trade errors generally have involved behavior that could
be affected by conflicts of interest. Among other things, the
actions have included instances in which the adviser failed to
inform clients of the trade errors,264 and engaged in improper
affiliated transactions to either correct or hide the error to
avoid reimbursing clients.265 Enforcement actions also have
been based, in part, on a manager’s failure to follow its own
internal procedures for the handling of trade errors.266

262. Managers commonly carry insurance to cover legal liability from
large trading errors.

263. In the hedge fund industry, for example, the general practice is not
to compensate a fund for errors unless the manager is grossly negligent,
although some managers may compensate investors based on a simple negli-
gence standard. See Jennifer Banzaca, How Should Hedge Fund Managers Ap-
proach the Identification, Prevention, Detection, Handling and Correction of Trade
Errors?, 6 HEDGE FUND L. REP. VOL 6, NO. 12,(Mar. 21, 2013).

264. See, e.g., Jack Allen Pirrie, Advisers Act Release. No. 1284, 49 SEC
Docket 721 (July 29, 1991) (the adviser failed to inform clients of trade er-
rors and using clients’ soft dollar credits to absorb a loss that otherwise
would have been the responsibility of the adviser).

265. See, e.g., M&I Inv. Mgmt Corp., Advisers Act Release. No. 1318, 51
SEC Docket 1375 (June 30, 1992) (the adviser was alleged to have engaged
in improper affiliated transactions either to hide or correct a trade error).

266. See, e.g., WAM Order, supra note 255.
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Because of the potential for confusion, it is helpful to dis-
tinguish trading errors from investment model errors. Trading
errors typically (though not always) occur after the manager
has exercised investment discretion and made an investment
decision.267 They do not occur as part of the judgmental pro-
cess associated with model development or the interpretation
of model signals, or other research oriented activities. Instead,
they frequently are the result of a miscommunication or oper-
ational mistakes not involving judgment. Importantly, the pro-
cess outlined in trade error policies may be designed to pre-
vent potential conflicts of interest between the manager and
its clients that are not present with most model errors

Trading errors also normally (though not always) are
transactional, relate to the purchase or sale of individual secur-
ities and can be more easily detected through pre-trade con-
trols and subsequent reviews by the portfolio manager. Impor-
tantly, there is a very limited disclosure analysis (policies often
require disclosure of the error if quantitatively material268)
and the manager readily can determine which clients are af-
fected by the error. Compliance staff also routinely plays a role
in designing policies, reviewing exception reports,269 and as-
suring that internal procedures are followed once trade errors
are discovered.

While there are many different types of model errors, un-
like trade errors, among other things they commonly are sys-
tematic (affecting many client accounts) rather than transac-

267. As noted supra note 255, in some cases trading models may be part of
the manager’s investment strategy and designed to serve as a source of al-
pha. Depending on the context, these models also may be considered “re-
search.”

268. The standard often cited relates to quantitative materiality of an er-
ror in connection with net asset values reported for mutual funds that will
require reprocessing of shareholder account values to compensate investors
for losses. While there is no official SEC guidance, generally a pricing error
is considered to be quantitatively material in the context of registered funds
if it is more than one cent per share on a particular day of a fund’s net asset
value. Other types of errors are considered to be quantitatively material to
individual investors, requiring compensation, if they are more than one half
of one percent of the fund’s net asset value. See Helm & Johnson, supra note
258, at 2 n.3 (citing Investment Company Institute, Valuation and Liquidity
Issues for Mutual Funds (Feb. 1997)). The SEC has not established a specific
method for calculating reimbursement amounts for compensable errors.

269. Trade errors also may be escalated and reviewed by a committee of
the manager based on amount of the potential reimbursement obligation.
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tional, presumed to be present and routinely discovered and
corrected, typically do not produce outcomes that are differ-
ent than the manager intends, may or may not materially af-
fect performance (either positively or negatively), may persist
undiscovered for a long period of time, may affect a broad
portion of a portfolio in ways that are not easy to measure, may
be mitigated by other controls; may involve some client ac-
counts but not others, may not present a conflict of interest,
and may not be material in light of the manager’s disclosure.
Moreover, when model errors are discovered, correction may
not be as simple as reversing a trade made in error.

The next portion of this Article examines statements in
the Orders in light of the distinction between trading errors
and investment model errors, demonstrating the importance
of the differences.

1. Analysis of Investment Model Errors
As noted earlier, statements in the Orders, and also sepa-

rately by SEC staff in the News Release and other public com-
ments, were critical of the Firm’s failure either “to conduct any
meaningful materiality analysis of the error’s impact” or that
the Firm performed only a “rudimentary and limited analyses
to estimate the error’s impact” and later, that the error, once
discovered, was swept under the rug.270 As illustrated below,
many of these statements demonstrate the bias of approaching
model errors from the familiar paradigm established for trade
errors.

Model errors are discovered on a routine basis as part of a
manager’s model governance process. Potential errors in post-
production models may come to the adviser’s attention
through a variety of channels, including feedback from portfo-
lio managers, risk managers, audit or post-production valida-
tion efforts, among others. Unlike the simple process of de-
tecting and remediating trade errors, even when a potential
error is discovered, the source may not be clear, and not infre-
quently requires an investigation by the manager. As suggested
earlier, if the error is not apparent, the manager might con-
sider whether there is a design flaw, paradigm shift, data integ-
rity problem or programming error.

270. See Firm Order, supra note 5, at 8.
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With respect to programming errors, if the error can be
corrected simply by conforming the programming of a model
to previously approved versions, seemingly no analysis should
be required (e.g., changing the scaling). It is plain, in fact, that
the Model Error could have been corrected immediately by
quietly changing the factor tables to reflect the intended expo-
sure settings with no further analysis. Lost in the Orders is any
mention of the Firm’s change control process and the very im-
portant distinction between the analysis of an error under-
taken for the purpose of making future decisions relating to a
research model, versus the type of detailed forensic analysis of
quantitative materiality that occurs in connection with trade
errors.271 In the latter case, the analysis is for reimbursement
purposes and will have no effect on future decision-making.

As discussed later, within the industry it is acknowledged
that it may be difficult, if not impossible, to measure the effect
that an error has on performance, particularly with the subjec-
tive decision-making that occurs in all aspects of model devel-
opment and application. Even with simplifying assumptions,
the same kind of quantitative materiality analysis conducted in
connection with trade errors can be extremely time consum-
ing, costly, and subjective.272 In the context of model errors,
this type of analysis is not useful for the manager in connec-
tion with future investment decision-making on behalf of cli-
ents, or, in most instances, a prudent or practical application
of an adviser’s resources.273 As Judge Richard Posner stated,

271. A general reimbursement duty based on existence of an error is con-
sistent with “strict liability,” but is inapposite to the standard of reasonable
care imposed on prudent fiduciaries. This standard also ignores the fact that
duty advisers owe to their clients is to manage assets in a prudent fashion
consistent with their disclosure, and not to produce error-free models—un-
less the manager has warranted to investors that its models are error free.

272. An assessment of the precise economic effect of the error in each
case would not be possible in many cases and would be very time consuming.
It is noteworthy that, as referenced in the Orders, it took a well-known eco-
nomic consulting firm over six months to complete an assessment of the
effect of the Model Error. See Firm Order, supra note 5, at 9.

273. Generally, cost is a factor that may be weighed in determining negli-
gence. See Kenneth W. Simons, Tort Negligence, Cost-Benefit Analysis, and Trade-
offs: A Closer Look at the Controversy, 41 LOY. L.A. L. REV. 1171 (2008). Thus,
even though an error may have been prevented in pre-production with
greater resources and stricter controls, the manager only would be required
in most cases to observe reasonable care in managing the portfolio.
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“[r]ational people base their decisions on their expectations
of the future rather than on their regrets about the past.”274

There is no benefit to investors of conducting a forensic analy-
sis, such as that suggested by the Orders, except in the context
of making payments for past actions. A more detailed analysis
of the quantitative materiality of an error, similar to that un-
dertaken on an account-by-account basis275 for trading and val-
uation errors, is not practical with respect to model errors and
should not be required unless the manager first determines
that it has a reimbursement obligation.276

Any examination of an error that will affect future deci-
sion-making may require an entirely different kind of analysis
than the forensic analysis suggested by the Orders. When
model errors are discovered, quantitative managers may make
decisions based on their intuitive understanding of the relative
importance of an error stemming from their experience and
mastery of the models. Or, they may undertake an initial im-
pact analysis addressing the type of error, the significance of
component models involved, and the number of portfolios or
assets affected (e.g., the “rudimentary analysis” referred to in
the Orders). The degree of formal analysis necessary may de-
pend on the experience of the individuals involved. Experts,
especially highly sophisticated professionals (such as those at
the Firm and elsewhere), may base their decisions, in part, on
their education and training, as well as years of practical expe-
rience researching and developing models, managing assets,

274. RICHARD A. POSNER, ECONOMIC ANALYSIS OF LAW 8 (Little Brown and
Co., 4th ed. 1992).

275. An analysis also would vary based on the standards applicable to the
relationship with a particular client, including the precise disclosure pro-
vided, individually negotiated contractual standards, and relevant state and
federal laws that may be unique to that client.

276. The discovery of a model error by itself is not evidence that the man-
ager has misled investors, violated any standard of care, managed a client’s
assets in a manner that was not intentional or prudent, or has a reimburse-
ment obligation. Quantitative managers are among the best educated and
most diligent in applying documented processes to manage investor assets.
Although it is not possible to prevent all errors in models, in most cases
fiduciaries are only required to exercise reasonable care in managing client
portfolios. Thus, an analysis of an error should take into account both the
model development process as well as secondary controls including, among
others, the subjective decisions made by the portfolio manager and regular
monitoring of client portfolios and model output to independently evaluate
model results.
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and their intuitive understanding of the models.277 Based on
this analysis, which may be informal and may or may not be
readily understood by the SEC staff in all cases, the manager
can make reasonable decisions about the level of organiza-
tional review to be undertaken, the speed with which an error
is corrected, and the scope of corrective action and implemen-
tation of new controls.

Moreover, when errors in coding or other model errors
are discovered, they generally are viewed in the context of the
manager’s ongoing awareness of the positions in portfolios
and exposures that reflect the manager’s intent—even with
the possibility of errors. As observed throughout this Article,
there is no perfect portfolio and a range of exposures and
holdings normally are acceptable to a manager. Thus, while
individual stocks and factor exposures may have been different
without a particular error, it is likely that the portfolio actually
constructed by the manager still embodies the manager’s in-
vestment beliefs.

Following is a discussion of the complexity associated with
analyzing errors in quantitative models based on the quantita-
tive materiality standard used to analyze trade errors for reim-
bursement purposes, which appears to have the benchmark
suggested by the SEC in the Orders.

2. Time Periods May Be Subjective
As an initial mater, determination of relevant time peri-

ods may be subjective. Unlike trade errors, it may not be clear
when the precise event giving rise to any potential reimburse-
ment obligation first occurred. In the Orders, the SEC (appar-
ently based on the view that model errors are like trade errors)
required the Firm to conduct damage calculations based on
the time period in which the coding error first was introduced
into the Firm Model, until it was corrected.278 However, there
may be multiple time periods to consider.

277. Years prior to the events giving rise to the SEC’s actions, Dr. Rosen-
berg was described as someone that could not be fooled by model results,
and was constantly questioning the output of models based on his own ex-
pert understanding of risk. See PATTERSON, supra note 10.

278. Firm Order, supra note 5, at 9–10 (noting that Cornerstone’s
$216,806,864 damages estimate was based on “each month that a client ac-
count was impacted by the coding error,” and requiring that respondents
return that total amount in compensation to clients who were affected).
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Since the reality is that model errors are impossible to en-
tirely prevent, the event giving rise to a breach of a standard of
care, or a disclosure violation, could be the time at which the
error was introduced into the model; the period from which
the manager was not able to effect the investment strategy dis-
closed to investors because of the error; the time at which the
manager’s post-implementation controls should have detected
the error; the time it should have taken the manager to rem-
edy the error in a prudent manner once discovered; the time
at which latent errors became manifest; or some other event or
time period. In addition, based on a disclosure standard under
the Advisers Act, the appropriate period arguably may be the
timing of a specific misstatement, or some other date in which
the investor was presented with performance statistics or de-
tailed information regarding holdings, and decided to remain
invested in the strategy.

3. Investment Models Are Both Systematic and Individualized
If, upon discovering a model error, the manager decides

that it has breached a duty to investors, the longer the period
in which the breach of duty is present, the more complex and
subjective the analysis of losses that might be attributable to
the breach would become. Unlike a trade error in which the
impact often is isolated to a single transaction, models do not
make occasional or isolated mistakes. When errors are present
in models, they might not affect model signals under many
conditions. However, when they do influence model signals
their impact may be repeated relentlessly over time, and have
a widespread effect.

Also, as described earlier, there may be no single model
used to manage client portfolios. Managers may employ many
different versions of the same model, with different weight-
ings, or apply unique factors that are individualized based on
the industry segment, sector or country in which the strategy
invests. Thus, an error may potentially affect many different
dimensions of portfolios in ways that may be positive, negative,
or neutral (or each of the foregoing, depending on the rele-
vant time period).279

279. Choosing an appropriate time period may also yield different results
in calculating losses to investors. In the Firm Order, supra note 5, the con-
sultant used monthly segments and offset gains and losses due to overexpo-
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4. Errors May Not Have an Effect on Performance
As noted previously, even with an error, the actual hold-

ings and exposures in a portfolio overall are likely to be consis-
tent with a manager’s intention. Because there are no perfect
portfolios, a manager may tolerate a wide range of holdings
that are consistent with the client’s investment objective. Thus,
for example, an error in a predictive model may have no effect
on the outcome of a manager’s stock selection process, since a
security ranked by a model in the eight decile may be just as
acceptable to the manager as one ranked in the tenth decile.
An error, such as differing factor exposure, also may actually
have had a positive effect on an adviser’s strategy (i.e., it may
have improved performance) and the manager may determine
to retain the existing version of the model—even though it
contains errors,280 because the impact of an error may not be
material281 or may be negated entirely by other elements of
the manager’s investment process. Moreover, the effect of an
error may be far murkier during periods in which market con-
ditions deviate from historical norms that are used to develop
the model. As discussed earlier, a manager may not know
whether relative underperformance or overperformance is
due to temporary irrational conditions, or the result of a de-
sign, data, or coding error.282

sures to common factors only within that monthly segment. A different and
equally reasonable measurement period (e.g., quarterly) may have yielded
different results.

280. An error also may influence a manager’s decision to acquire or sell a
stock earlier than optimal, to retain a position too long, or to weight it differ-
ently.

281. As noted earlier, see generally supra Section I.A, hundreds of factors
may be incorporated into models. Some factors may contribute less than a
percentage point of the total weighting in the manager’s investment process,
and may not ultimately affect decisions made by the manager. Also, during a
period in which an error is present in a model, its significance may vary
based on both internal actions of the manager (e.g., modifications, enhance-
ments and other interventions) and external events (e.g., market environ-
ment or the decline in the strength of signals due to the adoption of similar
strategies by other managers) that are beyond the manager’s control.

282. It also is worth noting that over short periods of time, a group of
stocks affected by an error may perform worse than those that might have
been chosen without the error, but those same stocks may have led to a
greater return over a different period of time (e.g., defensive positions may
be intended to minimize the impact of a down market that is the manager’s
investment horizon, or a full market cycle).
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The analysis of the effect of an error may be further com-
plicated by the fact that, among many other things, data from
prior periods may not be readily available, losses may be offset
by gains, and implementation of trades may have occurred dif-
ferently. Finally, losses may be attributable to market factors
other than those related to the error (e.g., an entire market
segment or quantitative strategies in general declined during
the period the error was undetected). As discussed previously,
the fact that an error is present in a model does not mean that
it resulted in the creation of portfolios that were inconsistent
with the manager’s investment philosophy.

5. It May Be Difficult to Assess the Significance of Human
Judgment
The element of human judgment integral in the invest-

ment decision-making process also may make it difficult, if not
impossible, to predict what might have happened but-for the
error.283 While quantitative investing is a much more disci-
plined approach to investing than fundamental investing, as
emphasized earlier, within quantitative managers there are
many different levels of subjective overlay applied in the port-
folio management process and in model governance.

Although there are numerous gross decisions that an ad-
viser makes regarding its models, other decisions are individu-
alized at the portfolio level. Even if models worked to perfec-
tion, it is common for investment performance of one portfo-
lio to vary from others relying on the same strategy, depending
on a portfolio manager’s expertise and judgment in cali-
brating the model or managing cash flows, interpreting sig-
nals, applying different models, choosing among substitution
candidates, and the trade execution process, as well as client-
imposed investment constraints. Differences in holdings and
performance are common among portfolios managed using
the same strategy—even with the same portfolio manager.
Thus, the judgment of the portfolio manager and other con-
trols may overshadow or eliminate the effect of a model error.

283. Chaos theory explains how small changes can produce significant ef-
fects—referred to as “path dependency.”
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C. Decisions Relating to Model Error Correction Are Investment
Decisions—Similar to Decisions Relating to Revisions

in Traditional Research
In the Orders, the SEC concludes that Dr. Rosenberg’s

decision not to share information relating to the Model Error
may have delayed consideration of the error’s effect and of the
necessary corrective action that may have prevented investor
harm.284 Yet there is no evidence in the Orders that would sup-
port this position and (as discussed later) it appears that Dr.
Rosenberg was the decision-maker in the Firm. Trade errors
normally are treated with some urgency because of the poten-
tially reimbursable losses that may be incurred by the ad-
viser.285 In addition, the SEC has stated that the failure to rem-
edy and disclose trade errors promptly may violate Section
206(2) of the Advisers Act.286 For this reason, many advisers
have trade error policies that require errors to be addressed
and disclosed promptly.287 This same temporal standard has

284. Rosenberg Order, supra note 6, at 5 (“In addition, Rosenberg’s direc-
tion to delay fixing the error allowed it to remain uncorrected for several
additional months. Because of his conduct, certain clients continued to sus-
tain losses from an error that could have been but was not promptly cor-
rected.”); Firm Order, supra note 5, at 8 (“Because [the California Research
Group] and [ARIM] failed to disclose the error, certain clients continued to
sustain losses from an error that could have been but was not promptly cor-
rected.”).

285. The manner in which errors are defined or categorized in an ad-
viser’s policies may be important in determining how they may need to be
addressed within the manager and what standards the manager will apply in
determining any reimbursement obligation. For this reason, managers
should ensure that escalation and other procedures addressing trade errors
cannot unintentionally be read to apply to model errors. Whether or not
separate policies are necessary for review of coding errors, if they are devel-
oped, care should be taken to assure that they are crafted in an appropriate
manner—with the expectation that, even though they are operational con-
trols, they will be reviewed by regulators and therefore should be followed.

286. Investment Advisers Act of 1940 § 206(2), 15 U.S.C. § 80b–6(2)
(West 2016). See, e.g., WAM Order, supra note 255; Jon N. Eisenberg, SEC
Enforcement Actions Against Investment Advisers, Harvard Law School Fo-
rum on Corporate Governance and Financial Regulation (Nov. 7, 2015)
(“The [SEC] staff expects that when an investment adviser discovers an er-
ror, it will act promptly to reimburse clients who were affected by the er-
ror.”).

287. In addition, the SEC has stated that compliance policies must be de-
signed to “promptly” address any securities law violations. See Compliance
Programs of Investment Companies and Investment Advisers, Advisers Act
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not been applied in connection with errors in research or the
investment decision-making process, which do not lead to a
regulatory violation.

As explained earlier, managers often trade only periodi-
cally and allow their portfolios to drift between periodic adjust-
ments. Moreover, unlike trade errors, the correction of a
model error may not be as simple as it might seem and may
need to be vetted in accordance with the manager’s change
control processes. Thus, even if model errors are addressed
promptly (in the sense that they are considered) after they are
discovered, managers typically schedule the release of changes
to a model. And, in many cases they may prudently choose not
to correct a known error. Thus, the notion in the Orders that
quantitative managers must promptly correct and disclose cod-
ing errors in their models288 is both inconsistent with industry
practice and not reflective of the manager’s obligations as a
fiduciary.

Any decision to correct an error in an investment model,
whether a design flaw, data integrity problem, or coding error,
will likely depend on the unique facts surrounding the error,
which might include the importance of the model, whether
the error significantly influences the manager’s investment de-
cisions, and the certainty that the result of correcting the error
would be beneficial to clients over a period of time.289 Deci-
sions regarding the timing of an error correction may have an
influence on positions and exposures of a portfolio and in-
volve judgments that should be viewed as part of the man-
ager’s investment decision-making process, arguably no differ-
ent than an enhancement to a model or update of traditional
research.

Errors in models may have varying degrees of magnitude.
Non-routine errors in significant or critical models that cause
an observable result are likely to be detected and mitigated
quickly. The level of criticality assigned to a particular error

Release No. 2204 (Dec. 17, 2003) (adopting Rule 206(4)-7) [hereinafter
“Compliance Release”].

288. See Rosenberg Order, supra note 6, at 5; Firm Order, supra note 5, at
8.

289. As suggested earlier, there may be a question about whether or not a
model error was, in fact, an error. For example, the error may have existed
in a version of the model that was back-tested and approved into production
for use. See generally Section I.B.
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may correlate, among other things, to the importance of the
model, the number of portfolios affected, the weighting of the
model or factor, and whether there are other controls in place
that mitigate the error’s effect. For example, an error that no-
ticeably causes an index fund to stop tracking its benchmark,
or errors in a short-term trading strategy, are likely to be
treated with some immediacy and may not be subject the man-
ager’s normal change control protocols (sometimes referred
to as “glass breaking”). However, the effect of minor model
errors on the performance of investment models with longer-
term investment horizons may not be clear and might require
more deliberation and approvals prior to implementation.290

Similarly, the effect of errors during abnormal market condi-
tions may be uncertain.

It is common for software developers to consider the na-
ture of the error (routine or non-routine), the likely effect
that it may have had on a model’s performance, and the com-
plexity of making a correction in light of the interrelationship
with other elements of a model.291 Seemingly, for example, it

290. As noted elsewhere, because the future is unknown, it is far less obvi-
ous how a particular error that resulted in different weightings of positions,
might influence future performance.

291. Commonly, in software development, programming errors are priori-
tized in terms of their severity. While there are no standards, when a
software error is discovered it may be categorized numerically or in terms
such as “critical,” “high,” “low,” “trivial” or “deferred.” Among general fac-
tors considered by a developer in determining the priority for addressing an
error might be the likelihood that the error ever would become manifest
(e.g., rarely, if ever), the significance of the error (e.g., system crashes that
make a program inoperable, or clearly adverse consequences) as well as the
presence of other controls employed by the user that would mitigate or elim-
inate the effect of the error.

In the commercial software industry, a developer may delay correcting a
known programming error under the following conditions: production
deadlines may require that the developer correct only those problems above
established severity levels prior to release of new or enhanced software, with
the expectation that known problems will be corrected in a subsequent re-
lease; the error is not significant enough to warrant an immediate update or
patch, and the problem already has been addressed in an upcoming release;
the cost of making changes to the code necessary to fix a coding problem
are too costly, will take too much time for the current release, or affect too
many other areas of a program to be addressed on an ad hoc basis; a version
of the software with the bug and corrections is being relied on by users, who
have developed mitigating strategies, and the correction may introduce a
“breaking change;” the coding error is in a portion of the program that will
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would be a simple matter to correct an error that eliminates a
mistake in previously approved versions of a model. However,
as demonstrated by widely-publicized market events involving
exchanges292 and other market participants, modifications or
corrections also can produce unintended effects if they are not
fully considered at the time they are implemented.293 Thus,
some errors, whether significant or not significant, may be cor-
rected quickly and easily. Other corrections may be more com-
plex and necessitate time, expense, and consideration to im-
plement, and may require the manager to make decisions
about the allocation of resources.294

be obsolete with an upcoming release; or the error is not a bug in the
software, but reflects a misunderstanding due to miscommunication, design
flaws, or some other flaw not related to programming. See, e.g., Software Bug,
WIKIPEDIA, http://en.wikipedia.org/wiki/Software_bug (last visited Apr. 8,
2017).

292. See, e.g., NASDAQ Stock Market LLC et al., Exchange Act Release No.
69655, 106 SEC Docket 1774 (May 29, 2013). In this enforcement action
against NASDAQ, and its affiliate, involving at the time the largest fine ever
against an exchange, the SEC was critical of the hasty decision-making of
NASDAQ with respect to computer glitches involving one of the largest IPOs
in history. Id. at 3–13 The problems occurred when NASDAQ determined to
open the secondary market for trading in Facebook “with the expectation
that they had fixed the system limitation by removing a few lines of com-
puter code. However, they did not understand the root cause of the prob-
lem[,]” which led to the violations charged by the SEC. See SEC Charges
NASDAQ for Failures During Facebook IPO 2013-95, SEC Press Rel. (May
29, 2015).

293. One author estimated that twenty to fifty percent of all fixes to
software errors may introduce new, unknown problems. See FREDERICK P.
BROOKS, JR., THE MYTHICAL MAN-MONTH: ESSAYS ON SOFTWARE ENGINEERING

(Addison-Wesley Longman, Inc. 1975). A knee jerk decision to correct an
error immediately after discovery may not always be prudent. If models with
errors are approved and released into production, the manager may need to
back-test and validate the model without the error and determine whether
the correction is implemented properly and whether it would be beneficial
to its investors in the current and future market environments. In fact, a
well-known spoof on a common song is:

99 little bugs in the code.
99 little bugs in the code.
Take one down, patch it around.
127 little bugs in the code. . .

294. For example, a manager may decide that it is more beneficial to use
its resources to implement an enhancement to a model than correct a cod-
ing error.
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In addition, any decision by a manager to correct an er-
ror, or make an enhancement, particularly in a period in
which the market is acting irrationally from the model’s per-
spective, may involve the same subjectivity as that faced by
traditional managers. While in many cases the benefit to a cli-
ent of immediately correcting an error may be unproven—
since the manager cannot foretell the future—there are likely
to be costs associated with implementing any correction that
causes a breaking change that would result in churning client
portfolios. The costs, which include both transaction fees and
price impact, may be significant and not warrant changes in a
portfolio for the sake of “purity.” Thus, depending on the
facts, a manager may reasonably choose to correct the error at
the time of periodic rebalancing or other events, such as the
release of a new version of the model.

Ongoing monitoring of positions and the presence of
other controls make it less likely that an error would affect per-
formance, or that the manager would be acting unreasonably
in not immediately correcting an error. Unless a model error
makes a manager’s disclosures inaccurate, causes it to operate
in a manner that is inconsistent with its investment beliefs, vio-
lates specific restrictions, or presents any obvious harm to in-
vestors, quantitative managers acting in the best interest of
their clients may prudently exercise discretion (as part of their
investment decision-making process) regarding the necessity
or timing of any error correction.

D. A Manager’s Obligation to Disclose Model Errors Is Contextual
A related issue raised by the Orders, and one of the most

difficult, is an adviser’s obligation to disclose errors or other
modifications to its models.295 As explained earlier,296 advisers
are fiduciaries and have a duty both to refrain from fraudulent
conduct and also to disclose material facts whenever the fail-
ure to do so would defraud or operate as a fraud or deceit
upon any client. This duty is emphasized when there is a con-
flict of interest between the adviser and its client. Specific
items of disclosure also are mandated under the Advisers Act
and other portions of the securities laws. Decisions regarding

295. See Rosenberg Order, supra note 6, at 4–5; Firm Order, supra note 5,
at 8.

296. See supra Section II.A.
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disclosure of facts not specifically mandated under the Advis-
ers Act, or in guidance developed in case law and SEC actions,
may be particularly difficult.

Although the SEC assessed damages based on the entirety
of the period in which the error was present in the Firm
Model, the Firm Order indicates that the SEC’s action, at least
partly, was about “conceal[ing] from investors a material error
in its computer code in violation of the federal securities laws”
and “provid[ing] . . . investors inaccurate information about
the Model’s performance and capabilities.”297 The Orders and
News Release also described what the SEC, or its staff, believe
were various misstatements and omissions regarding the effect
of the error on performance and the Firm’s internal controls.
The Firm Order notes that:

After discovery of the error in June 2009, the Respon-
dents made material misrepresentations and omis-
sions concerning the error to [the Firm’s] . . . clients,
including (i) omitting to disclose the error and its im-
pact on client performance, (ii) attributing the
Model’s underperformance to market volatility
rather than the error, and (iii) misrepresenting the
Model’s ability to control risks.298

Markedly, the Orders do not suggest that the Firm or Dr.
Rosenberg had “conflicts of interest which might incline
[them] . . . consciously or unconsciously—to render advice
which was not disinterested.”299 Or, that disclosure of the er-
ror was necessary because their investors “must . . . be permit-
ted to evaluate overlapping motivations, through appropriate
disclosure, in deciding whether an adviser is serving ‘two mas-

297. Firm Order, supra note 5, at 2. There were no allegations that the
Firm advertised hypothetical or back-test results, or that the actual perform-
ance results presented by the Firm were inaccurate or misleading. See id. Nor
do the Orders suggest that the Firm had a conflict of interest, did not report
their performance to investors correctly, mispriced assets, or misled investors
about holdings or sector concentrations. See id. It is clear from the Orders
that investors knew about the actual exposures in their portfolios as well as
the performance in their accounts and were voicing their displeasure. See
Rosenberg Order, supra note 6, at 2 (“Before and after the discovery of the
error, [ARIM]’s clients were expressing dissatisfaction with their portfolios’
underperformance.”).

298. Id. at 6.
299. See SEC v. Capital Gains Research Bureau, Inc., 375 U.S. 180, 191–92

(1963).
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ters’ or only one, ‘especially . . . if one of the masters happens
to be economic self-interest.’”300 The Orders also do not pro-
vide the full context in which the statements occurred, includ-
ing the underperformance of many quantitative managers dur-
ing the period of the Global Financial Crisis, and widespread
investor concerns about the performance of quantitative man-
agers.

This Article does not address whether the Model Error
was material from a securities law perspective. However, some
misconceptions about quantitative investing may be inferred
from the SEC’s allegations of disclosure violations. First, as ex-
plained more fully below, while the Orders suggest that man-
agers control risk, it is more accurate to say that managers at-
tempt or seek to control risk by employing risk models and
optimizers. These models, which often are based on historic
data and normal statistical correlations, may not perform well
in extreme and unprecedented market conditions, such as the
volatile conditions of the Global Financial Crisis, or when
there is government intervention in the markets, that might
lead to a crisis correlation among assets that otherwise are not
highly correlated. Further, while managers often disclose spe-
cific risks, such as “complexity,” they universally disclose the
risk that their strategy (including risk models) may not be suc-
cessful or perform as predicted.

Secondly, while a manager’s lack of diligence in some
cases may expose investors to a risk that is not otherwise pru-
dent, there is no analysis in the Orders that would support the
conclusion that the Model Error, and not the market itself,
caused any underperformance, or that the Firm was not pru-
dent in managing investor assets. As elsewhere, while the SEC
may have possessed the relevant information, the Orders suf-
fer from any discussion of whether or not the manager was
able to implement its investment program as intended, and
specifically whether it had any post-implementation controls
intended to mitigate risk from model errors, or generally
whether the manager’s action was reasonable—the type of
analysis that would be necessary to support (even if possible)
the SEC’s implication that a manager was not a prudent fiduci-

300. Id. at 196.
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ary or was not able to effect the strategy disclosed to inves-
tors.301

1. The Trade Error Template Is Not Suitable for Disclosure of
Model Errors
The earlier parts of this Article discussed the possible un-

derfitting that occurs with respect to the application of a trade
error standard to models that are used in the investment deci-
sion-making process. Statements in the Orders regarding dis-
closure of coding errors also appear to be based on the man-
ner in which trading errors are addressed. Trade errors fre-
quently are disclosed to clients when the manager determines
that it has a reimbursement obligation, which presents a con-
flict of interest, and there is a quantitatively material effect on
their portfolios, or the manager’s policies otherwise call for
disclosure. Moreover, the SEC has initiated enforcement ac-
tions in instances in which a manager has attempted to con-
ceal trade errors from its clients or hide the information by
altering records in order to avoid making reimbursement pay-
ments (scenarios that present a clear conflict of interest),302 or
failed to follow its trade error policies.303

Advisers normally receive fees that are a percentage of as-
sets under management. These fees will automatically increase

301. The Orders also indicate that the Firm disclosed that it had a model
governance process, and that elements of the process were not followed. See
Firm Order, supra note 5. It is difficult to judge the significance of this claim
based on information provided in the Orders, but advisers should be careful
not to misrepresent their controls. See First Capital Strategists, Advisers Act
Release No. 1648, 65 SEC Docket 429 (Aug. 13, 1997) (adviser misrepre-
sented the existence of controls to assure compliance with investment guide-
lines).

302. See, e.g., Michael T. Jackson, supra note 258 (firm allegedly created
false records to conceal a trade error and wrongly passed on the cost of the
error to the investor).

303. Some trading error and investment policies address when clients
must be notified of developments. There is no specific provision of the Ad-
visers Act or any related rule that requires advisers to disclose model errors
to clients. However, as noted in Section II.A.1.a, Section 206(2) of the Advis-
ers Act, 15 U.S.C. § 80b–6, is read to require that advisers make full and fair
disclosure of all material facts. In addition, a manager must act in a manner
that is at least consistent both with its disclosure and its own policies regard-
ing trade errors. As discussed later in Section III.D.2, coding standards and
other internal protocols, however, have not been customarily disclosed to
clients or considered part of an adviser’s regulatory compliance policies.
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or decrease based on the performance of a strategy. And, a
manager may be terminated if a client is not satisfied with its
performance. Thus, unlike trade error cases, in which a reim-
bursement obligation arguably creates a conflict of interest, a
quantitative manager has a strong economic self-interest (that
is closely aligned with the interests of the investor) in the de-
velopment and application of its investment models. Neither
quantitative managers (nor traditional managers) have re-
garded investment mistakes (versus trade errors) as compensa-
ble in most cases, both because they are not legally required to
reimburse clients and it is not industry practice to make such
reimbursements. For these reasons, when inevitable mistakes
are discovered there is not likely to be a conflict of interest
that compels disclosure under general fiduciary concepts.

Moreover, any analysis of a manager’s disclosure obliga-
tions with respect to significance of model errors is likely to be
much more complicated than trade errors. In the Orders, the
SEC simply branded the Model Error as material from a disclo-
sure perspective, noting that a theoretical investor would want
to know that an error was present.304 However, as discussed
before, some model governance structures grade the models
themselves and errors according to their significance. This
type of identification and grading process for programming
errors, however, may not be the same as that undertaken to
determine the materiality of an error under the securities
laws.305

In the context of the securities laws, the U.S. Supreme
Court has indicated that there is no bright line test to deter-
mine materiality for disclosure purposes.306 Instead, an assess-

304. Rosenberg Order, supra note 6; Firm Order, supra note 5, at 2.
305. Because of the potential for confusion between the way the term “ma-

teriality” is used in industry parlance versus the more specific definition of
that term for securities law purposes, managers should be cautious in label-
ing an error or model as “material.”

306. A complete discussion of disclosure issues is beyond the scope of this
Article. In 2016, the SEC issued an opinion that addressed many different
disclosure issues that arise when a manager deviates from its disclosed strat-
egy in a manner that introduces undisclosed risk. The facts in the SEC’s
opinion, which involved an undisclosed practice of using certain derivatives
to enhance investment performance, differ substantially from those
presented by model errors. Nevertheless, the SEC’s Opinion is useful gui-
dance in examining disclosure issues. See Riad Opinion, supra note 111 (dis-
cussing risk resulting from an undisclosed option strategy).
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ment of whether a matter is material depends on context—the
“total mix” of information—and also involves a balance be-
tween providing investors with significant information and not
burying them “in an avalanche of trivial information.”307

“Something more than the mere existence of adverse . . . [in-
formation ] is needed to satisfy that standard, but that some-
thing more is not limited to statistical significance and can
come from the source, content, and context of the . . . [infor-
mation].”308

An investment mistake or error cannot be pronounced as
material in isolation. No manager is likely to assert that its
models, research, or investment decisions are error-free. Er-
rors in models that are not used, or have small weightings, or
that are mitigated by other controls, will not have any signifi-
cant effect on a manager’s ability to implement its strategy.
From a disclosure perspective, the materiality of the error
must be viewed in the context of the manager’s other controls,
its tolerance for alternative outcomes, and the other disclosure
provided to investors.309

2. Advisers Should Not Be Compelled to Disclose Most Model
Errors
A manager’s investment objectives and approach to in-

vesting and style usually are the key elements for many institu-
tional investors in selecting a manager to provide exposure to

307. See, e.g., Matrixx Initiatives, Inc. v. Siracusano, 131 S. Ct. 1309, 1318
(2011) (concerning the need to disclose adverse event reports related to a
pharmaceutical company’s product); see also Basic, Inc. v. Levinson, 485 U.S.
224 (1988) (explaining that materiality “is satisfied when there is a ‘substan-
tial likelihood that the disclosure of the omitted fact would have been viewed
by the reasonable investor as having significantly altered the “total mix” of
information made available.’”); TSC Indus., Inc. v. Northway, Inc., 426 U.S.
438, 449 (1976) (“[T]here must be a substantial likelihood that the disclo-
sure of the omitted fact would have been viewed by the reasonable investor
as having significantly altered the ‘total mix’ of information made availa-
ble.”).

308. See Matrixx Initiatives, 131 S. Ct. at 1312.
309. The complexity of this analysis is highlighted by latent errors. As illus-

trated by the facts in the Orders, the symptoms associated with latent errors
may not be apparent during one period, but may be visible during another.
See Firm Order, supra note 5; Rosenberg Order, supra note 6. During periods
when they do not affect a strategy, latent errors are evocative of the philo-
sophical thought experiment: “If a tree falls in the forest, and no one is
around to hear it, does it make a sound?”
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a specific asset class.310 Under Item 8 in Part 2 of the Form
ADV, all advisers are required to disclose information regard-
ing their investment strategies and material risks311 present in
implementing their strategy or pursuing their investment
objectives. The instructions to Form ADV Part 2 require the
adviser to use plain English and “avoid legal jargon or highly
technical business terms unless you explain them or you be-
lieve that your clients will understand them.”312 More detailed
information regarding elements of an adviser’s strategy may be
provided in institutional presentational materials, investor
conferences, and one-on-one meetings.313

Managers also may offer varying degrees of disclosure
about their processes and robustness of construction in
presentations to specific institutional investors and during due

310. The News Release, supra note 13, naively indicates that managers
must make a separate disclosure to investors whenever their models do not
work as predicted. Rarely, however, do models ever work fully as predicted
over a particular period of time, except in the sense that managers can pre-
dict the results of their decisions are not certain.

311. SEC Investment Adviser Brochure Form ADV, Part 2A, Item 8.B,
https://www.sec.gov/about/forms/formadv-part2.pdf (“For each significant
investment strategy or method of analysis you use, explain the material risks
involved. If the method of analysis or strategy involves significant or unusual
risks, discuss these risks in detail.”) See generally Amendments to Form ADV,
Advisers Act Release No. 3060 (July 28, 2010) (discussing disclosure of mate-
rial risks), https://www.sec.gov/rules/final/2010/ia-3060.pdf. . It also is
noteworthy that as part of the formal disclosure in their Form ADV Part 2,
investment management agreements, and presentation materials, advisers
also universally disclose that they are “seeking” an objective and that they
may not be successful in implementing their strategy or reaching their in-
vestment objectives.

312. Id. ¶ 3. But see Riad Opinion, supra note 111 (“The plain English re-
quirement is not license for registrants to omit material information about a
principal strategy”). Regulators also have expressed concern that too much
disclosure may overwhelm investors and not be useful. See, e.g., Fiduciary Re-
quirements for Disclosure in Participant-Directed Individual Account Plans,
Department of Labor, 29 C.F.R. 2550 (Oct. 20, 2010). (“[T]he Department
remains sensitive to the possibility that too much information may only serve
to overwhelm, rather than inform, participants and beneficiaries.”).

313. Some of the misleading disclosure cited by the SEC in the Orders
appears to have occurred in private communications with institutional inves-
tors. In trade error cases, it generally is clear which clients are affected by the
trade error. To the extent that misleading disclosure is provided in custom-
ized presentations, an individualized analysis—not an across the board as-
sessment—of the effect of the disclosure should be required, particularly if
the manager is held to a strict liability standard.
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diligence reviews. Institutional investors (and their consul-
tants), for example, may want to know more detail about the
financial theory behind the models and how they extract
value, as well as a firm’s model governance. However, manag-
ers may be reluctant to describe in detail (and particularly in
public documents like the Form ADV) specific elements of
their strategies for fear that elements providing significant in-
sights (i.e., their “secret sauce”) might be replicated in the
strategies used by other managers and lead to reduced oppor-
tunities for their clients.

While there are differences in the transparency and li-
quidity of investment vehicles, investors normally receive peri-
odic information about holdings, segment, sector, and country
exposures.314 Performance attribution statistics and market
commentary also often are provided by the manager to ex-
plain performance relative to any applicable benchmark and
on an absolute basis. The statistics provided by advisers may
show how over- or under-weighting a market sector, or factor,
and the manager’s security-specific selection process, contrib-
uted to relative performance versus its benchmark. Like man-
agers themselves, however, sophisticated investors (who often
have their own fiduciary responsibilities) monitor holdings,
performance, attribution, and risk relative to target
benchmarks established for the manager, including industry
peer groups, and they often are guided by professional consul-
tants.315 Thus, even though an investor may not be aware of

314. Institutional investors using separate accounts and brokerage custom-
ers with accounts managed by an adviser may have daily access to reports of
purchases, sales, and their total holdings from their custodians or brokers.
Mutual funds also must disclose this information on a quarterly basis. See
generally Shareholder Reports and Quarterly Portfolio Disclosure of Regis-
tered Investment Management Companies, Investment Company Act; Invest-
ment Company Reporting Modernization, Release Nos. 33-9776; 34-75002;
IC-31610; (May 20, 2015) (proposing monthly reporting), https://
www.sec.gov/rules/proposed/2015/33-9776.pdf. Many private fund inves-
tors also receive information periodically regarding portfolio holdings.

315. Retirement plans, foundations, endowments, and other institutional
investors often hire professional consultants that are responsible for advising
on asset allocation decisions; the selection of managers within an asset class;
and monitoring the activities of the individual managers and measuring,
over time, their risk-adjusted performance relative to a target benchmark
and their peer group. Retail investors increasingly also have widespread ac-
cess to analytical tools that show, among other things, the level of risk as-



748 NYU JOURNAL OF LAW & BUSINESS [Vol. 13:633

the presence of an error in a model, in almost all circum-
stances they are made aware of the performance and other ob-
servable results of the adviser’s investment process.316

a. Errors May Not Affect a Manager’s Strategy or
Investment Objectives
Core beliefs, reflected in a manager’s disclosure regard-

ing its strategy and investment objectives, generally are baked
in. However, both quantitative and traditional managers regu-
larly adjust their strategies based on new research, reviews of
prior performance and market conditions—without notifying
their investors prior to or following the changes.317 In this
sense, while the Orders cite examples in which the SEC be-
lieves that discovery of errors in a model should have been
disclosed to investors, as explained before, in most instances
the effect of the error will have been alleviated by the adviser’s
controls, including the adviser’s ongoing monitoring, hard
and soft position limits, periodic rebalancing, etc. The pres-
ence of any significant model error is not likely to go unde-
tected by the manager, or sophisticated investors, or to cause

sumed by the manager and how closely the manager’s performance is track-
ing its benchmark over time.

If the manager’s performance does not comport with client expecta-
tions (even if unrealistic) in most cases the manager may be terminated in a
relatively short time frame. A model error may not be material to investors if
the adviser is judged based on its relative performance, with or without er-
rors. Cf. United States v. Litvak, 808 F.3d 160 (2d. Cir. 2015) (discussing
misstatements by a dealer that were not relevant to the investment decision
of bond buyers, who instead relied on their own valuation models to make
purchase decisions).

316. Compare Riad Opinion, supra note 111, at 31–33 (in a different con-
text, discussing whether investors should have been aware of a change in
investment strategy based on disclosure of investments in quarterly reports).

317. During one-on-one meetings with institutional investors, quantitative
managers may discuss new proprietary and academic research and express
opinions regarding significant elements of their models and how they are
contributing to performance. Elements of models may not be presented with
granularity, or research and enhancements disclosed in detail, nor is there
likely to be a discussion of the manner in which known model errors may
have affected performance. For example, it would be unusual if investors
were informed that the targeted exposure for inventory turnover should
have been X, but the model error caused it to be Y. Or, in the majority of
instances, that any precise factor exposure affected by an error or enhance-
ment would have been relevant to an investor.
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the manager to act in a manner that is inconsistent with the
elements of the strategy or investment objective disclosed to
investors.318

Except in the event that the manager has provided inves-
tors a formal model error disclosure policy,319 the manager’s
general obligation to disclose errors (which could have been
beneficial320 or detrimental to the manager’s performance)
might be viewed in the same context as its obligation to dis-
close enhancements to its process or changes in the calibra-
tion of models.321 Whether a change is made to a model in
order to correct an error or to enhance a model, the change is
not likely to cause the manager’s prior disclosures regarding
its investment strategy to be materially inaccurate.322 In fact, as
noted above, there is no evidence in the Orders that the Firm

318. Similarly, a traditional manager may not disclose an error in a model
it uses to monitor risk if reliance on the model is only a control process that
is not disclosed to investors.

319. It is not clear whether most managers today have disclosure policies
relating to model errors and whether those policies are provided to inves-
tors.

320. Managers typically make available actual past performance results,
even though they may have discovered errors in their models, or may have
made enhancements to their models over time. From a disclosure perspec-
tive, it is unlikely that managers would notify investors that overperformance
was attributable to an error (e.g., without the error, it would not have per-
formed as well; or conversely, there might be disclosure problems if it stated
that it would have performed better without the error) or that they discov-
ered an error that was mitigated by other controls.

321. As noted earlier, there is not agreement in the industry over whether
many changes to a model are actually to correct errors or to enhance a
model.

322. Although a mutual fund must pursue a strategy disclosed to investors,
there is latitude in interpreting the requirement so long as there is not a
material change in the investment strategy disclosed to investors. See Russ
Wermers, A Matter of Style: The Causes and Consequences of Style Drift in Institu-
tional Portfolios 3 (Dept. of Fin., Robert H. Smith Sch. of Bus., Univ. of
Md.,Working Paper, 2012) (noting, “[w]e . . . find that the average mutual
fund manager seems to pay little attention to controlling style drift . . . .”).
The study also concluded that active managers that permitted style drift had
better performance and were terminated by institutional investors at the
same rate as those who controlled style drift. Id.; see also Louis K. C. Chan et
al., On Mutual Fund Investment Styles, 15 REV. FIN. STUD. 1407 (2002); Keith C.
Brown & W. V. Harlow, Staying the Course: Performance Persistence and the Role of
Investment Style Consistency in Professional Asset Management (Dept. of Fin., Mc-
Combs Sch. of Bus., Univ. of Tx. Working Paper, 2005). But, the SEC has
stated that:
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ever intended to notify investors of the planned revisions to
the Firm Model, that such notifications were common in the
industry, or that disclosure of revisions or enhancements to
models is compelled by the securities laws if they do not mate-
rially alter the manager’s investment strategy and or otherwise
inconsistent with a manager’s other disclosures.

3. Some Managers Have Modified Their Disclosure to Address the
Possibility of Errors
If the probable presence of errors in models alone were

sufficient to make the manager’s other disclosures misleading,
then all quantitative managers would face potential enforce-
ment actions by the SEC. Prior to the Orders, however, most
managers had not felt it was necessary to address the possibility
of coding or model-related errors in formal disclosures. As a
result of the Orders, however, quantitative managers could be
less likely to describe in detail processes that may have errors.
Or, the Orders may cause them to add generic, defensive dis-
closure that addresses the risk of programming and other de-
sign errors.

Following the Orders, in fact, a number of quantitative
managers amended their Forms ADV specifically to address
the risk of model errors and what was industry practice prior

We as well as courts have long recognized that a “reasonable inves-
tor would have considered it important” to know about changes to
portfolio composition that increase the risk exposure of a fund.
Likewise, a “changed investment strategy” is material because a rea-
sonable investor would view this information as bearing on whether
the fund “would be able to achieve its stated investment objectives.”
And a reasonable investor would also “consider the true source of
returns as important when making the decision to invest.”

Riad Opinion, supra note 111; see also Conflicts, Conflicts Everywhere—Remarks
to the IA Watch 17th Annual IA Compliance Conference: The Full 360 View, Speech
by Julie M. Riewe, Co-Chief, Asset Management Unit, Division of
Enforcement (Feb. 26, 2015) (indicating that one of the SEC Enforcement
priorities for 2015 is “funds deviating from their investment guidelines or
pursuing undisclosed strategies”) ; UBS Willow Management L.L.C. & UBS
Fund Advisor L.L.C., Advisers Act Release No. 4233, 2015 WL 6123024 (Oct.
19, 2015) (adviser allegedly failed to update offering materials when strategy
changed); Gualario & Co., LLC & Ronald Gualario, Advisers Act Release No.
3186, 100 SEC Docket 3149 (Apr. 8, 2011) (adviser allegedly deviated
radically from disclosed investment strategy).
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to the Orders.323 For example, some advisers provided new dis-
closure indicating that model development is a complex and
error prone process and that they do not anticipate, in each
case, undertaking an analysis of the effect of an error on per-
formance; that in most cases they may determine not to carry
out a complete analysis; and that they may not notify clients of
model errors. They also have disclosed that once an error is
discovered they may exercise discretion in correcting the error
and may decide to delay correcting an error, or not to correct
an error.324 Others, who felt it was necessary to address the
issue, have simply added disclosure that “models may have im-
perfections.” Although this latter disclosure addresses the
SEC’s concerns set forth in the Orders, it is questionable
whether such disclosure should be necessary for investors al-
ready sharply aware of the problems associated with software
development evident in the news and use of technology in
their day-to-day lives.325

In sum, the discovery of errors alone should not automati-
cally require disclosure. The analysis is highly contextual and
the issue must be examined in light of the totality of informa-

323. The disclosure provided by individual quantitative advisers can be
found on the Investment Adviser Public Disclosure page on the SEC’s web-
site: https://adviserinfo.sec.gov/.

324. Some fund groups that emphasize quantitative management also
have disclosed in prospectuses the risk that their models and the data they
receive may be flawed. While these managers have chosen to specifically ad-
dress practices highlighted by the Orders, many advisers may believe that
their current disclosure already encompasses the possibility of model errors.
The prospectus of individual funds are easily searchable on the internet, and
may also be found the SEC’s website: https://www.sec.gov/edgar/
searchedgar/mutualsearch.html.

325. Even if errors do not present legal or compliance risks, both tradi-
tional and quantitative managers may need to consider the reputational risk
that may result if errors are disclosed to investors, and consider strategies to
mitigate the effect of any misperceptions. If a manager determines that an
error should be disclosed, it will need to consider how it would be disclosed.
This would be a far more difficult exercise than simply disclosing a trade
error that generally is limited to a few accounts. Disclosure of the model
error, and the mitigating controls, would need to be simplified to a level
understandable by the audience for the disclosure, but may necessitate far
more detail about the manager’s models and investment process than origi-
nally disclosed. Moreover, the manager may not be able to accurately quan-
tify the effect of the error on past performance without extensive and
lengthy analysis, or guarantee the effect of the correction or enhancement
on future performance.
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tion available. Thus, while in some cases disclosure of model
errors may be necessary, in most cases it will not.

E. Escalation Policies and Operational Controls
1. Escalation Policies Are Not “Compliance” Policies

Based on a survey conducted shortly after the Orders were
published, many asset managers at the time did not appear to
have a formal model governance process that addressed model
errors or that specifically required escalation of model er-
rors.326 In the Rosenberg Order, the SEC alleged that, once
discovered, Dr. Rosenberg’s failure to escalate the Model Er-
ror “as soon as he should have” violated the Advisers Act be-
cause the conduct was inconsistent with the Firm’s internal es-
calation policies, which were based on a traditional corporate
template.327 In this instance, the SEC also appears to follow
trade error precedent in which managers have been sanc-
tioned for failing to observe their own internal procedures for
addressing trade errors.

Normally, trade error policies identify who is to be noti-
fied when trade errors are discovered and have a level of esca-
lation based on the potential reimbursement obligation of the
adviser (often a calculation as simple as: x minus y). In the ap-
parent absence of specific Firm policies covering model errors,
the SEC—using the trade error analysis—anchored its find-
ings of securities law violations on breaches of the Firm’s gen-
eral corporate ethics and escalation policies that were devel-
oped for internal purposes, were subjective, and were not de-
signed to address model errors. General corporate escalation

326. One survey taken at the time of the Orders indicated that a substan-
tial percentage of quantitative advisers (41%) who participated in the survey
did not have specific policies regarding the escalation and resolution of
model errors. See Press Release, Capital Mkt. Risk Advisors & Int’l Ass’n of
Fin. Eng’rs, CMRA & IAFE Survey Finds that Despite AXA Rosenberg/SEC
Enf’t Settlement 41.1% of Respondents do NOT Escalate Model Errors
(Apr. 20, 2011) [hereinafter Survey]. The Survey also revealed that: 66.2% of
the respondents had a model review policy, but only 49.4% had error disclo-
sure policies. Id. It is not clear, however, whether those responding consid-
ered trade error policies in responding to the Survey. The Orders do not
mention whether the Firm had a formal model risk governance structure,
although the Firm was required as part of the settlement to retain a consult-
ant to develop such a compliance structure. Firm Order, supra note 5, at 5.

327. Rosenberg Order, supra note 6, at 2.
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policies that are based on the discovery of events potentially
giving rise to regulatory or civil liability, or reputational harm,
are not well tailored to address model errors and are not regu-
latory compliance policies. Prior to the Orders, for example, it
was not clear that most managers ever would have considered
model coding errors to be sources of civil liability or regulatory
violations. In fact, the policies cited in the Orders were vague
and required a great deal of subjective reasoning, and, based
on the manager’s assets under management, would have re-
sulted in the constant escalation of even routine matters.328

Nevertheless, in the Firm Order the SEC states that “[i]n not
disclosing and escalating the error to senior management,329

the Senior Official and other [California Research Group] . . .
employees did not comply with these policies and proce-
dures,” which the SEC believed constituted a securities law vio-
lation.330

The discovery of model errors is no different analytically
from the revelation of new information regarding any other
mistake or potential enhancement relating to the investment
decision-making process at quantitative managers. Many differ-
ent types of mistakes and possible enhancements may be dis-
cussed within research groups, by portfolio managers, or with
senior management. It is not likely that these internal discus-
sions relating to the investment decision-making of a manager
would be viewed by those involved in terms of their potential
to create monetary or regulatory liability for a firm, or to cause

328. Escalation policies based on an assessment of potential financial im-
pact on performance of coding or other model errors are not practical. An
accurate determination of the effect of a coding error on performance
would be highly subjective and may be impossible. For example, given the
systematic nature of models, the financial impact standard (e.g., “actual loss
of $25,000 or potential loss of $100,000”) referenced in the Firm’s general
escalation policies would have required the escalation of even the most insig-
nificant errors at most institutional manager who commonly have billions of
dollars of assets under management. In the absence of very specific escala-
tion policies covering a wide variety of actions—organizational culture, struc-
ture, and style of the individual managers may dictate which issues are esca-
lated for review.

329. As noted earlier, arguably it appears that in his role as Chairman of
the Firm, and as de facto research director, Dr. Rosenberg, himself, was the
person to whom non-regulatory problems should have been escalated.

330. Firm Order, supra note 5, at 7.
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reputational damage.331 As explained later, internal research
guidelines, programming documentation or controls, or other
investment or operational guides are not typically (if at all)
regarded as compliance policies, with the result that deviation
from internal guidelines may in some cases result in internal
discipline, but would not be considered to be a violation of a
legal compliance requirement or regulatory breach by most
managers.

a. Authority and Organizational Cultures Are Relevant
The Orders also foster the mistaken belief that some er-

rors in models are events that should be escalated to the Chief
Executive Officer or Chief Investment Officer of an adviser.
However, each organization has its own management structure
and culture (e.g., autocratic or collaborative), with its own
chain of command. Moreover, individuals also have their own
styles. Thus, while titles are badges of authority, they may not
always reflect the reality of the way things operate within an
organization. For this reason, the Head of Equity Investments
or the Head of Research may exercise power and authority in
their areas of responsibility beyond the Chief Executive Of-
ficer, or Chief Investment Officer, based both on delegated
authority evident in their titles as well as their expertise.332

331. Although investors universally are aware that software contains er-
rors, there may be a misunderstanding about the operation of models and
the secondary controls to mitigate the effect of errors. For this reason,
model errors may present reputational risk, or “headline risk,” that could
harm the adviser’s business (regardless of whether or not there are any legal
or regulatory violations), if presented out of context. The Federal Reserve
System’s Commercial Bank Examination Manual defines “reputational risk” as
“the potential that negative publicity regarding an institution’s business
practices, whether true or not, will cause a decline in the customer base, costly
litigation, or revenue reductions.” See FED. RESERVE SYS., COMMERCIAL BANK

EXAMINATION MANUAL 6.5 (1994) (emphasis added).
332. “Power” generally is defined as the ability to coerce or influence peo-

ple, while “authority” is the formal power delegated to the holder of a posi-
tion (e.g., the right to reward or punish). Numerous studies of organiza-
tional behavior discuss the motivations of corporate managers. See, e.g., JOHN

KENNETH GALBRAITH, THE ANATOMY OF POWER (1985). Within businesses,
particularly smaller organizations, titles may not define spheres of influence.
For example, within some investment advisers a star portfolio manager may
have influence beyond his or her title. The issues raised in the Orders are
particularly complex because the Rosenberg Order reveals that Dr. Rosen-
berg had both “positional authority” by virtue of his role as Chairman of the
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Quantitative research groups in larger advisers may make en-
hancements and resolve errors in their models without seek-
ing approval from Chief Executive Officers—no differently
than a portfolio manager or the head of fixed income invest-
ments may act within their delegated authority.333 By the same
token, committees formed specifically to review errors or
changes may or may not include the Chief Executive Officer
or the Chief Investment Officer.

In his capacity as de facto head of the California Research
Group, Dr. Rosenberg made the decision not to immediately
correct the error.334 Although this decision was made by the
California Research Group, the Rosenberg Order strongly im-
plies that Dr. Rosenberg was the individual within the larger
organization that set the tone for the Firm, with respect to
models and research, and who would have made any subse-
quent decisions regarding the effect of the error or the timing
of any correction even if the matter were escalated.335 While
he did not hold the title of Global Chief Investment Officer or
Global Chief Executive Officer, the SEC explains in the Rosen-

Board and actual or de facto Head of Research for the Firm; as well as “ex-
pert power” based on his experience and mastery of the Firm Model. See
Rosenberg Order, supra note 6, at 3.

333. While it is not known how things worked within the Firm, in other
organizations, individuals, or committees may be formally or informally em-
powered to make decisions within a certain range of responsibility. Depend-
ing on the issue, from an organizational perspective, leaders and decision-
makers may view the sharing of information with those who have similar
levels of authority, who are less experienced (and even those with similar
experience), or who are not capable of offering significant insight, as unnec-
essary “validation.” For example, if the research director views an issue solely
as limited to the design and operation of models, and has the relevant scope
of authority to make a particular decision (and assuming no clear protocol
to the contrary), he or she may not seek the opinion of the compliance staff,
legal department, or others not skilled in model development.

334. According to one article:
In June 2009 [shortly after the error was discovered] . . . [t]he chief
investment officer, who was responsible for implementing a portfo-
lio strategy based on the model’s outputs, was also notified [of the
error]. However, Barr [Dr. Rosenberg] made the decision not to
inform the group CEO, the head of compliance, or the board of
directors. Instead, he proposed that his team wait and correct the
error during the next round of code updates that were scheduled
to take place a few months later.

Larcker & Tayan, supra note 166, at 3.
335. Rosenberg Order, supra note 6, at 2.
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berg Order that, among other things, he was Chairman of the
Board of the Firm, which he co-founded. In fact, both the
Firm and the California Research Group (or the BRRC—Barr
Rosenberg Research Center, Inc.) still bore his name. The Ro-
senberg Order also reveals that he was the “leading quantita-
tive expert” and “intellectual leader” of the organization, and
“exercised significant authority throughout the Firm by virtue
of his significant ownership stake, his ‘founder’ status, and his
‘mastery of the Model.’”336 Thus, it appears that Dr. Rosen-
berg may have had both the authority and power to make deci-
sions regarding the Model Error.337 In the absence of express
policies designed to address model errors, it is not clear based
on the facts presented in the Orders that he acted improperly
by not advising others of the Model Error.

2. Operational Controls and Investment Policies Are Not
Regulatory Compliance Policies
Broad statements in the Orders and New Release regard-

ing compliance functions, which were noted by the industry
and discussed in conferences, seem largely based on trade er-
ror precedent as well as the misapplication of the term “com-
pliance” as it is used in model development compared to the
way the same term is used under the securities laws. Among
other things, the SEC indicated that the Firm violated Section
206(4) and Rule 206(4)-7 of the Adviser’s Act338 by failing to
prevent the coding error. As noted earlier, the Firm Order
states that:

“[b]ecause . . . [the Firm’s] compliance program did not
sufficiently identify and mitigate the risks associated
with the Model’s development, testing, and change

336. Id. at 3. Despite the presence of formal policies and titles within
quantitative investment managers, there also may be an internal culture of
deference to those individuals with the greatest knowledge or experience
regarding a model (e.g., the Director of Research rather than the Chief In-
vestment Officer). See Larcker & Tayan, supra note 166 (providing significant
additional detail about the inner workings of the Firm).

337. However, there is no discussion in the Rosenberg Order whether Dr.
Rosenberg had made similar types of decisions in the past. See Rosenberg
Order, supra note 6.

338. 17 C.F.R. § 275.206(4) (2017).
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control procedures, the coding error operated unde-
tected for more than two years.”339

In addition, in the News Release, the SEC stated:
“[t]he coding process for the model represented a se-
rious compliance risk for . . . [the Firm] and its clients
because accurate coding is required for the model to
function properly and in the manner represented to
clients.”340

These statements have further blurred the line between
business and operational controls and regulatory compliance
policies, as well as the role of compliance officers.341 Compli-
ance departments often use software designed to process pro-
posed trade allocations that will alert the compliance staff to
whether there are investment restrictions associated with a

339. Firm Order, supra note 5, at 9 (emphasis added).
340. Press Release, SEC, SEC Charges AXA Rosenberg Entities for Con-

cealing Error in Quantitative Investment Model (Feb. 3, 2011) (emphasis
added), https://www.sec.gov/news/press/2011/2011-37.htm. Similarly,
based on the false notion that a reasonable manager may prevent all model
errors, and ignoring post-implementation controls, the Firm Order also
states:

BRRC was not subject to fundamental compliance procedures and
controls. BRRC violated Rule 206(4)-7 by failing to adopt and im-
plement policies and procedures reasonably designed to ensure
that it did not make false and misleading statements and/or omis-
sions to clients and investors, including failing to ensure that the
Model performed as represented, in violation of the antifraud pro-
visions in the Advisers Act. BRRC claimed that its Model would,
among other things, assess common factor risks. Yet, BRRC did not
have reasonable procedures in place to ensure that the Model
would assess those risk factors as intended.

Firm Order, supra note 5, at 9.
341. Compare Robo-Adviser Guidance, supra note 149, in which the SEC

Staff suggested that Chief Compliance Officers enhance compliance proce-
dures for robo-advisers that would ensure that “code is adequately tested
before, and periodically after, it is integrated into the robo-advisers’ plat-
form; the code performs as represented; and any modifications to the code
would not adversely affect client accounts.” But see Dechert OnPoint SEC
Staff Issues Guidance Update and Investor Bulletin on “Robo-Advisers”
(Mar. 2017) (a law firm client bulletin discussing the Robo-Adviser Guidance
and noting “the Staff’s suggestion differs from the traditional treatment of
the provision of investment advice not as a compliance function but rather a
proper subject of management supervision.”).  Portions of the Robo-Adviser
Guidance also do not appear to reflect the reality of model development and
the routine nature of enhancements.
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portfolio that would prohibit the proposed trade. This
software is coded to assure adherence to client restrictions, le-
gal limitations, or other guidelines that are designed to pre-
vent mistakes that would cause legal violations or that fall
within the guidance for trade errors. If the trade would violate
these limitations then it is rejected. The same software will
likely generate exception reports that are reviewed by compli-
ance staff in order to identify problems that may have resulted
from the prior day’s trading.342 This type of software requires
the accurate coding both of portfolio restrictions as well as any
relevant security characteristics, but the software is vastly differ-
ent in function than an investment model.

Read broadly, the statements by the SEC’s staff in the
News Release would encompass a wide range of errors that
may occur in the investment management process,343 and may
be interpreted as greatly expanding the investment industry’s
understanding of the regulatory compliance obligations of ad-
visers and their compliance personnel.344 It is doubtful, for ex-
ample, that any oversight by personnel equipped with an inti-
mate knowledge of the securities laws would have prevented
the Model Error. However, as discussed below, the Orders sug-
gest that the SEC has mistakenly shifted the securities compli-
ance obligation of advisers well beyond regulatory standards,
client restrictions, or assuring that disclosure is accurate, and

342. See Western Asset Mgmt. Co., Advisers Act Release No. 3762, 2014 WL
281316 (Jan. 27, 2014). Larger advisers may have compliance groups that
establish investment guidelines on the front end—at the time an account is
established—and also code investments to prevent violations of investor or
legal constraints. These pre-trade compliance models may flag potential
problems, including transactions in prohibited securities or concentration
risks in an issuer, sector, or credit quality tier. Back-office systems often pro-
vide automatic feeds of compliance tests and daily trades. The SEC noted in
the 28(e) Interpretive Release, supra note 249, at 42, that software models
used for the purpose of “creating trade parameters for compliance with reg-
ulatory requirements, prospectus disclosure, or investment objectives” were
not “research” for purposes of the Section 28(e).

343. For example, instead of the “coding error” in the statement above, it
would be easy to substitute “design error” or “data error” or many other
investment-related errors at both traditional and quantitative advisers.

344. The SEC staff also focuses on both enterprise and business line risk.
See, e.g., SEC Office of Compliance Inspections and Examinations, National
Exam Program, Examination Program for 2013 (indicating that the Staff will
continue to focus enterprise and business line risk), https://www.sec.gov/
about/offices/ocie/national-examination-program-priorities-2013.pdf.
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is using the securities laws to mandate that advisers have con-
trols to prevent any mistakes that may occur in connection
with the investment decision-making—a business function.345

3. Compliance Officers Are Not Risk Managers or “Supervisors”
The term “compliance” generally is used in model govern-

ance to mean following operational protocols. A manager also
may have policies to assure compliance with OSHA, or labor
laws, but these policies are not regulatory compliance policies
for purposes of the Advisers Act.346 It is very clear that the poli-
cies mandated by Rule 206(4)-7 only are intended to assure
compliance with the federal securities laws.347 Processes that
relate to the integrity of coding of investment models, just like
OSHA policies, are not considered by the industry to be com-
pliance controls mandated by Rule 206(4)-7.348

No compliance officer was charged by the SEC in the Or-
ders, and the SEC has not offered any guidance in this context
about the role of compliance officers in the investment man-
agement process. The Compliance Release indicates that com-
pliance officers should be familiar with the securities laws and
develop procedures to assure that a manager operates in a
manner that is consistent with the federal securities laws.349 It

345. Cf. OCC Bulletin, supra note 71 (“Compliance with [model govern-
ance] policies is an obligation of model owners and risk-control staff, and
there should be specific processes in place to ensure that these roles are
being carried out effectively and in line with policy.”).

346. Under Rule 204-2(a)(17)(i) of the Adviser’s Act, advisers must keep
records of “policies and procedures formulated pursuant to §275.206(4)-
7(a).” 17 C.F.R. § 275.204(a)(17).

347. Compliance officers also are required under Rule 204-2(a) of the Ad-
visers Act to conduct annual compliance risk assessments.

348. The Compliance Release, supra note 287 enumerates specific types of
violations that the SEC believes at a minimum must be addressed by compli-
ance policies—and states that violations should be “promptly addressed.”
The broadest categories of possible areas of violations identified in the Com-
pliance Release incorporate those related to:

Portfolio management processes, including allocation of invest-
ment opportunities among clients and consistency of portfolios
with clients’ investment objectives, disclosures by the adviser, and
applicable regulatory restrictions . . . .

349. In addition to the Advisers Act and Investment Company Act of 1940,
compliance personnel also may need to be familiar with Office of Foreign
Assets Control (OFAC) limits on investments and with trading restrictions
under the Exchange Act—and particularly short sale restrictions—that
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also states that an adviser should “identify conflicts and other
compliance factors creating risk exposure for the firm and its
clients in light of the firm’s operations, and then craft policies
and procedures to address those risks.”350 The risks referenced
in the Compliance Release generally refer to those that will
result in tangible securities regulatory violations.351

The SEC has sown confusion among compliance officers
as it increasingly has sought to make them more responsible
for functions relating to operational integrity claiming that it
can affect disclosure.352 The design and implementation of
model governance procedures relating to investment models
is a business and investment management function that can be

would enable them to impose pre-trade limits. Among firms with trading
strategies, there may be a greater role for compliance personnel in reviewing
investment models based on the numerous rules and restrictions associated
with trading activities imposed under the Exchange Act and by the rules of
markets. In these cases, it may make more sense to incorporate compliance
personnel in development of investment models to determine whether a
particular trading model will violate the law. Similarly, some sources of infor-
mation may present insider trading, outsider trading, or market integrity
concerns that may benefit from compliance review. Compliance Officers
now must be concerned with liquidity risk. See Liquidity Risk Management
Programs, 7 C.F.R. § 270.22e–4 (2016) (requiring registered mutual funds
to assess, manage, and periodically review their liquidity risk, based on speci-
fied factors).

350. See also OFFICE OF THE COMPTROLLER OF CURRENCY, COMPTROLLER’S
HANDBOOK, ASSET MANAGEMENT, CONFLICTS OF INTEREST (2015) (discussing
in detail various conflicts faced by banks acting as asset managers); FINRA,
REPORT ON CONFLICTS OF INTEREST (2013).

351. Advisers Act Rule 206(4)-7(b) requires that an adviser’s compliance
procedures be reviewed not less frequently than annually. 17 C.F.R.
§ 275.206(4)-7(b). In various statements, the SEC’s staff has encouraged
compliance personnel to develop a risk matrix. See, e.g., SEC, 2006 CCOut-
reach Regional Seminars Investment Adviser Case Study Discussion Guide,
https://www.sec.gov/info/cco/cco_matrixguide.pdf.

352. To assure independence of the risk management function, the Chief
Compliance Officers (CCOs) at some firms may participate in periodic au-
dits of account-specific guidelines and identify potential violations, such as
owning prohibited securities or impermissible concentration in an issuer,
sector, or credit quality tier. They also may participate in meetings regarding
model governance, risk management reviews of performance that are con-
ducted relative to a benchmark over time, adherence to investment guide-
lines and GIPS standards, compliance violations, and any potential style drift
or investment process deviation. The SEC has also taken steps to require
registered funds to enhance “fund level” controls to identify and address
risks related to the composition of portfolios.
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highly sophisticated. Unlike specific rules or client investment
restrictions, there is no SEC guidance on strategies that must
be followed, research methods that must be observed, factors
that must be considered, or any other elements of the invest-
ment process that are mandatory—as long as the practices ob-
served are consistent with what is disclosed.353

While it is reasonable for a compliance department to
have limited ownership of portions of a model governance or
risk management structure, the role of compliance depart-
ments should not be extended to operational or investment
risk management functions. The creation of controls over the
development and operation of investment models is beyond
the core competency of most legal and compliance depart-
ments.354 It is unrealistic to expect that compliance officers

353. See Office of Compliance, Inspections and Examinations, SEC, Foren-
sic Measures for Funds and Advisers (Nov. 14, 2007) (unpublished handout
distribued at CCOutreach National Seminar 2007), https://www.sec.gov/
info/cco/forensictesting.pdf (focusing on compliance review of procedures
for valuation, trade allocation, performance calculation, and traditional
compliance functions, and not software development).

354. FINRA has recognized that development and supervision of trading
systems is a business function and proposed a separate registration and test-
ing requirement for employees of broker-dealers who supervise algorithmic
trading. See FINRA, Regulatory Notice on Registration of Associated Persons
Who Develop Algorithmic Trading Strategies (Mar. 2015), http://
www.finra.org/sites/default/files/notice_doc_file_ref/No-
tice_Regulatory_15-06.pdf. The FINRA proposal would apply to the business
person within a broker-dealer primarily responsible for the design, develop-
ment, or significant modification of an algorithmic trading strategy and is
intended to assure that they are aware of FINRA regulations and other secur-
ities laws, and not to assure the strategy is profitable or operates perfectly. See
id. If the broker-dealer uses third parties to develop trading algorithms, then
the associated person responsible for directing development would need to
be registered. See id. There is no suggestion, however, that the compliance
department must be knowledgeable of non-legal or regulatory subject mat-
ter, such as programming, or that they must possess the skills necessary to
design and implement strategies.

Moreover, the level of policy interest of regulators in the operation of
programs and systems in the context of high frequency trading, or firms that
rely heavily on derivatives, may be distinctly different than their interest in
investment processes employed by advisers in long-term equity strategies. In
the former case, heightened regulatory attention may be predicated on a
policy interest in protecting the national securities markets by preventing
large market movements or specific violations of the securities laws (such as
manipulation of the market). The same level of Congressional policy inter-
est under the securities laws is not found in assuring the absolute investment
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working for quantitative managers will have backgrounds in
econometrics, computational finance, applied mathematics,
computer science, or financial engineering, as well as a de-
tailed knowledge of portfolio management that would be nec-
essary to prevent a host of errors that can occur in model de-
sign or implementation.355 Nor will they likely be in a position
to credibly challenge the decisions of experts employed by an
adviser.356 Thus, they generally are not expected to develop
protocols for programming, or to question the sample size,
bias, math, or any of a number of processes that result in the
formulation of models, or the judgment of those who are em-
ployed to develop and apply the models.357 By the same token,

performance received by participants in an individual investment strategy,
provided there is full disclosure.  As an illustration, there might be less of a
broad public policy interest in the investment performance of an equity
manager with a long-term investment strategy, whose actions affect only its
clients, than a trading firm or dealer whose actions may not only affect its
own clients but also violate the law by, among other things, artificially influ-
encing the price of stocks in the market; or whose failure may impact the
national clearance and settlement system.

355. Both securities compliance officers and legal officers are an integral
part of the risk framework within their specialties. For example, lawyers may
review many vendor agreements. Both lawyers and compliance officers also
may have oversight of legal risks and compliance risks, respectively, and may
be part of new product reviews, updating compliance policies to reflect new
regulation, providing oversight of disputes, etc. However, securities compli-
ance officers should not be responsible for designing or enforcing controls
over investment model programming, or many other investment policies
that do not have regulatory implications. See also FINRA, Regulatory Notice
on Equity Trading Initiatives: Supervision and Control Practices for Al-
gorithmic Trading Strategies (Mar. 2015), https://www.finra.org/sites/de-
fault/files /notice_doc_file_ref/Notice_Regulatory_15-09.pdf.

356. See, e.g., Carlo V. di Florio, Director, Office of Compliance Inspec-
tions and Examinations, The Role of Compliance and Ethics in Risk Man-
agement, Speech at the NSCP National Meeting (Oct. 17, 2011) [hereinafter
Di Florio Speech], https://www.sec.gov/news/speech/2011/spch101711
cvd.htm. Securities compliance officers may “own” limited portions of mod-
els in the context of a risk management or model governance framework,
and assure some independence in the oversight process, but their role
should be tailored. Similarly, legal departments may own, or advise on, par-
ticular elements of the manager’s process.

357. It is doubtful that most securities compliance officers read the same
journals as quantitative or research analysts. To illustrate this point, a recent
review of the University of Chicago’s Journal of Econometrics showed that the
most downloaded articles over one ninety day period in 2016 were Jungyoon
Lee & Peter M. Robinson, Series Estimation Under Cross-Sectional Dependence,
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it is not likely that a compliance officer would be able to ques-
tion the formulas drawn by Ph.Ds. on white boards at research
group meetings, or that their presence at these meetings in
most cases would be productive or welcome. Moreover, the
task of overseeing model governance is even more difficult, if
not impossible, if models are developed by unregistered for-
eign affiliates or third parties.

As the Comptroller of the Currency noted in a recent
statement on model governance: “[b]usiness units are gener-
ally responsible for the model risk associated with their busi-
ness strategies.”358 Statements in the Orders and News Release
which intimate that compliance officers should be involved in
designing systems to prevent a host of different types of invest-
ment errors also would make them responsible for a business
function that could cause them to be “supervisors” and subject
them to liability.359 In fact, as previously mentioned, decisions

190 J. ECONOMETRICS 1 (2016); Jungyoon Lee & Peter M. Robinson, Panel
Nonparametric Regression with Fixed Effects, 188 J. ECONOMETRICS 346 (2015);
and Frank Kleibergen & Zhaoguo Zhan, Unexplained Factors and Their Effects
on Second Pass R-Squared’s, 189 J. ECONOMETRICS 101 (2015).

358. See OCC Bulletin, supra note 71; see also Di Florio Speech, supra note
356 (“The business is the first line of defense responsible for taking, manag-
ing and supervising risk effectively and in accordance with the risk appetite
and tolerances set by the board and senior management of the whole organi-
zation.”)

359. Cf. Frequently Asked Questions About Liability of Compliance and
Legal Personnel at Broker-Dealers Under Sections 15(b)(4) and 15(b)(6) of
the Exchange Act, SEC (Sept. 30, 2013), https://www.sec. gov/divisions/
marketreg/faq-cco-supervision-093013.htm. The FAQ suggests that compli-
ance officers may be considered “supervisors” if they are given or assume
supervisory authority or responsibility for particular business activities or sit-
uations, or if the firm’s policies and procedures or other documents identify
them as responsible for supervising or overseeing one or more business per-
sons or activities.  While this FAQ is geared towards compliance officers at
broker-dealers, it is widely believed to apply to compliance officers at advis-
ers as well. But see Robo-Adviser Guidance, supra note 149, regarding com-
pliance policies and the role of the CCO:

Thus, in addition to adopting and implementing written policies
and procedures that address issues relevant to traditional invest-
ment advisers, robo-advisers should consider whether to adopt and
implement written [compliance] policies and procedures that ad-
dress areas such as: The development, testing, and backtesting of
the algorithmic code and the postimplementation monitoring of its
performance (e.g., to ensure that the code is adequately tested
before, and periodically after, it is integrated into the robo-advisers’
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regarding the impact of an error, how any correction will af-
fect future performance, and the timing of any correction are
ultimately investment management decisions. Thus, while
compliance officers might be familiar with model governance
concepts360 and may play an advisory role (with perhaps a seat
at the table),361 or own aspects of the manager’s operation
that relate to regulatory compliance, they should not normally
take responsibility for the development and operation of sys-
tems, make judgments regarding the integrity of data,362 de-
cide whether or not to correct mistakes or errors in software,
or undertake other portfolio management functions.

platform; the code performs as represented; and any modifications
to the code would not adversely affect client accounts); . . .

360. See supra note 71, providing references to regulatory guidance on
model governance.

361. For example, they may need to attend meetings to assure that the
Form ADV and pitch books accurately describe the manager’s strategy and
control processes. But see Robo-Adviser Guidance, supra note 149, stating
that CCOs might develop compliance policies relating to, among other
things: “[t]he disclosure to clients of changes to the algorithmic code that
may materially affect their portfolios” and “[t]he appropriate oversight of
any third party that develops, owns, or manages the algorithmic code or
software modules utilized by the robo-adviser . . . .” (Citations omitted).

362. Data sources have been a priority of the SEC’s exam staff. In some
cases, compliance departments may need to assure themselves that data,
whether purchased from third parties or gathered from surveys, is publicly
available and does not present any insider trading concerns. See supra note
106; see also JACK JRADA ET AL., Developments in Banking and Financial Law:
2013, 32 REV. BANK AND FIN. L. 221 (2013) (discussing measures to prevent
the receipt of insider information, including contractual provisions in data
vendor agreements.) To mitigate regulatory concerns, even if unfounded,
managers in some cases conduct due diligence of data vendors and get rep-
resentations from vendors, or other data sources, that no duties to an issuer
have been breached and that the information is not non-public. Advisers are
required under section 204A of the Advisers Act to have controls to prevent
the use of material non-public information. 17 C.F.R. § 275.204A-1 (2016).
The controls must be crafted to address the nature of the adviser’s business
and the SEC has emphasized that an adviser cannot rely on its employees in
possession of the information to self-evaluate information that they receive.
See Marwood Group Research, LLC, Advisers Act Release No. 4279, 2015 WL
7450392 (Nov. 24, 2015) (involving information acquired from government
employees).
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F. Policy Implications of the SEC’s Analysis
Cross-validation is a technique used in statistics to test a

model against data that was not used in the original training
set. The analysis in the SEC Orders reflects the underfitting
associated with applying the trade error regime to coding er-
rors in investment models. The SEC’s analysis in the Orders
would fail attempts at cross-validation because, among other
things, it does not work in the context of other types of model
errors, the investment decision-making process of traditional
managers, or development and use of traditional third-party
research or investment models.

1. Quantitative Managers Versus Traditional Managers
The legal analysis in the Orders is disturbing because it

delves deeply into the investment decision-making process of
an investment adviser. Following the Firm Order, concerns
were voiced at conferences and in other forums within the
quantitative community about a double standard applied by
the SEC to quantitative versus traditional managers. Quantita-
tive managers contrasted their own highly sophisticated and
generally transparent investment decision-making processes
with the more freewheeling approach undertaken by some
traditional managers. Examples of the apparent double stan-
dard were presented in industry conferences and private com-
munications.363 While the response to the Firm Order in the
quantitative community was mostly lighthearted, there also was
a feeling that it was unlikely that the SEC ever would have
questioned an investment decision by a well-known traditional
manager, comparable to Dr. Rosenberg, to tilt towards equities
rather than bonds, growth rather than value, or India rather
than China.

There is no legal basis for the SEC to suggest that quanti-
tative managers have a higher standard of care (e.g., strict lia-
bility) with respect to investment mistakes than traditional
managers.364 Quantitative managers, like traditional manag-

363. Illustrations of the seeming hypocrisy abounded. Helpful suggestions
from the quantitative community included requiring traditional managers to
disclose news that was overlooked, family emergencies, health issues, SAT
scores, etc., all of which also may have been meaningful to some investors.

364. Related to this paradox is the SEC’s willingness to intrude on the
decision-making process of quantitative managers in ways that would not be
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ers, have wide latitude under traditional fiduciary principles
when they exercise reasonable care and make decisions in
good faith that are not inconsistent with their disclosure. In-
vestment professionals at both quantitative and traditional ad-
visers also may have internal disagreements about investment
management decisions. Moreover, although some types of
model errors are more transparent and easy to detect,365 they
should not be viewed differently by the SEC than imperfec-
tions in the research conducted by traditional managers, or
the opaque mistakes reflected in the subjective investment de-
cision-making of those managers. Although quantitative mod-

applied to traditional managers. The examination of quantitative managers
by the SEC without cause has been the subject of concern within the indus-
try because of the intrusive nature of information requests that may force
advisers to reveal sensitive, confidential information about their “secret
sauce.” See, e.g., Andrew Ramonas & Richard Hill, Dodd-Frank Redo Would
Limit SEC Access to Source Code, SECURITIES LAW DAILY (Apr. 13, 2017) (discuss-
ing legislative efforts to require the SEC to obtain subpoenas to examine
source code), https://www.google.com/amp/s/ www.bna.com/doddfrank-
redo-limit-n579 82086612/%3Famp%3Dtrue. These requests are analogous
to the SEC’s exam staff interviewing traditional portfolio managers about
the proprietary aspects of their investment process.

Congress was aware that managers would not wish to disclose detailed
elements of their investment strategies. Section 204(b)(10) of the Advisers
Act provides an exemption from public disclosure of information gathered
by the SEC from advisers that is “proprietary information.” 15 U.S.C.A.
§ 80b–4(b)(10) (2016). This includes, among other things, “sensitive non-
public information” regarding the adviser’s investment or trading strategies,
analytical or research methodologies, and “software containing intellectual
property.” Id. However, the SEC’s ethics rules (which are largely focused on
former staff of the SEC making appearances before the agency) may allow
SEC employees to leave the agency and work in the industry with the confi-
dential knowledge that they acquire during the exam process. Compare Greg-
ory Meyer & Phillip Stafford, U.S. Regulators Propose Powers to Scrutinize Algo
Traders’ Source Code, FIN. TIMES (Dec. 1, 2015) (discussing concerns of indus-
try over Proposed Regulation AT, see Proposed CFTC Regulation AT and the
Supplemental Notice of Proposed Rulemaking, supra note 228, which would
require that trading firms make their source code available to the CFTC
without a subpoena); see also Joe Mont, CFTC Plan to Access Source Code
Slammed as Regulatory Overreach, COMPLIANCE WEEK (Nov. 7, 2016) (discussing
a revision to the original CFTC proposal), https://www.complianceweek.
com/blogs/the-filing-cabinet/cftc-plan-to-access-source-code-slammed-as-
regulatory-overreach#.WQ-lUIEpDYU.

365. Although investment models are referred to by many as a “black
box,” they also may be considered “glass box” for regulatory purposes since
they are relatively transparent compared to the decisions made by human
managers.  Compare supra note 27, discussing artificial intelligence.
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els are a newer medium, the responsibilities of quantitative
managers should be defined by analogous law developed in
the context of research and the investment processes used by
traditional advisers.

In many instances, traditional managers’ decisions will
not prove insightful. A traditional adviser, for example, may
make analytical mistakes in examining investment opportuni-
ties that are material to its investment process or strategy, but
which do not appear in a record other than its performance.
Traditional advisers also may fail to examine all relevant infor-
mation about a security as part of the research process, may
rely on flawed traditional street research provided by third par-
ties, or may base their decisions on incorrect data. And, they
may overlook news or other relevant information; may misin-
terpret financial data; may employ an overly simplistic tech-
nique to gain diversification; may use an incorrect formula or
inputs (e.g., discount or currency rates) to predict the fair
value of stocks; may be away from the office during important
events; or may reach incorrect conclusions based on interviews
with management, information gathered during plant visits or
factory tours, discussions with industry experts, or in their as-
sessment of product pipelines or industry trends.366 Further,
traditional managers may also employ risk models and quanti-
tative research techniques that are subject to the same imper-
fections as other quantitative models.

2. Programming Errors Versus Other Errors or Mistakes
The new standards suggested in the Orders also raise

questions about how quickly any manager must modify or en-
hance its investment strategy based on changes in market con-
ditions, new information, or new research. There is little ana-
lytical difference between data integrity problems, design flaws
(including back testing), and programming errors in models.
The way in which an adviser must address an error or flaw also
is similar analytically to the way in which it addresses potential

366. Similarly, there should not be a distinction between quantitative
managers who determine not to follow a model’s recommendations pre-
cisely and traditional managers who may decide to temporarily exceed soft
risk controls for benchmark concentrations. Consistent with its fiduciary
duty and disclosure, managers may subjectively decide that it is beneficial to
the investor not to follow a model’s signals.
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paradigm shifts in the market (e.g., LTCM) or signals pro-
duced by particular elements of its model that might have de-
cayed (e.g., the presence of other managers employing similar
factors diminished the return possibility an element of its strat-
egy), and whether the manager also must disclose these events
to investors.

As suggested above, one of the most dangerous false im-
pressions that may be fostered by the Orders is that knowledge
of a model error is different than other investment-related in-
formation that comes to a manager’s attention—one that re-
quires the manager to act in a specific manner. Traditional
and quantitative investment managers both are confronted
daily with macroeconomic, political and company specific in-
formation that may affect the portfolios that they manage.
However, there is no law or regulation that dictates that a
traditional manager must respond in one way or another to
investment-related information, such as a new research report
or the release of employment statistics, even though the infor-
mation may affect a portfolio.367

Discovery of a defect in a model, like a change in the rec-
ommendation of a sell-side analyst, is new information that
may be a single element factored into an adviser’s investment
decision-making process. Acting in good faith, quantitative
managers may reasonably choose to act on the information, or
not. Moreover, all managers should be able to reasonably rely
on the sum of their education, training, and experience, as
well as communication with colleagues, in reaching decisions
based on the facts before them—even if the documentation of
an action appears only rudimentary to the SEC staff.

3. Third-Party Research Versus Internally-Developed Research
Finally, a large segment of the industry relies on third par-

ties to provide services, including investment models, tradi-

367. Specifically, a traditional manager is able to use its discretion and
make a judgment about the relevance of the new information in the context
of the totality of information available. For example, a traditional manager
may act immediately upon discovering new material information or choose
to delay acting on the information. By the same token, a traditional adviser
normally would not be required by the SEC to disclose to investors that it
made a mistake in the research leading to an investment decision—particu-
larly if that mistake did not cause the manager to alter its view on a company
or industry.
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tional research reports, data, and technology that may contain
errors. Traditional managers frequently rely, at least in part,
on research368 produced by investment banks or third-party re-
searchers.369 The use of third-party data and information by
advisers (and manufacturers and merchants) is unavoidable.
In addition, many traditional managers as well as quantitative
managers also employ models developed by third parties (or
affiliates) and licensed to subscribers.370

368. In fact, the use of quantitative research techniques allows investment
managers to rapidly analyze thousands of traditional research reports pub-
lished by brokers or third-party research firms in order to detect trends that
might predict market behavior.

369. The value ascribed to traditional research provided by brokers often
is measured after the fact; and research providers regularly change their
views. For example, managers often take regular “broker votes” in which re-
search providers are rewarded with future brokerage commissions based on
an assessment by portfolio managers of the value they attribute to the bro-
ker’s research during an earlier period.

370. While the research affiliate in the Firm Order was registered with the
SEC as an adviser, in many cases third-party model vendors are not regis-
tered advisers. See Firm Order, supra note 5. As noted earlier, at larger asset
managers and financial institutions, research affiliates may develop and li-
cense proprietary software. Section 202(a)(11) of the Advisers Act, 15
U.S.C.A. § 80b–2(a)(11) (2016), defines “investment adviser” as any person
who, for compensation, engages in the business of advising others as to the
value of securities or as to the advisability of investing in, purchasing, or
selling securities. However, under Section 202(a)(11)(D) of the Advisers
Act, 15 U.S.C.A. § 80b–2(a)(11)(D) (2016), “the publisher of any bona fide
newspaper, news magazine or business or financial publication of general
and regular circulation” is not considered an investment adviser.

Relevant guidance applicable to third-party model developers is set
forth in the U.S. Supreme Court’s decision in Lowe v. SEC, 472 U.S. 181
(1985). In this case, the Supreme Court stated that the publications of any
person relying on the publishers’ exclusion may not be “personal communi-
cations masquerading in the clothing of newspapers, news magazines, or fi-
nancial publications.” Id. at 209. The publisher’s exclusion would be availa-
ble for model developers only so long as their model output remain “entirely
impersonal and do[es] not develop into the kind of fiduciary, person-to-per-
son relationships that . . . are characteristic of investment advisers-client rela-
tionships.” Id. at 210 n.58. Factors that may be relevant to whether the devel-
oper of a third-party model may rely on the publishers’ exclusion include
the existence of authority over the funds of investors, any decision-making
authority to handle client accounts, or individualized investment-related in-
teractions. Id. at 210 n.57; see also 15 U.S.C. § 80b-3a; Weiss Research Inc.,
Advisers Act Release No. 2525, 88 SEC Docket 810 (June 22, 2006) (auto-
trading program did not qualify for the publishers’ exclusion because, un-
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When a fiduciary uses a third party to perform some of its
obligations, it must use prudence and reasonable care when
selecting and overseeing their activities. Thus, the fiduciary
generally is not liable for the actions of the third-parties if it
exercises reasonable care, including appropriate due dili-
gence.371 This measure stands in stark contrast to the strict lia-
bility standard that the Orders appear to suggest applies to in-
ternally developed models. Accordingly, from a liability per-
spective, the SEC’s Orders may favor reliance on third-party
models over internally developed models.

The models developed by third-party vendors may be
highly sophisticated, but have varying degrees of transparency.
For example, frequently third-party models have relatively sim-
ple user interfaces that allow customization, but the computa-
tional analysis and programming is likely to be opaque to the
user. Depending on the nature of the software, and the eco-
nomic power of the parties, the manager may be able to con-
duct varying amounts of due diligence.372 However, the ven-
dors themselves are not subject to compliance oversight by the
manager and, even if requested, detailed information about
the proprietary elements of their models, including source
code, is unlikely to be provided.373 For this reason, reasonable
due diligence, real-time monitoring, and independent safe-
guards provide the primary mechanisms to assure the integrity
of third-party models.

It also is noteworthy that most software vendors, especially
those providing investment tools, are not subject to a fiduciary
standard, and often specifically disclaim that standard. Almost
all commercial software and data licenses are provided on an

like a typical newsletter, the entity engaged in personalized communications
with its subscribers regarding investments).

371. The Restatement (Third) of Trusts provides that “a trustee who acts
with prudence in delegating to an agent is not personally liable to the trust
or beneficiary for the decisions or actions of the agent to whom the function
is delegated.” Restatement (Third) of Trusts § 80 cmt. g (AM. LAW. INST.
1998).

372. Cf. Robo-Adviser Guidance, supra note 149.
373. For pragmatic reasons, vendors may not be willing to provide their

clients with complete access to proprietary information, including source
code. Compare Robo-Adviser Guidance, supra note 149, in which the SEC
Staff states that adviser compliance policies could address “oversight of third
parties that may develop, own or manage algorithmic code or software uti-
lized by the robo-adviser.”
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“as-is” basis, in which the vendor disclaims—in bold letters—
any implied warranties of merchantability or fitness for a par-
ticular purpose, including any warranty for the use, or the re-
sults of the use, of the software with respect to its correctness,
quality, accuracy, completeness, reliability, or performance,
etc.374 Moreover, the vendors emphatically disclaim any liabil-
ity for consequential damages.375 Thus, unlike trading errors
in which a broker may sometimes be accountable for an error,
an investment manager often has little recourse against third
parties that supply data or models containing errors.376

CONCLUSION

The Advisers Act was written seventy-five years ago in a
period in which managers focused on selecting “good” stocks
for their client’s portfolios. Since then, modern portfolio the-
ory and the use of technology and quantitative research tech-
niques have fundamentally changed the manner in which as-
sets are managed, with the emphasis among many managers
shifting from individual assets to portfolio characteristics. In-
vestment information that formerly was the domain of tradi-
tional analysts and written research reports now may be re-
vealed through quantitative research techniques and models.
It also now is possible to use new data to forecast both

374. Normally, the research contains specific disclaimers stating that it
represents an opinion or recommendation and that “information has been
obtained from sources believed to be reliable” and the provider “does not
warrant its completeness or accuracy.” The reports also may note that “past
performance is not indicative of future results” and that the provider is
under no obligation to notify others if it changes its opinion.

375. Although specific disclaimers frequently are found in software li-
censes, under tort law, services such as software normally are subject to a neg-
ligence standard rather than the strict liability standard applied to products
that cause physical injury. See, e.g., David W. Lannetti, Toward a Revised Defini-
tion of “Product” Under the Restatement (Third) of Torts: Products Liability, 55 BUS.
LAW. 799, 806–07 (2000).

376. Since the adviser may have no recourse against the vendor, it is un-
clear what obligation it would have to disclose a vendor error to investors
although analytically the effect of the error is no different than an error in a
model or research that is prepared internally. Similarly, a traditional man-
ager that reasonably relies on third-party research should have no obligation
to notify investors if it relied on the opinion of a third-party research analyst
that makes a mistake and later issues a revised research report.
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macroeconomic and single stock factors in ways that were not
possible even ten years earlier.

Like traditional managers, the interests of quantitative ad-
visers in almost all cases will be aligned with their investors,
and model errors should not present a conflict-of-interest.
Quantitative managers are highly incentivized to assure that
their models work as intended at all times. Failure to achieve
clients’ investment objectives (due to market conditions, mis-
takes in investment judgment, or defects in a model) affects
the manager’s ability to attract or retain customer assets and to
participate in the appreciation of portfolios through asset-
based fees. For this reason, there is no policy reason for the
SEC to impose a strict liability standard, which might result in
significantly higher advisory fees for clients.

Because fiduciaries are not guarantors of performance, an
adviser does not violate fiduciary standards or the disclosure
requirements under Section 206 of the Advisers Act merely be-
cause of inevitable errors in its investment models. In contrast
to the message that might be taken from the Orders, fiduciary
principles and the securities laws do not require a manager to
have “perfect” models, produce flawless research, to
prophesize market movements, or otherwise make a manager
strictly liable for the outcome of investment decisions made in
good faith.

There is no justification for imposing a heightened stan-
dard of care on quantitative managers versus traditional man-
agers. A quantitative manager’s decision to delay correcting an
error in a model is an investment decision, no different than
an enhancement to a model, that should be subject to the
same disclosure and fiduciary standards applied to traditional
managers with respect to their research and investment deci-
sion-making responsibilities. For this reason, the SEC should
not challenge the reasonable, good faith investment decisions
of qualified quantitative managers (including the resolution of
model errors), except to the extent that it would question
analogous research or investment decisions made by qualified
traditional managers.

From both a disclosure and fiduciary perspective, any
analysis of the manager’s prudence undertaken by the SEC
also should consider the totality of the manager’s model gov-
ernance and investment decision-making process, not just pre-
implementation controls. When quantitative investment mod-
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els are properly considered as research, or decision support
tools, the disparity between traditional managers and quantita-
tive managers is not present and the analysis is more consistent
with general fiduciary laws.

Some might attribute the Orders to the simple axiom
“hard cases make bad law,” suggesting that the unique facts of
the first ever SEC cases involving errors in quantitative models
do not define the agency’s current policy. In fact, in recent
years, based on statements by the SEC staff at conferences and
elsewhere, the views of the SEC staff appear to be evolving with
respect to models and model errors. For this reason, it is not
clear how much precedential value to attribute to the Orders.
However, it is very likely that the SEC and other regulators will
continue to face challenges in drawing the line between busi-
ness and investment-related functions of quantitative manag-
ers, and the activities that should be subject to regulation.


