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We will begin promptly at 11 AM ET.

If you are unable to hear the speakers, please let us know in the chat box. You
may enter your questions in the Q&A, we will address them at the end of the
presentation. You can find a copy of the slide deck and recording of this webinar:
www.fdpinstitute.org/webinars
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accelerating needs of digital
transformation in the industry.
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The FDP Institute
The FDP Charter

The FDP Institute offers a self-study
program that provides financial data
professionals an efficient path to learn
the essential aspects of financial data
science.
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Financial Data Professional Institute=
was created to

Provide financial professionals with the knowledge
necessary to succeed in an industry disrupted
by the advent of big data and machine learning.

7 Advocate for the highest levels of professional
ethics and standards.

" Establish the FDP Charter as a global professional
designation in the area of financial data science.

ONE COMPREHENSIVE EXAM
Offered twice per year.
(Q2&Q4)

TWO ONLINE CLASSES
Choose aither Python or R,
www.fdpinstitute.org/onlineclaosses

EARN YOUR FDP DESIGNATION
A globally-recognized charter is aworded to
FOP Charter holders.

VALUE ADD

Ernployers increasingly seek to find
professionols who have the skills to apply
data science tools to solve their most
challenging problems.
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State Street Associates
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Part of State Street Global Markets, State Street Associates is a

partnership with leading academics, focused on bridging the worlds of
financial theory and practice.

Big data
A focus on robust, differentiated data sets
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Academic partnerships
Active partnerships with leading academics across the country
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@ Research expertise

More than 20 years of investment research and thought leadership

SSA’s office near the campus of Harvard University
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Machine Learning for Equities Y\ Vi s

Li, Simon, Turkington. The Journal of Financial Data Science,
Winter 2022

wooyoupssar-wd® Sqd I'

Investable and Interpretable
Machine Learning for Equities

Yimou Li, Zachary Simon, and David Turkington

Information Classification: General 7 STATE STREET®

5329921.1.1.GBL.



https://secure.reged.com/AdTrax/submitrequest/True$002c5329921?t:lb=t

Applying Machine Learning to Investing

Key Challenges: Trust and Transparency

STATE STREET

5329921.1.1.GBL.
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Simple or Complex?

Human brain has 86 billion neurons, but a person can easily express a simple thought.

Complicated models can find simple and interpretable relationships.

STATE STREET
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What Advantages Can Machine Learning Provide?

Information from alternative data

STATE STREET
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What advantages can machine learning provide?

Nonlinear relationships Interaction effects

STATE STREET
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Research Motivations

Investable
Focus on the most
liquid and accessible
market

Information Classification: General 12

Interesting
Portfolios can
outperform relevant
benchmarks

Interpretable
Probe for intuition of
machine learning
model behavior

STATE STREET,
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Test Setup

Focus on the most liquid and accessible market

* Universe: S&P 500

» Prediction Target (Y): Stock total return

» Prediction Input (X): Stock and regime indicators

» Models: Neural Networks, Boosted Trees, Random Forest, Lasso, and OLS
« Data: 1992.1 — 2019.12

* Rebalance frequency: Monthly

STATE STREET

5329921.1.1.GBL.
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Model Inputs (X)

Stock Level Indicators

Company Value

Size
Value

Past Price Trends

Short term mean reversion
Momentum
Sector Momentum

Long term mean reversion

Riskiness » Volatility
+ Beta
Return on Equity + Leverage
» Profitability
Operating Model * Investment
+ Dividend yield
Information Classification: General 15

Regime Indicators

Turbulence

¢ Market unusualness

Recession
Likelihood

e Economic Indicator

+ Change in level

STATE STREET,
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Machine Learning Has More Predictive Power

Information Classification: General

Avg. Annualized Return
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Performance of Different Models
Portfolios of top 100 predicted stocks of each model in the testing period (2015.1 —2019.12)

Return Risk Return/Risk

S&P 500 11.9% 12.7% 0.94

OoLs 10.5% 14.2% 0.74

Lasso 10.4% 13.4% 0.77

Random Forest 11.5% 9.8% 1.18
Boosted Trees 13.0% 11.8% 1.10
Neural Network 13.4% 11.8% 1.14

o Shatoomns e paad ey 2016 g Dacamber 201, STATE STREET

5329921.1.1.GBL.
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Changing the Prediction Target (Y)

Instead of targeting total return, we can target excess returns over a benchmark

+ Estimate CAPM-expected returns for each stock

+ Performance evaluations change accordingly

Model Excess Return Risk Return/Risk
OoLS 1.9% 5.0% 0.39
Lasso 3.3% 5.8% 0.57
Random Forest 4.6% 7.4% 0.62
Boosted Trees 4.2% 5.7% 0.74
Neural Network 3.9% 6.1% 0.65

Chart covers the period January 2015 through December 2019. STATE S’I‘I{EET‘®

Information Classification: General 19 Source: State Street Global Markets, DataStream.
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Tailoring prediction goals to prior beliefs and preferences

Return benchmarks and time horizons

Information Classification: General
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Coefficient-like Intuition for Any Model

Holding all else constant, how do model predictions change as we change variable x1?

Information Classification: General

22

Average Prediction

1.0
0.8
0.6
0.4
0.2
0.0

-0.2
-0.4
-0.6
-0.8
-1.0

N

10 -08 -06 -04 -02
Variable X1

0.0

0.2

0.4

0.6

0.8

1.0

STATE STREET

5329921.1.1.GBL.



https://secure.reged.com/AdTrax/submitrequest/True$002c5329921?t:lb=t

Model Fingerprint: Decomposition of Predictions

Linear effect

0.3% -

0.2% A

» For each value of a chosen variable, generate model 0.1% A

predictions combining this value with all other £ 00 |

historical inputs, and take the average. Repeat. o o1 |

« Separate the resulting partial prediction curve into a o2 |

linear and nonlinear effect.
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Information Classification: General 23 Chart is illustrative; no live data.

0.3%
0.2%
0.0%
0.0%
-0.1%
-0.2%
-0.2%
-0.2%
-0.3%

-0.5%

0.3%

0.1%

0.0%

0.0%

-0.1%

-0.2%

-02%

-0.2%

-0.2%

-0.4%

02%

0.1%

0.0%

0.0%

-0.1%

-0.1%

-0.2%

-0.2%

-0.2%

-0.3%

-0.6% -04% -02% 0.0% 02% 0.3% 0.5%

0.3% 1

0.2% -

0.1% A

Responce
o
<
X

-0.1% A

-0.2% A

-0.3%

Nonlinear effect

Interaction effect

0.2%

0.1%

0.1%

0.0%

0.0%

-0.1%

-0.1%

-0.1%

-0.1%

-0.1%

-0.2%

01%  0.0%
01%  0.0%
01%  0.0%
00%  0.0%
00%  0.0%
00%  0.0%
00%  0.0%
01%  0.0%
01%  00%
01%  0.0%

-0.1% 0.0%
Predictor 1

-0.1%
-0.1%
0.0%
0.0%
0.0%
0.0%
0.1%
0.1%
0.1%
0.1%

0.1%

-0.6% -04% -02% 0.0% 02% 0.3% 0.5%

Predictor

-0.3%

-02%  -03%

01%  -02%  -03%
0.0% -01%  -01%
0.0% 0.0% 0.0%
0.1% 0.1% 0.2%
0.1% 0.2% 0.3%
0.1% 0.2%

0.2% 0.3%

0.2% 0.3%

02% 0.3% 0.4%

STATE STREET,

5329921.1.1.GBL.



https://secure.reged.com/AdTrax/submitrequest/True$002c5329921?t:lb=t

Prediction Fingerprint — Decomposing Predictions

Sub-components Fingerprint
Boosted Trees (prediction target = total return)
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Prediction Fingerprint — Comparing Models
Most influential interaction effects

Information Classification: General
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Model Fingerprint: Decomposition of Performance

1. Compute returns of portfolios formed from the linear predictions Cumulative returns
in isolation.

2. Compute returns of portfolios formed from the linear and
pairwise interaction predictions, minus those from step 1. This Total
isolates pairwise interaction effects.

3. Compute returns of portfolios formed from the linear, nonlinear,
and pairwise interaction predictions, minus those from steps 1
and 2. This isolates nonlinear (sizing) effects.

4. Compute returns of portfolios formed from the full model Linear
predictions, minus those from steps 1, 2, and 3. This isolates )
higher-order effects. High-order

Pairwise
v
Nonlinear

STATE STREET

5329921.1.1.GBL.

Information Classification: General 26



https://secure.reged.com/AdTrax/submitrequest/True$002c5329921?t:lb=t

Performance Fingerprint — Comparing Models

Linear Effect (2015.1-2019.12) Interaction Effect (2015.1 — 2019.12)
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Hedging by Interactions

Random forest as an example
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pairwise interaction
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Summary: Machine Learning for Equities

Predictive

» ML models are shown to outperform linear models, due to their ability to model interactions and nonlinear effects

Flexible

» ML models can be made to be goal oriented, hence helping predict most relevant measures of performance

Interpretable

» A helpful way to approach machine learning is to compare machines to people. Even complicated models can find simple and interpretable relationships.
» Model fingerprint is a model-agnostic statistical framework that decomposes ML predictions into linear, nonlinear, and interaction components.

+ The “black box” can be cracked open to understand how a ML model thinks

STATE STREET

Information Classification: General 29
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Disclaimers and Important Information

State Street Global Markets® is the business name and a registered trademark of State Street Corporation® and is used for its financial markets business and that of its affiliates. State Street Associates® is a registered trademark of State Street Corporation, and the analytics and research arm of State Street Global Markets.

The products and services outlined herein are only offered to professional clients or eligible counterparties through State Street Bank and Trust Company, authorized and regulated by the Federal Reserve Board. State Street Bank and Trust Company is registered with the Commodity Futures Trading Commission as a Swap Dealer and is a member of the National
Futures Association. Please note that certain foreign exchange business, including spot and certain forward transactions, are not regulated.

This document is a communication intended for general marketing purposes, and the information contained herein has not been prepared in accordance with legal requirements designed to promote the independence of investment research. It is for clients to determine whether they are permitted to receive research of any nature. It is not intended to suggest or
recommend any transaction, investment, or investment strategy, does not constitute investment research, nor does it purport to be comprehensive or intended to replace the exercise of an investor's own careful independent review and judgment regarding any investment decision.

This communication is not intended for retail clients, nor for distribution to, and may not be relied upon by, any person or entity in any jurisdiction or country where such distribution or use would be contrary to applicable law or regulation. This communication and the information herein does not constitute investment, legal, or tax advice and is not a solicitation to buy
or sell securities or any financial instrument nor is it intended to constitute a binding contractual arrangement or commitment by State Street of any kind. The information provided does not take into account any particular investment objectives, strategies, investment horizon or tax status. This communication or any portion hereof may not be reprinted, sold or
redistributed without the prior written consent of State Street Global Markets.

The views expressed herein are the views of State Street Global Markets as of the date specified and are subject to change, without notice, based on market and other conditions. The information provided herein has been obtained from sources believed to be reliable at the time of publication, nonetheless, we make no representations or assurances that the
information is complete or accurate, and you should not place any reliance on said information. State Street Global Markets hereby disclaims any warranty and all liability, whether arising in contract, tort or otherwise, for any losses, liabilities, damages, expenses or costs, either direct, indirect, consequential, special, or punitive, arising from or in connection with any
use of this document and/or the information herein.

State Street Global Markets may from time to time, as principal or agent, for its own account or for those of its clients, have positions in and/or actively trade in financial instruments or other products identical to or economically related to those discussed in this communication. State Street Global Markets may have a commercial relationship with issuers of financial
instruments or other products discussed in this communication.

This document may contain statements deemed to be forward-looking statements. These statements are based on assumptions, analyses and expectations of State Street Global Markets in light of its experience and perception of historical trends, current conditions, expected future developments and other factors it believes appropriate under the circumstances.
All information is subject to change without notice. Clients should be aware of the risks trading foreign exchange, equities, fixed income or derivative instruments or in investments in non-liquid or emerging markets. Derivatives generally involve leverage and are therefore more volatile than their underlying cash investments. Past performance is no guarantee of
future results.

The products and services outlined in this document are generally offered in the United States and Latin America by State Street Bank and Trust Company. This communication is made available in Japan by State Street Bank and Trust Company, Tokyo Branch, which is regulated by the Financial Services Agency of Japan and is licensed under Article 47 of the
Banking Act. EMEA/UK: (i) State Street Bank and Trust Company, London Branch, authorised and regulated by Federal Reserve Board, authorised by the Prudential Regulation Authority, subject to regulation by the Financial Conduct Authority and limited regulation by the Prudential Regulation Authority. Details about the extent of regulation by the Prudential
Regulation Authority are available upon request; and/or (ii) State Street Bank International GmbH, authorised by Deutsche Bundesbank and the German Federal Financial Supervisory Authority and, in respect of State Street Bank International GmbH, London Branch, subject to limited regulation by the Financial Conduct Authority and Prudential Regulation
Authority. Details about the extent of regulation by the Financial Conduct Authority and Prudential Regulation Authority are available upon request. Brazil: The products in this marketing material have not been and will not be registered with the Comissao de Valores Mobiliarios - the Brazilian Securities and Exchange Commission ("CVM"), and any offer of such
products is not directed to the general public within the Federative Republic of Brazil ("Brazil"). The information contained in this marketing material is not provided for the purpose of soliciting investments from investors residing in Brazil and no information in this marketing material should be construed as a public offering or unauthorized distribution of the products
within Brazil, pursuant to applicable Brazilian law and regulations. The products and services outlined in this document are generally offered in Canada by State Street Bank and Trust Company. This communication is made available in Hong Kong by State Street Bank and Trust Company which accepts responsibility for its contents, and is intended for distribution
to professional investors only (as defined in the Securities and Futures Ordinance). Information provided is of a general nature only and has not been reviewed by any regulatory authority in Hong Kong. This communication is made available in Australia by State Street Bank and Trust Company ABN 70 062 819 630, AFSL 239679 and is intended only for
wholesale clients, as defined in the Corporations Act 2001. This communication is made available in Singapore by State Street Bank and Trust Company, Singapore Branch (“SSBTS"), which holds a wholesale bank license by the Monetary Authority of Singapore. In Singapore, this communication is only distributed to accredited, institutional investors as defined in
the Singapore Financial Advisers Act (“FAA”). Note that SSBTS is exempt from Sections 27 and 36 of the FAA. When this communication is distributed to overseas investors as defined in the FAA, note that SSBTS is exempt from Sections 26, 27, 29 and 36 of the FAA. This advertisement has not been reviewed by the Monetary Authority of Singapore. The
products and services outlined in this document are made available in South Africa through State Street Bank and Trust Company, which is authorized in South Africa under the Financial Advisory and Intermediary Services Act, 2002 as a Category | Financial Services Provider; FSP No. 42671. This communication is made available in Israel by State Street Bank
and Trust Company, which is not licensed under Israel’'s Regulation of Investment Advice, Investment Marketing and Portfolio Management Law, 1995. This communication may only be distributed to or used by investors in Israel which are “eligible clients” as listed in the First Schedule to Israel’s Regulation of Investment Advice, Investment Marketing and Portfolio
Management Law 1995. This communication is made available in Qatar by State Street Bank and Trust Company and its affiliates. The information in this communication has not been reviewed or approved by the Qatar Central Bank, the Qatar Financial Markets Authority or the Qatar Financial Centre Regulatory Authority, or any other relevant Qatari regulatory
body. This communication is made available in Malaysia by State Street Bank and Trust Company, which is authorized and regulated by the Federal Reserve Board. State Street Bank and Trust Company is not licensed within or doing business within Malaysia and the activities that are being discussed are carried out off-shore. The written materials do not
constitute, and should not be construed as constituting: 1) an offer or invitation to subscribe for or purchase securities or futures in Malaysia or the making available of securities or futures for purchase or subscription in Malaysia; 2) the provision of investment advice concerning securities or futures; or 3) an undertaking by State Street Bank and Trust Company to
manage the portfolio of securities or futures contracts on behalf of other persons. This communication is made available in Turkey by State Street Bank and Trust Company and its affiliates. The information included herein is not investment advice. Investment advisory services are provided by portfolio management companies, brokers and banks without deposit
collection licenses within the scope of the investment advisory agreements to be executed with clients. Any opinions and statements included herein are based on the personal opinions of the commentators and authors. These opinions may not be suitable to your financial status and your risk and return preferences. Therefore, an investment decision based solely
on the information herein may not be appropriate to your expectations. This communication is made available in United Arab Emirates by State Street Bank and Trust Company and its affiliates. This communication does not, and is not intended to, constitute an offer of securities anywhere in the United Arab Emirates and accordingly should not be construed as
such. Nor does the addressing of this communication to you constitute, or is intended to constitute, the carrying on or engagement in banking, financial and/or investment consultation business in the United Arab Emirates under the rules and regulations made by the Central Bank of the United Arab Emirates, the Emirates Securities and Commodities Authority or
the United Arab Emirates Ministry of Economy. Any public offer of securities in the United Arab Emirates, if made, will be made pursuant to one or more separate documents and only in accordance with the applicable laws and regulations. Nothing contained in this communication is intended to endorse or recommend a particular course of action or to constitute
investment, legal, tax, accounting or other professional advice. Prospective investors should consult with an appropriate professional for specific advice rendered on the basis of their situation. Further, the information contained within this communication is not intended to lead to the conclusion of any contract of whatsoever nature within the territory of the United
Arab Emirates. This communication has been forwarded to you solely for your information, and may not be reproduced or passed on, directly or indirectly, to any other person or published, in whole or in part, for any purpose. This communication is addressed only to persons who are professional, institutional or otherwise sophisticated investors. This
communication is made available in Saudi Arabia by State Street Bank and Trust Company and its affiliates. The information contained in this communication is not intended to invite or induce any person to engage in securities activities nor does it constitute an offer to sell securities or the solicitation of an offer to buy, or recommendation for investment in, any
securities within the Kingdom of Saudi Arabia or any other jurisdiction. The information in this communication is not intended as financial advice. Moreover, this communication is not intended as a prospectus within the meaning of the applicable laws and regulations of the Kingdom of Saudi Arabia or any other jurisdiction and this communication is not directed to
any person in any country in which the distribution of such communication is unlawful. This communication provides general information only. The information and opinions in this communication are stated as at the date indicated. The information may therefore not be accurate or current. The information and opinions contained in this communication have been
compiled or arrived at from sources believed to be reliable in good faith, but no representation or warranty, express or implied, is made by State Street Bank and Trust Company and its affiliates as to their accuracy, completeness or correctness. This communication is made available in South Korea by State Street Bank and Trust Company and its affiliates, which
accept responsibility for its contents, and is intended for distribution to professional investors only. State Street Bank and Trust Company is not licensed to undertake securities business within South Korea, and any activities related to the content hereof will be carried out off-shore and only in relation to off-shore non-South Korea securities. This communication is
made available in Indonesia by State Street Bank and Trust Company and its affiliates. Neither this communication nor any copy hereof may be distributed in Indonesia or to any Indonesian citizens wherever they are domiciled or to Indonesian residents except in compliance with applicable Indonesian capital market laws and regulations. This communication is
not an offer of securities in Indonesia. Any securities referred to in this communication have not been registered with the Capital Market and Financial Institutions Supervisory Agency (BAPEPAM-LK) pursuant to relevant capital market laws and regulations, and may not be offered or sold within the territory of the Republic of Indonesia or to Indonesian citizens
through a public offering or in circumstances which constitute an offer within the meaning of the Indonesian capital market law and regulations. This communication is made available in Oman by State Street Bank and Trust Company and its affiliates. The information contained in this communication is for information purposes and does not constitute an offer for
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