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The Machine Learning Stock Selection Model uses a data-driven approach and machine learning
techniques to analyze and predict relationships between stock characteristics and future returns. With
the model fingerprint framework, investors can gain deeper understanding of the fundamental drivers

of stock returns that sophisticated machine learning techniques manage to uncover.
The stock selection model:
e Focuses on predicting 1 month ahead stock returns relative to the sector average.

e Utilizes the random forest algorithm to provide systematic perspectives on potential sector-

relative stock performance.

e The model combines State Street’s proprietary indicators of media and institutional investors’

sentiment with traditional fundamentals (like earnings, valuation, price momentum, etc).

e Builds machine learning models for each sector, offering sector-specific insights and reveals

characteristics driving stock performance within each sector.

e Introduces the concept of model conviction to further evaluate sector models and combine

them into an aggregate portfolio to provide investment insights.

e Decomposing model predictions into single variable, interaction and high-order effects with
model fingerprints, which can help investors better understand drivers behind stock
performance and gain transparent insights into machine learning models’ decision-making

process.
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Data

The investment universe consists of U.S. large-capitalization stocks. They represent the most liquid
and accessible securities in one of the largest equity markets. The goal is to predict sector-relative
performance of individual stocks. The prediction target is the cross-sectional z-score of each stock’s

future monthly sector-relative returns.

For the predictive variables, we utilize a concise list of indicators that encompass both company-level

fundamentals and broader market conditions.
The stock-level features include:

o Flowresponse - Forecasted 20-day market excess return due to the respective industry’s
20-day flows and the stock’s exposure to that flow. For additional details, please refer to the
Appendix.

¢ Sentiment - MediaStats 28-day stock sentiment

e Size - Trailing 1-year average market capitalization

e Value - Book-to-price ratio

e Last-month return - Trailing 1-month return

¢ Momentum - Trailing 12-month to 1-month return

e Volatility — Trailing 1-year volatility of daily returns

e Earnings revisions — Latest number of upgrades / (number of upgrades of upcoming annual
EPS + number of downgrades of upcoming annual EPS)

¢ Profitability - EBITDA/common equity

e Margin - EBITDA/revenue

e Earnings growth - Earnings per share year-over-year growth rate
In addition, we incorporate equity turbulence as a market regime variable:
e Market turbulence - U.S. equity turbulence index

To align with the target of predicting sector-relative returns, the predictive stock attributes are
standardized as cross-sectional z-scores within each sector. To mitigate the impact of outliers, we

winsorize the company-level attribute values, setting a lower-bound at -4 and an upper-bound at 4.
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Model Construction

We train a distinct predictive model for each sector using Random Forest. Each model can capture

sector-specific dynamics between stock attributes and returns.

Random forest acts based on the principle of the wisdom of the crowd, as it aggregates the
predictions made by individual regression trees. Each individual regression tree independently
explores a subset of predictors and data entries to capture the relationships between predictors and
the target. This is akin to a panel of ‘bottom-up’ analysts, where individual insights are combined to

enhanced the overall predictive accuracy of the model.

Model Training

The models update on a yearly frequency. At the beginning of each calendar year, each sector model
is trained using the previous six years of month-end observations available at that point in time. The
trained models produce out-of-sample predictions for each stock on a monthly basis throughout the

year.

It is helpful to think about the training of a model in two steps. First, we separate our panel of training
data into five non-overlapping blocks of time. We choose a set of calibration parameters
(hyperparameters), train the model on four of the time blocks, and evaluate its predictive efficacy
(using mean squared error) on the remaining blocks. We specify the initial search ranges of calibration
parameter values and repeat the calibration process in search of the combination of parameter values
with the most robust results, as measured by the average mean squared error of the validation blocks.
This process, called cross validation, simulates how the model performs on unseen data that are,
essentially, manufactured from within the training sample. Second, once we have identified the best
calibration, we train the models using the best calibration and the entire set of training data. The final

rule gives a return prediction for any set of input values.
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Model Conviction

At a given point in time, there may be more predictive opportunity in some sectors than others. The

amount of opportunity may depend on:

e The number of stocks in the sector;
e The cross-sectional dispersion of stock performance;

e The prevalence of predictive relationships between stock attributes and performance.

Model conviction is a mechanism to account for shifting opportunity sets and market conditions. For
purposes of backtesting the aggregate efficacy of the models, it dynamically adjusts sector model
weights based on their training performance so that the model can better align with market realities in

out-of-sample predictions.

We determine the relative reliability of each sector model in advance of its use for the following year
by examining its prediction quality in the training data sample (the prior six years) through the

following procedure:

1. After training a sector model, we measure its in-sample prediction performance using the
training dataset. Specifically, we construct a 30% long-short strategy’ for each sector model in
the prior six years and evaluate its information ratio to determine profitability.

2. We convert these information ratios across sectors to percentage-scaled weights by
standardizing them across sectors. Models demonstrating higher profitability receive larger

conviction weights, while those with minimal predictive power are assigned with zero weights.

Exhibit 1, on the following page, presents the model conviction for the trained models from 2018 to
2024. For some models, model training does not yield any meaningful improvement in prediction,
indicating that it lacks sufficient explanatory power. In such cases, the data fails to provide a strong
enough signal to justify presenting model outputs, resulting in zero conviction for that sector.
According to the model, any output in this scenario would primarily reflect noise rather than useful
information. Therefore, we do not display results for stocks within that sector. Historically, the sectors
falling below the threshold have varied from year to year, meaning predictions might be available one

year but not the next, or vice versa.

T Within each sector, we take equal-weight long and short positions in the stocks with the 30% highest and 30% lowest
predictions.
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Exhibit 1. Model Conviction bv Sector
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Model Performance

Next, we run an out-of-sample test of the
models’ efficacy in predicting monthly
sector-relative stock returns. The backtesting
is implemented from January 2018 to May
2024. Specifically, the first set of sector models
learn from data from 2012 through 2017 and
generate predictions for 2018. The second set
train on data from 2013 through 2018 and
predict for 2019. We follow the same set-up for

predictions in subsequent years.

Then, we form portfolios as follows: Each
month, within each sector, we take
equal-weight long and short positions in the
stocks with the 30% highest and 30% lowest

predictions. We then form an aggregate
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Exhibit 2. Stock Selection Backtest Performance
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portfolio by combining the sector long-short portfolios according to their conviction weights. Exhibit 2

shows the performance of the aggregate portfolio from 2018 through May 2024.

Information Classification: General

—
== STATE STREET.



Model Fingerprint

A challenge especially relevant to investment applications of machine learning is interpreting and
understanding machine learning models. We apply the model fingerprint (‘fingerprint’ for short)

proposed by Li, Turkington, and Yazdani (2020) as a framework for machine learning interpretation.

The fingerprint method is a model-agnostic tool that provides insights into how predictors contribute
to predictions at both global (model) and local (individual prediction) levels.? Model fingerprint isolates
the single variable (linear and nonlinear) effects for each variable and the interaction effects for each
pair of variables. These quantities are measured with partial predictions that vary one (or two)
predictors at a time. The fingerprint then states the relative importance of each component in the

same units as the predictions themselves.

Variable Contribution

Variable contribution measures the relative importance of each variable to the prediction. For each
predictive variable, the model-level contribution shows the average extent to which changes in the

predictor influence the prediction globally.

Exhibit 3. Variable Contribution by Sector (2024)
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Source: State Street Global Markets, LSEG

2 For more on this topic, see our 2022 journal article:” Investable and Interpretable Machine Learning for Equities” by Yimou Li,
Zachary Simon, and David Turkington.
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Exhibit 3, on the previous page, shows the variable contribution for all sector models in 2024. Each
colored bar represents a variable’s total absolute impact on driving predictions within a sector. These
contributions reflect both the standalone influence of a variable and its interactions with other
variables and are measured in the same unit as the prediction target, which is the z-scores of stocks’

cross-sectional returns.

For example, in the technology sector, momentum is identified as a key driver; in the financials sector,

book-to-price ratio emerges as a strong contributor to the model’s predictions.

Exhibit 4. Variable Contribution for and Individual Stock Prediction (2024)
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Source: State Street Global Markets, LSEG

In addition to examining model-level contributions, model fingerprints also enable analysis of how
much each variable contributes to an individual prediction. Exhibit 4, above, shows the variable
contribution for an illustrative stock prediction. Here, the colored bars indicate the relative amount

each variable adds or detracts from the stock’s marginal prediction.

The marginal prediction is defined as the difference between the stock’s forecasted return and the
average prediction within the sector. A variable’s contribution percentage is then calculated as the
ratio of its contribution value to the marginal prediction. A positive percentage indicates that a variable

enhances the stock’s future outlook, while a negative percentage suggests lower future returns.

For instance, as shown in Exhibit 4, volatility, flow response, and momentum are the top three
variables contributing positively to the stock’s prediction. Conversely, negative contributions from EPS

growth rate, book-to-price and equity turbulence reduce the stock’s forecasted performance.
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Single-Variable Impact

To further explore how individual features contribute to predictions, we use partial dependence plots

to illustrate the impact of variables.

For a given variable, partial dependence predictions measure the expected changes in predictions
(over the average prediction) as the value of the variable varies, holding all other variables constant.
Exhibit 5 illustrate the single variable relationship graphically. The horizonal axis corresponds to values

of the desired variable (sentiment) and the blue line plots the partial predictions (vertical axis).

Exhibit 5. Variable Impact - Stock Sentiment for Financials Sector (2024)

Single Variable Contribution @ Contribution Accounting for Interactions

Prediction Contribution

Source: State Street Global Markets, LSEG

For example, for the financials sector in 2024, the upward sloping line indicates that the model
predicts a positive relationship between stock sentiment and returns. Moreover, when stock sentiment
shifts from below average to above average (“0” on the X axis), it marks a significant turning point with

non-linear effects captured by the model.

To evaluate the single-variable contribution to an individual prediction, the fingerprint maps the
variable value for a specific prediction to its partial dependence prediction. For example, in Exhibit 5,
the orange dot on the blue line represents the single variable contribution of stock sentiment for a

particular stock prediction.

Moreover, beyond its individual impact, the overall contribution of a variable to a prediction also
encompasses its interactions with the other variables. In Exhibit 5, this is indicated by the green dot
above the blue line. In this example, sentiment has a strong positive interaction effect, positively

contributing to the stock’s prediction when combined with other predictors.
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Interaction Impact

The interaction impact of two variables is assessed using partial dependence predictions that
simultaneously vary values for two variables. It measures the expected additional changes in
predictions from combinations of two variables over the average prediction and the variables’

individual effects.

These impact details can be visualized using a two-dimensional heatmap, which illustrates the

hypothetical change in predictions resulting from variable combinations at different variables values.

For example, Exhibit 6 reveals that for small-cap financial stocks (vertical axis), the effect of sentiment
(horizontal axis) is amplified—more positive contribution from positive sentiment and more negative
impact on predictions when sentiment is below the sector average. Conversely, for large-cap stocks,
the influence of sentiment becomes less pronounced, especially the negative impact of below-average

sentiment is alleviated.

Exhibit 6. Interaction Impact - Stock Sentiment and Market Cap for Financials Sector
- | [ [ [ | [ ]

Market Cap

Sentiment
Green: positive interaction impact. Red: negative interaction impact.
Source: State Street Global Markets, LSEG

Stock Explorer

The model predictions are updated on a monthly basis. The models are accessible through the Stock

Explorer on Insights.

(Please note that the Stock Explorer Machine Learning Models are only available in limited jurisdictions.)
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https://globalmarkets.statestreet.com/research/myportal/insights/stock-explorer
https://globalmarkets.statestreet.com/research/myportal/insights/stock-explorer

Appendix

Flow response is calculated following the steps below:

1. Calculate daily industry average returns: For each industry, calculate daily average return in
US700 universe.

2. Every day, for each stock, run the following regression using the last five years’ observation
(1200 data points):

20 — day excess return = a + [ * (sum of 20 — day industry flows) + €

Flow response is defined as B * (20 — day industry flows). A minimum of one year of observations (250

data points) are required to do the regression.
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Disclaimers and Important Risk Information [2024.01]

This communication is provided only to professional clients or eligible counterparties or their equivalent by State Street Bank and Trust Company
or, where applicable and permissible, its bank and non-bank affiliates (“State Street”). State Street Bank and Trust Company is authorized and
regulated by the Federal Reserve Board, registered with the Commodity Futures Trading Commission as a Swap Dealer, and is a member of the
National Futures Association. State Street Bank International GmbH (“SSBI”) is regulated by the European Central Bank (“ECB”), the German
Federal Financial Supervisory Authority (“BaFin”) and the Deutsche Bundesbank. Details about the extent of SSBI's regulation by the ECB, the BaFin
and Deutsche Bundesbank are available from us on request. Products and services described herein may not be available in all jurisdictions or
through all State Street entities. Activities described herein may be conducted from offshore. Information provided is of a general nature only and

has not been reviewed by any regulatory authority.

This communication is 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. Market commentary provided by trading desks is not investment research. This communication 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 or any portion hereof may not be
reprinted, sold or redistributed without the prior written consent of State Street. 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.

The views expressed herein are the views of State Street 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 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 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 may have a

commercial relationship with issuers of financial instruments or other products discussed in this communication.

This communication may contain information deemed to be forward-looking statements. These statements are based on assumptions, analyses
and expectations of State Street 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.

Participating in trading any financial instrument, including but not limited to foreign exchange, equities, futures, fixed income or derivative
instruments, or investments in non-liquid or emerging markets, or digital assets, or participating in securities lending, repurchase transactions or
other collateral services present risks, which may include but are not limited to counterparty, collateral, investment loss, tax, and accounting risks.
Where applicable, returns may increase or decrease as a result of currency fluctuations. Derivatives may be more volatile than the underlying
instruments. Certain foreign exchange business, including spot and certain forward transactions, may not be regulated in all jurisdictions. Past

performance is no guarantee of future results.
Please contact your State Street representative for further information.

To learn how State Street looks after your personal data, visit: https://www.statestreet.com/utility/privacy-notice.html.

© 2024 State Street Corporation — All Rights Reserved
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Global Markets Research Disclaimer Supplement [2024.01]

Australia: This communication is provided to wholesale clients by State Street Bank and Trust Company (Australian Business Number 70
062 819 630, Australian Financial Services License 239679).

Brazil: The products in this marketing material have not been and will not be registered with the Comissao de Valores Mobilidrios - 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 publicly
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.

Israel: State Street Bank and Trust Company 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.

Japan: 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.

Oman: State Street Bank and Trust Company is not a bank or financial services provider registered to undertake business in Oman and is
not regulated by the Central Bank of Oman or the Capital Market Authority.

Qatar: 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.

Singapore: 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 2001 (“FAA”) and its regulations. 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.

South Africa: State Street Bank and Trust Company is authorized in South Africa under the Financial Advisory and Intermediary Services
Act, 2002 as a Category | Financial Services Provider; FSP No. 42671.

United Arab Emirates: 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.

United Kingdom: State Street Bank and Trust Company is authorised and regulated by the Federal Reserve Board of the United States,
authorised by the Prudential Regulation Authority (“PRA”) and subject to regulation by the Financial Conduct Authority and limited
regulation by the PRA. Details about the extent of our regulation by the PRA are available from us on request.

State Street Bank International GmbH is authorised and regulated by the European Central Bank and the BaFin, deemed authorised by the
Prudential Regulation Authority, and subject to regulation by the Financial Conduct Authority and limited regulation by the Prudential
Regulation Authority. Details of the Temporary Permissions Regime, which allows EEA-based firms to operate in the UK for a limited

period while seeking full authorisation, are available on the Financial Conduct Authority’s website.
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