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Welcome

Welcome to ‘8 things you need to know about next-gen quant’ - but might have been
afraid to ask. As we navigate the frontier of quant investing, our team at Robeco
wanted to help you demystify some of the complex concepts that are rapidly
becoming everyday words. This publication covers the fabric of next-generation quant
investing, such as alternative data, machine learning and natural language processing.
We also address possible applications in the world of sustainability and what all these
developments mean for investors.

The most important factors, however, when it comes to next-gen quant are
infrastructure and culture. Without robust, innovative versions of both, an excellent
next-gen quant program simply can't get off the ground. We discuss these two crucial
elements after the more technical aspects, and conclude with a short overview of
what Robeco's already doing in this sphere.

Our goal is to share our experience and insights, empowering you to get the best out
of the transformative potentials of next-gen quant.

Enjoy the read!

Mike Chen

Head of Alternative Alpha Research

“Qur goal is to share
our experience and
insights, empowering
you to get the best
out of the
transformative
potentials of
next-gen quant.
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The four Vs of alternative data — volume, velocity, variety, and veracity — can be helpful in
understanding what alternative data actually is. The sheer amount of data now available
(volume) is staggering and still increasing as more aspects of our lives come online.
What's more, this data isn't static but is being generated at an ever-increasing speed
(velocity), offering real-time insights into market trends and consumer behavior.

Indeed, while alternative data can be very useful for researchers to extract insights, there
is also a lot of noise in this data. In fact, according to some studies, only 0.5%' of all data
is ever analyzed or used.

Now, this data comes in all shapes and sizes (variety), from news sentiment from which
we can cull insights into company performance, to satellite imagery that can give us a
much better overview of deforestation. With our long history in deciphering data,
Robeco's next-gen quant researchers make sense of this variety, and most importantly,
check the veracity (accuracy and reliability); because false data can lead to false
conclusions.

Figure 1: Global data creation is about to explode
Actual and forecast amount of data created wordlwide 2010-2035 (in zettabytes)
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Source: Statista Digital Econimu Compass 2019

1. https://www.technologyreview.com/2016/08/11/
158359/the-hig-deal-with-big-data-isnt-just-the-data/
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So, how do our next-gen quant researchers convert this torrent of alternative data into
tangible investment insights? The key lies in innovative data processing and analysis
techniques. Advanced algorithms and computational models are used to sift through the
noise to identify relevant patterns, and extract actionable information. However, when it
comes to extracting useful insights from the ocean of alternative data, creativity, solid
economic sensibility and intuition is considered even more important than data
processing and techniques. At the end of the day, it's the people who know how to use
this data that make the difference.

Think about a tech company that's ready to launch a new product. Next-gen quant
researchers could use web scraping to monitor social media sentiment and online
reviews in real-time, giving them an edge over investors waiting for quarterly reports to
gauge the product's reception.

It's important to remember, however, that alternative data is just one piece of the puzzle.
While it can offer unique and timely insights, to truly unlock its potential it is best used in
conjunction with traditional data sources, sophisticated analytical techniques, and most
importantly, sensible economic hypotheses. This is where machine learning comes in.

“In fact, according
to some studies,
only 0.5% of
all data is ever
analyzed or used.

1. https://www.technologyreview.com/2016/08/11/
158359/the-hig-deal-with-big-data-isnt-just-the-data/
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Figure 2 below gives a brief history of ML development, in which it can be seen that ML
has been the next ‘new thing" for a long time coming.

Figure 2: lllustration of machine learning and deep learning algorithms development timeline

+ Linear regression +  Back propagation + Generative
+ KNN +  Reinforcement learning Adversarial
+ Logistic regression + Random Forest Network (GAN)
+ Decision trees +  Ensemble + XGBoost
+  Neural networks + Long-Short-Term-Memory +  Capsule
networks
@
1963 1984 2000 0

+  Recurrent neural network + Inception-V3

+ Bayesian networks +  Deep belief networks

+  Convolutioual neural network + VGG-16

+  Support vector machine + AdaBoost

+  K-Means clustering

Source: Researchgate®

In recent years, ML algorithms have stepped out of research laboratories and moved into
the production pipelines of various companies in many industries. What has now made
them practical rather than theoretical has to do with the amount of data needed to train
ML models and the available computing power to run these algorithms.

ML is essential for next-gen quant investing, thanks to the amount and variety of data
consumed in such a program. As we saw in Chapter 1, next-gen investing uses big data
to generate alpha. However, the size and complexity of that data can make it difficult for
practitioners actually to deduce alpha insights. ML algorithms can help us by detecting
patterns in this sea of data, thereby revealing relationships that might have been missed
otherwise.

Figure 3 illustrates the new paradigm under which ML is used*.

2. For more discussion on how GPT may be used in
finance, see Howard, Vogel, Marchesini, and Chen
(2023).

3. www.researchgate.net/figure/lllustration-of-Machine-
Learning-and-Deep-Learning-algorithms-development-
timeline_fig2_357525860.

4. Of course, this can lead to potential pitfalls such as
data mining, etc. See Chen and Zhou (2023) for more
discussions on how to deal with potential pitfalls that
applying ML might bring in finance.
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Figure 3: Machine learning is a new paradigm compared to traditional programming

Traditional programming Machine learning
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Source: Robeco
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This paradigm shows how in traditional quantitative investing, analysts create models " )

(programs) based on economic theories and use these to analyze market data and make Th/S can uncover
investment decisions. In next-gen quant investing, ML is used. Here, historical market X .

data and the associated investment outcomes are fed into ML algorithms. These /”S/gh tS and
algorithms then learn patterns and generate investment strategies (programs) that can .

be applied to new data. This can uncover insights and investment opportunities that may n VeStment

not have been apparent using traditional methods, allowing for more complex and .

adaptive investment strategies that can navigate the rapidly changing conditions in Opporl‘un/l‘les that

financial markets.
may not have been

ML algorithms can spot non-linear and interactive relationships between inputs and

outputs and has the ability to discover complicated patterns. This is ahead of classical apparent US/ng
quant strategies, which usually only look for simple, linear relationships. The ability to .

find more intricate linkages has many financial applications for alpha and risk. tradltlona/

Here's a concrete example, illustrated in Figure 4 below. Using ML, Robeco’s next- methOdS, a//O W/ng
generation quant team discovered an interesting connection between reversal and

abnormal news volume. Reversal is when securities that have seen large price fOl’ more Comp/eX
movements tend to mean-revert — swing back to their previous price. This is a well- .

known pattern in finance and one of the strongest short-term dynamics commonly used and adapl‘lve

in quant models. .
Investment

Robeco found that the reversal effect for a given security is stronger when there's not .

much unusual news volume associated with that security. But if theres a surge of Stfa l‘egleS.

abnormal news, the reversal effect weakens or even disappears.

8 things you should know about next-gen quant * 9



This makes intuitive sense. If a security’s price moves a lot and there's no significant
news, those price movements were probably driven by speculation, FOMO, and so on.
But if there's a lot of news accompanying the price changes, then it's likely the price is
reacting to new information revealed in news flow.

Figure 4: An interaction dynamic regarding the reversal effect, discovered using machine learning

Predicted return over the next 10 days
News count over the past 10 days
=3 =2 =1 =0 =1 =2 =3
=3 16% 13% 10% 8% 5% 2% 1%

% =2 11% 9% 7% 5% 3% 1% 1%
=l
= =1 6% 5% 4% 3% 1% | 0% | 1%
(%2}
= =0 1% 0% 0% 0% 0% 0% | -1%
., (5]
W e >
T e O: _A9 _A9 _10 _Q0, 99, _19 _19
[t=0] e g 1 4% 4% 3% 3% 2% 1% 1%
Ohno, & =2 -10% 8% 7% 5% 3% 2% 0%
another
downgrade! =3 NS% -12%  -10% 8% 5%  -3% 0%

Source: Robeco

When using machine learning, putting all your eggs in one basket by relying on a single
algorithm might not be the best idea. It's often better to use a variety of different
algorithms and horizons to get predictions that are both more accurate and more robust.
This approach is called ensembling, and its power comes from leveraging the strengths
of different models, compensating for their weaknesses, and reducing the risk of
overfitting.

8 things you should know about next-gen quant 10






While financial information has traditionally been derived from structured data like
financial statements and market prices, the next generation of quant researchers
recognizes that words (and how they are used) also convey a vast amount of investment-
related information.

The evolution of NLP techniques started with simple keyword-based methods like the
‘bag of words’ model, which treated each word in a document as an individual unit,
devoid of context or order. While revolutionary in its time, this technique lacked the
sophistication needed to capture the nuances of human language.

Nowadays, the power of NLP goes beyond the written word. It also encompasses how
the words are said. Tone, sentiment, and emotion are vital aspects of human
communication often overlooked by traditional data analysis. By incorporating these
elements, NLP can glean insights from earnings calls, interviews, news articles, and
other verbal communications that a purely numerical analysis would miss.

Applying NLP to investments
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political internpr HNEW w
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iournalis stories
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" facebook communication onling
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Source: Robeco
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Suppose a company's CEQ uses unusually optimistic language during an earnings call.
An NLP model could pick up on this positive sentiment and predict an upward trend in
the company’s stock price. Alternatively, consider the analysis of social media sentiment
towards a brand or product. By processing thousands of tweets or posts, NLP can gauge
public sentiment in real-time, providing a unique lens through which to view potential
investment opportunities.

In the realm of regulatory filings, NLP can help identify ‘red flags’ that might be buried in
the fine print. For instance, an increase in negative sentiment or uncertainty in a
company’s annual report could be a warning sign of trouble ahead.

With its ability to understand the nuances of language and a model view of the world (as
instructed by its training data on items, events, people, etc., that likely occur together),
GPT is the new champion of NLP. And it's transforming the quant landscape®. The advent
of these models has led to rapid evolution and vivid applications in the Al domain, a
game-changing innovation that will advance, not replace, quant strategies.

In conclusion, NLP is revolutionizing the way we analyze financial information. By
leveraging the power of words, we can uncover deeper insights and make more informed
decisions. The key to harnessing this power lies in effectively integrating these
technologies into the investment process.

Advanced NLP techniques, a world unto
their own, are headlined by Transfor-
mers (a specific neural-net architecture
for NLP applications) and the GPT
(Generative Pretrained Transformer)
model. Transformers represent a signi-
ficant leap forward in NLP technology.
Unlike its predecessors, Transformers
efficiently capture the contextual
meaning of words based on their
position in a sentence and within its
neighboring sentences. This approach
enables Transformers to understand
not just individual words but the overall
sentiment of a piece of text. Transfor-
mer represents the T in GPT, which has
the potential to take NLP technology
even further.

Unlike traditional machine learning
models, which are discriminative
models, GPT is a generative model®
that captures the joint probability of
items occurring together based on the
sample data it has been trained on.
That's why when you ask GPT to tell you
the history of ancient Rome, it'll likely
tell you about Caesar and Pompey and
the civil war that led to the conversion
of Rome from a republic to an empire,
even though you didn’t specifically ask
it to tell you about those individuals
and periods in history. This is because
whenever the topic of Roman history
comes up, the civil war between Caesar
and Pompey features prominently.

5. Discriminative models divide the data space into

classes by learning the boundaries, whereas
generative models understand how the data is
embedded into the space. For more information, see:
https://www.turing.com/kb/generative-models-vs-
discriminative-models-for-deep-learning.

. However, we must caution that generative models

such as GPT are not without their issues and pitfalls
and should be used carefully. See Howard, Vogel,
Marchesini, and Chen (2023) for more details.
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Historically, generating alpha was often seen as incompatible with sustainability .
However, corporate valuation has become increasingly dominated by intangible assets
(see Figure 6), and today’s intangible economy has given rise to corporate assets like
brand value and intellectual property.

Under the right conditions, corporate sustainability performance can be positively linked

1 ;
to its intangible assets, joining the tasks of corporate sustainability evaluation and Under the r/ght
corporate intangible asset pricing. The link between sustainability and corporate ..
valuation is termed financial materiality’, and it is the Rosetta stone of having your cake, con d/t/OnS,
eating it, and becoming healthier to boot!
corporate
Figure 6: Corporate valuation is increasingly dominated by intangible assets. . ..
sustainability
100
performance can
80 be positively linked
to its intangible
60
assets, joining the
4 tasks of corporate
sustainability
20
evaluation and
0 1975 1985 1995 2005 2015 2020 CO/’p orate
@ Intangible assets @ Tangible assets
Source: Ocean Tomo, LLC /ntanglble aSSET
Unlocking sustainable alpha with next-gen techniques pricing.
The main challenge here is to understand how to assess sustainability and intangible
assets simultaneously, as traditional financial data isn't suitable for such analysis.
Sustainability data produced by companies is notoriously unreliable, and most
commercial sustainability ratings devised to compensate for this also have flaws™.
The development of next-gen quant investing means new opportunities for investors to
integrate sustainability into the investment fabric. With innovative data and techniques,
we can now analyze financially material sustainability performance and its relationship
with intangible assets valuations — previously thought impossible using traditional
methods. 7. This is commonly referred to as Friedman’s Doctrine,

after Nobel-winning economist Milton Friedman,
en.wikipedia.org/wiki/Friedman_doctrine

8. For more discussions on financial materiality and how
investors may evaluate sustainability and valuation
simultaneously, see Schneider, Chen, and Rohof
(2023)

9. https://oceantomo.com/intangible-asset-market-
value-study/

10. For example, see Chen, Mussalli, and von Behren
(2027).
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Take corporate resource efficiency, for example. Every company’s actions produce
carbon emissions as a by-product. Investors who care about sustainability prefer
companies with lower carbon emissions. But we could also view carbon emission as
input into the production process. By doing this, we can evaluate how efficiently a
company uses carbon emissions to deliver its products and services. At Robeco, we've
found that favoring resource-efficient companies can boost a portfolio’s expected alpha
and lower its carbon footprint. We call this ‘'sustainable alpha’ because this method can
enhance portfolio sustainability and its expected returns™.

What about customization?

As a pioneer in sustainable investing, clients often ask us which sustainability goals
should be incorporated into their portfolios. But we appreciate that sustainability varies
from place to place and client to client. It's a matter of personal values. That's why
customization is essential in sustainable investing. Currently, the traditional approach to
customization is to apply exclusions, but these can compromise portfolio performance
without necessarily leading to a positive impact.

At Robeco, we've developed a new approach to customization based on portfolio
optimization. This method incorporates sustainabhility goals into the optimization step of
the portfolio construction process along with alpha, evolving the investment problem
from 2D to 3D, as shown in Figure 7. The benefit of our 3D approach is that it results in a
Pareto Optimal portfolio, which means that it's impossible to improve one aspect (alpha,
sustainability, risk) without negatively impacting another. For more discussion on this
next-gen quant approach, see Howard, Chen, Lohre, and Blitz (2023).

Figure 7: Portfolio customization via optimization means evolving the investment problem
from 2-dimensions to 3-dimensions

Return Return
1§ 1§
L4 L4
Risk Risk

Source: Robeco

11. See Schneider, Chen, and Rohof (2023) for more
discussions on this and other sustainable alpha
factors.
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What are some key takeaways for asset owners and quant investors?

Figure 8: Evolution of quantitative investment research

Next-gen quant

Alternative data

Country/industry/models

Analyst revisiosn

Fame-French

1995 2000 2005 2010
Source: Robeco

Figure 8 illustrates the evolution of quantitative investment research. A key observation
is that while next-gen quant research areas have recently blossomed, quant investing
itself is a discipline that continues to evolve. From the early '90s, with factor investing
inspired by Fama and French (1993), quants have continuously explored new data and
techniques to refine their investment models. The approaches in next-gen quant may be
new, but the underlying principle behind them isn't. As is true in life, change is the only
constant in quant investing.

Given the data, algorithms, and computing power available today to quantitatively literate
investors, next-gen quant investing is set to thrive. It is essential to recognize that
next-gen quant is not a replacement for classical models like Fama-French'’s factor
investing; rather, it complements them. Classical models such as value, quality, and
momentum are built on fundamental economic or behavioral theories that remain
relevant.

However, as these models become more popular, the risk of market crowding increases,
leading to diminishing returns. This is where next-gen quant comes into play. It can
bolster strategy performance during periods when classical factors are faltering. And, as
we discussed in the sustainable alpha section when applied carefully with financial
considerations in mind, next-gen quant can potentially generate higher returns and create
more sustainable portfolios.

=
=
o

Sustainable Alpha

2015

—
o
o
Q

<

“ However, as these
models become
more popular, the
risk of market
crowding
increases, leading
to diminishing
returns. This is
where next-gen
quant comes into

play.
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That said, next-gen quant is not a final destination. In time, these approaches will
become part of established models, similar to what happened with value, quality, and
momentum. Innovation will always be the heartbeat of success in quantitative investing.
With the right setup, a quant team can continually innovate and explore new frontiers of
quant investing, whatever they may be. This is discussed further in Chapters 6 and 7.

For asset owners, next-gen quant enhances existing products’ risk and alpha, opening the
door to new invention and sustainability possibilities™. These aren't just limited to data
and methods used in next-generation quant but are common benefits of innovation in
general. Asset owners should encourage their managers to keep innovating.

However, separating the wheat from the chaff is essential to avoid ‘next-gen washing":
the temptation to seem smart in front of the asset owners. Hiring genuinely innovative
managers with robust next-gen quant capabilities has the added benefit of knowledge
transfer. These managers offer insights and training in next-gen data and techniques,
helping to guide the way.

For quant practitioners who want to establish a strong next-gen quant program, we would
say: embrace change and innovate proactively. You can kick-start a next-gen quant
program in various ways - you can build, buy, or blend infrastructural elements. There's
no one-size-fits-all. The important thing is to early, or, failing that, start today.

Cultivating a culture that values innovation is equally crucial. Be bold and experiment -
don't wait for academic validation to try something new. Cutting-edge research often
takes shape in practice before academia catches up. McLean and Pontiff (2016)
observed that quant portfolio returns tend to diminish after academic publication.
Therefore, dare to innovate! In the next two chapters, we shed some light on the essential
infrastructure and the critical role of people and culture in fostering the development of
next-gen quant intellectual property.

“ Cultivating a culture that values innovation
IS equally crucial. Be bold and experiment -
don't wait for academic validation to try
something new.

12. We discuss how Robeco's established quant
strategies incorporate next-generation quant in
Chapter 8.
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Imagine a construction crew rushing in to lay a shallow slab as the foundation of a
building. True, this approach is quick and cheap, and to the casual observer, it may look
fine. The shoddy foundation, hidden beneath, isn'timmediately apparent. But any
experienced builder knows the long-term implications: structural problems such as
cracked walls, slanted floors, or worse, the risk of the entire structure collapsing.

The same choices — and consequences — exist when we're talking about building a quant
data and computing infrastructure, the foundation of any quant investment program.
Believe it or not, it's possible to cobble together a basic quant codebase relatively easily,
even a technically competent grad student could achieve this from their dorm room. Just
download data to your local PC, get machine learning (ML) and natural language
processing (NLP) algorithms from an online open-source code repository, throw together
some basic wrapper and connector codes, and start generating outputs. Fast, cheap

- but as with the hurriedly laid foundation, you'll start seeing cracks.

Then, you're dealing with scalability issues, struggling to handle the data volume and
computing demands. Next there's the issue of replicability — with a lack of
documentation and version control, it's difficult or even impossible for others to verify
your research and its implementation, casting doubt over the entire operation. And let's
not forget maintainability and iterability. Without clear coding standards and logical
organization, finding and modifying or improving specific functionalities will essentially
be like looking for a needle in a haystack.

Avoiding these pitfalls requires a different approach, one that may seem slower and
costlier initially but will pay off in the long run. So what does a properly built quant
infrastructure, one that's robust, scalable, and state-of-the-art, look like? We've built ours
with three key elements:

1 e DATA STORAGE AND MANAGEMENT SYSTEM
Capable of handling a large volume and variety of data and data with
high throughput.

2 e COMPUTING STRUCTURE
Scalable and flexible enough to handle the demand for an ever larger
variety of processes, including those that run on CPUs, GPUs, and either
a single node or multiple clusters.

3 e CODE STACK
Well-structured with strong documentation, logical interface, consistent
style, and version control.

8 things you should know about next-gen quant « 21



This solid foundation enables multiple researchers to collaborate, contribute to R&D
projects, validate accuracy, and reliably deploy production systems. When you amortize
the initial investment over its usable life, you get quality output (it's good), quick
development and evolution (it's fast), and fewer breakdowns and emergency fixes (it's
cheap in the long run).

Like the unseen groundwork beneath a building, the infrastructure for a quant investment
program isn't always glamorous. And the difference between a good and a shoddy one
isn't always immediately obvious. Both can work, at least initially. However, their
difference becomes as clear as night and day over time.

At Robeco, we understand the importance of a strong foundation for our next-gen quant
investment program. That's why we've devoted significant time and resources to building
our infrastructure correctly and thoughtfully because we know it's not about choosing
between fast, good, and cheap - it's about creating a structure with strong foundations, a
structure that is actually worth building on.

8 things you should know about next-gen quant « 22
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People and culture are two sides of the same coin: the right people foster a positive
culture, while a positive culture fosters, retains, and attracts the right people, enabling
them to work more effectively.

The people factor

What makes a great quant researcher? It's a relentless trio of curiosity, drive, and a
scientific mind. We seek people who are genuinely enthusiastic about financial markets
and obsessed with investment success. And in the quant world, where competition is
fierce, diversity is key. Be it background, skills, knowledge, or experience — we need a
team that thinks globally. We achieve this through:

- Searching the world by bringing highly competent and motivated individuals from
international firms on board. This adds fresh perspectives and insights.

- Knowing the locals by connecting with people in different parts of the world. That
means sometimes you need to speak their language (quite literally). For example,
knowing Chinese or Japanese is a plus for understanding local market sentiment.

+ Understanding the clients by keeping current on their ever-changing needs, no matter
where they are.

The culture code
What kind of corporate culture makes our next-gen quant team thrive? Figure 9 outlines

the core ingredients.

Figure 9: Robeco quant culture
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* Flat structure: We believe good ideas can come from anywhere. By keeping the
hierarchy flat, we make sure the best ideas don't have to climb a mountain to be heard.
This makes people fearless in sharing thoughts.

13. https://igormroz.com/documents/netflix_culture.pdf
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* Direct communication: We reward honesty and openness. The freedom to suggest,
challenge, and call out anything even slightly tricky keeps our culture healthy. The
inclusion of team members from different cultural backgrounds enriches this trait.

* Healthy competition of ideas: Qur team is a playground for ideas, and a little friendly
rivalry keeps things moving forward. It also fosters an entrepreneurial spirit.

* Meritocracy: Good ideas are all about enhancing investment results. We are the

guardians of our clients’ assets, and we take that responsibility seriously. This creates

a sense of ownership among the team.

Collaboration: Everyone has a stake in the team'’s success, meaning there are no lone

wolves. We have fluid project teams, so we can move fast and adapt quickly. The focus

is on alignment and information sharing rather than rigid control. This also encourages
smart risk taking.

Innovation: In the fast lane of next-gen quant, being able to swiftly launch-and-iterate

is key. Innovation rarely happens in a straight line, so speed and agility are our allies.

The rapid pace at which we adapt and evolve isn't just an asset, it's an absolute

necessity for staying ahead of the curve.

The leaders

To encourage motivation, we keep the energy high and the atmosphere positive. And
although everyone contributes to the culture, our senior leaders are the torchbearers.
They set the bar high by embodying the cultural traits we value. Culture is also very
delicate. Once it takes a hit, the scars can last even after those responsible have left the
stage. That's why safeguarding our culture is a continuous mission. A world-class
next-gen quant investment program can only be built with the right infrastructure, people,
and culture.
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Originally assigned a weight of 10%, this timing indicator, built on innovative and
fast-moving signals, helped us identify moments to buy and sell stocks. Over time, we
refined the signal, reducing trading costs and allowing us to raise its weight to 25%.

A significant evolution came with adopting machine learning and natural language
processing (NLP). The former was used to help predict distress risk, identify stocks likely
to take a fall, and exploit interaction effects, such as the short-term reversal effect.
Meanwhile, NLP was introduced in 2019 to analyze news sentiment, earnings call
transcripts, and audio files, using sentiment scores to influence decisions.

Maintaining the robustness of new signals has been critical. We leverage various sources
and observations for inspiration and examine signal performance under varied market
conditions. We scrutinize these signals in different regions and during different market
phases - like bull and bear markets or times of high volatility. A ‘spanning alpha test" also
ensures the new data sets offer value beyond our existing models.

Sustainability factors also play a big role in our alternative signals. We've started to
consider signals derived, for example, from employee engagement and resource
efficiency. The former, a ‘'social’ factor in ESG, is gauged through platforms like
Glassdoor, and has shown a correlation with higher sales and future stock returns. The
latter, an ‘environmental’ factor, examines resource usage relative to company sales.
Resource-efficient companies tend to exhibit higher future stock returns and lower
carbon emissions.

In sum, we don't adopt new alternative datasets lightly; they must truly add value to our
strategy by enhancing alpha, aiding diversification, or improving the risk profile. Below is
an overview of some of the next-generation signals we use across various quant
strategies.

A selection of alternative signals

+ Short-term reversal component: This involves looking at stocks that have shown a short-term reversal in their performance.

+ Liquidity characteristics: We also look at stocks whose liquidity profile has improved, which we view as a positive sign.

* Information from the lending market: We use information from the short lending market, considering a high level of shorting
on a stock as a negative sign.

+ Web script data (job vacancies): We monitor the number of job vacancies at firms, viewing an increase as an expectation for
future growth.

+ Sustainability information: Since 2010, we've included sustainability information as part of our Quality theme.

+ Information from the credit market: We use the performance of a company's bonds to predict future stock returns and vice
versa.

* News sentiment: We analyze the type of news coming out about a company, viewing maore positive news as a good sign for
future stock returns.

* Machine learning techniques to predict distress risk: We use machine learning techniques to predict the risk of a company
going bankrupt.
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Important information

Robeco Institutional Asset Management B.V. has a license as manager of Undertakings for Collective Investment in Transferable Securities (UCITS) and Alternative Investment Funds
(AIFs) ("Fund(s)") from the Netherlands Authority for the Financial Markets in Amsterdam. This marketing document is intended solely for professional investors, defined as investors
qualifying as professional clients, who have requested to be treated as professional clients or are authorized to receive such information under any applicable laws. Robeco Institutional
Asset Management B.V. and/or its related, affiliated and subsidiary companies, (‘Robeco”), will not be liable for any damages arising out of the use of this document. Users of this
information who provide investment services in the European Union have their own responsibility to assess whether they are allowed to receive the information in accordance with
MiFID Il regulations. To the extent this information qualifies as a reasonable and appropriate minor non-monetary benefit under MiFID II, users that provide investment services in the
European Union are responsible for complying with applicable recordkeeping and disclosure requirements. The content of this document is based upon sources of information believed
to be reliable and comes without warranties of any kind. Without further explanation this document cannot be considered complete. Any opinions, estimates or forecasts may be
changed at any time without prior warning. If in doubt, please seek independent advice. This document is intended to provide the professional investor with general information about
Robeco’s specific capabilities but has not been prepared by Robeco as investment research and does not constitute an investment recommendation or advice to buy or sell certain
securities or investment products or to adopt any investment strategy or legal, accounting or tax advice. Al rights relating to the information in this document are and will remain the
property of Robeco. This material may not be copied or shared with the public. No part of this document may be reproduced or published in any form or by any means without Robeco's
prior written permission. Investment involves risks. Before investing, please note the initial capital is not guaranteed. Investors should ensure they fully understand the risk associated
with any Robeco product or service offered in their country of domicile. Investors should also consider their own investment objective and risk tolerance level. Historical returns are
provided for illustrative purposes only. The price of units may go down as well as up and past performance is no guarantee of future results. If the currency in which the past
performance is displayed differs from the currency of the country in which you reside, then you should be aware that due to exchange rate fluctuations the performance shown may
increase or decrease if converted into your local currency. The performance data do not take account of the commissions and costs incurred when trading securities in client portfolios
or for the issue and redemption of units. Unless otherwise stated, performances are i) net of fees based on transaction prices and ii) with dividends reinvested. Please refer to the
prospectus of the Funds for further details. Performance is quoted net of investment management fees. The ongoing charges mentioned in this document are the ones stated in the
Fund's latest annual report at closing date of the last calendar year. This document is not directed to or intended for distribution to or for use by any person or entity who is a citizen or
resident of or located in any locality, state, country or other jurisdiction where such distribution, document, availability or use would be contrary to law or regulation or which would
subject any Fund or Robeco Institutional Asset Management B.V. to any registration or licensing requirement within such jurisdiction. Any decision to subscribe for interests in a Fund
offered in a particular jurisdiction must be made solely on the basis of information contained in the prospectus, which information may be different from the information contained in
this document. Prospective applicants for shares should inform themselves as to legal requirements which may also apply and any applicable exchange control regulations and taxes in
the countries of their respective citizenship, residence or domicile. The Fund information, if any, contained in this document is qualified in its entirety by reference to the prospectus, and
this document should, at all times, be read in conjunction with the prospectus. Detailed information on the Fund and associated risks is contained in the prospectus. The prospectus
and the Key Information Document (PRIIP) for the Robeco Funds can all be obtained free of charge from Robeco's websites.

Additional information for US investors

Robeco is considered “participating affiliate” and some of their employees are “associated persons” of Robeco Institutional Asset Management US Inc. (‘RIAM US") as per relevant SEC
no-action guidance. Employees identified as associated persons of RIAM US perform activities directly or indirectly related to the investment advisory services provided by RIAM US. In
those situations these individuals are deemed to be acting on behalf of RIAM US, a US SEC registered investment adviser. SEC regulations are applicable only to clients, prospects and
investors of RIAM US. RIAM US is a wholly owned subsidiary of ORIX Corporation Europe N.V. and offers investment advisory services to institutional clients in the US.

Additional information for US Offshore investors - Reg S

The Robeco Capital Growth Funds have not been registered under the United States Investment Company Act of 1940, as amended, nor the United States Securities Act of 1933, as
amended. None of the shares may be offered or sold, directly or indirectly in the United States or to any US Person. A US Person is defined as (a) any individual who is a citizen or
resident of the United States for federal income tax purposes; (b) a corporation, partnership or other entity created or organized under the laws of or existing in the United States; (c) an
estate or trust the income of which is subject to United States federal income tax regardless of whether such income is effectively connected with a United States trade or business. In
the United States, this material may be distributed only to a person who is a “distributor”, or who is not a “US person’, as defined by Regulation S under the U.S. Securities Act of 1933
(as amended).

Additional information for investors with residence or seat in Australia and New Zealand

This document is distributed in Australia by Robeco Hong Kong Limited (ARBN 156 512 659) (“RIAM BV"), which is exempt from the requirement to hold an Australian financial services
license under the Corporations Act 2001 (Cth) pursuant to ASIC Class Order 03/1103. Robeco is regulated by the Securities and Futures Commission under the laws of Hong Kong and

those laws may differ from Australian laws. This document is distributed only to “wholesale clients” as that term is defined under the Corporations Act 2007 (Cth). This document is not
intended for distribution or dissemination, directly or indirectly, to any other class of persons. In New Zealand, this document is only available to wholesale investors within the meaning
of clause 3(2) of Schedule 1 of the Financial Markets Conduct Act 2013 (FMCA). This document is not intended for public distribution in Australia and New Zealand.

Additional information for investors with residence or seat in Austria
This information is solely intended for professional investors or eligible counterparties in the meaning of the Austrian Securities Oversight Act.

Additional information for investors with residence or seat in Brazil

The Fund may not be offered or sold to the public in Brazil. Accordingly, the Fund has not been nor will be registered with the Brazilian Securities Commission (CVM), nor has it been
submitted to the foregoing agency for approval. Documents relating to the Fund, as well as the information contained therein, may not be supplied to the public in Brazil, as the offering
of the Fund is not a public offering of securities in Brazil, nor may they be used in connection with any offer for subscription or sale of securities to the public in Brazil.

Additional information for investors with residence or seat in Brunei

The Prospectus relates to a private collective investment scheme which is not subject to any form of domestic regulations by the Autoriti Monetari Brunei Darussalam ("Authority”). The
Prospectus is intended for distribution only to specific classes of investors as specified in section 20 of the Securities Market Order, 2013, and must not, therefore, be delivered to, or
relied on by, a retail client. The Authority is not responsible for reviewing or verifying any prospectus or other documents in connection with this collective investment scheme. The
Authority has not approved the Prospectus or any other associated documents nor taken any steps to verify the information set out in the Prospectus and has no responsibility for it.
The units to which the Prospectus relates may be illiquid or subject to restrictions on their resale. Prospective purchasers of the units offered should conduct their own due diligence on
the units.

Additional information for investors with residence or seat in Canada

No securities commission or similar authority in Canada has reviewed or in any way passed upon this document or the merits of the securities described herein, and any representation
to the contrary is an offence. Robeco Institutional Asset Management B.V. relies on the international dealer and international adviser exemption in Quebec and has appointed McCarthy
Tétrault LLP as its agent for service in Quebec.

Additional information for investors with residence or seat in the Republic of Chile

Neither Robeco nor the Funds have been registered with the Comision para el Mercado Financiero pursuant to Law no. 18.045, the Ley de Mercado de Valores and regulations
thereunder. This document does not constitute an offer of or an invitation to subscribe for or purchase shares of the Funds in the Republic of Chile, other than to the specific person
who individually requested this information on their own initiative. This may therefore be treated as a “private offering” within the meaning of Article 4 of the Ley de Mercado de Valores
(an offer that is not addressed to the public at large or to a certain sector or specific group of the public).

Additional information for investors with residence or seat in Colombia
This document does not constitute a public offer in the Republic of Colombia. The offer of the fund is addressed to less than one hundred specifically identified investors. The
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fund may not be promoted or marketed in Colombia or to Colombian residents, unless such promotion and marketing is made in compliance with Decree 2555 of 2010 and

other applicable rules and regulations related to the promotion of foreign funds in Colombia. The distribution of this Prospectus and the offering of Shares may be restricted in certain
jurisdictions. The information contained in this Prospectus is for general guidance only, and it is the responsibility of any person or persons in possession of this Prospectus and
wishing to make application for Shares to inform themselves of, and to observe, all applicable laws and regulations of any relevant jurisdiction. Prospective applicants for Shares should
inform themselves of any applicable legal requirements, exchange control regulations and applicable taxes in the countries of their respective citizenship, residence or domicile

Additional information for investors with residence or seat in the Dubai International Financial Centre (DIFC), United Arab Emirates

This material is distributed by Robeco Institutional Asset Management B.V. (DIFC Branch) located at Office 209, Level 2, Gate Village Building 7, Dubai International Financial Centre,
Dubai, PO Box 482060, UAE. Robeco Institutional Asset Management B.V. (DIFC Branch) is regulated by the Dubai Financial Services Authority ("DFSA”) and only deals with Professional
Clients or Market Counterparties and does not deal with Retail Clients as defined by the DFSA.

Additional information for investors with residence or seat in France
Robeco Institutional Asset Management B.V. is at liberty to provide services in France. Robeco France is a subsidiary of Robeco whose business is based on the promotion and
distribution of the group’s funds to professional investors in France.

Additional information for investors with residence or seat in Germany
This information is solely intended for professional investors or eligible counterparties in the meaning of the German Securities Trading Act.

Additional information for investors with residence or seat in Hong Kong

The contents of this document have not been reviewed by the Securities and Futures Commission ("SFC”) in Hong Kong. If there is any doubt about any of the contents of this
document, independent professional advice should be obtained. This document has been distributed by Robeco Hong Kong Limited (‘Robeca’). Robeco is regulated by the SFC in Hong
Kong.

Additional information for investors with residence or seat in Indonesia
The Prospectus does not constitute an offer to sell nor a solicitation to buy securities in Indonesia.

Additional information for investors with residence or seat in Italy

This document is considered for use solely by qualified investors and private professional clients (as defined in Article 26 (1) (b) and (d) of Consob Regulation No. 16190 dated 29
October 2007). If made available to Distributors and individuals authorized by Distributors to conduct promotion and marketing activity, it may only be used for the purpose for which it
was conceived. The data and information contained in this document may not be used for communications with Supervisory Authorities. This document does not include any
information to determine, in concrete terms, the investment inclination and, therefore, this document cannot and should not be the basis for making any investment decisions.

Additional information for investors with residence or seat in Japan
This document is considered for use solely by qualified investors and is distributed by Robeco Japan Company Limited, registered in Japan as a Financial Instruments Business
Operator, [registered No. the Director of Kanto Local Financial Bureau (Financial Instruments Business Operator), No.2780, Member of Japan Investment Advisors Association].

Additional information for investors with residence or seat in South Korea

The Management Company is not making any representation with respect to the eligibility of any recipients of the Prospectus to acquire the Shares therein under the laws of South
Korea, including but not limited to the Foreign Exchange Transaction Act and Regulations thereunder. The Shares have not been registered under the Financial Investment Services and
Capital Markets Act of Korea, and none of the Shares may be offered, sold or delivered, or offered or sold to any person for re-offering or resale, directly or indirectly, in South Korea or
to any resident of South Korea except pursuant to applicable laws and regulations of South Korea.

Additional information for investors with residence or seat in Liechtenstein

This document is exclusively distributed to Liechtenstein-based, duly licensed financial intermediaries (such as banks, discretionary portfolio managers, insurance companies, fund of
funds) which do not intend to invest on their own account into Fund(s) displayed in the document. This material is distributed by Robeco Switzerland Ltd, postal address: Josefstrasse
218, 8005 Zurich, Switzerland. LGT Bank Ltd., Herrengasse 12, FL-9490 Vaduz, Liechtenstein acts as the representative and paying agent in Liechtenstein. The prospectus, the Key
Information Documents (PRIIP)the articles of association, the annual and semi-annual reports of the Fund(s) may be obtained from the representative or via the website.

Additional information for investors with residence or seat in Malaysia

Generally, no offer or sale of the Shares is permitted in Malaysia unless where a Recognition Exemption or the Prospectus Exemption applies: NO ACTION HAS BEEN, OR WILL BE,
TAKEN TO COMPLY WITH MALAYSIAN LAWS FOR MAKING AVAILABLE, OFFERING FOR SUBSCRIPTION OR PURCHASE, OR ISSUING ANY INVITATION TO SUBSCRIBE FOR OR
PURCHASE OR SALE OF THE SHARES IN MALAYSIA OR TO PERSONS IN MALAYSIA AS THE SHARES ARE NOT INTENDED BY THE ISSUER TO BE MADE AVAILABLE, OR MADE THE
SUBJECT OF ANY OFFER OR INVITATION TO SUBSCRIBE OR PURCHASE, IN MALAYSIA. NEITHER THIS DOCUMENT NOR ANY DOCUMENT OR OTHER MATERIAL IN CONNECTION WITH
THE SHARES SHOULD BE DISTRIBUTED, CAUSED TO BE DISTRIBUTED OR CIRCULATED IN MALAYSIA. NO PERSON SHOULD MAKE AVAILABLE OR MAKE ANY INVITATION OR OFFER
OR INVITATION TO SELL OR PURCHASE THE SHARES IN MALAYSIA UNLESS SUCH PERSON TAKES THE NECESSARY ACTION TO COMPLY WITH MALAYSIAN LAWS.

Additional information for investors with residence or seat in Mexico

The funds have not been and will not be registered with the National Registry of Securities or maintained by the Mexican National Banking and Securities Commission and, as a result,
may not be offered or sold publicly in Mexico. Robeco and any underwriter or purchaser may offer and sell the funds in Mexico on a private placement basis to Institutional and
Accredited Investors, pursuant to Article 8 of the Mexican Securities Market Law.

Additional information for investors with residence or seat in Peru

The Superintendencia del Mercado de Valores (SMV) does not exercise any supervision over this Fund and therefore the management of it. The

information the Fund provides to its investors and the other services it provides to them are the sole responsibility of the Administrator. This Prospectus is not for public
distribution.

Additional information for investors with residence or seat in Singapore

This document has not been registered with the Monetary Authority of Singapore ("MAS"). Accordingly, this document may not be circulated or distributed directly or indirectly to
persons in Singapore other than (i) to an institutional investor under Section 304 of the SFA, (ii) to a relevant person pursuant to Section 305(1), or any person pursuant to Section
305(2), and in accordance with the conditions specified in Section 305, of the SFA, or (iii) otherwise pursuant to, and in accordance with the conditions of, any other applicable provision
of the SFA. The contents of this document have not been reviewed by the MAS. Any decision to participate in the Fund should be made only after reviewing the sections regarding
investment considerations, conflicts of interest, risk factors and the relevant Singapore selling restrictions (as described in the section entitled “Important information for Singapore
Investors”) contained in the prospectus. Investors should consult their professional adviser if you are in doubt about the stringent restrictions applicable to the use of this document,
regulatory status of the Fund, applicable regulatory protection, associated risks and suitability of the Fund to your objectives. Investors should note that only the Sub-Funds listed in the
appendix to the section entitled “Important information for Singapore Investors” of the prospectus (“Sub-Funds”) are available to Singapore investors. The Sub-Funds are notified as
restricted foreign schemes under the Securities and Futures Act, Chapter 289 of Singapore (“SFA”) and invoke the exemptions from compliance with prospectus registration
requirements pursuant to the exemptions under Section 304 and Section 305 of the SFA. The Sub-Funds are not authorized or recognized by the MAS and shares in the Sub-Funds are
not allowed to be offered to the retail public in Singapore. The prospectus of the Fund is not a prospectus as defined in the SFA. Accordingly, statutory liability under the SFA in relation
to the content of prospectuses does not apply. The Sub-Funds may only be promoted exclusively to persons who are sufficiently experienced and sophisticated to understand the risks
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involved in investing in such schemes, and who satisfy certain other criteria provided under Section 304, Section 305 or any other applicable provision of the SFA and the subsidiary
legislation enacted thereunder. You should consider carefully whether the investment is suitable for you. Robeco Singapore Private Limited holds a capital markets services license for
fund management issued by the MAS and is subject to certain clientele restrictions under such license.

Additional information for investors with residence or seat in Spain

Robeco Institutional Asset Management B.V,, Sucursal en Espafia with identification number W0032687F and having its registered office in Madrid at Calle Serrano 47-14°, is registered
with the Spanish Commercial Registry in Madrid, in volume 19.957, page 190, section 8, sheet M-351927 and with the National Securities Market Commission (CNMV) in the Official
Register of branches of European investment services companies, under number 24. The investment funds or SICAV mentioned in this document are regulated by the corresponding
authorities of their country of origin and are registered in the Special Registry of the CNMV of Foreign Collective Investment Institutions marketed in Spain.

Additional information for investors with residence or seat in South Africa
Robeco Institutional Asset Management B.V. is registered and regulated by the Financial Sector Conduct Authority in South Africa.

Additional information for investors with residence or seat in Switzerland

The Fund(s) are domiciled in Luxembourg. This document is exclusively distributed in Switzerland to qualified investors as defined in the Swiss Collective Investment Schemes Act
(CISA). This material is distributed by Robeco Switzerland Ltd, postal address: Josefstrasse 218, 8005 Zurich. ACOLIN Fund Services AG, postal address: Leutschenbachstrasse 50,
8050 Ziirich, acts as the Swiss representative of the Fund(s). UBS Switzerland AG, Bahnhofstrasse 45, 8001 Zurich, postal address: Europastrasse 2, P0O. Box, CH-8152 Opfikon, acts as
the Swiss paying agent. The prospectus, the Key Information Documents (PRIIP), the articles of association, the annual and semi-annual reports of the Fund(s), as well as the list of the
purchases and sales which the Fund(s) has undertaken during the financial year, may be obtained, on simple request and free of charge, at the office of the Swiss representative
ACOLIN Fund Services AG. The prospectuses are also available via the website.

Additional information relating to RobecoSAM-branded funds/services

Robeco Switzerland Ltd, postal address Josefstrasse 218, 8005 Zurich, Switzerland has a license as asset manager of collective assets from the Swiss Financial Market Supervisory
Authority FINMA. The RobecoSAM brand is a registered trademark of Robeco Holding B.V. The brand RobecoSAM is used to market services and products which entail Robeco’s
expertise on Sustainable Investing (SI). The brand RobecoSAM is not to be considered as a separate legal entity.

Additional information for investors with residence or seat in Taiwan

The contents of this document have not been reviewed by any regulatory authority in Hong Kong. If you are in any doubt about any of the contents of this document, you should obtain
independent professional advice. This document has been distributed by Robeco Hong Kong Limited (‘Robeca”). Robeco is regulated by the Securities and Futures Commission in Hong
Kong.

Additional information for investors with residence or seat in Thailand
The Prospectus has not been approved by the Securities and Exchange Commission which takes no responsibility for its contents. No offer to the public to purchase the Shares will be
made in Thailand and the Prospectus is intended to be read by the addressee only and must not be passed to, issued to, or shown to the public generally.

Additional information for investors with residence or seat in the United Arab Emirates

Some Funds referred to in this marketing material have been registered with the UAE Securities and Commodities Authority (“the Authority”). Details of all Registered Funds can be
found on the Authority's website. The Authority assumes no liability for the accuracy of the information set out in this material/document, nor for the failure of any persons engaged in
the investment Fund in performing their duties and responsibilities.

Additional information for investors with residence or seat in the United Kingdom
Robeco is deemed authorized and regulated by the Financial Conduct Authority.

Additional information for investors with residence or seat in Uruguay

The sale of the Fund qualifies as a private placement pursuant to section 2 of Uruguayan law 18,627. The Fund must not be offered or sold to the public in Uruguay, except under
circumstances which do not constitute a public offering or distribution under Uruguayan laws and regulations. The Fund is not and will not be registered with the Financial Services
Superintendency of the Central Bank of Uruguay. The Fund corresponds to investment funds that are not investment funds regulated by Uruguayan law 16,774 dated 27 September
1996, as amended.

© Q2/2023 Robeco
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