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About Knowsis

Knows is is an Al data company extracting values from non-traditional online mediums into quantifiable and actionable output for capital markets and business.
Our mission is to develop products and services that enhance the value of social and public information. We transform varied sources of unstructured data into
actionable insights by applying cutting edge natural language processing techniques and interpretable deep learning algorithms.
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The Team

Filippo Lanza, Director

Filippo has more than 20 years of experience in the
Hedge Fund industry. Filippo is a strong believer that the
perfect team combines Artificial and Human Intelligence
to generate a super-data set to inform investment
decisions. Over the years Filippo has started and
invested in several disruptive and successful tech start
ups

Armando Marozzi, Head of Quantitative Research

Armando Marozzi is a post-doctoral researcher at LSE
where he carries out research in Macro and Monetary
Economics with particular focus on macroeconometric
techniques as well as on Natural Language Process
(NLP) models applied to macro forecasting. He also
worked as a macroeconomist at Medley Global Advisors
(MGA), Goldman Sachs and the European Central Bank
(ECB).

Tommaso laquone, Head of Growth

MSc Finance, MSc Economics. Tommaso has previously
worked in the banking industry and managed various
development projects in young and emerging start-ups.
He is the editor and creator of esgstack.com, the first
online space dedicated to resolving ambiguities around
ESG. Always willing to create flexible business conditions
to guarantee the long-term performance and profitability
of young companies and start-ups

Alvise Susmel, CTO

Alvise has previously been CTO of a London-based Hedge
Fund, working on different big-data platforms which analyse
and process crucial investments' data. Eager to learn new
technologies, paradigms and architectures, he also

developed a deep interest in teaching.

Nick Oh, NLP Engineer

-

BSc in Politics and Economics at LSE. Nick is the Founder

and  Director of Research at  SocialScienceAl
(socialscience.ai), a Non-Profit Organization with a mission to
advance the application of machine and deep learning

algorithms in the social sciences space.
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The State of Play on ESG

ESG scope may vary contingent on the legal framework of jurisdictions posing a considerable obstacle for the harmonisation of an ESG definition.
This has created the concern among Investment Managers that ESG is going to be more of a moving target rather than a clear measurable input for
the investment process, raising many issues and exposing the industry to new risks.
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» ESG data are often available on an annual or @ Granular ESG Feedback on the behaviour of .
quarterly basis, creating a gap between releases Companies and Countries

* Existing ESG Scores are backword-looking s Tweets are often forward-looking .

* There is no real-time feedback and data is Tweets are transformed into second by second .

updated infrequently sentiment data

) &

» Corporate data is self-assessed and biased Tweets are ruthlessly "democratic’ .

‘ﬁ\

» Sentiment computed with generic dictionaries ESG-specific dictionary and classification .

®

There are two main issues with current products: (i) low frequency indices and (ii) generic sentiment. ESG-STACK improves on both aspects by providing intraday real-time validated score at country, sectorand company
level. We calibrate our model to be tailored to every letter of E-S-G.



System Elements Overview

Components of System Details System Flow

Two-step pre-processors, each for y
classification task and for sentiment scoring Typel

task: Preparation of tweets with punctuations,

Twitter Pre-processor emoticons, and capital letters allows a more Preprocess
precise reflection of the “tone” of the message Type Il
by capturing the valence of the sentiments

ESG Model The transformer model is the backbone of
industry-standard NLP models developed by
Google Al, Facebook Al, and Open Al (i.e GPT-2,
. Classification Transformer GPT-3, XLNet, BERT, RoBERTa). The custom
Hybrid Rule-based transformer of the ESG-STACK achieved 97%

Transformer accuracy in classifying ESG-relevant tweets

Sentiment Analyzer
Sentiment
Valence-aware scorings for 15,610 Sentiment Scoring

Expressions (incl. emoticons) relevant in both

Sentiment Scoring context-free (6,781 and ESG-specific (8829)
tweets
Alternative
Signal
Valence-aware scorings for 15610 Sentiment
Expressions (incl. emoticons) relevant in both
CLIENT Forecast and Monitor context-free (6,781 and ESG-specific (8829

tweets




Classification Transformer: Performance

Confusion Matrix

00041 0.0148

0 E G S
0.0173 0.0039 Precision | U°°°7 0.9801 0.9353 0.8849*
2
= Accuracy 0.9716
: (Racal 0.9757 0.9648 0.9565
0.0019
F score 0.9786 0.9779 0.9498 0.9193

(*Out of the False Positives of ‘S’ (i.e tweets that have been wrongly classified as ‘S’) approximately 80%
were ‘O’. The cost of falsely predicting ‘O’ as ‘S’ are often mitigated as the tweets are asset-related.)

0.0316

Predicted label
accuracy=0.9703; misclass=0.0297



Sentiment Scoring: Interpretable, Explainable and Transparent

ESG-sensitive Sentiment Analysis and Checker

ESG-classified Scans ngrams in the lexicon dictionary
Tweet

Identifies generalizable heuristics to fine-tune sentiment
valence of tweets

(i) Punctuation (i.e number of " or ‘2" amplifying sentiment)
(i) Capitalization (i.e ALL-CAPS emphasizing sentiment)

(iii) Degree Modifiers (i.e adverbs intensifying the degree of
sentiment)

(iv) Contrastive conjunctions (i.e ‘but’ signalling a shift in
sentiment polarity)

(v) Negations (i.e ‘not’ flipping the sentiment polarity)
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Sentiment Scoring
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". If an inherently interpretable model does
the job almost as well, companies may opt
for that simply because they are easier to
explain, defend, and - even for their own
developers - to understand and optimize.”
(David Thogmartin, Director of aiStudlo,
Deloitte)

y Blackbox

Unreliable &
—— Unaccountable
Alternative
Data

deep-learning

State-of-the-art deep learning (DL) models
achieve impressive accuracy when solving
NLP tasks. However, DL models are
difficult to interpret due to their lack of
transparency. Why would you risk making
an investment decision based on a black-
box system that you cannot fully
comprehend?

ESG-STACK instead provides investors with
the transparent, reliable and accountable
procedure without sacrificing performance
for explainability. Our system outperforms
the most powerful NLP models such as
roBERTa and XLM-roBERTa (see
Volkswagen AG case study).



ESG-STACK vs Rule-based Sentiment Analyzer

N ESG-STACK
Il VADER
January

VOW3.DE
rebraary (Pearson Correlation)
March
corr p
April
May %
June ESG-STACK 0.5979 5.195%e-26
July
August
VADER1 0.5090 3.803%e-18
September
October
TextBlob?2 0.1534 0.01439
MNovember
December [1] see https://github.com/cjhutto/vaderSentiment;

| i | | i [2] see https://textblob.readthedocs.io/en/dev/

For a discussion of these results please look at Section 2.4 (pp.9-14) of the White Paper: “Modelling ESG with Twitter Data”.


https://github.com/cjhutto/vaderSentiment
https://textblob.readthedocs.io/en/dev/

ESG-STACK vs State-of-the-Art Transformer Sentiment Analyzer

N ESG-STACK
I EERTa
KroBERTe VOW3.DE

January 0
(Pearson Correlation)
February
corr
March P
April
ESG-STACK 0.5979 5.195%-26
May
June
roBERTa1 0.5918 2.115%e-25
July
August XLM- roBERTa2 0.5091 3.709%e-18
September
October [1] trained on ~58M tweets and finetuned for sentiment analysis (for the details of
roBERTa, see https://huggingface.co/cardiffnlp/twitter-roberta-base-sentiment and
Movember https://arxiv.org/pdf/2010.12421.pdf);
[2] trained on ~198M tweets and finetuned for sentiment analysis (for the details
December of XLM-roBERTa, see https://arxiv.org/pdf/2104.12250.pdf and
i i i i i i i
-15 -1.0 -0.5 0.0 0.5 10 15 https://huggingface.co/cardiffnlp/twitter-xim-roberta-base-sentiment )

For a discussion of these results please look at Section 2.4(pp.9-14) of the White Paper: “Modelling ESG with Twitter Data”.


https://huggingface.co/cardiffnlp/twitter-roberta-base-sentiment
https://arxiv.org/pdf/2010.12421.pdf
https://arxiv.org/pdf/2104.12250.pdf
https://huggingface.co/cardiffnlp/twitter-xlm-roberta-base-sentiment

ESG-specific Lexicon Dictionary: esgstack.com

The lexicon dictionary of ESG-STACK is the first and only ESG-sensitive dictionary currently on the market: It is a dictionary of 15,610 n-grams1, 2, Cross-
validated by buy-side people and ESG experts, each with valence aware sentiment scorings between [-4,4].

Valence-Aware Lexicon Dictionary

P

Environmental

® Carbon Transition
e Climate Change
® Biodiversity

® Energy Resources and
Management

® Biocapacity and ecosystem
® Air/Water/Physical pollution

e Renewables and Non
Renewables Natural Resources

Source: esgstack.com

e Culture and Values

® Human Rights

® Community / Stakeholders
Relations

® Product responsibility
® Health and Safety

e Diversity

e Consumer Relations

® Access to skilled labour

e Shareholders Rights

® Incentive Structure

® Audit Practices

® Board expertise

® Independent directors

® Transparency / Disclosure
® Business Integrity

® Transparency and
Accountability

® Tax Disclosure

[1] From the gold-standard valence aware sentiment with 7502 uni-grams of casual sentiment expressions (Hutto and Gilbert 2014), a total of 1,898 expressions have been modified (1,177) and removed (721) to fit in the ESG context

[2] A team of ESG experts extracted a total of 8829 ESG-specific n-grams from the Twitter - composed of (i) 5,376 unigrams; (ii) 2,520 bigrams, (iii) 790 tri-grams; and (iv) 143 n-grams (4+) — based on Knowsis ESG Mapping

Source: esgstack.com



ESGStack offers a comprehensive, continuously updated smart dictionary on ESG

Esgstack is a new project piloted by the Knowsis team
aiming to simplify access to the best ESG ideas in the
street. Our goal is to create a repository of relevant
documents that will help our audience to understand
more in-depth the complexities around ESG and navigate
the multitude of frameworks and initiatives aimed at
tackling various ESG topics and taxonomies.

Freemium: Free real-time updated repository of E-S-G
letter specific tagged documents. More than 2000+
Academic Papers, News, Articles and ESG Frameworks
tagged by ESG topics and subtopics.

Premium: Editorial picks and summarization of most
relevant ESG articles and academic papers

Pro. ESG Research House Marketplace. With the help of
our, Al find all the relevant institutional research with one
click

&3

News and Articles ESG Enablers
Access the biggest real-time A summary of leading ESG framework and
repository of news and articles from contributors classified by ESG topic
relevant ESG sources categorized by to be up-to-date with their latest
our editorial team into various E-S-G publication.
topics.

Have access to our Freemium
Membership: We only need your

email address!

{ Full name ]

Your email address ]

SUBSCRIBE

Academic Research

Most recognized papers on ESG
materiality and financial integration
tagged by author and source with key

research objectives and conclusions.

&

Free ESG topic-specific news

and articles

&

Leading ESG frameworks and

enablers

©

Comment and share your view

in our blog

m

Institutional Research

Access the largest network of ESG
independent research houses and
discover the best-in-class analysis

from selected entities.

&

ESG academic research

milestones

&

Access our dedicated area to

ESG financial integration

©

Subscribe to our newsletter



Knowsis offers alternative data solutions and smart real-time alert dashboards
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BREAKING: President Joe Biden will briefly transfer
power 10 Vice President Kamala Harris on Friday
when he undergoes a “routine colonoscopy” at
Walter Reed National Military Medical Center, the
White House said. https/t.co/4iCDBWT]3P

Online Tech News Go
@OnlineTechNews]

4minutes

South Korea scrambles fighter jets as China, Russia
aircraft enter air defense zone
onlinetechnewsgo comy/south-korea-sc.
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ESG sentiment: Neutral

News Tweets A

At least four of the dead in a Pakistan earthquake
early Thursday were killed when the coal mine in
which they were working collapsed, said the deputy
commissioner of the area, citing reports from coal

miners. https://t co/IgEIbt1gi

[;; SaraSneath ;
Sara @SaraSneath o

@t ¥ioads_tinda @therockyfiles @EricHolthaus
In a matter of just a few days after Hurricane
Harvey made landfall in 2017, air pollution levels
added up to 39% of the total unauthorized
emissions of the previous year in the Houston area,
said Luke Metzger, the executive director for
Environment Texas."

3§ The Footprint Project, a nonprofit that deploys
solar panel-equipped trailers to disaster zones, is
sending a fleet of trucks and more than 50 battery
charging packs to New Orleans
https://t.co/0dBHXPpUGH

WBRZ News 3
@WBRZ o

Grand Isle deemed 'uninhabitable' after sustaining

Silicon ASA(19.00x)  American Softwz

Bitcoin

op Profits are oam Fully Sele

aced Well on
1ese Positions
deCry ts ar
jons on his Telegr
annel Seriously and |
n Holding Firmly he!

ESG sentiment: Negative

News = Tweets v

IV Rufino

@JVRufinolNQ
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(@hardmoneynow

Sbtc is now $20k above the estimates that
@GryphonMining earnings were based on! All that
goes straight to the bottom line! A Iot of positives
pending in November. - ESG Rating Update - Crypto
stock ETF launch ( VLT Sbicr ) - Merger update -
6000 add| miners? Sany questions?
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@louishliu Other nations’ efforts to create
technologically inferior CBDC to the #CCP DCEP is a
lost cause and a diversion of recourses in these
critical times of geopolitics. Democracies must
build en anti-fragile #Bitcoin and make sure #USD
remains the unit of account of SBTC
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Argentina’s Regulator Considering Approving
#Bitcoin Futures u.today/argentinas feg... via
@Utoday_en
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News  Tweets ¥
"1 Healthcare Technology 17 days
"’ @Healthcare_46 -3

Read more - marketwatch.com/press-release/... The
qlobal mhealth market size will exceed USD 805
billion in yearly remuneration by 2030. Market
Players @Apple #mhealth #healthcare
#healthcaredevice
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W @Karendukes2 o

Net zero strategy. Government plans will 'support up
1o 440,000 jobs’, minister says - as plans to end sale
of new petrol and diesel cars revealed - Sky News..
‘Someone please stop this government . Please Jb
A hitps//t.co/PSLDJYevpl

phil jones amonth
ﬁ @ionesphillip25 &
Net zero strategy. Government plans will ‘support up
o 440,000 jobs’, minister says - as plans to end sale
of new petrol and diesel cars revealed - Sky News.
They want to step the fuel prices going up 2p every
fucking week robbing the workers 1!
https://t co/GACNEbX2X0

[c5c Lononman]

Fibonacci am
@zoneanalysis

Leading economic indicator 4 week rise in initial
claims for state unemployment insurance. Will is
sustain? SSPX SDJI SMSFT SAAPL

httos://t co/SWIXtbawCA

Alerts @2

JANG) Netflix Inc
“Red Notice’ Dethr

JAND) Amazon com

meA Energy & Industrials

Cabot buys Tokai's Tianjin carb

MEA Energy

MEA Communications & Industrials
elenor and CP in talks to merge telecom units
angkok

ANO) ESG
e more than one percent of 5,000 big companie

are making ntial disclos imate
MEA Financials
nly 10 days a

ANB) Amazon.com Inc

Access up to 10 years of intraday sentiment
scorings for 4,500+ assets, extracted from a
variety of online mediums such as the news
and Twitter

Query Builder Tool: Customize Knowsis time-series data
using query builder to uncover unique predictive insights.
Bookmark custom data queries to user’s profile for continued
monitoring

Alerts: Real-time notification of important changes in
Sentiment Scorings

Screener: Use a combination of Knowsis metrics to track fast-

growing companies and discover new investment

opportunities

Compatibility: Access Knowsis data programmatically via our
dynamic API, or export datasets to CSV from the web
interface



Offering and Data Access

Sentiment, News and Alerts

» Historical data
* From maximum granularity (single tweet sentiment)
to customisable frequency

Sentiment, News and Alerts

» Real-time data via websocket
* Maximum level of granularity

Sentiment, News and Alerts

* Full length historical from 2015 (longer upon request)

* From maximum granularity (single tweet sentiment)
to customisable frequency

 Various frequencies upon request

USE CASES

* Internal due diligence platform
» Trading Strategies Back testing and factor
integration

» Real-time alpha strategies integration
» Real-time alerts and signals
 Alternative news stream and market alerts

* Model factor integration and event study
 Large scale strategy back testing



Authorization via Licence token AP| DOCU mentation
* Real-time ESG
» The WebSocket feed via .
bidirectional protocol Link HERE
 Subscription to ESGStack
Dashboard

 Historical ESG
* CSV File
« HTTP protocol
* APl Query


https://ambitious-griffin-af8.notion.site/Knowsis-API-v2-669b9b3d82a04ae1948ed9bfd0e129ec

What's coming next?

< <

Textual Data Alternative Product
sources Analytics Development

=

’lll’;\«
K

« Reddit Data e Sentiment Indexes e Crypto sentiments
» Reviews Data e Social Volume- o Crypto new projects
Adjusted metrics discovery model
» Global News
Providers « Risk Management « Macro Watch
analytics (Inflation, Business
e Proprietary data sets Cycles, Central Banks)

e Smart alerts
e Meme-Stocks Monitor
» Forecasting models and risk-management

» Political Risk and
Policy Uncertainty



Volkswagen AG
(VOW3.DE)



Volkswagen Emissions Scandal (Sept 2015 - December 2015)

3rd: VW admits software was programmed to cheat testing

18th: VW is told to recall 482,000 cars in the US

September

26th Switzerland bans sales of VW diesel cars.

23rd: Winterkorn resigns and walks away with a €28m pension pot.

Octobe
20th: VW admits deception, issues public

apology

21st: €15bn (£11bn) is wiped off VW's share price

22nd: VW admits 11 million cars worldwide fitted with its defeat devices

'r

2nd: France and Italy launch

11th: The EIB says it could
demand loan back if VW used
any EU loans to cheat on tests

December

28th: Scandal pushes VW
€3.5bn into the red, its first
quarterly loss in 15 years

4th: VW sales in the UK and
the US fell 20% and 25%

investigations into the scandal

For a discussion of these results please look at Section 3.1 (pp.14-18) of the White Paper: “Modelling ESG with Twitter Data”.



Stock Price and ESG-Cumulative Scorings (VolksWagen AG, Sept 2015)
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For a discussion of these results please look at Section 3.1 (pp.14-18) of the White Paper: “Modelling ESG with Twitter Data”.



Stock Price and ESG-Cumulative, S, and G Scorings (VolksWagen AG, Sept 2015)
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For a discussion of these results please look at Section 3.1 (pp.14-18) of the White Paper: “Modelling ESG with Twitter Data”.



Volkswagen: 2015-2020
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For a discussion of these results please look at Section 3.1 (pp.14-18) of the White Paper: “Modelling ESG with Twitter Data”.



Ratio between Tesla's Scores and Volkswagen's Ones

2.5 -
We compute the ratio between Tesla's
2.0 7 score for E, S, G and ESG and their
corresponding scores for Volkswagen.
According to our metrics, Tesla enjoyed a
1.5 - A significant advantage over Volkswagen,
L M especially on environmental and social
L A J‘M'&b‘ \ factors, from 2015 to 2018.
- WL J
However, from 2018 onward, Volkswagen
. appears to have closed the gap with Tesla
: on any ESG dimension.

2015 2016 2017 2018 2019 2020 2021 2022

e B wmea S s ) == PRO

For a discussion of these results please look at Section 3.1 (pp.14-18) of the White Paper: “Modelling ESG with Twitter Data”.
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Facebook Privacy Scandal (2018)
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For a discussion of these results please look at Section 3.1 (pp.18-21) of the White Paper: “Modelling ESG with Twitter Data”.



Facebook (2018-20)

— Adj Close (rescaled)
1.00 1 = ESG-STACK (rescaled)

0.75 1

0.50 1

0.25

0.00 1

af

—0.50 1

—0.75 1

—1.00 -

& & 8 $ 8 $ & & 8 $
& & & & & & & & & &

Date

For a discussion of these results please look at Section 3.1 (pp.18-21) of the White Paper: “Modelling ESG with Twitter Data".
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An Overview of Governance and Social Scores

S Scores - Amazon
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For a discussion of these results please look at Section 3.1 (pp.21-23) of the White Paper: “Modelling ESG with Twitter Data”.



ESG and E-scores in Subperiods of Time

Amazon: Jan 2015-Dec 2019 Amazon: Jan 2020-Dec 2021
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ESG Score vs Stock Price (Full-Sample)
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There is a 43% correlation between our
ESG score for Bayer and the evolution
of its stock price.

For a discussion of these results
please look at Section 3.1 (pp.23-26)
of the White Paper: “Modelling ESG
with Twitter Data”.



G-scores at different points in Time

Amazon’s environmental
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Since Bayer has been affected by
various ESG-relevant episodes, we
study whether our model is suited to
capture those events. The figure
displays the results for the period
2017-2021.

For a discussion of these results
please look at Section 3.1 (pp.23-
26) of the White Paper: “Modelling
ESG with Twitter Data”.
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1) Our metrics are proven to be extremely sensitive to environmental, social and governance events, responding in
real-time and often ahead of the market.

2) Correlation coefficients are not stable throughout the period time under study for the majority of the stocks. This is
however an expected finding since our model isn't calibrated to respond to any generic, despite meaningful, event for
the stock price. ESG factors do not always drive price dynamics. Rather than tracking the stock price closely, we
believe that our metrics work at their finest as a real-time anomaly detector, capturing ESG relevant momenta.

4) Although correlation coefficients might often be low from 2015 until 2021, they are significantly higher when the
sample size is narrowed to be within a year of time frame (see, for example, Amazon's example). This suggests that,
with a shorter timespan, our score can also shed light on share prices’ dynamics.

5) For many stocks we analyzed, correlation coefficients tend to increase over the last couple of years. We believe
this is not a fluke but it is rather likely due to the increasing integration of ESG factors into stock valuations and
portfolio strategies.



Time-series Forecasting



Forecasting Volkswagen's Stock Return
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We forecast, using an LSTM model,
Volkswagen'’s stock returns for the period
2020-2021.

The forecast horizon is rather challenging
from a forecasting standpoint. In fact, many
well-established and long-standing time
series models have failed to keep up with
the evolution of the pandemic.

Although our ESG metrics can sometimes
drift away from the evolution of the stock
price, they can still provide a valuable
integration to existing forecasting models.



Forecasting Facebook's Stock Return

We forecast, using an LSTM model,
Facebook’s stock returns for the period
2020-2021.
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Integrationg ESG into the Investment Process

Although it is beyond the scope of this paper to provide a fully-fledged model that integrates our ESG
metrics into a comprehensive framework, we want to briefly touch upon a few potentially relevant
applications for the ESG investment community.

1) From a qualitative perspective, our model could help improve on “ESG red flags” as well as on “ESG
scorecards”. As for the former, our model is equipped to flag emerging ESG risks and threats at a very
early stage, enabling investors to capture the speed and intensity of their possible development.
Concerning the latter, instead, our model would produce different moving averages as an additional
score to be used in absolute and relative terms against sectors, geographic regions and index
benchmarks. Those additional metrics would help “scorecards” to have a more continuous
computation and relative signalling power.

2) From a quantitative point of view, we notice that the scoring momentum is a potentially valuable
additional factor for either factor model portfolios or as a trigger for exclusionary-screening
adjustments (see, for instance, PRI). Furthermore, from an active ownership standpoint, the model
detects in real-time areas of further discussion and engagement with investee’'s companies and alerts
them to respond timely to issues raised on social media.
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