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Some events are much easier to interpret than others:

Novel event

Prediction task
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Ignore events,
analyse word stats

We focus on (relatively) “easy to interpret” events in our experiments

© Cantab - Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority.



Use commercial analyser from RavenPack
Detect entities and produce sentiment scores for articles
Processes millions of articles per year from over 10,000 sources
History back to 2000

Tesla's Risky SolarCity Acquisition Gets Shareholder Approval

2016-11-17 21:26:02 UTC

Tesla Motors ( TSLA ) shareholders overwhelmingly approved that acquisition of SolarCity ( SCTY ) on Thursday, clearing the way Tesla CEO Elon Musk to create a vertically-integrated energy
company

"Excluding the votes of Elon and other affiliated shareholders, more than 85% of shares voted were cast in favor of the acquisition," Tesla said in a statement. SolarCity's shareholders approved the
acquisition Thursday morning. The transaction will be completed in the coming days, Tesla said.

SolarCity shareholders will receive 0.11 share of Tesla, worth $20.75 based on Thursday's closing price, for each SolarCity share, making the deal worth about $2.45 billion.

Musk initially announced the acquisition offer on July 21, which at the time valued SolarCity at $2.8 billion. The offer price was renegotiated to about $2.6 billion in August after widespread criticism of the
deal and further review by Tesla.
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_ﬂm s Risky|SolarCity|Acquisition Gets Ehareholder Approval

2016-11-17 21:26:02 UTC

Tesla Motors { TSLA Wshareholdery overwhelmingly approved that acquisition offSolarCity ( SCTY Jlon Thursday, clearing the way Elon Musk to create a vertically-integrated energy

company.

"Excluding the votes of Elon and other affiliated shareholders, more than 85% of shares voted were cast in favor of the acquisition__id ina statement.m Ehareholderd approved the
acquisition Thursday morning. The transaction will be completed in the coming days [Teslajaid.

lSoIarCiﬂEhareholder’ will receive 0.11 share of worth $20.75 based on Thursday's closing price, for eachare, making the deal worth about $2.45 billion,

Musk initially announced the acquisition offer on July 21, which at the time valued at $2.3 billion. The offer price was renegotiated to about $2.6 billion in August after widespread criticism of the

deal and further review

Musk had called the combination of both companies "a no-brainer,” believing that the acquisition of SolarCity would transform it into a vertically-integrated energy company’ that would be able to sell
electric cars, make and sell energy storage for buildings and the grid, and make and install solar panels, all under one roof.

stock closed Wednesday at 188.66, up 2.6% in the stock market today wck rose 2.4% and closed at 20.27.

After the closing bell, when the news broke, w'rtlimbing to about 192 and 021.12.

The deal had been widely criticized by equity analystg wit{Goldman Sachdsaying it would create a " higher risk entity " But early this monteceived the endorsement of a major shareholder
advisory firm in its bid to acquire InternationSewices said shareholders of both companies should vote in favor of the controversial deal. It came two days afteut forth
its strongest case yet about why shareholders should approve the acquisition. In a lengthy blog post id it can achieve more than $150 million in cost savings in the first full year after completing
the acquisition. The transaction is also expected to add $500 million to cash balance sheet over the next three years and add $1 billion in revenue to the combined company in 2017.

But another proxy advisory firm, Glass Lewis, blasted the deal as a " thinly veiled bailout ." Glass Lewis cited the "uncomfortable relationship between near-crippled financial position and Mr.
Musk's personal interest - both direct and indirect - in preventing the rather pronounced, public collapse of an affiliate enterprise.” as debt of about $3.25 billion, which has been essential for
-1

its growth. The two companies combined would have debt of more than $6 billion, ad revenue in 2015 of $399.6 million, up 57% year over year. Tesla showed revenue of $4 billion in 2015, up
27%.

Musk made 4 merger a big part of his recent " Secret Master Plan Part Deux " that outlined his long-term vision for the electric-car company in combination with

The acquisition plan comes at a time whes juggling several clubs. As it works to complete the deal and integration of both ccmpanies working on ramping production as it works on
completing a massive battery plant in Nevada, while it also gears up to produce the Model 3, which is slated to start deliveries in late 2017.

RELATED

SolarCity Acquisition ‘Creates A Higher-Risk Entity'[Soldman]

TeslajQ3 Eamnings Go Full Throttle, Topping Estimates
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Acquisition Gets Shareholder Approval

a Motors ( TSLA ) shareholders overwhelmingly approved that acquisition of SolarCity ( SCTY ) on Thursday, clearing the way lfesla CEO [=lon Musk to create a vertically-integrated energy

company.

"Excluding the votes of Elon and other affiliated shareholders, more than 85% of shares voted were cast in favor of the acquisition,” Tesla said in a statement.|SelarCity's ¢hareholders approved the
acquisition Thursday morning. The transaction will be completed in the coming days, | Tesla jaid.

SolarCity | shareholders will receive 0.11 share of Tesla, worth $20.75 based on Thursday’s closing price, for each SolarCity share, making the deal worth about $2.45 billion.

Musk initially announced the acquisition offer on July 21, which at the time valued SolarCity at $2.8 billion. The offer price was renegotiated to about $2.6 billion in August after widespread criticism of the
deal and further review by Tesla.

Musk had called the combination of both companies "a no-brainer,” believing that the acquisition of SolarCity would transform it into a vertically-integrated energy company’ that would be able to sell
electric cars, make and sell energy storage for buildings and the grid, and make and install solar panels, all under one roof.

Tesla stock closed Wednesday at 188.66, up 2.6% in the stock market today | SolarCity stock rose 2.4% and closed at 20.27.

After the closing bell, when the news broke, with Tesla ::limbing to about 192 and SelarCity w0 21.12.

The deal had been widely criticized by equity analysts aying it would create a " higher risk entity ." But early this month Tesla 'eceived the endorsement of a major shareholder
advisory firm in its bid to acquire SolarCity International Shareholder Services said shareholders of both companies should vote in favor of the controversial deal. It came two days after Tesla jut forth
its strongest case yet about why shareholders should approve the acquisition. In a lengthy blog post | Tesla 5aid it can achieve more than $150 million in cost savings in the first full year after completing
the acquisition. The transaction is also expected to add $500 million to Tesla's cash balance sheet over the next three years and add $1 billion in revenue to the combined company in 2017.

But another proxy advisory firm, Glass Lewis, blasted the deal as a " thinly veiled bailout ." Glass Lewis cited the "uncomfortable relationship between SolarCity's near-crippled financial position and Mr.
Musk's personal interest - both direct and indirect - in preventing the rather pronounced, public collapse of an affiliate enterprise.”) SolarCity nas debt of about $3.25 billion, which has been essential for
its growth. The two companies combined would have debt of more than $6 billion. SolarCity had revenue in 2015 of $399.6 million, up 57% year over year. Tesla showed revenue of $4 billion in 2015, up
27%.

Musk made a Tesla- SolarCity merger a big part of his recent " Secret Master Plan Part Deux " that outlined his long-term vision for the electric-car company in combination with SolarCity

The acquisition plan comes at a time when Tesla 's juggling several clubs. As it works to complete the deal and integration of both companies| Tesla 's working on ramping production as it works on
completing a massive battery plant in Nevada, while it also gears up to produce the Model 3, which is slated to start deliveries in late 2017.

RELATED
Tesla SolarCity Acquisition 'Creates A Higher-Risk Entity": Goldman

Tesla 123 Eamnings Go Full Throttle, Topping Estimates
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Tesla's Risky SolarCity Acquisition Gets Shareholder Approval|

2016-11-17 21:26:02 UTC

Tesla Motors ( TSLA ) shareholders overwhelmingly approved that acquisition of SelarCity ( SCTY ) u|1 Thursday, clearing the way Tesla CEO Elon Musk to create a vertically-integrated energy

company.

"Excluding the votes of Elon and other affiliated shareholders, more than 85% of shares voted were cast in favor of the acquisition,” Tesla said in a statement. SelarCity's shareholders approved the
acquisition Thursday morning. The transaction will be completed in the coming days, Tesla said.

SolarCity shareholders will receive 0.11 share of Tesla, worth $20.75 based on Thursday’s closing price, for each SolarCity share, making the deal worth about $2.45 billion.

Musk initially announced the acquisition offer on July 21, which at the time valued SolarCity at $2.8 billion. The offer price was renegotiated to about $2.6 billion in August after widespread criticism of the
deal and further review by Tesla.

Musk had called the combination of both companies "a no-brainer,” believing that the acquisition of SolarCity would transform it into a vertically-integrated energy company’ that would be able to sell
electric cars, make and sell energy storage for buildings and the grid, and make and install solar panels, all under one roof.

Tesla stock closed Wednesday at 188 66, up 2.6% in the stock market today . SolarCity stock rose 2.4% and closed at 20.27.

After the closing bell, when the news broke, with Tesla climbing to about 192 and SelarCity to 21.12.

Th | hi n widel analysts. with Goldman Sachs saying i I " higher ri But early this month Tesla received the endorsement of a major shareholder
advisory firm in its bid to acquire SolarCity. International Shareholder Services said shareholders of both companies should vote in favor of the controversial deal. It came two days after Tesla put forth
its strongest case yet about why shareholders should approve the acquisition. In a lengthy blog post , Tesla said it can achieve more than $150 million in cost savings in the first full year after completing

the acquisition. The transaction is also expected to add $500 million to Tesla's cash balance sheet over the next three years and add $1 billion in revenue to the combined company in 2017.

But another proxy advisory firm, Glass Lewis, blasted the deal as a " thinly veiled bailout ." Glass Lewis cited the "uncomfortable relationship between SolarCity's near-crippled financial position and Mr.
Musk's personal interest - both direct and indirect - in preventing the rather pronounced, public collapse of an affiliate enterprise.” SolarCity has debt of about $3.25 billion, which has been essential for
its growth. The two companies combined would have debt of more than $6 billion. SolarCity had revenue in 2015 of $399.6 million, up 57% year over year. Tesla showed revenue of $4 billion in 2015, up
27%.

Musk made a Tesla-SolarCity merger a big part of his recent " Secret Master Plan Part Deux " that outlined his long-term vision for the electric-car company in combination with SolarCity.

The acquisition plan comes at a time when Tesla is juggling several clubs. As it works to complete the deal and integration of both companies Tesla is working on ramping production as it works on
completing a massive battery plant in Nevada, while it also gears up to produce the Model 3, which is slated to start deliveries in late 2017.

RELATED
Tesla SolarCity Acquisition 'Creates A Higher-Risk Entity": Goldman

Tesla Q3 Eamings Go Full Throttle, Topping Estimates
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Approach:

Detect entities and relevance
Detect events
Score sentiment of events and article

Events:
Templates defined by financial experts

Location determines the relevance of the
event in a story. Higher up in the article has
a higher relevance score.

Novelty: How long since we detected an
event of the same category.

Tend to be easy to interpret types

Sentiment scores for highly relevant and novel
events may be better predictors.
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Lets look at stock returns around events:

~1000 European stocks

Filter data by
Relevance > 90 (headlines)
Novelty > 90 days

Build daily signal

Group data by Event Sentiment

Positive events Negative events
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Event study for 1 day ESI for Europe (1600)
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Alpha (bps)

Beta (bps)

Consider “residual returns” (stripping out other signals)

Regress next day returns against Event Sentiment

T
2008

T
2010

T
2012

T
2014

T
2016

T
2018

B
(=]
I

=
(=}
I

o
I

T
2008

T
2010

T
2012

T
2014

T
2016

T
2018

1z

1

0.8

0.6

0.4

0.2

Rit1 = B(t)*F(t) + Uty q

U t41 = @+ 108(ESl t11) B + €11

o

2007

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

russell 1000

Positive beta and gross performance, but some recent decay and high turnover (trade costs)

Can we do better?
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Sainsbury Acquisition of ASDA Not to be Completed

RavenPack's sentiment analyser is a high precision, low recall system: it
performs well on a set of short text extracts but cannot be extended to longer
sentences.

RavenPack extracts “Sainsbury Acquisition of ASDA” in the above headline, and
incorrectly labels it “positive”.

RavenPack is prone to mislabeling “complicated” headlines, especially long
headlines or those containing negating clauses.

© Cantab — Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority. 14



Length of Event Text as Percentage of Headline Length
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Figure: Event-text length as a percentage of the headline length

RavenPack often does not consider entire headlines when computing the ESS.

Event-texts containing negating clauses represent about 1.5% of total events.

© Cantab — Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority.
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I love dogs hate and | knitting 15 my hobby |passion
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Figure: Bag-of-words embedding

Most sentiment classifiers use a bag-of-words embedding with a regression-based
classifier, like logistic regression or naive Bayes.
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Part of speech:

(VBD) (INJ NNP] (NNP] () (CC)(PRP](VBZ] [RB) (INJ (PRP](]
———— e — N S AR s e e/ ) /= A

l Mrs. Clinton previously worked for Mr. Obama, but she is now distancing herself from him . '

Named entity recognition:

(Person]  [Date
e i ¥

l Mrs. Clinton previously worked for Mr. Obama, but she is now distancing herself from him.

Co-reference: . ___ I
e I Coref = = = = = = = = = = = = <
: : I Saaaaa Coref = = = = = = i :
(Ment] [ M] (Mention]  [M |
—_— —— —— — ——
‘ Mrs. Clinton previously worked for Mr. Obama, but she is now distancing herself from him. 1
Basic dependencies: S conj .
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compound f advmod % compound \1 I advmod 1 dobj case 1
LD v X
fv RS MED N G NP (] ‘ Vee) W EReD
—— —_—— e —— A ———A T A —/ —_— ——
l Mrs. Clinton previously worked for Mr. Obama, butshe is now distancing herself from him .

Fig. 1. Many language technology tools start by doing linguistic structure analysis. Here we show output from Stanford CoreNLP. As shown from top to
bottom, this tool determines the parts of speech of each word, tags various words or phrases as semantic named entities of various sorts, determines which entity
mentions co-refer to the same person or organization, and then works out the syntactic structure of each sentence, using a dependency grammar analysis.
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Figure: The architecture of a simple (feed-forward) neural network (Anandkumar, 2014).

Neural networks attempt to “learn” the function E[y|x] for labels $y \in \{0,1\}$ and
feature-vector x € R™.

The function it learns has the form
AnO'(...Azo'(Alx + bl) + bz ) + bn

where ¢ is a nonlinear function (like tanh) applied element-wise.
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Figure: A basic RNN (Deloche, 2015).

RNN's incorporate self-recurrent connections to “remember” long-term dependences
within data. This makes them particularly well-suited for sequence generation and

prediction tasks (Tai et al.,2015).

Training RNN's is unstable because the gradients related to self-recurrent connections
can grow/shrink exponentially.

Long-short-term-memory (LSTM) networks ameliorate this problem by
“forgetting” intelligently.

© Cantab — Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority.
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We tested our LSTM on two datasets:

IMDB movie reviews (a standard dataset for testing sentiment analyzers)
“The Emoji Movie is a very powerful, moving film...”
RavenPack extracted headlines with sentiment score

“Sainsbury Acquisition of ASDA Represents Opportunity but also Risk.”

We compare our model to a logistic-regression baseline.

Performance measured using ROC curves, precision-recall curves, and
accuracy (percentage of labels predicted correctly).

© Cantab — Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority. 20



IMDB Dataset:

12,500 positive, 12,500 negative reviews in total
After data processing, only 2,120 positive and negative reviews remained
(70/20/10) training/testing/validation split

Equal parts positive and negative reviews in each split

© Cantab — Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority.
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RavenPack ESS:

20,000 positive, 20,000 negative news shippets
Considered only news snippets from headlines
(70/20/10) training/testing/validation split

Equal parts positive and negative sentiment in each split

© Cantab — Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority. 22



Precision-Recall curve:

True Positives

Precision: — —
True Positives + False Positives

True Positives
Recall:

True Positives + False Negatives

ROC curve: true positive rate by false positive rate

For both plots, larger area under the curve implies better model
performance.

© Cantab — Part of GAM Systematic. Authorised and Regulated by the Financial Conduct Authority.

23



Precision-Recall Curve for IMDB
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Figure: Precision-recall and ROC curves for our LSTM trained and tested on the IMDB dataset

Our model achieves an accuracy of 86%, which is comparable to the state-of-the-art,

89% (Maas et al., 2011).

o —— LSTM (AUC=0.9)
et —— LogReg (AUC=0.88)
,/ -=-=- Benchmark (AUC=0.5)
Cd
T T T T
0.0 0.2 0.4 0.6 0.8 1.0

The LSTM significantly outperforms the logistic-regression baseline, suggesting that the
sentiment of movie reviews is dependent on semantic structure.
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Precision-Recall Curve for RavenPack ESS with Feature Engineering ROC Curve for RavenPack ESS with Feature Engineering

1.0 = 1.0 — =7
l”
’I
d','
0.8 0.8 1 e
-
I”
L -~
1] ,d
o -
c 0.6 - v 0.6 g
=] > »
w = -
S G -~
@ =] T4
& a L’
”
0.4 S 041 .’
~ ,r’
’I
Il"
- - -
0.2 0.2 ’,’ —— LSTM (AUC=0.93)
—— LSTM (AUC=0.95) Rl —— LogReg (AUC=0.91)
—— LogReg (AUC=0.93) ,,’ === Benchmark (AUC=0.5)
td
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Recall False Positive Rate

Figure: Models trained and tested on RavenPack ESS dataset

The LSTM offers a slight improvement over logistic regression, suggesting semantic
structure affects sentiment in news extracts.
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sainsbury acquisition of asda represents opportunity but also risk v sainsbury acquisition of asda represents opportunity but also risk X
sainsbury beats expectations but profits down 18% s sainsbury beEats expectations but profits HEWANLEEN

Electrolux sees rise in g2 profits but drops Mllseles v electrolux sees FiSe in g2 profits butidrops in sales X

acquisition of ge appliances not to be completed 3 electrolux acquisition of ge appliances not to be completed ¢

swatch sees sales rise but nisses targets X swatch sees sales rise but misses targets X

Polyeta T I———.,ossible merger with polyus gold international not feasible 3 polymetal executive says possible merger with polyus gold international not feasible X
argrEavEsTansdown ESMENNEOSHN | investing but it's not nearly enough hargreaves lansdown SHESEERENcost of investing but it's not nearly enough

diageo: impressiveldividend grovth history, but not a strong buy v~ diageo: impressive dividend growth history, but not a strong buy v

michelin profit softens, HENERESNEREREFIFANON 2017 goals v michelin profit softens, but tyremaker firm on 2017 goals X

prysnian -3.4% GUNtONGIVIGSHOINGTIREIRInG < prysnisn -3.4% EEEECINISIONNSENSIENE

EEIEEyR1n CoNparison to other latin american econonies cor‘ruptlon and failure ‘/ cuba's communist economy 1n comparison to other latin american economies: cnrrupunn and failure )(
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how general electric gambled on fossil fuels and lost X

IH

Figure: How the sentiment changes as each model “reads” a conjunctive or negating clause. (Left): LSTM. (Right):

Logistic regression. Blue is positive, red is negative.

The LSTM performs better than the baseline on “complex” sentences, and can “change
its mind” much more fluidly than the logistic regression model.
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Textual data moves prices
Challenging problem

Need to focus the task (which sources, events, strategies) intelligently
Evaluation of a stand-alone news signal

Demonstrated strategy a using commercial news analyser

Reasonable gross returns profile
Improvements to sentiment analysis

Promising results from LSTM

Potential future intern projects,

deep learning on longer documents

Improved interpretation of harder-to-interpret event categories (e.g. products-
services)
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