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RELATION
EXTRACTION

Relation Extraction (RE) is the task of recognizing instances
of specific relationships between two or more entities in a
natural language text.

In a traditional setting, the target relation types are known to
a RE system in advance, and it can be prepared for its task
either

1. by a knowledge engineer hand-crafting the extraction
rules

2. or by the system itself learning the rules from a set of
hand-labeled training examples.

Both ways require a large expenditure of manual labor.




RELATION
EXTRACTION

In recent years, [Banko and Etzioni 2008] introduced
a new setting for the RE task, called Open
Information Extraction (Open IE).

In this setting, the RE system
1. does not know the target relations in advance, and
2. cannot have any relation-specific human input.

The task requires the system itself to identify the
target relations and to train itself for extracting them.
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FACTS

Adverse drug events comprise the 4" leading cause of death
In the US.

Clinical trials are often limited in terms of the number of
participants and scope.

Accordingly, these trials sometimes fail to indicate ADRs
associated with a particular drug.

ADRs that were not found in the clinical
trials are often reported later on as an FDA label change.




GOAL

Present a text mining methodology that will allow a rather
unlaborious, yet reliable, detection of unreported ADRs that
are likely to be identified in the future.




METHOD

Put our approach to a predictive test: Empirically
demonstrate the ability of our proposed methodology to
credibly predict ADRs prior to their reporting by the FDA.

Meaning,

ATake a set of ADRs that have been reported by the FDA in a
post-marketing label change.

AExamine whether signals of these ADRs appear in user-
generated health forums prior to the first announcement by

the FDA about these ADRSs.




URE (UNSUPERVISED
RELATION EXTRACTION)
-RAMEWORK

At the core of our mechanism for mining the Drug-Symptom
relations lies the URE framework.

AA domain independent set of tools and methods for building
Information Extraction (IE) and Relation Extraction (RE)
systems focusing on natural language sentences.

APurely unsupervised methods are utilized as the RE system
trains itself to extract all possible target relations without any
human input.




URE FRAMEWORK

We utilize a standard dependency parser with an
underspecified lexicon.

In the lexicon, only the most frequent and functional words
have full definitions.

We utilize the URE framework and augment its lexicon with

respect to the medical domain, in an attempt to mine Drug-
ADR relations.




METHODOLOGY

X Pre-processing

X Relation Pattern Acquisition

X Extraction

X Post-processing




METHODOLOGY
X Pre-processing

x Download relevant Web pages from various popular
medical forums in HTML format.

x Parse to extract the following: thread link, thread
ID, thread title. Additionally, for each message in a
thread, extract its user name, date and textual content.

x Remove Duplicates: Filter out identical messages

x Break Into Sentences: Split each message into
sentences.




METHODOLOGY
X Relation Pattern Acquisition

x Run the Automatic Lexicon Acquisition mode of URE
on a sample of the data, in order to learn Drug-
Symptom relation patterns between the following entity
types: Person, Drug, Symptom and, when relevant,
Disease.

x Manually remove irrelevant relations that have been
generated.




METHODOLOGY
X Extraction

x The output of this process includes all extracted
relevant entities (Drug, Symptom, etc.), and relations
(Drug-Symptom, Person-Drug, Person-Symptom, etc.)
INn @ semantic structure. The extracted entities are
further used during the post-processing stage.




METHODOLOGY

X Post-processing

x When using only straightforwardly extracted Drug-Symptom
relations, many valuable relations that are mentioned In
Indirect, elusive ways are missed.

x Therefore, a post-processing stage has been designed to try
and catch those missing relations.

x For example, merging the two partial relations
Person_take Drug and Person_suffer Symtpom:

| took Lipitor and




SIDE EFFECTS AND

REMEDIES
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ANALYSIS

Lift: Compute a lift measure to evaluate the likelihood of a

particular Drug-ADR relationship to occur over and beyond
chance.

Chi-square Test: Apply a chi-square test to evaluate the
statistical significance of the lift measure.




CASE STUDY I

STATINS VS. COGNITIVE
IMPAIRMENT

February 2012: FDA approves safety label changes for
statins.

Among others, addition of label information with regard to

the potential for non-serious and reversible cognitive side
effects.

nNThere have been rare post-marketing reports of cognitive
Impairment (e.g., memory loss, forgetfulness, amnesia,
memory |mpa|rment confusmn) associated with statin use.o

memory loss and confusion (FDA, March 2008)

A FDA approved important safety label changes for statins




CASE STUDY I:
STATINS VS. COGNITIVE

Top Extracted ADRs antihyperlipidemic bile acid cholesterol fibrates misc. statins Total
combinations sequestrants absorption inhibitors antihyperlipidemic
agents

pain 13 4 13 20 13 475 538
muscle pain 9 2 15 38 13 394 471
heart attack 2 1 7 10 22 269 311
flushing 2 0 0 2 186 15 205
muscle damage 1 3 7 23 7 143 184
feeling weak 1 0 7 19 5 148 180
allergic reaction 3 2 2 8 23 107 145
diabetes 5 2 2 7 22 95 133
liver failure 4 1 10 0 43 63 121
cognitive impairment 1 0 4 2 2 97 106
leg pain 5 0 4 7 5 82 103
cancer 2 0 0 5 5 64 76
muscle problems 2 1 2 8 2 61 76
leg cramps 4 2 2 4 2 57 71
infection 1 0 3 0 4 60 68
muscle weakness 0 2 5 3 0 56 66
heart problems 0 1 1 0 2 56 60
stroke 2 0 2 4 1 50 59
head pain 5 1 4 4 10 31 55
burning sensation 1 0 0 0 3 41 45
hives 0 1 1 3 14 24 43
joint pain 1 0 0 3 0 39 43
high blood pressure 2 0 2 2 3 34 43
anxiety 6 0 1 2 4 29 42
diarrhea 4 3 5 2 1 21 36
Total 76 26 99 176 392 2,511 3,280




CASE STUDY I:

STATINS VS. COGNITIVE
IMPAIRMEN

Relation-Driven
Lift

pain

antihyperlipidemic
combinations

bile acid
sequestrants

cholesterol
absorption
inhibitors

fibrates

misc.
antihyperlipidemic
agents

0.94

0.80

0.69

feeling weak

allergic reaction
diabetes

liver failure

cognitive impairment
leg pain

cancer

muscle problems
leg cramps

infection

muscle weakness

heart problems
stroke

head pain

burning sensation

hives

joint pain
high blood pressure

muscle pain 0.54

heart attack 0.28 04 075 0.60
flushing 042 0.00 0.18
muscle damage 023

statins

allergic reaction

diabetes

liver failure
cognitive impairment

cancer

muscle problems
leg cramps
infection

muscle weakness

heart problems

Classic-Induced antihyperlipidemic bile acid cholesterol fibrates misc. statins
Lift combinations sequestrants absorption antihyperlipidemic
inhibitors agents
pain 0.81 0.82 0.62
muscle pain 1.00 0.63
heart attack 0.14
flushing 0.54
muscle damage 0.33
feeling weak 0.21

stroke
head pain
burning sensation

hives

joint pain

high blood pressure

anxiety 0.90 anxiety

diarrhea 0.23 0.76 diarrhea

Chi-Square Values antihyperlipidemic bile acid cholesterol fibrates misc. statins Chi-Square Values antihyperlipidemic bile acid cholesterol fibrates misc. statins
combinations sequestrants absorption antihyperlipidemic combinations sequestrants absorption

inhibitors agents inhibitors

pain 0.03 0.00 0.00 0.00 pain 0.00 0.00 0.00 0.00

muscle pain 0.00 0.00 0.05 muscle pain 0.00 0.00 0.15

heart attack 0.00 0.00 0.00 heart attack 0.00 0.00

flushing 0.00 0.00 flushing 0.00 0.00

muscle damage 0.00 1.74 muscle damage 0.00 0.54

feeling weak 0.00 0.00 feeling weak 0.00 0.00

allergic reaction 0.00 0.66 allergic reaction 0.00 015

diabetes 127 0.89 diabetes 0.00 0.00

liver failure 054 0.00 liver failure 0.89 0.00

cognitive impairment 0.00 0.00 cognitive impairment 0.00 0.00

leg pain 3.02 0.00 leg pain 243 0.00

cancer 0.03 0.00 cancer 0.00 0.00

muscle problems 0.03 0.27 muscle problems 0.40 048

leg cramps 3.53 378 leg cramps 3.04 257

infection 0.00 0.00 infection 0.00 0.00

muscle weakness 0.00 muscle weakness 0.00 3.52

heart problems 0.00 0.59 heart problems 0.00 0.00

stroke 0.31 0.00 stroke 0.00 0.00

head pain 0.75 head pain 0.23

burning sensation 0.00 0.00 burning sensation 0.00 0.00

hives 0.00 1.30 hives 0.00 0.57

joint pain 0.00 0.00 joint pain 0.00 0.00

high blood pressure 1.05 0.00 high blood pressure 0.00 0.00

anxiety anxiety 238 0.00

diarrhea diarrhea




CASE STUDY I
STATINS VS. COGNITIVE
IMPAIRMENT

Lifts and respective chi-square values for leading extracted
relations for the Cholesterol Lowering sub-domain, 1999-
2011.

Each cell with Is filled with color , and Iits
chi-square value is calculated. Each such equivalent chi-
square value corresponding and

p-value OO0 .01 is filled with and blue, respectively.




CASE STUDY I
STATINS VS. COGNITIVE
IMPAIRMENT

The trend of lifts and respective chi-square values throughout the
years that preceded the relevant FDA communication. All values in
bold are chi-square values O3 .85 or O6 .64, corresponding p-value
00 .05 or OO0 .01.

Year Classic- Chi-square | Relation- Chi-square
induced lift | value driven lift value
2011 1.20 13.65 2.08 57.65
2010 1.21 13.80 2.02 49.12
2009 1.22 13.15 1.99 41.57
2008 1.21 10.80 1.92 32.80
2007 1.21 10.28 2.03 38.05
2006 1.20 10.12 1.92 29.64
2005 1.12 6.67 2.09 26.62
2004 1.25 3.49 2.28 14.45
2003 1.27 1.55 2.34 7.19




CASE STUDY I
STATINS VS. COGNITIVE
IMPAIRMENT

x Conclusions

x Conspicuous statins-cognitive impairment relation. This
relation is alarmed by both lift calculations and has a
very low p-value, indicating its major significance.

x Even when accumulating data up to an earlier year this
trend is kept.

x The drug-ADR relation between statins and cognitive
Impairment could have drawn attention almost 10 years
before the FDA® formal communication about it.

x This drug-ADR association is not reflected for the other
5 classes of drugs, which also correlates with their lists
of FDA® communications.




CASE STUDY Il
WELLBUTRIN VS. AGITATION

July 2009: FDA alert informing that manufacturers of

Wellbutrin (anti depression drug) were required to add new
boxed warnings highlighting the risk of serious
neuropsychiatric symptoms in patients using the drug.

Among those symptoms were agitation and hostility.




CASE STUDY II:

WELLBUTRIN VS. AGITATION

Leading extracted relations for the Anti-Depression sub-domain,

1999-2008

Top Extracted ADRs celexa effexor pristiq wellbutrin Nanax zoloft Total
anxiety 212 361 3 354 420 478 1,828
weight gain T3 183 2 144 15 183 580
head pain 56 130 1 101 20 104 412
panic state 43 7O 8] 19 138 09 369
sleep disorder 43 s 1 93 46 o8 356
allergic reaction 45 T2 8] 9 24 o8 308
feeling weak 39 TG 2 48 15 59 239
pain 21 75 0 36 29 G2 223
tremors 28 62 O 30 43 57 220
agitation 24 45 0 T8 11 52 210
nausea 21 87 2 33 s 51 201
seizure 5] 15 (8] 117 40 18 196
sweating 22 100 1 23 5 42 193
dizziness 17 65 1 26 o 52 170
suicidality 15 5157 0 17 o 38 145
sexual dysfunction 22 37 8] 50 2 29 140
cognitive impairment 10 iy 1 18 21 21 112
weight loss 5 23 8] G2 2 18 110
mood swings 15 36 8] 24 3 27 105
sleepiness 26 30 8] 20 5 16 a7
flu symptoms 13 26 ] 22 4 16 81
hives 10 rd 0 38 1 20 TS
tension T 20 0 13 18 17 75
nightmares 11 40 8] 10 3 8 T2
leg cramps 2 19 8] 10 11 23 65
Total 786 1,741 14 1,455 901 1,686 6,583




CASE STUDY Il

WELLBUTRIN VS. AGITATION
Relation-Driven effexor pristiq weellbutrin RATLAN zoloft Classic-lnduced effexor pristig el lbutrin HATEAX zoloft
Lift Lift
anxiety 0.97 0.75 0.77 0.2 1.88 1.02 anxiety 0.75 0.83 0.35 0.74 Z.00 0. 50
weight gain 1.05 1.08 1.82 1.12 .18 1.23 weight gain 1.45 1.80 1.28 1.75 0.40 1.89
head pain 1.14 1.19 1.14 1.11 .35 0.59 head pain 0. 54 1.0V 0.55 1.00 0.4 0.81
panic state 0.88 .72 Q.00 0.23 273 1.05 panic state 0. 87 0. 75 0.00 .37 4. 41 1.23
p disorder 1.01 o.80 1.32 1.18 0.94 1.07 disorder 0.29 .77 0.87 1.20 1.38 1.09
ic reaction q1.22 0.88 0.00 1.01 057 1.24 rgic reaction 1.12 0.89 0.00 .97 0.84 1.24
feaeling weak 1.37 1.20 3.93 0. 81 045 0.5 ing weak 0.8 0. 75 1.35 0.54 0.45 0.59
pain .79 1.27 0.00 .73 0.95 1.09 pain 0.20 0.3z 0.00 0.20 0.37 0.21
tremors 1.0F 1.07 0.00 0.8z 1.43 1.01 tremors 1.14 1.15 0.00 .88 2.8 1.11
agitation 0.98 0.81 0.00 1.88 0.28 0.97v agitation 0. 98 0.89 0.00 1.868 0.81 1.07
nausea 0.58 1.84 .88 0. 74 0.25 0.59 o.7= 1.86 2.40 0.73 0.27 1.00
0.28 0.29 0.00 270 1.49 0.38 0.38 0.45 0.00 3.64 2.04 0.52
0.85 1.968 .44 0.54 .19 0.85 1.08 2.33 1.87 0.75 0.37 1.09
0.84 1.45 27T 0 .89 038 1.19 0.78 1.37 1.42 0.70 0.57 1.28
0.87 1.72 o.0o 0.53 0.45 1.02 0.35 0. 74 0.00 0.24 0.268 0.49
1.32 1.00 0.00 1.82 0.10 0.81 1.89 1.82 0.00 2.89 0.25 1.39
impai rment 0.75 1.38 420 0. 73 1.37 0.73 0.43 0.9z 1.48 0.52 1.37 0.52
weight loss 0.28 0.79 0.00 2.55 012 0.54 0. 48 1.05 0.00 2.35 0.28 0.84
mo-od swings 1.20 1.30 0.00 1.03 .21 1.00 .78 0.85 0.00 .72 0.23 o.7F7r
slespiness 224 1.17 0.00 0. 93 0.28 0.54 1.89 1.05 0.00 0.85 0.49 .82
flu symptoms 1.234 1.21 Q.00 1.23 0.368 0.77 flu symptoms 1.07 1.15 0.00 1.08 Q.48 0. 73
i 1.10 0.35 0.00 226 0.10 1.03 hin 1.12 0.58 0.00 2.19 0.2z 1.40
0.78 1.01 o.00 o.va 1.75 0.889 tension .27 0.39 0.00 0.28 0.58 0.38
nightmares 1.28 2.10 Q.00 0. 83 .20 .43 nightmares 0.89 1.72 0.00 0.48 0.37 0.39
leeg cramps 0.8 1.11 0.00 0. 70 1.24 1.38 leeg cramps 0.18 0.85 0.00 0.55 1.38 1.04
Chi-Sguare Values effexor pristig weellbutrin zoloft Chi-Sguare Values celexa effexor pristig weel lbutrin
anxiety Q.00 Q.00 Q.00 000 anxiety 0.00 0.00
weight gain 0.25 0.20 0.52 274 eight gain
head pain 112 |[SEs| ooz 1.48 d pain 0.
panic state 0.00 0.00 0.00 000 0.
o.0= 3.53 0.
0.00 o.az 0.
0.00 a. 0.00 .
0.00 0.58 0.00 0.
tremors 0.00 .01 tremors 0.45 0.
agitation 0.00 agitation 000 .
naus.ea .00 naus.ea 0.00 0.
0.00 o.0o 0.
a. 0.00 0. 0. 0.
0. 227 0. a. 3.
suicidality 0. 0032 suicidality a. a. a.
xual dysfunction a. 0.00 xual dysfunction 0.00 3.
i impaiment . 2. 0.00 itive impairment a. 214 0.
o555 . 0. . 0.00 o555 . 0.00 0.
0.58 0. a. 0.00 . . a. 0.00 0.
sleepine 0. 0. 0.00 [DEEE oo7 0.00 0.00 0.00 0.00
flu symptoms 1.32 1.35 0.00 [ 0.00 0.08 0.55 0.00 0.12 0.00 0.00
hiwves o.11 0.00 o.0o a. 0.02 o.o9 0.o0 0.00 0.00 1.81
tension 0.00 0.00 0.00 0.00 tension 0.o0 0.00 0.00 0.00 0.00 0.00
nightmares 0.77 0.00 R 0.00 nightmares 000 0.00 0.00 0.00 0.00
leeg cramps Q.00 .28 Q.00 Q.00 | 0.58 | 3.28 leeg cramps Q.00 Q.00 0.00 0.00 1.18 Q.04




CASE STUDY I
WELLBUTRIN VS. AGITATION

Lifts and respective chi-square values for leading extracted
relations for the Anti-Depression sub-domain, 1999-2008.

Each cell with Is filled with color , and its
chi-square value is calculated. Each such equivalent chi-
square value corresponding and

p-value OO0 .01 is filled with and blue, respectively.




CASE STUDY Il
WELLBUTRIN VS. AGITATION

The trend of lifts and respective chi-square values throughout the
years that preceded the relevant FDA communication. All values in bold are
chi-square values O3 .85 or O6 .64, corresponding p-value O0 .05 or OO0 .01.

Year | Classic- Chi-square | Relation- Chi-square
induced value driven value
lift

2008 | 1.86 32.11 1.68 28.50

2007 | 1.89 30.10 1.72 27.76

2006 | 1.67 15.13 1.70 20.63

2005 | 1.81 16.76 1.67 15.82

2004 | 1.54 5.52 1.47 5.31

2003 | 2.07 14.56 1.63 7.91

2002 | 2.40 12.65 1.74 5.82




CASE STUDY I
WELLBUTRIN VS. AGITATION

x Conclusions

x Once again, conspicuous Wellbutrin-agitation
relation. Moreover, even when accumulating data
up to an earlier year this trend is kept.

x The drug-ADR relation between Wellbutrin and
agitation could have drawn attention almost 7 years
before the FDA® formal communication about it.




CLASSIC METRICS OF ACCURACY

Annotated Extracted ADRs Sub-domain True False Total
Positive Positive Extractions
Development Set Extractions | Extractions
cognitive impairment Cholesterol Lowering | 100.0% 37 0 37
agitation Anti-Depression 90.3% 56 6 62
Total 93 6 99
Annotated Extracted ADRs Sub-domain True False Total
Positive Positive Extractions
Test Set Extractions | Extractions
cognitive impairment Cholesterol Lowering| 96.9% 125 4 129
agitation Anti-Depression 83.8% 232 45 277
Total 357 49 406
Annotated Extracted ADRs Sub-domain True False Total
Positive Negative |Extractions
Test Set Extractions | Extractions
cognitive impairment | Cholesterol Lowering 71.7% 104 41 145
agitation Anti-Depression 69.1% 105 47 152
Total 209 88 297
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SO, HOW CAN WE U

ILIZE NLP

FOR MAKING MONEY?

Goal: sentiment analysis of financial texts as an aid for stock

1. Tagging positive and

Investment
2. Article scoring

negative sentiment in articles

= » 1-800-331-4331 & . Japan's Toyota Motor
Corp. announced late Tuesday that it would halt
cales of some of its top-selling maodels to fix gas
pedals that could stick and cause unintended
acceleration. Last week, Toyotsizswed & recall for Hhe

=me eighd models affeching 2.3 million vehicles. (The
Aszocdated Press condributed fo iz repord. Bor @ full report,

read Thursday's Press-Register. ) danuwany 27, 2000, 4353844

3. Score aggregation:
daily and cumulative
score
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THE NEED FOR EVENT
BASED SA

Toyota announces voluntary recall of their highly successful
top selling 2010 model-year cars

Phrase-level SA:

Ahighly successful top selling Y positive
AOr at best neutral
A Taking into account voluntary recall Y negative

Need to recognize the whole sentence as a fiproduct recallo
event!




COMPANY
SCORE
[

Scoring the Document

Scoring Individual Set using Decaying

Scorin

Documets ffacts g
lexical, phrasal and semantic- Hybrid

pragmatic sentiment analysis Sentiment
Analysis
Cleaning an_d Extraction Identification of
of the Main Textual Pre
Content from HTML Relevant Sentences to )
Pages the Main Company Processing

inancial Content (Reuters, Bloomberg, Market Watch,

CNN, Barrons, etc) Crawling

Main
Company




HYBRID SENTIMENT ANALYSIS

(Predicate)

Dictionaries
(Lexical)

36



DICTIONARY -BASED
SENTIMENT

Started with available sentiment lexicons

ADomain-specific and general
Almproved by using machine learning

Examples
AModifiers: attractive, superior, inefficient, risky
AVerbs: invents, advancing, failed, lost

ANouns: opportunity, success, weakness, Crisis
AExpressions: exceeding expectations, chapter 11

Emphasis and reversal

Asuccessful, extremely successful,
far from successful

37




EVENT -BASED
SENTIMENT

Product release/approval/recall, litigations, acquisitions,
workforce change, analyst recommendations and many more

Semantic role matters:

AGoogle is being sued/is suingé
Need to address historical/speculative events

AGoogle acquired YouTube in 2006

AWhat if Google buys Yahoo and the software giant Microsoft
remains a single company fighting for the power of the
Internet?

38




BRCM

Sentiment expression count
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JNPR

Juniper Networks (JNPR)

Sentiment expression count
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SNDK

Sentiment expression count
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GRMN

Sentiment expression count
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PATTERN LANGUAGE

#def input AggregateScore;
#def input Positives;
#def input Negatives;

#def input Price;

#def constant AlertDetectionWindow = 5;

#def constantinput AlertValidationDistance;

#def constant SASteepnessLevel = 0.8;

#def constant PriceSteepnessLevel = 0.05;

#def SAScore(time T) = (Positives(T) - Negatives(T))/ (Positives(T) + Negatives(T) + 1);

#def Steepness(series S, time T, param Window) = (S(T) - average(S, T - Window, T-1))/ (max(S(T), average(S, T - Window, T-1)) + 1);

#def Rising(series S, time T, param SteepnessLevel, param Window) = Steepness(S, T, Window) > SteepnessLevel;

#def Falling(series S, time T, param SteepnessLevel, param Window) = Steepness(S, T, Window) < -SteepnessLevel;
#def FuturePricePerformance(time T, param Window) = (Price(T + Window) - Price(T))/ (Price(T) + 1);

#def PositiveAlertCondition(time T, param Window) = SAScore(T) >0 &&
Positives(T)>=6 &&
Rising(Positives, T, SASteepnessLevel, Window) &&
(Price(T)-Price(T-1))/(Price(T-1) + 0.0001) <= 0.001;

#def PositiveAlertScore(time T, param Window) = SAScore(T) * (- Steepness(Price, T, Window));

#def NegativeAlertCondition(time T, param Window) = SAScore(T) <0 &&
Negatives(T)>=6 &&
Rising(Negatives, T, SASteepnessLevel, Window) &&
(Price(T)-Price(T-1))/(Price(T-1) + 0.0001) >=-0.001;

#def NegativeAlertScore(time T, param Window) = (- SAScore(T)) * Steepness(Price, T, Window);




VALIDATED PATTERNS
ON IBM

Sentiment expression count
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VALIDATED PATTERNS
CIGNA

Sentiment expression count
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SORTED PATTERNS




