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“Die Natur muf3 geftlihlt werden, wer nur sieht und abstrahirt,
kann ein Menschenalter, im Lebensgedrdnge der gliihenden
Tropenwelt, Pflanzen und Thiere zergliedern, er wird die Natur
zu beschreiben glauben, ihr selbst aber ewig fremd sein.”

— Alexander von Humboldt, an Johann Wolfgang von Goethe, Paris 3. Januar 1810.

Sebastian Arnold
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1. Introduction



Example: Information Search

“What are symptoms of Cystic fibrosis (CF)?”

information need

. . . TASK
e Query intent classification
[Rose+Levinson 2004] Expert/Analyst
e R symptom, clinical symptom, medical symptom
. achine Reading - A I ; ; ,
e Natural Language Processing ~ MODEL Ky it . At
[Jurafsky 2008] "2 ) %
e |nformation Extraction (I E) C C C Cystic fibrosis (CF) is a genetic disorder that affects
[Sarawagi 2008] mostly the lungs, but also the pancreas, liver, kidneys,
and intestine.

e Semantic representation

punct
[Moro 2014] nmod punct
nsubJ case dep
d t
P ver) @’/—-‘ i P RE-] NN [RRE-
-~ —— -~

[a)

What are symptoms of Cystlc flbr05|s (  CF ) 2
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https://en.wikipedia.org/wiki/Genetic_disorder
https://en.wikipedia.org/wiki/Lung
https://en.wikipedia.org/wiki/Pancreas
https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Kidney
https://en.wikipedia.org/wiki/Intestine

Knowledge Processing and Retrieval

“What are symptoms of Cystic fibrosis (CF)?”

information need Q
" A . ( A) TASK A

[

Question Answering (Q Exonileaiysd
e Information Retrieval (IR) Machine Reading ] [C

' ighlig
[Manning 2008] m MODEL result generation
f\%/ 5 F answers

e Feedback Loop L
Y Exploration and refinement q = “Cystic fibrosis”~0.8 AND “symptoms”~0.8

[Marchionini 2006] Cystic fibrosis (CF) is a genetic disorder that causes mucus to build up and damage organs in the body,

particularly the lungs and pancreas. Signs and symptoms may include salty-tasting s...lﬁ‘r\”;mp')'é'rsistent coughing;
frequent lung infections; wheezing or shortness of breath; poor growth; weight loss; greasy, bulky stools;
difficulty with bowel movements; and in males, infertility. Over time, mucus buildup and infections can lead to

permanent lung damage, including the formation of scar tissue (fibrosis) and cysts in the lungs. CF is caused

symptoms and usually includes respiratory therapies, inhaled medicines, pancreatic enzyme supplement, and
nutritional supplements. Newer medications such as CFTR modulators have been approved for use in the
United States. Ongoing research is focused on finding a cure for the disease.?

Sebastian Arnold



GoOLAP: Answering Analytical Queries with Tables z0:2]

Search. Explore.

EXPLORE LIST X | « select your result

Organization position/employments
White House of
White House
v
EES i
S 1| position/employments of White House showing 1 to 10 of 3680 entries prev | next
= 4 country comparev city comparev person comparey organization compare ¥ comparev  pi compare v position compa

1 Robert Gibbs White House press secretar
2 Jay Carney White House press secretar
3 Rahm Emanuel  White House chief of staff
4 Scott McClellan ~ White House press secretar
5 Robert Gibbs White House spokesman
We found 17.060 facts about the 6 Jay Carney White House spokesman
\?Vrig:r:llc::on White House in the World 7. Alberto Gonzales White House counsel
g 8 John Dean White House counsel
9 Scott McClellan ~ White House spokesman
S UG I EEED U LB ES 10 James Brady White House press secretar
Whitehouse (Company, 9 facts) E ) L
Whitehouse (Person, 8 facts)
Whitehouse (City, 3 facts) [l communications of White House showing 1to 10 of 219 entries prev | next
White House (Company, 1 fact) 4 date personi v  per iption1  person v compare v persondescription facility compare '
1 1993-01-27 White House small delegation
Relations in this result rank | sort 2 Eloanor Statues: | Whits:House
3 Lloyd Blankfein White House
generic relations (9371) ! 4 White House CIA Director
7 position/employments (7256) b & 5 jonn S. McCain, White House
r.
/ communications (288) I ) Ehud Olmert White House
v diplomatic relations (131) 1 7 Douglas White House

A. Loser, S. Arnold, T. Fiehn (2012): The GoOLAP Fact Retrieval Framework. Business Intelligence. Springer
S. Arnold, A. Léser, T. Kilias (2015):. Resolving Common Analytical Tasks in Text Databases. ACM DOLAP 2015 Sebastian Arnold 9



Vision: Machine Reading [Etzioni 2006]

MR is “the automatic, unsupervised understanding of text
[achieved by] the formation of a coherent set of beliefs
based on a textual corpus and a background theory.”

!

Machine Reading

MODEL
(2

background : .
||

knowledge i C Machine Reading.
DOMAIN LJJ

domain-specific text resources
(information silos)

Etzioni, Banko and Cafarella (2006): Machine Reading. AAAI 2006

Our goal: Support the human
information-seeking process with

Sebastian Arnold 10



Challenges for Domain-specific Language Understanding

Traditional IE pipelines depend on task-specific training data or handcrafted rules.

Domain-specific language
Variations and noise
Heterogenous document structure
High task variance

Insufficient training data

adaptiveness and transferability
robustness, focus on recall
coherence, local context sensitivity
generalization, multi-task, zero-shot
efficiency, self-supervision,
background knowledge

end-to-end design, differentiable
models, dense representations

Vi

e Error propagation

l

Sebastian Arnold 11



Hypothesis: Neural Machine Reading

1. Deep Neural Networks enable self-supervised training
of language models based on distributional information.

2. Machine Reading increases error tolerance and reduces
adaptation cost for reading domain-specific text.

3. End-to-end models combine general training objectives
with background knowledge to fulfill task-specific
information needs.

Sebastian Arnold 12



Research Questions

S — /[_: RQ1: Identify A ] RQ2:Detect
¥ | &3 domain-specific s | topics and
) named entities. R I structure in long
m— ' documents
—3 :
KB \/—

RQ3: Embed RQ4: Retrieve

4“:(
.| discourse structure .| A=+ ] answer passages
. . f R
"| intodocument T A using vector

representations. . ﬁsf_ representations.

w
]
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Focus of the Thesis

information need Q feedback loop
Tasks covered in this thesis: @ TASK A @
. .. Expert/Analyst EVALUATION
Named Entity Recognition (NER) /-vx\
Machine Reading \ @,

esult generation

{2

N A

1 1 1

| Uu \I\/H
domain-specific text resources
(information silos)

Topic Modeling
Answer Passage Retrieval

answers
(in context)

o
e Named Entity Linking (NEL)
o
o

Tasks NOT covered:

RESULT

Intent detection
Relation Extraction (RE)
Factoid Question Answering (QA)
Machine Reading Comprehension (MRC)
Interactive feedback loop

our focus

Sebastian Arnold 14



Main Contributions and Publications

TASTY - Named Entity Recognition and Linking

S.Arnold, F. A. Gers, T. Kilias and A. Loser (2016).
Robust Named Entity Recognition in Idiosyncratic Domains. arXiv:1608.06757 [cs.CL]

S. Arnold, R. Dziuba and A. Léser (2016).
TASTY: Interactive Entity Linking As-You-Type. COLING 2016 (Demos)

SECTOR - Topic Segmentation and Classification

R. Schneider, S. Arnold, T. Oberhauser, T. Klatt, T. Steffek and A. Loser (2018).
Smart-MD: Neural Paragraph Retrieval of Medical Topics. WWW 2018 (Companion): 203-206

S. Arnold, R. Schneider, P. Cudré-Mauroux, F. A. Gers and A. Loser (2019).
SECTOR: A Neural Model for Coherent Topic Segmentation and Classification. TACL Vol. 7: 169-184 (presented at ACL)

CDV - Contextual Discourse Vectors for Answer Retrieval

S. Arnold, B. van Aken, P. Grundmann, F. A. Gers and A. Loéser (2020).
Learning Contextualized Document Representations for Healthcare Answer Retrieval. WWW 2020: 1332-1343

J-M. Papaioannou, S. Arnold, F. A. Gers, A. Loser, M. Mayrdorfer, and K. Budde (2021).
Aspect-Based Passage Retrieval with Contextualized Discourse Vectors. Submitted to: ECIR 2021 System Demonstrations

TeXoo - A Zoo of Text Extractors. Apache V2 License: https://github.com/sebastianarnold/TeXoo Sebastian Arnold 15


https://github.com/sebastianarnold/TeXoo

2. Background
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Distributional Hypothesis iHarris 19541

Paradigmatic relations
Selections: “z or y or...”

Syntagmatic relations she | adores | green | paint
Combinations: he likes blue dye [Sahlgren 2008]
“r and y and...” they | love red colour
~_ A,
e Neural Probabilistic Language Model: -
Learn to predict words based on
their context [Bengio 2003] p(wl, o ’wT) - tl_[lp(wt | Wiy - ’wt_l)
e The Skip-gram model solves this problem T
more efficiently [Mikolov 2013] Z Z og p(we|wy)
t=1 ceCy

Harris (1954): Distributional Structure. WORD Vol. 10, No. 2-3

Sahlgren (2008): The Distributional Hypothesis. Italian Journal of Linguistics 20, 33-54.

Bengio et al. (2003): A Neural Probabilistic Language Model. Journal of Machine Learning Research 3.

Mikolov et al. (2013): Efficient Estimation of Word Representations in Vector Space. arXiv:1301.3781 Sebastian Arnold 17



3. TASTY - A Robust Model for
Efficient Entity Linking

S.Arnold, F. A. Gers, T. Kilias and A. Loser (2016).
Robust Named Entity Recognition in Idiosyncratic Domains. arXiv:1608.06757 [cs.CL]

S.Arnold, R. Dziuba and A. Loser (2016).
TASTY: Interactive Entity Linking As-You-Type. COLING 2016 (Demos)

18



Challenge: Recognize and Link Named Entities

RQ1: What are general solutions
to identify named entities in

domain-specific text?

\Z

broad coverage

domain and language-
independent architecture

focus on recall
high robustness

efficient training

is specifically
r attempt to identify
) and are ex

Expression of the

are related to

we used resulting in the is
termed . The
similarities to the family of coupled
identical to the recently described

could be highly stimulated in

Epstein—Barr

- and virus nuclear

. could be detected ina  antigen 2
. We show that of the The Epstein-Barr virus
induced in via nuclear antigen 2 (EBNA-2)
is a viral protein associated
, a key regulator of and  with the Epstein-Barr virus.
. Our data suggest an involvement of | | EBNA2ISYR NERVIE

Bk

migration in activated and in

Extracting entities requires local,
contextual and global features.

Sebastian Arnold 19



Encoding Local Sub-word Information with Letter-trigrams

e fa fe gt g

#fa #of #g- #co #ch #re
fam of# g-p cou che rec |i
ami 4 -pr oup || hem || ece %
mil pro || upl |[emo || cep || &
ily ple =
ly# ein led ine ors
in# ed# ne# rs#
o I"\;(-) """""" wio TWZT """"" T Tw

family = of G-protein coupled chemokine receptors ...

Character-based word representations [Huang 2013] are a key component for robustness.

Sebastian Arnold 20



Capturing Sentence Context with Sequence Learning

‘ES l" RS I¢'“‘~‘ "'" "‘\\ ,"";\
2 I o io 3 , ’ 0 o : BIOES
5 Y1 & A A "K YT°A~  Softmax
z : H : H H H H Classification
(2]
=
2| hi he h
6—
E : : : : :
€ - €1 (- {LSTMI4- 1 €- € - -
[«
© y'y A 'y A A A 7'y 7'y 7'y 7'y 7'y Bidirectional
g H L ; i H : ; i H . : LSTM
[]]
£ D - - F-M{LSTM} B H-p > - D) > D
@ 7'y
2 Word
B Embeddings
2
w
e}
é Yesterday | afternoon John Smith travelled to Berlin
W Wi.1 Wt Wt+1 Wr

Bidirectional LSTM [Hochr. 1997, Graves 2012] effectively captures long-range dependencies.

Sebastian Arnold 21



Key Results: TASTY

F1

e TASTY isarobust end-to-end model 100

CoNLLO3-en (news)

for Entity Linking (NER+NEL) 80 e
e Pushes down the costs for a domain- Y A
specific model to labeling 4K sentences 4,/ ey
e State-of-the-art performance for 20 —-—gb
English and German NER: 91.1% Flon

CoNLL 2003 beats all models before 2016 * 2 o oty

number of training sentences (randomized order)

Next steps on our journey towards Neural Machine Reading:
e Weenvision a general document understanding beyond isolated entities

e Model training should require as little supervision as possible

Sebastian Arnold 22



4. SECTOR - Coherent Topic
Segmentation and Classification

S. Arnold, R. Schneider, P. Cudré-Mauroux, F. A. Gers and A. Loser (2019).
SECTOR: A Neural Model for Coherent Topic Segmentation and Classification. TACL Vol. 7: 169-184 (presented at ACL)

23



Challenge: Understand Topics and Structure of a Documen

RQ2: How can Machine Reading
models detect topics and structure
in long documents?

topical information
structural information
coherent predictions

N 28K 2

sentence granularity

Distributional Hypothesis
needs to be extended with
long-range structural information.

Introduction

“C H . H ”»
stic fibrosis
By y DISEASE

In trigger finger, inflammation and hypertrophy of the retinacular sheath progressively restricts the motion of the
flexor tendon

Due to its location, the Al pulley is subjected to the highest forces and pressure gradients during normal as well as
power grip

Etiology

Several causes of trigger finger have been proposed, though the precise etiology has not been elucidated.
Understandably, repetitive finger movements and local trauma are possibilities

Incidence

Primary trigger finger occurs most commonly in the middle fifth to sixth decades of life and up to 6 times more
frequently in women than men

Presentation

The initial complaint associated with trigger finger may be of a painless clicking with digital manipulation. Further
development of the condition can cause the catching or popping to become painful with both flexion and extension,
and be related as occurring at either the metacarpophalangeal (MCP) or PIP joints. Other patients may notice a
feeling of stiffness and then progressive loss of full flexion and/or extension of the affected digit without ever
developing the catching and locking of a “typical” trigger finger. A painful nodule, a result of intratendinous
swelling, may be palpated in the palmar MCP arca. The patient may report MCP stiffiness or swelling in the morning
or that they awaken with the digit locked and that it loosens throughout the day. A history of recent trauma to the arca.
may also be reported. With continued deterioration the finger may present locked in flexion, requiring passive
manipulation to achieve full extension. This occurs because the flexor mechanisms of the digit are generally strong
enough to overcome the restrictive and narrowed retinacular sheath, while the extensors are not. Over time, the
patient’s desire to avoid the painful triggering caused by manipulation or use of the involved digit may lead to the
development of secondary PIP contractures and digital stiffness.

Diagnosis
The classic presentation of popping and locking of a trigger finger is typically all that is needed for diagnosis;
however, with acute onset of symptoms patients may present with pain and swelling over the involved flexor sheath
with avoidance of finger motion. In these cases, the classic popping and triggering are not seen and the diagnosis of
trigger finger must be differentiated from infection or some other traumatic injury. If desired, the diagnosis may be
confirmed with an injection of lidocaine into the flexor sheath, which should relieve the pain associated with th&
triggering and allow the digit to become actively or passively extended. There is no role for imaging in diagnosis,
with x-rays considered unnecessary in patients without history of inflammatory diseasc or trauma .

The finding of a locking digit is not unique to trigger finger, and can be associated with dislocation, Dupuytren’s
contracture, focal dystonia. flexor tendon/sheath tumor, sesamoid bone anomalies, post-traumatic tendon entrapment
on the metacarpal head, and even hysteria. The differential diagnosis of pain at the MCP joint includes de Quervain’s
tenosynovitis (for trigger thumb only), ulnar collateral ligament injury of the thumb (gamekeeper’s thumb), MCP
joint sprain, extensor apparatus injury, and MCP osteoarthritis

Conservative treatment

Initial management of trigger finger is conservative and involves activity modific
Splinting

The goal of splinting is to prevent the friction caused by flexor tendon movement through the affected Al pulley unt¥
the inflammation there resolves .

Corticosteroid injection

Injection of corticosteroids for treatment of trigger finger was described as carly as 1953 .

Surgical treatment

Operative treatment, whether by percutancous or open release, is highly successful and widely regarded as the

Symptoms

Diagnosis

Treatment

Sebastian Arnold 24



Latent Topics can be Learned from Wikipedia Headings

Contents [hide]

Signs and symptoms

1.1 Diabetic emergencies

1.2 Complications
Causes

2.1 Typel

2.2 Type 2

2.3 Gestational diabetes

-

N

2.4 Maturity onset diabetes of the young

2.5 Other types
Pathophysiology
Diagnosis
Prevention
Management

6.1 Lifestyle

6.2 Medications

6.3 Surgery

6.4 Support
Epidemiology
History

8.1 Etymology
9 Society and culture

9.1 Naming
10 Other animals
11 Research
12 References
13 Further reading
14 External links

[= IV I S VY]

0

preprocessing
and pruning

(from 8.5k
‘noisy’ labels,
bag-of-words)

en_disease (1.5k)

de_disease (1.0k)

diagnosis
treatment
symptoms
signs

causes
epidemiology
management
cause
prognosis
history
pathophysiology
classification
prevention
genetics
research
types

culture
factors
mechanism
society
presentation
risk
differential
disease
surgery
therapy
clinical
pathogenesis

therapie
symptome
behandlung
diagnose
ursachen
klinische
ursache
diagnostik
verbreitung
erscheinungen
einteilung
geschichte

clustering /
epidemiologie . .
d?fferential(%iagl n O r m a I I Zat | O n

hesnaion Via BabelNet
[Navigli 2012]

formen
verlauf
haeufigkeit
vorbeugung
aetiologie
pathogenese
klinisches
pathologie
bild

klinik
entstehung
symptomatik

(85-95%
coverage)

en_disease (27)

de_disease (25)

treatment
symptom
diagnosis
cause
classification
epidemiology
history
prognosis
management
pathophysiology
mechanism
prevention
research
genetics
tomography
culture
etymology
infection
fauna

risk
pathology
surgery
screening
medication
geography
complication
other

therapie
diagnose
symptom
ursache
kategorisierung
verlauf
epidemiologie
geschichte
prognose
praevalenz
vorbeugung
fauna
terminologie
pathologie
definition
klinik
komplikation
genetik
infektion
risiko
forschung
geographie
mensch
organe
sonstiges
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Capturing Entire Documents with & Topic ﬁ
Sentence Embeddings + BLSTM AR
Objective: predict topics on sentence level L@ Zgﬂ:ﬁg ) Segmentation
e Bloom filter sentence compression [serra2017]  p----v poeee pRlem ig oo
ST S

e Single-label classification into 25-30 topics  i----- Pl

e Segmentation based on deviation of the E """""""

hik—1
BLSTM  p-----;
e Multi-label classification up to 603 words <« <2<

hidden layer topic embedding (AL ontenae
— fw /‘\
E —— bw / \’\-‘ AN
g V \\ — T \
AT AN e N\ D»EIZD»IZMII (]
sym cal .. Idiag Iprev l... trea com epi SN

Sebastian Arnold 26



SECTOR Prediction on Par with Wiki Authors for “Dermatitis”

Line 35:

GOLD SECTOR
0
20
[} = —
8 — =
= ——
8 40 = =
o = =
(0] == =
Z = =
60 = — —
= =
—| |
80 h— =
= O wE > c o B O ®E > £ c o
S E R g5 3668 85 835 36 5 8
E £ 3 S c 2 s E 2 583 2 c s E 2
® 2 8 € £ o0 0o $ © ®© 28 S 5 0o o0 § ©
o & (S wn L ¢ o E S o L c
T = S o5 o3 g © = S o § o3 g
s 5 3 5 s 5 3 =
o o
@ @
label
Source: h

Browse history

Revision as of 02:24, 31 March 2017 (edit)
liibalesiii (talk | contribs)
(—»Cause)
« Previous edit

== Causes ==

Many people with AD have a family history of [[atopy]].
Atopy is an immediate-onset allergic reaction (type 1
hypersensitivity reaction) as asthma, food allergies, AD or
hay fever.<ref name = AFP/><ref name = MSR/> In 2006 it
was discovered that [[mutation]]s in the gene for the
production of [[filaggrin]] strongly increased the risk for
developing atopic dermatitis. Most importantly two
mutations were found that affect approximately 5% of
people in Western Europe that may disrupt the production of
filaggrin. Filaggrin is a protein that plays an important role
in the retention of water in the [[stratum corneum]]. People
who have these mutations often have [[xerodermaldry

Revision as of 02:27, 31 March 2017 (edit) (undo)
liibalesiii (talk | contribs)
(Causes was reorganized w/ better flow.)
(Tag: Visual edit)
Next edit -»

Line 35:

== Causes ==

Genetic

ttps://en.wikipedia.org/w/index.php?title=Atopic dermatitis&diff=786969806&0ldid=772576326

Sebastian Arnold
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https://en.wikipedia.org/w/index.php?title=Atopic_dermatitis&diff=786969806&oldid=772576326

Key Results: SECTOR | ParVes (newines)

e Extendsdistributional models (top) with pen ||(n
topic and structure information (bottom) S J" e
e Classifies 25-30 local topics with up to N e ——
71.6% F1
5B
e Detects topic shifts to segment long (.
documents into coherent passages

Next steps on our journey towards Neural Machine Reading:
e We need to cover complementary information from named entities

e Hard passage segmentation should be replaced by continuous representations

Sebastian Arnold 28



5. CDV - Contextual Document
Representations for Answer Retrieval

S. Arnold, B. van Aken, P. Grundmann, F. A. Gers and A. Loéser (2020).
Learning Contextualized Document Representations for Healthcare Answer Retrieval. WWW 2020: 1332-1343

29



Challenge: Capture Document Discourse Structure

RQ3: How can we embed

o .
d Iscou rse Stru Ctu re I nto bf a locking digit is not unique to trigger finger, and can be associated with dislocation, Du “Cystic
ocal dystonia, flexor tendon/sheath tumor, sesamoid bone anomalies, post-traumatic tendon e

d OC U m e nt re p rese ntat I O n S? hrpal head, and even hysteria. The differential diagnosis of pain at the MCP joint includes de Que flbrOSIS

(for trigger thumb only), ulnar collateral ligament injury of the thumb (gamekeeper’s thumb), MCP I

- - Xtensor apparatus injury, and MCP osteoarthritis .

“Therapy”

ment of trigger finger is conservative and involves activity modification .

Entities and aspects provide
discourse information comple-

linting is to prevent the friction caused by flexor tendon movement through the affected Al pulley until
ion there resolves .

steroids for treatment of trigger finger was described as early as 1953 .

mentary to language models.

Operative treatment, whether by percutanecous or open release, is highly successful and widely regarded as the
ultimate treatment for trigger finger. Indication for surgical treatment is generally failure of conservative treatment to
resolve pain and symptoms. The timing of surgery is somewhat controversial with data suggesting surgical
consideration after failure of both a single as well as multiple corticosteroid injections .

The percutaneous trigger finger release has been described and was first introduced by Lorthioir in 1958 .

Open release of trigger finger has been used as treatment for over a century .

Conclusion
Trigger finger is a long recognized condition characterized by a sometimes painful locking of the digit on flexion and
extension. It is caused by the inflammation and subsequent narrowing of the Al pulley through which the flexor

Sebastian Arnold 30




Covering in Vector Space

We create entity embeddings for diseases by training a Fasttext [Bojan. 2017 -
entity

and BLSTM [palangi 2016] model to map entity descriptions to entity IDs: Q1146454

e Descriptions from UMLS, L ekl
GARD, DiseasesDB, Wikidata - - & x5 e :,°“’°,”;r£23$;?5;
H [ %4 ;’i‘.'_;l" ...‘ i e}sl;tlaf‘nephrltls
and Wikipedia ey e ‘(’ ag,

IgA glo\merulonephrltls

. -iCFHRS r!\ephropathy "? »

e Covers 27,000+ diseases P Ay 2 Lo e e e TR

ra ¥
X g L B S e T AWK
o2 H ¥ cGiomerulocysuckxdneyd:sease R, »

- e
CEEE .-

e Provides fallback encoding e SR G R et a

endstagerenalfallure w -.» a3
“ . ..

for unseen entity names . A
v L TNIRE ey
BT ‘,.v, .IgA nephropathy (IgAN), a/so

A o S g known as Berger's disease...
i I Y,

AL ¢ g

/ ‘ i entity context
/ B0 Y

Sebastian Arnold 31



Distributed Representation of Clinical Aspects

We extend SECTOR with distributed
representations of clinical aspects, e.g.
symptoms, treatment, causes, diagnosis,
prognosis, prevention, risk factors, ...

bl stypes_of_tremors

/e, afeatures
e Covers 14,000+ aspects - ssympioms
b . O.p'res'entation

| e a r n e d frO m h e a d i n gs Of . .young_adu;?; .commqn_feat;res‘_

[} A
wcauses_of:lameness, ¢ /7o &

medical Wikipedia articles % 5 IR e pemissstonT

; ‘n?elangieptasia'. v/ Kene ; "
eother_features. 4, % o SN Ll o b
(atpes. e

# »/ Wy
¥ * S )
f e >

% o B0 s an /“"J‘_/ e "
- ' g v . s o A
R &) ’
o I
4 L L y

aspect heading
{ signs , symptoms }

- memmmmmmmm.
S E s s s E s e ..

» The eyes may show retinal

<~ hemorrhage or an exudate*“

A\ J/
hd

aspect context
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Training CDV with Multi-task Objective

Goal: Learn discourse embedding to align
and aspects a, . with
all sentences s, .in along document:

1 T

Leav(®) = = > (llér — el + llar = az])

sQ..

s2

s3..

s6

s7..

s9

s10
s11
s12

s13.
s24.
s27.
s29.

23
+26
.28
w3

T r=1

E(s)

Arteriosclerosis

Arteriosclerosis

Arteriosclerosis
Arteriosclerosis;Arteriolosclerosis
Arteriosclerosis;Atherosclerosis
Arteriosclerosis;Monckeberg's_arter.
Arteriosclerosis
Arteriosclerosis;Hyaline_arterioscl.
Arteriosclerosis

Arteriosclerosis

Arteriosclerosis

Arteriosclerosis

Arteriosclerosis

A(s)
description
signs;symptoms
pathophysiology
pathophysiology
pathophysiology
pathophysiology
pathophysiology
pathophysiology
diagnosis
treatment
epidemiology
history
society;culture

entity F(sy)

A

r N
,JIgA nephropathy*
BLSTM
entity
embedding

aspect A(sy)

A
r N\

,»Signs and symptoms*“

v 3 3

BLSTM

aspect

.‘_ embedding

A
1
. @ contex-
tualized
discourse
[ vectors
(CDhV)

sentence
embedding

BioBERT

T

,I9A nephropathy is the

most common ...“

\ J
'

sentence S|

BioBERT

T

... therefore it is sometimes
called Berger’s disease.”

AN J
hd

sentence S
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entity E(g,t) aspect A(St)

L | AL AL

Contextualized Document Representation """ """
e Sentence embeddings o, are preprocessed using o [_esm

BIoBERT [Lee 2019] Oor Fasttext [Bojan. 2017] entity aspect

embedding _’@ ® ‘_ embedding

e Distributional models cannot capture structural
context from long documents [Arnold 2019]

A A
e Therefore, we transform g, ;into contextual CD: """""" . f.";;;{e'x'.'"‘;
' tualized '
discourse vectors 6, by usmg BLSTM [Hochr. 1997] [ ) discourse
(cpbv)

...........................................

hy = LSTM@(Et—l, U(St))
h; = LSTMe (hs+1,0(s1))
51‘ = tanh(Whe(ﬁt SY I(?lt) + be)

sentence
embedding

BioBERT ] [ BioBERT

T T

,I9A nephropathy is the ... therefore it is sometimes
ét = tanh(W5 5t + bE ) most common ...* called Berger’s disease.”
€ \ J \ J
g g
&t = tanh(W5 a 51— + ba ) sentence S sentence ST
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Loss Function

Our loss function needs to handle the large
variance of documents.

e We optimize model parameters 6 by minimizing
Huber loss [Huber 1992]

[)
We* \1 : ) label
! " .(SL?E?ESIS o |abstract
+
+ o

+ 'symptom
e diagnosis

1 d lér — ol + 1z — el \2
; t— € t—at
Lcdv+(®)zfz 1"’( 1 )—1

=1

entity [7(s,) aspect A(sy)

A A
I'e N I'e N
,»IgA nephropathy“ ,»Signs and symptoms*
BLSTM BLSTM ]
entity |  .TTTIITTTTTRTITTTY aspect

embedding _:_’@ D ": embedding

contex-
tualized ]
discourse ]
vectors
(CDV)

sentence
embedding

BioBERT ]

Tt

[ BioBERT

T

,I9A nephropathy is the ... therefore it is sometimes
most common ...“ called Berger’s disease.”

(N J (N J
Y hd

sentence ST

Sebastian Arnold 35

sentence S



Challenge: Retrieve Answer Passages from Long Documents

RQ4: How effective are document
representations for retrieving
answer passages”’

Cystic fibrosis (CF) is a genetic disorder that causes mucus to build up and damage organs in the body,
- | N particularly the lungs and pancreas. Signs and symptoms may include salty-tasting skin; persistent coughing;
' | — frequent lung infections; wheezing or shortness of breath; poor growth; weight loss; greasy, bulky stools;
= \‘2— = difficulty with bowel movements; and in males, infertility. Over time, mucus buildup and infections can lead to
: E permanent lung damage, including the formation of scar tissue (fibrosis) and cysts in the lungs. CF is caused
. - by mutations in the CFTR gene and inheritance is gg}g§_9.r:ﬁ'jc:zil'_:ré:qg§§i_yg.“][2”3] Treatment aims to relieve
q E symptoms and usually includes respiratory therapies, inhaled medicines, pancreatic enzyme supplement, and

nutritional supplements. Newer medications such as CFTR modulators have been approved for use in the
United States. Ongoing research is focused on finding a cure for the disease./?

Sebastian Arnold
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Answer Retrieval on Precomputed CDVs

Q = ( IgA nephropathy (C0017661) , symptoms )

entity @ D @ aspect
embedding ¢ embedding

................................................

.

= .

----------------------------------------------

cached
vectors

»
)

document
score; (Q(E, A),Cp) = cosine(ep @ ap, ér & dy)

No query/answer pairs are required to train the model
CDV vectors C, need to be precomputed only once

Vv ¥
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Results for Healthcare Answer Retrieval

R@1
- i 65.2
WikiSectionQA MedQuAD HealthQA —
D IKISection D e u . ea 596 60_3
60 55.6 ]
a7 23 laas 15.3 43.6
40 36.9 37.2 d0.1 Jgd
= 344 a3 1 34.0mm
30.7 |
| [26.8
23.8 23.9 20 2.8
19.2g £
20 | 17.1 17.5 17.3
0
TF-IDF BM25 DSSM DRMM* MatchPy*  Duet* MVLSTM* CONV- HAR* Cbhv Ccbhv Cbhv
[Huang13] [Guol1é] [Panglé] [Mitral7] [Wan16] KNRM*  [Zhu19] +GloVe +FastText +BioBERT
[Dai18]

We evaluate the retrieval of answer passages from over 2K healthcare articles
from Wikipedia, NIH (including rare diseases) and Patient.info

* interaction-based models Sebastian Arnold 38



Key Results: Contextual Discourse Vectors F Sy

o' afeatu ures
symptoms

e CDV extends pre-trained Language Models with wgmm b2
long-range discourse information

e Trained with self-supervision on Wikipedia data AN S
e Pre-computed vectors enable efficient retrieval with high recalr vl R

e Outperforms BM25 (Elastic Search), DSSM, Duet(Mlcrosoft) Ry
MatchPyramid, Conv-KNRM, HAR and others with up to 65.2% R@l

e Potential errors caused by hierarchical, related and overlapping information

Our journey towards Neural Machine Reading:

e CDV fulfills all properties we have defined for
automatic language understanding.

e This model satisfies our hypothesis of Neural Machine Reading. .

Sebastian Arnold 39
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TASTY: Tag-as-you-type Entity Linking

Tasty erte your text or: copy it

~‘ l/'
Mrs Eis a 43-year—o|d| female with' a past medical history significant for a

laparoscopic cholecystectomy®h 2004. Since the birth of her first child in ,

1990, she suffered from periodic episodes of gldelelnliiEsEly about every f” """

6-12 months, localized in the epigastric Abdominal pain nt of Umbifical

the abdomen. She describes the pain : remove tag ® n ; N '"
" J : Abdo al pain W

NRS-11 scale. It seems to increase Wi apqominal pain (6.98) ” / \

Public domain, Henry Vandyke Carter

| Side stitch (0 63)

pain, also known as stomach pain,

hronic functlona1 abdominal... (0.56) SR SEEEaho oS
enal colic (0. 52') ke .
| Epigastrium (0. 5) show the wikipedia article :

M search candidates disambiguate entities disambiguate manually ] [ explore articles

S. Arnold, F. A. Gers, T. Kilias and A. Loser (2016). Robust Named Entity Recognition in Idiosyncratic Domains. arXiv:1608.06757 [cs.CL]
S.Arnold, R. Dziuba and A. Léser (2016). TASTY: Interactive Entity Linking As-You-Type. COLING 2016 Demos Sebastian Arnold 41



https://tasty.demo.datexis.com
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TraiNER: Bootstrapping Named Entity Recognition

< TraiNER = DOCUMENT  := SAMPLES £

Oam© 3) () OO

F1-Score

1.0 : ) -
| g Lebed is now in 3 solving some problems, * Interfax quoted Chernomyrdin as saying. " The main thing is his =

05 L programme. It was agreed with I (Yeltsin) yesterday. * Lebed, whom Yeltsin ordered to restore peace
’ T @ in Chechnya, struck a military deal with separatist rebels last week ending the worst fighting in the region in more than 7

a year.
° ©
(19 e
Finished Samples and Annotations

Samples Lebed said on Friday he hoped to sign a document with the rebels later in the day which would deal with the political =

, which wants to keep Chechnya as a part of the Russian Federation, sent troops to

settlement of the conflict
Annotations - the region in December 199@1ue|| its independence bid. @ I
X

|

0 20 40 60 80 100

# Autocomplete Selected Token @

Russian peacemaker Alexander Lebed said he and rebel military leader Aslan Maskhadov agreed after overnight talks = @
to defer the decision on whether Chechnya should be independent until December 31, 2001. " We just now signed a
statement and attached the basic principles of relations between the Russian Federation and the Chechen Republic, * \/

Lebed told reporters after he and Maskhadov signed a package of documents.

x®

Unpublished, proof of concept for German industry partner Sebastian Arnold 42




Smart-MD: Clinical Decision Support System

Smart-MD mEcznE ()

Neural Paragraph Retrieval

24m Related Treatments of "Lyme"

antibiotics @ @ v @

https://en.wikipedia.org/wiki/Lyme disease

Antibiotics are the primary treatment. The specific approach to their use is dependent on the individual affected and the stage of the disease. For most

people with early localized infection, oral administration of doxycycline is widely recommended as the first choice, as it is effective against not only "Borrelia®

bacteria but also a variety of other illnesses carried by ticks. Doxycycline is contraindicated in children younger than eight years of age and women who are

pregnant or breastfeeding; alternatives to doxycycline are amoxicillin, cefuroxime axetil, and azithromycin. Individuals with early disseminated or late other (25)
infection may have symptomatic cardiac disease, refractory Lyme arthritis, or neurologic symptoms like meningitis or encephalitis. Intravenous administration

of ceftriaxone is recommended as the first choice in these cases; cefotaxime and doxycycline are available as alternatives. These treatment regimens last

from one to four weeks. If joint swelling persists or returns, a second round of antibiotics may be considered. Outside of that, a prolonged antibiotic regimen

lasting more than 28 days is not recommended as no clinical evidence shows it to be effective. IgM and IgG antibody levels may be elevated for year,

after successful treatment with antibiotics. As antibody levels are not indicative of treatment success, testing for them is not recommended. view

antibiotics (20)

cefuroxime axetil (8)
https:/en.wikipedia.org/wiki/Relapsing fever

Relapsing fever is easily treated with a one- to two-week-course of antibiotics, and most people improve within 24 hours. Complications and death due to ceftriaxone (8)
relapsing fever are rare. Tetracycline-class antibiotics are most effective. These can, however, induce a Jarisch—Herxheimer reaction in over half those treated,
producing anxiety, diaphoresis, fever, tachycardia and tachypnea with an initial pressor response followed rapidly by hypotension. Recent studies have shown doxycycline (8)
tumor necrosis factor-alpha may be partly responsible for this reaction. view
cefotaxime (8)

cefuroxime axetil

R.Schneider, S. Arnold, T. Oberhauser, T. Klatt, T. Steffek and A. Léser (2018). Smart-MD: Neural Paragraph Retrieval of
Medical Topics. WWW 2018 (Companion): 203-206 Sebastian Arnold 43



CDV Healthcare Retrieval

CDV Search | Highlight

Find passag s a specific topic:

COVID-19 edication Search

Similar Diseases

« 2019 novel coronavirus respiratory syndrome
« Canine infectious tracheobronchitis

« Adenoviridae infectious disease

« Avian infectious bronchitis

« Human parainfluenza

« SARS-CoV-2

Dataset: 11.1K articles from COVID-19 Open
Research Dataset (PMC Open Access subset)

Al articles are made available under a Creative
Commons or similar license. Specific licensing
information for individual articles can be found in
the PMC source and CORD-19 metadata.

More datasets: Wikipedia | CORD-19

Y BEUTH HOCHSCHULE FUR TECHNIK BERLIN

Ay University of Applied Sciences

Made by DATEXIS (Data Science and Text-based
Information Systems) at Beuth University of Applied
Sciences Berlin

Deep Learning Technology: Sebastian Arnold, Betty
van Aken, Paul Grundmann, Felix A. Gers and
Alexander Loser. Learning Contextualized Document
Representations for Healthcare Answer Retrieval. The
Web Conference 2020 (WWW'20)

Funded by The Federal Ministry for Economic Affairs
and Energy; Grant: 01MD19013D, Smart-MD Project,
Digital Technologies

Gefocdert durch

# l ‘“wmw\'r\\.“ewr

Results for Query « COVID-19 medication »

Potential Treatments for COVID-19; a Narrative Literature Review — Conclusion

PMC Open Access (CC BY-NC-SA) | 88.68%

Apparently, in addition to the drugs currently prescribed to treat COVID-19, Arbidol hydrochloride, interferon, and

i ide plus ylp can also be used due to their effects reported in clinical studies. However,

more studies are needed to confirm the use of corticosteroids, as there are wnﬂumng reporls regardmg their

emcacy Also, potential drugs listed in Table 1, such as and
, and il can be i as for COVID-19 if they prove to be effective

in animal and clinical studies.

The origin, transmission and clinical therapies on coronavirus disead
19) outbreak — an update on the status — Antiviral treatments
PMC Open Access (CC BY-NC-SA) | 88.30%

9 (COVID-

Based on the of fighting the SARS-CoV and MERS-CoV previously, we may learn some
lessons for some tre: trategies against coronavirus. AneraI drugs and systemlc oomcostermd treatmenl
commonly used il ractice i T

Zzanamivir, etc), gan clovir, and ribavirin, as well as y [46, 75] for il virus, are
invalid for COVID-1 not recommended. Remdesivir (GS-5734) is a 1'-cyano-substituted adenosine
nucleotide analog prodrug and shows broad-spectrum antiviral activity against several RNA viruses. Based on

more v

The origin, transmission and clinical therapies on coronavirus disease 2019 (COVID-

19) outbreak — an update on the status — Current therapies

PMC Open Access (CC BY-NC-SA) | 87.86%

Given the Iack of effective antiviral therapy agamst COVID-19, current treatments mainly focused on
and i y support g to the Di: is and of P ia Caused

by COVID-19 (updated to version 6) issued by Nalmnal Health Commission of the People’s Republic of

China. Nearly all patients accepted oxygen therapy, and WHO

oxygenation (ECMO) to patients with refractory ia. Rescue with

immunoglobulin G are delivered to some critical cases according to their conditions.

plasma and

COVID-19: what has been learned and to be learned about the novel coronavirus
disease — Tackling cytokine storms

PMC Open Access (CC BY-NC-SA) | 87.47%

It has been known that a cytokine storm results from an overreaction of the immune system in SARS and MERS

patients 33. Cytokine storm is a form of systemic inflammatory response featured by the release of a series of
cytokines including TNFa, IL-1B, IL-2, IL-6, IFNa, IFNB, IFNy, and MCP-1. These cytokines induce immune cells

Highlight for Query «COVID-19 medication»

COVID-19: what has been learned and to be learned about the novel coronavirus
disease

PMC Open Access (CC BY 4.0)

Introduction

The Spring Festival on January 25, 2020 has become an unprecedented and unforgettable memory to all
Chinese who were urged to stay indoors for all the holiday and for many weeks after due to the outbreak of a
novel viral disease. The virus is highly homologous to the coronavirus (CoV) that caused an outbreak of severe
acute respiratory syndrome (SARS) in 2003; thus, it was named SARS-CoV-2 by the World Health Organization
(WHO) on February 11, 2020, and the associated disease was named CoV Disease-19 (COVID-19) 1. The
epidemic started in Wuhan, China, and quickly spread throughout the entire country and to near 50 others all
over the world. As of March 2, 2020, the virus has resulted in over 80,000 confirmed cases of COVID-18, with
more than 40,000 patients discharged and over 3,000 patients who died. WHO warns that COVID-19 is “public
enemy number 1" and potentially more powerful than terrorism 2.

Nuclear acid assays

The detection of SARS-CoV-2 RNA via reverse-transcriptase polymerase chain reaction (RT-PCR) was used as
the major criteria for the diagnosis of COVID-19. However, due to the high false-negative rate, which may
accelerate the epidemic, clinical manifestations started to be used for diagnosis (which no longer solely relied on
RT-PCR) in China on February 13, 2020. A similar situation also occurred with the diagnosis of SARS 59.
Therefore, a combination of disease history, clinical manifestations, laboratory tests, and radiological findings is
essential and imperative for making an effective diagnosis. On February 14, 2020, the Feng Zhang group
described a protocol of using the CRISPR-based SHERLOCK technique to detect SARS-CoV-2, which detects
synthetic SARS-CoV-2 RNA fragments at 20 x 10-18 mol/L to 200 x 10-18 mol/L (10-100 copies per microliter of
input) using a dipstick in less than an hour without ing elaborate instrumentation 60. Hopefully, the new
technique can dramatically enhance the sensitivity lience if verified in clinical samples.

Antiviral therapy

At the time of writing, no effective antiviral therapy However, with
remdesivir, a nucleotide analog, has been found to Be efficacious in an American patient with COVID-19 64.
Remdesivir is a novel antiviral drug developed by Gilead initially for the treatment of diseases caused by Ebola
and Marlburg viruses 76. Later, remdesivir also demonstrated possible inhibition of other single stranded RNA
viruses including MERS and SARS viruses 77,78. Based on these, Gilead has provided the compound to China
to conduct a pair of trials on SARS-CoV-2-infected individuals 79, and the results are highly anticipated.

In addition, baricitinb, interferon-a, lopinavir/ritonavir, and ribavirin have been suggested as potentia!

for patients with acute respiratory symptoms 80,81. Diarrhea, nausea, vomiting, liver damage, and «

reactions can occur following combined therapy with lopinavir/ritonavir 80. The interaction of tr - .

with other drugs used in the patients should be monitored carefully. o n I I ne "

Plasma from recovered patients and antibody generation htt S: / / co rd 1 9
The collection of the blood from patients who recovered from a contagious disease to ti _g
suffering from the same disease or to protect healthy individuals from catching the disease ha cdv d e mo
Indeed, recovered patients often have a relatively high level of antibodies against the pathoy LMV.UCITIY.
Antibodies are an immunoglobulin (Ig) produced by B lymphocytes to fight pathogens and othc A

and they recognize unique molecules in the pathogens and neutralize them directly 83. Based dateXIS .com

was collected from the blood of a group of patients who recovered from COVID-19 and was in;

seriously ill patients. Their symptoms improved within 24 hours, accompanied by reduced inflammatic.

loads and improved oxygen saturation in the blood. However, verification and clarification are necess.

propose the method for large-scale use before specific therapies are not yet developed. 1

J-M. ‘Papaloannou S.Arnold, F. A. Gers, A. Loser, M. Mayrdorfer, and K. Budde (2020). Aspect-Based Passage Retrieval with Contextualized
Discourse Vectors. Submitted to: ECIR 2021 System Demonstrations Sebastian Arnold
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Contributions

TASTY, SECTOR and CDV are Neural Machine Reading architectures for
domain-specific language understanding:

Variety of languages and domains

Robust against noise and spelling variations
Document and discourse structure

Entity Linking, Topic Modeling, Answer Retrieval tasks
Efficient to train

In-depth error analysis

Implementation available under Apache V2 license
https://github.com/sebastianarnold/TeXoo

Sebastian Arnold 46
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Limitations

Writing systems

e Allexperimentsin Latinscript
e Sentence and token normalization necessary

Self-supervision

e Preprocessing tailored to training data
e Holistic approach: Weak-supervision

Optimization objectives

e We focused on task accuracy (Prec/Rec/F1)
e Reality: result diversification, freshness, trust, popularity, etc.
e Dynamically changing objectives

Sebastian Arnold 47



Future Work

Hierarchical Knowledge Representations

e Capture hypernym/hyponym relations

e Model semantic hierarchies in vector space
Uncertainty Modeling

e Datadistribution changes from training to inference time
e Report level of confidence

Continual Learning

e Continuously learn from new data
e Prevent catastrophic forgetting

Sebastian Arnold 48
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