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» AHaIn3 (pOpMaJIbHBIX ITIOHATUM
» DopMasibHbIE KOHTEKCThI
- KonnenryaabHbIe rpadsl

» BIONLP:MyasTuMOaIbHAS
KJIaCTEPHU3allHs



AHanu3 dopmManbHbIX MOHATUN

[Wille, 1981]
1. PopMaJIbHbIN KOHTEKCT:
K=(G,M,R) G- mHOX)ecTBO

F

)

Replication

R — G X M O6’beKTOB
R — oTHOIIeHue M — MHOZKECTBO
aTpuOyTOB

IIpuMep KOHTEKCTA

Membrane Nucleus Recombination

Bacterium

>

<

>

DNA X
1 Virus X
Prokaryotes
Eukaryotes X

>

<




ADI1 KaKk meToO Knacrepusaunmn

2. DopMaJIbHOE IIOHATHE:
(X,Y) XcG,YcM

OTobpaxeHune Nanya
XY sy Y_2.x 3. Pemiérxka moHATUM:

Membrane, Replication

VxeO <x,iy(x) >R
Vye A<o(y),y >€ R

Recombination

N

DNA, Virus

Nucleus
rd

/

~

~
N

Eukaryotes
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« Tpuknacrtepbi» “
«TpunoHATUA» B ADI1

K=(G,M,B,R) TepHapHBIi POPMATBHBINA KOHTEKCT

RCGXMXxB R - oTHOIIEHUE

T=(X.,Y,Z)=(g",m",b")
XCGYCM,ZCB

«Tpuxkiacrep»

|RNXxYxZ| llioTHOCTH
XY Z) «TPUKJIACTEPOB»

p(X.Y,Z)

If p(X,Y,Z)=1 xorma «rpuxiacrep" - 5T0 «TPUIOHSATHE>



Onepatopbl B OAC-anropmtme

TPUKJ1aCTEPHN3aLlNUA
m’ ={(g.b) [(g,m,b) €Y} m” ={m|(g,b) €Em’ and (g,m.b)eY}
g’ ={ (m,b) |(g,m,b) € Y} g"={g|(m,b) €g’ and (g m,b)EY}
b"={(g,m) |(g,m,b) € Y} b’ ={b|(g,m)eb’ and (g,m,b)e Y}
g9 = {g| (g .bi) €m’ or (gim) € b’} l.

m" = { m; | (m,b;) € g’ or (g, m;) € b’}

m' <

bH = { b; | (gi,bi) € m’ or (m;, b;) € g’}
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MeTtoabl ADI B aHa/1M3e TEeKCTOB

Teopusa
Y30PHBIX

CTPYKTYp U
X MPOEKITNU

KoHIenryajabHOE
IIKAJIUPOBaHUE

MHOT'O3HAYHbIX
KOHTEKCTOB

(123,123")

—-—-—\RST -sequenc e
. '@ﬁ ====== ':w{ H\EW e
co lasses suc a

h 5 GUl fo » 10 Io

/_Iﬁl‘ﬂﬁ@/_ % \‘ L ------ /J (23,23")

dmulrflh

& !:‘_\j— -'r\“lﬁﬁrmﬁfm"-f—m—’
of

red which conta instance: (3,3

John hit the ball. ""’Tf””’_‘@\‘wfm_ ﬁ*_j'@ RS
CuHTaKCUYeCKHe Yammu pazbopa Y30pHas pelieTka
JlepeBbs pazbopa

Ganter, B.; Stumme, G.; Wille, R. Formal Concept Analysis: Foundations and
Applications, LNAI, No. 3626, Springer-Verlag. Berlin. 2003.

B. Ganter and S.O. Kuznetsov, Pattern Structures and Their Projections. LNAI, Vol.
2120, pp. 129-142, Springer-Verlag. 2001.



KoHuenTyasibHble rpadbl [J. Sowa, 1976]

«Coobuwecmaea xusblx Op2aHU3M0O8 Pa3AUUHbIX U008 00pas3yrom

IKO/102UHUeCKy cucmemy»

00pazoBaTh

COOOIIECTRBO CHCTEMA
)
TeHeTHB aTpIoyT
OPTAHII3M | | HKOTOTIYECKIIT

aTpHOyT TeHETIR

4

y

JKIBOIL

BILA

aTpioyT

i
Pa3TIIMHBLIT

IIpuMeHeHHEe HCUNCIEeHUA IPEeANKaTOB:
(x: Odpazoeame)(y : Cucmema)(3z : Ixonoeuyeckuii)(Iw : Coodbujecmso)
(3q : Opeanuzm)(3g : Kusoit)(Ii: Buo)(3Jj : Paznuunwiii)(llayuenc(x, y) A
Hayuenc(x,z) A Ampubym(y,z) A I'enemus(w,q) A Ampudym(g,q) A
T'enemus(i,q) A Ampuéym(i, j))

dopmar xml:
- <concepts>
- <concept number="1">
<word_norm>coobwecrTeo</word_normz
</concept>
- <concept number="2">
<word_normssuBon</word_norm=
</concept>
- <concept number="3">
<word_norm=opraHvamM</word_norm>
</concept>
- <concept number="4">
<waord_norm=pasanuHblid</ word_normz



MeTo 4 KOHUenTyaJlbHOro MoAeMpoOBaHUA:

«0OT CJ1I0B K NMOHATUAM»
=

atient;
et al., 2007; Yeniterzi et a

attribute )
s modalty Attr 1 Aztr 2 Attr 3
. betweel attribute Obl . § L—X—
identified EHR. if revealed to { W Ohl 2
3 ¢ attribute, Obj 3 X |
De-identification. can wed [ [ |
health information (PHI) on, followed by E(treme Obl 4 !

not identify the patient and his b
A Obj 5 X
. PHI detec- x

e X attribute Obj 6

on, uses Supervised Machine Learning, Naturs — >

ar Processing and Information Extractio OhI?

e s (Me etal, 2 date of attribute Ohj 8
C5S, Ice nu exam-

ples 1PHIII|[ || ulllx detected:

Texcm » KOHUenmyaabHbsle 2pagdol » POPMANLHBIL KOHMEKCM

4

pewemxa noHsamuil

Removing ;kr onal data in documents 4|I| sen-

iEHR! became

><><><

0

0

>00<

Bogatyrev M. Fact Extraction from Natural Language Texts with Conceptual Modeling
// Communications in Computer and Information Science, Vol. 706, Springer-Verlag, 2017. — Pp. 89—102.



[ MnoTe3a «CeMaHTU4YeCKoU
Bblpa3nTe/IbHOCTU>

Ecau 151 MoJieIMPOBaHUA CMbIC/IA TEKCTA
IIpUMeHAeTCs KOHIENTyalbHasi MOJEb,

B KOTOPOH UMeEeT MECTO IIOHATHE PAa3MEPHOCTH,
TO YeM BBIIIe PA3MEPHOCTh TAKOH MOJIEJIH,
TeM TJIyO:Ke OHa I03BOJIAET MOJIeJIUPOBATh

CMBICJI TEKCTA.
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JlutepaTtypa u pecypchl

Computational Biology

http://blonlporg/ http://www.ploscompbiol.org/

Swanson D.R., Smalheiser N.R. An interactive system for finding complementary
literatures: a stimulus to scientific discovery. Artificial Intelligence. 1997. V. 91. P. 183—203.

XypHanbl y
Journal of Biome)c,iipcal Semantics OcHosHou pecypc
http://www.jbiomedsem.com/
Journal of Biomedical Informatics
http: //www.j-biomed-inform.com/home PubMed
O630pbl

Biomedical Text Mining: a Survey of Recent Progress. In: Mining
Text Data. Springer, 2012

Biomedical Text Mining and Its Applications (2009)
http://www.ploscompbiol.org/article/info%3Ad0i%2F10.1371%2F]j
ournal.pcbi.1000597#pcbi-1000597-2002

KoHdepeHUnH

Workshop on Biomedical Natural Language Processing (2019)
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10.

11.
12.
13.
14.

[Ipmepbl cnctem BioNLP

- PIE (Protein Interaction information Extraction) is a configurable Web service to extract PPI-
relevant articles from MEDLINE.
- an advanced information retrieval system providing knowledge enriched searching for
biomedicine.
- a MEDLINE search engine for finding associations between biomedical concepts.
The helps intuitive understanding of FACTA+ search results through graphical
visualization of the results.
- U-Compare is an integrated text mining/natural language processing system based on
the Framework, with an emphasis on components for biomedical text mining.
- a term management system that identifies key terms in biomedical and other text types.
— Extraction of gene regulation relations, protein-protein interactions, mutations, ranked
associations and cellular and developmental process associations for genes and proteins of the plant
Arabidopsis from abstracts and full text articles.
- an intelligent search engine to retrieve biomedical correlations from MEDLINE, based on
indexing by Natural Language Processing and Text Mining techniques
- an acronym dictionary which can be used to find distinct expanded forms of acronyms
from MEDLINE.
- Disambiguates abbreviations in biomedical text with their correct full
forms.
- Analyses biomedical text and outputs base forms, part-of-speech tags, chunk tags, and
named entity tags
- Recognises gene/protein names in text
- Recognizes yeast metabolite names in text.
- machine learning-based gene/protein name lookup.
- A concept-assisted search and navigation tool for biomedical literature analyses - runs
on / and can be configured, on request, to run on local literature repositories too.
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15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

Chilibot — A tool for finding relationships between genes or gene products.

EBIMed - EBIMed is a web application that combines Information Retrieval and Extraction from Medline.”!
FABLE — A gene-centric text-mining search engine for MEDLINE

GOAnnotator, an online tool that uses Semantic similarity for verification of electronic protein annotations

using GO terms automatically extracted from literature.
GoPubMed — retrieves PubMed abstracts for your search query, then detects ontology terms from the Gene
Ontology and Medical Subject Headings in the abstracts and allows the user to browse the search results by

exploring the ontologics and displaying only papers mentioning selected terms, their synonyms or
descendants.

Anne O'Tate Retrieves sets of PubMed records, using a standard PubMed interface, and analyzes them,
arranging content of PubMed record fields (MeSH, author, journal, words from title and abtsracts, and
others) in order of frequency.

Information Hyperlinked Over Proteins (1HOP):! "A network of concurring genes and proteins extends

through the scientific literature touching on phenotypes, pathologies and gene function. iHOP provides this
network as a natural way of accessing millions of PubMed abstracts. By using genes and proteins as
hyperlinks between sentences and abstracts, the information in PubMed can be converted into one navigable
resource, bringing all advantages of the internet to scientific literature research."

Litlnspector — Gene and signal transduction pathway data mining in PubMed abstracts.

NextBio- Life sciences search engine with a text mining functionality that utilizesPubMed abstracts (ex:
literature search) and clinical trials (example) to return concepts relevant to the query based on a number of

heuristics including ontology relationships, journal impact, publication date, and authorship.
The Neuroscience Information Framework (NIF) — A neuroscience research hub with a search engine

specifically tailored for neuroscience, direct access to over 180 databases, and curated resources. Built as
part of the N1H Blueprint for Neuroscience Research.

PubAnatomy — An interactive visual search engine that provides new ways to explore relationships among
Medline literature, text mining results, anatomical structures, gene expression and other background
information.
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26.

27.

28.

29.
30.
31.
32.

33.

PubGene — Co-occurrence networks display of gene and protein symbols as well

asMeSH, GO, PubChem and interaction terms (such as "binds" or "induces") as these appear
in MEDLINE records (that is, PubMed titles and abstracts).
Whatizit - Whatizit is great at identifying molecular biology terms and linking them to

publicly available databases.”!

XTractor — Discovering Newer Scientific Relations Across PubMed Abstracts. A tool to
obtain manually annotated,expert curated relationships
for Proteins, Diseases,Drugs and Biological Processes as they get published in PubMed.

Medical Abstract — Medical Abstract is an aggregator for medical abstract journal
fromPubMed Abstracts.
MuGeX — MuGeX is a tool for finding disease specific mutation-gene pairs.

MedCase — MedCase is an experimental tool of Faculties of Veterinary Medicine and
Computer Science in Cluj-Napoca, designed as a homeostatic serving system with natural
language support for medical applications.

BeCAS — BeCAS is a web application, APl and widget for biomedical concept
identification, able to annotate free text and PubMed abstracts.

(wNote — A workbench for Biomedical Text Mining (Including Information Retrieval, Name
Entity Recognition and Relation Extraction plugins)
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3anauv BioNLP

3Bj1eueHrie UMEHOBAHHBIX CYIITHOCTEN

¥

3BieueHrie OTHOIIIEHUM MEXKAY CYIIIHOCTAMHU

4

3Bj1IeueHne PaKTOB

[MoaxoAabl K peLleHunro

4 )

AnroputMuyeckne  TexHornoruyeckue



|
N3BneyeHne MMeHOBaHHbIX
CYyLUHOCTEMU

HaszBanue 3amgaum: Biomedical Named Entity Recognition (NER)

CyTh 3a/1auM: aBTOMAaTHUYECKAsA JUATHOCTUKA BCTPEYaEMOCTH
O6HOMeIUITMHCKUX TEDMHUHOB B HECTPYKTYPUPOBAHHbBIX TEKCTAX

BapuaHT: «aBTOMaTHUECKOe U3BJIeUueHne OMOMETUITMHCKUX TEDMUHOB U3
HECTPYKTYPUPOBAHHBIX TEKCTOB».

Bbixo
Bxoa (TekcTbl) A

N3BecTHBIE
TEPMUHBI

lzuner

the retrie infory
2010). Tt st ph

HoBrple
TEePMUHBI
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N3BneyeHne MMeHOBaHHbIX
CYyLUHOCTEW

Yaiie Bcero UHTepecyrTca TEpMUHaAMM:

* Ha3BaHUs I'eHOB,
e Ha3BaHUA OEJIKOB,
* Ha3BaHUs JIEKApCTB, 3a00J1eBaHUN



N3BneyeHue oTHOLWEHUU: rpacdoBble moaenu

I'pad bl 3aBUCUMOCTEN.
MRSA were isolated by oxacillin screening agar.

isolated  (root)

nsubjpass auxpass
MRSA were
compound agar ‘\
compourb\

oxacillin

screening
MRSA were isolated by oxacillin screening agar
MRSA 0 0 1 0 0 0 0
were 0 0 1 0 0 0 0
isolated 1 1 0 0 0 0 1
by 0 0 0 0 0 0 1
oxacillin 0 0 0 0 0 0 1
screening 0 0 0 0 0 0 1
agar 0 0 1 1 1 1 0

Wuti Xiong, Fei Li, Ming Cheng, Hong Yu, Donghong Ji: Bacteria Biotope Relation
Extraction via Lexical Chains and Dependency Graphs. Proc. 5th Workshop on
BioNLP Open Shared Tasks. Hong Kong, China, November 4, 2019 . P.p. 158-167.



N3BneyeHue oTHOLWEHUU: rpacdoBble moaenu

Abstract Meaning Representation (AMR)

“This LPA-induced rapid phosphorylation of radixin was significantly suppressed
in the presence of C3 toxin, a potent inhibitor of Rho”

,,,,, — |
FE1 = phosphorylation of radixin;

FEy = LPA induces F'1.

AMR-cxeMbl

“when”
“how” [ “who did what to whom”

Sudha Rao, Daniel Marcu, Kevin Knight, Hal Daum’e III. Biomedical Event Extraction using
Abstract Meaning Representation. Proc. BioNLP 2017 workshop, Vancouver, Canada. P.p.
126-135, 2017



AMR - cxema Kak nogrpad KoHUenTyanibHOro rpadga

Genetic modifiers of the Drosophila blue cheese gene link defects in lysosomal
transport with decreased life span and altered ubiquitinated-protein profiles.

alter decrease
AMR scheme
\
patient patient location agent patient
_ = | “who - did what - to whom”
profile defect transport ( modifier span
\
y
“modifier link defect”
ubiquitmated-protein lysosomal genetic Life

attribute

\
cheese drosophila

attribute

blue




OcobeHHocTU n3BnevyeHnsa AMR - cxem

“Ruxolitinib reverses dysregulated T helper cell responses and controls autoimmunity
caused by a novel signal transducer and activator of transcription of gain-of-function

mutation”.
cause reverse control
/ ‘
\
transducer activator 1'esp011se ruxolitinib autoimmunity
signal transcription mutation cell helper

novel gam-of-function dysregulated




JDKCNepuMeHTbl 1 pe3ybTaTbl.

JkcnepuMmeHTanbHble AaHHble: BioNLP Shared Tasks,
https://2019.bionlp-ost.org

OparMeHT pa3MeTKU: MMeHOBaHHBIE CYIIIHOCTH:
* gene
Id Subject Object Predicate Lexical cue ]Enzynle
T1 108-117 Var denotes Mutations * PosREg
T2 121-126 Gene denotes SHP-2 e

T3 127-138 Enzyme denotes phosphatase
T4 150-165 PosReg denotes hyperactivation

OTHOILIIeHUA:;
R2 T2 T1 ThemeOf SHP-2,Mutations * ThemeOf
R3 T1 T4 CauseOf Mutations,hyperactivation « CauseOf

T4 150-165 PosReg denotes hyperactivation

R23 T33 T4 ThemeOf leukemias,hyperactivation

R24 T34 T4 ThemeOf juvenile myelomonocytic leukemia, hyperactivation
R3 Tl T4 CauseOf Mutations,hyperactivation

R4 TS T4 ThemeOf catalytic activity,hyperactivation
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Tpukiiacrepusanusa

250 TEKCTOB

1787 TPUKJIACTEPOB

667 0OJHOCJIOBHBIX
Copep:kUMoOe KJ1acTepoOB TPUKJIACTEPOB

KNACTEPbI: { {{cause}, {mutation}, {hyperactivation, ns, jmml, effect, dysplasia,
activation, loss, congenita, phenotype, dementia, ftd, hyperalgesia, osteopenium, osteopenium, nature}},
{{characterize}, {mutation}, {il, presentation, consequence}}, {{induce, promote}, {mutation}, {malignancy,

CopTupoBKa 1o 3jIeMeHTaM

</mutation - { {{cause}, {mutation}, {hyperactivation, ns, jmml, effect, dysplasia, activation}}, sccee
{{characterize}, {mutation}, {il, presentation, consequence}}, { {induce, promote}, {mutation}, {malignancy}},
{{show}, {mutation, tumor, craniosynostos}, {study, phosphorylation}}, {{play, play},
{mutation, partner, function, regulator, cell, mutation, inhibitor, finding, it, medakon, tissue}, {role, role}}



4-Knactepmsaumsn
1494 4-KJIaCTEPOB

AMR cxema:
583 0THOC/IOBHBIX
“who - did what - to whom - how”  4-xnacrepa

250 TEKCTOB

CozepkumMoe K1acTepoB

{{mutation}, {phosphatase}, {signaling}, {interleukin-3}}, {{mutation}, {cause}, {hyperactivation }, {activity}},
{{mutation}, {induce}, {malignancies}, {hematopoietic}}, {{mutation}, {cause}, {disease}, {myeloproliferative}},
{{mutation}, {increase}, {interaction}, {SHP-2}}, {{mutation}, {increase}, {hyperactivation}, {Erk}},
{{mutation}, {lead}, {hyperactivation}, {pathway}}, {{mutation}, {enhance}, {capability}, {increase}},
{{mutation, SHP-2 E76K}, {enhance}, {activation}, {pathway}}, {{mutation}, {lead, resulted}, {life}, {adult}},
{{mutation}, {lead}, {death}, {neuronal}}, {{mutation}, {lead}, {degeneration}, {CNS}},

{{mutation, mutation}, {defects, defects}, {proteins, proteins}, {motor, cytoskeletal, motor, cytoskeletal}},
{{mutation, mutation}, {behave, behave}, {modifiers, modifiers}, {phenotype, phenotype}},

CopTupOBKa 10 3JIeMeHTaM

<| {blue cheese gene} — {{{blue cheese gene}, {link}, {defects}, {transport}},
{{blue cheese gene}, {link}, {span}, {life}}, {{blue cheese gene}, {link}, {profiles},



Ocob6eHHOoCcTH peanusaumun OAC-anropmtma

3-Kj1acrepu3anud:

p3 = Position[data, {i3, j3, _}]; (%Haxoaum B cnucke data nosuuuu =)
p2 = Position[data, {i2, , j2}]; (*3>nemeHTOB, yAoBneTBOpPAKWMX WabnOHaM#)
pl = Position[data, { , i1, j1}];
o000
Do[AppendTo[s3, data[[p3[[n]]]]], {n, Length[p3]}];

(*S3 - CMUCOK 3/1EMEHTB, W3B/IEYEHHbIX U3 U3BECTHbIX NO3ULMUIA*)
s3 = Flatten[s3, 1];

4-KJj1acrepu3anud:

p4 = Position[data, {i4, j4, k4, }1; Z[aJIee
p3 = Position[data, {i3, j3, _, k3}1;
p2 = Position[data, {12, _, j2, k2}1];
pl = Position[data, {_, i1, j1, k1}];

5-KJjIacrepusanusia?



MeTtoa KOH uentyasibHOro MmogesiMmpoBaHmMAa

Error types:
*  OmmubKu NOCTPOEHM I KOHIENTYaJIbHBIX I'pa

«  Omubku ob6paboTku rpadoB JJisd MOCTPOeHUs (pOopMaIbHBIX KOHTEKCTOB

«CTpaHHbIe KIacTepPhI»:

{{be},{country},{glycoprotein}},{{allow},{country},{delineation}}

play->{{{changes},{play},{leukemigenesis.},{SHP-2-related}}}



T

BbiBOAbl

1. KonnenrtyanapHbIU rpad — U30bITOYHAS MOAEID JIJis mocTpoeHuss AMR-
CXEM JIJIA OZTHOTO IpeiokeHnA. OlHAKO MHOKECTBO KOHIIENTYaIbHbBIX
rpad0B MOKHO MCIOJIb30BAaTh 1151 IOCTPOeHUs 0000 eHHbIX AMR-
CXEM JIJII BCETO TEKCTA.

2. [loHATHE IJIOTHOCTH KJIacTePA HE aKTYaJIbHO JIJISl «TEKCTOBBIX»
KJIacTepOB. BakHee (PUKCHUPOBATh OJTHOCJIOBHBIE U HEOTHOCOBHBIE
KJIaCTePHI

3. T'umoresa ceMaHTHUYECKOH BbIPA3UTEJIbHOCTH BEPHA, ITIO-KPaHEU

Mepe, IJIA Pa3MEPHOCTEN 3 U 4 MHOTOMEPHBIX (POPMAaJIbHBIX
KOHTEKCTOB, IIOCTPOEHHBIX HA KOHIIENTYaJIbHBIX I'padax



Cnacmb6o 3a BHUMaHue!



