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ABSTRACT

The Method of Domain Ontology Population using

Link Grammar

Byungsu Youn
Advisor : Prof. Pankoo Kim, Ph.D
Department of Computer Science

Graduate School of Chosun University

Ontology 1s constructed with concept, definition, and these relation. lately,
much of data, ontology do not support reasoning information to users. so, there
are so many necessary for ontology population. therefore many studies in
ontology population. but most of study, they used manually extraction to
concept, relation, properties. this method spend a lot of time and money to data
mining. so, to solve this problem, automatic ontology population have studied. it
save much of time, money. however it requires another knowledge-base or
thesaurus. and they dependent on its source(thesaurus, knowledge—base, etc)

In my study, I deal with ontology population which are not using another
famous dictionary, but using Link grammar and infobox of wikipedia. Link
grammar 1S a syntactic parsing theory of English. I analyze link pattern to
determine what link pattern will be candidate of relation-concept and extracted
triples. then added weight value to each triples. in the result, 1 got relation and
concepts, in order to weight value. weight values are purpose to extract good
triples. then 1 apply infobox, navbox to classify relation, concepts.

First, I gather biology documents in wikipedia. then to get a body part of



wiki-document, apply stampling process. and extract terminologies, which make
database to extract important sentences. 1 set the process for terminology
extraction(tagging, tokenize, extraction). and verify terminologies. then i select
important sentences to apply Link grammar. I define 7-patterns to get
concept-relation triple. after 1 find good triple through the PMI value and TF
value.

At last, 1 classify concept with infobox, navbox and classify relation with
pre-defined classify table which defined Relation hierarchy. i make metadata
with this properties, then visualization it.

There are some error in my study, it occurs in wrong Pos tagging, stopword
interruption. anaphora relosolution. but visualization works well, and it’s possible
to extract more than 1 relations in 1 sentence. finally, I will study about named

entity recognization to finding correct triples .
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A7l dele Q71 vd=A o A Ee AdzE AFste kA
ZRAEREE AZAHol o5y 7HE Wol HEshe Al ES S shvtolth §7]
otz A Al e AFEAFEC] AR AR F& JhEAR Foste § 20
S x5 9 A& (The wisdom of crowds), & HwA]4(The collective
intelligence)o] 714 2 digdg o=z E4 wued Add BAZS &84
UolA EF T thAolth. f7lF ol EA9 TS Fa VA A 5T ol E A
8t Text body®t 1%, ¥, 2}, reference, categorye 2 o] Fol# glom FQ
54w JIAUEol de EFEEE AYa dn FxA = TR S A4
P HFad5 22 infoboxt navbox9t #2 box¥ 4]
o %, 2¥E FI MY EFY 54E& ndsta vt infobox® navboxt
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4 £
FHol wek AEAES o8 AHEE o ARH Aot A, dPEg,

oA

[2¥ 2-11= $719 ot £AMF
infobox& WERHIL Ut ARZle] Q= A= ARxlel digh A" 3t (Group, Family,
Genus) @+l WE 7, TR OFT ARE el ok =3 [2¥ 2-2]
SF o] 9159 gize] o7 7 T v ARE ¥&sh7I% @t infobox
ool f7]9 v obe] shd§-9] navboxol M= @A 7IARe] Egolt dHTIAL F

T OgT ARE % e ¥ oha glrh
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HIV(Human Immunodeficiency Virus)el 3F



Hurman
immunodeficiency virus

smen ¥
Phylogenestic Tree ot the SIV and
HIY viruses.

Virus classification

Group: Group V1 (ssBNA-
RT)

Family: Sefroviridas
Genus: L anfivirus

Species
« Human
immunodeficiency
virees ¥
- Houman

fmmunodeficiency
Virtis &

(28! 2-1] /71" Clot infobox(1)

International Statistical
Classification of Diseases and
Related Health Problems Codes

Classification and external resources
ICD-10 B20-B24
ICD-9 042 7-044 7

(28! 2-2] 217l Clot infobox(2)
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DNA-binding proteins

Further information: DNA-binding protein

Structural proteins that bind DNA are well-under:
Within chromosomes, DNA is held in complexe:
DNA into a compact structure called chromatin.

complex of small basic proteins called histones
involved.[74ll75] The histones form a disk-shape:
complete turns of double-stranded DNA wrappe
formed through basic residues in the histones rr
backbone of the DNA, and are therefore largely

modifications of these basic amino acid residue
These chemical changes alter the strength of th

BRe JEpR 9o ofg [1¥3-3]



Further information: DNA-binding protein

Interaction of DNA with histones (shown in white, top). These
proteins' basic amino acids (below left, blue) bind to the acidic
phosphate groups on DNA (below right, red).

Structural proteins that bind DNA are well-understood examples of non
-specific DNA-protein interactions. Within chromosomes, DNA is held in
complexes with structural proteins. These proteins organize the DNA
into a compact structure called chromatin. In eukaryotes this
structure involves DNA binding to a complex of small basic proteins
called histones, while in prokaryotes multiple types of proteins are
involved.[74][75] The histones form a disk-shaped complex called a
nucleosome, which contains two complete turns of double-stranded DNA
wrapped around its surface. These non-specific interactions are formed
through basic residues in the histones making ionic bonds to the
acidic sugar-phosphate backbone of the DNA, and are therefore largely
independent of the base sequence.[76]
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Sentence 24: ‘For instance, the largest human chromosome, chromosome number 1,
approximately 220 million base pairs long.'

Sentence 250 ' In living organisms, DM4 does not usually exist as a single
molecule, but instead as a pair of molecules that are held tightly together.'
Jentence 260 ' These two long strands entwine |ike vines, in the shape of a
double helix.'

Sentence 27 'The nucleotide repeats contain both the segment of the backbone
the molecule, which holds the chain together, and a base, which interacts with
the other DN& strand in the helix.'

Sentence 28. '4 base |linked to a sugar is called a nucleoside and a base |inke
to a sugar and one or more phosphate groups is called a nucleotide.’

Sentence 29 'If multiple nucleotides are |inked together, as in DMNA&, this
polymer is called a polynucleotide.’
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[# 3-1] #alojel 7=

Structure example

. (chromosome, NN), (genes, NNS),
1. Singleton Term(NN,NNS,NNP) (DNA, NNP), (strand, NN), (protein, NN)

Ribonucleic acid, Nucleic Acids,

2. multi-word Term(1+1, JJ + 1) Recombinant DNA, oxidative lesions

gdoldz o] Fojxl AEFolEL FolE o] Fojx Ag-op Al PAER o F
ojxglom ofold - FE AfFHAR NNPZ ot = 799 GAHANN),
SFEEARRL (NNS)2 mhetE glom [%3-1]9] 2¥3} o] gAitet AL e 40
(JDsk WAtel 2oz AdZgole hdd xdolv H@olE 3 MER 8oE
of ole] sjFErh [#3-1]1¢] A wet FE2d A5 dHolHuol 23}
gt e dolMe o E FEe ZEA2 B8 B39 B o 9

Mol & @Al deiM Ve

a. =3} (Tokenizing)

i
gl
e
_0|L
rir
2,
o
of
=

Mol FEo 3 WA= EF U HAES fol=
(white space)E 7|0 & sF= EF3 9o Wrx B A$E aeso
Al BEdshe v gk

tagger.tokenize("Twin helical strands form the DNA backbone”)

["Twin’, 'helical’, 'strands’, 'from’, 'the’, 'DNA’, "backbone’]

~SEF A7 Bl EXetE At SFAet 2%dE &olE Fdol® 3
o} 5} .

tagger.tokenize("Parts—Of-Speech”)

["Parts—Of-Speech’]

1o,
=3

tagger.tokenize("amazon.com”)
['amazon.com']
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tagger.tokenize("my parents’s car”)

ryys

['my’, 'parents’, "', ‘car’]

tagger.tokenize("my father’s car”)

['my’, "father’, "'s’, 'car’]

-2 AR I EARd JA AT -REE T dol2 fpefiith

tagger.tokenize("12.4")

['12.4]
tagger.tokenize("-12.4")
['-12.4"]
tagger.tokenize(”09.06.1982")
['09.06.1982']

tagger.tokenize("09-06-1982")
['09-06-1982']
2 HAE g wAE ES ¢ = HABAS AR FAIE et

b. B} A (Tagging)

EF3(Tokenizing)®d 2+ @ol&ol sl FAFEHZ (Part of Speech tagging)S 4
gt} EALE] 7] 2 penn treebank project®] FALE|AZS o] &3} U}
[ 3-2] POS tag Label

SIS JJR Comparitive Adjective
comma JJdS Superlative Adjective
period MD modal verb
: colon, semi—colon, dash NN Singular Noun
POS Possessive Ending NNP Singular Proper Noun
CC Coordinating Conjunctions NNSS Plural Proper Noun
CD cardinal Number NNS Plural Noun
DT Determiner RB Adverb
IN Preposition To to
JJ Adjective VB Base Form Verb
[¥3-21E EASPA AEEE tagEd WEe vehin doh ¥ eRdMe
AEEo7t F2 afFHAL dAdBAE o] Fo1 Sing Term™ 240 71 5873




AFR o] F ol Multi-Terme F%317] $38t4 tagZb JJ& Al &=+ §ol9F NN&
g2 AFstE goles o] &3tk
B0 Agg Eolv] 8 WAHNNIY 22 @ gAlR sloly gojEo
BAHNNS)E B & thr] &4 sleete 22 o5 3fotelr] S8 B 2
ojo] 7|2 E A Egste] wjdol A7t
["Twin’, 'NNP’, "Twin’] ['helical’, 'NN’, 'helical’] ['strands’, 'NNS’, ’strand’]
["form’, 'NN’, "form’] ['the’, 'DT’, 'the’] ['DNA’, 'NNP’, 'DNA’]
['backbone’, 'NN’, "backbone’]

—

=R
&

AU

%

Zo A= EIAYAE 7 Dol=o Aaz ] wa slale] Tns

A golel JJ(E & Abtaget NN(BAPtagE 7|52 2 319 single Term(©Y
o] )7} multi-word Term(& &) A3

1. tag7} NN f& JJ2 AlFetex S ot}

2. NNoz Ajztg 79 dA]o] Sxo| F71g & multi word® 48 A 2Hgho)
3. multi wordgHA<gol™ o3 tagZ’t NN 45+ @A dolE 4ol TR
F7hE & A Y Rl E AR g @ol9 tagE dfeteith

4. 39 #A 5 A ?_}01—4 tag7} NNo| ofd Z-¢ o] d7}x] ¢ &oi7} 2014 o]
AIAE vpofstar dAlo] RO FrFgth NN 455 39 34 & whEdich
5. 19 #AFoA JJ= /\]3}@ a5 s

6. JJol 5 o9 tagZt NN ¢ dA7tA &ojF oz Frkstar A4S
T U ©olE gfeksith

ek ge AxE Fd i FRESE FEola Mo FEAATFT

multi-word Term®] A4%¥ 7-% multi-word Term= 743} single Term(1)3}
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multi-word Term(2,3) Zt7t& 2% #2352 3t} o8 o] "Recombinant
DNA"¢} 22 A9+ o5 o] At s gho)

“Recombinant DNA“ = [DNA, Recombinant DNA]
dio] & T HLRFE ol§3 Yy AA dAE AT [F 3-3]2
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[ 3-3J"M O HE ™ (Term filtering )

Single Term frequency(Single Term) = 4
Multi Term 1<Multi Number <5

single Term¢%! 7-f-oll & A WXEF7}F 43] o]l A5&
multi-word{] 7d-5-ol& 10148 o]Aolm 4014 olgt2 T4 multi-wordd 7 -$-
S A2 Aok multi-word terme] A B9 LF{FY EEFEF HH
o /] wikipedia®| EAstE %, 29| I =45, AFHAE tagging
reperence®] IL-FHALEC] noiseE WA AT Hdudsle] thgo] o]dE A=

multi-word+ A 2] 5} St}

i
B
)

[E 3-4] single Term

Term freq Multi number
DNA 269 1
base 73 1
strand 69 1
sequence 69 1
protein 48 1
information 41 1
RNA 40 1
gene 32 1
structure 31 1
chromosome 29 1
enzyme 26 1
helix 25 1
transcription 25 1
cell 25 1

[% 3-4]% 97]dvele] DNAEA F 300708 ¥4l W3t single Termel thal
A HEHEE A8 & F 85071194 Aolg WEg g Akeed 93 9] 14709
Aig Hola it} [# 3-5]l¥ YEF UEHAwe=z AHed multi-word Term?]
ol &t A }elrt.



[E 3-5] multi-word Term

Term freq Multi number
double helix 10
DNA replication 10
hydrogen bonds 9

genetic information
DNA strands
DNA sequence

base pairs

transcription factors

DNA nanotechnology

A O O N N ©
PN N N PO NN NN N

DNA-binding proteins

Aol A5H7E 98 78 t)ole] Term Extraction®Ao] 7]1<&¥ external
link® S5 &% 0] 9 Translated LABY term extraction =79} H|1E 7S 43
=

d. Term extraction® 2¥u)w

Translated lab®] term Findere}e] ®Hlul H7}E fl3] 17| tole] "DNA A
A FE EHLERE FEI AARE dHugdez HMASHET. Translated
lab term Finder[6]l:= W] EAHTLZHEH GlossaryE A5 $13
Translated labolA] e =32 BEAGA 7192 SXHH7IE T8 Googles 9
A w3 A A3E HATE Term Finderws &80 F&& 913
Poisson 7418 wWZm Maximum Likelihood Estimation®} ¢F 100%F o] o] A&
E3ste H-A1E9 Inverse Document frequenceZ ©]&3tth o] 2 E&) Axkd A
$1 20708 HEEE HAFEH. diLgojete Hlumstozx 58 4oyt 4
u sl AE setstr] s A3E s Btk Ad= (% 3613 2k
gl ofo] Exlele @ole OxA] sl EAlehA] ot Ao
SRt Ao e dolE #27] skSth. Term Finderg 7|22 Hlu A3
°F 70%° Hg&S HATH



[E 3-6] Term Finder2te| H|id

Term Finder A

hydrogen peroxide produce hydrogen peroxide

including dna replication dna replication

lambda repressor 0
helix—turn—helix transcription

repressor helix—turn—helix 0
transcription factor

regulating gene expression gene expression

pyrene diol epoxide

pentose sugar ribose

pentose five—carbon sugar

double helix

dna x-ray diffraction

high—energy electromagnetic
radiation

dna supercoil dna

methylated cytosines

codons signifying

artificial nucleic acid ucleic acid

imprinting transcriptional

cytosine methylation

bind single-stranded

ethidium bromide

O |O]O|0O|X|2|X|0O|0] O |O|0|0|0|0

single—stranded
telomere dna

% FEIL HAAAE BEU B A

star 71 el dislAE link grammaro] A #43 + lE
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o

1 B 5 ook gebA oIl BASE 54 AU wEon TA4Rd
H

A=kt wwdl A fEALE Bel] 913 anaphora resolution® Z2 Al
Brel PAE 0FA Rtk V1Ee] APHYYE HEE F ARV o] 47
o 54 ojF%o] MANS u BT & Ut APe [ 3719 2o
(% 3-7] 2222 =
e ER
(1) HAIR + ZAHUHE AL +verb
(2) ‘comma’ + ZHHE AL or (while,so)
(3) It + verb(verb # beSAf)
(1): <NN + #A g Ab+verb>
WA HEAE 2k o139 tagZt No& AZAek= HAF Fefolal #AAHAR]
(who, which, it, that)s ] AF&5W FAHverb)7} 2dste 7 -Fol& TANBALE
ol o] &<l WA= diAgtl U oAU ES Febd ¢ EAAS T

"protein sequence in a process called translation which depends on the same
interaction between RNA” ¢} &2 abo] ¥ASI% S w, "protein sequence in a
process called translation” I “translation depends on the same interaction
between RNA” ¢l 2&-4o 2 #33t = v

(2): <‘comma'+ FAHHAL or while,so>

‘comma’ thel 2= BAEARY] ¢ ‘comma’ ol WA E H&ol®m #
=

"DNA helix is duplicated on each strand, which is vital in DNA replication.” <}
Ze FxFol BASHYE S W, "DNA helix is duplicated on each strand” %33

i
roh

"each strand is vital in DNA replication”® #3 3 4 gt}

‘comma’ ol 2+ while, so®t &2 AT B3 U|E @A E A

M

"DNA binding to a complex of small basic proteins called histones, while in
prokaryotes multiple types of proteins are involved.”¢} #-& #7o] FolH L i,

"DNA binding to a complex of small basic proteins called histones” ¢t



prokaryotes multiple types of proteins are involved’® &%t}

(3): < It + verb(verb = besAb) >

e A ofH Ito] AMgE A g0l Ite] 71 7E Folr) ol dE Y Foie
A dgstal It ol M Folde] WAL R dASIATE it ol %o FALL iset
4 Agole 7hEolet e q98E sk AeE agste 9w SRS Ag-vhe
iAol 2 ARE8} T

"HIV-1 is thought to have originated in southern Cameroon. It evolved from
a Simian Immunodeficiency Virus SIVepz.” ¢ 3o A It o4 #-32] HIV-1
o7 fAEr

(¢]

il

AA7MA= AT FEDAE Y7o EARFYH #HoE FEotal o
E nte o g ANEAE FEohE BFAE UFAh o A S 4 BEE
e FEE AMEAS Link grammar ParserE 53] 342 7x3}5laL o2

-111
o,
=
=)
@

o
o
.
o
rir
M

goll sl 77t



IV. Link grammarE °]-&3 34 2 NIdF=

2 G B Ao A Aoreh= wWHQl Link grammar®] Link Pathe] 3 &l
A4S F8) Triple® Adslal o]& ERFeke W didlA 7legth Link
grammar®] 57Z o]83dte] 7|ES Fol-AMEo|-H ol HIsH EE o]9
of Ttk #A Y Triplegs F&30h

¢

A. Patten”] ¥t Triple %

W Ao A+ Link grammar parsers ©]&35te] EAAS Fx3 il Link
grammar® Link#A4|E E438te] Tripleg A%l o] =98] Triples Aot
Link grammaro] 4] 2 2:0]3= Link Ao ts] A3}

1. Triple ¥ Link #AA 9]

2 dTelA FE Tripled 8l2Eo A [S-A #A|9 s % 2 o3k 7]
=4 545 RT3l

1. IS-A Triple (IS-A triple): IS-A #AE Bdst= [F9e], TARE, st9 ]
o Al A LA E 7HK Tripleg® 23t 2 Aol Fxstd B IS-A
AAZS HEe o838t Triple2 FE3L olE E9], %
helix is stabilized by hydrogen bonds”ol4] IS-A #AE £$ Triple [be
stabilized by, DNA double helix, hydrogen bondsl]& F &3t}

Aol 2. #A EE (relational expression): IS-A Tripleol| 4 s} glo] e A9l A}
olo] omAQl FAAle] thgh AojAQl HAE EITE Y oolA #A EH “be
stabilized by’ “DNA double helix” ¢} “hydrogen bonds”Ale]e] #AE o] Ao
2 xgsha vk



Aol 3. #A ¥l (relation instance): IS-A A A [F9] o], ¢l e
et} 99 oo A [DNA double helix, hydrogen bondslE % 7)¢] 34 <912#®
zolth #A A~ElAE [S-A Tripled 127} dth

Link¥# 74+ Link grammarit-4o|4] ©@olE Alo]e] #AE R HI= 7]Zolth

2 AFelAE o Link#A Y] ¢4 2 23S T3l Tripled% 732 A4t
[E 4-1] Link grammar2 Link2tA|
S FH-S Al O SAH-=F0N
M YA (EXIALR, B2AR ) MV SA=8X| At
J HXIA-H X AS 2= 0f OF S Ab—of
P beS Al- 2 0] A S A-S A
N ZSM-2F 0 (nhot) MX HALSAN 2 AZE 2
[ 4-1]= & =idA F2 ol&st7] Y% Link#dAlEE Wbl glvh Link

grammar®l| A A%t Link# A& &84S 983 Fx23s5t7] YA dEF= 100
o7l Link#AE AYstar k. Z2be] Link#Artoh AFH oz 37] o] 449
Lowcase Link#A S 7}A]a1 Q7] wjiEo] 428 AAstA Fx38F & 4 )

F2al7] 98] AA LinkeA 5 9 714 8

Link# A 22 249 ¥ 498 Linksl el (24219 2th o]
99 A linksh AR A} P8 ke

A A AL HHe1E FushE ] linkse) BAE Fa) Tripled

saz

2 Aol vk & dATdlMe g2 Aol g x2k o)
7 29 B dolE yehal getEth o & o] Sy xE Fo



[ 4-2] Link =&

link—=Path

® 8 -0 (-Mp-J) ,(8-MV -J)
@ S -OF-J

® S -P -MV- O, (J), (Mp-J)

@ if x (S N Mp) then select Mp-link

® ifx (S N MX)): =0{-S(x), MX(y)

® A-Mp-J-(Mg)Mv-O(OF-J) , A-Mv=(MV)-J, A-(Mv)Mg-O(OF-J)

@ S(if y has | and N(yE S) =N =l -O(MV -J)

(1. S -0 (-Mp-J) I

S-0 links= 7F4 712F 9 gy 7 Fo]l EA} o},
O-link®] y(y€0)°l ajdste @oj7} AAA & Fuksl= M LinkE 7FA a1 3l
i vhAl AR ARe] A o1l | link 7HAE El o]
£ FHske A/ANYAE 7 AW A/gAE Ul GEA, %2 vE
W Dmen 28 7FAaL dobd HA4 0l o) QA A2 EFAZIT 5 140
QA @il Aol HAAL FUF 2= AR Fetshr] f1ske] S-MV-JHE R AL
3} t}F. "Nucleobases are heterocyclic aromatic organic compounds”#t< 74 °]
Folfl& 7% Link grammar Parserg ©]83% &4 v&3h= (219 4-113 2t

TZ23" B3 g3 £ wEl Spx{(Nucleohases, are), Optlare, compound),

Acheterocyclic, compound), A(aromatic, compound), A(organic, compound) link&

Ll
ot
oo
_0|L
R
®)
o,

F

I,

X

o] WAE S-O HEE 53] (Necleobases, are, heterocyclic aromatic organic

compounds)®] TripleE 5% & 4 gith



- A
= 5 =
* o A
f_/‘ ,/'J e ., i
Spx / z T 3
2B / - AN
] { / - &
Nucleobases are heterocyclic aromatic organic compounds

(28 4-1] S-O link o=

(2). S-OF-] ##¥

2 A Fx3td THALERE ofdAAE BaR e FAFEENH HAAAL
o] BAolZ slotale] Tripled FE3}7] 93] 448G of AXALE Hets EAF
consist of, made of, proud of 59 AL} A2V 2R ofe} A4HE ] LinkE
& mierer 4= 9t} [1¥ 4-2]91 41 "DNA consists of two long polymers of
simple units called nucleotides”#+= 7o e F+23E Holx1 gt}

rC
Ho 2

o

=5
Ss of Dmc AN
R R N
DNA consist of two long polymers

(28 4-2] S-OF-J link =( &
§ ®4e] Link¥# A= Ss(DNA, consists), OF(consists, of), J(of, polymers),

A(long, polymers), Mp(polymers,of) & 2% 347} 45 AL 535 (DNA,
consists of, long polymers)2] TripleE A4 gt}



(3). S -P -MV -0, (), (Mp-]) #H&

TEH TV besAet RHojeto] AAE &3 Triples FE=3oh [19H4-3]12
"The DNA double helix is stabilized by hydrogen bonds”i-#Fel & F+x3}d
Ane e glen of Link#A® 28 4 .

AN s
i\f\ S Py MVp 3 AN
DNA || double helix is ' stabilized by hydrogen || bond

(23 4-3] S-P-MV-J link={ &

S(DNA double helix, is) , Pv(s, stabilized), MV(stabilized, by), J(by, bond),

AN(hydrogen, bond)E €& U2 olE T3 Triple(DNA double helix, is
stabilized by, hydrogen bond)& F%& o 4 Ut}

(4). if x (S N Mp) then select Mp-link ¥ &l

Mpt [E 4-119 M link®] & $FE 9Absh 0% $45= A4 78 a3
hE stebgt o] A%o]

= Link3#A olth 123H9 link #AE2 S link(F0]-&4

R

Alge R § BHol% Fu AW S linkst AAATE %

o]d & gth ol¥ e A$olE= S linkd] FoI7b 7hAlE Mp linkE webA] Foj2
ABgsteh, dAA e A4 JFE Mpe F2 HAAAN %W}XU} ojn 7} FAH=
A7 Bk mepA] S link WA link7F Sy ol 7tA & = &t} o}

& strandZF ©]d] &3} [ 4-4]% "the backbone of the DNA strand is
made from alternating phosphate and sugar residues” %739 d¥-E Parsingdt

HAE vERR L



D /M T AT
T e e F o R Y
™, ‘Ui/ ), /[ o B! \
the Back bone of the DNA strand is

(323 4-4] (S n Mp) linkz &
A FFolA Fole= S link®He wEbd A -$-ol& Fo{ backboneolth 181}t
ge]l sk Fo]= “the backbone of the DNA strand“e]th. whebA] S(xy)el x

7} Mp linkE 7}A3 9+ Z-$ols Mp LinkE A"Hst=zl0] 202 Foj7l &

(5). if x (S N MX): FelS(x), MX(y) 8
Fole] Wol7} ‘comma'® V1EOE TE wol® 9A sm dd Fole )%
& wA stersta 247be] Folo] W8] Triple FE3HAT

55 Ost_
’} 't =3 _-\----\:Il
Ribonucleic acid RNA is acid polymer

(33 4-5] MX IInkE Z&5t= linkm &

[729 4-5]°l 41+ "Ribonucleic acid, or RNA, is a nucleic acid polymer” -+
Tgel 723 A%E g o® vepa ot A31E 841 (Ribonucleic acid,

[e]

is, acid polymer), (RNA, is, acid polymer) ¥ 712 Triples FZ3tch



(6). A-Mp-J-(Mg)Mv-O(OF-]) , A-Mv-(MV)-], A-(Mv)Mg-O(OF-]) &

SH7EA 9] ZF HElEo] S-linkE WY Triple2 AlZslsth ol el &
ZUle] € LinkE A" 22 Triple® F&317] 918 ddo|t. AXA Y EAMES
FRketE PALE FoIRIEH AR FEStL EAMTE S dolEs AMsol(#A)=E
St TripleE F=6ls 27152 vehlaz vk [1¥ 4-6]2 "DNA consists of
two long polymers of simple units called nucleotides” #=73& F+%3} sl glal 2
¥ g Elo] 9 s)(DNA, consist of, long polymers)Triple2 F%% 4 23, Allong
polymer] Mplpolymers of] Jlof units] Alsimple units] Mvlunits called] Oplcalled

nucleotides] 2455 (long polymers of simple unit, called, nucleotides)$! TripleZ

BT & ek

Js

Ss of Dmc AN
DNA consist of two long | | polymers
Jp Ob
A Mp — P
long | | polymers of simple unit called nucleotides

(22! 4-6] S linke| Tripledd =&

(7). SGf y(y€ S) has I and N then S -N -1 ~-OMV -]) =&
e Folo] Meolrt HAE Edtsta e AT =2
of th&el &= FAHol #A N, FAAL #A I& &34 2 549 XMEol&s

7] 91 A S e

I 534 A BAEHE 254 B "To"9r 924+ Link @HAlolt) o=
ol“you MUST DO it”, “I want TO DO it"e|A thEAZE #E7]8 &3 2o
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DNA does not exist as a single molecule

(2% 4-7] FHA7F Z&E linkaf &

[2¥8 4-7]% “In living organisms DNA does not usually exist as a single
molecule”l| w3 & FX3E YEtlaL glow [2¥ 4-7]9] linkdHAE F¥E
), S FARS doeso] AW doser ZEALE TripleZ+ H4% sit). Jui & zh=
#HAE 1 link=2 2% existo]th, wheba] FAHoj7F xgd FAA] TripleE &
sz 918 S(y)7F N-linkgE 7FA& 4-F% Sx)E T2 7FAa Sy)7t 7H &
N F (%) linkE @A =Z v}bo}ste] TripleE A4 g}

[ 4-3le A= 9 HEe 538 TripleE &3 435 Holx Qth

[ 4-3] sf&ol ofsf ddE Triple

:

i

=] Term(subject) Relation(predicate) Term(object)
heterocyclic aromatic organic
(1) Nucleobases are compounds
(2) DNA consist of two long polymers
(3) DNA double helix is stabilized by hydrogen bond
the backbone of
the is made from alternating phosphate
4) DNA strand
the backbone of
the is made from sugar residues
DNA strand
(5) Ribonucleic acid is acid polymer
RNA is acid polymer
(6) long polymer of called nucleotides
simple unit
(7) DNA does not exist as a single molecule
2 Ao A+ Link grammar parsers E3 7+&3td Sd o2 HH Triple
A%k HEHL AHostHa THLZEEH b HHo] ME TripleEg FE3IA
& A< Triple$) 8} ZEoAE Triplegel 7EA& Foste Fak7F &
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Link grammar H¥-2 %538 FE3 TripleE2 ZHSHo] YA 7] u&Fo
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7 =2 0% Triple? 93 & da7) gt

1. 334X F 715A 4

B A M= BAle] AT AREE ol &ste] £HE etk

p(X,Y)

PMI(X,Y) = log, (m )

Pointwise Mutual Information(PMI)&= B o]Zo v} %A 8 Kolor F ALA
o HHAFE HAHE HE AFEHT WHoEA X9 Yo d#go] & E =2
e VAL AdAel HE FE U2 e 2 drhl18] B =AM E &9
Triple®] A&7t thst st Ed 34 vUegss JEE7F & #AE
gAdsta dvkar st

/ _ V(plany)
PMI(x’y)(yERList,:I:E CList) — log (1 + Z 1( p(x)p(y) )
(1) Triple®] Z+ #A|(Mso])Ed MIFEAE 3517 93 4 o|th 9

AolA x= sk ol AF(CList) el faolm yi= Asol & (RLIsH)S] 945 o
Bt} & A&olet UHE Tripled) RE A28 AZ7MY) A AR IS HEF gho
e Triplee] 7FeA 2 ol & ¥tt 18 W ¢ 1Y 2ASE ol logle=
22w o] WAE i A 0B wy| odle|t]
PMI9] 7} & A4 AA| Tripled A xy7F Z&A 4
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freq(z) < 2 andfreq(y) <2: T=0
(2)
_pzny)
= (p(m)p(y) )

Q719 tjole] DNAH Ao A &3 Triple PMIZVEA & F3 ¢93bsh 5 1
d dzdzet A FETE S [ 4-4]e0M Kela 9}

(¥ 4-4] PMI 7t& |

Relation PMI Instance—Related
bind 8.39231742278 DNA-binding proteins single—stranded
DNA
provid for 8.39231742278 double-stranded DNA replication
structure of DNA
curl in 8.39231742278 single—stranded DNA long circle
is stabilize by 8.39231742278 DNA double helix hydrogen bonds
read 8.13014150852 ribosome RNA sequence by
base—pairing
function in 7.80950019389 DNA polymerases large complex
play in 7.61777354253 non—coding DNA chromosomes
sequences
read 7.49226760432 ribosome messenger RNA
bind to 7.19147053172 transcription factor particular of DNA
sequences
use 6.9844184588 chromosome ends enzyme
telomerase
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Tm'ple (.’E) = E Md(‘r )1:6 instance, Md(z)€E [0,1] (2)

=1

2)= ZF 12" aE3 o] dojE o] 2~e uste] Qv oy} 4
2 EAsE Aol 7EAE FASAT Mdx)E odseh wdd 4]
Term Frequencyelth. 1=®27F 4ol E WEsAAv 34 o] %!
% daole] TF 7[5 & ¥-of gt}

[ 3-4]l A<= Triplell ZF J=®1 259 TR Mdx)#e #=dd 7 Triple
of Fojsle] =913 3 A3E Holi 9t} Related relatione 3% Triple2]
HAasd @y fAo|th

N

>

(£ 4-5] TF 7}5%

Related relation TF Md(x)
can bind to 0.0626865671642 0.00233918128655
organize 0.0582089552239 0.00233918128655
cut 0.0477611940299 0.00701754385965
copy into 0.0507462686567 0.00350877192982
consist of 0.0477611940299 0.0046783625731
is 0.0477611940299 0.0046783625731
organize 0.0477611940299 0.00350877192982
compact 0.0477611940299 0.00350877192982
is organ into 0.0462686567164 0.0046783625731
Ao} ThsA SAAHRE F =9ste] Triples w93t @t} «©93td Triple®
BAt IAHAE 252X G0l vhA g § A3} Jh
2 AolMe IHEAES Link grammar Parserg ©|-&sto 1345 el

&
5
Tripleg FZ3F9th 283l 583 Triplews 22 93} 7] 9

2 Hlgow 3l 41
PMIE o]&% S4WHIA TF, 4o ool ~s o] &3 7[5AE& FHEsty
THEE st s FAoAe 222X A4S 9 Triplegg 2224 4

of StAl Aefstar ol& A3 sk Wl dis) Y gk



V. 252X A4 9 Visualization

A4357] falA dreagd U £42 Aosta

o) gatr] Slsl LEmA G4
$18) Triple®] $12®l2e] of
39l sk

ot S \

Source

Source—natural

organism

microorganism, Virus, Tissue,
Cell component, Other Organism

Substance

Physical_entity

Substance-Compound

Amino_acid Protein, peptide, Other Amino_acid
e Ee s CD)lt\lhAe,r i‘ltljél,e&ciggitécleotide, Nucleotide,
Lipid steroid, Other lipid
carbohydrate type of carbohydrate
Substance—Atom type of Atom
psychology_ Symptom type of Symptoms
entity Syndromes type of Syndromes

Activity type

Dynamics property

Expression type

Location property

Location type

Property_entity

Amount property

Amount type

Function type

Function Property

Signal type




B AP dE [F 5-1]17 Zo] clxaelx BF 7|58 XA, biology =4
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3
o7 F5F staen 74 FH2Y SAEFH iAot 2w A 69l

= 221 physical,
psychology, property entity® Wil ZzFe] stiE g~k £48 AAs
ol~® A~ DNA+ [3% 5-11914] Nucleic_acid®] H-F42 & & vt 22 %9
7w Ao RE JA2vs HAd dE EF7F Brbssith ol SlE $1714]
tjol9] infobox®} navboxE Frashe] Zde] oish /& Al g
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Human immunodeficiency virus

Group: Group VI (SsRNA-RT virus)

Virus classification Family: Retroviridae

Genus: Lentivirus

) Human immunodeficiency virus 1
Species

Human immunodeficiency virus 2

[ 5-2]+ Wikipedia 4% HIVY infobox® £4-8 eI} infoboxs 714
o] £412 ylotslr] 93] infobox tagE = table head(th)@r heady] (td)tag®] text
wke- o] g3ltl. 9] [E 5-2]dAE #FH=0] table headolx -3 F-Eo] td tagd]
texte] T}, infobox9] AR E %3] HIVE virusel 8= /US4 4 ok

infobox table class7} EAstA] &+ ©@olo] tfs|Al & nav-box table classE& ©]
golo £A4S ddstEE gk

navhboxol| A= FATdo]Eolvt Y, YA dEEoly #AHHHA &=
tagE (title tag, W&, link tag)e] < £A5}9] noise® 2H&35}al 7] o
gletol Hx| ¢kl SFAIRF navboxWlol Al dlE &ofo] et X HL strong class®
FxE star k. wEbA B Ao = strong class tag®t WH-9] title tagEe-
&3 Zara}t shEwol o noises HA3 she WEoE N vhohs Fagith

[ 5-3]2 DNA$ navboxE YEU L th. %5 &3] DNAS AHEsh xdS

Deoxyribonucleic acid¥l-2 3}o}& = 9131 DNAT nucleic_acid typed S & 4
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[Z 5-3] DNAZQ| navbox &4

<table class= <td class="navbox—-group"> <td class=

"navbox"> <strong class="selflink"> "navbox-list">
Complementary DNA
CpDNA

;yupcele?cf acids Deoxyribonucleic acids f/lil?iéopy
single—stranded_DNA
Mitochondrial DNA

2 Ao+ Tripled] <
8 ol m A 9719 ]ole] infobox®t navboxE ©]-&3}
Triple®] #AE & F7E Pt

sHzgY el RERA AYF £42 H57)
[e)

27 BAES LE2A L 9o LR Aay AEe Foan
shel vl #AEY AFEL shebel

A
= |
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Definition

<Object: component>
S Equal
<Collection: member> o
simility

) . {_ < w

| PART_OF J

‘ Observation ‘

{ Causal l
v Ty

Change Spatial
Condition Temporal

[ —
o

(28! 5-1] 2A

=

IS -A, PART_OF, Causal, Observation®. = i+
Aeolstar vt Triple®] Aol F&3 Fod 4 AF 7 #AE
o] Triple®] #AE A st}

[3 5-4]& 74" sty #A sigdaAel 23 73 o5 vehda 9

ot



(% 5-4] 2A £4& Hof

&2 SA o9l SciA =4
define is, called, known, define, identify
IS_A equal equal, encode, corefer, compare
- similar, sgsimilar,
simility stsimilar, fnsimilar
. involve, F-contain, substructure, contain,
PART_OF SR e part, mutualcomplex
collection:member member, kind, type, consist
cause, participate
change mutual-affect, affect, interact, provide, make,
use
_ - depolymerize, cleave, disrupt, unbind,
change-physical disassemble
_ ; - modify,  add,  acetylate,
change—-physical Modification dephosphorylate, remove
Causal _ : attach, cross—link,
change-physical Assemble polymerize, assemble, bind
_ : inactivate, halt, inhibit, downregulate,
change—dynamics suppress, form
change—amount increase, decrease
change-location localize-to, localize, locate
condition condition, trigger, control, modulate, read
corelate, coregulate, transition
. - localize, coprecipitate, presence, absence,
Observation spatial within
Temporal coexpress, cooccur

R

Aol 1 oahg Fes 1Yw S
S 9 xY HHEF vHste] dA
S 49 2oag e ANEA g BA aAE Faeld &) )

Zeth & formed by@r 2o 7o formede 712 H9l forme E3| causal -

[ 54l 7+ #AEL Hd 9
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A eEzA FAL MAT 2= 9o o niE o



B. vlEtdolg AA

B A ME old BAE B Aol AWt BAEL o g5l veuolHE
gaste gl MedelHE A4s: wAE g M LE2A g4 B
AR AsEag B v AR #A 2 QxEs BFE dedoly
Foow x@Feh= ok

£2¥ml wversion="1.0" encoding="UTF-8"3%>

<ontology type="Relationship">
<ontology tvpe="Entity">
“Sentences>

fﬁblclnfe:4

(28 5-2] HlEtEole &4 Hof

5-21= vleldglolge &3 #A, xrEA FAo] waE veha 9k
Aegat 2t Boae Fas) BAED 45 Esden 9179
AS A 2+3) 817 Yea] =&

Ao o]d7kA VeHAY #A} JA2vAES HEHolE A A s
= FRoltt. #AEFE [E 5419 7 FuHE vedHelHE lsdth (19
5-312 #FAlel gt yeduHE Heolm vt #IAlE sy FH2E ISA
PART_OF, Causal, Observation®] ¢lowW Z+z+e] 319 #AE reltypel® X Es)
a1 &A418 Ve vl predicate® X ASFH TR A3} L2 g o A= predicate
name¥ FE¥ Triple?] Meol& wlH oho] AxBIAZbe] £48 vfeotel=s &

o,



£2xml wersion="1.0" encoding="UTF-8"2>
Hl <bicinfers>

<ontology type="Relationship">
vreltype name="Relationship">
<reltype name="IS5 A"
<reltype name="PART OF">
<reltype name="Caun=zal">
<predicate name="CAOSE" />
<predicate name="PARTICIPATE"/>
<predicate name="XOR"/>

<reltype name="Change">
<predicate name="MUTUAL-AFFECT" />
<predicate name="AFFECT"/>
<predicate name="INTERACT"/>
<reltype name="Physical">

«reltype name="Dynamics">

<reltype name="Amoont" >

«reltype name="Location">

(28 5-3] ol EtEl| ol & (A & 2l)

QB 2= Tripled] A&olz2 AFE MAZ A2Elx Fejao] A5ty #AE
e V|Fo 7 TSI CW "entitytype name’S HI|A HFeHT QA
o 7leW8e[2d 5-412 [ 5-11¢] &l SHA J12' 2o 548 7|&dh
entitytype name} |l QAT o] HAS dodint



<ontology type="Entity">
<entitytype name="Entity">
<entitytype name="Phy=ical entity">
<entitytype name="Sonrce">
<entitytype name="Natural">

<entitytype name="0Organism">

— <entitytvpe name="microorganism">
i </entitytype>

= <entitytype name="Virns">

m </entitytypel>

= <entityvtyvpe name="Tissoe">

i </entitytype>

= <entitytype name="Cell component">>

</entitytype>
= <entitytype name="0ther Organi=m">

</entitytype>
£ <fentitytype>

r <fentitytype>

" </entitytype>

[Ex| <entitytype name="Substance">

(28 5-4] HEHOlH (I AHA Ho)
Bee Bl o@ e BAe) PR gor AZsE a neid)
© Y=Y Triples] 9126129} vl shefo] ojs] 4] oh

2. Triple W Linke} #AAA

2 HAAE Fold 2EEA FA4ES v"g o= Triplee]l F2% 780 oA
78l s Fa EAUEe Roly]l 8 Tripleel &9 33 TripleA %=,
ae]al AlAstel A AMEE BAleL £A S letstr] 9g Fie dis) 7]e gk
[1¥ 55l & EE3td &d-s WEdolHel Ysshs #3A S Holal it
ZF 7ol A Link grammar parserE 53] A4 %= Triple2 RAF7] 98t 7}
FHA EAe B5E3) gt dojdz EFd oo Az ¢XE ZH7h 7)E
7led @olE e o ® Triple?] #A9 Links A4d gttt



{sentence id ="4"

origText=

<token id="t.4.0" charOffsec="Qg">

<subtoken id="st.4.0.0" text="The"/>
</token>
<token id ="t.4.1" charOffset="4">

<subtoken id="st.4.1.0" text="double-stranded"/>
</token>
<token id ="t.4.2" charOffset="20">

<subtoken id="st.4.2.0" text="structure"/>
</token>

<token id ="¢.

<subtoken
</token>

<token id ="t.

<subtoken

4.3" charOffsec="30">
id="s5t.4.3.0" text="of"/>

4.4" charOffset="33">
id="st.4.4.0" text="DNA"/>

"The double-stranded structure of DHA

(28 5-5] HlEtH olef(2 & EE &

el gk sl ey el 4% Tripled]

% Link grammar parser=
glets Fasttl. [1Y 5-6]2 Triple®] #AI9F 42 7+

shels} 27 = 74
o] o}.
centity id="e.l.0" type="Protein">
<nestedsubtoken id="st.1.0.0"/>
<nestedsubtoken id="=t.1.1.0"/>
</entity>

<entity id="e.1l.1" type="RELATIONSHIF TEXTBINDING":>
<nestedsubtoken id="st.1.3.0"/>

</entity>

Lentity id="e.l1l.2" type="DNA">
<nestedsubtoken id="=st.1.4.0"/>
<ne=stedsubtoken id="=t.1.5.0"/>

</entity>

[22! 5-6] HEIHO|E{(SIAEHAZE I

—

-—

A& el)

Link grammar parsersS %3] @9Ed Tripled 1A®lxo] £428 7|&6hal 2~
B2 o2 dAstE #AE AP ste] 7]48t)l ‘nestedsubtoken’ & AU ol A
ol~¥l 29t WEy subtokene WERM entity typed C1ARFIAE v s B



Faet vWiAste] mletd #AE 7|« drh. ‘RELATIONSHIP_TEXTBINDING' <
Triple®] QI2HAEES dAdsts #AE AAS st Ut #A= o (17 5-7]
& &AM £A43) shal TEg

<linkages>

<linkage type="serial">
<link type="AN" tokenl="t.1.0" tokenX="t.1.1"
<link type="5p" tokenl="t.1.1" tokenZ="f.1.3"
<link type="E" tokenl="E.1.27" token2="E.1.37 .
<link type="0=" tokenl="t.1.3" takenZ="t.1.5"
<link type="Ah" tokenl="t.1.4" tokenZz="t.1.5"
</linkage>
</ linkages»
<formmlas>
<formmlax>
<relnode entity="e.1.1" predicate="ASSEMBLE" >
<entitynode entity="e.1.0"/>
<entitynode entity="e.l.2"/>

(28 5-7] HlEHH Ol & (Link2t ZA-&H 7|=)

Tx3 @ 3o LinkdAlE 98] ‘Linkages type' 2 7]&3F3 ‘link type'S %
d  link#Ale]  FF ol¢}  HAlE wolEE stk ‘fomulars'el A=
‘RELATIONSHIP_TEXTBINDING' 2.2 7= A da) vz Aoz #AAEF
xok mAste] £48 vetsta olF e skt Tripleel A" 2F &7 o
A wWEtHlolHE o]& 7]wote] vWEH I HE &%t dd WEdH olHE o

A AgstE Fal xdAelxIth

C. ANzt 3}
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578 st Aoz o A4 dedeldE ol gatel AAsee Tz
2 HYIus Ak sl Al tool o §3te] YA ol Aol Ty REQ
Oﬂ

AlZpste]l AL e g vgtelHE st dAlek JIaH s 7 S
HE B AR e vedolH Y FAE WAool Sy F o]l BHA -4 gkt
[2% 5-8l = A3t =52 o] &dte] vgtlely Fdstal vt Y E 7
=3 LinkE ] ‘Linked sentence’ Labele] WERYAL Triple®] #A S Q1AW A
| Z+7+ 'Relationship’# 'Entities’ Labelol] T &% At 1831
3 AREE Ee] eAA R BdEETh

M

g0 "sentence’ Label

o

Dpenl He{pl Quitl Goto | Sentence: 1 [ Linkage type: serial

Linked sentence

Sp——ou. Os——u

|DNA-binding| [proteins | |specifically| |bind| [single-stranded| [DNA|

T | _ i
Relationships | Entities
—— | ~|IDNA-binding proteins (Protein) =
I- bind: ASSEMBLE] —I :

- DNA-binding proteins single-stranded DNA (DNA)

- single-stranded DNA I >
Sentences
1: DNA-binding proteins specifically bind single-stranded DNA =

2: Deoxyribonucleic acid DNA is a nucleic acid
3: the sequence of bases along a DMA strand defines a messenger RNA sequence
4: The double-stranded structure of DNA provides a simple mechanism for DNA rep

4

[ 5-8] 2E2X| Visualization tool

v

7} Labele] digh Aoz [ 5-8lolA & dA 19 &4 digh 2d& e
Y ok o EA&CA AdFHF Triple(DNA-binding proteins, bind,
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A3 2 PCAolM python[24]& o-&ste] & sFth. o = H o] H

H+ wikipedia®]
DNA pageE %3 E£4ES F£393 Link grammar ParserE 53 A"

Triples =$13} stal Al 243} s}t

A 249 R 58 ¥H

g7l goele] html FAZHEH tagE oWl textTAHE A7) 98] pythone

html parser®} Regular expressione ©]-&3}% 0 urlib2 &2 53] htmliiAE

YHE RS oY b JEs FAo

o]E501Y tagE AAstn HA2ED} gt}

S|
2 Fx3} Hol A &7 W AarA 2dEe AA [E 6-1F 2ol £ @
B2 EFI
[ 6-1] 22 Y7t ¥DelE
sentences = nltk.sent_tokenize(data)
/] E2gd9s 28Uz 2
for sentence in sentences:
if sentence ==""
continue
else:
Tsen =re.sub("(W[+Wd+W])", "', sentence)
Tsen =re.sub("["a-z', W"'W- A-Z',.W- 0-9]+", " ", Tsen)
Tsen = re.sub("[ Wnl+", " ", Tsen)
// reperence([0],[11)2 S+=2% (?!, ‘'Wn)E M
sentence_dict[index]=Tsen //2& E*?—IE HH & 3t

[ 6-118] 2 T3l B89 &=L (14 6-11¢F 2ok



[= Pydev - html process/src/hitm_to i py - Eclipse Plati E=REEE X

File Edit Source Refactoring Mavigate Search Project
. Pydev Package Explorer 53N\

[;'L Problems E Console 33 :

'DN4A - Wikipedia,
'"The structure of part of a DNA

|Sentence
Sentence
Sencence 'Deoxyribonucleic acid DHNA i=s a

iSentence '"The main role of DNA molecules

= g%~
= w%|EEE
| <terminated= C:#IEEworkspacewhtml processwsrehtml_to txt py

the free encyclopedia DNA From Wikipedia,

Bun Window Help

_»4 = BBz outline 2

Ei=El=

=5

-=n)

the 1|
double helix For other uses, see | |
nucleic acid that contains the ge
is the long-term storage of infor

iSentence 'DHA is often compared to a set of blusprints or a recipe, or a ¢
'"The DNA segments that carry this genetic information are called

DN2A consists of two long polymers of simple units ce

1
2
5 i
e 5
5
|Sentence &
bl

[Sentence 'Chemically,
'The=e two sStrands run in opposite directions to each other and
'Attached to sach sugar i=s one of four types of molecules called
'It is the sequence of these four bases along the backbone that
'"Thi= information is read using the genetic code, which specifie
'"The code is read by copying stretches of DNA into the related r
'Within cells, DNA is organized into long structures called chre
'These chromosomes are duplicated before cells divide, in a proc
'Eukaryotic organisms animals, plants, fungi, and protists store
16: ' In contrast, prokaryotes bacteria and archaea store their DNHA
'Within the chromosomes,

j|Sentence z
ISentence
Sentence
|Sentence
{Sentence
fSentence
|Sentence
fSentence
jSentence
|Sentence
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chromatin protein=s such as histones con -

EA}
A
B

SEARCH and tag.startswith('N'): //stateJt searchOl1) tagJt
/] multi—-word 20 E 451D
/B8N 20, 3AZ2 NE

//searchOl{ tagdt JJQ! B
// multi-word EHE &Mt <

= =0

if state
state = NOUN
_add(term, norm, multiterm, terms)
elif state SEARCH and tag == 'JJ":
state NOUN
_add(term, norm, multiterm, terms)
elif state NOUN and tag.startswith('N'):// &
_add(term, norm, multiterm, terms) // single-term1t multi-wordZ
elif state == NOUN and not tag.startswith('N"): //multi-word&0{J} Ot!
state = SEARCH /MBS B3t
it len(multiterm) > 1 //&THIXIS 202t multi-wordE =Xl
word = ' "join([word for word, norm in multiterm]) //
terms.setdefault(word, 0) //=JI3t
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(219 6-2]12 9 <agss &3 AHddE AL yehdla itk
Multi_numbers 13 F o|H freqs TV EE Ve

Term v | freq 7| Multi_number K
genetic recombination
nucleoside triphosphats
DNA research

different chromosomes
Holliday junction
genetic information
genetic code
double-strand breaks
linear chromosomes
DNA polymerase

DNA bases

base pair

MM W R W WO Wk N MNN

Milo] 2L ngor Y FAE F 979 ol reperence ©]3dF FE-&
TAolet ) olelg] AtAlslar o 4009379 WAWFE FEeh AMEAE

<  Link grammar parserE ©°]&3}e]  Triple® F=3%t3  pmivalue®t

term_frequency value, Md(x) valueE J-3tAth. 7 #A7 BE JAa2dHAE53 7t
= HEFE gostr] 98] Triple2 A E38)5ke]  instance, relation,
instance-relation®l & - ?*éé}cﬂ 7feAE S48 (R 6-312 PMI 7FeAl &
SA4sl7] 3 dagFs et



(£ 6-3] PMI 7t&5# M4 d1e|E

for entity in instance_relation:

y = entity.strip().split(",") /linstance® relation2 2ol
instance =y[0]; relation = y[1] //2Z SO{E Wt
freq1= fCdist.freq(instance) // plinstance)

freq2 = fRdist.freq(relation) /] p(relation)

freq3 = finstance_relation.freq(entity) // p(instance N relation)

if fCdist.get(instance)<2 and fRdist.get(relation)<2: // 181&I8 |2 S AL
freq_dictlentity]=0 // 0 &

else:
freq_dict[entity] = (freq3/(freqi*freq?2))

7} instance®} relation®] PMIE &4 5 2ol Triple®} vl sle] #A7) &2
G5 TtEAE FAF F F 18 "sle logE AU [2¥ 6-3loA = 7

Termd} Md(x) valueE A% = A4t Tripled 93t WEda o

instance ~ |Relation ~ |instance | PMI ~ | TFreq */MD v |total_value |.1
DNA-binding pro bind single-stranded DN 8392317423 0.00597015 0.012865497 8.411153069
sequence of base defin messenger RNA sec 8392317423 0.00447761 0.012865497  8.409660532
double-stranded provid for DNA replication 8392317423 000597015 0.010526316 8408813888
messenger RNA s defin one or more protei 8.392317423 0.00447761 0.010526316 8.407321351
single-stranded C curl in long circle 8.392317423 0.00597015 0.008187135 8.406474707
DNA double helix is stabil by hydrogen bonds ~ 8.392317423 0.00597015 0.008187135 8406474707
Nucleases hydroly are call exonucleases 8.392317423 0.00298507 0.010526316 8.405828813
genetic recombin can be involv in DNA repair 8.392317423 0.00298507 0.010526316 8.405828813
guanine-rich sequ may stabil chromosome ends 8392317423 0.00597015 0.007017544  8.405305116
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Dpenl Helpl E!uit] Goto JSentence: 4 .’:Linkage type: | zenal
Linked sentence
—— V|
. =5 e
Ah Mp-., s IR

/f'-'__'_fd-'_'_'— -
DNA] [provides] [a] [simple] [mechanism] [for] [DN

i | el

| [The | |double-stranded| |structure |

Relationships | Ertitiess
E ides for: PROVIDE _[ double-stranded structure of DMNA (DMA)
erovides for: | [|{DMA replication (REFLICATION)

- double-stranded structure of DMNA
- DMA replication

Sentences

1: DMA-binding proteins specifically bind single-stranded DMNA

2. Deowyribonucleic acid DMA is a nucleic acid

3.the sequence of bases along a DMA strand defines a messenger RMA sequence

4: The double-stranded structure of DNA provides a simple mechanism for DNA replication

5. messenger RMA sequence then defines one or mare protein sequences *

(22! 6-4] Triple AlZts}

B. Precision Rate®} Recall RateZ %3 37}

Precision Ratet™ HMZAie] Hed-& H7Mshe= o], Recall Ratex= #A] U
fFo| Zolopd RS gl Zlo® B E=RoME DNATA A FE3 a4
THES] ARE xggsla Yriar 7FAHSFAl Precision Rate®} Recall RateE #th
sttt DNA%H oM FHUELHFSRE 3908 EFE FEENeH EHE T
Triple5=% | ®Hel| 28] Tripleo] B4 H 70| & Recall RateE #9stHal

%% Triples A&3 AAE zHE Triple® %3 Precision Rate® #wH3}$dth.
390719 A2 Tripledd #€lol] old) F&¢ A3} 322719 &4ol A Triples
e = Ao Triple2 431718 F=8 + At}

F=d Triple oA aAZF ZXHAY Wgr 5o Fgsts 5719 2xd
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File - Zoom
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Tnem HN mm:-'* is VWP
DNA NNP  molecules NNS 1ﬁmﬁ of IN  information. NNP

Triple] 9012 BAb o]e] 74 91 WATE F9jolz AR At
TE oL BAE #A0], €3 FAF BAT ANATE ol 474

stol Zh HAEE Tripled FE8ilth 4 79 24 7€ v 20

[# 6-4] Tree 44 &

S =&
NP(Y AF) <DTIJJINN> DT=2tAl,JJ=8 Z At NN=T At
VP(S A ) <VB><NP| PP| CLAUSE> VB= S At
PP(& XIAFT) <IN><NP> IN= & XAt
CLAUSE(Z) <NP><VP>

T-9F FAL] AR o]g7 A F 3907 Gl 316709 FFol M Trees A
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