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NTro - Historic Approach

« WordNet based WSD - SSI Algorithm

WordNet 2.0 110,00 concepts

Annotated SemCor, LDC—-DSO0, WordNet glosses,
| \ corpora WordNet usage examples
LD o s mmc Dictionaries of  Oxford Collocations, Longman Language
— 1 collocations Activator, Lexical FreeNet
Domain labels (tourism, zoology. sport, etc).
Oxford collocations, Lexical FreeNet, etc EtC Domain Iabels
77777777 More than 70 millions
person#l {zﬁ) traveler#] transport¥1 S Sopmeiece s—) electricity#1
.Oi\d\“d’or\ o‘()\ e ~
; ¥ o 0% & Y electrica2 \
PR o O:o, . C(o} t devicet1 e
3 ( passenger#l < <~J inter kind-of(_J"\
/'protection#2 o § public 2 \0° °
4 Q % bus#l% ca transport#l  instrurhentation#1 state#4 %P;onnectlon#l % P A 05““'“5"‘31“)’#3
b’k 6 /QS‘ \&has Kinda,~ express#2 -,: Q: z bus#2 300~ con — 'g
/’\’\é& o - ~ : R Y)" gos® tnachine#1
‘ 7, : , . i
*® % 8loss—{ ) vehicle#l ; Vg 3o 2,
covering#2 fOOf#ZO&‘ \&6 %’ . Lo connect10n#2 : {/w‘\é &~ has- kmd>Q
SChOOl bus# lk)"“(\‘zfa ) window#2 ' Umon#4 calculator#2
x,é,« framework#3 )\ c ——
plate g]ass#l % o ¢ A p %
%, 6’° elecmca} device#] 0. asqa o
kmd.of \j° ?,y&t\ ’ Ox‘(s\ circuit#1 \meng#l
pane#l - window frame#1 ' :

R. Navigli, et. al, “Structural Semantic Interconnections: A Knowledge-Based Approach to Word Sense Disambiguation,” [IEEE PAMI, Vol. 27, No. 7, pp. 1075-1086, 2005.
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tro - Historic Approach
« WordNet based WSD - SSI Algorithm

T = [retrospective, work, object , exhibition, life, statue,
Retrospec.tive: “an .exhibition O.f a artist, selection, representative, painting, art]
representative selection of an artist’s
life work.”

I = [retrospective#tl, —, — — — — — —, —, —, —|

P = |work, object, exhibition, lif e, statue, artist, selection,

representative, painting, art|.

I = [retrospective#1, statue#1, artist#1]

P = [work, object, exhibition, life, selection, representative,

painting, art|
Retrospective#1, statue#1, artist#1,

exhibition#2, object#1, art#1,
patinting#1, life#12

k'.'.'l.rl'.{"l') 2
retrospectivest1 ! exhibition#2,

k.'.'l.l'f’l') Ii k.’.’ll’.{’l’) :l
statue#1 — 4 art#1 and statue#1 — f/ object#1.

Work, selection, representative I = [retrospective##], statue#1, artist#1, exhibition#2,
object#1, art#1]

P = [work, life, selection, representative, painting|.

R. Navigli, et. al, “Structural Semantic Interconnections: A Knowledge-Based Approach to Word Sense Disambiguation,” [IEEE PAMI, Vol. 27, No. 7, pp. 1075-1086, 2005.
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b tro - Historic Approach

« WordNet based WSD - SSI Algorithm

Words: |research_:enter researcher paper project Disambiguate

Options: W show interconnections M show confidence factor

SSI output (senses chosen with respect to the WordNet sense inventary):

undertakings™

word _sense _definition of the chosen sense confidence
research_center-n  #1 3 center where research is done 1.00
researcher-n #1  ascientist who devotes himself to doing research 1.00
N a scholarly article describing the results of observations or stating
paper-n =4 hypotheses; "he has written many scientific papers” 0.76
project-n &1 a@ny piece of work that is undertaken or attempted; "he prepared for great 1.00

o

person-n#l

Structural Semantic Interconnection

as- kind

scientist-riel

R. Navigli, et. al, “Structural Semantic Interconnections: A Knowledge-Based Approach to Word Sense Disambiguation,” [IEEE PAMI, Vol. 27, No. 7, pp. 1075-1086, 2005.
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NTro - Historic Approach
« WordNet based WSD — WSD SemNet

medical procedure#1

operation#5

operating room#1

— hospital room#1

Operation is performed g
in operating room. 4=\

people knowledge base

M. Hwang, et. al, “Automatic enrichment of semantic relation network and its application to word sense disambiguation,” [IEEE TKDE, Vol. 23, No. 6, pp. 845-858, 2011.
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NTro - Historic Approach

« WordNet based WSD — WSD SemNet

| Glossary

Semantic
Network

RUN Extractor

| 1. POS Tagger
[ Tglossary™ (pos tagger 2008-05-19)
2. Term Extractor based on Rule

~ 2

glossary ™
noun
list

Word Sense

Glossary Noun List

GNL(suturing#1) = {surface} GNLs |

GNL(brain surgery#1) = {surgical procedure, brain}
GNL(angioplasty#1) = {operation, blood vessel, ... }

Grasping

Integration of NLs
Integration of GNLs
Grasping through Three Steps

Inference Engine

Pertainym Relation Inference
Top-down Inference

inferred
relafi

Semantic Information Processing

*Semantic document indexing
*Semantic document topic detection

*Query expansion

*Ontology extension

*Semantic information retrieval
*Knowledge integration

*Word Sense Disambiguation

eand so on

T eWordNet

Inferred Relations

brake system#1 €< «— brougham#2
computer#1l —e< cd-rom#1
couple#2 —erc family#1
responsibility#3 €<« professor#1

lossary
relations

Glossary Relations

person#1 —9< automobilist#1

beverage#1 —9 abstainer#2

automobile traffic#1 <+ traffic cop#1

arthroscopy#1 9« operating surgeon#1

w

More than 1.7 millions

M. Hwang, et. al, “Automatic enrichment of semantic relation network and its application to word sense disambiguation,” [IEEE TKDE, Vol. 23, No. 6, pp. 845-858, 2011.
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NTro - Historic Approach

« WordNet based WSD — WSD SemNet

Coverage Test

WSD based on SemCor

KB BasicKB  Light KB Heavy KB Ssl Method Total Count Pre.  Recall  F1l
of Concept Pairs '
Coverage 74.25 82.11 89.13 85.45
(%) 444/598 491/598 533/598 511/598 SS| 70,005,325 56.21 95.08 70.65
] The The The 3S| WSD-SemNet with the Basic KB 203,760 56.20 82.33 66.24
Claneggipel s basic  light  heavy KB
love#1-family#1 X 0 0 0 WSD-SemNet with the Light KB 318,160 59.82 86.84 70.84
book#1-desk#1 X O ) 0O
travel#1-tour_guide#1 X X 0 0 WSD-SemNet with the Heavy KB 1,748,627 57.94 92.69 71.31
police#1-traffic#l X X X 0
brougham#2-fan_belt#1 X X 0 X WSD based on Senseval—3
fire_engine#1-fireman#4 X X 0 X
fireman#4-fire#l X X ) 0O KB =
re. Recall F1
home#1-marriage#1 0 0 0 X
crop#1-growing_season#1 X 0] o] X .
emergency#1-fire#1 0 0 0 X The basic 70.3 74.3 72.2
bank#1-money#1 X 0 0 O .
buddhist#L-India#1 X o 0 X The light 5.7 8.9 .2
education#1-school#1 X 0 0 0
captain#3-ship#1 X 0 0 0 The heavy 71.3 85.2 7.7
liquid#1-water#1 X 0 ) 0 ]
parent#1-love#1 X X X 0 The heavy without ‘gr’ 71.2 83.3 76.8

M. Hwang, et. al, “Automatic enrichment of semantic relation network and its application to word sense disambiguation,” [IEEE TKDE, Vol. 23, No. 6, pp. 845-858, 2011.
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tro - Historic Approach

« WordNet based WSD — WSD SemNet

B Heayy : Semantic Network of computer#] compact_disk#1 television#1 platform... |:||E|[E|

Heavy | Semantic Network of couple#2 love#l professordl researchitl

lowve#1
parent#1 '.

ﬁ professor#1

filial_loves1 emotions

it couple#? . emotionlessness#2

-ar Tap

imsestigatin respunsmllﬂ-

@

research#1 . sumethmgiﬂ

M. Hwang, et. al, “Automatic enrichment of semantic relation network and its application to word sense disambiguation,” [IEEE TKDE, Vol. 23, No. 6, pp. 845-858, 2011.
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« Components .
¥
— Title (concept) Wogmp | Sou Korea

“ROK" redivects here. For other uses, sée ROK (gisambiguation )

Main page
Ceits “Repubiic of Korea” redirects here. it s not to be contsed with the Demoovatic Peopie s Republic of Korea (Nomh Korea).
— S r a ‘ Featured content South Korea (W listen), officially the Republic of Korea (Korean: (WSR2 Hanja: AR REL Daeran Minguk Republic of Korea
Cument events ) listen), is @ soversign country located in the southern part of the Korsan Peninsula. [Tl The name "Korea" is Ham=
Random article derived from Goryeo, a dynasty which ruled in the Middle Ages. Its neighbors are China to the west, Japan to ﬁ%E@
Donate to Wikipedia the east, and North Korea to the north. South Korea lies in the north temperate zone with a predominantly Daehan Minguk
S —— mountainous terrain, |t covers a total area of 99,332 km? (38,375 sg mi)!® and has a population of 50 million, The
" . 8 million. L
—_— n 0 O x Help capital and largest city is Seoul, with a population of 8.8 million. /// \\‘
About ikipedia Archaeolagy indicates that the Karean Peninsula was occupied by the Lower Palealithic period (2.6 Ma-300 .
Community portal Ka) 90 Korean history begins with the founding of Gojoseon in 2333 BC by the legendary Dan-gun. Follawing *\ l;”
Recent changes the unification of the Three Kingdams of Korea under Sila AD 658, Korea was ruled by the Goryeo Dynasty (916- o

Contact Wikipedia 1392 and Josean Dynasty (1392-1910). It was annexed by the Empire of Japan in 1910, Atthe end of World War
— O n e n S » Toolbox Il Korea was divided into Soviet and .S, zones of occupation. &n election was held inthe U.S. zone in 1948

which led to the creation of the Republic of Korea, Although the United Nations passed a resolution declaring

b Print/export the Republic to be the only lawful government in Korea,!'1] the Soviets set up a rival gavernment in the Morth,
- ~ Languages The Korean War began in 1350 when forces from the North invaded the South. The war lasted three years and
fecah involved the LS., China, the Sovist Union, and many other nations. The border between the twa nations
— I n /O u t I l n k Aapiraba remains the most heauly fortified in the world.['2 In the decades that followed, the South Karean economy grew
Afrikaans significantly and the country was transformed into & major economy. ¥ Civilian government replaced military
Alemannisch rule in 1987, Presently, South Korea has strict gun control laws that rank them among countries with the fewest
rencs quantity of firearms per capita,

-
Endlisc South Korea is a presidential republic consisting of seventeen administrative divisions and is a developed
— aall country with & very high standard of living. It is Asia's fourth largest economy and the world's 15t (naminal) or

Aragonés 12t (purchasing power parity) largest econamy. 14 The ecanomy is export-driven, with production focusing

Arpetan on electronics, automohiles, ships, machinery, petrochemicals and robotics. South Karea is a member of the
. United Nations, WTO, and OECD. Itis also & founding member of APEC and the East Asia Summit »
Agturianu
— ®ee fwaie's Contents [nide]
bzarbaycanca 1 History
A 1.1 Before the division
B Lin-gl 1.2 pter the division
Bawkoprca 2 Government
Benapycxan 3 pdmiristrlive dvisions el F—
Benapyckan 4 Foreign relafions and largest ity
(Tapalukegiua 41 China o

Categories! South Korea | Divided regions | East Asian countries | G20 nations | Republics | States and territories established in 1348
Mernber states of the United Nations

This page was last modified on 15 June 2013 at 2345,

Textis available under the Creative Commons Attribution-Sharealike License: additional terms may apply. By using this site, you agree to the Terms of Use and Privacy Policy
wikipedia® is & registered trademark of the Wikimedia Foundation, Ine, & non-profit arganization,

Privacy policy About Wikipedia Disclaimers Contact Wikipedia Mobile view

wiatieon | (8] et
o 1 MediaWk
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Academic major

From Wikipedia, the free encyclopedia

I the United States and Canada, an academic major or major concentration (infarmally,
major ar concentration) is the academic discipline to which an undergraduate student farmally
commitz, & student who successfully completes the courses prescribed in an academic major
gualifies for an undergraduate degree.

sbbott Lawrence Lowell introduced the goadasiic maior system to Harvard University in 1910, during

his presidency there, It required students to complete courses not only in a specialized discipline,

but also in other subjects.m YVariations of this systemn are now definitive among tertiary education
institutions in the United States and Canada.

Today, an academic major typically consists of a core curriculum, prescribed courses, a liberal
arts curriculum, and several elective courses, The amount of latitude a student has in choosing
courses varies from program to pmgram.m Typically, the courses of an academic major are
porioned in several academic terms,

& major is administered by select faculty in an academic department. & major administered by
more than one academic department is called an interdisciplinary major. In addition, some
students earn individually designed majors.[z]

Whereas some students choose a major when first enrolling as an undergraduate at a school,
others choose one after beginning their studies. Some schools forkid students from declaring a
major until the end of their second academic year,

& student who declares two academic majors is ¢aid to have a2 double major. 4 coordinate
major is an ancillary major designed to complement the primary one. & coordinate major requires
fewer course credits to complete. (Compare with academic minor and joint honaurs.)

ontext based W

Student(0.12), university(0.08), major(0.08), core(
0.06), field(0.04), study(0.04), education(0.04), co
llege(0.04), term(0.02), portion(0.04), year(0.04),

e (i number(0.04), curriculum(0.04), concentration(0.

04), art(0.02), program(0.02), framework(0.02),
Context Word#Sense Context CW

student#1 0.654
university#2 0.344
major#4 0.312
core#4 0.271

Context field#4 0.259

Weight study#6 0.259
education#l 0.222
college#l 0.181
curriculum#l 0.147

D. Choi, et. al, “Semantic Context Extraction from Wikipedia Document,” In Proceedings of The 2010 International Conference on Semantic Web & Web Services, pp. 38-41, 2010.
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ontext based WSD

Wikipedia Enriched WordNet
” + Enriched
Wl 23 Relations
Wikipedia 1
Extended
Abstract
A 4
WordNet
Pre-processing Matching
[
v v
TF Measure SW Measure [+
.
— Context
Context Weight Measure ‘f‘)‘fo‘jfn';iq“”'"a'
= Publication
- Research
l = Article
- Discipline
Subject-Context Matching 3 pamanity
- Social_science
. > .
Semantic Document Processor N~

D. Choi, et. al, “Semantic Context Extraction from Wikipedia Document,” In Proceedings of The 2010 International Conference on Semantic Web & Web Services, pp. 38-41, 2010.
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ontext based WSD =

l'elaledness(s s, ): L StUdent, major, UniverSity

. 4

ia>* jb » . R »L #F 1
arg  mnl\dists,,.s ,
S €SL; .5 5 €SL; '

swls,, )= arg max (relatedness(s,, s , )i=j
j=15p<S; Light : Semantic Network of student#1 university#3 major#3 |Z||E|r$__(|

SM(I‘ # ) = :1;%' max(s w,, ) st ithdrawer. university#3 .

(s, )= (0 )< (5wl ) +1) P — PN

educational_institution# 10

E Light : Semantic Network of student#2 major#3 university#2

. @
Academic major muﬂenti B> occipy—> vl wasralil

Context Word#Sense Context CW ®, o, universiRIJ]< —  university#2 J |
student#1 0.654 R e
university#2 0.344
majorita 0.312 relatedness(student#1, major#3) = 0.5
core#4 0.271 k .
field#a 0.259 relatedness(student#1, university#3) = 0.33
study#6 0.259 cw(student#1) = 0.83
education#1 0.222
Coll?geiﬁl — 813% relatedness(student#2, major#3) = 0.25
e ' relatedness(student#2, university#2) = 0.25

cw(student#2) = 0.5

D. Choi, et. al, “Semantic Context Extraction from Wikipedia Document,” In Proceedings of The 2010 International Conference on Semantic Web & Web Services, pp. 38-41, 2010.
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rticle/Category based WSD sy

Similarity (natural language processing, word sense disambiguation)

Similarity (natural language processing, named entity recognition)

Pair Method Similarity measure
sim¢ (2*1)/(3+2) = 0.400
NLP, NER sim, (3*3)/(2*(212+152)+(2*43)/(3*(212+152) = 0.041

sim, | (0.4+0.041)/2=0.221

sime | (2*2)/(3+5) = 0.500

NLP, WSD sim, | (2%3)/(2*(212+26)+(2*10)/(3*(212+26)) = 0.= 0.087
simy, | (0.5+0.087)/2=0.294

M. Hwang, et. al, “Measuring Similarities between Technical Terms Based on Wikipedia,” In Proceedings of IEEE International Conferences on Things, and Cyber, Physical and
Social Computing, pp. 533-536, 2011.
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rticle/Category based WSD

-~

=

@:Word sense disambiguation

(©:Computational linguistics

(2rNatural language processing

e

sim.(a,b)= (IC

n_sim, (a,b) =

2x|C, NG|

)

sim,. (a, b)

KisT

Named entity recognltlo

Question answerin
| ansWering \ /Ne sage understanding conference

Natural language processm

K Inforrmation retrieval
part-of-: peedu tagging Semey aI

Wo rd sense disambig uatlo

max arg

sim,. (a, arr)

artecat, .art+a

artmeans an article and cat, is a category of an article a.

SN,: ‘NLP’ - ‘NER’

SNg:'NLP’ - ‘WSD’ based on Wikipeida interlink

Actually ‘NLP/ ‘NER, and ‘WSD’ has 212, 152, and 26
interlinks

(DL, IL) of SN, and SN; is (3, 43) and (3, 10)
respectivelyin Wikipedia.

2x|DL(a,b) L 2x 1L (a,b)
2><(|Ef|+ 5) 3><(|Ei|+ 5‘)

a?and b?is out-link of the article. The results are also
normalized by the maximum value. Hereafter, sim means the
normalized similarity for each measure.

sim, (a, b) =

M. Hwang, et. al, “Measuring Similarities between Technical Terms Based on Wikipedia,” In Proceedings of IEEE International Conferences on Things, and Cyber, Physical and
Social Computing, pp. 533-536, 2011.
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rticle/Category based WSD

sim, (a,b) = (1—a)xsim.(a,b)+a xsim, (a,b)

Pair Method Similarity measure
sim¢ (2*1)/(3+2) = 0.400
NLP, NER sim, (3*3)/(2*(212+152)+(2*43)/(3*(212+152) = 0.041
simy, (0.4+0.041)/2=0.221
simg (2*2)/(3+5) = 0.500
NLP, WSD sim, (2*3)/(2*(212+26)+(2*10)/(3*(212+26)) = 0.= 0.087
simy, (0.5+0.087)/2=0.294

M. Hwang, et. al, “Measuring Similarities between Technical Terms Based on Wikipedia,” In Proceedings of IEEE International Conferences on Things, and Cyber, Physical and

Social Computing, pp. 533-536, 2011.
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\\Vlklpedla Link—based Measure

Iranian POW negotiator holds talks with Iraqi ministers

The head of Iran's prisoner of war commission met with two Iragi Cabinet ministers Saturday in a bid to glean information about thousands of
Iranian POWs allegedly in Irag, the official Iragi Mews Agency reported.

Iragi Foreign Minister Mohammed Saeed al-Sahhaf told Abdullah al-Najafi that the two states needed to ' speed up the closure of what remains
from the POW and Missing-In-Action file," INA said.

The issue of POYWs and missing persons remains a stumbling block to normalizing relations between the two neighbors.

Irag has long maintained that it has released all Iranian prisoners captured in the 1980-88 Iran-lraq War. The countries accuse each other of
hiding POWs and preventing visits by the International Committee of the Red Cross to prisoner camps.

The ICRC representative in Baghdad, Manuel Bessler, told The Associated Press that his organization has had difficulty visiting POW's on both

sides on a regular basis.

Baghdad
In April, Iran released 5,584 fied as civil law detainees in the largest exchange
since 1990 Baghdad is the capital of Irag and of Baghdad Governorate.

With a metropolitan area estimated at 2 population of
More than 1 million people w 7 000,000, it is the largest city in Iraq. It is the second-largest
city in the Arab world (after Cairo) and the second-largest city
in southwest Asia (after Tehran).

open in wikipedia

David Milne, “Learning to Link with Wikipedia,” In Proceedings of CIKM 2008.
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ikipedia Link—based Measure

Democrat

(United States) United States

[ Democratic Party } Delegate [ President of the J

Florida
(US State

Democrats Clinton|setback

Bheis stilttrailing[Barack Obama| who remains the clear leader in the race for
Hilary Rodham Barack
Clinton Obama

[ Nomination ]

Michigan
(US State

David Milne, “Learning to Link with Wikipedia,” In Proceedings of CIKM 2008.
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Fossil i —

_________ . . . Emission | -------

1 . i -

i Battery ! z Standard |, Arctic !
;ST T (electricity) , Cicle & =z==--==-=- \
1 Diesel ! ~---o--%-f ~==4---*, Environmental 1

- b # ..

| Engine ! h . _.": Skepticizm
M - - . % a - il < _

, Bicycle . s A .4 Greenpeace |
.-____T_-L| -‘-1‘-"._ ‘-'\ ‘_.-"” ________
v Andi P -l L Ecology |

mcoming links mcoming links
outgoing links outgoing links
P \ _____..--""___,-* Tmeall emmme==es .
i Transport 4=~ PR - “-m  Planet
. Vehicle & _‘,’J o . A Ozone
T VoL . ¢ Thy Tt i
i Henry e ) . & Greenhouse |
! Ford | ¢ . | Effect !
- _ -
i Combustion 4] i . Kyoto :
' . : Alternative |
,  Engine K Air GCreenhouse Fuel . Protocol !
Pollution Gas

David Milne and Tan H. Witten, “An Effective, Low-Cost Measure of Semantic Relatedness Obtained from Wikipedia Links,” In Proceedings fo AAAI 2008
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Ren &

i

 Sputnik : Stimpy
Realeldeiate v Program
" Duck ) ho-oan
! hunt - K%
! Canidae *. .
D Aardwolf - e e
incoming links T
— Daog
outqoing links .
' Bark --"T7  _.--
| Puppy 4~
| Guide T L
, dog o
Ttk
i The Kennel |
| Cluh !

- ——

~——1———"ﬁ. Ancient 1:
,—Jl Eg‘_,fpt _.I

R ..+ Felidae
St _eeTT__--4 Jaguar |
incoming links
Cat —
outgoing links
. . 1"—--...___-‘_ —_——— - - - = ¥
e el TTee Pur
v e, Tel Kitten |
STl .“"_‘_‘_‘__‘_‘:
‘\‘ w Domestic !
~. ., longhair [
_____ W _C“Cooeeeo-

i Cat Fancier's :

J| Mongrel . Association

Selective
Breeding

Apex
Predator

[

David Milne, “An Open-Source Toolkit for Mining Wikipedia,” In Proceedings of New Zealand Computer Science Research Student Conference, 2009.
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AN
\Nikipedia Link—based Measure

o g(maX(IA

1])-

log(IAmBD

Sr(a,b) =

Depth-first search

From Wikipedia, the free encyclopedia /1

/
Depth first search (DFS) is anfortraversing or searching a@

tree structure| or graph. One starts at the root (selecting some node as the\
root in the graph case) and explores as far as possible along each branch
before backtracking.

Farmally, DF S is an|uninfarmed search|that pragresses by expanding the
first child node of the search tree that appears and thus going deeper and
deeper until 3 goal node is found, or until it hits a node that has no
children. Then the search backtracks, returing to the most recent node it
hadn' finished exploring. In a non-recursive implementation, all freshly
expanded nodes are added to a|LIFO stan::k|h:lr exploration.

logQWD— log(min(IAl,

5))
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sense commonness relatedness
Tree 92.82% 15.97%
Tree (graph theory) 2.94% 59.91%
Tree (data structure) 2.57% 63.26%
Tree (set theory) 0.15% 34.04%
Phylogenetic tree 0.07% 20.33%
Christmas tree 0.07% 0.0%
Binary tree 0.04% 62.43%
Family tree 0.04% 16.31%

J

David Milne, “Learning to Link with Wikipedia,” In Proceedings of CIKM 2008.
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Limitations

Automobiles—» Private transport—
a

—Technology by type «—Transport¢———

. » Contents

—Physical systems +——Technology systems ¢—

— Physical objects —>Matter

Everything—Quantity,
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Thank you for having me.

¥
mgh@Kkisti.re.kr
http://johnnie.kisti.re.kr
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