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s Preadjudication Export Permission

(Figure 1) Change of nuclear preadjudication
and export permission requests over time
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3l Folxl EAloll el 2Ast AAHS =
& 3= AF AR A A 2H
= Ao (Kendal and Creen, 2007). A&7} A| 2~
= A9 oA ZopollA AE7He] A7 3 #]4
< AFHE S AYs 7EoE P E
St} (Liao, 2005).
2 AFxIoNA AR Ay AHEA =
BA A"l oldst AETke] EAA
A
o

B 45240 =ee 20

B 7S B EE Azue A S F2

WAL Tko.s HAHYCR, of Wale B

B 5 gt AHS AU BEY 5 A=S
2Rle AAsh T

2 whao] 2 wolt} (Kendal and Creen,
2007). &, QI7te] AH S5 RAs}g o=
HA FAZFE 4 48 Aholv A4S A
g dolEHo] 22 FE3t owd Aot
EA7E EAshE 7)== Ab T o] B o] 2o A
7P ERAY e 7P AR AL E Addst
o] I A7t AAEHE iAo R | A o
gt G5 AA DT} (Lee, 1996).

Arell 719F 382 A A E HROE &
AE Adst7] WiEel vE EA7F B3
5 olm A H At E Bl 2143 e =2
T AT IHEE Z2o] & 9lotER] ok T
FFel AR AHEA FES 7HesH
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AT NEHEE T 4 glov] o3 AT A olAF AL do] F RAR HP AoIE UF
e Tl AZE A A AGEA Bk e B 24 Helshn 0 st ojulE ols)akud

ARl 71 e el 2l sl 4
A ) 57 gov), £2d A2

e At e A5l
= A 5ol BAVE 5 A, 1894 52

735 A7} o} (Prentzas and Hatzilygeroudis,
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2.3 HIAE 00|y

g ~E ulo]yd (Text Mining) 7]&-& 2] 3
oFy  EFEA|2olH, ol
(Unstructured Text Data)ZH-E] 7}x] e 2y
A= ARE FEU= 71€°]lt} (Feldman, R.
and Sanger, 2007). &, H2E wulo]d-2 Ho]H
nto]d o] 3k Fofx HoH:H@' g~ E Ho|HE 7]
Hro g2 on e dEE Folhle risolth
(Navathe and Elmasri, 2000). |32 HXEZ 5
B AA& FEote dags 2 Ad dof A7
(Natural Language Processing) 7]€°l| 7|4 ?3‘]-3_7
AUTE QIZEe] T 7} Ao R oF]F, A
=E5A40] s ¥ ofle}, O 1Y 3’]5]17]' gl
T Ogeta Bxtete] Al fHo® A

HAE HXE

sh= 7]&o] AddoAE] 7]solth (Kodratoff,
1999). HFE7F L= HAFEH Zdgle] A+
Fof & Fofo| Xk, ddoj7} 7hzl B wf &
HE =14 53571 Bo| dol Sl 7]s #ok

AR
2 EFERTL

o

o

ARZS Lol HsiA< t&
t}f‘f} SAA, A daes
. ASTE 9} QIZEe] Ao A
olel 7HAl= ﬂﬂﬂﬂfiﬂl e
ofol A} o]& FalH= WHo] o]Fo|A Yot
(Gupta and Lehal, 2009).
B A ZEAE FRe BASZIE AAbo
A

Ao

2 ofn) Qe ARE FE8 AR A
F57] 9130 9 2E vlolyd /M e BEIh o}
24 olsh BAT H2E o 7|4 BA A

TR, F8 7|& Hok= vt 2k

1) A2 3FZ (Information Extraction)
2) A8 (Document Categorization)
3) 43 (Document Clustering)

AR, A EFZ (Information Extraction)< B X
E A ol Fa3t gu|E A= ARES
AF50.2 FZ3l= 7]<°|th (Gupta and Lehal,
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AR, E47F (Document Clustering)2 H] <2
P 2AE7E JolFe TIsol AT, EAER
H)g] Aojd A e EFAA Lol B

= HolA ©YZY+ (Liritano and Ruffolo,
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2001). BATFE 2 A4 FHES] 545 ¥
ofsl 1 W8 &2 FEVt Ak u s B
ol & FHESS wHAA F= 7leolth
AR EAER Z1eE e, B e 24
55 I #EE o2 A FojM a3
S8 HES & 5 S Wik ofyz), 34 &
AR Z1ee i 249 Ao 24e F
d 2pEstE Fa 545 FE W, olE
e #A9 S4S3e] va (fAE AhE
B 1 AR B2 BAES 4T FolFe
FHo TAET AL FAES] At &
HA QA TS A TR A 7L EH )
g gaelEEo] dEol stk

2.3.1 HIAE O10|Y AA76ig

gA sl gojs o] BAE Ak o
~E volide] AT oo WHE o Fold sk

T} <Table 1> H 53372 2 A4 2 3
=2 93},
WMl 738F 5 ARS] Zdtel] AA Tkl B
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(Table 2) Recent 5-year Summary of Research in Text Mining (2009~2013)

Application Area Study
Bibliography Vellay et al., 2009; Liu et al., 2010
Biology Krallinger et al., 2009; Krallinger et al., 2010
Chemistry Jessop et al., 2011

Decision Support Rajpathak et al., 2012

Education

Lin et al., 2009; Hung, 2012

Information Retrieval Li and Wu, 2010

Law Wyner et al., 2010; Firdhous, 2012; Chen et al., 2013

Management

Netzer et al., 2012; Yoon, 2012

Material Engineering Lee et al., 2013

Hur et al, 2009; Yang et al., 2009; Al-Mubaid and Singh, 2010; Kozomara and
Medicine Griffiths-Jones, 2011; Landeghem, 2011; Ananiadou et al., 2013; Rak et al., 2012;
Xie et al., 2013
Music Hu et al., 2009

Social Media Corley et al., 2010

Social Network Macskassy, 2011

Social Review

Ananiadou et al., 2009; Cao et al., 2011; Ghose, 2011

A dedl, AF 719 E FE22 AAEA Y 5A
A) S|
= =

g 7 Aese fta

]7}4,]. = o] oo
s HAlo] FE2& A o 7HA] #ko] AlA|
H o] Yt} (Aizawa, 2003; Hulth, 2003; Yan et al.,
2013).

HHzog gy AREEHE Wt F sz
TF-IDF ®2)o] 9t} TF-IDF (Term Frequency -
Inverse Document Frequency)= X 7143} €
2E wlo|gojA o] &eh= SHARE, o &
M E o] Fo|X EATo] S wl oH Tort &
A A WA dvh T8 e

SEET
= EAA Sl BA HAlolE FE8

23 ZAA

)

W, 24 oA A4 Ate) 918 A%
U, BAE Aold) HsE ARE e

SEE A 4 Y. TF-IDF= 713 o
=

o
ol
-
A

7124

| wol7} BAelA duht A5 B =R
7|Rtoe 2 Al4HETh TF (Term Frequency)© &

g o7t 24 Well vk A5 S8 A]

YEl = #Eo.g, o] #ho] =55 3 Tole
EANA Fastithar A4S 4= o AR 11
3T Fol7t B4 WollA A AHEHE = 7B
o]AL 1 Tol7} 11 AT HolAlE EdH
Aate AL, oA gebE EAT WollA
A9 IfT 5SS YEA v As
oJu]git}, o] A4S DF (Document Frequency)Zhil
sk, o] kel
Frequency)2}1l ¢ttt TF-IDF= TFS} IDFE &

rl

(o3

N ol

945 IDF (Inverse Document
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<Table 2>9] W82 TF #t2 54 &A]olA]
A BAEE dole A HHEE dolrt
o Fa3lthE 9u|E 7FAT (Aizawa, 2003). BF
A IDF #t& AA &4 gl AA S ==
HEZE oJu|dt} (Aizawa, 2003). IDF ZHS F-4]
A el F B4 8 1 dolE xsle ¥
A MFR UHA ARt 9 & &9, ‘nuclear’
= @7t of| FA oA A WHE T 5
ez, g w4 JAd el tiRE FA A

35, o] ol 54 &

(Table 2) TF-IDF Definition

n,;
TF, -

iy zk]nkj

n, ;:the number of

TF L
occurrence of i in j

Enw : the numberofoccurrencesof
k.

al’l term indocumentd j

| D|
IDF; =logV5+——11
[{d;:t, = d;}|

IDF | D|: total numberof documents

| {d]- HE d]-} |: numberofdocuments
where the term appears

TF—IDF TF— IDF, ;= TF, ;% IDF,

233 212 HIPIE
ABZAM (Information Retrieval) EOFol A

Precision?} Recall 744 A2 & T4 I
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(Set of Retrieved Documents)¥} AA| = o] Q)
= %41 (Set of Relevant Documents)2] 7|5 5
&) AFojdct webA YubA O 2 PrecisionS 7
e FAE T AAR Bk e EAEY v
= AoH 1, Recall> HAZ #Ao] Qe &
AE F AN ARE ANE EAS HEE A
olent.

2~E nlo]yd Fofo] BHAMNE £A 7

A¥e] A5 7l= Precision, Recall, F-measure

K
myo
o

o

n
=)
=2
>
o
5
Q.
@,
8
rlo
o
it
o

AA AE<l EAIE (True Positive)d] /NFE
ojr &, Recall> Al AU E£AE (True
Positive + False Negative) & AHoZ E/FS
A5 (True Positive)e] HIE&ES  Jv|shH,
F-measure= Precision¥} RecallS 553 754
2 Akt 23S ofn|gth

fo o

[o

(Table 3) Precision, Recall, and F-measure

L. TP

Pre crsion W
TP

Recall TP+ EN

2 X Precision X Recall
Preciaion+ Recall

F—measure

* TP = True Positive (classified to be relevant (positive) when
actually relevant), FP = False Positive (classified to be
relevant when actually irrelevant), FN = False Negative
(classified to be irrelevant when actually relevant)

2 AFAE, BYolE gEHE 2 A
o 7V A e BAE B AL 24
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sttt weba A F74A] A Precision



AR 718F X5d SESH AILE - HA9F "ot

Precision at n°|2h= SAAZEE AESH H+=
d], Precision®] 7717} W& ZE Ho A8
57 FH3}= d HI8ke], Precision at nS A HO|
il A|l2H o ZHE Fojl A F A9 A

e AATHE oA 1A Hnt (Powers,
2011). ¥ 2| A= Precision at 1S A3
=, ol 3 #AE 7 A g sk Als

of g3dsiAlth= ofvleth.
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New Case
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(Figure 4) Existing vs, Proposed Document
Analysis Method
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We have 24 classes

class score(alpha): 0.4086
cosine similarity(beta): 0.4652
final value: 0.4369

---the new document would be belong in the classes below---

the class A is a [31d] candidate with credibility 0.9, the number of keywords in this class matched 17 over 35
the class F is a [3%@] candidate with credibility 0.5, the number of keywords in this class matched 10 over 35
the class K is a [P13]3] candidate with credibility —0.75, the number of keywords in this class matched 8 over 35

---the new document would be similar with the documents below---

the document L is similar with credibility 1.00
the document S is similar with credibility 0.71
the document W is similar with credibility 0.62

Resultingly, the new document might be [3l%] with 43.69% credibility

the CBR process is over, Thank you!

(Figure 7) Output of Case-based Reasoning System
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Abstract

Export Control System based on Case Based
Reasoning: Design and Evaluation

Woneui Hong* * Uihyun Kim* - Sinhee Cho* - Sansung Kim* + Mun Yong Yi** -
Donghoon Shin***

As the demand of nuclear power plant equipment is continuously growing worldwide, the importance of
handling nuclear strategic materials is also increasing. While the number of cases submitted for the exports of
nuclear-power commodity and technology is dramatically increasing, preadjudication (or prescreening to be
simple) of strategic materials has been done so far by experts of a long-time experience and extensive field
knowledge. However, there is severe shortage of experts in this domain, not to mention that it takes a long time to
develop an expert. Because human experts must manually evaluate all the documents submitted for export
permission, the current practice of nuclear material export is neither time-efficient nor cost-effective. Toward
alleviating the problem of relying on costly human experts only, our research proposes a new system designed to
help field experts make their decisions more effectively and efficiently. The proposed system is built upon
case-based reasoning, which in essence extracts key features from the existing cases, compares the features with
the features of a new case, and derives a solution for the new case by referencing similar cases and their solutions.
Our research proposes a framework of case-based reasoning system, designs a case-based reasoning system for the
control of nuclear material exports, and evaluates the performance of alternative keyword extraction methods (full
automatic, full manual, and semi-automatic). A keyword extraction method is an essential component of the
case-based reasoning system as it is used to extract key features of the cases. The full automatic method was
conducted using TF-IDF, which is a widely used de facto standard method for representative keyword extraction
in text mining. TF (Term Frequency) is based on the frequency count of the term within a document, showing how
important the term is within a document while IDF (Inverted Document Frequency) is based on the infrequency of
the term within a document set, showing how uniquely the term represents the document. The results show that the

semi-automatic approach, which is based on the collaboration of machine and human, is the most effective

* Department of Knowledge Service Engineering, KAIST
** Corresponding Author: Mun Yong Yi
Department of Knowledge Service Engineering, KAIST
291 Daehak-ro, Yuseong-gu, Daejeon 305-70185 Hoegi-ro, Dongdaemun-gu, Seoul 130-722, Korea
Tel: +82-42-350-1613, Fax: +82-42-350-1610, E-mail: munyi@kaist.ac.kr
*** Korea Institute of Nuclear Nonproliferation and Control
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solution regardless of whether the human is a field expert or a student who majors in nuclear engineering.
Moreover, we propose a new approach of computing nuclear document similarity along with a new framework of
document analysis. The proposed algorithm of nuclear document similarity considers both document-
to-document similarity (a) and document-to-nuclear system similarity ([3), in order to derive the final score () for
the decision of whether the presented case is of strategic material or not. The final score () represents a document
similarity between the past cases and the new case. The score is induced by not only exploiting conventional
TF-IDF, but utilizing a nuclear system similarity score, which takes the context of nuclear system domain into
account. Finally, the system retrieves top-3 documents stored in the case base that are considered as the most
similar cases with regard to the new case, and provides them with the degree of credibility. With this final score
and the credibility score, it becomes easier for a user to see which documents in the case base are more worthy of
looking up so that the user can make a proper decision with relatively lower cost. The evaluation of the system has
been conducted by developing a prototype and testing with field data. The system workflows and outcomes have
been verified by the field experts. This research is expected to contribute the growth of knowledge service industry
by proposing a new system that can effectively reduce the burden of relying on costly human experts for the export
control of nuclear materials and that can be considered as a meaningful example of knowledge service application.

Key Words : Expert System, Export Control System, Nuclear Nonproliferation and Control, Cased Based
Reasoning
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