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ABSTRACT

In this thesis, we propose an automatic concept-based answer-finding system
(ACAF) that exploits LSA asits core technology. Users issue their new questions into
the ACAF system by natural language, and the system will return suitable answers
from the question-and-answer set (QA set). To accomplish its task, ACAF employs
machine learning techniques to learn three kinds of knowledge: the relationship
between question keywords and answer keywords, conceptual space, and answer-type
knowledge. LSA is used learn the relation matrix between question keywords and
answer keywords; LSA is used construct the conceptual space as well. In addition, a
probabilistic model is oyed to train the relations en interrogatives and
answer types. According to these three knowledge bases, ACAF calculates the
similarity of a new question and the answers in the QA set. ACAF not only compares
keyword-similarity but &l so retrieves the concepts of the new question. In this manner,
an automatic answer-finding system can be promoted to the semantic level. ACAF
was evauated by usin QA set about baske and baseball rules, and average
TRDR of 83.87%, av “ision-of 36.4% and ‘ecall of 44.2% were
achieved. Compared to ACAFw, the average increasing range of TRDR, precision,

and recall are 17.75%, 8.53%, and 18.37% respectively.

Keywords. Automatic Answer-Finding System Latent Semantic Analysis Conceptual

Space Answer Type Detection
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[BergerO0Q]

S 5 TF-IDF TF-IDF
(Query Expansion) (Statistical Translation)
(Latent Variable Models) 5
21.1. TF-IDF
TF-IDF
TF-IDF
q (Query)
a ( )
( ) 1(a)
q a q

a1 2 xf, (w) xf, (w)

(a)score(q, a) = “‘g'a .
a f,w?a f.(w)?
w g w a

(o)l ,, =idf,, =log;

1



fa(w) w q fa(w) w
a score(q, a) q a
2.1.2. TF-IDF
TF-IDF (Question-Answer Pair)
(Training Set) TF-IDF
IDF 1 I
w (Hill Climbing) IDF
IDF
IDF
IDF(I ) w
w 2 w IDK( )

@l = I, +r()score(g,a’)
(), =~ I, - r(7*)score(g,a)

2 TF-IDF IDF
2 r (Learning Rate Parameter) 0
q a* a
score 1(a) [
2(a) 2(b) score(q, &) > score(q, a)

IDF



1(8) 1@ 1,

IDF
2.1.3. (Query Expansion)
[Berger0Q]
u Vv
(Mutual Information) 1 (u,V) u v

3

(@1 u,v) =H(p(v)) - p(U)H(p(v|u))- p@)H(p(v|T))
(b)H(p)=- plog p- (1- p)log(1- p)
(©)p(v) = p(v1 a), p(u) = p(ul q), p(@) = p(ui q)

3

3 I (u,v)

why dste  windows 3 I (u,v)

because http  Microsoft

why dte windows because http  Microsoft

2.1.4. (Statigticd Trandation)
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(Statistical Machine Trandation)
[Berger0Q]
[BergerOQ]

a location place street directions

where
[Berger00] IBM
[Brown9Q]
2.1.5. (Latent Variable Models)
(Factored Model)
4
p(W, [W,) = & P(W, | 2)p(z|w,)
4
W, W, z
Z [Berger00] EM
pw, [2)  p(z|w,)
1. p(al2) p(alz) pw, 12 p(z|w,)

2. 5

pP@l2)p@l2) p(w, | 2) p(w, | 2) p(2)
;?‘z p@lz)p(@l z)p(w, |Z)p(w, | Z)p(z')

p(z|a, a w,,w,) =

5
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3. 5

p(alz p@lz) pWw,[2 p(z|w,) 6

p(al2)= al(aaw,w)/L

Wq,,W,

palz) = al(a.aw,w,)/L

q.Wq ,Wa

p(w, [2)= & l(aaw,w,)/L

q.a,Wy

p(w, |2)= & 1(a,aw,w,)/L

g.aw,

| (a @, W, W,) = n(g, w,) xn(@,w,) xp(z| g,a,w,, w,)

L= al(gaw,w,)

0 Wy,a,W,

n(g, w,) W q n(a,w,)

p(w, |2 p(zlw,)

4
(Latent Semantic Analysis)
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[Landauer9g] LSA
LSA (Singular Value Decomposition, SVD)
(Dimension Reduction) SvD
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2.2.1. LSA

LSA

1 Context Word-by-Context X

X X w  Context P,

Context Sentence,

Paragraph, Chapter,  Document

gxn X, Ko Xy ﬂ
_éXa X,y K Xy a
EM M O M
2. X SvD X =WSP' S
(Semantic Space) W
(Row Vector) P’
Context
3.
X~ X'=W'S'PT S
Context
2.2.2. LSA
[Landauer9g] LSA
9 Context 5 Context
(Human Computer Interaction, HCI) cl c2 c3 ¢4 ¢5
4  Context (Mathematical Graph Theory)

m m2 m3 mé
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Example of text data Titles of Some Technical Memos

[Human Computer |Interface]

cl: Human machineinterface for ABC computer gpplications

c2:A survey of user opinionof computer system response time

c3: The EPS user interface management system

4. System and human system engineering testing of EPS
c5: Relaion of user perceived response time to error measurement

[Mathematica Graph Theory]
m1: The generation of random, binary, ordered trees
m2: The intersection graph of pathsin trees

m3: Graph minors IV: Widths of trees and well-quas-ordering

md: Graph minors: A survey

Contexts 2 )
Context Word- by-Context X
Context X SVvD
W S P’
é cl c2 c3 ¢4 ¢c5 ml m2 m3 m4q
ghuman 1 0 0 1 0 0 0 0 O
inteface 1 0 1 0 0 0O O 0 0
Gompser 1 1 0 0 0 0 0O 0 Oy
g user 011 01 0 0 0 O 3
gsytem 0 1 1 2 0 0O 0O 0 0y
X :2resp0nse 01 001 0 0O 0 O BZ\NSPT
gtim 0 1 0 0 1 0 0 0 04
SEPS 00 1 1 0 0 0 0 Oy
ésuvey 0 1 0 O O O O O |10
Stes 0 0 0 0 0O 1 1 1 [0}
€geph 0 0O 0 O 0 O 1 1 140
Gmnos 0 0 0 0 0 0 O 1 1y
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€024 004 -016 -059 -011 -025 -030 006 04940
€040 006 -034 010 033 033 000 000 00l
€64 -017 036 033 -016 -021 -017 003 02770
©27 011 -043 007 008 -017 028 -002 - 005
27 011 -043 007 008 -017 028 -002 - 0.058
€030 -014 033 019 011 027 003 -002 -0.7;
%021 027 -018 -003 -054 008 -047 -004 - 058"
€0l 049 023 003 059 -039 -029 025 -0230
004 062 02 000 -007 01l 016 -068 023
€003 045 014 -001 -030 028 034 068 018§

83—0 ] 0 O 0 0 0 0 0

8o 25/ 0 o o o o o o}

€0 0 23 0 0 0 0 O0 o0

€0 0 0 164 0 0O 0 0 0y

s=ép 0 O0 O0 15 0 O0 o0 o4

€0 0 0 0 ©0 131 0 0 04

2 O 0O O O O O 08 0 O 3

&0 0 0 O 0O O O 05 04

€0 0o 0o 0 0 0 o0 0 o036
6020 061 046 054 028 000 00l 002 008u
g 006 017 -013 -023 011 019 044 062 053 3
€011 -050 021 057 -051 010 019 025 00840
§ 095 -003 004 027 015 002 002 00l - 003
€005 -021 038 -021 033 039 035 015 - 0.60U
& 008 -026 072 -037 003 -030 -021 000 0.36§
20.18 - 043 -024 026 067 -034 -015 0.25 o.o43
&00l 005 001 -002 -006 045 -076 045 - 0.07]
€006 024 002 -008 -026 -062 002 052 - 0454

(Dimension) 2
0 W S P

0 w s PT X'
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€ human 016
éinterface 014
gcomputer 015
g user 026
g System 045
e 016
016
022
survey 010

={
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c2
040
037
051
084
123
058
158
055
0.53

c3 c4
038 047
033 040
036 041
061 070
105 127
038 042
038 042
051 063
023 021

c5
018
016
024
0.39
0.56
0.28
0.28
024
0.27

trees -006 023 -014 -027 014
graph -006 034 -0.15 - 030 020

gminors -004 025 -0.10 -021 015

LSA

m4 graph theory

tree M4
X' 0.66
1

X' 0.42

Context

[Sugumaran02]

(Concept Space)

[Bellegardads] [Park96]
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002
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006 009 012
008 012 019U
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006
0.06

013 019 0.223:WS'PT
013 019 0224
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014
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031
022
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m4

0

survey

X

1

survey
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[Lin01]

[Fu01]
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Mathematical Graph Theory



HowNet
[Chung99]
[Chung99]

B B C

C B
[Park96]
[Bellegardad6]
4

(Thesuarus) [Lin01] WordNet

(Co-occurrence Analysis)

(Trangitive) A

(Bayesian Network)

LSA
[Bellegardad6]
Word-by-Document K

K=USV'® U'SV" =K' U’
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Construct SVvD and Define adistance Cluster the
Word-Document Dimension measure between the singular vectors
Matrix Reduction singular vectors of (any algorithm)
words
4 LSA
T
ulA S|2 ul‘
Sm(w,w;) =D(u;,u’;) =cogu’ S,u'; S) = -——r——
Jui Sfll; s}
7 LA
(Answer Type)

(Question Answering)

where

24.1

(Training Set)
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(Machine Learning)

[Lin02] (Data Mining)

[Lin02]
(Search Engines) Google AltaVista (Topic

Directories) Y ahoo!

[Lin02]

ACIRD (Automatic Classifier for the Internet Resource Discovery)

[Lin0O2]
ACIRD (Supervised Learning)
(Implicit Term Semantics) (Association
Rules)
ACIRD 5
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Preprocessin Term Feature
Documents I — . 4 —> —>
Process Vector A Selection

Object
Knowledge
Classifi Refined
assification > -
Classification
Knowledge
Knowledge

Classification }
Stable I
assification ¢ Term ¢ Classification
Knowledge Association Knowledge

Knowledge
5 ACIRD

(Preprocessing Process)
(Support Value)

(Feature Sdlection)

[Lin02]
(Threshold)

( )

(Learning Classfication Knowledge)




ACIRD (Class) (Class Lattice)
(Node) (Parent
Node) (Child Node)

(the Most General Node)

(the Most Specific Node)
ACIRD
«y
C
8
up = a, sup
Sjp = Sul?l ti ‘C. -
t;,C MAX %Sup z.,c;V,
8 ACIRD Up, ¢
ST t o} o} C
P, ¢ t C
2
C
C
9
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Sup' t,.C = é‘ o Sup 4.0 + é‘ c |Cj|, Sup t.c

= _ sup', .
p HC MAX l:sup‘ |.,cg
9 ACIRD WP, ¢
0; C Ci |CJ| <
4, (Mining Term Association)
(Item)
(Transaction) (Transaction
Database) ACIRD
t® t, t, L
(Confidence) (Support)
10
_dfic(t Ct))
conf oy T o)
_dfic(t; Ct))
P "
10 t,® t conf o W1,
dfC(ti) C t; dfC(ti Ctj) C
tot, O] c
6(a) 6(b)
6(c)



v
(@ (b (c)
6 ACIRD
5. (Refinement of Classfication Knowledge)
3
(Path) 11
sup . =MAX fconf . ~conf _ ~. conf , sup o

11 ACIRD
11
[Lin02]
Greedy
2.4.2
[Radev02] NSIR
(Natural Language) NSIR
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Who was the first American in space? NSIR
Alan Shepard
NSIR
(Phrase)
NSIR
1 NSIR NSIR
(Wh-word)
2 2 When
Why DATE REASON
Who  Where (Template)
Template 3
PERSON PLACE DATE
NUMBER DEFINITION ORGANIZATION
DESCRIPTION ABBREVIATION KNOWNFOR
RATE LENGTH MONEY
REASON DURATION PURPOSE
NOMINAL OTHER
1 NSR
Wh-word Types Wh-word Types
Who(102) | PER(77) DES(19) What / NOM(78) PLA(27)
ORG(6) which (233) | DEF(26) PER(18)

24




Where(60) | PLA (54) NOM(4), ORG(16) NUM(14)
ORG(2) ABB(13) DATE(11)
RATE(4) KNO(8)
MON(3) PUR(2)
REA(1)

When(40) | DATE(40) How(48) NUM(33) LEN(6)
Why(1) REA(1) RATE(2),

MON(2) DUR(3)
REA(1), DES(1)

2 NSR

Template Types
Who is <Person Name> DESCRIPTION
Who (manufacture | produce | grow | provide) ORGANIZATION

3 NSR Template

What/Which (Part

of Speech Tagging, POS Tagging) What/Which ~ WDT (Determiner)

What/Which What card
company sells Christmas ornaments?  What WDT
card company card company
company (Information
Noun) ORGANIZATION What/Which WP
(wh-phrase) What caused the
Lynmouth floods? What WP caused
DEFINITION (

Be )
What is the average salary of a professional baseball player?

the average sdary saay MONEY

25
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(Automatic Concept-Based

Answer Finding System, ACAF System) (Latent Semantic
Andyss, LSA)
ACAF
ACAF
LSA LSA
(Sentence) (Document)
LSA
7 ACAF Q ACAF ACAF
1 Q Q (Question
Words)
2. Q (Wg-by-Wa Matrix)
Q N
3. Q (Question Concept)
M

27



-
Wa-by-Wa
Matrix

Find Top N
Keywords |:> : Answer Words

Find TopM
Concepts

(e | &
7 N\

Question
Words |:>

Answver Type
Detection

Answer Type
Knowledge

7 ACAF

ACAF ACAF

(Training Data Set)

28
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Warby-Wa Training

3
n= - S
Training Process of
i — Warby-Wa Matrix — Warby-wa
Matrix
(@]
=
§ Question Concept Training
8 Question in Training Process of
o = Question Concept = %%?Cégp
&
® Answer Type Training
% f Question Training Process of Arova T
ype
8 ACAF
( , QA Set) (Preprocessing)
(Longest Matching) [Nei99] (Stop Word)

29




ACAF

[Berger00]
(Latent Variable M odels)

LSA Context

LSA
(Precison)
LSA Word- by-Context
(W)
Wg-by-Wa M LSA
(Dimension Reduction)
9

ACAF

(Statistical Trandation)

LSA

context

(Wa)

(SvD)



)

Congtruct S § IS
Q&A Wa-by-Wa s 8 New Worby-Wa
Keywords E> Matrix M v E:> £ '§ Matrix M’
D o
o )
n <q,a > i q a
Wq Wa
Wg-by-Wa M
Wy n
W :[fml’ quz""’ qun] qui Wg G
Wa n w, = [fwal, fwaz,..., fwan] fWai Way
a
12 Wq Wa
My, |kthanswer| k L
i |kthanswer|

31




My =& BINECY
& |kthanswer |
o
a f,
| kthanswer |=1+ =2
10
12 Wy W,
( 12
Wg-by-Wa M
gm‘“uwal rnNmWaz L mNCtLWdN g
u
M = érn""cawal rn"’qzwaz L rr]"’qz""aw l:J
é M M O MU
e u
énNCIM Way quM Wa, L quM Wan g
M
LSA M’
rnlw W, Wq Wa

(Conceptual Space)

32



ACAF

ACAF 10 LSA

LSA

Related
Questionsin I =) Search D Segmentation
OA Set Engine the same class & Indexing
SVD &
Word 3
| Word-by-Doc Dimension Wordy-Doc
Clustering U Matrix X
bAJE DL Reduction
Conceptl
Concept2 Concept3
10 ACAF
Google [ Google03]
AND Google 5




(Segmentation)

Word-By-Document LSA

(Average-Link Clustering) [Gose96] 11
Clusters Wi Wz

Clusters ={{wx, Wo} {Wsa, Ws}}

(Similarity) 13
(Threshold)
W Wi W
W Wi
Wy Wi
Wi
Vv \'
sim = Wi W
Wi W,
L w, ”Wj‘
13
13 W LSA w
\/ v
el w

Wi

W3

Wi

Wy

Wk



w
C C
(Complete-Link Clustering) [Jain99] (Single-Link Clustering)
[Jain99] w
C w C
w C
w C w
C

Input: word vectors and threshold T Output Varigble: Cluster s=f
Count Similarities between words.
Smg[] ? Sort the Smilarities bigger than T.
fori=0 To Sze-of (SMg[])
(1) Let Smd[i] isthe dmilarity of w; and wi.
(20 NewCluster —~ -1 Changes — O
(3) " cduger cinClustersand wg inc,
AVE ~ theaverage of the amilarities of w; and dl wordsin c
if (AVE 3 T) thenw; joinsc and Changes — Changes + 1
if (Changes > 0) then NewCluster — NewCluster + 1 and Changes —~ 0
(4) " cdugter cin Clustersand w; inc,
AVE - the average of theamilaritiesof wy and dl wordsin c
if (AVE 3 T) thenwy joinsc and Changes — Changes+ 1
if (Changes > 0) then NewCluster — NewCluster + 1
(5) if (NewCluster < 2) then
New cluster ¢ = {w;, wi}
cjoinsClusters

N S

11




0.5 4

0.5

(A.F) (A,B) (B,F) (A,D) (A,C)

(B,D) (C,D)
A D E F
A 3 5 .6 8 9
B 4 5 1 .8
C 3 5 2
D 4 A
E 3
F
4
5 4
{A, F}
{A,E, F}
{AE,F} {B,F}
{A\EF} {B,F} {A D}
{A\EF} {B,F} {AD} {AC}
{A\EF} {B,F} {AD} {A/C {B D}
{AE,F} {B,F} {A,D} {A,C E} {B,D}
5 4
(A, F) {A, F}



(A, E) {A, F} E

{A, R E {A, R
Avgdm,.,Sm. ) =(0.8+0.3)/2=0.55 0.5 E
{A F} {A.E R}
(B, F) {AE F} B
{A, E,L F} B {A, E F}
AvgSm,g, Sm,.,9m,.) =04 0.5 B
{A,EF} B {B. R
{A.EF} {BF}
(A, D) A {A,E, B
D {A, E, F} D {A, E F}
Avg(Sm,,,Smg., Sm,.) = 0.367 0.5 D
{AE F} D {A, D}

{A.ER} {B,F} {AD}

(A, C) A {A,E,F} {A, D}
C {A, E, F} C {A,E F}
AvgSm,.,Smy,9m, ) =04 0.5 C
{A,E, F} C {A, D} C {A, D}
Ave(Sm,.,9m,) = 0.4 0.5 C
{A, D} C {A,
C} {A,EF} {B,F} {AD} {AC}
(B, D) B {B, F}

D {B, F} D {B, F}

37



Avg9mg,,Sm,.) =0.3 0.5 D

(B, B D (A, D
B {A, D} B {A, D}
Avgdm,;,9mg,) =04 0.5 B
{A, D} {B, D} {A,EF} {BF}

{A,D} {A,C} {B,D}

C B C
{A, C} E {A, C E {A, C
Avg(Sm,., 9m.. ) = 0.65 05 E
{A, C} {A.C,B {A\E R {B,
F {AD} {ACHE {BD E
{AEF} {A CE C {AE, P} C
(A E, F} Ave(Sm,., 9m., Sm ) = 0.4
05 C {A, E, F}

{A.ER} {B,F} {AD} {ACH {BD}

[Radev02] [Radev02] ACAF



ACAF 9 (Probabilistic
Heuristic Rule)
6 NOWord
[ ]
[ ]
6
( 8)
1.
2.
NOWord
3. {; AT;
{; AT;
14 freqt; T AT) AT;



totfreq(t,)

freq(t, T AT,
P(t,, AT) = eqt; I AT)
! totfreq(t; )
14 AT
0
1 [ ]
2 Noword
3
Noword
4 NowWord
5 [ ] NowWord
6 NoWord
7 HowToDo
8
6
ACAF
q a
g a
q a q
q q ACAF




Wa g 15
Wa q Wq
My, w, q
Wa
SCOr€,, = @ My,
Wyl g
15 Wa q
score, q a 16
a Wa q score,
a weight,, . q
a q a
Wa q a Wa a
Wa a
SmW,, = p(alg) = § p(wa|q) = § score,,,” weight,, ,
w,l a w,l a
weight,, , = freq(w, T a)
16 q a
a q q q
q c
17 q C w
q c c w
Cc weight,,. w c w’

41



Cq=(Cq, Cp, ...

Sm, = Ave (weight,.)

q

wi g,w ¢
We| ghtwc = Avwei (Srnww)
17 q c
17 q q M
» Cm)  Cq=(Cq1, Cq2, ) Cgm) 18
q1
[o]
SmC,, = a Sm,. >3m,,
cl Cy,cl Cy
18 q q
q a q a
q ACAF 19
0
q ( 7 Candidate Answers)
ISMWC,, =w, " SMW,, +w.~ SmC_,.
19
q q
ty AT
q AT POsS, Ar 20

Poss, ,; = Q P(t,, AT)

td q

20 q AT

AT 21

42



} Poss, ; +057 a Poss, . if AT =3
g~ |

SmT, AT AT .
f Poss, , +0.3" Poss,, otherwise
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ACAF

43.1
ACAF LSA
LSA D
ACAFy
ACAFy
7 8
S Rank n 10%
100%
TRDR 0.710863095

0.710863095

2

LSA
ACAF
22 W, W 0 W, 1
10
TRDR
9
DR
S Rak n"10% DR
Wg-by-Wa
10% ACAFw
10 TRDR
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TRDR

DR (Precision) (Recall)
10% | 0.710863095 | 0.317361111 0.514136905
20% | 0.68907967 0.286160714 | 0.51860119
30% | 0.635470779 | 0.310267857 | 0.420386905
40% | 0.61344697 0.296291209 | 0.338244048
50% | 0.64469697 0.318315018 | 0.348660714
60% | 0.634280303 | 0.312957875 | 0.348660714
70% | 0.655113636 | 0.320398352 | 0.359077381
80% | 0.778125 0.33974359 0.390327381
90% | 0.71264881 0.34672619 0.372470238
100% | 0.645982143 | 0.31547619 0.351636905
7 (

DR TRDR (Precision) (Recall)
10% 0.25 0.075| 0.051851852
20% 0.583333333| 0.263888889 | 0.301851852
30% 0.638888889 0.275| 0.335185185
40% 0.638888889 | 0.247222222 | 0.335185185
50% 0.638888889 0.275| 0.335185185
60% 0.638888889 0.275| 0.335185185
70% 0.638888889 0.275| 0.335185185
80% 0.638888889 0.275| 0.335185185
90% 0.638888889 0.275| 0.335185185
100% 0.638888889 0.275| 0.335185185

DR TRDR (Precision) (Recall)
10% 0.041666667 | 0.033333333 | 0.333333333
20% 0111111111 | 0.041666667 | 0.333333333
30% 0.333333333| 0.047619048 | 0.333333333
40% 0.333333333| 0.047619048 | 0.333333333
50% 0.388888889 | 0.095238095 | 0.444444444
60% 0.388888889 | 0.089285714 | 0.444444444
70% 0.375| 0.084656085 | 0.444444444
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80% 0.375| 0.084656085 | 0.444444444

90% 0.375| 0.084656085 0.444444444
100% 0.375 0.084656085 0.444444444
9 ( )
7 70% 90%
ACAFw TRDR 0.64598
0.65511 0.77813 20% 0.31548
0.32040 0.34673 10% 0.35164
0.35908 0.39033 10%
10%
ACAFw TRDR 0.711 0.3174
0.5141 70% 90% 10%
10%
ACAFy
8
ACAFw
LSA
9 50% 60%
ACAFw TRDR 0.375
0.389 3.73% 0.0847 0.0893 0.0952

12.4% 0.444
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LSA

4.3.2

ACAF LSA

ACAF

(inter-cluster)
(intra-cluster)
26(a)

27(a)

(@ inter - cluster(CS) = AVE(Imy ;)

551 Cs

53

(b)inter - clugter i, (CS) = . gDCS(Sm
26 inter-cluster
(3)intra - cluster(CS) = AVE(AVE(Sm, ,))
(b) intra - dluster o, (CS) = AVE( SD (Sm,,,))

27 intra-cluster

26(a) 27(a) AVE (Average)

¢ G G

Cs



Sm; . 13
26(b) 27(b) SD (Standard
Deviation) LSA
26(b) 27(b)
26(a) (b) 27(@ (b)
inter-clustero
intra-clusters
10 11 12
Threshold
06 0.7 0.8 intra intra-cluster intragp
intra-clustergp  inter inter-cluster intero inter-cluster
DR
. 5% 10% 20% 30% 40% 50% 60% 70% 100%
Analysis
'!é intra 0.8618 | 08101 | 06329 | 05458 | 04860 | 04493 | 04322 | 0.4279 0.3746
@ °ccintraSD 0.8295 | 06132 | 04322 | 03563 | 03173 | 02930 | 02798 | 02721 0.2081
E inter 02931 | 01674 | 01075 | 00918 | 00827 | 00766 | 00741 | 00735 0.0836

51




intersp 0.3036 | 0.2402 01810 | 01614 | 01513 | 01442 | 01414 | 0.1406 0.1451
~ 1.
s | intra 07826 | 0.7975 07743 | 07274 | 06638 | 06332 | 06176 0.6178 0.5768
11
% intrasp 07897 | 07308 | 06008 | 05143 0.4654 | 04182 | 0.3977 0.3943 0.3247
@ inter 03715 | 01785 | 00930 | 0.0821 0.0743 | 00679 | 00660 | 0.0660 0.0787
i | intersp 0.3074 | 0.2597 01815 | 0.1615 01504 | 01416 | 0.1382 0.1389 0.1445
(o) .
s | intra 0.7046 | 0.7158 07330 | 07341 07192 | 07096 | 0.7012 0.6977 0.6725
I
% intrasp 0.7168 | 0.7063 0.6745 | 0.6465 05954 | 05634 | 05369 05313 0.4728
'@ inter 0.4550 | 0.2056 0.0934 | 0.0708 0.0612 | 00578 | 0.0563 0.0570 0.0709
i | intersp 02963 | 02884 | 01934 | 01640 | 01481 | 01411 | 0.1376 0.1377 0.1459
10 ( )
10 Word-By-Document LSA
intra-cluster
LSA 0.8 intra-cluster 55.01%
0.7 intra-cluster 21.67% 0.6
intra-cluster 6.24%
inter-cluster 0.8 40% 70%
8.25% 0.7 40% 70%
12.86% 0.6 30% 70%
14.50%
infra-clustergp  inter-clustere
08 07 50% 70%
0.6 40% 70%
intra-cluster inter-cluster LSA
40% 50% 0.7
0.7
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40% 50%

0.7
LSA
DR
, 5% 10% 20% 30% 40% 50% 60% 70% 100%
Analysis
[ee] .
S | intra 0.2583 | 0.4107 05275 | 0.5924 06623 | 06734| 06274 05700 0.5353
I
% intrasp 0.2509 |  0.3908 04914 | 05107 | 05210| 05159 | 04512 0.3986 0.3795
'ﬁ inter 0.0037 | 0.0037 0.0024 | 00020| 00022| 0.0023| 0.0021 0.0019 0.0016
i | intersp 0.0582 | 0.0611 00478 | 00432| 00415| 00417| 0.0391 0.0353 0.0308
~ 1.
s | intra 02515 | 0.4032 05329 | 06124 07094 | 0.7477| 0.7181 0.6728 0.6451
11
% intrasp 0.2487 | 0.3936 05070 | 05503 | 05844| 05907 | 05241 0.4705 0.4582
@ inter 0.0035 | 0.0036 0.0023| 00017| 00019| 00019| 0.0018 0.0015 0.0011
i | intersp 0.0575| 00604 | 00474| 00414| 00402| 00400| 00370 0.0323 0.0254
(o) .
S | intra 02441 | 0.3951 05206 | 0.6023 07054 | 07542 | 0.7295 0.6931 0.6724
I
% intrasp 0.2460 |  0.3890 05064 | 05609 | 06221 06297 | 0.5696 0.5159 0.5080
'@ inter 0.0035 | 0.0036 0.0023| 00016| 00017| 00018| 0.0016 0.0012 0.0007
i | intersp 0.0578 | 0.0606 0.0478| 00407 | 00390| 0.0393| 0.0358 0.0296 0.0209
1 ( )
1 Word-By-Document LSA
40% 70% intra-cluster
LSA 0.8 intra-cluster
16.8% 0.7 intra-cluster 6.7%
0.6 intra-cluster 4.8%
inter-cluster
LSA
DR
Analvs 20% 30% 40% 50% 60% 70% 80% 90% 100%
nalysis




[ee] .
S | intra 0.8399 | 0.7999 0.7413 | 0.6810 06112 05653 05518 0.3995 0.3926
1l
% intrasp 0.7620 |  0.6968 06147 | 05596 | 05155| 04855 | 0.4491 0.2686 0.2679
@ inter 0.0960 |  0.0558 0.0303 0.022 00191 | 00171| 00161 0.0193 0.0191
i | intersp 02103 | 0.1672 01308 | 0.1111| 0.1004| 0.0932| 0.0898 0.0878 0.0875
~ | .
s | intra 0.8223 | 0.8381 0.8213 | 0.7990 07714 | 07440| 0.7273 0.6354 0.6356
11
% intrasp 0.7868 | 0.7788 07347 | 06777| 06485| 06134| 05794 | 04153 0.4126
@ inter 0.0906 | 0.0539 0.0276 |  0.0190 0.0160 | 00144 | 00138 0.0170 0.0170
.f intersp 02164 | 01731 01326 | 0.1109| 00995| 0.0913| 0.0878 0.0859 0.0855
(o) .
S | intra 0.7653 | 0.7857 0.7952 |  0.7909 0783 | 07698 0.7572 0.7044 0.7045
11
% intrasp 07634 | 07894 | 07715| 07435| 07346| 07271 0.6939 0.5791 0.5718
@ inter 0.0937 | 0.0546 00270 | 00168| 00136| 00118| 0.0112 0.0129 0.0131
i | intersp 02231 | 0.1799 01363 | 0.1117| 00984| 0.0908| 0.0868 0.0790 0.0781
12 ( )
12 Word-By-Document LSA
20% 80% intra-cluster
LSA 0.8 intra-cluster
29.2% 0.7 intra-cluster 15.4%
0.6 intra-cluster 7.4%
inter-cluster 0.8 60% 80%
8.73% 0.7 60% 80%
13.3% 0.6 70% 90%
8.65%
inracluser  inter-cluster LSA
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13

TRDR

QN-M N
M (w) ACAF M
13 ACAF
66.82%
ACAF
Q1-7 |70 1.0
Q2-3 [1(0.6) 3(0.4) 0.4
Q3-3 |3(1) 1.0
Q4-3 |3(0.875) 6(0.125) 0.875
Q5-2 [1(05) 2(05) 0.5
Q6-3 | 3(1) 1.0
Q7-3 |1(0.6) 3(0.4) 0.4
Q8-3 |1(0.6) 3(0.4) 0.4
Q9-1 [1(0.25) 2(0.25) 3(0.2) 6(0.3) 0.25
Q10-6 |5(0.142857) 6(0.857143) 0.857143
0.6682
13
ACAF
ACAF
(Base Line)

ACAF 3 ACAF

3



(Question) (Answer) Q& A)

ACAF ACAF
ACAFw
ACAFWC ACAFWC
ACAF 14 15 16
ACAF
TRDR

(Precision) | (Recall)
Question | 0.3542 0.1979 0.1210
Answer | 0.3125 0.1458 0.0595

Q&A 0.1250 0.0833 0.0417

(IR)

ACAFy 0.7781 0.3397 0.3903

ACAFyc 0.7893 0.3595 0.4082

ACAF 0.8372 0.3679 0.4332
14 ACAF ( )



57

ACAFwc

TRDR o

(Precision) | (Recall)
Question | 0.5833 0.2778 0.3019
(IR) Answer 0.5000 0.2500 0.0796
Q&A 0.8333 0.3611 0.3296
ACAFy 0.6389 0.275 0.3352
ACAFwc 0.8889 0.3583 0.3630
ACAF 0.8889 0.4167 0.4463

15 ACAF ( )
TRDR .

(Precision) | (Recall)
Question | 0.1667 0.0833 0.0152
(IR) Answer | 0.2500 0.1389 0.1875
Q&A 0.1667 0.0833 0.0152

ACAFy 0.3889 0.0893 0.4444

ACAFwc 0.8889 0.3750 0.5051

ACAF 0.9000 0.3472 0.5051

16 ACAF ( )
(
Question Answer Q&A) TRDR
15
TRDR
16
TRDR
3 ACAF ACAFw
ACAF
70% 80%

ACAF



06 40%

TRDR
ACAF ACAFwc
15
ACAFw
0.7 60%
TRDR

TRDR 0.3889

ACAFwc
0.0893
0.4444 0.5051

0.5051

14
ACAFwc ACAFw
LSA
TRDR ACAFwc
ACAF ACAFwc
50% 60%
ACAFwc ACAF
16 ACAF
ACAFwc ACAFw
129%
ACAF ACAFw
ACAFw ACAFwc
ACAFwc ACAF



ACAFwc

ACAF

LSA
ACAFw
ACAFw
TRDR
ACAF
ACARwc
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LSA

LSA
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(ACAF System)

LSA
LSA
ACAF
1 ACAF
ACAF
2.
3 LSA LSA
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