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Abstract: In a lot of companies, analysis of users’ reviews on items plays an important roll in the aspect
of product development and marketing. Reviews are described by users freely so that they contain many
opinions which are not only advantages of items but also disadvantages and improvements. They are im-
portant source of information. If huge number of reviews can be analyzed automatically, it is expected to
obtain useful knowledge which is missed conventionally. In recommender systems, the collaborative filtering
which can capture relationships among users and items using ratings of reviews achieves good results. In
text analyses, topic models which can infer latent topics in texts are focused. This study develops these
methods and constructs new topic models which are specific to review texts with rating. First, a topic model
called SBi-LDA (Switching Bi-LDA) which assumes user-topics and item-topics on appearance of words is
proposed. Then, a new topic model called MBi-LDA (Multi Bi-LDA) which incorporates ratings of reviews
in addition to above topics is constructed and proposed. Experiments using real-life reviews are carried out
and it is shown that the proposed models are superior to conventional models in terms of perplexity.

Keywords: review analysis, topic models, latent Dirichlet allocation, perplexity, information recommenda-
tion
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Fig. 1 Graphical model of LDA.
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Fig. 2 Graphical model of Bi-LDA.
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Fig. 4 Graphical model of MBi-LDA.
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Fig. 3 Graphical model of SBi-LDA.
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Table 1 Statistical information of each dataset.
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K2 ZETFTVOR=TLFL T4 ORE (F—%ty b [fi])

Table 2 Comparison of perplexities of each model (dataset “Food”).

(a) LDA
N=T L e
Tlxesqs | fm
10 897.6 | 97.7
20 866.6 | 103.8
30 826.9 | 102.9
40 887.9 | 117.3
50 879.2 | 93.8
60 887.2 | 858
70 857.6 | 75.5
(c) SBi-LDA
IN—=T L | fRiE
SI T xv50 |
10 | 10 650.4 | 46.8
20 | 20 632.5 | 61.8
30 | 30 632.3 | 39.5
40 | 40 637.0 | 49.1
50 | 50 653.7 | 47.1
60 | 60 642.1 | 50.2
70 | 70 665.2 | 49.0

(b) Bi-LDA
IN—=T L e
SI T xv54 |
10 | 10 740.0 | 58.0
2 | 20 873.7 | 804
30 | 30 997.4 | 70.9

40 | 40 1080.8 | 108.9
50 | 50 1134.8 73.6
60 | 60 1211.7 80.0
70 | 70 1237.3 | 125.6

(d) MBi-LDA

N=TL |
K1 L SIT| x5, 17
10 | 10 | 10 | 10 635.9 | 52.1
10 | 10 | 20 | 20 617.9 | 42.6
10 | 10 | 30 | 30 607.1 | 47.3
10 | 10 | 40 | 40 594.7 | 47.4
10 | 10 | 50 | 50 624.1 | 59.9
10 | 10 | 60 | 60 618.5 | 56.8
10 | 10 | 70 | 70 625.5 | 54.2

K3 FETNVONR=TLFLT4ORE (F—%+>  [CD-DVD - %48:])
Table 3 Comparison of perplexities of each model (dataset “CD DVD Instruments”).

(a) LDA

N=T L | R
Tl o574 |
10 891.8 | 84.2
20 937.9 | 824
30 922.1 | 75.2
40 942.2 | 64.7
50 946.1 | 68.1
60 968.1 | 79.2
70 | 1003.1 | 139.8

(c) SBi-LDA

IN=T L | REE

S1 T xv5q | @
10 | 10 702.1 | 58.8
20 | 20 684.4 | 31.6
30 | 30 646.2 | 48.8
40 | 40 657.3 | 48.2
50 | 50 642.3 | 51.8
60 | 60 652.1 | 52.9
70 | 70 643.1 | 36.8

%R 5 2R Y. Mo, ERETIVO LDA, Bi-LDA 12
XL, IREETFILD SBI-LDA 2SEN T WA Z & &Y
BEICL DREEL 72, RIZ, 2 DOREET TV T Z
17y, MBi-LDA OVEREAY SBi-LDA X 0 & X 512N TW
A EERGELT:.

LDA, Bi-LDA & SBi-LDA O # T, £HEM% ZE
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(b) Bi-LDA
=TV R
ST T sv5q |
10 | 10 791.7 | 59.8
20 | 20 887.0 | 77.0
30 | 30 999.8 | 110.0

40 | 40 1051.1 94.2
50 | 50 1071.7 57.1
60 | 60 1110.7 | 102.0
70 | 70 1172.4 94.5

(d) MBi-LDA

N—TL | fae
ke s|m| 5070 | e
5| 5] 10 10 650.8 | 51.6
5| 52020 635.1 | 63.1
51530130 635.9 | 46.5
5| 5|40 | 40 618.4 | 44.9
5| 5|50 50 621.1 | 36.3
5| 56060 602.9 | 38.9
55|70 |70 609.0 | 38.8

LIMETFHETHL, 42y POFHAIREEZH W, =
2T, KEBRIZBIT ek or BEKELR 5% kD72
O, YAy O HIREO%RIKEL, ¥y 7 ONE
I2E D 253%I25%%E L7z, SBi-LDA #xfE#E L L, LDA,
Bi-LDA Z LR L L THME X T o728 2 hH, T—F 1
ki), [CD-DVD - #48] OWIFNiZBwTyd, LDA
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HBi-LDA
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() 7= 5 v b [ff]
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600.0 -

550.0

500.0 -
(b) =%+ v I [CD - DVD - %]

K5 &7F—%+ty MIBTLEETFTNVORBMEOILE

Fig. 5 Comparison of the best values of each model.

& SBi-LDA [, Bi-LDA & SBi-LDA MICHEESTR S
2. BB, REFVEOpEIEX, EHE50F =%ty MC
BWTH 1%KM & o7z,

JIZ, SBi-LDA & MBi-LDA OMERED I %475 72, M
FICIFtEE AV, S TOLFAETZT 2 v bo 1l
BeE D3ty L AARIC 2.53% 1 23% 58 L7z, i (e )
OFER, WIhoTF—Fty MIBWTY, EFNVHEICD
fifl 1%A00 & 7% % H BA R S N7,

INLDFERENPS, 200F =1y P FhRIZBWT
b, FEFT 5 SBi-LDA OVEREDS, MOFERE 7V & #iathy
WEE->TBY, LE2—FF A METOTHE LTHH
ThHbHIEDMRTE., FHIZLDAWE, FPE Y ZiZon
T, 2—=FRT A T4, FEIZOWTHRMIZKHZ L
WZENS, LE2—TF A M2 HICEBHTETBST,
RETLETNVEHBRL TRECEREIS IR E R o7,
F72Bi-LDA &, MYy ¥z 5 L HREDTEAL T B4
Bepol, T, HEEN MY v 7 0MEED L AR
NBETDHREICBNT, MYy 7 OMEREDS _FTHY
M 5720, THICEFVOFEEPTE RN EHRRK L
EZoNb, ZRIH L, SBi-LDA Tl, &HHII1—
FrEYZETATLANE Y 20T SEREINS
ERELTBY, EFVOFHEIIBITSH Bi-LDA ORI
OGS A2 EATTELZ. ZhICKkY), LE2—FF A}
2= Y7 - TATFA MY 2 E2GEL, EFML
THZEDHRMERT I ENTEL, E512, 22—+
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Yo7 - 7475y 7 DARERE L7 SBi-LDA 124}
L, fFE26 b HAEE BT 51K%E % 12 72 MBi-LDA @
PREDBENTWDE Z &S, TFA MIMTETIVICETES %
MAAL 2 OF B RSN,

I/, 2—=F I v 7 - TATLNE Y 7 ORPEL D
LA OMERIZOWT AR EIT-o72. K bEv 7 0¥%
10, 20, 30 ® 3@ L L, FNETNOHMAELTTEHELNS
WN=T VLI T4 ORBEEIT-72. B, EBRIIBIT S/
FA—=FIF 421 HEFARDO D D%, 30 #4TOFHHE
EHEICHW:, ZNFNOT—7 1y oAb N4
REF4, R5IIRT.

F4a, £5056, ELLOF—=FEy MIBWVWTL, &
R 2@ & LT, Bi-LDA, SBi-LDA, MBi-LDA ®DJIEIZ
PEREASI) B9 % &\ 9, Sk o FEERAS R & FAk O A5
LNz, ZHICEY, PEv rBOEREFICEST, M
ITHCIREE T VOB E NS E R TE 2. 7,
I—HF ¥ 7 - TATA MY ZEOMEEIZONTIE,
FABOMAETICESTHERTLIL T, SHICRVWHREY
BoENDURENEND L LR TS/, L, FEY
I EOMEE I KRG8 = HBIEIET B 720, b %
RRECHET D HEEWMETLLENDH L EVRD.

4.3 TEMFHEEER
4.3.1 EBRAEZE

WHIZ, $2%E4 5 MB-LDA I2BWT, RE L7z —%
FEY 27 - 7AT ANy 7B ETETVWEL I L
R L7z, EETIX, LDA & MBi-LDA D% FE v >
PO LHED ) b, S B 15 5T £ el
L7z, &b, HEOWMEBIZBWTIE, EWEE 2 WEEE
RLIRELIRNT ORI L D HEER, Aby 77— FEL
THoPLOBRW. I SNZHENS DYy 7 2R
L, MY 7 ORI T HET 217072,

KIZ, MBi-LDA IZBW TR B IS 5 HERIZO W
T, &iFEICBI 2FHIREO HIEN 2 R L 72, 203
BRCly, RFMOMHERM 1005E2MB Lz &0, HE
WY HEE /B B O CREi 2 47 o 7. HEMHEE/ &
HHEEOHIE L, HAGRRHERIEERE [13], [17) £ 2 Th
BE LD, 3AOEREIC L S EBIHIENIC LV To
72, FEEEHOCTHBHEZ TP 72013, 728 213,
—fEI 7 T F A R TIE “B SRR B TH B DI
L, LE2—IZBW T “Flks B v v HENZ
BEREZFEOHAPH ), HETHE T4 2 L PREETH -
72l ThHLH, BB, KERIIBILIEETLVOMNE Y 7
BizowT, =%ty b [&i] 13, LDA # T = 40,
MBi-LDA % (K,L,S,T) = (10,10,20,20) & L, 7¥—%
+ v b [CD-DVD - %2:] 1¥, LDA % T = 40, MBi-LDA
% (K,L,S,T)=(5,5,20,20) £ L7z. &8, K, L, S, T
ZfHEk A4 LTRERIC, & NE Y 7 OREERT.
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x4 MY IHEPRELGEDEETINON=TL I T A ORI (F=5 1y N [&))
Table 4 Comparison of perplexities of each model in case the numbers of topics differ
(dataset “Food”).

(a) Bi-LDA (b) SBi-LDA (¢) MBi-LDA
=7 | i s—7L | e s—7L |
SI T xo5q | ST T %vsq | S1 T 2v54 | w2
10 | 20 832.4 | 72.5 10 | 20 658.4 | 46.7 10 | 20 624.5 | 48.0
10 | 30 869.4 | 68.8 10 | 30 650.3 | 66.5 10 | 30 627.5 | 59.3
20 | 10 857.2 | 54.3 20 | 10 639.9 | 62.2 20 | 10 644.5 | 45.0
20 | 30 950.3 | 76.2 20 | 30 643.7 | 41.9 20 | 30 614.0 | 47.7
30 | 10 936.6 | 55.2 30 | 10 639.3 | 47.2 30 | 10 644.3 | 66.8
30 | 20 962.3 | 75.0 30 | 20 625.8 | 60.1 30 | 20 612.8 | 43.8

RS NV IHPRLEIGEDEETIVON—FT LI T ORE (F—%+>v + [CD -

DVD - #7:1)
Table 5 Comparison of perplexities of each model in case the numbers of topics differ
(dataset “CD DVD Instruments”).

(a) Bi-LDA (b) SBi-LDA (c) MBi-LDA
IN—F i 74 IN—TF i iAE IN—TF LR
s|75rr [ me S| 7| 5oy e s| v 570 | e
10 | 20 877.8 90.4 10 | 20 680.2 | 57.8 10 | 20 641.3 | 65.9
10 | 30 893.5 | 104.2 10 | 30 673.4 | 53.8 10 | 30 665.9 | 54.2
20 | 10 855.4 83.7 20 | 10 675.0 | 57.2 20 | 10 622.7 | 66.0
20 | 30 968.8 92.5 20 | 30 667.5 | 55.5 20 | 30 626.4 | 74.6
30 | 10 957.5 | 100.1 30 | 10 669.5 | 58.0 30 | 10 643.7 | 64.1
30 | 20 1023.0 | 100.7 30 | 20 651.7 | 63.9 30 | 20 632 | 60.0

#F6 LDA THESNANEY 2706 (F=% -ty I [fh])
Table 6 Example of topics infered by LDA (dataset “Food”).

T6 T10 T13 T18 T34
Jeg < X5 | EE K 4%

F 75 Kk 0 bH P
FE % i M T < files
»hb | ER R FER LW 3
Bl % iV 1A % HH
3L %5 % T b5
4H 55 H Bk KR
5z # [ YN EN s
P i HE AR VIS i <
Bw ELLIS 'S # s
BE | AAR | XD I Tt
Fid LRSS i TR TE5
END | UEE % aveh) »hb
EEa Th Hz5 INF— FEA b
B Jra | k= i ESe '

4.3.2 FEREER
LDA & MBi-LDA TELN-FEy 712200 T, FE v

7 h o5 N5 HEEORER AL 15 dhZ i L,
DIFRZAT - 72.

R

T=%tv b Taml THONLRERIC

DWW, LDA OfEFR%2FR 6 12, MBI-LDA OFEFR+2R 7
IZZNZFIURT. LDA THESNZ Ny 7 2R T 5

© 2015 Information Processing Society of Japan

L, T6 R, T13 1 0HE, T18 KL WTo b
oo ThHhEMMTAZENTESL., TNHEDMEY Y
1, BRSLIZE LT oTIIVB DD, T4 T LK
LEWhEY 7 THAHT6 & T13, T—FIMKEL RV K
Yy 7 CThabTIS WIRET AR E R -7, T2, T10 &
T34 D LI, MROEELW Ny 7 EL ELN-.
—7, MBi-LDA CHEE &7zt ¥y 7 OHGE% iR
bl, 2—F My 72OV TIE, S1I3E4, S5 34
#, S10 13WE%, S12 WIEDOxInE FNENET My ¥
EIRRTE, =TT AT 2L O PRFT A ERE%E
Py 7L LTHETAIERTETN, T2, TAT
LARMEY ZI2DOWThH, THidF2F, TSIEK, T18 (37,
TI9 EREMZETENENET Py 7 LRTE, 747
LEHDO Ny 72 BT AHIEHNTETCW/Z. LDA D
HREL T, MRPES L Ny 754 EbN70E,
L= - TATAZNENIIFGDO MYy 7 % BRI HE
FETETVDLEDLS, ETH MBi-LDA 2HE & B ) @)
WTBY, BIFAHEREZRTIEDMHRTE .
7—4%+tv b [CD:-DVD - %3] IZ2oWTh, [FAEED
R EZ T > 72, LDA O#EFE%5K 8 12, MBi-LDA OF5%
#FR 9 ICFNFIURT. LDA THEE SN N E Y 7 21
B L, TI9EATHS, T27 ZBLME, T30 13,
T371 X CD 7VNL, T3 IEF Y —IZOoVWTHRE Y 7T
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£ 7 MBi-LDA TS/ by 706 (F—% 1y b [&d])
Table 7 Example of topics infered by MBi-LDA (dataset
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# 8 LDA CTgsh/zb¥y 706l (=%t + [CD-DVD -
E3d))
Table 8 Example of topics infered by LDA (dataset “CD DVD

Instruments”).

T19 T27 T30 T37 T39
Ji < P IUN TUNL | ¥ —
T Il ] i an S %
JE5¢ IN T TEdn 9
X =) A k=1 — B NA B fiig A
MR £ NZY Ve i
EX JE AR ik e 4
FE ik HiH i 2 i A%
I 7= By k3 i ¢
Fy b I & X BL 5 A
Eslp T var 5 A T ah
Ty I A ik vav7 W "
e AN i Mty By
f¥o JE B iy [IN %N
) [a] &L e Ty &
X St =) CD &L

“Food”).
(a) =¥ hEv 7
S1 S5 S10 S12
M Tt 2 (L
2 JER AN i A
i i# Fitks: S
=] st BITH i /2
A P33 Zi3A W7z7EK
fffi % A F7 b N
5 E3 HH Bw
A== | EHR kR )i
v b %, W% T
iz J=i filits fifii%
RA 2 b 4B EA% T
AR i T fiby
4% AT /e 5
¥ vav7 FEEY W72 A
AL TE< AT B
(b) 74T L E Y
T5 TS T18 T19
* LT S I EA AVA
Fn < i N—a
ELT Hrok 21X | v—k—=v
5 i el JK
IS T BHE g &
-t/ fif WchH | vArF—
KR aveHn a3y EAN
B3 biA {53 P&
[ Fo DA | W ELT
EIF5 IV F— 5 AR a
LS| FEE LW NG} Vv Es
If & [N N 189
Iif- [O/R%)] WT% 1%
Hw ek T 1 5
=3k BN JE ATA A

HoHEMIMTESL, 72721, T19, T30 L7 A 7 & IHKAT
TFL—PIEBROHL Ny 7, T27, T37, T39 137
L TFLIHMEGETHE Ny 7 THY, =y b [HR]
LRk, ZNODNRIET BHGRE B o7z, —J7, MBi-LDA
THEINIZME Y 7 OHFEIIBWT, 2—HF v 712
DWTIE, ST XIS, S1613E, S17 IFE WA &, S18
AR ZNENET Y 2 LIRTE, 2—¥0T7 4
TALELTHRIFT2AMEE Py 7 L LTHEET A 2
ETETCW, TATLME Yy Z7122o0WThH, TSIEE
FEI, T9 13k —o—, T14 1354 7 DVD, T18 13 ¥
=% ZNENEKTTATLAREAED Ny 7 & LTHEET
HZEIPTETW.

RIZ, MBi-LDA (2B W CTEER A 5 B 5 HEEIZ DWW
T, FFROKN & ZFHbEiFEO B Em 2 R L7, &

© 2015 Information Processing Society of Japan

F—F kv POKFEIIONWT, A 100EICEINLY
EMHEE /AN HFEOBO—E%, T 10 (IR, 72,
Bl LT, B 1 253FMMiRE & L Chli L2 g2 & 11
IR, R 10 OFR LD, FEm2 O 2 HEEIZOW
T, BOWREETH 2 I3 EHEMHEDS CHBIL, KW
HThDHIIEREMHEDSL CHBL TS I EHHERT
&2, TNEAFHLTRELZ MB-LDA I2X 5 EF LD
FEEPHEYI CTH o/ W2 AFERE o7z,

P EDOFEPS, LE2—FFAMIZ—F Iy 7 -
TATANE Y 7OWREZRZ LIAREETVIZBWT, Fh
LERLELZIZME Yy VHEEPFEBICERTETnL I L,
EVEMICOMRTE 72, F72, ETTINVTIRE L7ZFFA
IZOWT Y, EOVIEEDSIIHENREE, KWL
B EM R HEDNZ CBLNTBY, BIFSER2RT S
ENTE LA L—F, PEw 7 - FEEE LIS, AT,
CERDBY, RBT BEDRATTY THRIICAVS R
BHHEEYL, AL T b EAMERTE 7.
INH—MEFEE N Ey 7 - FFRIRTE LR wizo, #hb
BEMICHET LI L IEET L. F072045%, b
¥y 7 - IS REES T 282 T 7L
AR L 2 & T, — RS DHEEZAT) T LEHTE,
SO AWREMENTREE A LEZONS.

4.4 FBETFIOZBRER

4.2, 43 FI2BWT, IREETF N OMREDS, T - Bl
RIChEse Tk ERD 2 8 2R L7 KT, FETILVO
FEIFEIZOWTORE - BET 2179 . AL TIE, 64bit
555 (CPU: Intel©Core™i7-2600 CPU (3.40 GHz), A
£1) (RAM): 16.0GB) # HWTEBEZIT-72. &8, 1
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£ 10 AR AL 100 FEHOH ERNEEE / SENHEEORK

Table 10 Number of positive/negative words appeared in top 100 words of each rate.
(a) =%t b+ [£h]
B 1 Wb 2 B 3 ¥
HEN  mEN | HEN SEN | BEN O ESEN | BEN &N
] 10 4 11 7 6 9 9.0 6.7
AP 4 13 16 15 7 14.7 5.3
G ) 23 0 25 1 22 2 23.3 1.0
(b) =%+t vk [CD-DVD - %2 |
bR 1 bR 2 (31 =] T
HEN  SEN | HEN SEN | BEN GEN | §EN &N
EE] 9 10 10 10 5 12 8.0 10.7
FEIT 4 16 2 17 2 10 1 14.3 1.7
5 19 19 1 16 0 18.0 0.3
% 9 MBi-LDA Tl Enz vy 70 (F—%+v » [CD -
DVD - #8]) zgg | .
Table 9 Example of topics infered by MBi-LDA (dataset “CD 400 I /
DVD Instruments”). = 350 I )/
. £ 500 I /
(a) Z—HF Py 2 2 250 | N ——LDA
7 S16 S17 s18 £ 200 / / e
- & 150 | el SBi-LDA
IS DVD ey ®hLw 100 | é <~ — e MBILDA
Tk HH R} i w0 =
WA T i O S ol ‘ ‘ ‘
HE P4 X [N SEAE 0 20 40 60 80
% cD e Ny an The number of topics
RITAD LIk vav s T () 7=t b [fdh]
"% iT A2 b % 200 I
450
K & # fiifs e 200 |
BT Ko~ A i< = 350 |
TFLEL b PV i Hly é 300 II DA
77 TARAT i v £ izg | P —@—Bi-LDA
EUN BD =2 f# % L:;} oo | { < SBI-LDA
e i) L 755 100 el - MBiL0A
# 4] B B 5 74;_,4
£ e 5 Rz HE 0 = : : ‘ ‘
0 20 40 60 80
(b) 74724 b vy The number of topics
T3 To T14 T13 (b) 7—%+t v } [CD-DVD - %33 |
= F4 5 — 547 % 6 #%7—%tvy MIBDLKETIVOFER O Rk
A MRSy DVD y— Fig. 6 Comparison of the best values of each model.
CD i I . e o
T P AR i7¢ ¢ TI/_VE‘/IE]@Z, }‘3/7%.(7:(&@/\07)(‘—575;} 4.2ED
Ik v i 20 L RO ME % FV 72,
7= AN Bl A BETFINVOEBERIZONT, &7 — 5ty hOEFEZ
Ko~ e < TH | TrbY 6 |IRT. EERER,S, OV Y TN EETNTHS
(e H’D’ﬂ;g LA 7’;\* LDA 7%, SBEIC BV CHETH 5 2 L AR TS /2.
F=T=r7 5k ar¥—1h .
7 g 7 $7-, SBi-LDA b LDA & 12134 h b & B Th -
it Xtk Al % ] , [ PR
svrsvr | T s Zhy b % oyt 7z. —7, Bi-LDA &, MY v 7ok L CAalucs
i B B0 7 BRRAHEML T0AH 2 LR TE 5. ZhUd, Bi-LDA
S5 X Adf e IZBWTC, HEEXFNZ—-F Iy 7 - TATL My 7DOR
ARk Al KLw | a0s TOBEREND EELTWVA 20D, FRTIZOWTH
G AETA 7o | A OB EFE L AT R LAV, $2REy s
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=11 BEERE 1 DI L 7o E R HEE /S E R HEEE OB
Table 11 Example of positive/negative words evaluated by subject 1.

(a) =%+t v b [

FHEE | BEEL | HLEEG
3| BEMN 10 | EBRL W, B, IfE, BuLwv, v, wnw, IfE, T35,
I, RFn
BEN 4 | FRE, mv, EBe, whsawn

A | HEM 13

FELV, BuLw, B, 220, W, if & TX 5, HiE,
R, WIfE, OKIFE, BLv, IFA

B, mv, wWHkwn, R

S5 | HEM 23

FER L, BuLwy, B, v, i, T&5, fiE, v,
P&, LW, v, BLw, KiFE, 24w, &kE, —7F,
5, W, 220, Wrs, =R 720, [ICAS

(L)

b) 7—=%+t v I [CD - DVD - %]

A |

HEEBI

BN 10

By, 22w, I, v, TE2, W, IF &, LA, L
s, T, NT, A, WHRW, EW, Bbwy, Eu,
HhEw, Yav 7y

A | HEM 16

Bwv, 22, v, TE2, W, §ife, BLA&, IF&, EL
W, LD, KICAS, BA, AV, I ELD, RTw
&, wWhH 7w

S5 | HEM 19

LI AD
BEM 0| (&=L)

T, e GlE, BLA, HE, RS, BLY, Bu, B,
Bo, KifFE, v,

by

b, FM, TE, BE, TIv, B

’

DAAREA T THINT 2 505, FREEFHIL T
WhrkEZLNL, ZHUINL SBi-LDA &, 2—% Ky
7, TATL MYy 7 FNEFNOHESAOFERTH D72
®, Bi-LDA THEL 2 EEHIEROMEL [ L T 5,
F 72, MBi-LDA (&, FEsERGED & HEA KRS D 2 D
DEBEEE AT S L, FFRAERTSIC Ny 7 OHE
FOBEDSGFAET HZ L5, LDA % SBi-LDA & i L
T 2~3 AR E DB/ & o 72, La L I Eids
DOEINTH 57280, MBi-LDA ZZFEHEB O TENLS D
EFNVIIKRELCRBL > TR WVEN) ZENTE L,

5. ¥&®

KT, L¥a—FF X O EEBE L7237
MY 7 ETVOBEL KM, NOIZ, FHOTHE
FN T 5 Bi-LDA %, 7% X MEN 2 45% L 72 SBi-LDA
\ZFEE & 472, SBI-LDA Tld, Bi-LDA & kR —H k
v eT7AT LNy 7 RIEL, TNONHIEDERK
ERIZBWT, ERMIGERSNS L) ETMEE T 7.
RKIZ, SBi-LDA # &6 IZFREEE, - v s - 74
TAHMEY ZITMAT, FFab HEEO ARG IS AAA
72 MBi-LDA ZHg5EL, FEL7.

EETE, MEETNVEEROL 27— 7 1ZEH L,
ETFTNVOWRER E BN/ EVEICEHI L 72, & B EHIFEER

© 2015 Information Processing Society of Japan

T, SBi-LDA #°LDA, Bi-LDA Ll L T/8— 7L F ¥
FAD10%LLEFA35 2 &, & 512 MBi-LDA #% SBi-LDA
LONRN=TLFI T4 OMTENLTNSEZ L%, HElHH
FENE VIR L7z, Rl 925 T, MBi-LDA 25t

Liza—=H I v 7 - 7AT74 Ny 72 BHTHEEL,
ETVORELBY, T—FIHFRTE Iy 7 ET AT
LIZRT A MNE Y 7 A BIRIGICKFI L CTHEETE 5 2 &
waa L7z, F72, FEE O HBT AHFEIIOWT, FEEO
KN & 5 FEMRE O BRI D W TREE L 72858, mwuv
FEEA DI EEN R HEE, VGRS S IE B EN 7 HEEDS
HIE LR T W ED MR TE /2. 72, FEHBEEICBWT
b, MBi-LDA (IRX—Z2F 1 »Tdh 5 LDA L LEL T, 2~
SEREDOBIMIIMA SN TS I EPHERTE. Th
5OFENS, KL THRE L7 MBi-LDA &, LY a—
TX¥AMOBMIFEL LTHEHTH LI LE2RT I ENT
7.

ASHOMEE LT, —~HEOETIMEL, MY Z7EOH
BiihE, BERVIANORIEDHITH5NE. FEY 7 - FFEIC
BIEF LR WEZEZ LN —fEFEEZMBICET VLTS 2 &
T, EFVOURENE2MNLIENTELEEZOND.
T2, MEETUTIEIENETND MYy 7 A FFNICHRE
THUEND 505, TERKRET 1) 7 Lt (18] # v T
MYy 7 HEHBTHET A EDTELET VNS IR
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FENTHY [19], [20], RIREEF VLM TS L2
TELEEZOND. &5I12, 21— O IFIE R IKAF
LTET AL EZLNLO 21, [22], 21515
BT A LT, WoZF)DEFTLVOWRER FERA I LD
METH D,
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