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Number of true bigrams

F v -HERIRO FTOME (AUC) DENKETHIEAE
WEY, HEEDOMRENRWI IZhS. 52 7-HE Rz
BT, FEPSHD TV OliE EICfiET 5 A ARSI ERR
DIFEN, TDT VI TOEEROKE S IZHHIT S, HEEE
B TFORTREINS.

Number of true positive
Number of total output

Precision =

5.2 INTA—YDRE

NI A—ZOPEL, T, SFEEIT LTS 2085
A—RPFN)F =2 a v F—XEHVTHRET 5.

NT A =2 EAY 10,000 £ TO T v o - FHEERRO HiR
ERAWCHRET S, 5 r7-HEEMIEO FTOMmBOMHA K
THIERENRE, HEDHREVPRBVWI 225, koTID
HEPRRIZRDEDITNTA—RERET .

BEFEIZIE, NTA—FK Ay, Ny DEETE. TNTLOD
NRIA—=Z%01 525 1070 FToM%z 0.1 5> st
T, ZTOHT, AUC OBV BRKIZR 57287 A =X & H
T2, 7, HREDEIUIZARZ /85 A —=XIZDOWTIE, /85 A —
ZOEBNS WS ERHT 5.

2, WBFETH LIS LDAEMANVEZTHRENT S
TLDHERAVIZFEIIEZENETNENTNIRNT A=K Ay, A
PEET S, 2H561E, 055 1 £TOM% 0.00001 %A TH
KETV, ZOHT, AUC ORIV AKL o727 A—X
FRW=. 72, MREAFEUIZRE NI A —=XIZDOWTIE, /8
TA—RDEPNNIWHEFRHAT 5.

WELUENTA =R EZTNETNKR 12 10RT. REFEON
SA—=RFMNDT— Ry MZBWTH A, = 0.1, A, = 0.001
Lo TW\W5,

F7z, EEIZHA L NLTK N—Y 3 > 3.2.5%1281) % Sim-
ple Good-Turing D37 A —=&XiZi%, 1 XFHONAZF LD
L 2 XFHDNA 25 AOFEBOEE Wz,

2 : https://www.nltk.org/ (accessed 2019-01-25)

£ 1 #ET—%10,000 FOKOF 2 —=2 T LizRT A=K
year | Ay Ab Auu A
1991 | 0.1 | 0.001 | 0.00526 | 0.00495
1992 | 0.1 | 0.001 | 0.00493 | 0.00476
1993 | 0.1 | 0.001 | 0.00895 | 0.05398
1994 | 0.1 | 0.001 | 0.01125 | 0.00470
1995 | 0.1 | 0.001 | 0.00956 | 0.00420
1996 | 0.1 | 0.001 | 0.99997 | 0.07287
1997 | 0.1 | 0.001 | 0.96414 | 0.03774

£ 2 FHF—X 2500 hOKOF 2 —=V T LR TA =X
year | Ay b Aua A
1991 | 0.1 | 0.001 | 0.00544 | 0.01925
1992 | 0.1 | 0.001 | 0.00374 | 0.00093
1993 | 0.1 | 0.001 | 0.00850 | 0.00475
1994 | 0.1 | 0.001 | 0.01308 | 0.01540
1995 | 0.1 | 0.001 | 0.00931 | 0.00337
1996 | 0.1 | 0.001 | 0.98831 | 0.04789
1997 | 0.1 | 0.001 | 0.99979 | 0.00835

# 3 ¥E7—% 10,000 ff:: AUC TOP-10000

MLE | SGT
3520.98 | 5232.97 | 3897.38 | 906.53
3591.00 | 5149.53 | 3831.91 | 781.21
3391.24 | 5109.50 | 3729.15 | 826.95
3376.45 | 5064.55 | 3573.85 | 762.20
3387.37 | 5193.74 | 3766.72 | 834.79
3239.57 | 4840.10 | 3396.49 | 815.50
3251.62 | 5001.48 | 3449.03 | 835.26

year | Proposed | Unigram
1991 5236.17
1992 | 5171.60
1993 | 5111.82
1994 | 5058.16
1995 | 5203.72
1996 | 4825.31
1997 |  4997.26

Bigram

5.3 ERER

¥EF— &% 10,000 fHHWZIGEOEREEE2E 3ITRT
BAEZIZBWT, HBMEEORWTEIIH U TIERASIWTH
5. \BEFHEE, N5 00HEHWVEFEOMRENE
HEODMREDOEIENZ L3R5, FBT — X% 10,000 1
FAWZIBED 1991 £0 7 ¥ 7-FHERIREZ X 1125837, #=#F
Tk, X475 L5DHREEHLWETEDS S I7HIFIEER -
TWBZeWnHhS, 2=T5LDAEHVEHRETS, LAL
WZHBWTIRRLHEZ HWZMEEE L D RWEREZRL TW
5. ke EAVCEEREL, IZIXEROS T 71k T
B, ETOIVIZIZBVWT—EDIEEMELL>TW5,
BT — K% 2500 fFAHWESEDERIEREE 41277
BEFEFIVTILOTF—RIZBWVWTE, HEBEWHERETH B
ZeRnhb. FEFT—X%E 2,500 HHWZESED 1991 £0
Ty r-BERMRER 2 I1I2RT. EOT BV TH, #
ETERESLERWHERETHE 000 5. . 57
3,000 75 6,000 thE TDNA 25 LD I % AW FEOM
BEAME T LTV AR THIEFIRIILE LzHiEEZ R LTV
5. EA7 6,000 HEABEIE, HEET—XHUZFELBRWANS Z 5
LDBL, N1 7T LDEEHNZFE, AHEEZ W
MEHEED 2 FIETI, LEHOENPYRr LR, HEEHET
BWZEDDNDE. ZTOLIRRUTICBENTE, BREFEIZ
=77 LOREREHEHETWS.
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M1 %¥F—% 10,000 £F: EA7 10,000 B2 5 v 7 -FEHER
R (1991 4F)

# 4 FHET—X 2,500 ff: AUC TOP-10000
year | Proposed | Unigram MLE | SGT
1991 | 4721.27 | 3471.35 | 4539.07 | 4013.22 | 731.79
1992 | 4489.98 | 3421.78 | 4316.80 | 3818.86 | 761.07
1993 | 4650.66 | 3388.82 | 4503.14 | 3937.51 | 644.32
1994 | 4530.18 | 3371.54 | 4351.56 | 3774.82 | 612.02
1995 4736.46 | 3380.14 | 4591.47 | 4008.43 | 753.08
1996 | 4398.24 | 3224.73 | 4241.56 | 3645.88 | 740.06
1997 | 4484.46 | 3206.43 | 4345.84 | 3778.61 | 683.06

Bigram
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X 2 %EF—X 2,500 fF: kAL 10,000 Rz 55 > 7 -FHERH

k(1991 4E)
5.4 & =

X1%2R2e, BEFIEEIT-ZVPREWELEX, 12775
LOAEANEZFELIZIFAKROMREL 2D, N1 7T LDH
EHWEZFEERIMOFELI VB RWEREZRT. Zhik,
HeE Ml e BEEDO _RHGERRNL TH L VWO EEfED T L —
LT =00, ARSFED LD BRHHAGEDOT —XIINLUTEH
BThBLEZTNS.

£/, A= 5L0OAREAWVETETH, REHEZHVE
MEHEL DS, EATRRVWHEREZRLTWVWS. 0L, &
ELODEOMEIZR U THRHIEZITI/NT A=K Ay &0, #

BF—2FUIBENPTWAA T T L% EAIZES Z L DSk
D TERVWREEZT NS,

Simple Good-Turing % F\ 7z [EH#EE Tk BN Tl
ExRAW-HEREZ2BR M2 R L TWDH, EAL 200 4
R LY, MRENEALTWS., Zhid, Zipf DFEAEM
Wiz, YuBIEORMIE: LELOS ¥ SR THEBIICIT > T
52 ENHEBIZR > TVWEDTIERBRVWIREEZTVWS., 5FD
R P ROMEROMMIEE 4 ZfTF>TWEDT, BIZAIXFEE
F—& 10,000 =D 1991 £EOF — X DG EIF—EH HE L 20
NA T 5 LDORFELRDMEIL 18.987 &\ IEFIZEWHEIZZR 5.
INAFNT, FH T — RAFIFEELROWNAT T T LS AL
HEL, MEEAE/LLTVWEEEXT WS,

M2z2REE, BEFEND L ERWERTH S Z L2
5. FEF— M 2,500 EDGEICIE, AL 6,000 fH:LARIZ
BWT, N TS5 LDAERNVEFIEE BUHEZ AWM
WD 2 FETIRATOMEOHTHEI LD Lh, MEOR
EHOMEMIZYr 225, BEFIEZE, TOX>RGAICE
WTH, =07 LOMRSHEHCTHEERTNS. £z,
FHET— RIINA T T LADFEET 54, FHlAIE AL 3,000 £
25 5,000 fEDMTENAS ZT LDAEHNZFEL AT,
HREMRTH ELTWA Z D 0h 5. Zhik, N1 I L0RE
izl ca=rsosz2AnizERE2fTozZ 2icky, 2
=75 LOBHEE AW REROMEEITATWDZ L
ERETWVWEHEEZEZTVS.

6 ¥ & &

NA TS LDREHIZH U T, N1 275 LDMERSAE D JHU
BETHBL=T 7 LDOWRZHEEHA N ZENMEE T 72 &
BT B EEHE TR, Ay 2B REBEBUC WS
2T, fEEERITS MOEEEHEEICHHALTWS, X175
LT, ZORARGTHEA=T T L2HAND I LT, HE
DINS VT — ZADREEIZIENR D ZD TRV REE X7

ERCU7Z2NA 7T LOREOHEREHNT, N17F
LDAHRERWETE, 2205 50AZHWETE, RLHEE
AW/ EEEHERE, Simple Good-Turing % Ji\ 7z [ HE E 72
Crig e o, FERRIZIE, H R A FEOERNCHERT BN
177 LADOHEE L WD B FERET 72, EROKRE, 8
T =X DWINSWIGEIZ, RBEFIERIEINA T T LOMERSHGDE
WRHTH DAL= 7 AOWELSFHEANTHEZTV, &D
BWHEEL 0 Z L 2HER UK. £/, ZFET—2BREWEG
BHIZBWTH, N T T LDHEHANZFEL RFEOMELE %R
LTWBZ & EMERLE.

X [

1] &Y. BEREEICLDZ Y 7T — 2@, BETHEREEFR
&, Vol. 97, No. 5, pp. 353-358, 2014.

[2] Takafumi Kanamori, Shohei Hido, and Masashi Sugiyama.
A least-squares approach to direct importance estimation.
Journal of Machine Learning Research, Vol. 10 (Jul.), pp.
1391-1445, 2009.

[3] K. Kawakami, M. Kikuchi, M. Yoshida, and K. Umemura.



[4]

[5]

[6]

[7]

(8]

[9]

(10]

(11]

Direct Estimation of Likelihood Ratio for the Analysis of
Context. In Proceedings of the 5th International Confer-
ence on Advanced Informatics: Concept Theory and Appli-
cations, pp. 1-6, 2018.

Masashi Sugiyama, Ichiro Takeuchi, Taiji Suzuki, Taka-
fumi Kanamori, Hirotaka Hachiya, and Daisuke Okanohara.
Least-squares conditional density estimation. IEICE Trans-
actions on Information and Systems, Vol. E93-D, No. 3, pp.
583-594, 2010.

Masashi Sugiyama, Taiji Suzuki, and Takafumi Kanamori.
Density Ratio Estimation in Machine Learning. Cambridge
University Press, Cambridge, 2012.

William A Gale. Good-Turing Smoothing Without Tears.
Journal of QuantitativeLinguistics, Vol. 2, pp. 1-24, 1995.
Slava M. Katz. Estimation of probabilities from sparse
data for the language model component of a speech rec-
ognizer. IEEE Trans. Acoustics, Speech, and Signal Pro-
cessing, Vol. 35, No. 3, pp. 400—401.

R. Kneser and H. Ney. Improved backing-off for M-gram
language modeling. In 1995 International Conference on
Acoustics, Speech, and Signal Processing, pp. 181-184 vol.1,
1995.

Steffen Bickel, Michael Briickner, and Tobias Scheffer. Dis-
criminative Learning for Differing Training and Test Distri-
butions. In Proceedings of the 24th International Confer-
ence on Machine Learning, pp. 81-88, 2007.

Masashi Sugiyama, Shinichi Nakajima, Hisashi Kashima,
Paul von Biinau, and Motoaki Kawanabe. Direct Impor-
tance Estimation with Model Selection and Its Application
to Covariate Shift Adaptation. In Proceedings of the 20th
International Conference on Neural Information Process-
ing Systems, pp. 1433—1440, 2007.

Taiji Suzuki, Masashi Sugiyama, Jun Sese, and Takafumi
Kanamori. Approximating Mutual Information by Maxi-
mum Likelihood Density Ratio Estimation. In Proceedings
of the Workshop on New Challenges for Feature Selection in
Data Mining and Knowledge Discovery at ECML/PKDD
2008, pp. 5-20, 2008.



