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*I https://github.com/tmu-nlp/pmi-ppdb
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LocalPMI(z,y) = n(z,y) - PMI(z,y) (9)

AL TIE, X (9) D n(z,y) 124722 EHAZ R —
NAETEHERDDZ LIFH LW, £72, AR TKD
W OIFHEFEROHE (BE) ommx Ttidad. HiEMD
SWHASLETHB72H, N7 LocalPMI D & 51
HEFEI—N"ALTERZRE L THESHELZRZLZ L
HIEY)TIEZR N,

ZITHRLAEF, BEFEI—NAZHAVWEE VWX ERS
EUTELSFHETND ABLE [11,12) ZEA L LT,
LocalPMI % S Wt 2 JER D 72 DIZIRD & S IZHEE T 5,

(© 2017 Information Processing Society of Japan

Vo0l.2017-NL-231 No.21
Vol.2017-SLP-116 No.21
2017/5/16

0.35

0.30
0.25 1

0.20

0.05 4 — plezler)
pl(ez]e1) Kneser-Ney Smoothing

0.00 — . . T . . .
0 5 10 15 20 25 30
number of paraphrases

3 MAP: Kneser-Ney Smoothing D H %%

Slpmi(eb 62) = 008(61, 62) : Spmi(eh 62)

(10)
= cos(e1, ea) - 2PMI(eq, e2)

Z T, cos(er,eq) t&, Hiilie; B X UHGE eg DR MUK
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*4  http://www.statmt.org/europarl/
*5 https://catalog.ldc.upenn.edu/LDC2011TO7
*6 https://code.google.com/archive/p/word2vec/
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TEEWHRZ OBBRTIIBRVWEENTH Z720, EROSE
m@x%&ﬁbOOK%&@ﬁ%m#LMMT%6#tw
S WAREE DR %2 47 5,

X 6 (ZHEFEME DR & R T, EARD XML T 7172 Bilin-
gual Pivoting 1%, 5.2 HiOEBRERTIX LD T v F T
PEREIZB VT plea]er) PEAIT %2 UARWHERE#RE X b
LENTVWZIZEELST., EMOS VA E FIZEE
ATLE->TW5B, MFMLE 7z Bilingual Pivoting LASF
. WINDEWERZ S V¥ TR AT H MM
DWTIEREN WA, BRRODHELE I & 2 EAMIT
EFo-HEREREIX, MOFEIOBLTHICZEN,

5.4 EWHRZ O : B R
MRR $ & U MAP 2 & 5 EALDOF W2 DFHifi. Cov-
erage (2 & B FLD T > ¥ v 7 OFMIIZIIA T, fHEIFREIC
Lo TR BREVIZ T V¥V 7 OZ LM% FHET 5,
% 1% Pavlick et al. [2] LA U<, AET < > ONENHHE
FREUZ & > TEWHA N 23§ %, Pavlick et al. [2] (2
&> TARE N T W5 Human Paraphrase Judgments*4iZ
I CRALZS WA Y A Foftiz, PPDB [1] 2
5P T T ENT 26,456 HEEMNIZN T S 5 BB DA
FiHib A ENTVE, KEiTHK, ZOHEOT—X%2H
WT, #EEL~ ab‘?ﬁéiﬁ%?ﬂ”ﬂﬁ@'é
B 725K 1112, EEWVWMA T vFrr2a7 e NF
%M(5A@§M®I%ﬁ)®ﬁﬁl8 CAET< VD
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ERIFHBAfRE %2 R T, 5.3 HiTmLZ@Y, PPDB B}
5 3 #572 Bilingual Pivoting & EA7 D A 3 7 BAAMIASTEIE
WZRITB72%, FHBGREEE, IREFIETH 5 A HEM
EZ & D EAMT U REIX. HERBIZBWTD
BRbEWHEREEZ R U, FHIZBAXOLE ED /14 X (false
positive) HHIKTETWBEZ &b h 3

6. B

6.1 WO E MM

F£1IZ, BV T VXTI EAOHIERT, cultural
DE Wz OFITIX, Bilingual Pivoting 1. IELWE W
Wz P BRI HERE T, B ORI cultural & XA
5\, PPDBIZB I 2MMARZT WA AITIE, by 7
ELVWEWHRZ Z2EETETWEHEOD, ZTNETIZHR
U7z & 512 by U O HEIIETH T E R\, HANRE
. BHEEOMERRIZITEY, FIOHEDLL
PRI =N AR TOHBHE | OHFETH S, REFIE
THDAMBEMEIC L D EAMNIT UZMHEEREE, HE
TEHREIZB T RSN 7 ADMENRR X, AL
HEEDLZ L BELWE W TH L, DAELEZMHT
%2 PR, HEBWZ L DIELWE WX 2 EMICRS,
EAIOMMDEZES cultural & DEEDIFRV, WX 2 W
SEETIHEETED B 10 BHFED S 5 3 BEEIIRIEM
TH BN, ERSCFBELLE [3] R HEES BRI DY [4)
RE, TNETIIPPDB BFHHINTWAIGHZX A7 D
—EWTIRINSLEHTHSREEYH S,
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K1 cultural DEVBRA T VXV 7D AL BMABIEL WS WHLZ)
p(ez]er) log p(ez|e1) + logp(er | e2) 2PMI(eq, e2) cos(e1, e2) cos(e1, e2)2PMI(eq, e2)
1. diverse culturally culturally-based historical socio-cultural
2. harvests culture culturaldevelopment  culture culture
3. firstly 151 cultural-social educational multicultural
4. understand charter economic-cultural linguistic intercultural
5. flowering monuments culture- multicultural ~ educational
6. trying art cultural-educational  cross-cultural intellectual
7. structure casal kulturkampf diversity culturally
8. january kahn cultural-political technological  sociocultural
9.  culture 13 multiculture intellectual heritage
10.  culturally caning culturally preservation architectural
£ 2 labourers DEVWHZA TV F V7 (ELWEWHIDM)
plea|er) log p(e2|e1) + logp(er |e2) 2PMI(eq, e2) cos(e1, e2) cos(e1, e2)2PMI(eq, e2)
1.  workers 9. gardeners 10.  workmen workers 2 workers
2.  employees 42.  harvesters 11. wage-earners people 4 workmen
9. farmers 62.  workers 16.  earners 10.  persons 5.  craftsmen
13. labour 71. seafarers 19.  workers 11.  farmers 6 wage-earners
16. gardeners 73.  unions 21.  craftsmen 15.  craftsmen 9. persons
17.  people 99. homeworkers 22.  workforces 26. wage-earners 12.  employees
28.  workmen 283.  works 26. employed 27.  workmen 13.  earners
30. employed 394. workmen 27.  employees 29.  harvesters 15.  farmers
33. craftsmen 395. employees 50. labour 31. seafarers 18.  people
59. harvesters 412.  wage-earners 55.  persons 32. employees 19.  workforces
80. work 415.  craftsmen 75. farmers 42.  gardeners 37. harvesters
88.  earners 417.  earners 103.  homeworkers 47.  earners 42.  individuals
90. wage-earners 419. labour 105.  individuals 55.  workforces 53. labour
106.  persons 420. employed 112.  work 57. individuals 55.  seafarers
109.  individuals 431. people 135.  people 79. unions 65. gardeners
114.  seafarers 433. farmers 187.  harvesters 103. labour 88. employed
115.  unions 446.  workforces 273. gardeners 140. homeworkers 100. homeworkers
131.  workforces 451.  work 317.  seafarers 144.  work 105.  work
166. homeworkers 453. persons 456.  unions 170.  employed 149.  unions
401.  works 474.  individuals 469. works 222. works 254.  works
212, VATV F U ITDILDELVEVH#R L fHHEN5 20T =Xty bZHAWT 5 BREDO ANFF

TDTVF VT ERT, labourers DEWRZ OHITIE, A
FRHiZ BT 5 BERSEEA D 3 A LD 2 B2 EL WS
WL Z S 20 FEAFAE L 7z, Bilingual Pivoting X A IEH &
Tk, 2 TOELWEWZ 2T 5 7201213 EA7 400
METHERTZ2MLENDH S, — T, AAEUEEZFHT
LZFETIE, EULVWE WX % RN B IZRED Z & 23T
ETWB, Kz, BETFIETH D 0MELEIC L D BEA
U MHERSRE T, BA7 20 BEEE T2 10 EEDIEL
WEWHZX 2 EDDBEIENTE, Thbb, BEFIET
W EMOS VX ZFHT A7 TAHNL Y VOEVWE WD
A EREEIENTES,

6.2 T U2 6O ABIFTAT

ERIRI SCRBELLE & 2 7 TF W #2065 O AR FEAT % 17
D, RIS HEEMUE X A 7 1% 2 U O R IR 2 81 0LE
ZERDDZRAAITH Y, AW TIE SemEval [17-21] T
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filie OB (7Y > OREHE) Zilid s, Hxld,
SemEval-2015 D RKH BB & 2 2 [20] TEFE 2K
fi 2D 7z DLSQCU [3] D#HliZR L FHEITH LT, Aifsk
TR LS WA Z#H T %, DLSQCU Tid PPDB
EHWEHEET 4 AV b [22] 24T\ 774 VI8
FEOEIEIZIE U TR (11) O & S 1 CHEBUE 2 e T 5.
na(81) + na(s2)
DO
ZZ T, n(s) 33X s DHFEH n.(s) 137 71 v ST Hi
R BT 5, DLSQCU TiZ PPDB D& TO S W iz
ERFIZLTVDH, AR TIEFEHBIIN L TE VX
237 DEA10 BEEOAZMHL, SWHAZ a7 O
HEZ IS 5,

# 312, FRERERT, ALL 2, 5207 —X& v
MZBITBET Y VHBRBOEAN S FEIETH 5, &
EFENREODTF =Ry hD S5 3 DThEMARER EK

sts(sy, 82) =
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R 3 FRISHEBEME X 27 ~QIGH (K7 Y » ORI X 2 3

plez]er) logp(ez|er) +logp(ei|e2) 2PMlI(e1,e2) cos(er,es) cos(er,ez)2PMI(eq,es2)
STS-2012 0.539 0.466 0.383 0.363 0.442
STS-2013 0.489 0.469 0.463 0.483 0.499
STS-2014 0.464 0.460 0.471 0.453 0.475
STS-2015 0.611 0.655 0.660 0.642 0.671
STS-2016 0.444 0.518 0.550 0.518 0.542
ALL 0.536 0.543 0.534 0.523 0.555

LTHEY, XHENEHEDEZDIZARARE VI Z N %
MWLV F U TTETWEI N5,

7. BEEMRE

Levy and Goldberg [23] &, HEEDHRBIOFEEFIEL U
T & LEISNT WS Mikolov et al. [16] @ skip-gram with
negative-sampling (SGNS) % Shifted Positive PMI D {7
FINME UTHHL TWD, A%, 5 WA EGTILL
L TXLASN TS Bannard and Callison-Burch [5] D
Bilingual Pivoting % PMI 12 & > THHT 25D Th 3,

Bhagat and Ravichandran [24] i&, WX ERD-D
ZPMIZFHLTWS, UL, 5 I3ANE 1 OILEEE o
% PMI TEAM T UZZHEERT bV VB ORGGHELE I
o T, HFEMOERNZBELEZEIEL TV,

p(@i,C)
PMI(e;, ¢) = log ————~
(e C) ng(el)p(c) (12)
ViV,
cos(e;, ej) = Vi

WHIFHFIFTFED—NA ETE VI A & HLEE & ot
BEZHWT PMI 23 L TWB DI LT, F&4 i3
RA—=NA ETEVBRZEMFE T ORGET 71 A > MR
ZHWTPMI 23 LTWE Z LR D,

Chan et al. [11] 1. Bilingual Pivoting TERI NS
W Z AR DA EUEIZL->TY I V3T LT 05, #
BRI — A ofFondHREMVWTEVHRIZY T
FUTTBHLVIFERFIEFE AL LLUTWBER, H5DFk
TREKRIIGEWE WHX 28ED 5 T LTS TWARL,
AW5E TlE LocalPMI 12 & &AMz k> T, WERa—
AWML/ OENDIEREBESFTEI—1NANLBE LN IERE
MR AEDE, ROEWHAZ2EDL I ENTE L,

Bilingual Pivoting [5] Z W T, £ < DEFETE W
AT —RAR—=ZANPHBEI L TS, Ganitkevitch and
Callison-Burch [25] &K Z 5P HEFE4 & 23 SFED
EWVWMZ T — A N— 2" 2 U, Mizukami et al. [26] (X
HAFEDOS WA T — X R—=2A 9% EE L7, A TIE,
B S 5E 3 — /YA % A\ T Bilingual Pivoting % i L 7=,
KRB EFE I — N AIL L DEETEZITHATE S
e, TNODHREBTE VAN EZEETELES S,

*8 http://paraphrase.org/
*9 http://ahclab.naist.jp/resource/jppdb/
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Bilingual Pivoting IZ & - THi#ix 7z PPDB [1] 1. &
RIS (3], HAEE D ERBLOZEHE (4], BEWENER [27].
SCEME 28] BRISE 29, 7F A MESL [30) &, %
COBERSHEWBLH R A7 THHI N TS, AHf5ET
2% U /- Bilingual Pivoting @ F%(Z. PPDB %
TH5IN6DELDRAAY DURERNRET 5 AL D 5.

8. HHWIC

AHFFETIE, BFEROSWIZ & U X 2 EA EHAE
WRIZE->TEHL, HiRa— 2B oNBHEHL
HMEFEI—NADNSBONIEHROMAEFHALTE W
Bz X% R U Tz, D AEME TEAN T U7z Bilingual
Pivoting I&. ZNZND F\ it 2 G FIED NI IX 72
5L ZEIT&h, HEBIZSEVIRZAESNTERL, ANFETT
5= avInEVAROFIET Xty & A
Wz EBROFER, MRR ¥ MAP (28 W THKD Bilingual
Pivoting X AL I T 2 EBE D E A HERR T & 72,
F o, EERASCREIEBUE 2 2 271281 20 80D 5 %,
REFEOAVERHER T E 72, K TR - 72 BRI
AL AN B BEWEIER SO, ERRE R T ¥ A
FEGALZR E, BRI E WIRZAERIZZ < DX A7 THIHA
INTVWEZD, RIEOERREEE LIZZDEAREEE
HISHZ 227 OMRE2 ETE 5 L T 5,

SE X

[1]  Ganitkevitch, J., Van Durme, B. and Callison-Burch,
C.. PPDB: The Paraphrase Database, Proceedings of
the 2013 Conference of the North American Chapter of
the Association for Computational Linguistics: Human
Language Technologies, pp. 758-764 (2013).

[2] Pavlick, E., Rastogi, P., Ganitkevitch, J., Van Durme, B.
and Callison-Burch, C.: PPDB 2.0: Better paraphrase
ranking, fine-grained entailment relations, word embed-
dings, and style classification, Proceedings of the 53rd
Annual Meeting of the Association for Computational
Linguistics and the 7Tth International Joint Conference
on Natural Language Processing, pp. 425-430 (2015).

[3]  Sultan, M. A., Bethard, S. and Sumner, T.: DLSQCU:
Sentence Similarity from Word Alignment and Seman-
tic Vector Composition, Proceedings of the 9th Interna-
tional Workshop on Semantic Evaluation, pp. 148-153
(2015).

[4]  Yu, M. and Dredze, M.: Improving Lexical Embeddings
with Semantic Knowledge, Proceedings of the 52nd An-
nual Meeting of the Association for Computational Lin-



BHRLEF SRR E
IPSJ SIG Technical Report

[5]

(6]

(10]

(1]

(12]

(14]

(15]

(16]

(17]

(18]

(19]

guistics, pp. 545-550 (2014).

Bannard, C. and Callison-Burch, C.: Paraphrasing with
Bilingual Parallel Corpora, Proceedings of the 43rd An-
nual Meeting of the Association for Computational Lin-
guistics, pp. 597-604 (2005).

Evert, S.: The Statistics of Word Cooccurrences: Word
Pairs and Collocations, PhD Thesis, University of
Stuttgart (2005).

Mohammad, S. M., Dorr, B. J., Hirst, G. and Turney,
P. D.: Computing Lexical Contrast, Computational Lin-
guistics, Vol. 39, No. 3, pp. 555-590 (2013).

Kneser, R. and Ney, H.: Improved Backing-off for M-
gram Language Modeling, Proceedings of the IEEE In-
ternational Conference on Acoustics, Speech and Signal
Processing, Vol. 1, pp. 181-184 (1995).

Hinton, G. E.: Training Products of Experts by Min-
imizing Contrastive Divergence, Neural Computation,
Vol. 14, No. 8, pp. 1771-1800 (2002).

Levy, O., Goldberg, Y. and Dagan, I.: Improving Dis-
tributional Similarity with Lessons Learned from Word
Embeddings, Transactions of the Association for Com-
putational Linguistics, Vol. 3, pp. 211-225 (2015).
Chan, T. P., Callison-Burch, C. and Van Durme,
B.: Reranking Bilingually Extracted Paraphrases Us-
ing Monolingual Distributional Similarity, Proceedings
of the GEMS 2011 Workshop on GFEometrical Models
of Natural Language Semantics, pp. 33-42 (2011).
Glavas, G. and Stajner, S.: Simplifying Lexical Simplifi-
cation: Do We Need Simplified Corpora?, Proceedings of
the 58rd Annual Meeting of the Association for Com-
putational Linguistics and the 7th International Joint
Conference on Natural Language Processing, pp. 6368
(2015).

Koehn, P.: Europarl: A Parallel Corpus for Statistical
Machine Translation, Proceedings of the Machine Trans-
lation Summit, pp. 79-86 (2005).

Och, F. J. and Ney, H.: A Systematic Comparison of Var-
ious Statistical Alignment Models, Computational Lin-
guastics, Vol. 29, No. 1, pp. 19-51 (2003).

Heafield, K.: KenLM: Faster and Smaller Language
Model Queries, Proceedings of the Sixth Workshop on
Statistical Machine Translation, pp. 187-197 (2011).
Mikolov, T., Chen, K., Corrado, G. S. and Dean, J.:
Efficient Estimation of Word Representations in Vec-
tor Space, Proceedings of Workshop at the Interna-
tional Conference on Learning Representations, pp. 1—
12 (2013).

Agirre, E., Cer, D., Diab, M. and Gonzalez-Agirre, A.:
SemEval-2012 Task 6: A Pilot on Semantic Textual Sim-
ilarity, *SEM 2012: The First Joint Conference on Lex-
ical and Computational Semantics, pp. 385-393 (2012).
Agirre, E., Cer, D., Diab, M., Gonzalez-Agirre, A.
and Guo, W.: *SEM 2013 shared task: Semantic Tex-
tual Similarity, Second Joint Conference on Lexical and
Computational Semantics, pp. 32-43 (2013).

Agirre, E., Banea, C., Cardie, C., Cer, D., Diab, M.,
Gonzalez-Agirre, A., Guo, W., Mihalcea, R., Rigau, G.
and Wiebe, J.: SemEval-2014 Task 10: Multilingual Se-
mantic Textual Similarity, Proceedings of the 8th Inter-
national Workshop on Semantic Evaluation, pp. 81-91
(2014).

Agirre, E., Banea, C., Cardie, C., Cer, D., Diab, M.,
Gonzalez-Agirre, A., Guo, W., Lopez-Gazpio, 1., Maritx-
alar, M., Mihalcea, R., Rigau, G., Uria, L. and Wiebe,
J.: SemEval-2015 Task 2: Semantic Textual Similarity,

(© 2017 Information Processing Society of Japan

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Vo0l.2017-NL-231 No.21
Vol.2017-SLP-116 No.21
2017/5/16

English, Spanish and Pilot on Interpretability, Proceed-
ings of the 9th International Workshop on Semantic
Evaluation, pp. 252-263 (2015).

Agirre, E., Banea, C., Cer, D., Diab, M., Gonzalez-
Agirre, A., Mihalcea, R., Rigau, G. and Wiebe, J.:
SemEval-2016 Task 1: Semantic Textual Similarity,
Monolingual and Cross-Lingual Evaluation, Proceedings
of the 10th International Workshop on Semantic Fval-
uation, pp. 497-511 (2016).

Sultan, M. A., Bethard, S. and Sumner, T.: Back to Ba-
sics for Monolingual Alignment: Exploiting Word Sim-
ilarity and Contextual Evidence, Transactions of the
Association for Computational Linguistics, Vol. 2, pp.
219-230 (2014).

Levy, O. and Goldberg, Y.: Neural Word Embedding as
Implicit Matrix Factorization, Advances in Neural In-
formation Processing Systems, pp. 2177-2185 (2014).
Bhagat, R. and Ravichandran, D.: Large Scale Acquisi-
tion of Paraphrases for Learning Surface Patterns, Pro-
ceedings of the 46th Annual Meeting of the Association
for Computational Linguistics: Human Language Tech-
nologies, pp. 674-682 (2008).

Ganitkevitch, J. and Callison-Burch, C.: The Multi-
lingual Paraphrase Database, Proceedings of the Ninth
International Conference on Language Resources and
Evaluation, pp. 4276-4283 (2014).

Mizukami, M., Neubig, G., Sakti, S., Toda, T. and Naka-
mura, S.: Building a Free, General-Domain Paraphrase
Database for Japanese, Proceedings of the 17th Oriental
COCOSDA Conference, pp. 129 — 133 (2014).
Mehdizadeh Seraj, R., Siahbani, M. and Sarkar, A.: Tm-
proving Statistical Machine Translation with a Multi-
lingual Paraphrase Database, Proceedings of the 2015
Conference on Empirical Methods in Natural Language
Processing, pp. 1379-1390 (2015).

Napoles, C., Callison-Burch, C. and Post, M.: Sentential
Paraphrasing as Black-Box Machine Translation, Pro-
ceedings of the 2016 Conference of the North American
Chapter of the Association for Computational Linguis-
tics, pp. 62-66 (2016).

Sultan, M. A., Castelli, V. and Florian, R.: A Joint
Model for Answer Sentence Ranking and Answer Extrac-
tion, Transactions of the Association for Computational
Linguistics, Vol. 4, pp. 113-125 (2016).

Xu, W., Napoles, C., Pavlick, E., Chen, Q. and Callison-
Burch, C.: Optimizing Statistical Machine Translation
for Text Simplification, Transactions of the Associa-
tion for Computational Linguistics, Vol. 4, pp. 401-415
(2016).



