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1 XL®IC

BEEZFRICLERNAZERTRZIRBIETVHRZ
5Zkl%, a3a=Fr—varyELIDMAHBICTET
DICHETHS. BRIPMEDLLRVWHEIZLDFES
REFNIFTVILZ, HE20VIEHOIRNICEDETK
DREFERELTELZRBIUCEWIRZS. 20X
SIEEZBEYNCET VIR 28013, ANBHOARZS
ITHEMICbRDOENS.

SVWIRZAER X, IGOXOEWIEZ 2 HERY
WAERRT 2 BASBUHEEMTH L. EFE, —a2—
Iy b7 =7 2V E WA RO TIEIE
ZARBRERINTED, ZYTHARLRE VR DAER
ZERLDODOH S [1,2]. —HT, BHRASHEDOHRD
RFEDZHM 2R EZ 5, AHEOEL XS k&
HTEIN-XEBEZ-0I121F, 52 o3t
LTCHhE—DDF W ZERT 2720 TEA T
TH5.

AIFFETIE, FHEI S VIRZ DR X A L% Hili#
ARER S WIRAERD FELZERT 5. TITRXK
AN elF, XEREVEIL, HXRY, XOEKN
BIEHLORVWE S BRRBEBWRRHDZ L TH 5.
112, REFEOWMEZRT. BEFETIE, 5
WHEZ DX RE TR B AT & HITHHEFICE - T
fEEEINHIXZ AT LT, ANXDODEKRZRS
DOPIL DA XA NZFFD X S REWHZ &K
3 5. FlzX, AJ1X¥e LT “What is the best way to
earn money?”, 93X ¥ LT “How can I learn English?”
EVOSXDPRENDRNEEZS. AT LIFA
NXDESERE DD, fIXOE, FVEILZY
ZARERIR D BRI X2 AN T 5. ZofTid
“How can I earn money?” WSFICAI L 72 Z 2 S W
PZTHHEFERD.

Iyyer 5 [3] %° Chen & [4] 1%, HJ1 OGBS & 15
ETHEFVWIZERTFEELHIE L. L, FH
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@)

What is the best way
to earn money?
Paraphrase Output

Generator How can I earn money?
Style
Encoder

€T }

How can I learn English?

K1 RBEFFEOME. SWEBEIERS AT LIS,
AJI (input) & I3 (exemplar) Z3ZIFHLD ,
SWVWHLZ (output) ZEKT 5.

EDREL XS B 1T % DICHREERGE S U T 1
DTHDLIEFRST, FLFEFNREEDORV—
EDFHBZIC & - TIIHGEEMIEIC X 2 /B3 EHED
KEWV., ZITAETE, oo,
AEREIES TR AR BT VEIL R S EDTED
ZAUSE LW ERERT 22 2 HIET.

2 FiE

AFETE, T—&Xtvy b2 LTSI ZOXT
PELARILILI—RA(xy)eD BHEHTS. 2
T, x 2y RXEFECEKRE RO, Bk RHE
TEIPNXTDH 5.

BREFEDOETNIZE, ZOOEREZENLLR 5.
TFELET L g9 1, Bl e ZRHBILLTRAZ AL
DIBHEER  ZENT2HETH 5. RINEHET
WVope i, X x EEL z 2 TWD, el
TxDEWHIXEERT2HEMETHL. 202D
DETNDNRTIA—=REFLDHT O LRILT 5.

FRRFICIE, RINEBET VAN x S L
THERTEIRNEXDERE, z.=go(e) ZBHL T
ARANDIFEREET, ThBIM->TEWHRZ X
BERT 5.

EERICX, FIORREINT, SV XN
x,y) DANBEz6NE. ZZT, flxTidily
ZRELLTAZANVDER zy = go(y) ZHIHIL, x
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Ly By ZEILT 2 XS REEEITS. Hamy
WHEYIRE WX AR T 2 720121F, FEITEL
TUTD2 RICHET2REDND 5.

(WA x EIBTEE R z 2 TED, &Ko
T2B W BT 5 X5 R RINEE T V%
FHET 5.

QIBTEER z 23, B FEFIZIX y) OEKRANA
TIERL, REXANVICHED 2 1EHRDAZRFFT
3 X EILET A RS T 5.

() DEEEIZOWTIN S, RIZ zy = go(y) Dy IZ
B3 2EMEE2ICHEEL TV AGE, RIIEHE
TUE zy DAZR Ty ZIEILT 2 L5 ICFELT
LES. 2555k, HE@mFHCIIATI N x L FAFER
XEERTERLIRD, BOIZARE LTRIZL
2R B. o T, z BXDERTIERIAXA L
DIEMDAZIREET 2 X5 RN ZMZATEET 2
CEHRE D,

2.1 BREBMDRET

R, BVEAX (xy) e D ZRITED,
x2byZ4ERTE2ECETLEINMT 5.
Cross-Entropy 8K BI% ZLoen 1Z XD X S ITERT
x3.

1 D]
ZLGEN = =] ZI: —log pe(yilxi, zy, = go(yi)). (1)

HEBHREICEDCHEER [FELETIL g 21X
DEKABETIERL, AZXANVICEDZERO A%
T2 XS ICHIZEAT S, BVH#Ax Ly
WBEKRIEZFEIUCTH 20, TR ENRENICERLSS
EREOIITHE. oFh, FELLEFTVIEE
WX SO IE T 2 BEHICED 2 1EHMTlER
, ZNoHELRVWR XA NVIZED 2 1HHRD A
ZHHTEREIRVWE WS 22Tk b. 2T, x
Ly 22N ZhFEL7RT PR 24 = go(x),
zy = go(y) 23, MEIWMKIFT 2 Z &7 &K S 72l
HEBRBEBICEA TR e THEHHETEZEZD
n3.

AWFETIX, Z D & S 72 Hil# 2 M B IEERE 1 (25, 2y)
DEMEfiE Y LTERLT %5, HAHHREZE
DBMETEZMEET 2 IARETH 2720, 22
TV ¥ INR—-ZDHEEERED L5 (5, 6] 25
HL, ThEEIBEBICZ 3 2T, HAEHERR
PEroMzazed 3. I ANvFLLTEZ
HNZBEVIMIMNDY > TN B = {(x;,y)} L, €2
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WT, INHEMELET NI > TEBLTES
N7-BEEE {(zxj,zyj)}jj"i1 BEZL. IOV VS
W FWT, MEBRE (zx,2y) D EFUILLT O X
IHETZ .

I(ZX,Zy) <
||

1

E

||
1
log p(zy,|zx;) — &l Zlogp(zyklzx_,)” :
k=1

2
YbE»s, R L ELTO LS ITERT .
v =

||

1

||
1
log g4 (zy,|2x;) — ] Z log g4 (zy, |ZX_f)l .
k=1

3)

T I T, gplzylzx) &, plzylzx) ZIEBIL 2B DT,
T RG3A0 qe(zylzx) = N (g(2x), Zg(zx)) WTHED &
T5. up &I, NTRA—R P EFO=2—-F
Iy N7 =T THb. q4(zylzx) DEDNBILE %
IMET 28T, ¢ DEEEITS.
| 2
D= o Z] —log gy (zy,12x,)- &)

NI R=% 0 1ZBLTIE, ROBREEEE R/IME
T2 TR 5.

< = ZLgen + BPwmr )

BIE L HOKRZZZRD HNA 8= F X=X T
5. FEIIHERNAME TEEFAL, &4 7
L—ayDHTe kg FNZNEEHT 5.

22 ETILDEKRET

¥ 51t 7 L1, Transformer Encoder [7] & %
ER—t7 b i KoTHRI AT 3.
Transformer DEHAEEDENRT R L DEHE L D,
ChEZEA—t T bunrTEBLEbOEH I
T5.

RINEHE T N OGN, #E D Transformer &
FUTH%. 72720, 7a—XDBRHYIDAT v 7D
ATNZIE S0S b =2 v Tldi L, FElET DM
NUTBEER 2 SN LT 7 4 YEBEHEHA LT
BonlRZ P rzHv3.

pp & Zp BENENZEA—LT PO TH%.
Ty WENAITAI R HITIT 5.
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3 RRCER

31 T—2tvh

Quora Question Pairs” 1%, 7 14 HtFOBERXDE
W Z O EELT—Xty N THB. 10 HHFE%
FEFT—&, 1 et —& e Lk, 7 X b
T —ZIZOWTIE, 100 FD 7 — & IR LTl 7
Bl FECHELE ISy EEXHI
, ERHE-BEROEWE, ¥8 57— X LMk
T XA LR OEEr oM L. 2o
T, ANMXxBIUOZHy LIZTEKRNEDRR S
Xae—DOFHTIEY, DEPDIUIZDDOREZIT
W, zhzflxxer L7z, LED XS 12LT, SR
XEBRIIERZZDBDD, ZAZXALDLETVWE R
7/ 7—=Yavlk. ABLETRAMT—=X2O—H
RSB T 5.

3.2 FHMIstE

TAMTF—RIZ, ANXx, e, SHEXyD=
ONHREREINTVS, EFADx L e OAERL
72X, LITFO oA HFHET 5.

WZEM: AR INTXPANTXDFT VIR &
o TWAD, DF DERINIZXDEKRDIA
NXDEMREFUCTHZH?

Q) RIHIEME: R XTI e M7z & 5 A
RANDYEL o> TWBEMN?

BB DL AWZETIE, BEREICE- 7
TRAMNTF—XEZHEBELTW2DT, XS
BlLTwaeEERTEE, (1) ZEM%E ) Al
R LTWE Il ZDD, K
Tl BLEU [8] 12 & b 28 & OFEBUE % FFAM L 7=

ANXEDEE AR LEXE AJIXDEK
MRELELZFANZ T, 1) ZFYHEIIo0
TS 2. BN ABREMEOGE L LT
Sentence-BERT A E /5. BARINICIX, ATIX
¥ 130 % F 24 Sentence-BERT [9] 12 & - TN
7 P MCEBLY, Fh oD aY A HEBE R B
Wiirx 23 5.

BISKE DB AL 72 D 2 &R A L DFE
PIEZHNS Z T, ) AJfl#EEZFM3 2. R
RANVDOELEL LT, ROZODOREEH Wz,

1)  https://www.kaggle.com/c/quora-question-pairs
2) AW T https://github.com/UKPLab/sentence-transformers
DHEBBEAET N AV
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F1 QuoraDTAMTF—RIZBIFZHER. #hein 3
DIITORRE T L=H D% R LTWS. BLEU 3%
HAZ, Sentence-BERT FE{EIZ A1, TED MU LCS i
fBilxy, ERXEHB LD DETRT.

reference source exemplar
Method BLEU | S-BERT(]) | TED(]) LCS(7)
Seq2Seq [7] | 25.98 87.05 7.87 375
SCPN [3] 4141 83.50 4.06 4.97
Ours B =0 39.05 67.00 3.08 6.51
Ours B=0.1 | 47.27 76.53 3.08 6.31
Ours B =1 53.85 83.50 3.66 572
Ours =10 | 27.19 87.88 7.46 3.81

TED (tree edit distance of syntax tree) TED {2 X -
TR L: ORI EEZH 5. TED T, 20
DX DAIREE (#U / — NIEFRZE) B3 2 fREEE
BEZEtH T 2. HFRECH 5729, ER/ NI WVIZERE
SHNTEWZ ¥ 2 £ Y. 258912 & - T TED ##H &
L7

LCS (longest common sequence) LCSIZX > TX
FAtoswELOXEEZMS. LCS T, 5X
b oEGIHBET 2REDOEH DI Z KD
%. LCS DR XX, XEENOBHFMRETH 5
ROUGE-L [10]ICR &N 2 k512, BASED ML
FEFHMiIC M XN T E /. AL TIX, & HEE
DRI B L, ERERIE D LCS DR 27
i3 2. LCS BRWEY, EMHHIcEEND
SVEILEEZEATVWS Z L ERT.

33 NATIN—=/I\T A=A

Transformer I, T3 —X LA YNUITa—-&KL
AVYDARRy VR ZNZHh 6, Ny FE%E 8, &
B L HEEE DAL DR ITTEE 256 ¥ L7-.

EFILD2EEIZIE Adam [11] Z AV, Vaswani & [7]
CRICEEBO7 ==Y V" To7. I=N"vTF
B A X1 128 T, MEE7T — XA F 2K 10 -
Ry ZICE> TR Lol T B 2R TS
LR T R To7. EAHED®, 01D Fr v
T7RERAV, £REIY FRY-BREDHE
WKL TO0.1 ©F NV FFEZEITo 7.

Stanford CoreNLP Toolkit [12] 12 & - T HFES | %
TV, & 51T SentencePiece [13] 12X o TH TV — K
WHEIL7., 37V — FOREFEEZ 8000 & L7-.

3.4 R

FEAERZ T 11R”T. Seq2Seq [7] X HI~2iz & %
BUERZL, ANXDADPLEVIRI X EERT

3)  https://github.com/timtadh/zhang-shasha
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K2 Quora DT AMF—RIZBWLWTAERINZEF WX
FERDA. ARSI (source) & I3 (exemplar) B4 XV v 7
BT, ERFERZVARTRELTWS.

source Is it possible to make a time machine ?
exemplar | Can we survive a heart attack ?
(A) | Seq2Seq | Is it possible to make a time machine ?
SCPN Is it possible a time machine ?
Ours Can we create a time machine ?
source Why is space expanding ?
exemplar | How and why is history repeating ?
(B) | Seq2Seq | Why is the universe expanding ?
SCPN Why and is expanding ?
Ours How and why is space expanding ?
Do you think we are on the verge of
SOUICE | World War 111 ?
exemplar | How likely is a world economy crash ?

Is World War 3 more imminent
(©) | Seq2Seq than expected ?

SCPN Is World War a world III ?
Ours How likely is a World War III ?

source How can we prevent global warming ?
exemplar | What should I do about women rights ?
(D) Seq2Seq | How do I prevent global warming ?
SCPN How do we can prevent it
warming global warmings ?
What should I do to stop
Ours

global warming ?

%. SCPN [3] 3B DAMEEICRET 2 54D T TA
NXDE VR ZHERRT 5.

SR DFME%R/RT BLEU Ra7%2A 5 &,
B=1Dr ZOREFEIRDBEDEVEWVIEZ
EHERTETVWRZeDb0 5. HERD Seq2Seq &
gL CKiEZ R a7om ERRsH, Blick?
BEOTLTEEF LLVEWRADERTETVWEZ
E ENICHERE T & /2.

HEHIRZZLIZ, BOENNSTEZHEDR
X3 EL5E5H BLEU 2a 7 0 KIBICIK T T 5. 8
DNXFTE B L ZIZ AT E D Sentence-BERT FH{LL
EANEL o TWS., ZHUIASNTXDEMKRE LK
MRBIRETTES T, ZOFEE, BLEU 22 7 2/)
I BoTWVWBREEZLNS., —/5T, BHKRET
X2 L Z1IHISL D TED k=L, LCS d/h& K
o TW3., ZHIIHIZD R R A ADERFERICK
MXhTWwWhEnweWwWSZ 2R, ZOERY L
T, BLEU Ra7/PhEL BoT0WdEEZILNS.

EEFMEICIMZ T, ERI AR 2 E NIy
L7z, £341C8=1D TDERMERERT.
REFETIE, =10 %, ANXOEW®REHRD
DD, FIKDARA MBI RBAZERKTETNS
MDD,
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. ss{e
A v
= % [l —e— Seq2Seq
5 5 * SCPN
a o
E £ —— Ours,p=0
% L] 0 =01
3 % urs, B = 0.
a s ® | —= Ours,B=0.5
= S —— Ours,B=1
b x " — gurs, B i io
3le v ot urs. B =

oo 075 050 085 070 075 080 085
Sentence-BERT Similarity (source) Sentence-BERT Similarity (source)

K2 Sentence-BERT FE{LUE ¥ TED(/) KU LCS(H) @
RAfR.

3.5 ZHMCAFEEDNL—FFT

2T, ANMXOBHRANEDRE: & HIS2IT &
BEEMED P L — FA 72OV THNS. X212,
L RFERZ AT L FEE U 7= Sentence-BERT FE{LUE
Y, By e U7z TED NN LCS DR E RS .

TED MRV EHISC O E Z KELL T\ Z
Ledizh, IOAETFIHZENEDBWERY
7% %. Seq2Seq DAERAERIZ, B DTEM % Hemic
WKWEL o Twiniz®, HARFISC OREERN L IE
HEIZ R =W, SCPN WX D Ayt iE % HEGmIR I - w
TZNWRR o0z 213578, TED ®
A3 7 H Seq2Seq L LR L THNELRoTWa. 12
RFREOMRIZ, g OEIEMT 2IcoNTRIFAE
Throh LICHELTWS. g=1DEREAS L,
SCPN DO #E5HR ¥ Sentence-BERT FH{LUE 1 XIZIERE U T
HBHIZHEOLT, TEDHNID/PNXLBoTWAS.,
ThbbH, SCPN e HELTLDEWN L — A7
BERLTWBE I EDERTE 3.

LCS EEWELHIZDEWE L EELXHBERT
XTWVWBELERDLD, ROGLZHE2HEMNEDE
WERE D, AT OERNBEMEZKT X
B9, LCS ZELTETWS., Thbb, S0tz
LLTOREREE XWE X, FEEMNIZHHISC
IOV EERTETVS.

4 HHOHIC

AWFETIX, B2 W= HIEREE R S Wi 2 4
MOFIEERRE L. XDAXAINVIZET 3 ERD
AT 272012, HABREICHED < HEREK
FEA L. FMEiAIC, Quora 7—&Xt v MiZoOWn
THIXD7 ) 57— arz{To7.

KEROFER, REFERICL > TANXDOEKREZ IR
FLOOBILD AR A NEFD XS HE WAL
KTETWEZ L EER - EMEMNCHERL .
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FHBACHZE L2 Quora DT A b T —XD—. ERL7=HIXE2RKFTRLTWS.
source Is the iPhone really more expensive ? Why or why not ?
reference | Why is iPhone so expensive ?
exemplar | Why is mathematics so hard ?
source Why is UK better than USA ?
reference | Which country do you like the most , UK or USA ? Why ?
exemplar | Which sports do you like the most , soccer or basketball ? Why ?
source What are the movies worth watching after getting high ?
reference | Which are the Best movies to watch after getting high ?
exemplar | Which are the best books to read after getting negative ?
source How many songs can a 16 GB iPhone hold -LRB- approximately -RRB- ?
reference | How many songs does a 16 GB iPhone hold ?
exemplar | How many calories does a Dominos pizza have ?

Which are some of the most popular questions on Quora
source with high number of followers ?
reference | Which question on Quora has the most followers ?
exemplar | Which province in Canada needs the most immigrants ?
source What are the best tips to study philosophy at university ?
reference | What are the best tips to study philosophy ?
exemplar | What are the best tips to save money ?
source Why is space expanding ?
reference | How and why is space expanding ?
exemplar | How and why is history repeating ?
source How can I download Tor browser ?
reference | How do I download the Tor browser ?
exemplar | How do I find the dipole moment ?
source What is the best question anyone has ever asked you ? How did you answer ?
reference | What is the best question you have ever been asked ?
exemplar | What is the best joke you have ever heard ?
source Is it possible to make a time machine ?
reference | Can we create a time machine ?
exemplar | Can we survive a heart attack ?
source How can we make money from YouTube ?
reference | How can you make money on YouTube ?
exemplar | How can you find people on Instagram ?
source Why China is threat to India ?
reference | Is China a threat to India ?
exemplar | Is Kngine a competitor to Google ?
source How do I get a Rhodes scholarship ?
reference | What should I do to get a Rhode ’s scholarship ?
exemplar | What should I do to become an automobile engineer ?
source What are some ways to make more time ?
reference | How do I make more time ?
exemplar | How do I get more clients ?

— 1658 —

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



