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ABSTRACT

Linguistic steganography is an information security technology that embeds
secret information into text to achieve covert communication, which is important
to the national information and cyber security. The current mainstream linguistic
steganographic methods are mainly divided into two categories: modification-
based and generation-based method. The former realizes the embedding of secret
information by modifying the given text. Although it can control the semantic
information of the steganographic text well, the embedding payload is small; the
latter uses the natural language model to directly generate the steganographic text.
Although it can increase the amount of payload, it is difficult to control the
semantics. In order to achieve semantic consistency and large embedding payload
at the same time, this thesis studies new steganographic methods. The achievement

are as follows:

1) Aiming at the shortage that current generation-based steganographic method
cannot achieve semantic consistency, this thesis proposes a new linguistic
steganographic framework, which utilizes the self-supervised paraphrasing
technology to embed secret information in a generative way through two
language transformations. The embedding algorithm designed based on this
framework has the advantages of generation-based method, which can ensure
high embedding efficiency. At the same time, due to the constraint of the
original text, it also has the advantages of the modification-based method,
which can maintain the semantic consistency between the steganographic text
and the original text to ensure the security of covert communication.
Experiments have presented that the embedding algorithm designed based on
this framework exceeds the mainstream generation-based method in terms of
semantic consistency, and is also ahead of the modification-based method in

terms of embedding payload and success rate metrics.
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2) Aiming at the problem that the mainstream generation-based embedding
method suffers the problem of low semantic quality of steganographic text due
to the randomness of information encoding, this thesis proposes a new
encoding strategy. This steganographic encoding method evenly maps
semantically similar words to different bit streams to enhance the possibility
that there is a word with the desired meaning mapped to the secret information.
Experiments have shown that the generation-based linguistic steganographic
method based on the proposed encoding can further improve the quality of text.
In addition, this encoding method can reduce the amount of auxiliary
information which is required to share in covert communication, and improves

the concealment of steganography.

Keywords: Linguistic Steganography, Natural Language Processing, Semantic

Consistency, Data Hiding
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SR, WOy I 3 A [R] S]] SRR S R U] AT MRS S A A R R A R
JUEAE R S A — @ RRJE B ARIIE 118 SCH)— SO A B, B i T30 s
X RN TRVEAN ] E AR SR, [F) SR B e ORIE RS B SR L&, A74E
T ) 2 R e,

— 1] 2 R 2.2 Fras . “court” Rl N “IRE” B8 “ Bk 7, BTBL“court”
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G S B R B K B ARE RS BRI TR R 1E 5 Rk T AR R 1
TR RS A B ) R R A, 0 T R E I G R
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ANMEAR S, Blin& i Theel .

SR B I B S 5 v A 1R L iRl (BRI E A — 2 R
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2.3.1 A BRIESREIESRE

AR A RE TR B HESE R S SR RHESE . SEbr b, AT 5 B SCAR AR i As
RERTH T AN HAE S RSB . RERENELIEA S IZE BRI 4E
HEBR, HESELREDR R IERES CATER —MEERE. Al HRE
TR EHER T4 Bl 5 7 2 1) B Z AR R 2R H T B e 2 T e S O
B BB R R 2 Tk T VA )

A B8 S AU (R 9 A X B AR TE & R SRS ) 2 B R AL, X T
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Alfonso %5 NP1 Jedg th T ST B BEE 5 B8 B 3 AE RS SR . 1%
WEFRIER T REBRSCAR, FHI 3R 4L T B BOUAIRYE N-gram B YIH], 1)
FJ5 1) N-gram FLEAE N — DN 50, ARAEHLE S Bk £ &iE i A 1 .
&% N-gram HHEEFENIRTF, /5 Chang 55 AB8HE—25FIH Google HJEEH
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FERERE, FEARAE 54 7% 50 o 1] b 1R 2 ARl EA T A o R B2 57 ) R4 22 [ 2% (1)
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R, ARG ERTE S RS A a Hlam, B dA e ARG S LTS
MBS SCARES T B HARSUARZE RECR, (SRS CARTE A S, T
&, BFFUE NG B A BN SOA A AR Y 34T gk . Yang S8 NRH 72T
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JEAB TR ANV EATAT 2R SR A T B BR ), B S5 SCAS 1 SO AN S22 ] o 1 SUANATE
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FFAME RSO G AR EBIAT 5 T B LR 1A AN 43 500,
FEIX — TP LR 58 2RI E 3 e, Ay B SE LR iiam (5, 7 24 tH AT & A
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B T BOCAR AT DM AU, 7BA Seq2Seq B
TSCAAE AL N BRI NI A, 3T Seq2Seq B AT AR i — Bt
ol Seq2Seq B H— AN SL AT /MRRD A SEFIALAR, Fiit 28Rt A
5 %= (X, Koo, X, ) BEATHFAEARIL, ot L AU, x, S A F 5
(I8 i A TEE . MRS TR, WRRT S35 i 31, a8 —
VAU B B e, KT AMERCETE, SRS R
GV D= (Pugs Prare Pum) » 6t m ST T A2 L 70 5 SR DASCAR

(E5 901, m BRI p, AR TR, i S BT
A REBE P TER S § A CR RO, AR R R
FIIE AN BB AR T3, (R TTR v, RO e o
B TR BHEIR, TSR T Y = (Vo Yoy, ) W, L £ L, B
f BRI PG K REEH AL > Seq2Seq BT Bh il 11 200
ZEE AL, W LSTMIPL,
3.2.2 BWIFHA

TR A AR 2 AT ORI 552 — . VR 0 F IR0 o5 0 S0
U 5RO &, IR )8 2 B SOAE S8 (SRR T 2z
T GBI R S T R UL AR ST R N
R AR B2 9 5 R R BT 71, AT 55 S0 £ (] Seq2Seq 1
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R AR A

BTS2 —, VAR ], W SCSCARIN Seq2Seq R R 5T N P41, T 5%
A Seq2Seq Kt 751

3.2.3 BXUEAR

B ARG € AR ER—1HF TR 30K, FFRFFPIBOCARTE X —
o HT H AT EARE S AR [ SR SRR 2 S SRS, T IR
R SRS R BRI Bt 52 AN R Y, R SCEORH AR B 9K TE 5 AL A%
PEIGSREOAR, DAY SN EHE R, MIMHRTH 05754 B AR5 5 A B 55 E
OB, ) U AR R i) AT 55178 79I,

AR S HARE SRS UK B8] BUS G SORTE Sk
A AN R B SCAS R SCBORAME 2 B AR 5 R 5 JE R 3R R H AR o (RN e 8%
SCHE B DA BB AR N i LR SCHOAR [R] BAT 2 U 2R el B 2R
B EREINENRHE, ATCAE N 2 (B R, Xt Rl A& T T
IR, R 2 B0 SURAR 2 S AE RP BRI B2 At 1) n 2 10 40 Py SR 180 811
N T RN 5, AR B TR R R SCAE B AR i SRl s AR
JRFEEHELE, XA RSO ] DI e S HESE A Y SRR SR

3.2.4 t@imAL

Fang 5 NI HY (R A 20 A5 M2 B A2 ek B AR 5 1S D iR 1
RO o 12 SREMEAS U] ) A 1] 2 50 O ) 2' A e, A U] AT S 3 e —
SE B — AN, TTEE NS B — B — I EURFIRL . 207 VA RS 50 SR AN SCAS A 1
AL, T R (E .

SR, e SRR AR BN ARE 5 B S AT T ) 18 P s S gt i 75 3. 30
A5G AR A SCAS A R A A B ZR AT S S SR WL R &R, B T A gAY A AL
FHAEEAN A il R v S A e A M 2R AR R RV A B ide Vb, AT ROt R T 1 & T3))
ARG E IR S RS RIS RS S SOR U . (B B A g i A A A2 3 A5
Ui BRSO SRR, BRSO 7 EE ] U R SR E (E . BEE AR
B E A BRI, R Sh A S B A R A TR
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R AR A

A E R AR SR Bl AE TR R B ARE S RS wS R . 2R,
A A T T A SCAT P A RHE SR AR b T AR B UNE IR 2%, H5 8 Hzhas
Zhs 73, MBEEXOT [ER RN ELZ . PrTOEATRHNMESRT, 555
(EPE Brisgiiprite

3.2.5 Transformer {5 %)

Transformer J& H SATE 5 AL PR USR5 4 KRR 2 —, ATy kit
KSR o RS AT A A B TR SCRT P AR GHE SR, T Al Jee A R AR
5o AHATEJG SO S b iR, AR FK ] 2 40 Transformer FEHY FAZ o R,
BIER AL

Bl 3.1 fiR, Transformer t)E T Seq2Seq £, AR (¥ /e ] Fy iy
gy, AT NS . AR, Transformer I & AL, S840 FRIE 5 1)
J7 SEL T IFAT VR . BT L], B BUE S SO R AN AR SR
o 2211 5 , “ the students have done their homework ” —#%]H1, “students”. “have”
A “their” I J2 i FEAR SR, ARATTEAAE ) B HOR OV A A BAHSCHK . A “have”
A “done” tH DK — CILAE I FRITEIR SS R T e BEAH R o — BOCAR R R AN
TR S AR AN TR ) ORI, T 2 AL I 2 M X — R ok R A IE 7 — Mol
iz A

= JIHLEI 5] ANAL1F Transformer HTHE B RIESRTE,  [FIN tHAE 50
H A& 3 M A P R BB iRl TR 58 R RE . N T T 41 K 3.1 T gt i
(112 ki3 = a1 (Multi-Head Attention) Y THSE 73, B HA v A dL i) J 22
W5 Z AL, AT IEAT ik

H—b WARENE AR Y, =(vxl,vX2,---,va ) Hrp N ORI .

B0 NEAMRANRTYE L AR F AR R, Bw' . wRw Lk
B E g EFE kAERE v, XA E AR YISARER L. D
AW ERG, HEARWT:

G =V, W, Vie{l,2-- N} 3.1
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bR AR S

e
A

| Softmax /= |
A

| aptmmz |

A

| B — [
I

HI B 0 2%

> AR

T

A% % Sk AL N
N x A i T I
> A1k | .
% SR AT B HE % ST AL
r 1 1 O
BrERR £ £ BrELFIR
i AL i AL
I AT R 0 SO

3.1 Transformer FZAE L &

B s o s NIRSETHRSRBEES ¢ DS ) NN BT 1A HIRL
HAE KA, R IAK(3.2) frs.

q; ’ij
o (3.2)
Z:n=lqi ) k

n

5, ;= softmax

Horp k ARRE j M RIBE &

VS T AP R R B, AR R R IR BRF LR A 2R,
R T R

N
Zi:ZSi,jXVj' ‘v’ie{l,Z,---,N} (3.3)
1
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R AR A

FhD BHEPT R R R R, AR SRR AR R -
CAE MR IR o Ja MR 128, EShrit 5, B ik S DU s 5
75 AT, Bln s (3.0) TS A:

Q=v,-W° (3.4)

Forp, WORHBTA w H R FE, TS @ 9 FTA £ 1 ) & BT 4 R i) 2 1 R o

TER B A FTA PR T OB I HE R 18 IR 47520, Transformer [HTHE 0%
Wt e 22 SkiE R IVLEILE A B L (K 3t S SRR HOK,  DAUSCEE B0 56 36 (1 F
TEAE B . AT, XM IFAT I8 57 AT IR AN RS A A A A A i — 1P A ) 7 B 1)
SCAS, TATYER 5 B A i, A6 45 SCA A ARG I 5 12— ST R R AT 55
XA B 3.1 BT A RS a8 A A 2 Sk v = T WL (Masked Multi-Head
Attention) (SRR : 14 a1 B AR, BT CAEVIZRER @ AN, 75 25T i
56 i+1 AN BT 5 22507

3.3 FR¥I

NSRBI BARFF IR Bk, 207 SR8 2 115 5 R B R LBOR
IRAMEEE . Wl 3.2 s, RSERGS =B, BES MY, 55 iy
AR AT P2 T B RIETT DB 5 et ARSI BL, Mkl a5 23R Bt #24
J7 58 e VB A IR KRR IR A6 S SOCAR e e B AE SO, BRI AT
B ARBEPTRR NS SO E15 5 BRI RE T, SOOI NI SOOAR
WAETE UG o X TIE S REE B SOOI 29530, Frs o3k 5 )5
GR45 RE SCARTAR [B] SCARE SC— 8 B85 SCAS KR A 305 R R A s AR SHL A Al
B B MBS SO SR R (5 I o 18 5 S ATE 5 A LRI AL AR 115 5 Fe i &
gr, MRS SR 5 WAL BUIT IR .

3.3.1 IBEXFITE R EELR

A R SR T R AR S S . A SR, )RR
REHI S, WSS LR A0SO B s SO, WHEAR G T 1 MR S
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R AR A

ST 2R T A5 AR Bk R RS SCEHR BRI ZR IR 7 V2 o i AE SN P R LIS 5 7R N
JRERTE S MAE S, BIE5E, ARERHIZER 48 En2Ge2En (English-
to-German-to-English) . XFHEAEFR NIE 5 ¥ #: (Pivot Translation) .

JFUGSCA (FE30)

v

S i
English-to-German-to-English (English-to-German, En2Ge)
(En2Ge2En) l

Hh RIS AR (1830 I 5 g

l

i A
| (German-to-English, Ge2En)

=
28
—_
jatlls
gy

R IE R B 5 3CA (FE30)

K o

3.2 il AR R EHESE A

it S S4B SO D SRR - v ) 1 3500 A R R 2 28 DU = A

1) ESHERNER: EE R - MEdhEiEs, ERERGBIES TS
JE AR SR AE SNBSS T i o O 1 AEHESR P SEILTE X — 8, a5 SO 5 IR
ORI ZE R TR EPR TR o HRYE Federmann 55 A\ [B2I7E 15 5 540 A3 5%
ORI —, AHAIITE 5 208 5 H R G5 NBDHIE S, i DU
PG SRR ) S S A iR SRS

2) KRS AT SEME : R AL 1 5 0015 5 B AETE L ERISE B,
BRI M GHRIT A A SRR GRZFEE . IR, ZRVEIFA R RS R 7 2%
JERIIR R o X T AET7 M0 5 5 AR AR B R AR BUTI N AR A A ] 5 10 ) AL
DN B2 7 W R SR THR N B AT R 5N SRR, RN B3 RARR 1 3CAR R 2
T2, B TIIANZHEE. R, & IR AR 5 B BN B Bese I3 9 1
B —HE, MR A E LR B, X TRSREN S, 5 8EE
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R AR A

O, XA R S e b RS L G S .

3) HAHEMAERE: ALK R T WMT2016 En2Ge 34545 . %5054
AT S5 R B R, BT DB 12 55000 B2 i 15 1) (1 S 36 445 SRR Lb -4 FH 3
fibifs & Bl e 5 HAG IR

nfE 3.2 7R, En2Ge2En AL AGAT R 1) 96 SC U AR ] UG i A SO,
FHORFFTE 81, 2 548 S0 SO ST DU A2 AR B A B 1 95 S SCAR . BT
AT AR JEUIR S S SO RIS SCARE SRR AL Y o EAHE RN, A4
TEAE 5 ARSI B S AR S 9h, BTS00 S SOOCACK AN AR AL AR5 2 .
UL, TRIRAMEE LS, il En2Ge2En 7 FT 13 5L S SCAHR AT LLAK
5 JGUA SCAR I SR

F5 R 5 M AN LI 5 AR RS ] R - BER AL 9 4%, BT DL DA 6] 5 e ik
En2Ge2En #% % [f) 45 ¥4 K1)l 45 5K W . En2Ge2En A5 8 b 9 /> 45 740 58 45 M ) 1
Transformer #Jf, Transformer MJZHTI AL Vaswani %6 AR 5L, 7E/24
En2Ge2En BMHINZ PR AT, FHEFHIHAZ, En2Ge2En B HIZY
P2 A B RN EAH AT

En2Ge2En A #> En2Ge Ml Ge2En 2k, B #B/r #R2 — IRt
PR AE I 2R En2Ge #E YIS, SR F IR A6 50t 8 v B SR S - B SOSTAON HEAT I,
MAEYIZR Ge2En BLALIN, 75 2L W B8R R AT I 25 o X2 R e S BRI F
238 En2Ge RHEAUAE BRI SO B 5 JR A SR8 P I SCAEAE 5, N T T B IX Rl
A ZE ST, FEXT Ge2 En HE A (1 I ik T2t 75 187 B En2Ge A5 28Y AR R A8 S0 SOAR
Pl, FREMEHINZR5EH En2Ge BALKE B A7 J5 46 s 58 i M 98 SO AR RIBE 2
WAESCOAR, 2 a3 T A AR SO BB UG 2 £ i A SOSOAS, R AR B R
RYESCORA RO I BEREE . B T HIREH EWZE R, En2Ge 55 Ge2En A
2Rt A2 e A R . B 3.3 @R 18 AN [ B8 BRI R A AL F i A . X
e A E B TTE, 207V HOAE PR RO B R SCHOR B S R R 3 5%

3.3.2 HHEHA

FEIZ5 En2Ge2En #R 58 i Jim, BN AR R IR AR (5 2. 51 SE
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bR AR S

a—
. En2Gefi ! :> En2Gefi
| ERED) (YIZR5E RO

EnGelm | |—> | BECA :{}5@ PSR | |
CIIZR5ERR) | |
| e |

A

(b) 18 F I 25 58 B I EN2G e AL 01 3 — AN (1 Bl 2D,

I S
sk | | sk [T+ Ge2Entiy — Ge2Enti!
| | R Cllghse
’ HCHAE D, 5

.......................................

(c) 8 FH B LED, I 25 Ge2Enfi &Y

Kl 3.3 A FEEIEE IS En2Ge il Ge2En #5271

BT AR R I AR A SR A R T RS T B, R BT
RARIE T MBS . AT SCFA, En2Ge2En 7 AT L )/ i 4 B 1030
K (AN 2 5 W Se M 5 S0 . RPEIR L, RS S
SR Y = (Yo Yorro Yo ) FoF n NS SRR, y, WS AT i 4
. ASARERIR, AT ERAS SOR p BRI & ORI R . AR SR
ERV = (Ve Vo | Frbm RSN, v AR SR 3 i

FT SO AT S5 B £ LA iR T2 5 B AR 4 th— A
W%, % T Ge2En B, S04t En2Ge B IS0 SCAME N, 7
R S SRS £ NI, Ge2En B A (RARRD A i S v e M LA
gy Forlt e (L2, m), S A 2 A B B T R A
L HHER AR R

Zp"j =1, Vie{l2--,n} (3.5)
j=1
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R AR A

MR (AR R i o B P e 2t PR B AR R o i SRS R R R A e

PR 4 Dy o 24 A0 ] ASRAS — BT R AL A SOAS, FERAE SRS B Y top-1 SR,
HHCE AR A:

y; =argmax p; ; (3.6)

vjeV

L4 M 150, TGV HE S8 B AR A 0 R R 5 ) RTOR R SR B, B SR
y=(Yu Yorr-, ¥y ) AT H Ge2En BEBUA AR, BhAL 200 T AL A5 8 IR . 25
GRS B, T SCASAE B AT 1 18 o ARYEAS AR g, ANy,
R A B ) e AR M e v PRIV o 305 40K SR FO VPR 38 y, I AT At —
(B, BT P R AN T 2R R AT VR R 20k 4% - IX SR F T SUARAE
PR R top-1 SREMg, DG F4a e N, AALK SRS AR IR 0 SOAY, XS
AU Z Z 6. W1 top-k SREBE T,y B MHESRAE IR & 1 & AN ik, R
EHARITCR IR TR, (AL — & SR BT R A, RS 7 2R

XA EERENEHE TAERESRE, GRS R T IR KIETx
fEg it B TG R IEAT S, AR Bk 25 A5 S5 GG It w3 48 T LA T fiff Aok S 380 e 75
I LR I T R AR N R A, AT DATE SOAR A R AR R NS R
T, RENANXR.6) HITHS , 'S G AR (3.7) T s ikas Hug .
SRR PR A WU G R I PR R KGR

y; = arg max pi’j
vjeV,f(vj):bi

Forbt, b ARRTES [ AMRE TR R R, b {00, | Rk i
) ALK RE A0 1 o 2R 38861 AR PO B 56 R
iy =v,, Hv, BB a0y, CHHR R A RS EE. AT

(3.7)

BB A5 BT se B, 2R 72 (y;) = f‘l(vj)=bI o LU BRI IRAEE AR

BN R P IR AL F S, HESLIRI, HERSFERCER, M3
AP RRAN R . TRAZMERER T RN R LR 1 BUAE, IE5IN T
IR K s ARSI IR N B, XA R (5 S 2SI A A AN SO Bk
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R AR A

MR 1Rt A&, X SORA RS , e SepeR 2 2
7 (3.6) A3 (3.7) (TR & SIS, A Al SRS (10 4k OB EL B (s 1) -1, AR E Frdig
LR B N TR Oy AR 7 WL 3.1

BE 31 AR AN IR O Y

BN JRIGSOAK ¢, INZRTERHT En2Ge2En B M, FAEF 52 b, Wk V, Pk, B
WA

it FREXAY

1o Rk E - MrAD K s21

2: B —AEPAly, FRERII=1

3: while FFEAERK—14 do

4: MM, o AV, Yo, oo Vi ) SRIUBER A p,

5. if (i—l)mods;tO orb CAHKATEH then

6: RHE A= (3.6) HiE vy,

7:  else

8: MR S22 i N ] LEAF IR (A 2R AFAE) AT b 52 b
9: RHEA K B.7) HiE y,

10: endif

11: HKyHmzEy, HLi=i+l

12: end while

13: returny

SHFREIE 30 R 84T, b FIKE N [ BRI TR E AR E R E S L b
MBS RS SR YE . 2560, & b=010111000" H “010”
CAMATERG, W T — RN BB AR N RR S B “1117. Bk 1
RS I8 0r b, BT T LUK I LEARRIR R BRI 07, PRI /& R 24 RS I .
AR — B SUAR TCIE S R M N BERR A5 5., WA LASE I R 3% 22 B R 'S5 S AR (1
S TE BERR 2 A BN
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bR AR S

N T G I EE RN D IR, A FAE ] 3.4 FIEE 3.5 AR At T R AR 61

you are nice
T T WEFE “0107 ...
e PR S e PESRS e PESRMS «J
Gl o A - o LR —— - |
e[ SC A G you ——> are
34 BRI BRI
A
TE B WL A BT i v, TR AR A e e 1)
TR A B 2 —
=
H H H N H ] H H H
L R T O S
000 000” “011 111 010” “101” 010 100 010 001 110

K35 B34 “iFEsgmg” BEm s K

fEE 3.4, MEERE “0107 FEEREE =R KD RPN SE “nice” —
], SXABACER T BRI AT R L EE A B N nice” — R FRRHX T €010 7,
FOKTTIFE “nice” —IA IR 3.5 Fras. RIERTSCHTE, B, ik v
HIPTAT Tl B I WU R &R f 5 R EERF RN B, K Ge2En RRALESCAE
BRI o TSR A, AR v RN A S 0 B AR
fH. fJa, 8 BT B8 LA ML iR FOBERAE R, e B R B e K
i i &, Wl 3.5 Fis, “nice” —iA AT E “0107 HIFTA A PR
fERRH) . UM — AR AP RO 258 i, I8 A 5 25X
BB, AT LB IR A SE B IR A5

WRAE (7)), FEHIE T RAERIS 25, T AR I B fa] U T 404 v vtk
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R AR A

WRARS o ARATAERNGIE S g B 18 AT BB FiZ4ME2L, {HlT En2Ge2En
PR SR 2% B, P S G n] ARG 5 00T s BRSNS 2, =2
INFF G2 AL i, P DAAS B R A AR i 24705 3o vh A 2 R A S A il 1 L
HAEAZTRIRZLNE, BUN g A 3.2 DL B i g g 12 .

BE 3.2 Mg i i O A

BN SRIAYOCHARSE Dy, WLV, BHT K ORI |
TP VARV TS (S 3

1 WL V=V, ==V, =&

2: WEAMLE A m=|V|

3: ARICIASL AT A R AL E”

4: while ix2'<m do

5. Hisn, =min{m—ix2',2'}

6: LA K AN “RADFR” (i B n, A

oo AR KAV VeV FBERLE R N, A

8: MU kA% ng MO N AN, ISR BRI A
9:  ffiZn AFIHFILN “ D ALHE”

10: i=i+1
11: end while

12: return VO,Vl,---,VZ,f1

3.3.3 HIEREE

XIS, MRS SO TP SRR S (5 S R . B 3.2 T s (1l
%%%@%%%%%fﬂ%ﬁﬁ%%%%%ﬁ,msﬂuo%ﬁ%ﬁ%%%%%
A] DU IE S A E P BeR)ildl, M HUEI R, B0 B ek
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R AR A

N DURA 58 42 52 2 () SCA R IR S 17 B 2 R AR (S S 1 FHEE U SR, #%
Y5 R BAARE S SOA A f 5 BT AT (10 — 2B ELARRR - i WSO BB P A 1) — 32t )
FERFIAL, (8 I 3RAG 58 B AL A5 B o A RIS, WU SR RSB[R T — NS A,
T LS A 3@ A5 X056 =

3.4 SEIGEER ST

3.4.1 SLINRE

LI K WMT2016 55 3C- SR R HeE 22 1125 En2Ge B, 12804 46
HY 4.5 X 10 X SCAF 3.3 X 10* AN 4 & B 77 BUs 46 &K s B 0 e 7 =4
ML T4, BIYIZREE. SIEAEANRAE . v T AESRIR¥s oy A ST, SEid™
T8 T MREE R RN o BATREN LI T I ZREE (30 23 SCARXT, FERIg HB N4 .
FIT LA T P SO AN 22 2 5 BB I ZRad R, AR R0A TR 4 PR A DR A
CUR R T iR 00 fE . £ WMT2016 3dmsEd, FAANERERSE T 3000
AR, i RIRERE, MK/ NMES R 10000 A SCAKT . (HAR TR
A, B IIZRAE AL T 7000 ANSCAGS, AR S AY I ZREE I 2 A /N i
DR A SR A DI 5 R 1 SCAR S iz KT R 2

£ En2Ge fABLINZRE M G, Rl ZRER MG E 4R b B9 3OCAIE TS En2Ge
TSR IE AL, FRKe T AR 9 ST ST AR AN AT AR R4 S ST 2H BGHT A0 £ DA 5
Ge2En A4, IXJE N T IBBRAE G 8BS I 2 o JEUUR 8 SCSCAR AT En2De BRI
A A SCSOAR Z R e i 22 57

an 3.3.1 WHTR,  SE86 o A P AR TR Transformer £28Y )11 %% En2Ge A1
Ge2En #AL . SLPRilgRfd T H AR5 5 T2 Fairseq. Fairseq MR IZRIL ML T
R, ZTRANE T KESHEAEE 25, X8 T REREIEHNT
PAERAIN G ERIRS IR, %FT Transformer (IS ESE , SZI6RH 7 RS SCH AT
THBFTE S8 T IR A PR RE, 9230 R H beam-search KA 777,
FHE beam size K 4, ZJF BT M51% SCAS B AR R SCAAE At it SCAS, B
J& 51N BLEU bR vHAl BT AE B SCA . SE3R 45 5L ok, En2Ge M1 Ge2En B2 fir

37



R AR A

A RCSCAR T BLEU {4 B R 7 27.83 Al 51,100 1X K7~ A BH AR L 1 14
RS H AT IR TIEMI YRR R . EARERIE, 125k En2Ge Al Ge2En 544 itk
NBVFAS BTEIG, A2 B X B AT 55 (R B A )11 5

R ), 16 S BRE S RSN —MHEL., (EMH1E S B HS
AN BEANESE 2 v o B A AV (1) 5 B A AR E I T S SR I R S SOAR I
FIT AR FH 5 P A 55 R0 S i ) 4R 2 TE R HERE IV TEAR T SR ie R A T
YL -AE L [ HE S A Transformer BURLE ARG, 2 R Z B S AL # 2
SRIE S W FC AR Y, DA SR s I8 1 R 77

FERS s Hrseser, SERR A T TN 258 BERT 1 N BEAIAR AL IF-4 H B 4R
B SO BEAT IO . SRBKs BRI T ) S S SORIE IS En2Ge2En YA
F 10000 MEE A, HEIETAA R 10000 4 HIR-FE S AKX . %
10000 3§ AT N =873, 6000 Xf AN NEEE o SLi I ZREE, 1000 Xf
SCARAENIRAESE, 3000 X SCAMERMNASE . 12865 704 77 2 B il g 3R E T
B 4 HAR-F 5 U IR (AR RS, IR AT AR AR, Frig i InEmht
fa5 TR /1. X T BERT BEAYMIIZR, (AR >1%5 100, KA Adam 4L
R0, MR E R 32, FHIZR 60 MBI

X TR IRBAE TS, BT IR I BRI B, P06 B S gAY
IR B — PR RS Zir, SR SR UE 4R h R I U B AL AE A AR LI AT 45 8,
B SRR AT T B ds , AP Y b o 22 (1 77 3040 Hh e 4 45 1 o (AR T = A
AR T a5 43 W i s g DL I 7 (0 £ BEREAT 40 R0, 25 SR b A IR %,
(B S BRiZ S0 SR A2 45 RIS 5 B 'S 7 BB S e

BTN — Z AT H 2 T BB AN Gm A 1Y) L ARE 5 e S T T N AR
BAEI — AN S, NTEIX 4y, TESZIGHR Sy, RATH AT B IER

PT+Bins (Pivot Translation+Bins coding) »

3.4.2 SR ENEERNZ N

N T RGPS HO E X PR TR R, R 3.1 R T ANFEBOE THY
B AR TR . /23R 3.1, P 7=2 R, BRI b AT i ol A 2 = 4
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R AR A

AN . XFF BLEU. BERTScore 1 PPL f5¥5, SEIGEE T FT A B 'S SCA KX M
TEAR I BCPBMEME A B A R . B 3.1 /1, ERZHUEN T, AR
K FHAFENR BPW, WAEEANFRNSH R E M 2B RAEF ) BPW {H Rk
oL, B2 s =10, RRESSOARPE s M 1 IR E S S, BPW {H
fEA Lo ST AN 1, 2 s RIS, FbE 5 EK A P2 Hh oy 3 1) 8 B S
Arf, BOBE RIS R . AR, T ANEER s, 2B, B
B SUA R B AIC, X R PUNERS SCARRE T2 MEE R, AR 75
SRR RIEEEHE ST o« 3R 3.1 BT R Se i 45 R IR A SR S i 7t i) — K
M, EIRRE SORBT R AR & Z ARG R . BT &, @l moRpTe
JREH IS, RIETT AT DATE N SR SCAR 5 £ ) ] DAk 38— AN (4
RETIHE, R ERE top-1 SREEAE N SCAAE ORISR, RIS ZE AR NAT A R B 25 45
BEHEULT, SN EFRIAE T 50%. X Ui R SOAR 55 AR ) % 57
AMCRIE T B2 5 gafidh,  RIF T SCA A BAESE .
# 3.1 BN PT+Bins 51

ZH BPW BLEU BERTScore PPL B
s=00,[=1 0 47.60 0.9535 1.219 0.642240.0183
s=3,1=1 0.33 21.85 0.9155 2.545 0.835140.0076
s=2,1=1 0.50 16.02 0.9034 3.315 0.863820.0090
s=3,1=2 0.67 12.38 0.8942 3.922 0.891540.0137
s=1,1=1 6.86 0.8782 6.563 0.910520.0060
s=2,1=2 1.00 6.70 0.8776 6.042 0.917620.0068
s=3,1=3 7.02 0.8768 5.724 0.916740.0061
s=2,1=3 1.50 2.84 0.8555 9.775 0.952240.0037
s=1,1=2 2.00 1.51 0.8440 16.327 0.977840.0043
s=1,1=3 3.00 0.38 0.8235 33.103 0.997740.0043

I -SNEBIR %, [ 3.6 $RAL T KRS SCAH AR SCARTESL T U LI

F oo LAY, BERT #H T3 — B IR SUA MRS SUARHE,

A5 () Bem) 5 BARER 1B SORIE X, X — W& 5 BERTScore 1FAf 1AL

B8 ZJ5, @i -SNE FEX A M dE ) S g, R EN SRR

fa5 A, WO AARERBRCA. & 3.6 s, FEE BPW G, 52 Pf

PO R ESE R, IR TRECAS BARCARE L, WHIZE BPW 5
KB, Z7TiEEA 2 k.
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iR A AR S

s=3,1= s=3,1=2 s=3,1=3
3.6 I t-SNE HUA R MALEE S A E IR SCA 2 57

32 R T Sl AR AT VAR R R S SRR . 53R 3.1 FriEoR
IRUUARRFI, 24 BPW Fhi, AMUS BNLES b theds FRE, Ba'S SORTEMLIE
FHEEGPANARANEEEWBRATIG 1 XL |2 RS 5
)T A SRR, HIX LS BPW BRI E AR RA B . BONSOR B A
& HANE S RS e —dahs, 2RI TT T BRI A BRI N, A AT LA
A BPW BUNBE . RN, EHAMENL, KIXTTATLLE Bk BPW 8K
(T B LAE SR B RN B . AR A I SR OB S 3 = R, Tk
V& LR RS RS T RS SURMAEE, FTLOES RVF BPW (HECKIE .

HEF] PT+Bins A2 K 2 B85 SURLE AT F- 843 55 S5 4R SCARIKTE 4>
RN, EDAT B B 24 Lk SCAR AR B, T I 82 A B PR SR 5 G SO IR U UK 1
FESt . IXRPRUNIEMIID T, W SCARAE S BRI R R T 52— “<eos>”
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R AR A

BENL T BCE]— Ml . “<eos>” EA “end of sentence”, £ CANA L HARE — B
ARBIEERAT S o a0, — BAE R SCA “How are you ? <eos>" Sk P& % “How
are you ?” “<eos>" (BRSO BT RE R AR, 5 U SCACRE 4K 2225 R
. X “<eos>” ML AUfHfH PT+Bins 77k HIL 1 BB A E . H—B3C
AR G RN, “ <eos> 7 PR HEAN 1] St Fp AR MR R B KT 3R, JR1MT <eos™>”
RAFAET— M, XA HACH 12 MM Zeiz ., M-8 PT+Bins J7VALE
YRE D EIL T MIAE HETHEI. K329, s=1,1=1%E T
AL L w1 [ BPW AR SOA, XA 2 RN %A /5 A R
I %1, “ <eos> "t i WL 21 BT 75 A% 4 1) — E R EUARR IR o S 08 T SR AT IR SCAR o o
XA AR B DU BN — R AT IR AT D o MR — i AL, BRATIAE SR
VU & i g R e S g R gt AT 1 st

% 3.2 M PT+Bins HEA IR S SCAH] ¥

Numerous panels are assessing the proposals , posing questions to the

JRAG A
researchers .
ZH BPW | &5 (A BERTScore | PPL
Numerous panels assess the proposals and
s=00,[=1 0 0.9619 1.311

ask questions to the researchers .

A large number in panels assess the
s=3,1= 0.33 ) 0.9291 3.395
proposals and pose questions to researchers .
A large number of panel evaluates the
proposals and asks questions for researchers,
s=2,1= 050 | . . . ) 0.9041 6.232
i.e., for the first part , it is possible to create
a picture of the future .

Many panels assess The Proposaries and ask
questions to the Explorers in question . In the
s=3,1=2 0.67 | first part , the researchers are interested to 0.9025 7.090
learn more and to learn to understand the
problem .

A great many panel assess what has been put
s=1,1= forward . We also ask questions to the 0.9194 10.749
researchers .

1.00 | Many panels evaluate the solutions and ask
questions with regard from the researchers .
s=2,1=2 . . 0.9001 15.320
This is why we work on specific research

projects .
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F3.2(8) fEH PT+Bins HEA MW RS SCAS] ¥

Numerous panels are assessing the proposals , posing questions to the

JR R SCAR
researchers .
ZH BPW | 25 A BERTScore | PPL

Various panels assess which proposals are
forthcoming and ask question to the
researchers . A number of these questions are
to be answered to the researchers : the first
analysis is to be carried out to the best
advantage .

Various panels assess the solutions and put
questions down to those researchers as well
to be their own points . A number will be
presented to you in detail . and the research
staff of the Committee on the Prosecutions
Group will come up early .

Many of labels assess the proposals and
submit issues to researchers to decide
whether they can do just that ? We will be
happy with what happens, too . &amp; nbsp ;
We can do our best , with the right help , and
to do the rest !

Various panels are evaluators as to their
proposed features , placing questions for
researchers to consider for the future .. There
s=1,1=3 3.00 | you can get in question ! ! &quot; . ., &gt; 0.8648 104.331
The answer for this issue was how to connect
the communication platform and the
communication

s=3,1=3 1.00 0.8971 10.924

s=2,1=3 1.50 0.8897 25.287

s=1,1=2 2.00 0.8688 34.021

3.4.3 5EXFRAEXTEE

AREGEH T — MR ORI B RE S RSN, ZHEZOR RGO s
PRI 5 e 0 A Jl 4 B 2 B SO, ASCARZE ) 7 AR iy C— S H 8- B
DL, B TZAEZE ) B ARE 5 85 T RN HAT B Bl A il 2N R 5 7 V2 1R A
T, SRR A TR IR P B ) i 5 B e R A Bl A LA

E A TV T B SR ] B G A e SR AL (5 ., X AT RE
B A, B2 A6 SOA R AN AE AT B B SR R b U B B L e R 1) oy
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R AR A

AR I I LORE I, B 5 R TR ST o 5 R 1K T B 1 SR AR SCAR AN LE 7]
RS RTUAR, KIETT A TR T SR 06 SOAS B 200 2 B2 5 2% A

Wilson 25 NS H 7 —Fh%E T Paraphrase DataBasel®Uflm4 75 iz 5 —Fifs
W EARE S BRE ik, EXTLRERIR R, 5k EIRRCN PPDB. 125 V@ R X
B B SR GG SOAREAT B 40 B 4, PR 405 1) 56 B SO L 28 gt | LU ARR UL
ZT RN IR R LT EE] 100%, HALE RN RIFLZ(E B2 as i,
TR A T e TE PRI 100% . SR 1T, 24 57 75 RN R 25 {5 5L R K
ZEEE TNE R S 2R R B (S lh# EA R WiEER T B A RES
S SRR, B &N

% 3.3 % PT+Bins 5 PPDB JiikfEXf L. 481, PPDB NA) TR HA
BERS A%, Twh) KB, #MUR 2 TR e 0 E KR R T EORER,
WK BPS #MEATRUEAGE. N T RARHITEERANEHFER, RSN
Z5, ZSERFINT A (1.8), AL T
1) WEZHSHMI, £ HPT+Bins ElaE A, It A RS SCRIKE, A

{(c 1) (S 1)+ (Cuopnor hoooo ) = T ¢ 9t SR R BB IAN IR AR SCAS, 1 AR

I JRUE SCAR ¢ f# F PT+Bins A e 5 SCAR KK .
2) %Iﬁﬁ/z}ﬁ(lS), ?Ef{(Cvbl)!(Czlbz)""f(cmooo’bloooo)}’ ﬁtijbi:[?><li:|° EDE@

W TR TPPDB M & 5 B — N E A SO ¢ T 75 R 3 1) gk 1 F R IR K
JE b PAORIEREAN JFUIR SORLE AN AS [F) 77 12 T R 345 R AN A R
3) MR {(cby),(C20,) s emes(Cuonoo s Brooen )} FETISRAG SCAR H AR LG4, At
PPDBJj &4 Bifa 5 SUA .
4) SRR R TR AR RS S SR, AT R B LR
N 3.3 B, RELERESBOEMTEss N, PPDB J7ik%i%: T PT+Bins,
{H PPDB JiAfERR S it % FAAE B2 . PPDB AT IS SCAR &
ABE BPW _ETH R, PO H BN Sk N BTG, SR, PPDB J5ikEE
GRS, X Rk TGO R IR A A B LA Z . PT+Bins
TIEFT LR AT & SO E N AR SCA, T ARR S iTh 244608 100%, {H PPDB
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JIIRARTR T B A5 R URI S 7y RSN 5 BT LUK T o2 B 45 BTV IR A 8] 4 S X L
HIECRFR LR SCAS, RIERABEE R, MRS MR LR 100%. HTE&
e E AR 5 B S IR AR RN (S SN A R SR, BT DA LR A g
A PPL b5, 3 3.3 Wik 1 Frfe i r ik a0 kot tt, MRS aE
R, R B S Bk ERFFERIAIKT . BT AT ARES RS T
IEVASCAAE T SR AT S B, FTAZ 5 I SEB8 s e th 1 J5E S A K
NEREF RS IEEXS .

% 3.3 PT+Bins 5 PPDB JfikxtLl

BPW (SESPIRrS [DAIES BLEU | BERTScore 1A%
033 PPDB 93.07% 85.32 0.9753 0.83830.0095
PT+Bins 100% 21.85 0.9155 0.835140.0076
050 PPDB 62.07% 84.64 0.9777 0.84660.0014
PT+Bins 100% 16.02 0.9034 0.86380.0090
067 PPDB 42.12% 86.06 0.9648 0.83960.0038
PT+Bins 100% 12.38 0.8942 0.89150.0137
100 PPDB 15.75% 83.94 0.9803 0.8548+0.0107
PT+Bins 100% 6.86 0.8782 0.91050.0060
150 PPDB 3.63% 83.46 0.9761 0.841240.0076
PT+Bins 100% 2.84 0.8555 0.952240.0037
200 PPDB 0.60% 85.49 0.9648 0.841640.0029
PT+Bins 100% 1.51 0.8440 0.977840.0043
300 PPDB 0.11% 85.36 0.9576 0.854140.0061
PT+Bins 100% 0.38 0.8235 0.997740.0043

FRAE AT IEARZ RIS LA, e ERA R 2SR, 548
Bl T5 1% R] BURE SR 46 SCAS 5 B8 S SCASREAT ot oxt LU AN ], 22 a5 92 i 2B Al
RIS SCAS B X R [ B S I, I AR A X a5 SCAS (R B VP A 7 A I e . i
PAZWAE, (£ a5 MR LER T, SERRE e S SO SRR P AR R AN S
M A5 RSO R, BIFESCARAE G e, — B A 3K (3.6) /F R
W, g R KRR e &t B top-1 SIS . SIS A7
PR RSP AN 49 77 A R 2 A5 S R SCAS AL B AR SO o | 22 a5 T
ASCAE R N, BT GRS A SCRG AR . Dy T L, 0o B s e fi Y
T WMT2016 HfE 5o Frf BSOS B R GPT-2 #EAT R, JFAET
A I GPT-2 AR E A A AR i, LA RIS SO BEAT L
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NTE RN AR R IR L A FU RS SCAR T &, 3R 3.4 B It SR e 0 BT 752
SINTHIFER s AT L. S2E%T WMT2016 En2De #8350 ARG i 1 B
SIRNRT 10000 (4] A E A GPT-2+FLC 1 GPT-2+Bins J5 k4] & ial. X2
PR i SRR top-1 SEmE BN B 7)1 1], GPT-2 BE A BT A= Jl 1 ST A I 72 [ 7 11,
2N 233845 10000 ANHIRII) E AR SCAS . NEINZFENE, JERERRS /M 2L 1)
FIYIGRIEANE R, 250 51N T 10000 AN R 4] 8 18 515 300 A2 s a7 vE AR
AN SCAS, ik B A WA SRR (5 2. 413 3.4 7R, PT+Bins
TNEAE 2RO E N T BRI T, B PT+Bins 752 I AR IR 5 SOA

* 3.4 PT+Bins 5F LTt

ZH BPW | F57J5%: | BLEU| PPL | BERTScore 1A%

GPT-2+FLC | 10.03 | 12.213 0.8839 | 0.761040.0208
s=3,/=1| 0.33 | GPT-2+Bins | 3.79 | 31.962 0.8055 | 0.999640.0012
PT+Bins | 21.90 | 2.545 0.9175 | 0.768340.0109
GPT-2+FLC | 10.30 | 14.877 0.8755 | 0.82670.0044
s=2,1=1| 050 | GPT-2+Bins | 3.50 | 50.053 0.8088 | 0.9989+0.0005
PT+Bins | 16.02 | 3.315 0.9057 | 0.876920.0214
GPT-2+FLC | 6.45 | 15.419 0.8614 | 0.848740.0118
s=3,/=2| 0.67 | GPT-2+Bins | 2.45 | 58.133 0.8073 | 0.999140.0004
PT+Bins | 12.38 | 3.922 0.8964 | 0.866940.0113
GPT-2+FLC | 3.62 | 35.273 0.8596 | 0.925740.0190
s=1,1=1 GPT-2+Bins | 2.22 | 69.947 0.7845 | 0.999440.0007
PT+Bins 6.86 | 6.563 0.8805 | 0.921740.0164
GPT-2+FLC | 3.14 | 40.304 0.8541 | 0.917840.0056
s=2,1=2| 1.00 | GPT-2+Bins | 2.51 | 71.801 0.7907 | 0.999440.0010
PT+Bins 6.70 | 6.042 0.8800 | 0.932440.0019
GPT-2+FLC | 3.15 | 41.865 0.8536 | 0.9419+0.0091
s=3,1=3 GPT-2+Bins | 2.19 | 68.115 0.7809 | 0.999640.0011
PT+Bins 6.77 | 5.724 0.8787 | 0.936820.0144
GPT-2+FLC | 1.23 | 64.462 0.8435 | 0.9606+0.0168
s=2,1=3| 150 | GPT-2+Bins | 1.10 | 954863 | 0.7800 | 0.99930.0014
PT+Bins 2.70 | 9.775 0.8576 | 0.95620.0050
GPT-2+FLC | 0.77 | 83.374 0.8383 | 0.983940.0146
s=1,/=2| 2.00 | GPT-2+Bins | 0.58 | 118.84 0.7716 | 0.99980.0003
PT+Bins 151 | 16.327 0.8464 | 0.97620.0037
GPT-2+FLC | 0.18 | 120.961 | 0.8269 | 0.9872+40.0089
s=1,/=3| 3.00 | GPT-2+Bins | 0.13 | 142.701 | 0.7628 | 0.9997+0.0002
PT+Bins 0.38 | 33.103 0.8258 | 0.995620.0054
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A BENS S 3 ORF5 1R SCRFE, JF I, IXUESE 1 B th 5 ik Aix 3
Ve N E BN REN Tk i g

3.4.4 BHEEZE N

AR P IR a5 7 R I () B 2% R B A TR I ZRB B, SR, AL
2] DLIE I 5 2 77 258 B H AN A T IR E A 2 o BT DA [ 52 4% JBF LU A S 2R A
TR B T 45k . 1% 514 F Intel(R) Xeon(R) Gold 5118 CPU@2.30GHz
{EA CPU, Hf#f NVIDIA TITAN RTX 24GBx1 {£4 GPU.

BRI LA AR AN Y B Sl EE B S BRI NP B . T
SCRT LA 53 AR S U B AT AR OC SR A B B . TR B R, Sl i
RS R FHAT X, DGRBS R T B EE A, '
FERT 5 RLE W T HAR RN BRI B ZE v, SR8 Algevt 7 AE R S AN TE
M BRSSO S I TR AE VR B 2 R B, 45 R N3k 3.5 PR

% 3.5 PT+Bins BF[AI 2% 53 B (FD)

5 _ WEBERIR HUR B
HTI 7
PPDB / 212.318 0.091
GPT-2+FLC 9.225 ~0 0.284
GPT-2+Bins 9.093 0.043 0.285
PT+Bins 27.061 0.056 0.593

PPDB 7 VANt A FI V5 5 A7 L5 400 A0 A8 LSS AH B SO 2E s 2 BE AR,
ER TR EAL TR R R AR S R o BT ¢ R R B i— ik, FrbA
PPDB JJVALE R B A % B b 5 SUAR TS AR 2 — N PTATHI 7« GPT-24+FLC
GPT-2+Bins #J&EMTTIE, BT M8 A BUAR A, By AR b BT s A
RO [0 S AR ], ABAESEPR A o, RS BRI AR AR B 2 B R A1k .
X GPT-24FLC J7i%, HAT EIRATMIEIES SR, TR AL i i
I IS A g i iz e, T GPT-2+Bins J732: W a2 i 1] it b (4 B A el EAT BEATL 0 B, P
AP 2 1 R 2 5% 2% 52 BB B B0 I JA) 98 #6 7T 2088 A 3. PT+Bins 5 3% Kk H
Seq2Seq2Seq HEAL, THRIRMHELR B RWRE E R B E . iz ki
MBS HERT GPT-2 S E, bl AR IIENHHEES
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R AR A

PRI TR] o AT, BA— %€ B 1) 52 2% AR $ FBUSE 1 R SO R B A A EL Y, A
NEEVERNNEA £ BRIE SRS I LER,

3.5 AE/NG

AREM T ESEUE KB ARG SRS AR R A 3R 7R
SCEAR T SRR AR R B AR L o Gl i HE SR T ASEEL LA SOAR A il i) 07 AU AR IE R
AR SRR SCA R SCHMRL, Wam s & 7 iU AE e B 28R S RS 5k
PLFh o A MR S Y, 2R B 2R 5 S U5 mT DUSE LA = RS
GRCR EEERE B, R TAER B ARE S R ETHARIE T RS
IR AT 22 2l SCEREE R B, ZJNEMR T BB UNE RA ERIIR
ANER, IRIIE T RS BIIEAN 100%;: HECT FRA S TVEETE 30t b
AERIRTT
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R AR A

FHIUE FETE SRR ML B AE SRS

41 Bl E

AR EREFRE AL ES NS REERNEE R, =%
Seth 7 — M T B S HESE M H AR TE B RS T 1% . 2R DU SR A 4 T R L T
SRR . AR BRSNS AR, RS AR SIS S B R ORAIE
ERARCE . ANFRZ, AT P SR AT b — s B R et 77 %€, HIW
fET RS R AR

P4, FRAAR ERE S RS WS SISO —
A L R Pt O RER AR SRS G R, HAE — B AR BRI 1 RS SO
B, EiEm 7 ERNOT SRR (S BRI o H TR N2 R T XS L P RS
KAEAMIE, g E RO IRG 5 KA TT — SRR, HE i i AR o
SRR 70 7 RO 5 32 o XK MRS iy 1 XU 5 L = R 5 B EcE,
WA T RS B AR IRCR

H AR 5 AL PRI () S AR S5 AR R R RN SR 28 AN W T, IR
TSI AN R o JCHE RS 5V T A LU R R Y S R I, B2
f S BEANSE o PASE = 55 Rt B A R B AR AT i b 5 o . el 1201
ar L B PINERE gAY R R IR ATV IE — K, KIETT A E S,
AE X7 BV AT e Bl B R HGE S o R, A AR TSGR, )RR e
W7 B MR AR — T A RS SUAR RO B SRR SOAS, AL = NS R 5
SRS B PRSE, RRRROEER 222 R FH . R 4150 THESRmLS
AR P AL = A S B EE R . T2, AENERETHSmLET,
PAIE SRAE P 5 3L = R B E BECD IATIR T, RIS R it E .

Fal BT EARA A D I FE X i B E B R
S g i ARG
riads. W, B RS mIEEE.

LG NI T i

sy, . B RE I EE
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R AR A

g & F A g b s B ARE MM R — . TEMgmiL T, FRIRERE T
A RIS SO TR & . AR1T, BT %y 2 8 i B AL 24 1] 3 o () B
A RS 38 ke LR, A AT A R AR R S A BE AL . kR, A BENL

ARG TR T BB I, RS ORI R, k2, IS
A5 S B EA R R IAR I RS SO

WE 4.1 FioR, “_ 7 MEHRE-AEON CHCRH” B, R Z I
B ZHERILERE “170 AZEMR, BB, FrARoR “HOSH” iR A
BN T B S €07 1l , X SEEMEFTRG 7 B B, BEEAEN
MR, XA PTAE RN RS SO R R AREUR. AT R LR A, RS T
BB S gL AR, BE ORGS0 09 ] A0 2 75 A g A JE A b g — 2k
BE e 18 SUBGN MRS A A [F) SCRIBA, 18 SCH TR ARV T34 40 L 30 [ (A
DL St P 4.1 s IS .

s L L]
fhih e BT 5. — He closed the window
DY Y
> purposely accidently
> willingly unconsciously
> deliberately suddenly
> intentionally dramatically

4.1  FhgmAL O BEN L FRE S B0 R B S SO T E K
4.2 tHRABRN
4.2.1 EFRENITEHIES

17 S 2 TR R SRR O ARAL, B PA IR Sl 5 e B 2l B 28R 5 B S 1H
TR o EH T [F) SCn] ] SN 2 A SREROHE JiR 46 SCAS m 0 0 TR V8 R ok B 1
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A Ao fhn, “see” A “look” FIARAE—XJ [F) SCim], Zpilxf b B LLky “0”
17, “see” IHEH T E# “look” LUBRAFBEEE “07,

B L B e S BOE BCURAN G, 28 F) SR B e, i 2
— AN KRERLZEE AN TEA L B3 Google N-gram datal®®,  DLZE it Heri ) 1
SCAR B AR R Y TR AR o S MG I 2 B 45 1) o7 B B 30 PR ]
RS —AMREAS, 212 [R) U] 45 5 AR At SILLE TR R (K301 5 5 460 T PR 3
T, WAT AV FEAR R 1 o A &5 FE A ISR ARAC, a3 i
BOUARRAN RGN, 5 #HFEIGH %S, 165 25 RIS SRR T — N8
TEMTHRNALE .

4.2.2 iATREg

X T HEC SO AT 55, #5104 A\ a] it rp o ANEILSE
[, FOAE RN 2, K SRR RINGEREE . R, RO —
S RIS, MBS AR Z A RIEEE R [\, RE 26 MFREEL
TR ISR, HIX R SECCR I ANRLEZ K. 140, “I like machine
learning” A VYA, AHATR LLFRF N — AL, WIZSCAK 24k D14 23 A
GmAD BT (R A 28 H) 5 I A A A5HABE 2R | 5 T Jon R e
FAXF 4G (Byte Pair Encoding, BPE) & —Fiffik_-i& OOV [n] (1) 431 J5
o BB S TP SORYIE R, AR 1 A B B I AR
B A G I IR A IR, DU RN e KN . 1%
T S A T T R R 2 2 8], A FH 2% S A R P ] i o 7 7 KR R 3R AR AT
SERE R o B P IR L oE B B (0 2 AR A b, DR R AR D T E ] i
) — 8 Y A AR 2 T ko

NS T2 BN HARE S A FL R IR AL B 775 . 55 = BTt RE 1 0
AR T %A SR . (S b E ORI, T DU R TR R AR S O
s FH T R SCIRIM SRR, X 5 501 SRS A7 AL — 8 R o . IR 56 2 ¥ A
AT BE EAT R SR, 43 il SR K 2= i/ i g R R SO DG R B . BB, AR & 1 K
B0 43 W VP A R 0 14 B S R (B

M

puis

S

F
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4.3 FRE

Al B RTE 5 RS Al 2 NP BRSSO IR AN S S G5 . AN A
T E—EEHEETAE BN HE, A&7 RO E R RS % L.
TR SRS IR ey 1 SEBLE AT 3%, IF HAZ g SERrog s b— R Rrstit i
SAN Ml i, P DA BT it Ao s 25 SR I R A 4
ISR MRS IR £ (st

T SUREN A BB E A LU = A H I 1) Bt b — B sl ih R B SCA
A o ESEAR A TR s 2) BT XF I 4.1 BRSO, Bt v g it U7 R R SO
A ARV 25 ST A RUAN R BUAFIAR 5 3) (643 SR EORS 25 45 BL T 5 OBl B A5 R U]
Aebo N TSRBLRA BRI B AR, 1207 5B SO SCAR A R IR AT AL B, PAAEAS S
A G ARG 2 I 2 20k FLIR, %07 SEAE AR 2 A5 Rt _E 51N R SCRIE
PASE e 1 SCRTRIVE A 2R 15 5 T BeE o ol i 5 T — b i 25 2
175, AL A3 = 4 B A5 BT H AT R I sh a4 5 75 3.

4.3.1 Ep&RIEFFALIE

RAELR 3.2 MSEIRai R R tir, 8 SURFIGISE Xt “<eos>” BEAT HUIMAL
HLo N T B RSO SO R TCTAAE AR 4 B 204 1E 3 U m b B — MV,

A HACE — DMFRAT S “<eos>”, JFMUER “<eos>” NARAT AL D I&
T MR RIS, M E R & RSO d R, TeiRi1%ob B2 15 /5 2 A
G B AR N TR (S S

Fang 45 N[O i SABh RO 2 i A2 e S AR TR 5 SOAR R B i, 225
R RERHE WL ECEY, H, FFA NI & A & A AR . 2R, X

FRISGE R PR 1 RN B, bR 3 8 3a] H I AR AR 3 vy 3 HeAB )V, P ASCOAR
AT R I EDREAS A% AT T AL 25 (5 B o Dy 1 SE A7 LA 8 5 SR Joid B AR N
B, EAFET, FEENEMNE “<eos>” — S AMEHEMMEES . MELT
B “<eos>” PN AW I ABEAT R IRALBR (4005, A E iR A SRR
IR AE RN B B AT R BRAR, (AR SCPRg AR R, XA BT LRI AL .
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R AR A

T “<eos>” AL BINERITS, MOZTT T LIRFET I AT, HEK
AERFE T XA (4.0 Fiw.

IxN -1
S

Horb DR R AR R B, s AMARIE K, N RS SCRRKE.

“<eos>" MNEHEAIRLE (S E o IRITZE URFIRIT 5 “<eos>" PTAEMIZD TR —
A BN EE BN P RIOERE s, HOURE RS REE 2 — Btk
FISCA . BT DO — BOCR BRI 5, HaB i A AE Sal LR LA h
B, HBERRIEAR A (4.2) Fros. B BAA R 1S 0 458 bl BPW {H
TR T B A B Pl 48 H SR AR N B U FE b

BPS =

(4.1)

IxN-1 |
r— 4.2
sx N S (4.2)

BPW =

S ig A, 15 SUREN g 15 B 2 + LML, 1 9 TSE A E I
N [ LA, R LU AR A, B RIE I A (4.3) .

2I

V= JVi and V,nV, =0, VO<izj<?2 (4.3)

i=0
TESERNT “eos” IALEL )G, “eos” FH1E J5 S Ab B gk 2, BRKRET
P A ] AR 2 [] PR R o0 R BV E B, [EAR T AT H BBk, Bk T “eos”
PAAh, R VR R R AR A A AR R, AR RIA AR (4.4) FioR:

0

f: V —>U{0,1}i (4.4)

i=0

S TFAEREM T € {0,0,++,2' =1}, HEEFF 5 1, 7)o I FTA 1 i AR 0 7
LT B, 1= 4, FEATEV, PR B L <0011,
T, GIBERI S “eos” MG A y=(y Yo Yy) o BIAIE
FEAE (£ (), £ (Vo) oeees £ (o)) SREBBEE 2 B0 TR BN R, X1

KEHEBRAEESRmEmMES, HTH “cos” EHMEER, H “cos” NETEMR
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IR EAE R, BT H 5B SRR 5 75 BATAESCA R B Ab E “eos” 441
RIS SE BB E SCAS . B, BB W B KBS SCAR Dy “ How are you 27,
BT AERL A5 SR AT 5 2 B AT R PR S SOR%N 7N “How are you ? <eos>". 44
M, XFAZTFRHKNES, BT ERSCRNRE DT LER “eos”,
H “eos” NEARATREAE S, B AN v] LE B R B S SCAR B — A 4%
y, FALEE. AT 5HEALBRE SRS NEN#R S —, REPRESCR y 119848

—BE T “eos” HITA,
4.3.2 EXHY

T SO G 65K ] AE B S T I G PR E IS BRI P . BRI, ik
Se et il S TR BRI AE AR S P DR, I R I S 8 A R AR R AR
BEFHEI v, v, v, |0 ZEEETR D(v, )2 h(v, )2 2h(v, ), Hdih(v,)
6 JR 46 1) it P B R S IR B R SR P AR . X T RR T “<eos>” DIAMIAEE:
v, . B ILR UM A E NG, . BAREE T C, A e R AR LA v,
B Hgen],  Hps 2 T AL .

X C, I R B TCER, HCR AL BC R . A e Ad
H{C,,C,,-,C, | » TTBATE B A B 25 (5 B O P A A O R, B0V, VeV s
FE NI A B 5E IV, 5 A RTS8 BRI 56 2R f A A, VR4 ) D A XA

A WWEIE 4.1,
N T R B A B E SO gD R g SR B, ] 4.2 34t T — Aol R
4.2, PUNA V,,V,,V,, v, C 28 42 B TE Z08E 25 0 10 H BUCRHE B 5E i, B 2

R N()2h(v)2h(v,)>h(v,) . BB =1, WA EE NV, fEV,
W, o plmess & kI LeRE “0” AL 17, FEE 42(0)F, v OEHE SRV, ,
M v, WA EEV, « ZEE 4.2(c), FIEAO C, P ARAHE TR BT 0B, A
BV, AV, « AP B ER 42K 4.2()H AL A 4.2(e)Fiw,
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BV 4 R SUREN S 65 K Dy A0S

MA: BUAMURSE Dy, I V. BT K BONRRRKE 1
Mt SRS VoV, oV, |, BB R 1

(Vo))

1: R4 Dlvoﬁﬁﬁh={h(vl),h v,), v,
(v, )orowh(vy, )} i e 2 5

(V,),---h
2: i BEFHESIN, 80 ={h(v,),h
h(v, )2 h(v,, )22 h(v, ) CEAETE 2 A0SR e (0 ] UHRAR 54 e e
T HE 14 S ML)

3 WA V=V, ==V, =0

4: BRICV PFTAEDY kb

5: T&EV2| ={<eos>} , FHFRIC “<eos>” N “CLAbF”
6: for i=12,---,m do

7. BERLEC, <V

oo

W C, T MR B C . AR A|C, |
9:  while [C;,|>0 do

10: i ns:min{

Co

2}

;A8 kA C| BEHLI&SE N, AT %

12 WA KAV, VeV L BERLE R AT

13 MR KA g ANEBO N AN, FEEREASRIHSEON B Ui
4: fi%n, MIERCN “BRE JFRHC)

15: end while

16: end for

17: return VO,Vl,---,V2I
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R v, A v, RG22 €07, 10 53 A PSR v A v, U 28170 25 R IR T i BRI
IR (S BN 07, TR AR AR 4 B3 0 A A H v, A v b 2 — AR 2B BRI
A& A, B RIETT A B IR M E SO “ 17, R a bR A ] v, A

v, P Z NP R R A i

[
Bz h(vs)) > h(v) > h(v;) > h(vs) : < >
C1={vy, o} | Vi | Vo | : / a
! ' Vo: <07
Cy={vy, Vi, V2} | Vy | Vi | V2 | I C | Vi | Va |
' l < >
Co={vz, v1} | V2 | \%1 | : S -
| Vl
Cs={vs, va} | V3 | V4 | I g
| Vil
(@) : (b)
_______________ s
[ [
Gl v | i | w |1l v [ w i v | v |
< [ [ T
S~ | | /
N | | /
- Vg : ” Vy : V3 Vg
2 Vq | 2 Vi | Vo V1
Vo: “0” VAR : Vo: “0” Vi “1” : Vo: “0” Vi “1”
(c) ! (d) ! ()

Bl 4.2 3 SO G A5 H i < 451
4.3.3 RIXiAKEHIE
Ik 4.1 TR SUBOM GRS ) SRR R . T DR T A 401 12
7 ATPIE SRS A C BT Rt — WA TR . A E R HILIEE WordNet!*?)
i C, . WordNet A 1.1X10° AFSCASE S, & — MG K 4 A A

FIRS Lo T2 LR, ~DHETREHIEZ N ES T X THEER—
My, , FEWERERI P FSGAE N C, - sl i 8 B IR B R S )

Jrik, C, A RERE 2R A G S, BEAFESCAE AR FE S P
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CLP A i, C, HRIFTA LR AN TE A il 2o IXP ik 2 al Lt
B PARAL I, BATTREAE AR KR FIBT T P R EAR R
HNHEC, » A LLE R SRS S AR SGEA B R R SGAE T, R

22}

AN AT, TR R 6 RO R R . B C, AT B
S BT v, AR A . BRI C i SR C, bR AR T

FRB NI, KR FTE I S A R O(|C, [) . WRATA i C, ELL
St QUL S 0 47 7 T 52 25 o(i\cpl\] _o(km), Hrbrk<<m,

fo 28— AN SR 4 T B T T B
4.4 SEIGEER 5500

H T 1 SUR AN GRS 2 5155 ] 4.1 B G DL vt i gfid, B e SRS 3
ARG B o BB S bR F T HAR AN s 18 S Sk 0 AR R 5 oA
R ORI, P DA & SEER DRV T 288 = R TR B S AEZE . 528
= SN R R, A R ST 32 B SR S IR H R 2R G T R A i Y
e, AN A B 5 SOARAE ROHESE o AR 38 SR SUBN S i A A T8 T4 AR i E
SRE S B S HEZE Y )7 VA FR N PT+SaBins (Pivot Translation+Semantic-aware Bins
coding) . PT+SaBins f2#15%f b —% Pt 1) PT+Bins i — Mottt 77 5, FARIAIR
TEAH T8 SUBRFN gD B T RgmiD . 42, AT 1 SR80 /4 45 B 5o A
VB SN GmAL B SR () 1 BE B T o A B (1S58 1 B B 4R AN S B0 o Sl e
R o M ot 7 a7 El i

4.4.1 SEHEIETEE

Wk 4.2 fior, W8 SURFIASIE A B0 Fra f8hs T e AR50 T 4 Ja
i, X J2 T8 SURENGR AL 78 20 % 18 7 il B8 U AR e, 3F BT oA 4
R 4 R AT T M E . K 4.2 W, PT+Bins 5 PT+SaBins 43 3l & #%
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4 Bins 5 SaBins.

H T 1 SCIRN Gt A s [ SCTR] 1 2y s 70 BE 2] 17 i A A oy, (645 A2 3 07 A2 SE B
feE R, ERER R LR LS R, A 24577 5072 BLEU A
BERTScore BN br ERIAR 5o HH T35 SCRBL ) 3] 2 2 4 AR L B R e 48
T ATE el R o, 1 SCIRR R0 Gt A 52 s K AN [R] 1] 422 2% 70 e B R 230 1) R /N EAT
TP, FE— R AL AT AN R A A o 00 A BE O ARALL, XA AE AR 4%
A2 T A HE O] RO i, TS e o] I S A A R AR BE K IR BE AR B e R, RS TR
LR RIS R, X 83 %% 9 7E PPL fads BRRILE AR . AL
i, PikEE e )2 B ARG TR, PRS2 THe ) BRI B
R BT 1 SCRRN 2 A 2 — UL T A 2 A F i A 7 5K

TA2 T SURENGRAS 5 iG] B

ZH Va5 ik BLEU BERTScore PPL 1A%
s=00,[=1 - 47.60 0.9535 1.219 0.642240.0183
e Bins 21.85 0.9155 2.545 0.835140.0076

’ SaBins 25.92 0.9213 2.282 0.811140.0047

~ Bins 16.02 0.9034 3.315 0.86380.0090
s=2,1= SaBins 19.10 0.9083 3.096 0.8458+0.0043
~ Bins 12.38 0.8942 3.922 0.891540.0137
s=3,1=2 SaBins 14.87 0.8999 3.616 0.88340.0050
~ Bins 6.86 0.8782 6.563 0.9105:0.0060
s=L.1= SaBins 8.58 0.8840 6.019 0.8960-0.1000
~ Bins 6.70 0.8776 6.042 0.9176:40.0068
s=2,1=2 SaBins 8.59 0.8835 5.530 0.9092+0.0038
~ Bins 7.02 0.8768 5.724 0.9167+0.0061
$=3,1=3 SaBins 8.82 0.8799 5.710 0.90860.0055
o223 Bins 2.84 0.8555 9.775 0.9522:40.0037
SaBins 3.90 0.8620 9.637 0.9485:0.0038

sm1io2 Bins 151 0.8440 16.327 0.9778+0.0043
SaBins 1.88 0.8491 15.665 0.9560-0.0030

o1 i-3 Bins 0.38 0.8235 33.103 0.99770.0043
SaBins 0.43 0.8252 28.557 0.978640.0036

R A3 R T AR D FERAERNEE AR, 53R 3.2 XA, £
TSR FA GG X T “<eos>” HHRMIKE AN . K 43 PThEsHNES
SCARAE R TE 58 JEU AR SCAS Hh BT B 5 (038 SCJR 8 L2 ik, I i 22 e A H At
WA B E—F el &0, A 2 I RE S SO R B A5 T e A N B S
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% 4.3 fliH] PT+SaBins H%:A: iU B2 5 ST+

In fantastic weather , 214 cyclists came to Ilimensee to take on the circuit , over

o
R the hills and around the lake .
24 BPW | a5 S04 BERTScore | PPL
B When the weather was fine , 214 cyclists
y :OO’ 0 arrived in Ilimensee to take the route over the 0.9579 1.361
=1 hills and the lake .
In fine weather 214 cyclists arrived in
s=3,1= 0.33 | lllmensee to take the route over the hills and 0.9571 1.891
the lake .
In fine weather , we had 214 bike rikers coming
s=2,1= 0.50 | to Il lake , to pick up the route across the hills 0.9223 5.167
and the lake .
With fine weather , 214 bicyclists flocked to
e=3.7=2 | 067 Lake Ilimen to take over the course across the 0.9187 6.478
’ hills and the lake , and the trip was made in the
winter .
In fine weather , 2fourteen bike riders arrived
s=1,1= to Il lake , in order for its way across hill and 0.8852 10.694
Lake .

With beautiful wear conditions 2fourone bike
drivers were arriving inside llla , to take track
s=2,1=2 1.00 all the distance around hills plus See , where 0.8825 14.854

you will be surprised by the quality service of
all the bikeers .

When the weather became nice , the 214
touring cybermen came into Ilimenus lake to
s=3,1=3 . 0.8971 12.331
assume the route all over the summits and

along the lake itself .

When the local weather occurred , 214 local
cyriders arrived in Hillside Illa to undertake the
s=2,1=3 | 150 | . . 0.8734 23.008
distance over top of both the sides of hills and

of the river lake to take them .

With beautiful wear conditions 2fourone bike
drivers were arriving inside Illa , to take track
s=1,1=2 | 2.00 | all the distance around hills plus See , where 0.8725 53.846
you will be surprised by the quality service of
all the bikeers .

When a fine climate hit 215 cylindarles would
s=1,1=3 | 3.00 | visitEasters, asthe path crossed either lake Ille 0.8535 173.32
and its mountain \#be .
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JE GG SCA BT 2 IE 18 SURTR, MR 4.3 iR, I SURMmigH, x4 )
PORINER T

VB SCIRR R i 5 £ 25 U7 T U5 A i 55, EL IR I 7 5 B 55 o 8 — ML
B A AL S5 B, RS SORI Rl k. Eh TSR, Bk
& 77 AT DA AT R A 1 RN B DAL C SR B A 3 5% o 35 RGE T R 22 4 PRI
TOREE, P RIEIEFRE B BPW W€ A K1k 75 R 145 8 B 850 22
PR ESREAR,  UR] B A B 1) BPW.

4.4.2 SERFFEMBRE SR LAIFIEE

VRS AN E BRI — T AR EGIME R T H AR S b7
T35 LAk — A 1 BT SO g b (R AL . 3R 4.4 55 4.5 Fos B sEge 38 n 1 TS-
RNNBIH TS-CSWEBIH A 6] (1B 5 43 Bt B AR DLBS IE T $1 HH 75 ¥ (R A Ak
PRSI 45 Rr] LUK I, R B T RS 0 BT B AN 5 AN R 3 80T
AR RS b 45 5, H 2 SRS Ha 7R () SR R AN AR, BIAR & BT 4t t 1) E 4R
T RS EE SRR T HAR R . o, R 4.4 ISR TE BPW=0.33 IR
WA N AT, HARIRAEDVALE 3.4.3 AT AR UL .

#* 4.4 PT+SaBins STV Z RS /M HoR T B IEF X H

f='5 773 | Fine-tuned BERT TS-RNN TS-CSW
PPDB 0.838340.0095 0.566540.0015 | 0.613940.0194
PT+SaBins | 0.811140.0047 0.526840.0124 | 0.552740.0045

TR, PT+SaBins ££ P4 H A3 F AR A e R B S 20 A 7 A 1 45 2R
re AR o X8 PO R A AR BT IR AN SRR SCAS IR 213, T LTS VA A Y it
R SRR SR EAT B35 70 M7 o 55 AR a5 3200t bE AR S B0 R A6 R A ol PR AN 5
M A5 S B SO B AR SOAR, R L 58S SOR AT LA e 512 2GUs
ERI LR, BT TR RS BROTEMAAAE IR G ORI S, P BLA R
KRR 7% T B R AIAE, S50 7 PT+SaBins £ P& H €
HFIES S 20 M 7V S5 SRR AN A B o X 55 58 = 3 i S 06 0 70 B0 — B0 4300l
Hh, MK 45 5K 3AXWRR, BT GIGE OIS, AT RS
JIEAEIR S i ae 1 EA R T B IRt
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Britz #h, ATLLK I Fine-tuned BERT 7ERR S 734 L HIRE /1 i TS-RNN
FTS-CSW. X2 ARSI B 45 ANE, AL T LL RNN HiI CNN 4
HERI P A RS iR, BERT BEME NG 4, HANSHET 2, 5T
SIHTHISE R NG . R 4.5 TR SE6 25 5 U B PT+SaBins AH LL T i 77 v
TR G L FOH IS 4 B, NI SIE T B PT+SaBins J5V22E UK RS
VABAE RN e, JUHRE Y BPW = 0.33 I, HARZE TR E )ik
T AE A B2 S SCASAE TS-RNN A TS-CSW A5 2 B 5 43 #1145 B0 T 50%,
AR T BB W ) 45 R

R 4.5 PT+SaBins 54 A TVELE Z FFES W HOR T FIEHH AT HE

b5 51k ZH BPW | Fine-tuned BERT TS-RNN TS-CSW
GPT-2+FLC 0.761020.0208 0.660840.0195 | 0.690040.0099
GPT-2+Bins | s =3, /= 0.33 0.999640.0012 0.922540.0041 | 0.930820.0031
PT+SaBins 0.735840.0206 0.54490.0133 | 0.55820.0157
GPT-2+FLC 0.826740.0044 0.735040.0264 | 0.774140.0049
GPT-2+Bins | s =2,[= 0.50 0.998940.0005 0.833340.0248 | 0.884140.0026
PT+SaBins 0.795940.0019 0.678840.0119 | 0.675540.0161
GPT-2+FLC 0.848740.0118 0.742540.0017 | 0.773340.0177
GPT-2+Bins | s=3,/=2| 0.67 0.999140.0004 0.925840.0069 | 0.9308+).0033
PT+SaBins 0.804240.0115 0.710440.0154 | 0.744520.0005
GPT-2+FLC 0.925740.0190 0.855040.0164 | 0.894140.0197
GPT-2+Bins | s=1,/= 0.999440.0007 0.948640.0069 | 0.984140.0264
PT+SaBins 0.924640.0194 0.793640.0042 | 0.795340.0218
GPT-2+FLC 0.917840.0056 0.857540.0096 | 0.883340.0314
GPT-2+Bins | s=2,/=2 | 1.00 0.999440.0010 0.924740.0102 | 0.972540.0017
PT+SaBins 0.899140.0017 0.790340.0085 | 0.81360.0243
GPT-2+FLC 0.941940.0091 0.845040.0146 | 0.890140.0268
GPT-2+Bins | s=3,/=3 0.999640.0011 0.935340.0215 | 0.973340.0146
PT+SaBins 0.925740.0081 0.803540.0128 | 0.8641+0.0148
GPT-2+FLC 0.960640.0168 0.891640.0016 | 0.917540.0128
GPT-2+Bins | s=2,/=3 | 1.50 0.999340.0014 0.919240.0025 | 0.987540.0218
PT+SaBins 0.959540.0177 0.884340.0216 | 0.9101+0.0054
GPT-2+FLC 0.983940.0146 0.939140.0346 | 0.946640.0189
GPT-2+Bins | s=1,/=2| 2.00 0.999840.0003 0.991040.0049 | 0.990840.0220
PT+SaBins 0.956840.0050 0.920140.0181 | 0.921740.0314
GPT-2+FLC 0.987240.0089 0.964140.0248 | 0.970040.0156
GPT-2+Bins | s=1,/=3 | 3.00 0.999740.0002 0.995040.0016 | 0.994140.0246
PT+SaBins 0.985040.0113 0.955540.0074 | 0.968340.0086
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4.4.3 5 Common-token SRE&XTEL

Fang % NS T — Pk T4 A% 148 A Common-token HE LAFETHER S
SRR . SRS B AN — 28 IR AC B —NMRFER AR R, DA A X L 1]
EAE T B 15 U o2 W 2 BT 7 AL B A5 I, (EAR Y & X e A 1AV AN P e
MR E . BT XERNCE N, SEOZINER RN R KRR,

T2 R 55 T SRR G R PR g A2 A it % 0 AR Ty L3 7P Al 739255 A it %
ISR EARPR S, FTUAIRAIFESR 4.6 HHIRAE TR 70X L. SRSt T

*4.6 1 SUBASIYE Common-token XS EL

K5 52 ZH BPW | BLEU | PPL | BERTScore IRTES
GPT-2+Bins
029 | 4.16 | 31.189 0.8250 0.979740.0016
+Common-token | s =3, /=
PT+SaBins 0.33 | 44.07 | 2.282 0.9426 0.73580.0206
GPT-2+Bins
0.34 | 599 | 48.350 0.8188 0.987840.0117
+Common-token | s=2, /=
PT+SaBins 0.50 | 18.88 | 3.096 0.9098 0.7959+0.0019
GPT-2+Bins
059 | 3.73 | 50.097 0.8122 0.982240.0027
+Common-token | s=3,/=2
PT+SaBins 0.67 | 22.73 3.616 0.9139 0.804240.0115
GPT-2+Bins
0.72 2.57 67.820 0.8007 0.969440.0124
+Common-token | s=1, 7=
PT+SaBins 1.00 | 8.59 6.019 0.8858 0.924640.0194
GPT-2+Bins
0.61 | 2.69 | 70.625 0.8063 0.967840.0217
+Common-token | s=2,/=2
PT+SaBins 1.00 | 8.59 5.530 0.8859 0.899140.0017
GPT-2+Bins
0.46 | 2.72 | 67.929 0.8073 0.940640.0150
+Common-token | s=3,/=3
PT+SaBins 1.00 | 8.76 5.710 0.8817 0.925740.0081
-2+Bi
GPT-2+Bins 0.74 | 1.28 | 90.319 0.7921 0.969440.0019
+Common-token | s=2,7/=3
PT+SaBins 150 | 3.90 9.637 0.8640 0.959540.0177
GPT-2+Bins
1.26 | 0.69 | 109.450 0.7840 0.998340.0007
+Common-token | s=1,/=2
PT+SaBins 200 | 189 | 15.665 0.8516 0.95680.0050
GPT-2+Bins
1.63 | 0.24 | 132.031 0.7712 0.997840.0008
+Common-token | s=1,/=3
PT+SaBins 3.00 | 043 | 28.557 0.8275 0.985040.0113

61



R AR A

WMT2016 En2Ge < 3CE04 H AT 1000 A5 FH I AE N “common tokens”,
HARWE 5% 4.5 11 GPT-2+Bins % EAH A 415K 4.6 7R, /& Common-token
MK IE— TR RIRTE T RS SCRMBT R, EANRIE—MEURIKT. 1ER 4.6
FIFTAOE T, AEFEHINEE LA RRIRANBIIEL T, RS
SRR AR T EL 5. X Common-token ST, B 4 S0
PSR BT, N RIS I . X RO REE RO T, AN
o N B, A A RN SRS SE A Ta] TS AN S R 2 A B R A o i stk — 2P
PRI T AR & BT H 0 7 AR

4.4.4 “FiF)” REEXTLREDMERERY ST

B SCRCN G ASRE [F] SCIRI AN T i e it T 20-1a] SRR — 4> 52 BE (R3] 73
A AT, XA SR iz g i s S AR T, BIE ] <R SRS
A A ] i FRg ] SCIAT S R 2D o SIEEG AT, LSE B A 1 o — A o,
DA S r R [ SR 9R 20 2.6 X 10* %, SRTT, AT “3-3a 7 SR, U TR] SCIA) 5%
A TN 93X10° X (HlIT “ i ” SISO A KR EATIR . Prlskhs
X e 5 A IR S B RN AN

SRT, A AER A SRS, KX B ARTE F RS R A A P EL R
1 ] i o R 58 R P i 0 SO B 55 P AT (193], 00K 3 BIUK & e SR ik
WFRIRTEH “<unk>" AAE, WK 4.7 P, RECKRER G SIEAEE, 00
TRBOEER 22t thh, BT REFENCEEER R, FEPiRs it
REHE—L N EE, W 43 Pron, EARKSEBCES, /M “Ti7 7 KRk
oM aE R TAMER “ 718”7 SIS AILER . SR mI R, R 70 in] SR b
TSGR AR K E R, EHEAREIS T 7 iR SGA R R SRR 5 5.

#* 4.7 PT+SaBins E{EHIAIAME] “7-1a] " SEms N 1 SCA 5 EX B

JRAGSCA There are now 201 cardinals .
HE SCAEE “ R ) Es gibt jetzt 201 <unk> .
R SCA( “7im]” ) Es gibt jetzt 201 Kardindle .
RS CAREE “FiH”) There are now <unk> <unk> .
B SCAR(“F1A]” ) There are now the 201 cardinals .
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—o— fEH “FiF” K&
AER “FiA” KRR

0.6

0.0 0.5 1.0 1.5 2.0 2.5 3.0
BPW

4.3 PT+SaBins 7E A [A] 4318 SR BE T B BS540 H1 L6 R 060 L
4.4.5 BHE|EZE Xt

B SRR i 51 RS I 1] 52 R FE AR 36 4.8 7. PT+Bins Al PT+SaBins
KH TAHFR B ARE SR EHESE, TR T AR B 77 50, A5 2 7E 5
HR AL AN K RN BT 1) BV B TR) 4 AL R AR R R o LTS5 o GPT-2+FLC 1 GPT-
2+Bins 455, HH R ALLE SC bR A b (138 B AT B2 00 22 57 o BT VEAN )
RAET RS giS AR, T PT+SaBins /& HH 15 AT #2845 BURE S HESEAITE SU KN i
AL FZH AL, FrLAAHLG T PT+Bins, 75 ZEHFETE 2 (M A EB R RIUEESE, [
DER [R) SO 6 R AR FI% 4.1 FEAR 2 7 BRSNS R 1

# 4.8 PT+SaBins I [f] 52 2% B 73 #r (F)

s g _ %%ﬁ%@ﬂ \ BRI
A2 P I WL 0%
PPDB / 212.318 0.091
GPT-2+FLC 9.225 ~0 0.284
GPT-2+Bins 9.093 0.043 0.285
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